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Experimental Section

Caution: Although we have encountered no difficulties in working with the
peroxides described below, the proper precautions, such as the use of shields, fume hoods,
and the avoidance of transition metal salts, heating and shaking, should be taken

whenever possible.

'H, 13C, and >N NMR spectra were recorded on a 300 MHz (300.1 and 75.5 MHz,
respectively) spectrometer in CDCI; solutions. Chemical shifts were reported in parts per
million (ppm), and the residual solvent peak was used as an internal reference: 'H (CDCl; 6 =
7.26 ppm), 13C (CDCIl3 8 = 77.16 ppm). Multiplicity was indicated as follows: s (singlet), d
(doublet), t (triplet), q (quartet), sept (septet), m (multiplet). Determinations of structures and
stereochemistry of obtained compounds and assignments of 'H and 3C signals were made with
the aid of 2D COSY, NOESY, HSQC, HMBC spectra. Structures of the new peroxides were
established via the combination of 'H and '3C NMR spectroscopy. The NMR analysis was
facilitated by 2D correlation spectroscopic techniques (COSY, NOESY, HSQC, and HMBC) that
provided the reference NMR chemical shifts and structural frameworks for both diastereomers of
the peroxides. Stereochemical analysis was performed based on established key 'H and '3C
chemical shifts in combination with NOE data (See SI). The stereochemical and NMR assignments
were further confirmed by X-ray single-crystal analysis for cis-2a, trans-2a, cis-3a, Sa, 6a, 7a and
cis-3a (See Fig. S1-7).

High resolution mass spectra (HRMS) were measured using electrospray ionization
(ESI). The measurements were performed in a positive ion mode (interface capillary voltage
4500 V), the mass ratio was from m/z 50 to 3000 Da; external/internal calibration was done
with Electrospray Calibrant Solution. A syringe injection was used for solutions in MeCN
(flow rate 3 pL/min). Nitrogen was applied as a dry gas; interface temperature was set at 180
°C.

The TLC analysis was carried out on silica gel chromatography plates Macherey-Nagel
Alugram UV254; Sorbent: Silica 60, specific surface (BET) ~ 500 m2/g, mean pore size 60 A,
specific pore volume 0.75 mL/g, particle size 5-17 um; Binder: highly polymeric product,
which is stable in almost all organic solvents and resistant towards aggressive visualization
reagents. The melting points were determined on a Kofler hot-stage apparatus. Column
chromatography was performed on silica gel (0.060-0.200 mm, 60 A, CAS 7631-86-9).

Hexane-2,5-dione, ethyl acetoacetate, chloroacetone, 1,4-diphenylbutane-1,4-dione,
benzyl and alkyl halides, potassium fert-butoxide, 98% H,SO4, BF;-Et,O, Nal, NH4Cl, Na,S,05,
MgSO,4, NaHCO;, tetrahydrofuran (THF), dimethyl sulfoxide (DMSO), ethyl acetate (EA),
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petroleum ether (PE) (40/70), acetonitrile (CH;CN), chloroform (CHCLs), diethyl ether (Et,0),
H,0, (35% aqueous solution), were purchased from commercial suppliers. Solvents were
purified by distillation prior to use.

A solution of H,0O, in Et,0 (9.27 M) was prepared by the extraction with Et,0O (3 x 100
mL) from a 35% aq. solution (100 mL) followed by drying over MgSO, and partial evaporation
of Et,0.

1,4 — Diketone 1i', 1j2 1k> and 11* were synthesized according to a known procedures.

General procedure for the synthesis of 1,4-diketones 1a, c-e
0 0

)I\H/ RBr, NaH )%\H/
Nal, THF
o) : 0
Et0” Y0 0-60°C EtO” YO

S1 1a,c-e

Ethyl 2-acetyl-4-oxopentanoate S1 (1.866 g, 10.02 mmol) was added dropwise with stirring to a
suspension of 60% NaH (0.441 g, 11.02 mmol; 1.1 mol NaH / 1.0 mol S1) in THF (20 mL) at 0 —
2°C. After 1 h alkylator (10.02 mmol, 1.0 mol RBr/ 1.0 mol S1) and Nal (1.502 g, 10.02 mmol,
1.0 mol Nal / 1.0 mol S1) were added. The reaction mixture was stirred at 60°C for 72 h. Then
Et,0 (50 mL) and saturated aqueous solution of NH4C1(50 mL) were added to the reaction mixture.
The organic phase was separated; the aqueous phase was washed by Et,O (3x50 mL). The
combined organic phases were washed with saturated aqueous solution of Na,S,03 (3x50 mL).
The organic phase was dried over MgSOy, filtered and concentrated under reduced pressure. 1,4-
Diketones 1a, c-e were isolated by chromatography on SiO, using PE : EA (from 10:1 to 2:1)

mixture as the eluent.

Procedure for the synthesis of 1,4-diketone 1b 3

Cl F
(0]
¢ O
+ BuOK
£ N0 0 DMSO,
t 0 o)
F 60°C EtO
S1 1b

Potassium tert-butoxide (2.693 g, 24.0 mmol) was added to a solution of ethyl 2-acetyl-4-
oxopentanoate S1 (3.724 g, 20.0 mmol) in DMSO (20 mL). After 20 min stirring at 20 — 25°C, 4-
fluorobenzyl bromide (3.18 g, 22.0 mmol) was added. The resulting mixture was stirred for 48 h
at 60°C. The mixture was quenched with H,O (60 mL), and the product was extracted with Et,O
(3%x50 mL). Combined organic layers were washed with H;O (2x20 mL), dried over MgSQ,,
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filtered and concentrated under reduced pressure. Cold petroleum ether was added to the crude

product. The precipitated 1,4-diketone 1b was filtered off.

General procedure for the synthesis of 1,4-diketones 1g, h 3

@ @)
)‘\A[\K RI, ‘BuOK )J\j:/\ﬂ/
DMSO

0] @)
EtO" O 60°C EtO" O
S1 1g,h

Potassium tert-butoxide (2.188 g, 19.5 mmol) was added to a solution of ethyl 2-acetyl-4-
oxopentanoate S1 (2.793 g, 15.0 mmol) in DMSO (15 mL). After 20 min stirring at 20 — 25°C,
alkyl iodide (2.59 g, 15.0 mmol, 1.0 mol RI / 1.0 mol S1) was added. The resulting suspension
was stirred for 48 h at 60°C. The mixture was quenched with H,O (50 mL), and the product was
extracted with Et,0 (3x40 mL). Combined organic layers were washed with H,O (2x10 mL), dried
over MgSQ,, filtered and concentrated under reduced pressure. 1,4-Diketone 1g, h were isolated

by chromatography on SiO, using PE : EA (from 20:1 to 2:1) mixture as the eluent.

Procedure for the synthesis of 1,4-diketone 1f
O o0 |

0
okt , O NaH
)J\/Bf Nal, THF

| 0-60°C g0 o ©
S2 1f

Ethyl 2-acetylpent-4-enoate S2 (4.001 g, 23.50 mmol) was added dropwise with stirring to a
suspension of 60% NaH (1.128 g, 28.20 mmol; 1.2 mol NaH / 1.0 mol S2) in THF (47 mL) at 0 —
2°C. After 30 min bromoacetone (3.863 g, 28.20 mmol, 1.2 mol bromoacetone / 1.0 mol S2) and
Nal (3.522 g, 23.50 mmol, 1.0 mol Nal / 1.0 mol S2) were added. The reaction mixture was stirred
at 60°C for 72 h. Then Et,0 (50 mL) and saturated aqueous solution of NH4C1(50 mL) were added
to the reaction mixture. The organic phase was separated; the aqueous phase was washed by Et,0
(3x50 mL). The combined organic phases were washed with saturated aqueous solution of
Na,S,0; (3%x50 mL). The organic phase was dried over MgSQ,, filtered and concentrated under
reduced pressure. 1,4-Diketone 1f were isolated by chromatography on SiO, using PE : EA (from

20:1 to 5:1) mixture as the eluent.
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Ethyl 2-acetyl-2-(4-nitrobenzyl)-4-oxopentanoate, 1a

NO,

EtO" O ©

Yield 85%. Yellowish crystals. Mp =48 — 50 °C. R;=0.66 (TLC, PE : EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl;), é: 8.11 (d, J= 8.7 Hz, 2H), 7.16 (d, J = 8.7 Hz, 2H), 4.19 (q, J =
7.1 Hz, 2H), 3.55 (d, J=13.7 Hz, 1H), 3.32 (d, /= 13.7 Hz, 1H), 2.98 (d, /= 18.6 Hz, 1H), 2.89
(d, J=18.5 Hz, 1H), 2.35 (s, 3H), 2.08 (s, 3H), 1.24 (t, ] = 7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), &: 205.8, 204.1, 170.7, 147.3, 144.1, 130.8, 123.7, 62.1, 62.0,
46.3, 38.9, 30.0, 27.6, 14.0.

Anal. Calcd for C;cH9NOg: C, 59.81; H, 5.96. Found: C, 59.92; H, 6.05.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;cH;oNaNOg¢]*: 344.1105; found: 344.1106.

Ethyl 2-acetyl-2-(4-fluorobenzyl)-4-oxopentanoate, 1b
F

EtO" "O ©

Yield 64%. White crystals. Mp = 50 — 52 °C. R¢= 0.43 (TLC, PE : EA, 5: 1).

'"H NMR (300.13 MHz, CDCly), 8: 6.98 — 6.88 (m, 4H), 4.17 (q,J= 7.1 Hz, 2H), 3.40 (d, /= 14.0
Hz, 1H), 3.17 (d, J = 14.0 Hz, 1H), 2.98 (d, J = 18.5 Hz, 1H), 2.90 (d, J = 18.5 Hz, 1H), 2.36 (s,
3H), 2.06 (s, 3H), 1.23 (t, J=7.1 Hz, 3H).

BC NMR (75.48 MHz, CDCly), &: 206.2, 205.0, 171.2, 162.1 (d, ‘Jcr = 246.0 Hz), 131.9 (d, “Jcr
= 3.4 Hz), 131.3 (d, 3Jcr = 8.0 Hz), 115.5 (d, °Jcr = 21.3 Hz), 62.3, 61.8, 46.4, 38.7, 30.0, 27.7,
14.0.

Anal. Calcd for C1¢H9FO4: C, 65.29; H, 6.51. Found: C, 65.36; H, 6.66.

HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C;sH9NaFO4]": 317.1160; found: 317.1152.

Ethyl 2-acetyl-2-(4-bromobenzyl)-4-oxopentanoate, 1c
Br

EtO” O ©

Yield 51%. Yellowish oil. R;=0.62 (TLC, PE : EA, 2 : 1).
S7



"H NMR (300.13 MHz, CDCl;), 8: 7.36 (d, J = 8.3 Hz, 2H), 6.83 (d, /= 8.2 Hz, 2H), 4.16 (q, J =
7.1 Hz, 2H), 3.38 (d, /= 13.8 Hz, 1H), 3.15 (d, /= 13.8 Hz, 1H), 2.97 (d, J = 18.5 Hz, 1H), 2.88
(d, J=18.5 Hz, 1H), 2.34 (s, 3H), 2.06 (s, 3H), 1.22 (t, /= 7.2 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), &: 206.1, 204.7, 171.0, 135.2, 131.7, 131.5, 121.3, 62.1, 61.8,
46.3, 38.8, 30.0, 27.6, 14.0.

Anal. Calcd for C;cH 9BrOy4: C, 54.10; H, 5.39. Found: C, 54.24; H, 5.49.

HRMS (ESI-TOF): m/z [M+H]": calculated for [CicH,0BrO4]*": 355.0539, 357.0520; found:
355.0532, 357.0514.

Ethyl 2-acetyl-2-(3-methoxybenzyl)-4-oxopentanoate, 1d

OMe

EtO" "O ©

Yield 57%. Colorless oil. R¢= 0.36 (TLC, PE : EA, 5 : 1).

"H NMR (300.13 MHz, CDCls), 6: 7.12 (t,J=7.9 Hz, 1H), 6.76 — 6.68 (dd, J= 8.5, 1.8 Hz, 1H),
6.55 - 6.38 (m, 2H), 4.14 (q, /= 7.1 Hz, 2H), 3.70 (s, 3H), 3.38 (d, /= 13.7 Hz, 1H), 3.14 (d, J =
13.7 Hz, 1H), 3.04 — 2.80 (m, 2H), 2.33 (s, 3H), 2.02 (s, 3H), 1.20 (t, /= 7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCly), 8: 206.1, 204.8, 171.0, 159.6, 137.5, 129.4, 122.0, 115.5, 112.3,
62.1, 61.6, 55.0, 46.3,39.3, 29.8, 27.4, 13.9.

Anal. Calcd for C;7H»,05: C, 66.65; H, 7.24. Found: C, 66.78; H, 7.35.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;7H,NaOs]": 329.1359; found: 329.1356.

Ethyl 2-acetyl-2-benzyl-4-oxopentanoate, 1e

EtO" "O ©

Yield 66%. Yellowish oil. R;=0.54 (TLC, PE : EA, 5: 1).

'"H NMR (300.13 MHz, CDCly), 8: 7.33 — 7.22 (m, 3H), 7.03 — 6.95 (m, 2H), 4.20 (q, /= 7.1 Hz,
2H), 3.46 (d, J=13.8 Hz, 1H), 3.23 (d, J = 13.8 Hz, 1H), 3.01 (d, /= 18.6 Hz, 1H), 2.94 (d, J =
18.5 Hz, 1H), 2.40 (s, 3H), 2.08 (s, 3H), 1.25 (t, /= 7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl;), 8: 206.2, 205.1, 171.2, 136.1, 129.8, 128.6, 127.3, 62.3, 61.7,
46.4,39.5,29.9, 27.6, 14.0.

Anal. Calcd for CigH,0O4: C, 69.55; H, 7.30. Found: C, 69.68; H, 7.45.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C,cH,0NaO4]*: 299.1254; found: 299.1257.
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Ethyl 2-acetyl-2-(2-oxopropyl)pent-4-enoate, 1f

O
EtO” "O ©
Yield 35%. Colorless oil. R¢= 0.72 (TLC, PE : EA, 2 : 1).
'"H NMR (300.13 MHz, CDCly), 8: 5.59 — 5.49 (m, 1H), 5.12 — 4.94 (m, 2H), 4.15 (q, J= 7.1 Hz,
2H), 3.04 (s, 2H), 2.79 — 2.56 (m, 2H), 2.24 (s, 3H), 2.09 (s, 3H), 1.21 (t,J = 7.1 Hz, 3H).
3C NMR (75.48 MHz, CDCl;), 6: 205.8, 204.6, 171.2, 132.3, 119.6, 61.6, 61.0, 46.1, 38.0, 30.1,
27.2,14.0.
Anal. Calcd for C;,H504: C, 63.70; H, 8.02. Found: C, 63.82; H, 8.09.
HRMS (ESI-TOF): m/z [M+Na]": calculated for [C,,H;sNaO4]*: 249.1097; found: 249.1091.

Ethyl 2-acetyl-2-(2-oxopropyl)hexanoate, 1g

EtO" O ©

Yield 63%. Yellow oil. Rg=0.63 (TLC, PE: EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl3), 8: 4.16 (q, J = 7.1 Hz, 2H), 3.05 (s, 2H), 2.27 (s, 3H), 2.12 (s,
3H), 2.03 — 1.80 (m, 2H), 1.22 (t, /= 7.1 Hz, 3H), 1.32 - 1.19 (m, 2H), 1.11 — 0.99 (m, 2H), 0.85
(t,J=7.3 Hz, 3H).

3C NMR (75.48 MHz, CDCl;), 6: 206.0, 205.8, 172.0, 61.5, 61.3, 46.3, 34.0, 30.1, 27.4, 26.8,
23.0, 14.1, 13.9.

Anal. Calcd for C;3H,,04: C, 64.44; H, 9.15. Found: C, 64.57; H, 9.24.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;3H;,NaO4]": 265.1410; found: 265.1408.

Ethyl 2-acetyl-2-(2-oxopropyl)octanoate, 1h

(0]
Hex
)JI\C[)‘/

EtO" ~O
Yield 51%. Yellow oil. Rg=0.70 (TLC, PE: EA, 2 : 1).
'H NMR (300.13 MHz, CDCl3), 8: 4.16 (q, J = 7.1 Hz, 2H), 3.06 (s, 2H), 2.28 (s, 3H), 2.13 (s,
3H), 2.00 — 1.80 (m, 2H), 1.31 — 1.18 (m, 9H), 1.12 - 1.00 (m, 2H), 0.84 (t,J= 7.3 Hz, 3H).
3C NMR (75.48 MHz, CDCl;), 6: 206.1, 206.0, 172.0, 61.5, 61.3, 46.3, 34.2, 31.6, 30.1, 29.5,
27.5,24.6,22.6,14.1, 14.1.
Anal. Calcd for CsHy604: C, 66.64; H, 9.69. Found: C, 66.75; H, 982.
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HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;sH¢NaO4]™: 293.1723; found: 293.1726.

Procedure for peroxidation of 1a with ethereal solution of H,O, and BF;-Et,0

(Table 1, runs 1-17).

A 9.27 M ethereal solution of HO, (0.10 — 1.01 mL, 0.93 —9.34 mmol; 1.0 — 10.0 mol H,O,/ 1.0
mol 1a) and BF5"Et,0 (0.12 - 2.35 mL, 0.93 — 18.67 mmol; 1.0 — 20.0 mol BF3°Et,0 / 1.0 mol 1a)
were successively added with stirring to a solution of 1,4-diketone 1a (0.300 g, 0.93 mmol) in
CH;CN (5 mL) at 20 — 25 °C (runs 1, 3 — 17) and at 0 — 2 °C (run 2). The reaction mixture was
stirred at 20 — 25 °C for 1.5 h (runs 1, 3 — 17) and at 0 — 2 °C for 1.5 h (run 2). Then CHCI; (30
mL) and saturated aqueous solution of NaHCOj; (10 mL) were added to the reaction mixture. The
organic phase was separated; the aqueous phase was washed by CHCl; (2x30 mL). The combined
organic phases were dried over MgSO, and filtered. The solvent was removed in vacuum of a
water jet pump. Peroxides cis-2a, trans-2a, cis-3a, trans-3a, 4a, 5a, 6a were isolated by
chromatography on SiO, using PE : EA mixture as the eluent with a gradient of EA from 9 to 33

vol. %.

Procedure for peroxidation of 1a with 35% aqueous solution of H,0, and 98%

H,SO, (Table 2, runs 1-10).

A 35% aqueous solution of H,0, (0.08 — 0.40 mL, 0.93 —4.67 mmol; 1.0 — 5.0 mol H,O, / 1.0 mol
1a) and 98% H;S0,4(0.05 — 0.76 mL, 1.40 — 14.0 mmol; 1.0 — 15.0 mol H,SO,4/ 1.0 mol 1a) were
successively added with stirring to a solution of 1,4-diketone 1a (0.300 g, 0.93 mmol) in CH;CN
(5 mL) at 20 — 25 °C. The reaction mixture was stirred at 20 — 25 °C for 3 — 5 h. The organic phase
was separated; the aqueous phase was washed by CHCI; (2x30 mL). The combined organic phases
were dried over MgSQO, and filtered. The solvent was removed in vacuum of a water jet pump.
Peroxides cis-2a, trans-2a, cis-3a, trans-3a, 4a, 5a, 6a, 7a were isolated by chromatography on

Si0, using PE : EA mixture as the eluent with a gradient of EA from 9 to 33 vol. %.
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o 1 eq. Hy0, (9.27M in Et,0), 00 EO ?{FO 0. 10 eq. Hy0, (9.27Min Et,0),  HOO HOO ;
! % 1 eq. BFyEt,O w L J R i 1 eq. BFyEt,0 W . (i\ti/ |
! 0 I . '
: CH3;CN, 20-25°C (0] h CH3CN, 20-25°C, : Y. ]
! fo) 3UN, f OEt " lo} 3CN, f R |
=i 15h R 3 b E0” Yo 15Hh B0 R OOHED g OOH;
1a-h cis-2a-h trans-2a-h ‘ 3 1a-c,e,g,h cis-3a-c,e,g,h trans-3a-c,e,g,h
09 Q- EtO O~ EtQ O~o EtQ

“'6@321\0 “"Ow\o ”“CTMO “IJMO

2 r OMe ]
2a, 73% 2b, 76% 2c, 61% 2d, 49% i 3a, 48% ) )
cisltrans = 87/13  cisltrans = 87/13 cisltrans = 84/16  cisl/trans = 84/16 |' ;0o - 67/33 cis-3b, 44% trans-3b, 9% cis-3¢, 13%
O~o EtO 1
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General procedure for the synthesis of ozonides cis-2a-h, trans-2a-h, 2i from

1,4-diketones 1a — i and ethereal solution of H,O; in the presence of BF;°Et,0.

A 9.27 M ethereal solution of H,O, (0.09 — 0.14 mL, 0.84 — 1.32 mmol; 1.0 mol H,O, / 1.0 mol 1a-
i) and BF;'Et,0 (0.11 — 0.17 mL, 0.84 — 1.32 mmol; 1.0 mol BF;3°Et,0 / 1.0 mol 1a-i) were
successively added with stirring to a solution of 1,4-diketone 1a-i (0.300 g, 0.84 — 1.33 mmol) in
CH;CN (5 mL) at 20 — 25 °C in the case of benzyl substituents and at 0 — 2 °C in the case of alkyl,
allyl substituents and ester group. The reaction mixture was stirred at 20 — 25 °C for 1.5 h in the
case of benzyl substituents and at 0 — 2 °C for 1 h in the case of alkyl, allyl substituents and ester

group. Then CHCIl; (30 mL) and saturated aqueous solution of NaHCO; (10 mL) were added to
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the reaction mixture. The organic phase was separated; the aqueous phase was washed by CHCl;
(2x30 mL). The combined organic phases were dried over MgSO, and filtered. The solvent was
removed in vacuum of a water jet pump. Ozonides cis-2a-h, frans-2a-h, 2i were isolated by
chromatography on SiO, using PE : EA (20 : 1) mixture as the eluent.

Compounds: cis-2a + trans-2a: 0.232 g, 0.69 mmol, yield 73%; cis-2b + trans-2b: 0.243
g, 0.78 mmol, yield 76%; cis-2¢ + trans-2c: 0.193 g, 0.52 mmol, yield 61%; cis-2d + trans-2d:
0.155 g, 0.48 mmol, yield 49%; cis-2e + trans-2e: 0.138 g, 0.47 mmol, yield 43%; cis-2f + trans-
2f: 0.171 g, 0.71 mmol, yield 53%; cis-2g + trans-2g: 0.231 g, 0.89 mmol, yield 72%; cis-2h +
trans-2h: 0.215 g, 0.75 mmol, yield 67%; 2i: 0.051 g, 0.19 mmol, yield 16%; 9j: 0.173 g, 0.74
mmol, yield 54%; 9k: 0.090 g, 0.41 mmol, yield 28%

Ethyl (18*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-

carboxylate, cis-2a
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White crystals. Mp = 100 — 102 °C. R¢=0.50 (TLC, PE : EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl;), 6: 8.13 (d, J = 8.7 Hz, 2H, H™), 7.22 (d, J = 8.7 Hz, 2H, H°),
433 -4.18 (m, 2H, H’), 3.55 (d, J=13.4 Hz, 1H, H?), 2.79 (d, J=13.2 Hz, 1H, H?), 2.66 (d, J =
13.4 Hz, 1H, H?), 1.84 (s, 3H, H"), 1.74 (d, J= 13.2 Hz, 1H, H*), 1.66 (s, 3H, H%), 1.29 (t,J=17.1
Hz, 3H, H®).

3C NMR (75.48 MHz, CDCl), 8: 170.9 (C"?), 147.3 (C¥), 143.5 (C), 130.4 (C°), 123.8 (C™),
112.2 (C?), 111.1 (€9), 61.9 (€7), 60.9 (C3), 42.0 (C¥), 41.1 (C°), 15.1 (C?), 14.2 (C?), 12.1 (CY).
Anal. Calcd for C;cHoNO7: C, 56.97; H, 5.68. Found: C, 57.09; H, 5.79.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;sH;9NNaO7]": 360.1054; found: 360.1049.
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Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-

carboxylate, trans-2a

Slightly yellow crystals. Mp = 101 — 103 °C. R;=0.56 (TLC, PE : EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl;), 6: 8.12 (d, J= 8.7 Hz, 2H, H™), 7.33 (d, J= 8.7 Hz, 2H, H?), 4.23
—4.07 (m, 2H, H’), 3.45 (d,J= 14.3 Hz, 1H, H’), 3.35 (d, /= 14.3 Hz, 1H, H’), 2.66 (d, J=12.8
Hz, 1H, H*), 2.11 (d, J=12.8 Hz, 1H, H*), 1.69 (s, 3H, H°), 1.65 (s, 3H, H"), 1.22 (t,J=7.1 Hz,
3H, H?).

BC NMR (75.48 MHz, CDCl;), 8: 171.6 (C'?%), 147.0 (C?), 145.9 (C?), 130.3 (C?), 123.7 (C™),
112.3 (C?), 110.6 (C?), 62.0 (C7), 60.8 (C?), 43.2 (C*), 38.4 (C?), 15.0 (C?), 14.2 (C?), 13.2 (C").
Anal. Calcd for C;cH;oNO7: C, 56.97; H, 5.68. Found: C, 57.06; H, 5.75.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C,cH;oNNaO-]*: 360.1054; found: 360.1062.

Ethyl 5-(4-fluorobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-
2b+trans-2b
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White crystals. Ratio of cis-2b : trans-2b = 87 : 13. R¢=0.45 (TLC, PE : EA, 5: 1).

cis-2b (major): 'H NMR (300.13 MHz, CDCls), 8: 7.02 — 6.91 (m, 4H, H°, H™), 4.31 —4.17 (m,
2H, H’), 3.43 (d, J=13.4 Hz, 1H, H’), 2.75 (d, J= 13.2 Hz, 1H, H?), 2.51 (d, /= 13.4 Hz, 1H,
H’), 1.83 (s, 3H, H"), 1.78 (d, J=13.2 Hz, 1H, H*), 1.66 (s, 3H, H®), 1.29 (t, J=7.1 Hz, 3H, H?).
3C NMR (75.48 MHz, CDCly), 6: 171.3 (C"%), 162.1 (d, 'Jcr = 245.5 Hz, CP), 131.4 (d, “Jcr =
3.2 Hz, %), 131.0 (d, 3Jcr = 7.9 Hz, C°), 115.6 (d, °Jcr = 21.3 Hz, C™), 112.4 (C?), 111.1 (C9),
61.7 (C7), 61.2 (C3), 42.0 (C*), 40.6 (C?), 15.1 (C?), 14.2 (C?), 12.1 (C).
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trans-2b (minor): 'H NMR (300.13 MHz, CDCly), 6: 7.05 — 6.89 (m, 4H, H°, H™), 4.34 — 4.15
(m, 2H, H’), 3.31 (d,J=14.1 Hz, IH , H®), 3.21 (d, J = 14.1 Hz, 1H, H®), 2.62 (d, J= 12.9 Hz,
1H, H%),2.12 (d,J=12.9 Hz, 1H, H%), 1.67 (s, 3H, H®), 1.65 (s, 3H, H"), 1.23 (t,J=7.1 Hz, 3H,
H?).

BC NMR (75.48 MHz, CDCly), 8: 171.3 (C'%), 162.1 (d, 'Jcp = 245.5 Hz, C?), 131.4 (d, “Jcr =
3.2 Hz, ), 131.0 (d, 3Jcr= 7.9 Hz, C°), 115.6 (d, °Jcr =21.3 Hz, C™), 112.4 (C?), 111 (C%), 61.7
(C), 61.2 (C?%),43.1 (€%, 37.8(C?%, 15.1 (C®), 14.1 (C?), 13.3 (CY).

Anal. Calcd for C1¢H9FOs: C, 61.93; H, 6.17. Found: C, 62.01; H, 6.28.

HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C;sH9FNaOs]*: 333.1109; found: 333.1104.

Ethyl-5-(4-bromobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-

2ct+trans-2c¢
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White crystals. Ratio of cis-2c¢ : trans-2¢ = 84 : 16. R;=0.43 (TLC, PE : EA, 5: 1).

cis-2¢ (major): '"H NMR (300.13 MHz, CDCl;), &: 7.39 (d, /= 8.4 Hz, 2H, H™), 6.91 (d, /= 8.4
Hz, 2H, H°), 4.31 —4.16 (m, 2H, H’), 3.41 (d, /= 13.4 Hz, 1H, H’), 2.76 (d, J= 13.2 Hz, 1H, H?),
2.49 (d, J=13.4 Hz, 1H, H’), 1.83 (s, 3H, H"), 1.75 (d, J = 13.2 Hz, 1H, H?¥), 1.66 (s, 3H, H®),
1.29 (t,J=7.1 Hz, 3H, H®). 3C NMR (75.48 MHz, CDCl;), 8: 171.2 (C'?%), 134.7 (C?), 131.8 (C?),
131.2 (C™), 121.2 (C%), 112.4 (C?), 111.1 (C?), 61.7 (C7), 61.0 (C3), 42.0 (C¥), 40.8 (C?), 15.1 (C®),
14.2 (C®), 12.1 (CY).

trans-2¢ (minor): '"H NMR (300.13 MHz, CDCls), 6: 7.39 (d, J = 8.4 Hz, 2H, H™), 7.03 (d, J =
8.4 Hz, 2H, H°), 431 —4.16 (m, 2H, H’), 3.30 (d, J= 14.3 Hz, 1H, H°), 3.18 (d, J= 14.3 Hz, 1H,
H’), 2.62 (d, J=12.8 Hz, 1H, H?¥), 2.10 (d, J = 12.8 Hz, 1H, H?), 1.67 (s, 3H, H°), 1.65 (s, 3H,
H"), 1.23 (t, J="7.1 Hz, 3H, H?). 3C NMR (75.48 MHz, CDCly), &: 171.2 (C"?), 134.7 (C?), 131.6
(€9, 131.1 (C™), 121.1 (€%, 112.4 (C?), 111.1 (C?), 61.7 (C7), 61.0 (C3), 43.1 (C¥), 38.5 (C?), 15.1
(C%), 14.2 (C¥), 13.3 (C"). Anal. Calcd for C;sHoBrOs: C, 51.77; H, 5.16. Found: C, 51.88; H,
5.27.

HRMS (ESI-TOF): m/z [M+H]*: calculated for [C;sH,BrOs]™: 371.0489, 373.0469; found:
371.0492, 373.0472.
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Ethyl-5-(4-methoxybenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate,

cis-2d+trans-2d
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Slightly yellow oil. Ratio of cis-2d : trans-2d = 84 : 16. Ry=0.42 (TLC, PE: EA, 5 : 1).

cis-2d (major): 'H NMR (300.13 MHz, CDCl3), 8: 7.24 — 7.14 (m, 1H), 6.80 — 6.74 (m, 1H),
6.64 — 6.55 (m, 2H), 4.32 —4.17 (m, 2H, H’), 3.76 (s, 3H, H'"), 3.45 (d, /= 13.4 Hz, 1H, H?),2.77
(d,J=13.2 Hz, 1H, H*), 2.50 (d, J=13.4 Hz, 1H, H’), 1.83 (s, 3H, H"), 1.83 (d, /= 13.2 Hz, 1H,
HY), 1.65 (s, 3H, H®), 1.30 (t,J=7.1 Hz, 3H, H?).

BCNMR (75.48 MHz, CDCls), 8: 171.4 (C!?), 159.8,137.3,121.9, 115.6,112.4 (C?),112.1, 111.2
(C%), 61.6 (C7), 61.1 (C?), 55.2 (C™), 41.9 (C*), 41.4 (C?), 15.1 (C), 14.2 (C?¥), 12.1 (CY).
trans-2d (minor): '"H NMR (300.13 MHz, CDCl;), 6: 7.24 — 7.14 (m, 1H), 6.80 — 6.74 (m, 1H),
6.64 —6.55 (m, 2H), 4.32 —4.17 (m, 2H, H’), 3.76 (s, 3H, H'!), 3.33 (d, J= 14.0 Hz, 1H, H?), 3.21
(d,J=14.0 Hz, 1H, HY), 2.64 (d, J= 12.9 Hz, 1H, H*), 2.15 (d, J= 12.9 Hz, 1H, H*), 1.67 (s, 3H,
H"), 1.66 (s, 3H, H%), 1.23 (t,J=17.1 Hz, 3H, H®).

13C NMR (75.48 MHz, CDCl;), : 171.4 (C?), 159.8, 137.3, 121.8, 115.4, 112.4 (C?), 112.0, 111.2
(), 61.6 (C7), 60.6 (C%), 55.2 (C'), 43.1 (C*), 38.5 (C?), 15.1 (C®), 14.1 (C®), 13.3 (C").

Anal. Calcd for C;7H»,04: C, 63.34; H, 6.88. Found: C, 63.45; H, 6.97.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;7H»;0¢]": 323.1489; found: 323.1489.

Ethyl-5-benzyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2e+trans-
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Slightly yellow crystals. cis-2e : trans-2e = 84 : 16. R¢=0.58 (TLC, PE: EA, 5: 1).
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cis-2e (major): '"H NMR (300.13 MHz, CDCl;), 8: 7.32 — 7.23 (m, 3H, H™, HP), 7.08 — 7.02 (m,
2H, H°), 4.34 — 4.18 (m, 2H, H"), 3.49 (d, J = 13.4 Hz, 1H, H®), 2.78 (d, J = 13.2 Hz, 1H, H¥),
2.55(d, J=13.4 Hz, 1H, H’), 1.86 (s, 3H, H'), 1.84 (d, J = 13.2 Hz, 1H, H?¥), 1.68 (s, 3H, H®),
1.31 (t,J=7.1 Hz, 3H, H?).

BC NMR (75.48 MHz, CDCl3), 6: 171.4 (C'%), 135.7,129.6, 128.7, 127.1, 112.5 (C?), 111.2 (C?),
61.6 (C7), 61.2 (C?),41.9 (%), 41.4(C%), 15.1 (C®), 14.2 (C®), 12.1 (C1).

trans-2e (minor): 'H NMR (300.13 MHz, CDCly), 8: 7.32 — 7.23 (m, 3H, H™, HP), 7.08 — 7.02
(m, 2H, H°), 4.34 —4.18 (m, 2H, H’), 3.37 (d, J= 14.4 Hz, 1H, H®), 3.26 (d, J = 14.4 Hz, 1H,
H’), 2.66 (d, J=12.9 Hz, 1H, H*¥), 2.17 (d, J = 12.9 Hz, 1H, H?), 1.69 (s, 3H, H"), 1.68 (s, 3H,
H®), 1.24 (t,J=".1 Hz, 3H, H?).

BC NMR (75.48 MHz, CDCly), 8: 171.4 (C'9), 135.7,129.4, 128.5, 127.1, 112.5 (C?), 111.2 (C?),
61.6 (C7), 61.2 (C3), 43.1 (%), 38.5 (C?), 15.1 (CY%), 14.1 (C?¥), 12.1 (CY).

Anal. Calcd for C;cH,0O5: C, 65.74; H, 6.90. Found: C, 65.88; H, 7.02.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;¢H,,0s5]": 293.1384; found: 293.1395.

Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2f+trans-2f
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Slightly yellow oil. Ratio of cis-2f : trans-2f =84 : 16. R¢=0.60 (TLC, PE : EA, 5 : 1).
cis-2f (major): 'H NMR (300.13 MHz, CDCly), 8: 5.61 — 5.44 (m, 1H, H'!), 5.14 — 5.00 (m, 2H,
H%),423 —4.14 (m, 2H, H"), 2.91 (d, J=13.0 Hz, 1H, H¥), 2.74 —2.60 (m, 1H, H?), 2.17 — 2.04
(m, 1H, H?), 1.75 (d, J = 14.7 Hz, 1H, H*), 1.73 (s, 3H, H"), 1.63 (s, 3H, H%), 1.26 (t,J=7.1 Hz,
3H, H?).
BC NMR (75.48 MHz, CDCl;), &: 171.0 (C?), 131.5 (C1?), 119.2 (C™), 111.9 (C?), 110.9 (C°),
61.3(C7), 59.7 (C3), 42.4 (C?), 40.4 (C?), 14.9 (C%), 14.2 (C?), 12.0 (C").
trans-2f (minor): '"H NMR (300.13 MHz, CDCly), 6: 5.61 — 5.44 (m, 1H, H'!), 5.14 — 5.00 (m,
2H, H'’), 4.23 —4.14 (m, 2H, H’), 2.74 — 2.60 (m, 2H, H*, H?), 2.15 — 2.04 (m, 1H, H®), 1.95 (d,
J=12.8 Hz, IH, H¥), 1.65 (s, 3H , H®), 1.61 (s, 3H, H"), 1.26 (t,J = 7.1 Hz, 3H, H?).
BC NMR (75.48 MHz, CDCl;), 8: 171.0 (C"?), 133.9 (C"?), 118.3 (C™), 112.1 (C?), 110.5 (C?),
61.5 (C7), 59.7 (C3), 42.8 (C%), 37.4 (C?), 14.9 (C%), 14.2 (C?¥), 13.0 (C).
Anal. Calcd for C;,H305: C, 59.49; H, 7.49. Found: C, 59.60; H, 7.58.
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HRMS (ESI-TOF): m/z [M+H]": calculated for [C;,H;905]": 243.1227; found: 243.1231.

Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g+trans-2g
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Slightly yellow oil. Ratio of cis-2g : trans-2g =79 : 21. R¢=0.44 (TLC, PE : EA, 10 : 1).

cis-2g (major): '"H NMR (300.13 MHz, CDCl3), 8: 4.30 —4.14 (m, 2H, H?), 2.98 (d, J=12.7 Hz,
1H, H%),2.02 - 1.86 (m, 1H, H®), 1.76 (s, 3H, H"), 1.67 (s, 3H, H®), 1.69 (m, 1H, H?), 1.46 — 1.12
(m, 4H, H’, H"’, H'"), 1.28 (t,J= 7.1 Hz, 3H, H’), 1.08 — 0.94 (m, 1H, H'’), 0.88 (t,J=7.1 Hz,
3H, H"?).

BC NMR (75.48 MHz, CDCl3), 8: 171.7 (CB), 112.5 (C?), 110.9 (C°), 61.3 (C7), 60.6 (C3), 43.2
(€%, 35.8 (C?), 26.1 (C1), 22.9 (C'Y), 15.2 (C%), 14.3 (C¥), 14.0 (C™?), 12.2 (C).

trans-2g (minor): 'H NMR (300.13 MHz, CDCl5), 8: 4.30 — 4.14 (m, 2H, H"), 2.72 (d, J=12.7
Hz, 1H, H*), 2.02 — 1.86 (m, 3H, H®, H*), 1.68 (s, 3H, H%), 1.65 (s, 3H, H"), 1.46 — 1.12 (m, 4H,
H'" H'T), 131 (t,J="7.1 Hz, 3H, H?), 0.88 (t, /= 7.1 Hz, 3H, H"?).

BC NMR (75.48 MHz, CDCl3), 8: 171.7 (C3), 112.5 (C?), 110.6 (C%), 61.5 (C7), 60.7 (C?), 43.0
(€, 32.8 (C?),28.7(C'),23.2 (C"), 15.1 (C®), 14.3 (C?), 14.0 (C"?), 13.4 (C").

Anal. Calcd for C3H»,05: C, 60.45; H, 8.58. Found: C, 60.57; H, 8.71.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;3H»;05]": 259.1540; found: 259.1546.

Ethyl-5-hexyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2h+#rans-2h
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Slightly yellow oil. Ratio of cis-2h : trans-2h =73 : 27. R;=0.68 (TLC, PE : EA, 5: 1).
cis-2h (major): 'H NMR (300.13 MHz, CDCly), 8: 4.25 —4.12 (m, 2H, H"), 2.95 (d, J=12.7 Hz,
1H, H?), 1.96 — 1.86 (m, 1H, H?), 1.70 (s, 3H, H"), 1.68 (m, 1H, H*), 1.62 (s, 3H, H®), 1.34—1.10
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(m, 8H, H’, H, H', H'?, H3), 1.26 (t,J = 7.1 Hz, 3H, H’), 1.05 - 0.92 (m, 1H, H?), 0.85 (t, J
=7.1 Hz, 3H, HY).

3C NMR (75.48 MHz, CDCl;), 8: 171.6 (C"9), 112.4 (C?), 110.8 (C%), 61.2 (C7), 60.7 (C3), 43.1
(€%, 36.0,31.6,29.4,23.8,22.6,15.1,14.2, 14.1, 12.2.

trans-2h (minor): 'H NMR (300.13 MHz, CDCls), 6: 4.25 —4.12 (m, 2H, H"), 2.69 (d, J = 12.7
Hz, 1H, H¥), 1.97 — 1.76 (m, 3H, H®, H*), 1.64 (s, 3H, H%), 1.60 (s, 3H, H"), 1.33 — 1.09 (m, 8H,
H'', H'1_ H'?) H'3),1.26 (t,J= 7.1 Hz, 3H, H?), 0.85 (t,J = 7.1 Hz, 3H, H'¥).

BC NMR (75.48 MHz, CDCl3), 8: 172.5 (CP), 112.4 (C?), 110.5 (C%), 61.4 (C7), 60.6 (C?), 43.0
(€%, 33.1,31.6,29.7,26.4,22.6,15.1, 14.2, 14.1, 13.1.

Anal. Calcd for C;5H»605: C, 62.91; H, 9.15. Found: C, 63.12; H, 9.28.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;sH,;05]": 287.1853; found: 287.1853.

Diethyl (15%,45%,55%)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5,6-dicarboxylate, 2i

@)
o>1O OEt
0 OEt

Slightly yellow oil. R¢=0.56 (TLC, PE : EA, 5 : 1).

"H NMR (300.13 MHz, CDCl;), &: 4.30 — 4.14 (m, 4H), 3.79 (d, /= 4.6 Hz, 1H), 3.56 (d, /= 4.6
Hz, 1H), 1.87 (s, 3H), 1.68 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H), 1.29 (t, /= 7.1 Hz, 3H).

13C NMR (75.48 MHz, CDCly), 8: 169.7, 168.0, 111.1, 110.2, 61.9, 61.8, 55.1, 54.3, 14.6, 14.3,
14.3, 13.8.

Anal. Calcd for C;,H307: C, 52.55; H, 6.62. Found: C, 52.63; H, 6.71.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;,H9O,]": 275.1125; found: 275.1125.

General procedure for the synthesis of dihydroperoxy-tetrahydrofurans cis-3a
+ trans-3a, cis-3b, trans-3b, cis-3c¢, cis-3e, cis-3g, trans-3g, cis-3h, trans-3h from
1,4-diketones 1a — c,e,g,h and ethereal solution of H,O, in the presence of
BF;°Et,0.

A 9.27 M ethereal solution of HO, (0.91 — 1.34 mL, 8.45 — 12.38 mmol; 10.0 mol H,O, / 1.0 mol
la-c,e,g,h) and BF;'Et,O (0.11 — 0.16 mL, 0.84 — 1.24 mmol; 1.0 mol BF; Et,O / 1.0 mol 1a-
c,e,g,h) were successively added with stirring to a solution of 1,4-diketone 1a-c,e,g,h (0.300 g,

0.84 — 1.24 mmol) in CH3CN (5 mL) at 20 — 25 °C in the case of benzyl substituents and at 0 — 2

°C in the case of alkyl and allyl substituents. The reaction mixture was stirred at 20 — 25 °C for
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1.5 h in the case of benzyl substituents and at 0 — 2 °C for 1.5 h in the case of alkyl and allyl
substituents. Then CHCI;5 (30 mL) and saturated aqueous solution of NaHCO5 (10 mL) were added
to the reaction mixture. The organic phase was separated; the aqueous phase was washed by CHCl;
(2%x30 mL). The combined organic phases were dried over MgSO, and filtered. The solvent was
removed in vacuum of a water jet pump. Dihydroperoxy-tetrahydrofurans cis-3a + trans-3a, cis-
3b, trans-3b, cis-3c, cis-3e, cis-3g, trans-3g, cis-3h, trans-3h were isolated by chromatography
on Si0, using PE : EA mixture as the eluent with a gradient of EA from 9 to 33 vol. %.

Compounds: cis-3a + trans-3a: 0.167 g, 0.45 mmol, yield 48%; cis-3b: 0.155 g, 0.45
mmol, yield 44%:; trans-3b: 0.034 g, 0.10 mmol, yield 9%; cis-3c: 0.045 g, 0.11 mmol, yield 13%;
cis-3e: 0.061 g, 0.19 mmol, yield 17%; cis-3g: 0.044 g, 0.15 mmol, yield 12%; trans-3g: 0.067 g,
0.23 mmol, yield 18%; cis-3h: 0.048 g, 0.15 mmol, yield 13%; trans-3h: 0.047 g, 0.15 mmol,
yield 13%.

Ethyl 2,5-dihydroperoxy-2,5-dimethyl-3-(4-nitrobenzyl)tetrahydrofuran-3-carboxylate, cis-

3a+trans-3a

HOO HOO
' O 1,, 1
\ -0 W 2T
NN 100, 6
- = VN
/=0 \ ~47 00H + 8/7\0 9\' 4" ‘OOH
— i
< \ ( N
m
———4 - /
\ R
NO, NO;
minor

Slightly yellow crystals. Ratio of cis-3a : trans-3a = 67 : 33. Ry=0.31 (TLC, PE : EA,2: 1).
cis-3a (major): "H NMR (300.13 MHz, CDCl,), 6: 8.32 (s, 1H, OOH), 8.12 (d, J = 8.6 Hz, 2H,
H™), 7.95 (s, 1H, OOH), 7.32 (d, J = 8.6 Hz, 2H, H°), 430 — 4.12 (m, 2H, H’), 3.48 (d, J = 12.7
Hz, 1H, H®), 3.14 (d, J = 12.7 Hz, 1H, H?), 2.72 (d, J = 15.0 Hz, 1H, H¥), 2.02 (d, J = 15.0 Hz,
1H, H*), 1.78 (s, 3H, H'), 1.71 (s, 3H, H%), 1.28 (t, J = 7.1 Hz, 3H, H?).

3C NMR (75.48 MHz, CDCls), 8: 170.2 (C"?), 147.3 (C?), 143.9 (CY), 131.3 (C°), 123.7 (C™),
115.8 (C?), 112.9 (C?), 61.9 (C7), 59.6 (C?), 38.9 (C?), 38.5 (%), 23.7 (C%), 17.0 (C"), 14.2 (C?).
trans-3a (minor): '"H NMR (300.13 MHz, CDCly), 6: 8.72 (s, 2H, OOH), 8.15 (d, J= 8.6 Hz, 2H,
H™),7.22 (d,J=8.6 Hz, 2H, H°), 430 — 4.12 (m, 2H, H’), 3.61 (d, J= 12.7 Hz, 1H, H®), 2.73 (d,
J=14.7 Hz, 1H, H*), 2.71 (d, J = 12.7 Hz, 1H, H®), 1.95 (d, J = 14.7 Hz, 1H, H*), 1.77 (s, 3H,
H"), 1.74 (s, 3H, H®), 1.27 (t, J=7.1 Hz, 3H, H?).

3C NMR (75.48 MHz, CDCly), &: 170.2 (C19), 147.3 (C?), 143.4 (CV), 130.8 (C°), 124.0 (C™),
115.8 (C?), 112.0 (C%), 62.0 (C7), 61.0 (C?), 39.7 (C?), 38.4 (C*), 24.1 (C*), 16.5 (C), 14.2 (C?®).
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Anal. Calcd for C;cH,;NOy: C, 51.75; H, 5.70. Found: C, 51.87; H, 5.83.
HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;sH,;NNaOg]: 394.1109; found: 394.1095.

Ethyl (25*%,35%,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-

carboxylate, cis-3b

White crystals. Mp =109 — 111 °C. R¢=0.45 (TLC, PE: EA, 2 : 1).

cis-3b (major): 'H NMR (300.13 MHz, CDCly), &: 8.38 (br.s, IH, OOH), 8.02 (s, 1H, OOH),
7.18 —7.04 (m, 2H, H™), 7.01 — 6.84 (m, 2H, H°), 4.32 — 4.05 (m, 2H, H’), 3.36 (d, /= 13.0 Hz,
1H, H?), 2.97 (d, J=13.0 Hz, 1H, H®), 2.67 (d, J = 15.0 Hz, 1H, H?), 2.11 (d, /= 15.0 Hz, 1H,
H*%), 1.77 (s, 3H, H"), 1.70 (s, 3H, H"), 1.27 (t,J = 7.1 Hz, 3H, H?).

3C NMR (75.48 MHz, CDCls), 8: 170.7 (C'%), 162.1 (d, 'Jcr = 245.4 Hz), 131.9 (d, 3Jcr = 8.0
Hz), 131.6 (d, “Jcr = 3.3 Hz), 115.9 (C?), 115.4 (d, °Jcr = 21.1 Hz), 112.9 (C?), 61.6 (C7), 59.8
(C%), 38.5(C%, 38.4(C?),23.8(CN),17.0(C®), 14.1 (C®).

Anal. Calcd for C;¢H,FO7: C, 55.81; H, 6.15. Found: C, 56.01; H, 6.33.

HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C;sH,;FNaO,]": 367.1164; found: 367.1157.

Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-

carboxylate, trans-3b

minor
Colorless oil. Rg=0.48 (TLC, PE: EA, 2 : 1).
trans-3b (minor): 'H NMR (300.13 MHz, CDCls), 3: 8.95 (s, 2H, OOH), 7.06 — 6.88 (m, 4H,
H>™), 430 - 4.03 (m, 2H, H’), 3.47 (d, J=13.6 Hz, 1H, H®), 2.64 (d, J= 14.8 Hz, 1H, H?), 2.58
(d,J=13.6 Hz, 1H, H®),2.03 (d, J= 14.8 Hz, 1H, H?), 1.74 (s, 3H, H), 1.72 (s, 3H, H®), 1.25 (t,
J=17.1 Hz, 3H, H®).
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3C NMR (75.48 MHz, CDCly), 8: 170.6 (C?), 162.2 (d, "Jcr = 246.1 Hz), 131.4 (d, 3Jcr = 8.1
Hz), 131.6 (d, “Jcr = 3.3 Hz), 115.7 (d, °Jcr = 21.4 Hz), 115.2 (C?), 112.1 (C°), 61.9 (C7), 61.2
(C%), 39.1 (C?), 38.1 (€C¥),24.0 (€%, 16.4 (C"), 14.1 (C®).

Anal. Calcd for C;¢H,FO7: C, 55.81; H, 6.15. Found: C, 55.98; H, 6.29.

HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C,sH,;FNaO,]*: 367.1164; found: 367.1154.

Ethyl (25*,35*,55*)-3-(4-bromobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-

carboxylate, cis-3c

HOO

Br
White crystals. Mp = 137 — 139 °C. R¢=0.31 (TLC, PE: EA, 2 : 1).
'H NMR (300.13 MHz, CD;0D), &: 7.44 (d, J= 8.4 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 4.19 (q, J
=7.2 Hz, 2H), 3.39 — 3.30 (m, 3H), 3.16 (d, /= 12.9 Hz, 1H), 2.63 (d, J = 14.5 Hz, 1H), 2.06 (d,
J=14.5 Hz, 1H), 1.75 (s, 3H), 1.66 (s, 3H), 1.31 (t,J="7.1 Hz, 3H).
3C NMR (75.48 MHz, CD;0D), &: 172.3, 137.2, 133.3, 132.3, 121.8, 116.1, 113.1, 62.3, 60.9,
39.5,39.3,24.2,17.3, 14.3.
Anal. Calcd for C;cH,BrO7: C, 47.42; H, 5.22. Found: C, 47.52; H, 5.32.
HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C,sH;;BrNaO;]": 427.0363, 429.0343; found:
427.0372, 429.0356.

Ethyl (28*,35*,5R*)-3-benzyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, cis-3e
HOO
Q"o

OOH

Colorless oil. Rg=0.36 (TLC, PE: EA, 2 : 1).

'"H NMR (300.13 MHz, CDCly), 8: 8.42 (br.s, 1H), 8.07 (br.s, 1H), 7.35 — 7.21 (m, 3H), 7.18 —
7.12 (m, 2H), 4.32 — 4.05 (m, 2H), 3.42 (d, J = 12.9 Hz, 1H), 3.02 (d, J = 12.8 Hz, 1H), 2.69 (d,
J=14.9 Hz, 1H), 2.19 (d, /= 14.9 Hz, 1H), 1.81 (s, 3H), 1.73 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H).
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3C NMR (75.48 MHz, CDCl;), 8: 170.8, 136.0, 130.4, 128.5, 127.2, 115.9, 112.9, 61.6, 59.9,
39.2,38.6,23.8,17.0, 14.1.

Anal. Calcd for C;cH»,07: C, 58.89; H, 6.80. Found: C, 59.00; H, 6.99.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;sH,NaO;]": 349.1258; found: 349.1262.

Ethyl (25%,35%,55*)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-

carboxylate, cis-3g

EtO , u “O0H

Colorless oil. Rg=0.36 (TLC, PE: EA, 2 : 1).

'H NMR (300.13 MHz, CDCly), 8: 8.46 (br.s, 1H), 8.21 (br.s, 1H), 4.16 (q, J= 7.1 Hz, 2H), 2.81
(d, J=14.6 Hz, 1H), 2.13 (d, J = 14.6 Hz, 1H), 1.97 — 1.66 (m, 2H), 1.67 (s, 3H), 1.62 (s, 3H),
1.35-1.19 (m, 3H), 1.25 (t, J= 7.1 Hz, 3H), 0.97 — 0.79 (m, 1H), 0.86 (t, J = 7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl;), &: 171.5, 115.9, 112.7, 61.4, 59.0, 39.4, 33.4, 26.6, 23.9, 22.9,
17.1, 14.1, 14.0.

Anal. Calcd for C3H,407: C, 53.41; H, 8.28. Found: C, 53.50; H, 8.35.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;3H4NaO;]": 315.1414; found: 315.1411.

Ethyl (28*,3R*,55%)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, trans-3g

HOO

Q "0
)\
EtO>

11y

"By OOH

Colorless oil. Rg=0.41 (TLC, PE: EA, 2 : 1).

'H NMR (300.13 MHz, CDCly), 6: 9.17 (br.s, 2H), 4.14 (q, J = 7.1 Hz, 2H), 2.79 (d, J = 14.4 Hz,
1H), 2.02 (d, J = 14.4 Hz, 1H), 2.02 — 1.86 (m, 1H), 1.60 (s, 3H), 1.56 (s, 3H), 1.43 — 1.16 (m,
4H), 1.23 (t,J= 7.1 Hz, 3H), 1.04 — 0.88 (m, 1H), 0.87 (t, /= 7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), 6: 171.3, 115.2, 112.0, 61.6, 60.3, 39.2, 34.0, 26.2, 24.1, 22.9,
16.5, 14.1, 13.9.

Anal. Calcd for C;3H,407: C, 53.41; H, 8.28. Found: C, 53.50; H, 8.38.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;3H3;NaO;]": 315.1414; found: 315.1415.
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Ethyl (25*,35*,55*)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, cis-3h

HOO
O //'// O

EtO = “OO0OH
Hex"

Colorless oil. Rg=0.51 (TLC, PE: EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl3), &: 8.38 (br.s, 1H), 8.14 (br.s, 1H), 4.19 (q, J = 7.1 Hz, 2H), 2.85
(d, J=14.6 Hz, 1H), 2.16 (d, J= 14.6 Hz, 1H), 2.02 — 1.86 (m, 1H), 1.83 — 1.69 (m, 1H), 1.70 (s,
3H), 1.65 (s, 3H), 1.39 — 1.20 (m, 7H), 1.29 (t,J= 7.1 Hz, 3H), 0.99 — 0.87 (m, 1H), 0.88 (t, J =
7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), 6: 171.4, 116.0, 112.7, 61.4, 59.0, 39.4, 33.7, 31.6, 29.5, 24.4,
23.9,22.6,17.2,14.2, 14.1.

Anal. Calcd for C;5H»307: C, 56.23; H, 8.81. Found: C, 56.31; H, 8.90.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;sHsNaO;]": 343.1727; found: 343.1718.

Ethyl (28*,3R*,55%)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, trans-3h
HOO
O "o
S,
EtO “OOH
Hex"

Colorless oil. Rg=0.73 (TLC, PE: EA, 2 : 1).

'"H NMR (300.13 MHz, CDCls), 8: 8.91 (br.s, 2H), 4.16 (q, /= 7.1 Hz, 2H), 2.83 (d, J = 14.4 Hz,
1H), 2.03 (d, J = 14.4 Hz, 1H), 2.02 — 1.86 (m, 1H), 1.83 — 1.69 (m, 1H), 1.62 (s, 3H), 1.58 (s,
3H), 1.43 - 1.16 (m, 7H), 1.25 (t, /= 7.1 Hz, 3H), 1.04 — 0.94 (m, 1H), 0.87 (t,J = 7.1 Hz, 3H).
BC NMR (75.48 MHz, CDCl), &: 171.1, 115.3, 112.1, 61.6, 60.5, 39.3, 34.3, 31.6, 29.5, 24.12,
24.09, 22.6, 16.6, 14.2, 14.1.

Anal. Calcd for CsH,307: C, 56.23; H, 8.81. Found: C, 56.32; H, 8.93.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C,5H,3NaO,]*: 343.1727; found: 343.1728.

Procedure for the synthesis of hydroxy-hydroperoxy-1,2-dioxane 4a from 1,4-

diketone 1a and ethereal solution of H,0O, in the presence of BF;°Et,0.

A 9.27 M ethereal solution of H,0O, (0.50 mL, 4.67 mmol; 5.0 mol H,O,/ 1.0 mol 1a) and BF;*Et,0
(0.35 mL, 2.80 mmol; 3.0 mol BF;"Et,0 / 1.0 mol 1a) were successively added with stirring to a
solution of 1,4-diketone 1a (0.300 g, 0.93 mmol) in CH;CN (5 mL) at 20 — 25 °C. The reaction

mixture was stirred at 20 — 25 °C for 1.5 h. Then CHCI; (30 mL) and saturated aqueous solution
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of NaHCOj; (10 mL) were added to the reaction mixture. The organic phase was separated; the
aqueous phase was washed by CHCI; (2x30 mL). The combined organic phases were dried over
MgSO, and filtered. The solvent was removed in vacuum of a water jet pump. Hydroxy-
hydroperoxy-1,2-dioxane 4a were isolated by chromatography on SiO, using PE : EA mixture as
the eluent with a gradient of EA from 9 to 33 vol. %.

Compound: 4a: 0.063 g, 0.17 mmol, yield 18%.

Ethyl (3R*,45%,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-
4-carboxylate, 4a

Ho, P~ LooH

/\ YAt
Osni—

\\]\‘ I

0 N7
! b l\NOZ

Colorless oil. R;=0.22 (TLC, PE: EA, 2 : 1).

"H NMR (300.13 MHz, CDCl3), 8: 8.59 (br. s, 1H, OOH), 8.11 (d, J= 8.7 Hz, 2H, H™), 7.41 (d,

J=8.7Hz, 2H, H°), 4.17 (q,J="7.1 Hz, 2H, H’), 3.59 (br. s, 1H, OH), 3.40 — 3.25 (m, 2H, H®),

2.39(d,J=15.8 Hz, 1H, H*), 1.74 (m, 3H, H"), 1.60 (d, /= 15.8 Hz, 1H, H?¥), 1.51 (s, 3H, HY),
1.24 (t,J="7.1 Hz, 3H, H?).

BC NMR (75.48 MHz, CDCl;), 8: 172.0 (C'9), 147.1 (C?), 144.5 (CY), 131.6 (C?), 123.5 (C™),
106.6 (C%), 101.5 (C?), 61.8 (€7), 51.4 (C3), 38.6 (C?), 29.7 (C%), 21.4 (C"), 21.2 (C?), 14.1 (C).

Anal. Calcd for C;cH,;NOy: C, 51.75; H, 5.70. Found: C, 51.88; H, 5.82.

HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C;sH,;NNaOo]": 394.1109; found: 394.1101.

General procedure for the synthesis of tetraoxanes Sa—c, e—h from 1,4-diketones

1a — ¢, e — h and ethereal solution of H,0, in the presence of BF;°Et,0.

A 9.27 M ethereal solution of H,O, (0.46 — 0.72 mL, 4.22 — 6.63 mmol; 5.0 mol H,O, / 1.0 mol
la-¢, e-h) and BF;°Et,0 (1.59 — 2.50 mL, 12.67 — 19.89 mmol; 15.0 mol BF3°Et,O / 1.0 mol 1a-c,
e-h) were successively added with stirring to a solution of 1,4-diketone 1a-c, e-h (0.300 g, 0.84 —
1.33 mmol) in CH3CN (5 mL) at 20 — 25 °C in the case of benzyl substituents and at 0 — 2 °C in
the case of alkyl and allyl substituents. The reaction mixture was stirred at 20 — 25 °C for 1.5 h in
the case of benzyl substituents and at 0 — 2 °C for 1 h in the case of alkyl and allyl substituents.
Then CHCI; (30 mL) and saturated aqueous solution of NaHCO; (10 mL) were added to the
reaction mixture. The organic phase was separated; the aqueous phase was washed by CHCl;

(2%30 mL). The combined organic phases were dried over MgSQO, and filtered. The solvent was
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removed in vacuum of a water jet pump. Tetraoxanes Sa—c, e-h were isolated by chromatography
on SiO, using PE : EA (20 : 1) mixture as the eluent.

Compounds: Sa: 0.202 g, 0.57 mmol, yield 61%; Sbh: 0.157 g, 0.48 mmol, yield 47%; Sc:
0.217 g, 0.56 mmol, yield 66%; Se: 0.155 g, 0.50 mmol, yield 46%; 5f: 0.077 g, 0.30 mmol, yield
22%; 5g: 0.114 g, 0.42 mmol, yield 33%; Sh: 0.122 g, 0.40 mmol, yield 36%.

Ethyl (1R*,4R*,75%)-1,4-dimethyl-7-(4-nitrobenzyl)-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-

carboxylate, Sa

NO,

O
/

i

O\O OEt
(0]

White crystals. Mp =89 — 91 °C. R¢=0.52 (TLC, PE: EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl;), 8: 8.16 (d, /= 8.7 Hz, 2H), 7.29 (d, J= 8.7 Hz, 2H), 4.20 — 4.29
(m, 2H), 3.49 (d, /= 13.2 Hz, 1H), 3.12 (d, /= 13.2 Hz, 1H), 2.85 (d, /= 13.8 Hz, 1H), 2.08 (d, J
=13.8 Hz, 1H), 1.67 (s, 3H), 1.39 (s, 3H), 1.31 (t,J= 7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), &: 170.9, 147.5, 143.1, 130.8, 123.9, 106.0, 103.3, 62.5, 52.4,
39.9, 36.8, 20.6, 17.7, 14.2.
Anal. Calcd for C;cH{9oNOg: C, 54.39; H, 5.42. Found: C, 54.51; H, 5.54.
HRMS (ESI-TOF): m/z [M+K]": calculated for [C;sH19yNKOg]": 392.0742; found: 392.0732.

Ethyl (1R*,4R*,75%)-7-(4-fluorobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, Sb

F

i

O\O OEt
@)
White crystals. Mp = 54 — 56 °C. R¢=0.63 (TLC, PE : EA, 5 : 1).
"H NMR (300.13 MHz, CDCl;), 6: 7.10 — 6.92 (m, 4H), 4.32 — 4.18 (m, 2H), 3.36 (d, /= 13.3 Hz,
1H), 2.96 (d, J = 13.3 Hz, 1H), 2.83 (d, J = 13.9 Hz, 1H), 2.10 (d, J = 13.9 Hz, 1H), 1.66 (s, 3H),
1.38 (s, 3H), 1.30 (t, J=7.1 Hz, 3H).
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3C NMR (75.48 MHz, CDCl;), 6: 171.1, 162.1 (d, "Jcr = 246.1 Hz), 131.3 (d, 3Jcr = 8.0 Hz),
130.9 (d, “Jcr=3.3 Hz), 115.5 (d, °Jcr=21.4 Hz), 106.2, 103.3, 62.0, 52.5, 39.2, 36.7, 20.5, 17.6,
14.0.

Anal. Calcd for C;4H 9FOg: C, 58.89; H, 5.87. Found: C, 58.97; H, 5.96.

HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C;sH9FNaOg]*: 349.1058; found: 349.1055.

Ethyl (1R*4R*,758%)-7-(4-bromobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-

7-carboxylate, Sc

Br

O\O OEt

@)
White crystals. Mp = 78 — 80 °C. R¢=0.83 (TLC, PE : EA,2: 1).
'"H NMR (300.13 MHz, CDCly), 8: 7.41 (d, J= 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 4.32 — 4.18
(m, 2H), 3.35 (d, /= 13.3 Hz, 1H), 2.94 (d, /= 13.3 Hz, 1H), 2.84 (d, /= 13.8 Hz, 1H), 2.07 (d, J
=13.8 Hz, 1H), 1.65 (s, 3H), 1.38 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H).
3C NMR (75.48 MHz, CDCl), 8: 171.1, 134.3, 131.8, 131.6, 121.5, 106.2, 103.4, 62.2, 52.5,
39.5,36.7,20.6,17.7, 14.2.
Anal. Calcd for C;cH9O¢: C, 49.63; H, 4.95. Found: C, 49.75; H, 5.08.
HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C,cH;9BrNaOg]": 409.0257, 411.0238; found:
409.0251, 411.0228.

Ethyl (1R*,4R*,75%)-7-benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-

carboxylate, Se

)
/

LARNN)

O\O OEt
o
Slightly yellow oil. R;=0.41 (TLC, PE : EA, 5 : 1).
'"H NMR (300.13 MHz, CDCl3), 6: 7.34 — 7.23 (m, 3H), 7.14 — 7.06 (m, 2H), 4.32 — 4.18 (m, 2H),
341 (d,J=13.2 Hz, 1H), 2.98 (d, /= 13.2 Hz, 1H), 2.84 (d, /= 13.9 Hz, 1H), 2.14 (d, J=13.9
Hz, 1H), 1.68 (s, 3H), 1.38 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H).
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3C NMR (75.48 MHz, CDCl3), &: 171.3, 135.3, 129.9, 128.7, 127.4, 106.4, 103.5, 62.0, 52.6,
40.1, 36.8, 20.6, 17.7, 14.1.

Anal. Calcd for C;cH»oO¢: C, 62.33; H, 6.54. Found: C, 62.40; H, 6.59.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;4H,;04]": 309.1333; found: 309.1324.

Ethyl (1R* 4R*,75%)-T-allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, 5f
o. =
O\
S OEt

0]
Yellow oil. Rg=0.55 (TLC, PE : EA, 5 : 1).
'"H NMR (300.13 MHz, CDCly), 8: 5.67 — 5.48 (m, 1H), 5.21 — 5.09 (m, 2H), 4.23 (q, J= 7.1 Hz,
2H), 3.10 (d, J = 13.8 Hz, 1H), 2.73 — 2.62 (m, 1H), 2.53 —2.43 (m, 1H), 2.04 (d, /= 13.8 Hz,
1H), 1.55 (s, 3H), 1.39 (s, 3H), 1.28 (t,J=7.1 Hz, 3H).
BC NMR (75.48 MHz, CDCl;), 6: 171.1, 131.3, 120.0, 105.9, 103.4, 62.0, 51.3, 39.4, 37.2, 20.6,
17.6, 14.2.
Anal. Calcd for C,H;304: C, 55.81; H, 7.03. Found: C, 55.94; H, 7.15.
HRMS (ESI-TOF): m/z [M+H]": calculated for [C;,H;90]": 259.1176; found: 259.1175.

Ethyl (1R*,4R*,75%)-7-butyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, Sg

Bu”

@)
IR o

0]
Slightly yellow oil. R¢=0.48 (TLC, PE: EA, 10: 1)
"H NMR (300.13 MHz, CDCly), 8: 4.25 (q, J = 7.1, 2H), 3.21 (d, /= 13.5 Hz, 1H), 1.99 (d, J =
13.5 Hz, 1H), 1.94 — 1.81 (m, 1H), 1.79 — 1.66 (m, 1H), 1.57 (s, 3H), 1.42 (s, 3H), 1.37 — 1.23 (m,
6H), 1.13 - 0.98 (m, 1H), 0.88 (t, J= 7.1 Hz, 3H).
3C NMR (75.48 MHz, CDCl3), 6: 171.7, 106.5, 103.5, 61.8, 51.8, 37.8, 34.6, 25.8, 23.0, 20.7,
17.7,14.2, 14.0.
Anal. Calcd for C;3H»,04: C, 56.92; H, 8.08. Found: C, 56.99; H, 8.15.
HRMS (ESI-TOF): m/z [M+H]": calculated for [C;3H»304]": 275.1489; found: 275.1491.
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Ethyl (1R*,4R*,75%)-7-hexyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, Sh

O\
o .>_O Hex"
O\
(0]

Slightly yellow oil. R¢=0.68 (TLC, PE : EA, 5: 1).

'"H NMR (300.13 MHz, CDCl3), 8: 4.25 (q, /= 7.1 Hz, 2H), 3.20 (d, /= 13.5 Hz, 1H), 1.98 (d, J
=13.5 Hz, 1H), 1.94 — 1.81 (m, 1H), 1.78 = 1.68 (m, 1H), 1.56 (s, 3H), 1.41 (s, 3H), 1.36 — 1.18
(m, 10H), 1.12 - 0.98 (m, 1H), 0.88 (t,J= 7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), 6: 171.7, 106.5, 103.5, 61.8, 51.9, 37.8, 34.9, 31.7, 29.5, 23.6,
22.6,20.7,17.6, 14.2, 14.1.

Anal. Calcd for C;5H,404: C, 59.58; H, 8.67. Found: C, 59.66; H, 8.75.

HRMS (ESI-TOF): m/z [M+K]": calculated for [CsH,sKOg¢]™: 341.1361; found: 341.1360.

General procedure for the synthesis of dihydroperoxy-1,2-dioxane 6a—c,e from

1,4-diketones 1a—c,e and ethereal solution of H,O, in the presence of BF;*Et,0.
A 9.27 M ethereal solution of H,O, (0.46 — 0.59 mL, 4.22 — 5.43 mmol; 5.0 mol H,O, / 1.0 mol
la-c,e) and BF5°Et,0 (0.53 — 0.68 mL, 4.22 — 5.43 mmol; 5.0 mol BF;'Et,0 / 1.0 mol 1a-c,e) were
successively added with stirring to a solution of 1,4-diketone 1a-c,e (0.300 g, 0.84 — 1.09 mmol)
in CH3CN (5 mL) at 20 — 25 °C. The reaction mixture was stirred at 20 — 25 °C for 1.5 h. Then
CHCI; (30 mL) and saturated aqueous solution of NaHCO; (10 mL) were added to the reaction
mixture. The organic phase was separated; the aqueous phase was washed by CHCl; (2x30 mL).
The combined organic phases were dried over MgSQO, and filtered. The solvent was removed in
vacuum of a water jet pump. Dihydroperoxy-1,2-dioxanes 6a—c,e were isolated by
chromatography on SiO, using PE : EA mixture as the eluent with a gradient of EA from 9 to 33
vol. %.

Compounds: 6a: 0.145 g, 0.37 mmol, yield 40%; 6b: 0.119 g, 0.33 mmol, yield 32%:; 6c¢:
0.107 g, 0.25 mmol, yield 30%; 6e: 0.119 g, 0.35 mmol, yield 32%.
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Ethyl (BR*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-

carboxylate, 6a

Hoo.,, P~Q ooH

” \ / ’

' — l\NOZ

White crystals. Mp =129 — 131 °C. R¢=0.22 (TLC, PE : EA, 2 : 1).

"H NMR (300.13 MHz, CDCl;), 6: 8.62 — 8.69 (m, 2H, OOH), 8.11 (d, /= 8.8 Hz, 2H, H™), 7.39
(d, J= 8.6 Hz, 2H, H°), 4.18 (q, J = 7.1 Hz, 2H, H’), 3.47 — 3.31 (m, 2H, H?), 2.39 (d, J = 15.7
Hz, 1H, H?), 1.80 (m, 3H, H'), 1.60 (d, J= 15.6 Hz, 1H, H*), 1.52 (s, 3H, H%), 1.25 (t,J=7.1 Hz,
3H, H?).

BCNMR (75.48 MHz, CDCly), 8: 170.7 (C'%), 147.3(C»), 143.6 (C), 131.7 (C°), 123.5 (C™), 108.9
(C?),106.9 (C), 62.1 (C7), 49.5 (C?), 38.8 (C?), 29.8 (C%), 21.2 (C®), 14.8 (C), 14.1(C?®).

Anal. Calcd for C;cH,1NOyo: C, 49.61; H, 5.46. Found: C, 49.70; H, 5.51.

HRMS (ESI-TOF): m/z [M+K]*: calculated for [C;sH,NKO(]*: 426.0797; found: 426.0806.

Ethyl (BR*,45*,6 R*)-4-(4-fluorobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-
carboxylate, 6b

White crystals. Mp = 128 — 130 °C. R¢=0.73 (TLC, PE : EA, 2 : 1).

"H NMR (300.13 MHz, CDCl;), 8: 8.32 (br.s, 1H), 8.21 (br.s, 1H), 7.21 — 7.13(m, 2H), 6.94 (t, J
= 8.7 Hz, 2H), 4.27 — 4.02 (m, 2H), 3.34 — 3.10 (m, 2H), 2.34 (dd, J = 15.6, 1.7 Hz, 1H), 1.80 (s,
3H), 1.72 (d, J=15.6 Hz, 1H), 1.52 (s, 3H), 1.24 (t,J=7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl;), 6: 171.1, 162.2 (d, "Jcr = 246.1 Hz), 133.3 (d, “Jcr = 3.3 Hz),
132.3 (d, 3Jcr="7.9 Hz), 115.5 (d, ?Jcr=21.1 Hz), 109.1, 107.0, 61.8, 49.6, 38.2, 29.7, 21.3, 14.8,
14.1.

Anal. Calcd for C;¢H,1FOg: C, 53.33; H, 5.87. Found: C, 53.40; H, 5.96.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;sH,;FNaOg]*: 383.1113; found: 383.1111.
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Ethyl (BR*,45*,6 R*)-4-(4-bromobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-

carboxylate, 6¢

White crystals. Mp = 118 — 120 °C. R¢=0.60 (TLC, PE : EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl3), &: 8.40 (br.s, 1H), 8.28 (br.s, 1H), 7.37 (d, J = 8.4 Hz, 2H), 7.08
(d, J=8.4 Hz, 2H), 4.22 — 4.08 (m, 2H), 3.30 — 3.11 (m, 2H), 2.35 (dd, J=15.7, 1.7 Hz, 1H), 1.79
(s, 3H), 1.69 (d, J=15.7 Hz, 1H), 1.51 (s, 3H), 1.24 (t, /= 7.2 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), &: 171.0, 134.6, 132.5, 131.5, 121.3, 109.0, 106.9, 61.9, 49.5,
38.4,29.7,21.2, 14.8, 14.1.

Anal. Calcd for C;cH,;BrOs: C, 45.62; H, 5.03. Found: C, 45.70; H, 5.12.

HRMS (ESI-TOF): m/z [M+Na]*: calculated for [C;sH;;BrNaOg]™: 443.0312, 445.0292; found:
443.0314, 445.0293.

Ethyl (3R*,45%,6R*)-4-benzyl-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate,
6e

Slightly yellow oil. R;=0.43 (TLC, PE : EA, 2 : 1).

"H NMR (300.13 MHz, CDCl;), &: 8.25 (s, 1H), 8.16 (s, 1H), 7.38 —7.13 (m, 5H), 4.28 — 4.05 (m,
2H), 3.39 — 3.16 (m, 2H), 2.34 (dd, J=15.6, 1.7 Hz, 1H), 1.82 (s, 3H), 1.77 (d, /= 15.6 Hz, 1H),
1.52 (s, 3H), 1.24 (t,J="7.1 Hz, 3H).

3C NMR (75.48 MHz, CDCl3), &: 171.3, 135.6, 130.7, 128.3, 127.1, 109.1, 107.0, 61.7, 49.6,
39.0,29.8,21.2, 14.8, 14.0.

Anal. Calcd for C1¢H»,0g: C, 56.14; H, 6.48. Found: C, 56.22; H, 6.58.

HRMS (ESI-TOF): m/z [M+Na]": calculated for [C;sH2,NaOg]": 365.1207; found: 365.1198.
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Procedure for the synthesis of peroxolactone 7a from 1,4-diketone 1a and 35%

aqueous solution of H,O; in the presence of 98% H,SO,.

A 35% aqueous solution of H,O, (0.24 mL, 2.80 mmol; 3.0 mol H,O, / 1.0 mol 1a) and 98%
H,SO4(0.51 mL, 9.34 mmol; 10.0 mol H,SO,4 / 1.0 mol 1a) were successively added with stirring
to a solution of 1,4-diketone 1a (0.300 g, 0.93 mmol) in CH3CN (5 mL) at 20 — 25 °C. The reaction
mixture was stirred at 20 — 25 °C for 3 h. The organic phase was separated; the aqueous phase was
washed by CHCIl; (2x30 mL). The combined organic phases were dried over MgSO, and filtered.
The solvent was removed in vacuum of a water jet pump. Peroxide 7a was isolated by
chromatography on SiO, using PE : EA mixture as the eluent with a gradient of EA from 9 to 33
vol. %.

Compound: 7a: 0.028 g, 0.09 mmol, yield 9%.

(3aS,5R,6a8)-5-hydroperoxy-5,6a-dimethyl-3a-(4-nitrobenzyl)tetrahydro-3H-furo|2,3-
c][1,2]dioxol-3-one, 7a

O

\

O

or”®
O,N

Slightly yellow crystals. Mp = 146 — 148 °C. Ry=0.28 (TLC, PE: EA, 2 : 1).

'"H NMR (300.13 MHz, CDCl;), 8: 8.32—8.17 (m, 1H), 8.18 (d, J= 8.7 Hz, 2H), 7.37 (d, J= 8.7
Hz, 2H), 3.12 (s, 2H), 2.56 (d, J = 14.0 Hz, 1H), 2.19 (d, J = 14.0 Hz, 1H), 1.63 (s, 3H), 1.61 (s,
3H).

3C NMR (75.48 MHz, CDCly), 8: 176.4, 147.7, 141.3, 131.0, 123.9, 118.8, 110.4, 57.7, 45.2,
37.0,21.5, 19.6.

Anal. Calcd for C;4HsNOg: C, 51.70; H, 4.65. Found: C, 51.82; H, 4.77.

HRMS (ESI-TOF): m/z [M+NH4]": calculated for [C14H;sNOgNH,]":343.1136; found: 343.1127.

Hoo °©

I

Procedure for the synthesis of peroxolactone 7g from 1.4-diketone 1g and

ethereal solution of H,0, in the presence of BF;°Et,0.

A 9.27 M ethereal solution of HO, (0.67 mL, 6.19 mmol; 5.0 mol HO, / 1.0 mol 1g) and BF3°Et,O
(0.78 mL, 6.19 mmol; 5.0 mol BF5"Et,O / 1.0 mol 1g) were successively added with stirring to a
solution of 1,4-diketone 1g (0.300 g, 1.24 mmol) in CH3CN (5 mL) at 0 — 2 °C. The reaction
mixture was stirred at 0 — 2 °C for 1.5 h. Then CHCI; (30 mL) and saturated aqueous solution of
NaHCO; (10 mL) were added to the reaction mixture. The organic phase was separated; the

aqueous phase was washed by CHCl; (2x30 mL). The combined organic phases were dried over
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MgSO, and filtered. The solvent was removed in vacuum of a water jet pump. Peroxide 7g was by
chromatography on SiO, using PE : EA mixture as the eluent with a gradient of EA from 9 to 17
vol. %.

Compound: 7g: 0.019 g, 0.08 mmol, yield 6%.

(3aS,5R,6aS)-3a-butyl-5-hydroperoxy-5,6a-dimethyltetrahydro-3H-furo[2,3-c][1,2]dioxol-
3-one, 7g

White crystals. Mp =47 —49 °C. R¢=0.71 (TLC, PE: EA, 2 : 1).

'"H NMR (300.13 MHz, CDCly), &: 8.12 (s, 1H), 2.65 (d, J = 14.1 Hz, 1H), 2.01 (d, J = 14.1 Hz,
1H), 1.80 — 1.63 (m, 2H), 1.58 (s, 3H), 1.55 (s, 3H), 1.45 — 1.20 (m, 4H), 0.91 (t, /= 7.1 Hz, 3H).
3C NMR (75.48 MHz, CDCl;), &: 177.6, 119.0, 110.4, 57.6, 45.2, 31.3, 26.3, 23.0, 21.4, 19.3,
13.8.

Anal. Calcd for C;;H50¢: C, 53.65; H, 7.37. Found: C, 53.78; H, 7.50.

HRMS (ESI-TOF): m/z [M+NH4]": calculated for [C1H;sOsNH4]*: 264.1442; found: 264.1447.

Procedure for the synthesis of peroxide 8i from 1,4-diketone 1i and ethereal

solution of H,0, in the presence BF;°Et,0.

A 9.27 M ethereal solution of H,O, (0.13 mL, 1.16 mmol; 1.0 mol H,O, / 1.0 mol 1i) and BF;°Et,0O
(0.15 mL, 1.16 mmol; 1.0 mol BF5'Et,O / 1.0 mol 1i) were successively added with stirring to a
solution of 1,4-diketone 1i (0.300 g, 1.16 mmol) in CH3CN (5 mL) at 0 — 2 °C. The reaction
mixture was stirred at 0 — 2 °C for 1 h. Then CHCI; (30 mL) and saturated aqueous solution of
NaHCO; (10 mL) were added to the reaction mixture. The organic phase was separated; the
aqueous phase was washed by CHCl; (2x30 mL). The combined organic phases were dried over
MgSO;, and filtered. The solvent was removed in vacuum of a water jet pump. Peroxide 8i was
isolated by chromatography on SiO, using PE : EA (20 : 1) mixture as the eluent.

Compound: 8i: 0.061 g, 0.22 mmol, yield 19%.

Diethyl 2-hydroperoxy-2,3,5-trimethyl-2,3-dihydrofuran-3,4-dicarboxylate, 8i

O, OOH

OEt
OEtO

Colorless oil. Rg=0.31 (TLC, PE: EA, 2 : 1).
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"H NMR (300.13 MHz, CDCls), 8: 9.13 (br.s, 1H), 4.25 — 4.04 (m, 5H), 2.27 (s, 3H), 1.52, (s, 3H),
1.27 (t,J=17.1 Hz, 3H), 1.21 (t,J = 7.1 Hz, 3H).

BC NMR (75.48 MHz, CDCly), 8: 170.7, 168.1, 164.8, 114.3, 103.7, 61.5, 60.1, 54.9, 18.9, 14.3,
14.3, 14.0.

Anal. Calcd for C;,H307: C, 52.55; H, 6.62. Found: C, 52.69; H, 6.80.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;,H90O4]": 275.1125; found: 275.1123.

3-(2-Oxo0-2-phenylethyl)oxepan-2-one, 9j

@)

0]

Colorless oil. Rg=0.45 (TLC, PE: EA, 2 : 1).

"H NMR (300.13 MHz, CDCl;), 6: 8.06 — 7.85 (m, 2H), 7.63 — 7.29 (m, 3H), 4.48 — 4.24 (m, 2H),
3.69 (dd, /= 18.0, 7.2 Hz, 1H), 3.52 — 3.25 (m, 1H), 2.96 (dd, J = 18.0, 5.8 Hz, 1H), 2.06 — 1.89
(m, 2H), 1.85 - 1.66 (m, 3H), 1.63 — 1.46 (m, 1H).

BC NMR (75.48 MHz, CDCl;), 8: 198.1, 177.2, 136.8, 133.3, 128.7, 128.2, 68.7, 41.7, 38.4, 30.0,
28.9, 28.3.

Calcd for C4H605: C, 72.39; H, 6.94. Found: C, 72.54; H, 7.11.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;4H;05]": 233.1172; found: 233.1180.

3-(2-0x0-2-phenylethyl)tetrahydro-2H-pyran-2-one, 9k °
O
O
O

Colorless oil. Rg=0.45 (TLC, PE: EA, 1: 1).

"H NMR (300.13 MHz, CDCl;), 6: 8.04 — 7.86 (m, 2H), 7.64 — 7.39 (m, 3H), 4.43 (t, /= 5.8 Hz,
2H), 3.59 (dd, J = 18.0, 4.1 Hz, 1H), 3.27 (dd, J = 18.0, 6.7 Hz, 1H), 3.25 — 3.05 (m, 1H), 2.26 —
2.07 (m, 1H), 1.98 — 1.88 (m, 2H), 1.73 — 1.55 (m, 1H).

BC NMR (75.48 MHz, CDCl,), 8: 197.5, 174.2, 136.6, 133.5, 128.7, 128.2, 68.8, 40.2, 35.7,25.2,
22.6.

Calcd for C3H,405: C, 71.54; H, 6.47. Found: C, 71.68; H, 6.60.

HRMS (ESI-TOF): m/z [M+H]": calculated for [C;3H;503]™: 219.1016; found: 219.1018.
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TH NMR (300.13 MHz, CDCl;). Ethyl 2-acetyl-2-(4-fluorobenzyl)-4-oxopentanoate, 1b
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13C NMR (75.48 MHz, CDCl;). Ethyl 2-acetyl-2-(4-fluorobenzyl)-4-oxopentanoate, 1b
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TH NMR (300.13 MHz, CDCl;). Ethyl 2-acetyl-2-(4-bromobenzyl)-4-oxopentanoate, 1¢
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13C NMR (75.48 MHz, CDCI;). Ethyl 2-acetyl-2-(4-bromobenzyl)-4-oxopentanoate, 1¢
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TH NMR (300.13 MHz, CDC]l;). Ethyl 2-acetyl-2-(3-methoxybenzyl)-4-oxopentanoate, 1d
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I3C NMR (75.48 MHz, CDCI;). Ethyl 2-acetyl-2-(3-methoxybenzyl)-4-oxopentanoate, 1d
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TH NMR (300.13 MHz, CDCl;). Ethyl 2-acetyl-2-benzyl-4-oxopentanoate, 1e
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13C NMR (75.48 MHz, CDCI;). Ethyl 2-acetyl-2-benzyl-4-oxopentanoate, 1e

—77.16 (DCI3
13.99

_-206.24
~-205,13

171.21
—136.11
12997
Z 17858
12727

_~62.25
=518
— 4642
—39.47
2993
—~ 2765

ElO

T T T T T T T T T L T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10 0 -10
ppm

S43



TH NMR (300.13 MHz, CDC]l;). Ethyl 2-acetyl-2-(2-oxopropyl)pent-4-enoate, 1f
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13C NMR (75.48 MHz, CDCls). Ethyl 2-acetyl-2-(2-oxopropyl)pent-4-enoate, 1f
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'H NMR (300.13 MHz, CDC]l;). Ethyl 2-acetyl-2-(2-oxopropyl)hexanoate, 1g
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13C NMR (75.48 MHz, CDCI;). Ethyl 2-acetyl-2-(2-oxopropyl)hexanoate, 1g
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TH NMR (300.13 MHz, CDC]l;). Ethyl 2-acetyl-2-(2-oxopropyl)octanoate, 1h
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13C NMR (75.48 MHz, CDCI;). Ethyl 2-acetyl-2-(2-oxopropyl)octanoate, 1h
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i

-3a,b,c,e,g,h, trans-3a,b,g,h, 4a, S5a-c,e-h 6a-c,e, 7a,g, 8

i, cis

NMR spectra of peroxides cis-2a-h, trans-2a-h, 2

'H NMR (300.13 MHz, CDCly). Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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13C NMR (75.48 MHz, CDCly). Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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TH NMR (300.13 MHz, CDCl;). Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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13C NMR (75.48 MHz, CDCly). Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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13C NMR (75.48 MHz, CDCly). Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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'H — TH, COSY. Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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TH - 13C, HSQC. Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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IH - 13C, HMBC. Ethyl (15*,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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1H — TH, NOESY. Ethyl (15*,4R* ,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2a
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TH NMR (300.13 MHz, CDC]l;). Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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13C NMR (75.48 MHz, CDCly). Ethyl (158*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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TH NMR (300.13 MHz, CDC]l;). Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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13C NMR (75.48 MHz, CDCly). Ethyl (158*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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13C NMR (75.48 MHz, CDCly). Ethyl (158*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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IH - 'H, COSY. Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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TH - 13C, HSQC. Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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TH - 13C, HMBC. Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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'H — TH, NOESY. Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, trans-2a
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TH NMR (300.13 MHz, CDCl;). Ethyl 5-(4-fluorobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2b + trans-2b
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I3C NMR (75.48 MHz, CDCI;). Ethyl 5-(4-fluorobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2b + trans-2b
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TH NMR (300.13 MHz, CDCl;). Ethyl 5-(4-fluorobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2b + trans-2b
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I3C NMR (75.48 MHz, CDCI;). Ethyl 5-(4-fluorobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2b + trans-2b
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I3C NMR (75.48 MHz, CDCI;). Ethyl 5-(4-fluorobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2b + trans-2b
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TH NMR (300.13 MHz, CDC]l;). Ethyl-5-(4-bromobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2¢ + trans-2¢
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I3C NMR (75.48 MHz, CDCI;). Ethyl-5-(4-bromobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2¢ + trans-2c
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TH NMR (300.13 MHz, CDC]l;). Ethyl-5-(4-bromobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2¢ + trans-2¢
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I3C NMR (75.48 MHz, CDCI;). Ethyl-5-(4-bromobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2¢ + trans-2c
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I3C NMR (75.48 MHz, CDCI;). Ethyl-5-(4-bromobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2¢ + trans-2c
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TH NMR (300.13 MHz, CDCl;). Ethyl-5-(4-methoxybenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2d + trans-2d
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13C NMR (75.48 MHz, CDCI;). Ethyl-5-(4-methoxybenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2d + trans-2d
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TH NMR (300.13 MHz, CDCl;). Ethyl-5-(4-methoxybenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2d + trans-2d
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13C NMR (75.48 MHz, CDCI;). Ethyl-5-(4-methoxybenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2d + trans-2d
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13C NMR (75.48 MHz, CDCI;). Ethyl-5-(4-methoxybenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2d + trans-2d
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TH NMR (300.13 MHz, CDC]l;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2e + trans-2e
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2e + trans-2e

o
]
o [ T N o [ =
m F~ 0 T 0 s e = e e e U m o
by RESEAR i ~ — Moo oo e
—_ .4.-1.4.-:.-1; .-cT ~ D D q-g{-q-m -lc--q-d;:
| Yy 0 V NP L2
|
-~
O-g CIJ
s
(L
_/, 3 0 il
/ +
R
\ #
minor
]
|
1
!
1
|
I
|
T T T T T I T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10 0 -10

ppm
S84



TH NMR (300.13 MHz, CDC]l;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2e + trans-2e
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2e + trans-2e
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2e + trans-2e
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TH NMR (300.13 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2f + trans-2f
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2f + trans-2f
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TH NMR (300.13 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2f + trans-2f
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2f + trans-2f
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2f + trans-2f
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TH NMR (300.13 MHz, CDC]l;). Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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TH NMR (300.13 MHz, CDC]l;). Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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TH-'H, COSY. Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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TH-13C, HSQC. Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g

12
& Ty

O\‘_"_—{_ (|) i m1-1

PP w0 |

o e ¥ guns=ld 4

J 12120 5 4

/ O |' \‘\ i
5 O};'D
I

major minor

1H13C, HSQC 1 : 6 8|3 12.12
0 C

o
fY
w

B

w

=
5
i

C

pprm

—_—
PR
o
g ",
10,10
AN A
[ed ) [ (\I i
VAN |
T o
S (e
| e r LA
W :,' \ ¥ -,l :Er
A
@)
Tt

~a0

F55

~60

65

4.2

2.8

S99



TH-13C, HMBC. Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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TH-'H, NOESY. Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g + trans-2g
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TH NMR (300.13 MHz, CDC]l;). Ethyl-5-hexyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2h + trans-2h
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-hexyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2h + trans-2h
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TH NMR (300.13 MHz, CDC]l;). Ethyl-5-hexyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2h + trans-2h
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-hexyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2h + trans-2h
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13C NMR (75.48 MHz, CDCl;). Ethyl-5-hexyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2h + trans-2h
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TH NMR (300.13 MHz, CDCl;). Diethyl (15*,45%,55%)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5,6-dicarboxylate, 2i
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13C NMR (75.48 MHz, CDCl;). Diethyl (15%,45*,55%)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5,6-dicarboxylate, 2i
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13C NMR (75.48 MHz, CDCls). Ethyl 2,5-dihydroperoxy-2,5-dimethyl-3-(4-nitrobenzyl)tetrahydrofuran-3-carboxylate, cis-3a+trans-3a
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TH NMR (300.13 MHz, CDC]l;).Ethyl 2,5-dihydroperoxy-2,5-dimethyl-3-(4-nitrobenzyl)tetrahydrofuran-3-carboxylate, cis-3a+trans-3a
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13C NMR (75.48 MHz, CDCls). Ethyl 2,5-dihydroperoxy-2,5-dimethyl-3-(4-nitrobenzyl)tetrahydrofuran-3-carboxylate, cis-3a+trans-3a
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I3C NMR (75.48 MHz, CDCI;). Ethyl 2,5-dihydroperoxy-2,5-dimethyl-3-(4-nitrobenzyl)tetrahydrofuran-3-carboxylate, cis-3a+trans-3a
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TH NMR (300.13 MHz, CDC]l;). Ethyl (25%,35*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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13C NMR (75.48 MHz, CDCI;). Ethyl (25*,35%,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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TH NMR (300.13 MHz, CDC]l;). Ethyl (25%,35*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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13C NMR (75.48 MHz, CDCI;). Ethyl (25*,35%,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b

— 6165
5981
_-38.50
—23.82

16.98

3836
— 1411

T T * T " T " ¢ T © T 7 T * 7T * F * 1 " T * T " T " T T©T T 7
66 B+ 62 60 8 56 ® 22 50 48 46 44 42 40 38 36 34
ppm

S117

Y (LYY SR P WOy RN T WMNMWMMWM



13C NMR (75.48 MHz, CDCI;). Ethyl (25*,35%,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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TH — TH, COSY. Ethyl (25*,35*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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TH - 13C, HSQC. Ethyl (25%,35*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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TH — 3C, HMBC. Ethyl (25*,35%,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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TH - TH, NOESY. Ethyl (25*,35%,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3b
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TH NMR (300.13 MHz, CDCl;). Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-

3b
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13C NMR (75.48 MHz, CDCly). Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-
3b
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TH NMR (300.13 MHz, CDCl;). Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-
3b
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13C NMR (75.48 MHz, CDCly). Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-
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13C NMR (75.48 MHz, CDCly). Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-

3b
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1H — TH, COSY. Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3b
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TH - 3C, HSQC. Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3b
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TH — 3C, HMBC. Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3b
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IH - 'H, NOESY. Ethyl (25*,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3b
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TH NMR (300.13 MHz, CD;0D). Ethyl (25*,35%,55%)-3-(4-bromobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-
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13C NMR (75.48 MHz, CD;0D). Ethyl (25%,35*,55%)-3-(4-bromobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3¢
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TH NMR (300.13 MHz, CDCl;). Ethyl (25%,35*,5R*)-3-benzyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3e
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13C NMR (75.48 MHz, CDCl;). Ethyl (25*,35*,5R*)-3-benzyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3e
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'H NMR (300.13 MHz, CDCIl;). Ethyl (25%,35*,55%)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3g
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13C NMR (75.48 MHz, CDCI;). Ethyl (25*,35%,55%)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3g
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TH NMR (300.13 MHz, CDC]l;). Ethyl (25*,3R*,55%)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3g
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I3C NMR (75.48 MHz, CDCI;). Ethyl (25*%,3R*,55%)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3g
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TH NMR (300.13 MHz, CDC]l;). Ethyl (25%,35*,55%)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3h
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I3C NMR (75.48 MHz, CDCI;). Ethyl (25*,35%,55%)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, cis-3h
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TH NMR (300.13 MHz, CDC]l;). Ethyl (25*,3R*,55%)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3h
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13C NMR (75.48 MHz, CDCls). Ethyl (25*,3R*,55%)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-carboxylate, trans-3h
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TH NMR (300.13 MHz, CDCl;). Ethyl (3R*,45*,6R*)-3-hydroperoxy-6-hydroxy-3,6-dimethyl-4-(4
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13C NMR (75.48 MHz, CDC;). Ethyl (3R*,4S*,6R*)-3-hydroperoxy-6-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 4a
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TH NMR (300.13 MHz, CDCl;). Ethyl (3R*,45*,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 4a
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13C NMR (75.48 MHz, CDCl;). Ethyl (3R*,458*,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 4a
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'H - 'H, COSY. Ethyl (3R*,4S5*,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 4a
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TH — BC, HSQC. Ethyl (3R*,45*,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 4a
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TH — BC, HSQC. Ethyl (3R*,45*,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 4a
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TH — TH, NOESY. Ethyl 3R*,45*%,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 4a
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TH NMR (300.13 MHz, CDCl;). Ethyl (1R*,4R*,75%)-1,4-dimethyl-7-(4-nitrobenzyl)-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5a
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13C NMR (75.48 MHz, CDCl). Ethyl (1R*,4R*,75%)-1,4-dimethyl-7-(4-nitrobenzyl)-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5a
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TH NMR (300.13 MHz, CDCIl;). Ethyl (1R*,4R*,75%)-7-(4-fluorobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5Sb
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13C NMR (75.48 MHz, CDCly). Ethyl (1R*,4R*,75%)-7-(4-fluorobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5b
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TH NMR (300.13 MHz, CDCl;). Ethyl (1R*,4R*,75*)-7-(4-bromobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5¢
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13C NMR (75.48 MHz, CDCl;). Ethyl (1R*,4R*,75%)-7-(4-bromobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5S¢
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TH NMR (300.13 MHz, CDC]l;). Ethyl (1R*,4R*,75%)-7-benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, Se
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13C NMR (75.48 MHz, CDC;). Ethyl (1R*,4R*,75%)-7-benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5S¢
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TH NMR (300.13 MHz, CDCl;). Ethyl (1R*,4R*,75%*)-7-allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5f
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13C NMR (75.48 MHz, CDCl). Ethyl (1R*,4R*,75%)-7-allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5f
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TH NMR (300.13 MHz, CDCl;). Ethyl (1R*,4R*,75*)-7-butyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5g
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13C NMR (75.48 MHz, CDCls). Ethyl (1R*,4R*,75%)-7-butyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, 5g
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TH NMR (300.13 MHz, CDCl;). Ethyl (1R*,4R*,75*)-7-hexyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, Sh
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13C NMR (75.48 MHz, CDCls). Ethyl (1R*,4R*,75%)-7-hexyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-carboxylate, Sh
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4-carboxylate, 6a
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trobenzyl)-1,2-di
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'H NMR (300.13 MHz, CDCls). Ethyl (3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4
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13C NMR (75.48 MHz, CDCI;). Ethyl (3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 6a
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TH NMR (300.13 MHz, CDC]l;). Ethyl (3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 6a
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13C NMR (75.48 MHz, CDCI;). Ethyl (3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 6a
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TH - TH, COSY. Ethyl (3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 6a
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TH - 3C, HSQC. Ethyl (3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 6a
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'H - BC, HMBC. Ethyl (3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 6a
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IH - TH, NOESY. Ethyl 3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-carboxylate, 6a
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TH NMR (300.13 MHz, CDCl;). Ethyl (3R*,45*,6R*)-4-(4-fluorobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate, 6b
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13C NMR (75.48 MHz, CDCl;). Ethyl (3R*,45%,6R*)-4-(4-fluorobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate, 6b
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TH NMR (300.13 MHz, CDCIl;). Ethyl (3R*,45*,6R*)-4-(4-bromobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate, 6¢
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13C NMR (75.48 MHz, CDCls). Ethyl 3R*,4S5*,6R*)-4-(4-bromobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate, 6¢
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'H NMR (300.13 MHz, CDCl;). Ethyl (3R*,45*,6R*)-4-benzyl-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate, 6e
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13C NMR (75.48 MHz, CDCl;). Ethyl 3R*,45*,6R*)-4-benzyl-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate, 6e
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TH NMR (300.13 MHz, CDCl;). (3aS,5R,6aS)-5-hydroperoxy-5,6a-dimethyl-3a-(4-nitrobenzyl)tetrahydro-3H-furo[2,3-c][1,2]dioxol-3-one, 7a
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I3C NMR (75.48 MHz, CDC;). (3aS,5R,6aS)-5-hydroperoxy-5,6a-dimethyl-3a-(4-nitrobenzyl)tetrahydro-3H-furo[2,3-c][1,2]dioxol-3-one, 7a
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TH NMR (300.13 MHz, CDCl;). (3aS,5R,6aS)-3a-butyl-5-hydroperoxy-5,6a-dimethyltetrahydro-3H-furo[2,3-c][1,2]dioxol-3-one, 7g
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13C NMR (75.48 MHz, CDCL). (3aS,5R,6aS)-3a-butyl-5-hydroperoxy-5,6a-dimethyltetrahydro-3H-furo[2,3-c][1,2]dioxol-3-one, 7g
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TH NMR (300.13 MHz, CDCl;). Diethyl 2-hydroperoxy-2,3,5-trimethyl-2,3-dihydrofuran-3,4-dicarboxylate, 8i
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13C NMR (75.48 MHz, CDCls). Diethyl 2-hydroperoxy-2,3,5-trimethyl-2,3-dihydrofuran-3,4-dicarboxylate, 8i
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TH NMR (300.13 MHz, CDCl;). 3-(2-Oxo0-2-phenylethyl)oxepan-2-one, 9j
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13C NMR (75.48 MHz, CDCI;). 3-(2-Oxo0-2-phenylethyl)oxepan-2-one, 9j
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TH NMR (300.13 MHz, CDCl,;). 3-(2-0x0-2-phenylethyl)tetrahydro-2H-pyran-2-one, 9k
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13C NMR (75.48 MHz, CDCl;). 3-(2-0x0-2-phenylethyl)tetrahydro-2H-pyran-2-one, 9k
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HRMS spectra of compounds 1a-h
Ethyl 2-acetyl-2-(4-nitrobenzyl)-4-oxopentanoate, 1a

NO,

EtO" "O ©

Display Report

Analysis Info Acquisition Date  18.03.2022 16:27:00
Analysis Name  Di\Data\Chizhow\Terantiov\Skokovals-47 _low.d

Method tune_low.m Operator BDAL@DE

Sample Name  /TERMN S5-47 Instrument ! Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, no calibrant added

Acquisition Parameter

Source Type ESI lon Polarity Positive Sot Nebulizer 0.4 Bar
Focus Nat active Sat Dry Hoatar 180 C
Scan Baegin 50 m'z Sat Capillary 4500 V Sat Dry Gas 4.0 Fmin
Scan End 3000 mz Set End Plate Offset  -500V Set Divert Valve Waste

Intens. ] +MS, 0.0-1.0min #{1-53)
x104]

338.3418

675.67 35

Il 1000.7869
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Irler'sd.: +MS, 0.0-1.0min #1-53)
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0.5 e 3400838

326.3776 332.3162 3363227 |\

L.,
C1eH18NOe, MenH 32213
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3441105
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Bruker Compass DataAnalysis 4.0 printed:  18.03.2022 16:49:17 Page 1 of 1
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Ethyl 2-acetyl-2-(4-fluorobenzyl)-4-oxopentanoate, 1b

F

EtO" "O ©

Display Report

Analysis Info

Acquisition Date 1804 2024 18:4122

Analysis Name  DA\Data\Kolotyrkina\2024\Belyakova0418028 .d

Method funa_low.m
Sample Mame  /IYAR 3-318

Opearator EDAL@DE
Instrument / Sert micrOTOF 10248

Commant C16H19F04 mH 2951340 calibrant added CH3CH

Acquisition Parametar
Source Type ESI
Focus Mot active
Scan Bagin 50 méz
Scan End 3000 miz

lon Polarity Positive St Nebaulizer 0.4 Bar
Set Dry Heater 180 °G

Set Capdlary 4500V Sat Dry Gas 4.0 ¥ min

Set End Plate Cffsst -500 v St Divert Vahe Waste

Intens
M0y posqsm

2

] £11.2406

+MS, 0.5-0.Emin #(20-500

EE l, |I.l

0705503
1000 1500 2000 2500 miz

+MS, 0.5 0. Bmin #(30-50
T 1182

) 333.0882
312.1506 l |. 9907905

C16H18F04, MsnH 285 13

CI1EH19F04, MenNHA 31214

3121606

C1eH18F04, M+nMa 317.13

3T 1180

C16H19F0d, M+nk 333.09

333.0899

‘305 @0 815 @0 3x a0 3% 340mez

Bruker Compass Datafnalysis 4.0

printed:  18.04 2024 18:44 51 Page 1 of 1
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Ethyl 2-acetyl-2-(4-bromobenzyl)-4-oxopentanoate, 1¢

Br

EtO” "O ©

Display Report

Analysis Info Acquisition Date  27.01.2022 18:07:18
Analysis Mame DoData\Chizhovi TerentieviRadulovird 1287 _Eclblow.d
Method tune_low.m Operator BOAL@DE
Sample Meme TERM RD1247 Instrument  Ser# micrDTOF 10248
Commaeant CH3CMN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type Esl lon Polarity Positive Sel Nebulizer 0.4 Bar
Focus Mol activa Sel Ory Haatar 180
Sean Bagin 50 iz el Capillary 4500 ¥ Sl Dry Gas 4.0 Vmin
Scan End 3000 'z Sal End Plate Oflgal  -500 W Sel Diverl Valva Wakla
Inbens. | «ME, D.0-1.0min 8 1-59)
x4
338.3400
E.
44
8220108
o 622 0283
15218692
2121.5343
1 18593011
500 1000 1500 2000 2500 iz
lrcengé +MS, 0L0-1.0min 8]1-50]
2y 3550532 357.0514
1.254
1.0
3553670
0.754
0.501
— 356.0570 956 9678 358.0547
_)I J 357 3675
0.00
] C18H18Br0d, MenH ,355.05
5000 3550533 357.0520
1500
iﬂDﬂ:
o 356.0573 J \ 3560553
355.0 a55.5 356.0 356.5 a57.0 357.5 I58.0 iz
Bruker Compass DataAnalysis 4.0 printed:  27.01.2022 18220:16 Page 1 of 1
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Ethyl 2-acetyl-2-(3-methoxybenzyl)-4-oxopentanoate, 1d

(0]
OMe

EtO” O ©

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

tune_|ow.m
[TERN 5-54

DData\Chizhowvi TerentieviSkokova's-54_&clblow.d

CH3CN 100 %, dil. 2000, calibrant added

Acqguisition Date  18.03.2022 16:41:13
Operator BDAL@DE

Instrument / Ser# micrOTOF 10248

Acquisition Parameter
Source Type ES|

Focus Mot active
Scan Begin S0 miz
Secan End 3000 miz

lon Polarity Positive

Set Caplllary
Set End Plate Offaat

4500 W
-500 v

Sel Nebulizer
Set Dry Healer
Sel Dry Gas
Set Divert Valve

0.4 Bar
180 C
4.0 fmin
Waste

Intens.
i DE:

3_

285.1438

3220103

+MS, 0.0-1.0min #(2-59)

o Lllulllh..; el
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1000 1500

T ¥ ¥ J T T T T

2500 miz

Intens._ ]

307.1540

d29.1356

3220482

i L 1

+MS, 0.0-1.0min #(2-53)
3383413

3451100

307.1540

L i
C17H2205, M+nH ,307.1

C17TH2205, M+nMa 329,14

15004
1000

C17H2205, M+nkK 345,11
3451099

"308 3o

Bruker Compass DataAnalysis 4.0

"350 miz

printed:
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Ethyl 2-acetyl-2-benzyl-4-oxopentanoate, 1e

EtO" "O ©

Display Report

Analysis Info Acquisition Date 15.03.2022 11:20:36
Analysis Name DiDasaKolotyrkina'\2022\Skokowa'0315013.d
Method twne_50-1600_pos_15_12.m Operator BDAL@DE
Sample Namea /TERM 5-52 Instrument ¢ Serg micrOTOF 10248
Comment C16H2004 mH 277.1434 calibrant added CH3CN
Acquisition Parameter = B
Saurca Type ESl len Polarty Positive Sel Nebulizer 0.4 Bar
Focus Nt active Set Dry Heater 180 G
Scan Bagin 50 miz Set Capillary 4500V Set Dry Gas 4,0 Urnin)
Scan End 1600 miz Set End Plate Offset <500 V Set Divart Vakle Waste
Intens, - M8, 0.7-0.9min #(42-55
'r;‘ﬁ]: = 213.0014
75 281,152
50 l 2991257
25
ol al ki by | . . . :
200 250 300 350 400 450 500 550 miz
Intens. ] +M5, 0.7-0.9min #{42-55
3] 2811152
50+ 290.1257
2791388 i 203 1541 2970893 . 303.1386 315.0008
["-'ﬁ_ 2811148 C16H1703Na, ManH 281,13
50
["ﬂ 1
] 269.1254 CIEH2004, MenNa 265,13
5
E i
18 Cifrgaeat, Mink 315,10
503
o : , : Al
280 285 290 285 oo 305 310 35 mz
Bruker Compass Datafnalysis 4.0 printed: 15.03.2022 11:26:117 Page 10f 1
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Ethyl 2-acetyl-2-(2-oxopropyl)pent-4-enoate, 1f

O

EtO" "O ©

Display Report

Analysis Info Acquisition Date  18.04.2024 18:11:26
Analysiz Name  DiData\Kolotyrkina 2024\ Balyakova 04180264

Mathod funa_low.m Operator BOAL@DE

Sampla Mame  /IYAR 5-206 Instrument / Serd  micrOTOF 10248
Commaent C12H1804 mH 2271277 calibrant added CH3ICN

Acquisition Parameter

Source Type ESl lom Polarity Positive S=t Nebulizer 0.4 Bar
Focus Mot active Set Ory Heater 180 °C
Sican Begin 50 mz Set Capdlary 4500V Set Dry Gas 4.0 ¥min
Scan End 3000 miz Set End Plate Offest  -500V S=t Divert Vahe Waste

Inl:enssg +MS, 0.5-0.6min #(31-38)
x102 i b

13 1810858

E | L ., 905, 2053 4752303

l:l- — T T T IJ' T T e T T T T II'| ey T T T T T T T T T T T

200 200 400 500 E00 miz

Intens 2 +MS, 0.5-0.6min #[32-37)
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2 2401091
i 244 1535 2650808
] A 2371113

E : |
EEUHE C12H1804, M+nH 2Z27.13]
277 1278

E:EUEE C12H1804, M+nNH4 244 15
244.1543

50l CABHT804, MenNa 240,11
2401097

250003 CT2H1804, Mk 26508
265 0837

Bruker Compass DatafAnalysis 4.0 printed: 18042024 18:18:20 Page 1 of 1
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Ethyl 2-acetyl-2-(2-oxopropyl)hexanoate, 1g

Q "Bu

EtO” ~O ©

Display Report

Analysis Info
Analysis Mame
Mathod
Sample Name
Commant

Acquisition Date

D\Data\Kolotyrkina\2024\Balyakoval0418023.d

fune_low.m

/IYAR 5-314

Opearator

C13HZ204 mH 243.1580 calibrant added CH3CM

18.04. 2024 17:45:16

BOAL@DE
Instrument / Ser# micrOTOF

10248

Acquisition Parameter

Source Type
Focus

Scan Bagin
Sican End

=

Mot active
50 mfz
000 miz

lon Polarity Positive

Sat Capllary
Set End Plate Offsat

4500V
-500 W

Set Nebulizer
S&t Dry Heater
5=t Dry Gas
Set Divert Vakle

0.4 Bar
180 °C
4.0 Frnin
Waste

Intens.
%1053

24315040

2651407

288 2141
; lln. Ill. :l.ll. Ln.l | PP | 5:?..:':'3.1.1 . JJ:G'E_E:I‘:I-I

+M5, 0.7-1.0min #{41-58)
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= miz
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(a8
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2431500
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13006 oc, 1811

+M3S, 0.6-1.0min #{36-59)

281.1144
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5007
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11
C13H2204, MsnH 24318
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C13H2204, M+nNH4 260019

25009
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Bruker Compass Datafnalysis 4.0

printad:
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Ethyl 2-acetyl-2-(2-oxopropyl)octanoate, 1h

Hex

EtO" "O ©

Display Report

Analysis Info
Analysis Name
Method
Sample Nama
Commeant

tune_low.m
{YAR 5312

Ov\Data'\Kolotyrkina'2024'\Belyakova'0418022.d

C15H2604 mH 271.1903 calibrant added CH3CH

Acquisition Date  18.04.2024 17:39:53

Operator BDAL@EDE
Instrument / Sard micrOTOF 10248

Acquisition Parameter
Source Type ESI
Focus Mot active
Scan Begin 50 miz
Scan End 3000 miz

lon Polarity Positive

Set Capillary 4500 v
Set End Plate Offset -500 'V

Set Nebulizer 0.4 Bar
Set Dry Heater 180 C
Set Dry Gas 4.0 Fmin
Set Divert Valve Waste

Intens.
xlﬂs_

271.1815

+MS, 0.B-1.0min #[47-58]

re

2_

] l 563.3537

o PR
500

T D e T

2711915

283.1726
EBEI.IEWEI

+M3S, 0LB-1_0min #{47-58)

3&9.[“51

2711904

C1GH2604, M+nH 271.19

2BA8.2169

C15H2604, M+nMNH4 28822

243.1723

C15H2804, M+nMa 28317

C15H2604, Menk 30815
309.1463

"800 0 30 320 mz

Bruker Compass DatafAnalysis 4.0

printed:

S197

18.04.2024 17:43:36

Page 1 of 1



HRMS spectra of peroxides cis-2a-h, trans-2a-h, 2i, cis-3a,b,c,e,g,h,

trans-3a,c,e,g,h, 4a, Sa-h, 6a-c,e, 7a,g, 8i, , 9j, 9k

Ethyl (15%,4R*,5R*)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-
carboxylate, cis-2a

l
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Display Report

Analysis Info Acquisition Date  14.02.2022 17:41:59
Analysis Name D:\Data\Chizhov\TerentieviRadulovird1312_2_&clblow.d
Method tune_low.m Operator BDAL@DE
Sample Name /TERN Rd1312_2 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100%, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500V Set Dry Gas 4.0 I/min
Scan End 3000 m'z Set End Plate Cffset  -500V Set Divert Valve Waste
Intensi +MS, 0.0-1.0min &(1-80)
X0 376.0786
‘1_
360.1049%
3_
338.3412
322.0478
2
391.2835 413.2657 429.2399
1 4
118 402.3576
444.4135
od sl “IIM aduad Jh -Ihl "I |n l." .nlull\.. In .IJUJLL |
300 320 340 360 380 400 420 440 miz
Intens. +MS, 0.0-1.0min &(1-&0)|
%104 376.0786
44 360.1049

24

0 |\'l L 360.2268 371.3151

b !
C]SHI19N07, M+nH ,338.12

C16H19NCOT, M+nNa ,360.11

20001 360.1054
(!
10004 |
G |,
C1EH18NO7, M+nK ,376.08]
20001 376.0793
1000 |
o), . . . ; . . P | THE .
357.5 360.0 362.5 365.0 367.5 370.0 3725 375.0 3775 380.0miz
Bruker Compass DataAnalysis 4.0 printed:  14.02.2022 18:12:23 Page 1 of 1

S198



Ethyl (15*,4R*,55%)-1,4-dimethyl-5-(4-nitrobenzyl)-2,3,7-trioxabicyclo[2.2.1]heptane-5-

carboxylate, trans-2a
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O/l 3\ /7 8
1 10—0
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Display Report

Analysis Info Acquisition Date  25.01.2024 14:25:17
Analysis Name \Data\Kelotyrkina\2024\Belyakova\0125023.d
Method tune_low.m Operator BDAL@DE
Sample Name  /IYAR BL-1529 1 Instrument / Ser# micrOTOF 10248
Comment C16H19NO7 mH338.1245 calibrant added CH3CN
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 m'z Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m'z Set End Plate Offset -500 V Set Divert Valve Waste
Intens. | +MS, 0.8-1.0min £{48-58)
x104

&7 201.1227

. 181108 e 360.1060

| 301.1464 413.2649

24 381.2980

J 279.1673 338.1269

[]_

175 200 225 250 775 300 325 350 375 400 mz
Intens A +MS, 0.7-1.0min #(40-59)
x10%]

4] 360.1062

] 1
4 '|
1 it
3] Il
2] | | 380.3237
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i | f
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] || \ \ fh  361.3258
\ :
5 | | I l[\

N L JININ PANW/N
55001 C16H18NO7, M+nNa ,360.11
2000: 350.; 054

] f
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] I
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1000 [ |
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] Fo \
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Bruker Compass DataAnalysis 4.0 printed:  25.01.2024 14:35:36 Page 1 of 1
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Ethyl 5-(4-fluorobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-
2b+trans-2b
| |
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Display Report

Analysis Info Acquisiion Date  23.04.2024 16:17:36
Analysis Name  D:\Data\Kolotyrkina\2024\Bely akova\ 0423037 .d

Method tune_low.m Operator BDAL@DE

Sample Mame  /IYAR BL-1618 Instrument / Ser#  micrOTOF 10248
Comment C16H19F05 mH211.1289 calibrant added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Sat Nebulizer 0.4 Bar
Focus Mot active Sat Dy Heatar 180 C
Scan Begin 50 m'z Set Capillary 4500 V Set Dy Gas 4.0 Vmin
Scan End 3000 miz Set End Plate Offset  -500 V Set Divert Valve Waste

lr'19f'35-_ +MB, 0.5 1.0min #(28-57)
x10

2.5]

Ji1.1288
2.0

1.5]
1.0 £43.2324

0.5]
022.0001 + gg7 .
00 ..uh L | | [ AT e e

500 000 1500 2000 2500 miz

Ir'lerfas_ +M3, 0.5 1.0min #(28-57)
pale
311.1288
2-
248.0841
14 328.1550 333.1104

I 3171155 322.0481 | | msam

n. |
25007 C16H19F05, NnH 311.13
311.1289

5003 C16H1GF05, M+nHH= 328,16
328.1555

25003 CIGH10r 05, MenNa 333.11
333.1109

1
25007 C1eH19F 05, M+nk 240,09
340 0848

" 305 a0 315 320 325 330 335 340 345 350 355

Bruker Compass DataAnalysis 4.0 printed:  23.04.2024 16:21:05 Paga 1 of 1
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2c+trans-2c¢

Ethyl-5-(4-bromobenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-

\ Br
O\\O Ol/ E’Qn\q
v —\'
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5un5—\-4 9
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Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

D:\Data\Kolotyrkina'2023\Belyakova\1215013.d
tune_low.m

/IYAR BL-1574

C16H19BrO5 mH 371.0488 clb added CH3CN

Acquisition Date 15.12.2023 13:08:19
Operator BDAL@DE

Instrument / Ser# micrOTOF 10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
Scan End 3000 m/z

lon Polarity Positive

4500 V
-500 V

Set Capillary
Set End Plate Offset

0.4 Bar
180 °C
4.0 Vmin
Waste

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Intens.q

X105 373.0472

m | 4572727

1] 337.0462
571.1351

+MS, 0.7-0.9min #(44-56)
765.0596

| "

300 400 500 600

800 miz

371.0492 373.0472

2 7 ‘

W

+MS, 0.7-0.9min #(44-56)

388.0746  390.0727

371.0489 373.0469

A A
C16H18BrO5, M+nH ,371.05)

C16H19Br0O5, M+nNH4 ,388.08
388.0754 390.0734

L1l

0
370.0 3725 375.0 377.5 380.0 agh5

385.0 3875 390.0 miz

printed:
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Ethyl-5-(4-methoxybenzyl)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate,
cis-2d+trans-2d
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Display Report

Analysis Info

Acquisition Date  22.12.2023 12:26:22

Analysis Name

DiData\Kolotyrkina\2023\Belyakova'1222008.d

Method tune_low.m Operator BDAL@DE
Sample Name  /IYAR AS-38 Instrument / Ser# micrOTOF 10248
Comment C17H2206 mH 323.1489 clb added CH3CN
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500 V Set Dry Gas 4.0 VYmin
Scan End 3000 m'z Set End Plate Offsst  -500V Set Divert Valve Waste
Intens +MS, 0.6-1.0min #(33-58)
X108
o] 280.1448
1] 662.3173
] 340.1754
SN hl. e .lL e
300 350 400 450 500 550 00 £50 700 miz
Intens. | +MS, 0.6-1.0min #(33-58]
x105] 340.1754
4_
1 345.1305 361.1044
5] ;
i 323. 11489 |
i L 1
2505@ C17H2206, M+nH ,323.15
2000% 323.1489
15003
1000
5003
25&8% C17H22Z06, M+nNH4 34019
20003 340.1755
1500
10007
500 |
E 1
2505@ C17H2206, M+nNa ,345.13
2000% 345.1309
15007
10003
5007 |
E L
2508§ C17H2208, M+nK 361.11
20003 361.1048
15003
10009
5003
. N
320 325 330 335 340 345 350 355 360 miz
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Ethyl-5-benzyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2e+trans-
2e

minor

Display Report

Analysis Info Acquisition Date 22.12.2023 12:18:53
Analysis Name  Di\Data\Kolotyrkina\2023\Bely akova\1 222007 .d

Method tune _low.m Opearator BDAL@DE

Sample Name  /IYAR AS-37 Instrument ! Ser# micrOTOF 10248
Comment C16H2005 mH 293.1383 clb added CH3CN

Acquisition Parameter

Source Typa ESl lon Polarity Positive Sat Nebulizer 0.4 Bar
Focus Mot active Sat Dry Heafer 180 C
Scan Bagin 50 miz Sat Capillary 4500V Sat Dry Gas 4.0 lmin
3can End 3000 miz Sat End Plato Offset -500V Sat Dvart Vake Wasta

Intens. ] +ME, 0.6-1.0min #35-57]
X108

0.81
0.8
0.4

0.2
500 1000 1500 2000 2500 mz

607 .2530
2031385

Intzns. IS, 06-1.0min #3557
w109

203.1385

351211

2 310.1656 T

0 | i 3271777 .
25007 C16H2005, M+nH 203,14
203.1384

25004 C1eH2005, M=niNHa 310.17]
310.1648

25083 - CGHZ005, Menia 315,12
S 315.1203

1500
10003
500

o5l TTEHE005, Mok 351,00

20003 331.0042

15004

10004
E]}D.

200 300 210 320 330 340 miz
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Ethyl-5-allyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2f+trans-2f
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Display Report

Analysis Info Acquisition Date  05.03.2024 13:09:04
Analysis Name  D:Data\Kolotyrkina\2024'\Belyakova\0305013.d

Meathod tune low.m Cperator BDAL@DE

Sample Name  /IYAR BL-1601 Instrument / Ser# micrOTOF 10248
Comment C12H1808 mH243.1227 calibrant added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Dry Heater 180 °C
Scan Begin 50 mfz Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m'z Set End Plate Offset -500V Set Divert Valve Waste

Intens.d +MS, 0.3-1.0min #(20-59)
X102

243.1231

2_
J 507.2198
i Ll m il 922.0119

0-— f —— 7
500 1000

1500 ' 2000 2500 mz

Intens. | +MS, 0.3-1.0min #(20-59)
%105 | 243.1231

281.0784

2 260.1493  g5.1047

LA
C12H1805, M=nH ,243.12
243.1227

2508; C12H1805, M+nNH4 ,260.15|
3 260.1492

25003 C12H1805, MenNa 285,11
] 265.1045

25003 TT2IT805, ManK 281,08
2000] 281.0786

Bruker Compass DataAnalysis 4.0 printed:  05.03.2024 13:13:06 Page 1 of 1
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Ethyl-5-butyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2g+trans-2g
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O\\O 0 1L
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minor

Display Report

Analysis Info Acquisition Date  28.03.2024 13:30:16
Analysis Name  D:\Data\Kolotyrkina\2024\Belyakova\0328010.d

Method tune_low.m Operator BDAL@DE

Sample Name  /IYAR BL-1612 Instrument / Ser# micrOTOF 10248
Comment C13H2205 mH259.1540 clb added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offset ~ -500V Set Divert Valve Waste

lnte[nsj— +MS, 0.6-0.7min #(36-44)
U/o i
106 259.1546

80

60
1 539.2831

401

20

Ll .

s 1000 1s00 2000 2500  mk

Intens .4 +MS, 0.6-0.7min #(36-44)
[%]3 259.1546

757
50 276.1803
1 281.1356 297.1098
257
| L A

[“&g
100 259.1540

757
507
253

C13H2205, MnH 250.15

[ C13H2205, M+nNH2 ,276.18

100; 276.1805

757
507
257

28] C13H2205, M+nNa 281.14)
E 281.1359

100
757
50
257

8 C13H2205, M+nK ,297.11

100% 297.1098

759
503
257

0 270 =80 280 300 mkz
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Ethyl-5-hexyl-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5-carboxylate, cis-2h+trans-
2h

minor

Display Report

Analysis Info Acquisition Date  07.03.2024 12:48:25
Analysis Name  D:\Data\Kolotyrkina\2024'\Belyakova\0307005.d

Method tune_low.m Operator BDAL@DE

Sample Name  /IYAR BL-1602 Instrument / Ser# micrOTOF 10248
Comment C15H2605 mH 287.1853 calibrant added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offset -500V Set Divert Valve Waste

Intenss, +MS, 0.3-1.0min #(15-59)
a0 287.1853

595.3442

2_
| |

500 1000 1500 2000 2500 miz

Intens +MS, 0.3-1.0min #(18-59)
x1067 287.1853

0.6
0.44
0.2
0.0

3042112 3091663 325.1404
| 298.1692

C15H2605, M-nH 28719
3000

20007 287.1853

10004

C15H2605, M+nNH4 ,304.21
30004

20001 304.2118

10004

C15H2605, M+nNa ,309.17
3000

20001 300.1672

1000+

C15H2605, M+nK ,325.14
3000+

20007 325.1412

10001

L
285 290 295 300 305 310 315 320 325 330 mz

Bruker Compass DataAnalysis 4.0 printed: 07.03.2024 12:54:14 Page 1 of 1
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Diethyl (15%,45*,55%)-1,4-dimethyl-2,3,7-trioxabicyclo[2.2.1]heptane-5,6-dicarboxylate, 2i

@)
O>1O OEt
9) OEt

0]

Display Report

Analysis Info Acquisition Date  04.07 2024 13:13:41
Analysis Name  D:)Data\Kolotyrkina\2024'\Belyakova 0704024 .d

Method fune_low.m Operator BDAL@DE

Sample Name /IYAR BL-1642_1 Instrument / Ser# micrOTOF 10248
Comment C12H1807 mH275.1125 clb added, CH3CM

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Mebulizer 0.4 Bar
Focus Mot active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 v Set Dry Gas 4.0 Vmin
Scan End 3000 miz Set End Plate Offset  -500 V Set Divert Valve Waste

ntens. +MS, 0.3-1.0min #16-59)
%104}

2751124
503.1876

o] sica Yal

7 T T T T T T ™ T T T T T T T T T T T T T T T T T T

1000 1500 2000 2500 mz

e r— J— 275.1125 +MS, 0.2-1.0min #(14-58]

3 292.1386

279.0634 247.0833 130679

19 304.1164

l 255 1225 | 1. l . ; L
E C12H1807, M+nH 275.11)
2751125

C1ZH1807, MenhHa 202 14)
282.130

3 C12H1807, MenMa 297.10|
297.0845

|
E C12H1807, M+nk 313.07
313.0684

240 250 260 T " 240 a0 30 miz

Bruker Compass DataAnalysis 4.0 printed: 04.07.2024 13:21:37 Page 1 of 1
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Ethyl 2,5-dihydroperoxy-2,5-dimethyl-3-(4-nitrobenzyl)tetrahydrofuran-3-carboxylate, cis-

3a+trans-3a

HO(? H1O(?
Q\ "2—-Q C\)\ "2—Q
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Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

Acquisition Date 31.08.2023 13:24:26
\Data\Kolotyrkina\2023\Belyakova\0831017.d

tune_low.m

/TERN BL-1527

C16H21NO9 mH372.1289 clb added CH3CN

Operator BDAL@DE

Instrument / Ser# micrOTOF 10248

Acquisition Parameter

Source Type
Focus

Scan Begin
Scan End

ESI

Mot active
50 mz
2000 m'z

0.4 Bar
180 °C
4.0 Vmin
Waste

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Vave

lon Polarity Paositive

4500V
-500 vV

Set Capillary
Set End Plate Offsat

Intens. ]
X109

=1

+MS, 0.6-1.0min #(37-58)

338.1241

389.1543

370.1212

0.0 : —i L : 1l 1

410.0838
|
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320 360

380

400

420 440 mz
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=

=MS, 0.6-1.0min £(37-58)]
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410.0836
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400.3792402.3579 408.3312 ||l L

8
s

g

C18H21NO9, M+nNH4 ,389.15]
389.

2 o 8 =
8B 88 o 8 B8

%]
(=]
T
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C18H21NO9, M+nNa ,394.11
394.1109

]
]

g

10004

C16H21NOS, M+nK ,410.09
410.0848

390 395 400 405
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Ethyl (25*,35*,55*)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, cis-3b

HOO
O "—0
/\‘~/ /\,’
sy ~4” "00H

( \
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F

Display Report

Analysis Info Acquisition Date  07.05.2024 13:21:25
Analysis Nama  DoData\Kolotyrkina\2024\Belyakova 0507 016.d
Mathod tune_low.m Operator BDAL@DE
Sample Name  /IYAR BL-1621_2 Instrument/ Ser¥# micrOTOF 10248
Comment C16H21FOT mH345.1344 calibrant added CH3CN
Acquisition Parameter
Source Type ESI lon Polarity Pasitiva Sat Nebulizer 0.4 Bar
Focus Mat active Zat Dry Heatar 180 "C
Scan Bagin 50 miz Sat Capillary 4500V Sat Dry Gas 4.0 l/min
Scan End 3000 mfz Set End Plake Offset -500V Zat Divert Valve Wasta
Intens. +hIS, 0.7-1.0min #39-53)
balia
3.
367 1157
2_
] 7112471
0 IJ_II.!. '.l "."I‘J"‘. II i I| . r | ’ ’ . . i 7 ’ ) ’ : : . i i . . . ) . .
500 1000 1500 2000 2500 mz
Intens +MES, 0.6-1.0min #(37-58)
Pl
259
3671157
2.04
1.5
1.04
0.59 || 368.1189
d L | ) smas 2913245 590900
o = Ci6HZ1FOT, MenilNa 36712
Ty 3671164
1500
11000
5004 S
i [ | 359..12"_‘15
= C16H21F07, M+nK 383.09
2000 383.0003
1500
1000
5004 384.0037
0 1] | l
365 =] 370 2 374 376 rs 3a0 aa2 384 miz
Bruker Compass Datafnalysis 4.0 printad: 07.05.2024 13:28:26 Page 1 of 1
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Ethyl (25%,3R*,55%)-3-(4-fluorobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, trans-3b

HOO
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Display Report

Analysiz Info Acquisition Date 08.05.2024 12:45:41
Analysis Name  D:iData\Kolotyrkinai2024 Bely akova\0508006.d

Method tune_low.m Oparator BDAL@DE

Sample Mame  /IYAR BL-1621_1 Instrument/ Ser# micrOTOF 10248
Comment C18H21FOT mH345.1344ch added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Sat Nebulizer 0.4 Bar
Focus Mat active Sat Dry Heatar 180 C
Scan Bagin 50 miz Sat Capillary 4500V Sat Dry Gas 4.0 min
Scan End 3000 miz Set End Plate Offset  -500V Sat Divert Valve Wasta

Intens_ +M5, 0.5-1.0min #(29-53]
11053

r

23 706.2879

< I 1 T T
500 1000 1500 2000 2500 mz

Intens_] +M5, 0.5-1.0min #(29-53)

362.1605

] 3830897
0.5 367.1154

| L L
C1eH21FO7, M+niNH4 362.18)

03 ' CTEHETFOT, Menfa 36712

CieH21FUT, Menk 383.00
383 0003

"0 s %o %s ‘o 3 mz

Bruker Compass DataAnalysis 4.0 printed:  08.05.2024 12:49:42 Page 1 of 1
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Ethyl (25%,35*,55*)-3-(4-bromobenzyl)-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, cis-3¢

Br
Display Report
Analysis Info Acquisition Date 25.01.2024 14:37 22
Analysis Name DiData\Kolotyrkina\2024'Belyakova\0125024.d
Method tune_low.m Operator BDAL@DE
Sample Name JIYAR BL-1578 Instrument / Ser# micrOTOF 10248
Comment C16H21BrO7 mH405.0554 calibrant added CH3CN
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Diy Heater 180 C
Scan Begin 50 miz Set Capillary 4500 V Set Dry Gas 4.0 Vmin
Scan End 3000 miz Set End Plate Offsat -500 vV Set Divert Valve Waste
Intens g +MS, 0.8-1.0min #(49-58)
x104
2] 371.0408
1 263.0856 e
k| 300.1164 680.4798
N T WAl oo MO NN, (] KO0) | ORI ... IO . O IO ...
300 400 500 600 700 mz
Intens 4220813 424.0802 4270372 429.0356 4430100 445:00960.8-1.0min #(49-58]
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4000+ | | ||
] |
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moiems \og Lo ha b e wgan || 9P
2003: 4220808 4240789 C16H21Br07, M=nNH4 422,08
1000
] ‘ || 425.10822
] 1
03 497 0363  429.0343 C16H21BrO7, M+nNa ,427.04
20004 3 -|
1000 |
b | | 4300376
03 -
20003 4430102 KB Bro7, MenkK ,443.01
1000 \ ‘
] | 446.0115
ol . i . . ! il R - i
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Ethyl (25*,35*,5R*)-3-benzyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, cis-3e
HOO

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

tune_low.m
/IYAR BL-1582

Acquisition Date
A\Data\Kolotyrkina'2024\Belyakova'0125021.d

Operator

Instrument / Ser# micrOTOF
C16H2207 mH327.1440 calibrant added CH3CN

25.01.2024 14:12:05

BDAL@DE
10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 miz
Scan End 3000 m'z

lon Polarity

Set Capillary

Set End Plate Offset

Positive

4500V
-500V

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

0.4 Bar
180 °C
4.0 'min
Waste

Intens.d
x106]
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1.5 293.1410
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o0l il ll
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+MS, 0.5-0.8min #(27-28]

3441704

L.

C16H2207, M+nNH4 344,17
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C18H2207, M+nNa ,349.13

365.0997

L]y

C16H2207, M+nK ,385.10)

" 365

mz

Bruker Compass DataAnalysis 4.0

printed:
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S212

Page 1 of 1



Ethyl (25%,35*,55*)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, cis-3g

EtO nBg

Display Report

Analysis Info Acquisition Date  04.04.2024 12:44:31
Analysis Name \Data\Kolotyrkina\2024'\Belyakova\0404006.d

Method tune low.m Operator BDAL@DE

Sample Name  /IYAR BL-1615_2 Instrument / Ser# micrOTOF 10248
Comment C13H2407 mH293.1594 calibrant added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 m/iz Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m'z Set End Plate Offset -500 v Set Divert Valve Waste

Intinﬂss‘ +MS, 0.3-1.0min #(16-59)
x105

1 DEG. 1544 315.1411 B07.2948
225.1492

199.1334
T | e N 387.1958  439.1203 iR
2000 | 250 | a00 | ako | | 4bo | 450 | 500 | 550 | eb0 | €0 mz

Intens.J +MS, 0.3-1.0min £(16-59)
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[ Y

310":851 331.1149
] !
7 CT3r2407, NenNFa 310,10

3 310.1860

3 C13H2407, M+nNa ,315.14

3 315.1414

] C13H2407, M+nK ,331.12

3 331.1154
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Ethyl (25*,3R*,55*)-3-butyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, frans-3g

HOO

O //"/ O

EtO

>\'lu

"BU OOH

Display Report

Analysis Infa
Analysis Name
Method
Sample Name
Comment

tune low.m

/IYAR BL-1615_1
C13H2407 mH293.1594 calibrant added CH3CN

Acquisition Date
D:Data\Kolotyrkina'\2024'Belyakova\0404005.d
Operator
Instrument / Ser# micrOTOF

04.04.2024 12:39:14

BDAL@DE
10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 miz
Scan End 3000 miz

lon Polarity

Set Capillary

Set End Plate Offset

Positive

4500V
-500 vV

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

0.4 Bar
180 °C
4.0 Vmin
Waste

Intens. |
%109

*] il B07.2944

1035.4185

+MS, 0.8-1.0min #(46-59)
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500

1000
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" 2500 ' i " miz

E 310.1861

315.1415
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o
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1
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]
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=
o
[=]
(=]

1l

=

o o

(] [ )
1

(=]

315.1414

C13H2407, M+nNa 315.14

C13H2407, M+nk ,331.12)
331.1154

320 | 395
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Ethyl (25%,35%,55%)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, cis-3h

Display Report

Analysis Info Acquisition Date  09.04.2024 13:44:04
Analysis Name \\Data\Kolotyrkina\2024'\Belyakova'0409024.d

Method tune_low.m Cperator BDAL@DE

Sample Name  /IYAR BL-1616 2 Instrument / Ser# micrOTOF 10248
Comment C15H2807 mH 321.1907 calibrant added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Nat active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500 v Set Dry Gas 4.0 Umin
Scan End 3000 m'z Set End Plate Offset -500V Set Divert Valve Waste

Intens. ] +MS, 0.6-1.0min #(35-58)

[l
Himg 287.1859

80 253.1806
il 663.3575
40+ 343.1718
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3 i A
P4 C15H2807, M+nNH4 ,338.22
3382173

& C1BH2807, MariNa 343,17
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80-
60-
40
201 |

[%8H C15H2807, M+nK ,359.15)
o 350.1467
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60-
404
20

e
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Ethyl (25%,3R*,55%)-3-hexyl-2,5-dihydroperoxy-2,5-dimethyltetrahydrofuran-3-
carboxylate, trrans-3h
HOO
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“O0H

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

tune_low.m

/IYAR BL-1616_1
C15H2807 mH 321.1907 calibrant added CH3CN

Acquisition Date
D:\Data\Kolotyrkina\2024\Belyakova\0409023.d
Operator
Instrument/ Ser# micrOTOF

09.04.2024 13:39:07

BDAL@DE
10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 miz
Scan End 3000 m/z

lon Polarity

Set Capillary
Set End Plate Offset

Positive

4500 V
-500V

0.4 Bar
180 °C
4.0 I'min
Waste

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Intens.
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+MS, 0.8-1.0min #(45-59)
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e
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359.1480
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C15H2807, M+nNa ,343.17

C15H2807, M+nkK ,359.15
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printed:  09.04.2024 13:42:38

S216

Page 1 of 1




Ethyl (3R*,45*,6R*)-6-hydroperoxy-3-hydroxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-

4-carboxylate, 4a
0-0

HO., /= ™\ _OOH
’ \ / ‘7,
O\\\\I_
\(I) ~. %
I/ | !
—Z P~

NO,

Display Report

Analysis Info
Analysis Mama
Mathod
Sample Name
Comment

DADatavChizhow TerentioviBalyakovabl- 1536 &ciblow.d
funa_low.m

{TERN BL-153&

CH3CN 100 %, dil. 20, calibrant added

Acquisition Date  29.00.2023 13:33:31

Operator BOAL@DE

Instrument / Serd micrOTOF 10248

Acquisition Parametar
Source Type ESI
Focus Mot active
Scan Bagin 50 mfz
Sican End 3000 miz

lon Polarity Positive

4500V
-500 'V

Set Capdlary
Set End Plate Offsst

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Vahe

0.4 Bar
180 °C
4.0 Fmin
Waste

Intens.
x107]

207 338 1227

TE02334

i oo 1521.9728

+MS, 0.0-1.0vmin & 1-58)

=) 1000 " {500

T

Toen0 T T miz

Intens.
x10]
1.5
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304.1101
| 301 2831 |

i | | 397 2748 4023551

405.1435

+M5, 0.0-1.0mmin #(1-50)
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4083774 ||. 413.2690

TTEHENIO0 S5
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CIeHZTNNa 08 a4 11
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CIEHZINO1D, M+nhNH4 405,15

CIEHZTNO10, MenNa A10.11
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Ethyl (1R*,4R*,75%)-1,4-dimethyl-7-(4-nitrobenzyl)-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, Sa
NO,

ON
S OEt

Display Report

Analysis Info Acquisition Date 14.02.2022 17:49:17
Analysis Name  D:\Data\Chizhov\TerentieviRadulovird1314_&clblow.d

Method tune_low.m Operator BDAL@DE

Sample Name /TERN Rdi1314 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100%., dil. 20, calibrant added

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m'z Set End Plate Offset  -500 V Set Divert Valve Waste

Intensd; +MS, 0.0-1.0min #{1-53)
x10 1550.9249

64

720.2115

376.0980

922.0108

2121.9342

12157491 1897.0666 e
ol ™ EHY | Ladlier R ' Li
500 1000 1500 2000 2500 miz

Intensd;- +MS, 0.0-1.0min #(1-59)
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2] 371.1440
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0 C16H1SNDOE, M+nNH4 ,371.15

2000+

1000 |

C16H18NO8, M+nNa ,376.10§
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1000 ‘
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C16H19NOE, M+nK ,392.07
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1000 |
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370.0 3725 375.0 3775 380.0 3825 385.0 387.5 380.0 392.5 mz
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Ethyl (1R*,4R*75*)-7-(4-fluorobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, Sb
F

O\

,,..}O

O\
S OEt
)

Display Report

Analysis Info Acquisition Date  22.04.2024 16:10:04
Analysis Name  [\Data'\Kolotyrkina\2024\Belyakova\0423036.d

Method tune_low.m Oparator BDAL@DE

Sample Name  /IYAR BL-1613 Instrumant / Sert micrOTOF 10248
Comment C16H19F06 mH327.1238 calibrant added CH3CN

Acquisition Parameter

Source Type ESI lon Potarity Positive Sat Nabulizer 0.4 Bar
Focus Mot active Sat Dry Heatar 180 T
Scan Bagin 50 miz Sat Capillary 4500V St Dry Gas 4.0 Fmin
Scan End 3000 m'z Set End Plate Offset  -500V Set Divert Valve Waste

Ir'ler'as: +MS, 0.7-1.0min #(42-58)
3109

e 3491055

1.0

] E75.2216
0.51

.'““.L k. N .922.'?}9,? 12219018 |

500 1000 1500 2000 2500 mz

Ir'u;rsﬁ,; +MBE, 0.7-1.0min #{42-58)
X102
151 340.1055

1.0 365.0700

0.54 -
] = '11239 333.0961  338.3385 i | -
zsqjﬁg C16H19F0E, MnH 32712

2000 327.1238
15007
10003

500

25003 CTRHTSFOE, MenHE 33515
20007 e

15003
10003

2500 T orOs, Wonla 39017
20003 340.1058
1500
10003
5007 I

I

2500 C16H19F06, M=K ,365.08
e 365.0797

15003
10003
500

0 | §

Bruker Compass DatafAnalysis 4.0 printed:  23.04.2024 16:15:57 Page 1 of 1
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Ethyl (1R*,4R*,75*)-7-(4-bromobenzyl)-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-
7-carboxylate, Sc

Br
O>lo
o
O. OEt
O
(0]
Display Report
Analysis Info Acquisition Date  13.12.2023 12:08:13
Analysis Name  D:\Data\Kolotyrkina\2023\Belyakova'1213008.d
Method tune_low.m Operator BDAL@DE
Sample Name  /IYAR BL-1572 Instrument / Ser# micrOTOF 10248
Comment C16H19BrO6 mH 387.0437 clb added CH3CN
Acquisition Parameter
Source Type ESI lon Polarity Positive Sat Nebulizer 0.4 Bar
Focus Mot active Set Dry Heater 180 «C
Sean Begin 50 m/z Set Capillary 4500V Set Dry Gas 4.0 l'min
Sean End 3000 miz Set End Plate Offsat 500V Sat Divert Valve Wasle
Intens 3 797.0537 +MS, 0.6-0.9min #{35-56)
1083
0.50
o 408.0251
201.1172
0.00 ! . '
500 1000 1500 2000 2500 miz
Intens. +MS, 0.7-1.0min #(42-57)
x103 409.0251 411.0228
3_
2_
11
4040690 406.0673 410.0274 4120260 4132650
405.0703 Jl'h\ 407 0698 L
o r P o a¥
C16H19BrO6, MenNHS 404 07|
5000 404.0703 406.0684
1500
1000
5001 405.0737 407.0716
408.0750
D L
CIGHI1SBro6, Menha 409.04|
o] 408.0257 411.0238
15001
1000
500 4100291 412.0270
. 413.0304
404 406 408 410 412 414miz
Bruker Compass DataAnalysis 4.0 printed:  13.06.2024 16:11:05 Page 1 of 1
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Ethyl (1R*,4R*,75%)-7-benzyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, Se

O\

ARNN)

O\
S OEt
@)

Display Report

Analysis Info Acquisition Date  14.12.2023 12:19:00
Analysis Name  D:\Data\Kolotyrkina\2023\Belyakova'1214008.d

Method tune_low.m Operator BDAL@DE

Sample Name  /IYAR BL-1573 Instrument / Ser# micrOTOF 10248
Comment C16H2006 mH309.1332 clb added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offsat -500V Set Divert Valve Waste

|I'|tEI'185.§ +MS, 0.9-1.0min #(51-53)
%107

4- 326.1591
E £39.2394

el JELI. I 993.5574

iy
5[.][] T 1 T T 1[].00 T T T T 15.[]0 T T T T 20.{]0 T T T T 25.[]0 T T T Im.'z

Intens 4 3261592 <MS, 0.8-1.0min #(50-59]

331.1139 247.0881

315.1134 L | | ) 3401711 344.1692 L

3 C16H2£]DE5: M+nH ,309.13
309.1333

13 3091324

C16H2006, M+nNH4 ,326.16|
326.1598

C16H2006, M+nNa ,331.12
331.1152

E C16H2008, M+nk ,347.09
347.0891

U_l"lI'l"llll'Illllllll'Illlll||||I||||I|=lllilll
305 310 315 320 325 330 335 340 345 350 mz

Bruker Compass DataAnalysis 4.0 printed:  14.12.2023 12:23:38 Page 1 of 1
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Ethyl (1R*,4R*,75*)-T7-allyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-

carboxylate, 5f

=
O.
111%%{
O\
J OEt
O

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

D:\Data\Kolotyrkina\2024'Belyakova\0321027.d
tune_low.m

/IYAR BL-1607_1

C12H1806 mH259.1176 calibrant added CH3CN

Acquisition Date 21.03.2024 14:00:27

Operator BDAL@DE

Instrument / Ser# micrOTOF 10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
Scan End 3000 m/z

lon Polarity Positive

4500 V
-500V

Set Capillary
Set End Plate Offset

0.4 Bar
180 C
4.0 Vmin
Waste

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

Intens.
X105

276.1440
6_

4 4
539.2087

A

2

0_ I]thll‘ _ 9435447

+MS, 0.4-0.9min #(26-52)

500 1000 " 1500

" 2000

"o500 0 mz

Intens. |

e 276.1440

4 281.0988

2] 259.1175

+MS, 0.4-0.9min #(26-52)

297.0732

2508§
20007
15003
10007
500

259.1176

1577806, M 250,12

2508§
2000
15003
10003
5007

276.1442

C12H1806, M+nNH4 ,276.14

2508§
20003
15003
10003
5003

281.0996

C12H1806, M+nNa ,281.10

2508§
20007
15003
10007
500
r

C12H1806, M+nK ,297.07
297.0735

255 260 265 270 275 280

" Tog0 "295

Bruker Compass DataAnalysis 4.0 printed:
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Ethyl (1R*,4R*,758%)-7-butyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-
carboxylate, 5g

Display Report

Analysis Info

Acquisition Date  02.04.2024 13:59:02

Analysis Name
Method
Sample Name
Comment

DiData\Kolotyrkina\2024'\Belyakova\0402016.d
tune low.m

/IYAR BL-1613

C13H2206 mH276.1567 calibrant added CH3CN

Operator

Instrument / Ser# micrOTOF

BOAL@DE
10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
Scan End 3000 m'z

lon Polarity Positive

4500V
-500V

Set Capillary
Set End Plate Offset

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valve

0.4 Bar
180 °C
4.0 U'min
Waste

Intens.
X106+
0.8
0.6
0.4
0.2
0.0

292.1760

571.2744

Lual { | I

+MS, 0.4-1.0min #{23-59)

200

1000

2500 mz

Intens 4
X103

21 275.1491
L.

292.1761

207.1303

281.1351 289.1553

+MS, 0.7-1.0min £{42-53)

313.1059

3 275.1489

3 |1

C13H22086, MnH ,275.15

282.1755

C13H2206, M+nNH4 292.18

297.1309

C13H2206, M+nNa ,297.13

C13H2206, M+nK ,313.11
313.1048

[

‘305 3o

" 315 mz

Bruker Compass DataAnalysis 4.0

printed:  02.04.2024 14:05:30
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Ethyl (1R*,4R*,75*)-7-hexyl-1,4-dimethyl-2,3,5,6-tetraoxabicyclo[2.2.2]octane-7-

carboxylate, Sh

O\
o .>_O Hex"
o\
(0]

Display Report

Analysis Info
Analysis Name

Acquisition Date
D:\Data'\Kolotyrkina\2024\Belyakova\0319010.d

19.03.2024 11:50:46

Method tune_low.m Operator BDAL@DE
Sample Name  /IYAR BL-1606 Instrument/ Ser#¢ micrOTOF 10248
Comment C15H2606 mH 303.1802 calibrant added CH3CN
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 *C
Scan Begin 50 m/z Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offsst -500V Set Divert Valve Waste
Intens. | +MS, 0.4-1.0min #(26-57)
x106]
0.84 320.2072
0.6
1 287.1858
0.41
325.1554
1 341.1360
0.2 304.2110°309.1673
0.0- T T '1 T 29'3'1?32' T T T 1 'l = T 1 T T T l' L T T T T T a T
280 290 300 310 320 330 340 m'z
Inﬁrgssg 320.2072 +MS, 0.5-1.0min #(27-58)
4] Sl 325.1553
] 304.2109 309.1673 ] SAIen
é- 293.1731 . | L 337.2721 )
C15H2606, M+nNH4 ,320.21
2000 320.2068
O Fl
C15H2606, M+nNa ,325.16
20004 325.1622
0 1
C15H2606, M+nK ,341.14
20004 341.1361
L 4
e CT5H2605, MenH ,287.19
20004 287.1853
0 1
C15H2605, M+nNH4 ,304.21
2000 304.2118
0 1
C15H2605, M+nNa ,309.17
20004 309.1672
0 1
C15H2605, M+nK ,325.14
2000 325.1412
—
290 300 310 320 330 340 m'z
Bruker Compass DataAnalysis 4.0 printed:  19.03.2024 11:58:18 Page 1 of 1
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Ethyl 3R*,45*,6R*)-3,6-dihydroperoxy-3,6-dimethyl-4-(4-nitrobenzyl)-1,2-dioxane-4-

carboxylate, 6a

Hoo, P~ ooH
P d /’/
O\\ \} - /
i
0 N7

' L¢|\N02

Display Report

Analysis Info

Analysis
Method

Name

Sample Name
Comment

tune low.m
/IYAR BL-1526
C16H21NO10 mH388.1249 calibrant added CH3CN

Acquisition Date

AData\Kolotyrkina\2024\Belyakova'0125022.d

Operator
Instrument / Ser# micrOTOF

25.01.2024 14:18:04

BDAL@DE
10248

Acquisition Parameter
Source Type

Focus

Scan Begin

Scan End

ESI

Mot active
50 miz
3000 m'z

lon Polarity Positive

4500V
-500V

Set Capillary
Set End Plate Ofiset

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valv

0.4 Bar
180 °C
4.0 I'min

e Waste

Intens
x104]

2742749

250

405.1506

485.1728

300 350 400 450

500

525.2880

+MS, 0.6-1.0min #(37-58)

550 mz

] 4—02.]?5 2

405.1506
410.1041

415.2129

. LL | 4083008 .| | X B

419.3135

426

+MS, 0.6-1.0min #(38-59)

0806

L i

405.1504

C1

L Ll L
BHZTNO10, M+nNH4 405,15

410.1068

C16H21NO10, M+nNa . 410.11

426.

C16HZ21NO10, M+nkK ,426.08

0797

Bruker Compass DataAnalysis 4.0

printed:  25.01.2024 14:23:24
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Ethyl (3R*,45%,6R*)-4-(4-fluorobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-
carboxylate, 6b

F

Display Report

Analysis Info Acquisition Date  26.04.2024 18:10:49
Analysiz= Name  DAData'Chizhow'\TerentieviBalyakovalbl-1620_&ciblow.d

Method tune_low.m Operator BDAL@DE

Sample Name  /IYAR BL-1620 Instrument / Ser# micrOTOF 10248
Commant CH3CN 100 %, dil. 20, calibrant added

Acquisition Parameter

Source Type ESI lon Polarity Paositive Sat Mebulzer 0.4 Bar
Focus Mot active Sat Dry Heater 180 C
Scan Begin 50 miz Sat Capillary 4500 V Set Dry Gas 4.0 K'min
Scan End 3000 miz Set End Plate Offiset 500V Set Divert Vahe Waste

— M, 0.0-1.0min #[150]
x104 3383414

3_

2] 22,0200
8220100

1521 9788

] ;.1
0- : - 7 r r — r —r v v r r r v r r
500 100D 1500 2000 2500 m'z

Intens +MS, 0.0-1.0min #{1-59)
%1043 3834111

103 371548 o
E 381.2093 i
EN) | Lo, ko) o, 3883430 | P 307.2766

TIBAZ1FOE, Meniid 78,16

3781558

25085 CTEHZ21FOB, MeniNa 389311
E 3831113

EEDEE C16HZ1FO8, M+nk ,359.09
E 3900852

' 3775 3800 3825 3850 3875 3800 2 3025 390 0 W5 4000 00 mz

Bruker Compass Datafnalysis 4.0 printed:  26.04.2024 18:29:40 Page 10f1
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Ethyl 3R*,45%,6R*)-4-(4-bromobenzyl)-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-
carboxylate, 6¢

Br

Display Report

Analysis Info Acquisition Date  18.01.2024 13:15:17
Analysis Name ‘\Data\Kolotyrkina\2024\Belyakova'0118012.d
Mathod tune low.m Operator BDAL@DE
Sample Name  /IYAR BL-1583 Instrument / Ser# micrOTOF 10248
Comment C16H21BrO8 mH421.0492 calibrant added CN3CN
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Dry Heater 180 °C
Scan Begin 50 miz Set Gapillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 mz Set End Plate Offset ~ -500V Set Divert Valve Waste
Inﬁnussg 4450284 +MS, 0.7-1.0min #(44-59)
1.003
0.753
0.50 377.0378 497 0350 461.0058
0.253 a3g.343p  355.0551 ERL T 4157462 l | H
{]_QU: .].I 'R | 4 P ll“ 1l s us ; llLLLJI_Ill aky ]..Ilull . L Ih L —
340 380 380 400 420 440 450 mz
Intens.] T i E
1051 443.0814 4450293 MS, 0.9-1.0min #(55-59)
3_
2] ‘
1: |
] I m_fam | 446 0327
i [ |
] 438.0759 4400732 | | \
ol_487.20097 ) AT A41.0707 AL liks J\ 4470345
1 C16H21BrO8, M+nMNH4 ,438.08
25007
2000] 438.0758 440.0739
1500 ‘
10007 ‘ H
500 |‘ 439.0792 H 441.0771
: I | i | aa20780
U} C16H21BrO8, M+nNa ,443.03
25007
20007 443.0312 445.0292
1500 ‘ ‘
1000 ‘ ‘
500? ‘ | ¢44.$346 | | -'-1-46.’:]325
CI: . | . | . | i | 1!'; l. | ,:' 44?.I[]334 |
438 440 442 444 446 448 mz
Bruker Compass DataAnalysis 4.0 printed:  18.01.2024 13:23:11 Page 1 of 1
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Ethyl 3R*,45*,6R*)-4-benzyl-3,6-dihydroperoxy-3,6-dimethyl-1,2-dioxane-4-carboxylate,

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

D:\Data\Kolotyrkina\2024'Belyakova\0117002.d
tune_low.m

/IYAR AS-36_1

C16H2208 mH 343.1387 calibrant added CH3CN

Acquisition Date

Operator

17.01.2024 9:47:04

BDAL@DE
Instrument / Ser# micrOTOF

10248

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
Scan End 3000 m/z

lon Polarity Positive

4500 V
-500 V

Set Capillary
Set End Plate Offset

Set Nebulizer
Set Dry Heater
Set Dry Gas

Set Divert Valve

0.4 Bar
180 °C
4.0 Vmin
Waste

Intens.d
%1051

3 365.1198 707.9543

J_I[ 10153796 13185468

+MS, 0.9-1.0min #(53-59)

500 " 1000 " 1500

" 2000

" 2800

m'z

365.1198

360.1648

. 3631054 L | 372.1726

376 :«1 579

+MS, 0.9-1.0min #(53-59)

381.1064

360.1653

A__a
C16H2208, M+nNH4 ,360.17

365.1207

C16H2208, M+nNa ,365.12

C16H2208, M+nK ,381.10
381.0046

1

360 365 370

380 m/'z

Bruker Compass DataAnalysis 4.0 printed:
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(3aS,5R,6a8)-5-hydroperoxy-5,6a-dimethyl-3a-(4-nitrobenzyl)tetrahydro-3H-furo[2,3-

c][1,2]dioxol-3-one, 7a

HoO °

\
\
\
W

O,N

Display Report

Analysiz Info
Analysis Name
Method

Sampla Name
Comment

/I'fAR AS-30

Acquisition Date 07.06.2024 17:55:13
DAData\Chizhov\ TerantieviBalyakovalas-30_ &cliblow.d
tune_low.m Operator BDAL@®DE
Instrument / Serd micrOTOF 10248

CGH3CN 100 %, dil. 200, calibrant added

Acquisition Parameter

Source Type
Focus

Scan Bagin
Scan End

ESI

Mot active
50 miz
3000 miz

Sat Mebulzer
Set Diry Heater
Sat Dry Gas
Set Divert Vahe

Positive 0.4 Bar
180 °C
4.0 limin

Waste

lon Polarity

Sat Capillary
Sat End Plate Ofisst

4500 v
500 v

Intens.]
%1057
1.25

1.007

0759

0.50]

0.25]

0,00

3383412

"J' o mj.u i 1521??13
4 AR AT ST R s e Y Y Sy ) B ey T S B s B

+MS, 0.0-1.0min #(1-59)

B220288  goo g

25:0.'2' mz

Intens._|
xind

0.8
0.6
0.4

0.2

+MS, 0.0-1.0min #(1-59)
348 3092

346.32T1

344.114T | \
| 347 3231 |

1 JI

"

0.0
2000

1500
1000

500

 CTAFTENOE, MenNAd 34311

3451178

2000
15007
10007

500

C14H15MOB, M+nMa ,348.07]
3480690

Bruker Compass DataAnalysis 4.0
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(3aS,5R,6aS8)-3a-butyl-5-hydroperoxy-5,6a-dimethyltetrahydro-3H-furo[2,3-c][1,2]dioxol-3-

Display Report

Analysis Info

Acquisition Date  07.06.2024 175027
Analysiz Name  DiDataVChizhov\Terontiov\Balyakova'bl-1614_&clblow.d

Mathod tuna_low.m Operator BoAL@DE
Sample Mame  /IYAR BL-1614 Instrument / Serf micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Paositive Set Nebulzer 0.4 Bar
Focus Mot active Set Dry Heater 180 G
Scan Begin 50 miz Set Capillary 4500 V Sat Dry Gas 4.0 imin
Scan End 3000 mfz Set End Plate Ofiset S00 v Set Divert Vale Wasts
Imens,.: +M5, 0.0-1.0min #{1-80)
x1054 2131131
257
] 264 1447
20
1.5
1 IIIE 3383414 .
-] 584 3272
GE@ 1021367 453 nagg 4002180 E10.2538
00l— .l Al rdhﬂ. frl,
100 200 300 400 SO0 &00 mz
|"'19"5-5 +M5, 0.0-1.0min #{1-60)
%105 254.1447
20
1.5
1.0]
0.5 2850743
i || | 2671216 2691008 3742738 279.1600 2811362 5gg q0gg |
0 CTIHTB06, MenHe 26414
EI:HZH:I- 264.1442
15003
10003
5003
3 L
0 C11H1BOE, M+nhMa 26910
EIZHII- 2690006
1500
1000
500
03 1
E C11H1806, M+nk 28507
EIZHII- 2850735
15003
10003
500
|:|:|||..||||..|||||||||||||||||.||||||||||||||||||||]||‘||
2625 265.0 2875 i ] 2r2s 2750 2775 2800 2825 285.0 mz
Bruker Compass DataAnalysis 4.0 printed:  O7.06.2024 18:07:51 Page 1 of 1
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O_ OOH

O

OEt
OEto

Display Report

Analysis Info Acquisition Date  04.07.2024 13:23:51
Analysiz Mame  D:\Data\Kolotyrkina'2024\Belyakova\0704025.d

Method tune_low.m Operator BOAL@DE

Sampla Name  /YAR BL-1642_2 Instrumant / Sarg micrfOTOF 10248
Comment C12H2002 mH309.1180 clb added, CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Puositive Set Nebulizer 0.4 Bar
Focus Mot active Set Dry Heater 180 “C
Scan Begin 50 miz Set Capillary 4500 V Set Dry Gas 4.0 'min
Scan End 2000 miz Set End Plate Offset -500 V Set Divert Valve Waste

+MS, 06-1_0mim #[36-59)

8453048 11144485
so0 00  1s0 200 2800  mz

Intens.] M5, 0.6-1.0min #[36-54]
2751123

0.4 229 (705

0.2+ 2411066 297 0932

250,166 L

004 L * T E TTRE|
] C12HT807, M+nH 275.11)

2751125
15007

10003

C12H1807, M+nhHa 262 14)
292 1331

15003

10007

C12H1807, M+nNa 287 10
297 0945

15004
10007

5007

Bruker Compass DataAnalyziz 4.0 printed:  04.07.2024 13:27:21 Page 1 of 1
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O
O
Display Report
Analysis Info Acquisition Date  27.11.2024 18:55:39
Analysis Name  D:\Data\Kolotyrkina\2024'\Belyakoval1127043.d
Method tune_low.m Operator BDAL@DE
Sample Mame  /IYAR BL-1706 Instrument / Ser# micrOTOF 10248
Comment C14H1603 clb added CH3CHN
Acquisition Parameter
Source Type ESI lan Polarity Pasitive Sat Nebulizer 0.4 Bar
Focus Mot active Set Dry Heater 180 «C
Scan Begin 50 miz Sat Capillary 4500 v Set Dry Gas 4.0 limin
Scan End 3000 miz Set End Plate Offset -B00 W Sal Divert Valve Wasle
Intens. +MS, 0.3-1.0min #{18-59)
x109]
81 2331180
4_
o
oLy 87208t
500 1000 1500 2000 2500 miz
Intens. 3 2331180 +MS, 0.3-1.0min #{18-53)
¥10°7
43
e
29
1; 2501438 255.0992
P | 237.1964 | 253.0841
] C14H1603, M+nH 233,123
20001 2331172
15003
1000
500
0] l
] C14H1803, MenNH4 250.14
20001 250.1438
‘IECID:
1000
aan;
0] l
] C14H1603, M+nNa ,255.10|
2000 255.0%82
‘IECII}:
10004
500%
0 . . . |
235 240 245 250 255 m'z
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X-Ray data of cis-2a, trans-2a, cis-3a, Sa, 6a6 7a and cis-3c

X-Ray data of cis-2a

Figure S1. Molecular structure of cis-2a presented in thermal ellipsoids (50%
probability).

X-ray diffraction data were collected at 100K on a four-circle Rigaku Synergy S
diffractometer equipped with a HyPix6000HE area-detector (kappa geometry, shutterless w-scan
technique), using monochromatized Cu K,-radiation. The intensity data were integrated and
corrected for absorption and decay by the CrysAlisPro program.” The structure was solved by
direct methods using SHELXT? and refined on F~ using SHELXL-2018° in the OLEX2 program. '’
All non-hydrogen atoms were refined with individual anisotropic displacement parameters. All
hydrogen atoms were placed in ideal calculated positions and refined as riding atoms with relative
isotropic displacement parameters. A rotating group model was applied for methyl groups. The
Mercury program suite!! was used for molecular graphics.

Table S1. Crystal data and structure refinement for cis-2a

Identification code cis-2a

Empirical formula C16HI9NO7

Formula weight 337.32

Temperature 99.9(3) K

Wavelength 1.54184 A

Crystal system Orthorhombic

Space group Pna2,

Unit cell dimensions a=15.4118(6) A a=90°.
b=8.0417(2) A b=90°.
c=26.1942(9) A g=90°.

Volume 3246.43(19) A3

V4 8

Density (calculated) 1.380 g/cm3

Absorption coefficient 0.925 mm-!

F(000) 1424

Crystal size 0.35x 0.03 x 0.02 mm3

Theta range for data collection

5.742 to 77.807°.
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Index ranges

-19<=h<=19, -8<=k<=10, -33<=I<=31

Reflections collected 23073

Independent reflections 6205 [R(int) = 0.0400]
Observed reflections 5514

Completeness to theta = 67.684° 99.8 %

Absorption correction Gaussian

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

1.000 and 0.597

Full-matrix least-squares on F2
6205/1/439

1.034
R1=0.0677, wR2 = 0.1756
R1=0.0738, wR2 = 0.1812
0.13(13)

0.730 and -0.293 e.A-3

Table S2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 10%)
for cis-2a. U(eq) is defined as one third of the trace of the orthogonalized U¥ tensor.

X y z U(eq)
0(19A) 5526(2) 3591(3) 5873(1) 27(1)
0O(14B) 7093(2) 8663(4) 3928(1) 25(1)
O(11A) 4376(2) 7863(5) 5239(1) 31(1)
O(10B) 7753(2) 7336(4) 4571(1) 29(1)
O(19B) 8014(2) 3682(4) 4129(1) 28(1)
O(10A) 5212(2) 7143(4) 5410(2) 33(1)
O(14A) 4622(2) 8572(4) 6053(1) 28(1)
O(18B) 6756(2) 3586(4) 4552(2) 38(1)
O(18A) 4222(2) 3432(4) 5493(1) 34(1)
O(11B) 6923(2) 8062(4) 4758(1) 32(1)
O(2B) 4981(3) -1532(4) 2925(2) 41(1)
0O(3A) 2519(3) -1581(4) 7080(2) 42(1)
O(3B) 4061(3) 170(5) 2589(2) 57(1)
C(5A) 3686(3) 908(6) 6896(2) 30(1)
N(1A) 2281(3) -169(5) 7197(2) 36(1)
C(1A) 3919(3) 3862(6) 6825(2) 26(1)
C(6A) 4213(3) 2240(6) 6778(2) 28(1)
N(1B) 4745(3) -138(5) 2809(2) 35(1)
0(2A) 1603(3) 120(6) 7411(2) 59(1)
C(9B) 7618(3) 7252(5) 4028(2) 25(1)
C(15B) 8486(3) 7333(6) 3766(2) 32(1)
C(4A) 2855(3) 1216(6) 7069(2) 27(1)
C(5B) 4989(3) 2874(6) 2887(2) 28(1)
C(2A) 3080(3) 4136(5) 7003(2) 28(1)
C(20A) 5789(3) 2144(6) 5573(2) 32(1)
C(8B) 6987(3) 5768(5) 3921(2) 23(1)
C(17A) 4717(3) 4131(5) 5781(2) 26(1)
C(13A) 3625(3) 6460(5) 5914(2) 28(1)
C(@4B) 5305(3) 1283(6) 2947(2) 28(1)
C(12B) 6432(3) 8238(5) 4291(2) 25(1)
C(8A) 4498(3) 5684(5) 6089(2) 26(1)
C(6B) 5533(3) 4191(5) 3023(2) 27(1)
C(3A) 2540(3) 2823(6) 7123(2) 30(1)
C(7B) 6969(3) 5326(5) 3346(2) 27(1)
C(1B) 6361(3) 3903(5) 3203(2) 23(1)
C(2B) 6659(3) 2282(6) 3251(2) 28(1)
C(7A) 4516(3) 5278(5) 6669(2) 26(1)
C(17B) 7219(3) 4232(5) 4245(2) 26(1)
C(13B) 6123(3) 6539(5) 4114(2) 27(1)
C(12A) 3926(3) 8137(6) 5716(2) 27(1)
C(9A) 5125(3) 7142(6) 5957(2) 27(1)
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C(16A)
C(3B)

C(16B)
C(21B)
C(20B)
C(15A)
C(21A)

3286(3)
6137(3)
5784(3)
9185(3)
8292(3)
6013(3)
6714(3)

9508(6)

942(5)
9589(6)
1764(7)
2225(6)
7243(7)
1755(6)

5645(2)
3126(2)
4365(2)
4251(3)
4420(2)
6188(3)
5717(2)

32(1)
28(1)
30(1)
42(1)
30(1)
36(1)
37(1)

Table S3. Bond lengths [A] and angles [°] for cis-2a.

O(19A)-C(20A)
O(19A)-C(17A)
O(14B)-C(9B)
0(14B)-C(12B)
O(11A)-O(10A)
O(11A)-C(12A)
0(10B)-O(11B)
O(10B)-C(9B)
O(19B)-C(17B)
O(19B)-C(20B)
O(10A)-C(9A)
O(14A)-C(12A)
O(14A)-C(9A)
O(18B)-C(17B)
O(18A)-C(17A)
O(11B)-C(12B)
O(2B)-N(1B)
O(3A)-N(1A)
O(3B)-N(1B)
C(5A)-H(5A)
C(5A)-C(6A)
C(5A)-C(4A)
N(1A)-O(2A)
N(1A)-C(4A)
C(1A)-C(6A)
C(1A)-C(2A)
C(1A)-C(7A)
C(6A)-H(6A)
N(1B)-C(4B)
C(9B)-C(15B)
C(9B)-C(8B)
C(15B)-H(15D)
C(15B)-H(15E)
C(15B)-H(15F)
C(4A)-C(3A)
C(5B)-H(5B)
C(5B)-C(4B)
C(5B)-C(6B)
C(2A)-H(2A)
C(2A)-C(3A)
C(20A)-H(20A)
C(20A)-H(20B)
C(20A)-C(21A)
C(8B)-C(7B)
C(8B)-C(17B)
C(8B)-C(13B)
C(17A)-C(8A)
C(13A)-H(13A)
C(13A)-H(13B)
C(13A)-C(8A)
C(13A)-C(12A)

1.461(6)
1.341(5)
1.418(5)
1.436(5)
1.482(5)
1.447(6)
1.489(5)
1.440(6)
1.337(5)
1.462(5)
1.440(6)
1.432(5)
1.409(6)
1.194(6)
1.212(6)
1.446(6)
1.217(6)
1.231(6)
1.226(6)
0.9500

1.380(7)
1.380(7)
1.210(6)
1.460(6)
1.387(7)
1.391(6)
1.521(6)
0.9500

1.477(6)
1.504(7)
1.565(6)
0.9800

0.9800

0.9800

1.388(7)
0.9500

1.378(7)
1.398(7)
0.9500

1.380(7)
0.9900

0.9900

1.507(7)
1.545(6)
1.542(6)
1.554(6)
1.525(6)
0.9900

0.9900

1.553(6)
1.518(6)
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C(4B)-C(3B)
C(12B)-C(13B)
C(12B)-C(16B)
C(8A)-C(7A)
C(8A)-C(9A)
C(6B)-H(6B)
C(6B)-C(1B)
C(3A)-H(3A)
C(7B)-H(7C)
C(7B)-H(7D)
C(7B)-C(1B)
C(1B)-C(2B)
C(2B)-H(2B)
C(2B)-C(3B)
C(7A)-H(7A)
C(7A)-H(7B)
C(13B)-H(13C)
C(13B)-H(13D)
C(12A)-C(16A)
C(9A)-C(15A)
C(16A)-H(16A)
C(16A)-H(16B)
C(16A)-H(16C)
C(3B)-H(3B)
C(16B)-H(16D)
C(16B)-H(16E)
C(16B)-H(16F)
C(21B)-H(21D)
C(21B)-H(21E)
C(21B)-H(21F)
C(21B)-C(20B)
C(20B)-H(20C)
C(20B)-H(20D)
C(15A)-H(15A)
C(15A)-H(15B)
C(15A)-H(15C)
C(21A)-H(21A)
C(21A)-H(21B)
C(21A)-H(21C)

C(17A)-O(19A)-C(20A)
C(9B)-0(14B)-C(12B)
C(12A)-O(11A)-O(10A)
C(9B)-O(10B)-O(11B)
C(17B)-O(19B)-C(20B)
C(9A)-O(10A)-O(11A)
C(9A)-O(14A)-C(12A)
C(12B)-O(11B)-O(10B)

C(6A)-C(5A)-H(5A)
C(6A)-C(5A)-C(4A)
C(4A)-C(5A)-H(5A)
O(3A)-N(1A)-C(4A)
0(2A)-N(1A)-0(3A)
O(2A)-N(1A)-C(4A)
C(6A)-C(1A)-C(2A)
C(6A)-C(1A)-C(7A)
C(2A)-C(1A)-C(7A)
C(5A)-C(6A)-C(1A)
C(5A)-C(6A)-H(6A)
C(1A)-C(6A)-H(6A)
O(2B)-N(1B)-O(3B)
O(2B)-N(1B)-C(4B)
O(3B)-N(1B)-C(4B)

1.392(7)
1.519(6)
1.488(6)
1.553(6)
1.558(6)
0.9500
1.379(7)
0.9500
0.9900
0.9900
1.526(6)
1.388(6)
0.9500
1.385(7)
0.9900
0.9900
0.9900
0.9900
1.491(6)
1.498(7)
0.9800
0.9800
0.9800
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.492(7)
0.9900
0.9900
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
114.8(4)
95.3(3)
102.3(3)
102.7(3)
114.5(4)
102.8(3)
95.9(3)
102.1(3)
120.6
118.8(4)
120.6
117.8(4)
123.3(4)
118.9(4)
118.9(4)
118.8(4)
122.3(4)
121.1(5)
119.4
119.4
124.1(4)
118.5(4)
117.4(4)
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O(14B)-C(9B)-O(10B)
0(14B)-C(9B)-C(15B)
O(14B)-C(9B)-C(8B)
0(10B)-C(9B)-C(15B)
O(10B)-C(9B)-C(8B)
C(15B)-C(9B)-C(8B)
C(9B)-C(15B)-H(15D)
C(9B)-C(15B)-H(15E)
C(9B)-C(15B)-H(15F)
H(15D)-C(15B)-H(15E)
H(15D)-C(15B)-H(15F)
H(15E)-C(15B)-H(15F)
C(5A)-C(4A)-N(1A)
C(5A)-C(4A)-C(3A)
C(3A)-C(4A)-N(1A)
C(4B)-C(5B)-H(5B)
C(4B)-C(5B)-C(6B)
C(6B)-C(5B)-H(5B)
C(1A)-C(2A)-H(2A)
C(3A)-C(2A)-C(1A)
C(3A)-C(2A)-H(2A)
O(19A)-C(20A)-H(20A)
O(19A)-C(20A)-H(20B)
O(19A)-C(20A)-C(21A)
H(20A)-C(20A)-H(20B)
C(21A)-C(20A)-H(20A)
C(21A)-C(20A)-H(20B)
C(7B)-C(8B)-C(9B)
C(7B)-C(8B)-C(13B)
C(17B)-C(8B)-C(9B)
C(17B)-C(8B)-C(7B)
C(17B)-C(8B)-C(13B)
C(13B)-C(8B)-C(9B)
O(19A)-C(17A)-C(8A)
O(18A)-C(17A)-O(19A)
O(18A)-C(17A)-C(8A)
H(13A)-C(13A)-H(13B)
C(8A)-C(13A)-H(13A)
C(8A)-C(13A)-H(13B)
C(12A)-C(13A)-H(13A)
C(12A)-C(13A)-H(13B)
C(12A)-C(13A)-C(8A)
C(5B)-C(4B)-N(1B)
C(5B)-C(4B)-C(3B)
C(3B)-C(4B)-N(1B)
O(14B)-C(12B)-O(11B)
0(14B)-C(12B)-C(13B)
0(14B)-C(12B)-C(16B)
O(11B)-C(12B)-C(13B)
O(11B)-C(12B)-C(16B)
C(16B)-C(12B)-C(13B)
C(17A)-C(8A)-C(13A)
C(17A)-C(8A)-C(7A)
C(17A)-C(8A)-C(9A)
C(13A)-C(8A)-C(9A)
C(7A)-C(8A)-C(13A)
C(7A)-C(8A)-C(9A)
C(5B)-C(6B)-H(6B)
C(1B)-C(6B)-C(5B)
C(1B)-C(6B)-H(6B)
C(4A)-C(3A)-H(3A)
C(2A)-C(3A)-C(4A)

103.2(4)
112.9(4)
102.8(3)
108.6(4)
107.6(4)
120.3(4)
109.5
109.5
109.5
109.5
109.5
109.5
120.0(4)
121.6(4)
118.4(4)
121.2
117.6(4)
121.2
119.5
121.0(4)
119.5
110.3
110.3
107.1(4)
108.6
110.3
110.3
111.2(4)
113.2(4)
111.6(3)
110.9(3)
109.8(4)
99.8(3)
112.1(4)
123.1(4)
124.8(4)
109.4
111.6
111.6
111.6
111.6
101.1(3)
118.9(4)
123.1(4)
117.9(4)
102.3(3)
103.5(3)
112.9(4)
109.5(4)
108.2(4)
119.1(4)
111.4(4)
109.9(4)
111.2(4)
99.8(3)
112.9(4)
111.3(4)
119.5
121.0(4)
119.5
120.7
118.6(4)
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C(2A)-C(3A)-H(3A)
C(8B)-C(7B)-H(7C)
C(8B)-C(7B)-H(7D)
H(7C)-C(7B)-H(7D)
C(1B)-C(7B)-C(8B)
C(1B)-C(7B)-H(7C)
C(1B)-C(7B)-H(7D)
C(6B)-C(1B)-C(7B)
C(6B)-C(1B)-C(2B)
C(2B)-C(1B)-C(7B)
C(1B)-C(2B)-H(2B)
C(3B)-C(2B)-C(1B)
C(3B)-C(2B)-H(2B)
C(1A)-C(7A)-C(8A)
C(1A)-C(7A)-H(7A)
C(1A)-C(7A)-H(7B)
C(8A)-C(7A)-H(7A)
C(8A)-C(7A)-H(7B)
H(7A)-C(7A)-H(7B)
O(19B)-C(17B)-C(8B)
O(18B)-C(17B)-O(19B)
O(18B)-C(17B)-C(8B)
C(8B)-C(13B)-H(13C)
C(8B)-C(13B)-H(13D)
C(12B)-C(13B)-C(8B)
C(12B)-C(13B)-H(13C)
C(12B)-C(13B)-H(13D)
H(13C)-C(13B)-H(13D)
O(11A)-C(12A)-C(13A)
O(11A)-C(12A)-C(16A)
O(14A)-C(12A)-O(11A)
O(14A)-C(12A)-C(13A)
O(14A)-C(12A)-C(16A)
C(16A)-C(12A)-C(13A)
O(10A)-C(9A)-C(8A)
O(10A)-C(9A)-C(15A)
O(14A)-C(9A)-O(10A)
O(14A)-C(9A)-C(8A)
O(14A)-C(9A)-C(15A)
C(15A)-C(9A)-C(8A)
C(12A)-C(16A)-H(16A)
C(12A)-C(16A)-H(16B)
C(12A)-C(16A)-H(16C)
H(16A)-C(16A)-H(16B)
H(16A)-C(16A)-H(16C)
H(16B)-C(16A)-H(16C)
C(4B)-C(3B)-H(3B)
C(2B)-C(3B)-C(4B)
C(2B)-C(3B)-H(3B)
C(12B)-C(16B)-H(16D)
C(12B)-C(16B)-H(16E)
C(12B)-C(16B)-H(16F)
H(16D)-C(16B)-H(16E)
H(16D)-C(16B)-H(16F)
H(16E)-C(16B)-H(16F)
H(21D)-C(21B)-H(21E)
H(21D)-C(21B)-H(21F)
H(21E)-C(21B)-H(21F)
C(20B)-C(21B)-H(21D)
C(20B)-C(21B)-H(21E)
C(20B)-C(21B)-H(21F)
0(19B)-C(20B)-C(21B)

120.7
108.5
108.5
107.5
115.0(4)
108.5
108.5
121.7(4)
119.7(4)
118.6(4)
119.4
121.1(4)
119.4
114.1(4)
108.7
108.7
108.7
108.7
107.6
110.6(4)
123.9(4)
125.5(4)
111.6
111.6
101.0(3)
111.6
111.6
109.4
107.9(4)
108.7(4)
102.2(3)
103.7(4)
113.1(4)
119.8(4)
106.2(4)
108.4(4)
103.2(4)
103.5(4)
112.7(4)
121.2(4)
109.5
109.5
109.5
109.5
109.5
109.5
121.2
117.5(4)
121.2
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
108.4(4)
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O(19B)-C(20B)-H(20C)
0(19B)-C(20B)-H(20D)
C(21B)-C(20B)-H(20C)
C(21B)-C(20B)-H(20D)
H(20C)-C(20B)-H(20D)
C(9A)-C(15A)-H(15A)

C(9A)-C(15A)-H(15B)

C(9A)-C(15A)-H(15C)

H(15A)-C(15A)-H(15B)
H(15A)-C(15A)-H(15C)
H(15B)-C(15A)-H(15C)
C(20A)-C(21A)-H(21A)
C(20A)-C(21A)-H(21B)
C(20A)-C(21A)-H(21C)
H(21A)-C(21A)-H(21B)
H(21A)-C(21A)-H(21C)
H(21B)-C(21A)-H(21C)

110.0
110.0
110.0
110.0
108.4
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Table S4. Anisotropic displacement parameters (A2x 103) for cis-2a. The anisotropic

displacement factor exponent takes the form: -2m?[ h? a*2Ull + ... +2 hk a* b* Ul2]

Ull U22 U33 U23 Ul3 U12
O(19A)  26(2) 23(1) 31(2) -1(1) o(1) 3(1)
O(14B)  25(2) 26(1) 24(2) 3(1) 3(1) 2(1)
O(11A)  23(2) 46(2) 23(2) 5(1) 1(1) 4(1)
O(10B)  26(2) 33(2) 27(2) o(1) -7(1) 3(1)
O(19B)  27(2) 24(1) 33(2) 4(1) -3(1) 4(1)
O(10A)  21(2) 39(2) 38(2) 6(2) 3(2) 3(1)
O(14A)  24(2) 26(2) 34(2) o(1) -3(1) -3(1)
O(18B)  38(2) 35(2) 41(2) 122) 12Q2) 4(2)
O(I18A)  35(2) 33(2) 35(2) -6(1) -5(1) -1(1)
O(11B)  31(2) 34(2) 32(2) 2(2) 2(1) 1(1)
0(2B)  51(2) 24(2) 472) 2(1) 8(2) -4(2)
0BA)  50(2) 23(2) 53(2) 12) 9(2) 9(1)
O(B)  44(2) 41(2) 85(3) 0(2) 22(2) -14(2)
C(5A)  40(3) 25(2) 24(2) 0(2) -6(2) 9(2)
N(1A)  40(2) 31(2) 37(2) 4(2) -3(2) -10(2)
C(1A)  29(2) 28(2) 19Q2) 2(2) -3(2) -4(2)
C(6A)  26(2) 37(2) 21(2) 12) 0(2) 4(2)
N(1B)  38(Q2) 32(2) 37(2) 0(2) 2(2) -8(2)
0(A)  50(2) 48(2) 78(3) 1(2) 27(2) -17(2)
COB)  21(2) 28(2) 27(2) 3(2) -4(2) 12)
C(15B)  23(2) 32(2) 39(3) -1(2) 3(2) -4(2)
Cc4A)  31(2) 27(2) 23(2) 3(2) -4(2) -11Q2)
C(5B)  23(2) 37(2) 24(2) 6(2) 0(2) 4(2)
C2A)  37(2) 24(2) 22(2) 2(2) 202) 5(2)
C(20A)  33(3) 30(2) 33(3) 2(2) -1Q2) -1Q2)
C(8B)  22(2) 272) 20(2) 12) 2(2) 2(2)
C(17A)  29(2) 23(2) 26(2) 1(2) 2(2) -3(2)
C(13A)  23(2) 272) 32(2) 0(2) -12) 0(2)
C@4B)  34(2) 272) 23(2) -6(2) 5(2) -8(2)
C(12B)  24(2) 21(2) 29(2) -1(2) 5(2) -1(2)
C8A)  22(2) 26(2) 29(2) -4(2) 1(2) 12)
C(6B)  32(2) 25(2) 25(2) 5(2) 1(2) 5(2)
CBA)  28(2) 37(2) 24(2) 0(2) 4(2) -3(2)
C(7B)  32(2) 24(2) 25(2) 3(2) 2(2) -3(2)
C(1B)  28(2) 22(2) 20(2) -12) 4(2) -1Q2)
C2B)  26(2) 33(2) 25(2) 0(2) 2(2) 3(2)
C(7A)  28(2) 26(2) 26(2) -1(2) 0(2) 2(2)
C(17B)  26(2) 26(2) 272) -1(2) -3(2) -1(2)
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C(13B)  26(2) 25(2) 30(2) 12) 3(2) -1(2)

C(124)  22(2) 32(2) 26(2) 0(2) 202) 2(2)
COOA)  23(2) 27(2) 31(2) 1(2) 2(2) -1Q2)
C(16A)  30(2) 31(2) 36(2) -1Q2) -4(2) 3(2)
C(3B)  40(3) 18(2) 25(2) 5(2) 3(2) 6(2)
C(16B)  29(2) 26(2) 35(2) -1(2) 6(2) 0(2)
CQ1B)  36(3) 32(2) 60(3) 5(2) 1(2) 4(2)
C(20B)  32(2) 30(2) 28(2) 0(2) -6(2) 6(2)
C(15A)  22(2) 30(2) 55(3) 4(2) -6(2) -8(2)
C(21A)  32(2) 32(2) 47(3) 3(2) 1(2) 7(2)

Table S5. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)
for cis-2a.

X y z U(eq)
H(5A) 3891 -200 6860 35
H(6A) 4788 2042 6662 34
H(15D) 8402 7325 3395 47
H(15E) 8836 6370 3867 47
H(15F) 8786 8358 3866 47
H(5B) 4421 3068 2759 34
H(2A) 2875 5243 7041 33
H(20A) 5748 2391 5204 38
H(20B) 5409 1184 5650 38
H(13A) 3349 5791 5641 33
H(13B) 3215 6582 6202 33
H(6B) 5330 5302 2992 33
H@3A) 1966 3016 7241 36
H(7C) 6795 6328 3152 32
H(7D) 7565 5028 3238 32
H(2B) 7231 2089 3373 33
H(7A) 5118 4988 6767 32
H(7B) 4350 6289 6861 32
H(13C) 5690 6631 3837 32
H(13D) 5874 5887 4400 32
H(16A) 3591 10521 5540 49
H(16B) 2981 9711 5967 49
H(16C) 2867 9193 5381 49
H(3B) 6339 -169 3160 33
H(16D) 6086 10635 4438 45
H(16E) 5403 9309 4652 45
H(16F) 5436 9714 4055 45
H(21D) 9192 1624 3880 64
H(21E) 9357 719 4415 64
H(21F) 9592 2645 4348 64
H(20C) 7889 1288 4360 36
H(20D) 8292 2483 4790 36
H(15A) 6323 6199 6126 54
H(15B) 5963 7431 6556 54
H(15C) 6333 8165 6032 54
H(21A) 6939 881 5493 56
H(21B) 6735 1374 6072 56
H(210) 7069 2758 5680 56

Table S6. Torsion angles [°] for cis-2a.

O(19A)-C(17A)-C(8A)-C(13A) 170.5(4)
O(19A)-C(17A)-C(8A)-C(7A) -63.6(5)
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O(19A)-C(17A)-C(8A)-C(9A)
0(14B)-C(9B)-C(8B)-C(7B)
0(14B)-C(9B)-C(8B)-C(17B)
0(14B)-C(9B)-C(8B)-C(13B)
O(14B)-C(12B)-C(13B)-C(8B)
O(11A)-O(10A)-C(9A)-O(14A)
O(11A)-O(10A)-C(9A)-C(8A)
O(11A)-O(10A)-C(9A)-C(15A)
0(10B)-O(11B)-C(12B)-O(14B)
0(10B)-O(11B)-C(12B)-C(13B)
0(10B)-O(11B)-C(12B)-C(16B)
O(10B)-C(9B)-C(8B)-C(7B)
0(10B)-C(9B)-C(8B)-C(17B)
0(10B)-C(9B)-C(8B)-C(13B)
O(10A)-O(11A)-C(12A)-O(14A)
O(10A)-O(11A)-C(12A)-C(13A)
O(10A)-O(11A)-C(12A)-C(16A)
O(18A)-C(17A)-C(8A)-C(13A)
O(18A)-C(17A)-C(8A)-C(7A)
O(18A)-C(17A)-C(8A)-C(9A)
O(11B)-0(10B)-C(9B)-O(14B)
O(11B)-O(10B)-C(9B)-C(15B)
O(11B)-0(10B)-C(9B)-C(8B)
O(11B)-C(12B)-C(13B)-C(8B)
O(2B)-N(1B)-C(4B)-C(5B)
O(2B)-N(1B)-C(4B)-C(3B)
O(3A)-N(1A)-C(4A)-C(5A)
O(3A)-N(1A)-C(4A)-C(3A)
O(3B)-N(1B)-C(4B)-C(5B)
O(3B)-N(1B)-C(4B)-C(3B)
C(5A)-C(4A)-C(3A)-C(2A)
N(1A)-C(4A)-C(3A)-C(2A)
C(1A)-C(2A)-C(3A)-C(4A)
C(6A)-C(5A)-C(4A)-N(1A)
C(6A)-C(5A)-C(4A)-C(3A)
C(6A)-C(1A)-C(2A)-C(3A)
C(6A)-C(1A)-C(7A)-C(8A)
N(1B)-C(4B)-C(3B)-C(2B)
O(2A)-N(1A)-C(4A)-C(5A)
O(2A)-N(1A)-C(4A)-C(3A)
C(9B)-0(14B)-C(12B)-O(11B)
C(9B)-0(14B)-C(12B)-C(13B)
C(9B)-0(14B)-C(12B)-C(16B)
C(9B)-O(10B)-O(11B)-C(12B)
C(9B)-C(8B)-C(7B)-C(1B)
C(9B)-C(8B)-C(17B)-0(19B)
C(9B)-C(8B)-C(17B)-0(18B)
C(9B)-C(8B)-C(13B)-C(12B)
C(15B)-C(9B)-C(8B)-C(7B)
C(15B)-C(9B)-C(8B)-C(17B)
C(15B)-C(9B)-C(8B)-C(13B)
C(4A)-C(5A)-C(6A)-C(1A)
C(5B)-C(4B)-C(3B)-C(2B)
C(5B)-C(6B)-C(1B)-C(7B)
C(5B)-C(6B)-C(1B)-C(2B)
C(2A)-C(1A)-C(6A)-C(5A)
C(2A)-C(1A)-C(7A)-C(8A)
C(20A)-O(19A)-C(17A)-O(18A)
C(20A)-O(19A)-C(17A)-C(8A)
C(8B)-C(7B)-C(1B)-C(6B)
C(8B)-C(7B)-C(1B)-C(2B)
C(17A)-O(19A)-C(20A)-C(21A)
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60.2(5)
84.5(4)

-151.1(3)

-35.2(4)
35.8(4)
-33.3(4)
75.2(4)

-153.13)

-35.3(4)
74.0(4)

-154.7(3)
-166.9(4)

-42.6(5)
73.3(4)
34.5(4)
-74.4(4)
154.2(3)
-10.7(6)
115.3(5)

-121.0(5)

33.4(4)
153.4(3)
-74.9(4)
-72.7(4)

-170.3(4)

10.4(7)
9.7(7)
170.0(4)
8.8(7)

-170.5(5)

-0.3(7)

-180.0(4)

0.7(7)
179.9(5)
0.2(7)
-1.0(7)
84.2(5)
179.7(4)
170.1(5)
-10.2(7)
55.3(4)
-58.5(4)
171.4(4)
1.5(4)

-179.2(4)

-62.2(5)
119.2(5)
-0.6(4)
-42.0(5)
82.4(5)

-161.7(4)

-0.6(8)
0.5(7)
179.2(5)
-0.2(7)
1.0(7)
-94.3(5)
3.6(6)

~177.6(4)

96.5(5)
-84.1(5)
178.5(4)



C(17A)-C(8A)-C(7A)-C(1A)
C(17A)-C(8A)-C(9A)-O(10A)
C(17A)-C(8A)-C(9A)-O(14A)
C(17A)-C(8A)-C(9A)-C(15A)
C(13A)-C(8A)-C(7A)-C(1A)
C(13A)-C(8A)-C(9A)-O(10A)
C(13A)-C(8A)-C(9A)-O(14A)
C(13A)-C(8A)-C(9A)-C(15A)
C(4B)-C(5B)-C(6B)-C(1B)
C(12B)-O(14B)-C(9B)-O(10B)
C(12B)-O(14B)-C(9B)-C(15B)
C(12B)-O(14B)-C(9B)-C(8B)
C(8A)-C(13A)-C(12A)-O(11A)
C(8A)-C(13A)-C(12A)-O(14A)
C(8A)-C(13A)-C(12A)-C(16A)
C(6B)-C(5B)-C(4B)-N(1B)
C(6B)-C(5B)-C(4B)-C(3B)
C(6B)-C(1B)-C(2B)-C(3B)
C(7B)-C(8B)-C(17B)-O(19B)
C(7B)-C(8B)-C(17B)-O(18B)
C(7B)-C(8B)-C(13B)-C(12B)
C(7B)-C(1B)-C(2B)-C(3B)
C(1B)-C(2B)-C(3B)-C(4B)
C(7TA)-C(1A)-C(6A)-C(5A)
C(7TA)-C(1A)-C(2A)-C(3A)
C(7A)-C(8A)-C(9A)-O(10A)
C(7A)-C(8A)-C(9A)-O(14A)
C(7A)-C(8A)-C(9A)-C(15A)
C(17B)-O(19B)-C(20B)-C(21B)
C(17B)-C(8B)-C(7B)-C(1B)
C(17B)-C(8B)-C(13B)-C(12B)
C(13B)-C(8B)-C(7B)-C(1B)
C(13B)-C(8B)-C(17B)-O(19B)
C(13B)-C(8B)-C(17B)-O(18B)
C(12A)-O(11A)-O(10A)-C(9A)
C(12A)-O(14A)-C(9A)-O(10A)
C(12A)-O(14A)-C(9A)-C(8A)
C(12A)-O(14A)-C(9A)-C(15A)
C(12A)-C(13A)-C(8A)-C(17A)
C(12A)-C(13A)-C(8A)-C(7A)
C(12A)-C(13A)-C(8A)-C(9A)
C(9A)-O(14A)-C(12A)-O(11A)
C(9A)-O(14A)-C(12A)-C(13A)
C(9A)-O(14A)-C(12A)-C(16A)
C(9A)-C(8A)-C(7A)-C(1A)
C(16B)-C(12B)-C(13B)-C(8B)
C(20B)-O(19B)-C(17B)-O(18B)
C(20B)-O(19B)-C(17B)-C(8B)

-56.3(5)
43.6(5)
151.9(4)
-80.5(6)
68.8(5)
-74.0(4)
34.3(4)
161.9(5)
0.9(7)
-54.5(4)

-171.6(4)

57.3(4)
72.6(4)
-35.3(4)

-162.4(4)

179.7(4)
-1.1(7)
-0.5(8)
62.3(5)

-116.3(5)
-118.8(4)
-179.8(4)

0.3(8)

-177.6(4)

177.5(4)
166.6(3)
-85.1(4)
42.5(6)

-179.8(4)

56.0(5)
116.7(4)
-67.9(5)

-171.9(3)

9.6(6)
-1.1(4)
54.2(4)
-56.4(4)
170.9(4)

-116.6(4)

119.1(4)
0.9(4)
-54.6(4)
57.4(4)

-171.3(4)
-179.9(4)

162.1(4)
-1.6(6)
179.8(4)
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X-Ray data of trans-2a

018

Figure S2. Molecular structure of trans-2a presented in thermal ellipsoids (50% probability).

X-ray diffraction data were collected at 100K on a four-circle Rigaku Synergy S
diffractometer equipped with a HyPix6000HE area-detector (kappa geometry, shutterless m-scan
technique), using monochromatized Cu K,-radiation. The intensity data were integrated and
corrected for absorption and decay by the CrysAlisPro program.” The structure was solved by
direct methods using SHELXT?® and refined on F~ using SHELXL-2018° in the OLEX2 program.'?
All non-hydrogen atoms were refined with individual anisotropic displacement parameters. All
hydrogen atoms were placed in ideal calculated positions and refined as riding atoms with relative
isotropic displacement parameters. A rotating group model was applied for methyl groups. The
Mercury program suite!! was used for molecular graphics.

Table S7. Crystal data and structure refinement for #rans-2a

Identification code trans-2a
Empirical formula C16H19NO7
Formula weight 337.32
Temperature 99.99(10) K
Wavelength 1.54184 A
Crystal system Triclinic
Space group P-1

Unit cell dimensions

Volume 798.41(3) A3

Z 2

Density (calculated) 1.403 g/cm3
Absorption coefficient 0.940 mm-!

F(000) 356

Crystal size 0.25x 0.19x 0.13 mm3

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

a=7.81567(11) A
b=28.70518(17) A
¢ =12.25303) A

3.695 to 79.712°.

a=77.6093(19)°.
b= 89.4484(15)°.
g =78.8430(14)°.

-9<=h<=8, -11<=k<=11, -15<=I<=15

21228

3442 [R(int) = 0.0275]

Observed reflections 3335
Completeness to theta = 67.684° 99.9 %
Absorption correction Gaussian
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Max. and min. transmission 1.000 and 0.598

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3442 /0/220

Goodness-of-fit on F2 1.040

Final R indices [[>2sigma(I)] R1=0.0401, wR2 =0.0994

R indices (all data) R1=10.0409, wR2 =0.1000
Largest diff. peak and hole 0.318 and -0.273 e.A"3

Table S8. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 10%)
for trans-2a. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
O(1A) 9567(1) 11608(2) 8542(1) 42(1)
0O(2A) 9905(1) 9923(2) 7781(1) 58(1)
0O(3A) 8544(1) 1452(2) 10132(1) 29(1)
O(4A) 7728(1) 2142(2) 9486(1) 32(1)
O(5A) 7897(1) 2882(2) 10408(1) 32(1)
O(6A) 8365(1) 6419(2) 10947(1) 28(1)
O(7A) 7986(1) 6584(2) 9457(1) 34(1)
N(1A) 9686(1) 10205(2) 8363(1) 36(1)
C(14) 9560(1) 8801(2) 8866(1) 29(1)
C(2A) 9619(1) 7198(2) 8579(1) 31(1)
C(3A) 9492(1) 5883(2) 9058(1) 30(1)
C4A) 9313(1) 6160(2) 9810(1) 27(1)
C(5A) 9268(1) 7793(2) 10084(1) 30(1)
C(6A) 9388(1) 9124(2) 9613(1) 30(1)
C(7A) 9163(1) 4742(2) 10331(1) 29(1)
C(8A) 8583(1) 4341(2) 10027(1) 26(1)
C(9A) 8409(1) 3562(2) 9068(1) 28(1)
C(104A) 8205(1) 1886(2) 9268(1) 27(1)
C(11A) 8139(1) 515(2) 8589(1) 32(1)
C(12A) 8448(1) 2888(2) 10591(1) 28(1)
C(13A) 8681(1) 2783(2) 11593(1) 35(1)
C(14A) 8273(1) 5891(2) 10094(1) 27(1)
C(15A) 8068(1) 7865(2) 11072(1) 31(1)
C(16A) 8203(1) 8254(3) 12060(1) 40(1)
O(1B) 5079(1) -4784(2) 2867(1) 60(1)
O(2B) 5412(1) -6495(2) 3949(1) 44(1)
O(3B) 6419(1) 3675(2) 6565(1) 28(1)
O(4B) 7250(1) 3084(2) 6800(1) 32(1)
O(5B) 7063(1) 2343(2) 7536(1) 32(1)
O(6B) 6621(1) -1308(2) 7584(1) 30(1)
O(7B) 7049(1) -1378(2) 6535(1) 38(1)
N(1B) 5299(1) -5081(2) 3658(1) 38(1)
C(1B) 5435(1) -3686(2) 4288(1) 29(1)
C(2B) 5611(1) -4024(2) 5202(1) 31(1)
C(3B) 5740(1) -2705(2) 5795(1) 30(1)
C(4B) 5698(1) -1064(2) 5484(1) 27(1)
C(5B) 5516(1) -7174(2) 4559(1) 29(1)
C(6B) 5382(1) -2078(2) 3949(1) 30(1)
C(7B) 5839(1) 347(2) 6154(1) 29(1)
C(8B) 6416(1) 776(2) 6452(1) 26(1)
C(9B) 6608(1) 1568(2) 5684(1) 28(1)
C(10B) 6783(1) 3272(2) 6078(1) 27(1)
C(11B) 6859(1) 4629(2) 5466(1) 32(1)
C(12B) 6518(1) 2261(2) 7135(1) 28(1)
C(13B) 6258(1) 2339(3) 7875(1) 35(1)
C(14B) 6737(1) -736(2) 6846(1) 28(1)
C(15B) 6911(1) -2779(2) 7993(1) 33(1)
C(16B) 6740(1) -3230(3) 8809(2) 42(1)
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Table S9. Bond lengths [A] and angles [°] for trans-2a.

O(1A)-N(1A)
O(2A)-N(1A)
O(3A)-C(10A)
O(3A)-C(12A)
O(4A)-0(5A)
O(4A)-C(10A)
O(5A)-C(12A)
O(6A)-C(14A)
O(6A)-C(15A)
O(7A)-C(14A)
N(1A)-C(1A)
C(1A)-C(2A)
C(1A)-C(6A)
C(2A)-H(2A)
C(2A)-C(3A)
C(3A)-H(3A)
C(3A)-C(4A)
C(4A)-C(5A)
C(4A)-C(7A)
C(5A)-H(5A)
C(5A)-C(6A)
C(6A)-H(6A)
C(7TA)-H(7A)
C(7A)-H(7B)
C(7A)-C(8A)
C(8A)-C(9A)
C(8A)-C(124A)
C(8A)-C(14A)
C(9A)-H(9A)
C(9A)-H(9B)
C(9A)-C(10A)
C(10A)-C(11A)
C(11A)-H(11A)
C(11A)-H(11B)
C(11A)-H(11C)
C(12A)-C(13A)
C(13A)-H(13A)
C(13A)-H(13B)
C(13A)-H(13C)
C(15A)-H(15A)
C(15A)-H(15B)
C(15A)-C(16A)
C(16A)-H(16A)
C(16A)-H(16B)
C(16A)-H(16C)
O(1B)-N(1B)
O(2B)-N(1B)
O(3B)-C(10B)
O(3B)-C(12B)
O(4B)-O(5B)
O(4B)-C(10B)
O(5B)-C(12B)
0(6B)-C(14B)
0(6B)-C(15B)
O(7B)-C(14B)
N(1B)-C(1B)
C(1B)-C(2B)
C(1B)-C(6B)

1.228(2)
1.227(3)
1.435(2)
1.418(2)
1.4899(17)
1.445(2)
1.445(2)
1.338(2)
1.460(2)
1.207(2)
1.464(2)
1.388(3)
1.383(3)
0.9500
1.388(3)
0.9500
1.394(3)
1.396(2)
1.516(2)
0.9500
1.383(3)
0.9500
0.9900
0.9900
1.551(2)
1.552(2)
1.562(2)
1.527(2)
0.9900
0.9900
1.522(2)
1.497(2)
0.9800
0.9800
0.9800
1.500(2)
0.9800
0.9800
0.9800
0.9900
0.9900
1.495(3)
0.9800
0.9800
0.9800
1.221(3)
1.231(2)
1.438(2)
1.417(2)
1.4902(18)
1.446(2)
1.441(2)
1.343(2)
1.466(2)
1.202(2)
1.463(2)
1.383(3)
1.389(3)
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C(2B)-H(2B)
C(2B)-C(3B)
C(3B)-H(3B)
C(3B)-C(4B)
C(4B)-C(5B)
C(4B)-C(7B)
C(5B)-H(5B)
C(5B)-C(6B)
C(6B)-H(6B)
C(7B)-H(7C)
C(7B)-H(7D)
C(7B)-C(8B)
C(8B)-C(9B)
C(8B)-C(12B)
C(8B)-C(14B)
C(9B)-H(9C)
C(9B)-H(9D)
C(9B)-C(10B)
C(10B)-C(11B)
C(11B)-H(11D)
C(11B)-H(11E)
C(11B)-H(11F)
C(12B)-C(13B)
C(13B)-H(13D)
C(13B)-H(13E)
C(13B)-H(13F)
C(15B)-H(15C)
C(15B)-H(15D)
C(15B)-C(16B)
C(16B)-H(16D)
C(16B)-H(16E)
C(16B)-H(16F)

C(12A)-O(3A)-C(10A)

C(10A)-O(4A)-O(5A)
C(12A)-O(5A)-O(4A)

C(14A)-O(6A)-C(15A)

O(1A)-N(1A)-C(1A)
O(2A)-N(1A)-O(1A)
O(2A)-N(1A)-C(1A)
C(2A)-C(1A)-N(1A)
C(6A)-C(1A)-N(1A)
C(6A)-C(1A)-C(2A)
C(1A)-C(2A)-H(2A)
C(1A)-C(2A)-C(3A)
C(3A)-C(2A)-H(2A)
C(2A)-C(3A)-H(3A)
C(2A)-C(3A)-C(4A)
C(4A)-C(3A)-H(3A)
C(3A)-C(4A)-C(5A)
C(3A)-C(4A)-C(7A)
C(5A)-C(4A)-C(7A)
C(4A)-C(5A)-H(5A)
C(6A)-C(5A)-C(4A)
C(6A)-C(5A)-H(5A)
C(1A)-C(6A)-C(5A)
C(1A)-C(6A)-H(6A)
C(5A)-C(6A)-H(6A)
C(4A)-C(7A)-H(7A)
C(4A)-C(7A)-H(7B)
C(4A)-C(7A)-C(8A)
H(7A)-C(7A)-H(7B)
C(8A)-C(7A)-H(7A)

0.9500
1.381(3)
0.9500
1.399(3)
1.392(3)
1.511(2)
0.9500
1.389(3)
0.9500
0.9900
0.9900
1.548(2)
1.559(2)
1.565(2)
1.523(2)
0.9900
0.9900
1.522(2)
1.494(2)
0.9800
0.9800
0.9800
1.501(2)
0.9800
0.9800
0.9800
0.9900
0.9900
1.501(3)
0.9800
0.9800
0.9800
95.89(13)
102.62(11)
102.48(11)
115.06(14)
118.44(17)
123.17(18)
118.39(17)
119.03(17)
118.58(17)
122.39(17)
120.9
118.19(17)
120.9
119.5
121.04(17)
119.5
118.85(17)
121.78(16)
119.37(16)
119.4
121.17(17)
119.4
118.36(16)
120.8
120.8
108.9
108.9
113.53(14)
107.7
108.9
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C(8A)-C(7A)-H(7B)
C(7A)-C(8A)-C(9A)
C(7A)-C(8A)-C(12A)
C(9A)-C(8A)-C(12A)
C(14A)-C(8A)-C(7A)
C(14A)-C(8A)-C(9A)
C(14A)-C(8A)-C(12A)
C(8A)-C(9A)-H(9A)
C(8A)-C(9A)-H(9B)
H(9A)-C(9A)-H(9B)
C(10A)-C(9A)-C(8A)
C(10A)-C(9A)-H(9A)
C(10A)-C(9A)-H(9B)
O(3A)-C(10A)-O(4A)
O(3A)-C(10A)-C(9A)
O(3A)-C(10A)-C(11A)
O(4A)-C(10A)-C(9A)
O(4A)-C(10A)-C(11A)
C(11A)-C(10A)-C(9A)
C(10A)-C(11A)-H(11A)
C(10A)-C(11A)-H(11B)
C(10A)-C(11A)-H(11C)
H(11A)-C(11A)-H(11B)
H(11A)-C(11A)-H(11C)
H(11B)-C(11A)-H(11C)
O(3A)-C(12A)-O(5A)
O(3A)-C(12A)-C(8A)
O(3A)-C(12A)-C(13A)
O(5A)-C(12A)-C(8A)
O(5A)-C(12A)-C(13A)
C(13A)-C(12A)-C(8A)
C(12A)-C(13A)-H(13A)
C(12A)-C(13A)-H(13B)
C(12A)-C(13A)-H(13C)
H(13A)-C(13A)-H(13B)
H(13A)-C(13A)-H(13C)
H(13B)-C(13A)-H(13C)
O(6A)-C(14A)-C(8A)
O(7A)-C(14A)-O(6A)
O(7A)-C(14A)-C(8A)
O(6A)-C(15A)-H(15A)
O(6A)-C(15A)-H(15B)
O(6A)-C(15A)-C(16A)
H(15A)-C(15A)-H(15B)
C(16A)-C(15A)-H(15A)
C(16A)-C(15A)-H(15B)
C(15A)-C(16A)-H(16A)
C(15A)-C(16A)-H(16B)
C(15A)-C(16A)-H(16C)
H(16A)-C(16A)-H(16B)
H(16A)-C(16A)-H(16C)
H(16B)-C(16A)-H(16C)
C(12B)-O(3B)-C(10B)
C(10B)-O(4B)-O(5B)
C(12B)-O(5B)-O(4B)
C(14B)-0(6B)-C(15B)
O(1B)-N(1B)-O(2B)
O(1B)-N(1B)-C(1B)
O(2B)-N(1B)-C(1B)
C(2B)-C(1B)-N(1B)
C(2B)-C(1B)-C(6B)
C(6B)-C(1B)-N(1B)

108.9
112.81(14)
111.49(14)
99.74(13)
110.19(14)
111.49(14)
110.75(14)
1115
1115
109.3
101.42(14)
1115
111.5
101.98(13)
103.14(14)
112.94(14)
108.77(14)
109.01(14)
119.49(15)
109.5
109.5
109.5
109.5
109.5
109.5
103.12(13)
103.20(13)
112.52(15)
106.62(13)
108.69(14)
121.10(15)
109.5
109.5
109.5
109.5
109.5
109.5
111.77(14)
123.55(16)
124.67(16)
110.1
110.1
108.15(15)
108.4
110.1
110.1
109.5
109.5
109.5
109.5
109.5
109.5
95.86(12)
102.32(11)
102.85(11)
114.47(14)
123.24(18)
118.31(17)
118.45(17)
118.46(17)
122.42(17)
119.12(17)
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C(1B)-C(2B)-H(2B)
C(3B)-C(2B)-C(1B)
C(3B)-C(2B)-H(2B)
C(2B)-C(3B)-H(3B)
C(2B)-C(3B)-C(4B)
C(4B)-C(3B)-H(3B)
C(3B)-C(4B)-C(7B)
C(5B)-C(4B)-C(3B)
C(5B)-C(4B)-C(7B)
C(4B)-C(5B)-H(5B)
C(6B)-C(5B)-C(4B)
C(6B)-C(5B)-H(5B)
C(1B)-C(6B)-H(6B)
C(5B)-C(6B)-C(1B)
C(5B)-C(6B)-H(6B)
C(4B)-C(7B)-H(7C)
C(4B)-C(7B)-H(7D)
C(4B)-C(7B)-C(8B)
H(7C)-C(7B)-H(7D)
C(8B)-C(7B)-H(7C)
C(8B)-C(7B)-H(7D)
C(7B)-C(8B)-C(9B)
C(7B)-C(8B)-C(12B)
C(9B)-C(8B)-C(12B)
C(14B)-C(8B)-C(7B)
C(14B)-C(8B)-C(9B)
C(14B)-C(8B)-C(12B)
C(8B)-C(9B)-H(9C)
C(8B)-C(9B)-H(9D)
H(9C)-C(9B)-H(9D)
C(10B)-C(9B)-C(8B)
C(10B)-C(9B)-H(9C)
C(10B)-C(9B)-H(9D)
O(3B)-C(10B)-O(4B)
O(3B)-C(10B)-C(9B)
O(3B)-C(10B)-C(11B)
O(4B)-C(10B)-C(9B)
O(4B)-C(10B)-C(11B)
C(11B)-C(10B)-C(9B)
C(10B)-C(11B)-H(11D)
C(10B)-C(11B)-H(11E)
C(10B)-C(11B)-H(11F)
H(11D)-C(11B)-H(11E)
H(11D)-C(11B)-H(11F)
H(11E)-C(11B)-H(11F)
O(3B)-C(12B)-O(5B)
O(3B)-C(12B)-C(8B)
O(3B)-C(12B)-C(13B)
O(5B)-C(12B)-C(8B)
O(5B)-C(12B)-C(13B)
C(13B)-C(12B)-C(8B)
C(12B)-C(13B)-H(13D)
C(12B)-C(13B)-H(13E)
C(12B)-C(13B)-H(13F)
H(13D)-C(13B)-H(13E)
H(13D)-C(13B)-H(13F)
H(13E)-C(13B)-H(13F)
0(6B)-C(14B)-C(8B)
O(7B)-C(14B)-O(6B)
O(7B)-C(14B)-C(8B)
0(6B)-C(15B)-H(15C)
O(6B)-C(15B)-H(15D)

120.8
118.33(17)
120.8
119.4
121.26(17)
119.4
119.77(16)
118.73(17)
121.49(16)
119.4
121.14(17)
119.4
120.9
118.10(17)
120.9
108.6
108.6
114.48(14)
107.6
108.6
108.6
113.20(14)
110.26(14)
99.38(13)
111.25(14)
110.64(14)
111.58(14)
1115
1115
109.3
101.56(14)
1115
1115
102.00(13)
103.14(14)
113.63(14)
108.83(14)
108.39(14)
119.41(15)
109.5
109.5
109.5
109.5
109.5
109.5
102.93(13)
103.31(13)
112.79(14)
107.00(14)
108.69(14)
120.59(15)
109.5
109.5
109.5
109.5
109.5
109.5
111.52(15)
123.31(16)
125.15(17)
110.2
110.2
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0(6B)-C(15B)-C(16B)

H(15C)-C(15B)-H(15D)
C(16B)-C(15B)-H(15C)
C(16B)-C(15B)-H(15D)
C(15B)-C(16B)-H(16D)
C(15B)-C(16B)-H(16E)
C(15B)-C(16B)-H(16F)
H(16D)-C(16B)-H(16E)
H(16D)-C(16B)-H(16F)
H(16E)-C(16B)-H(16F)

107.37(15)

108.5
110.2
110.2
109.5
109.5
109.5
109.5
109.5
109.5

Table S10. Anisotropic displacement parameters (A2x 103) for trans-2a. The anisotropic

displacement factor exponent takes the form: -2r?[ h? a*?U!! + ... +2 hka* b* U!?]

Ull U22 U33 U23 U13 U12
O(1A)  46(1) 26(1) 51(1) 7(1) 6(1) -1(1)
0(2A) 78(1) 45(1) 64(1) 10(1) 42(1) -4(1)
0(3A) 32(1) 26(1) 26(1) 2(1) 6(1) 1(1)
O(4A) 28(1) 40(1) 29(1) -4(1) 9(1) -4(1)
O(5A) 32(1) 36(1) 31(1) -4(1) 13(1) -4(1)
O(6A)  29(1) 26(1) 30(1) -1(1) 9(1) 2(1)
O(7A) 33(1) 32(1) 34(1) 3(1) 4(1) 6(1)
N(1A) 34(1) 34(1) 39(1) 6(1) 8(1) -3(1)
C(1A) 24(1) 27(1) 35(1) 4(1) 5(1) 2(1)
C(2A) 26(1) 33(1) 34(1) 0(1) 10(1) 1(1)
C(3A) 26(1) 26(1) 37(1) -1(1) 10(1) 2(1)
C(4A) 19(1) 27(1) 32(1) 2(1) 5(1) 0(1)
C(5A) 25(1) 31(1) 34(1) -4(1) 10(1) 2(1)
C(6A) 26(1) 23(1) 38(1) -4(1) 6(1) 0(1)
C(7A) 25(1) 28(1) 32(1) 3(1) 6(1) 1(1)
C(8A) 25(1) 27(1) 27(1) 2(1) 8(1) -1(1)
C(9A) 29(1) 27(1) 27(1) 1(1) 8(1) 0(1)
C(10A)  27(1) 28(1) 26(1) 1(1) 6(1) 0(1)
C(11A)  35(1) 30(1) 30(1) -3(1) 6(1) -1(1)
C(12A)  30(1) 26(1) 28(1) 1(1) 10(1) -1(1)
C(13A)  46(1) 31(1) 28(1) 4(1) 10(1) 2(1)
C(14A)  25(1) 25(1) 30(1) 2(1) 7(1) 2(1)
C(15A)  30(1) 27(1) 38(1) 0(1) 13(1) 2(1)
C(16A)  48(1) 35(1) 38(1) -5(1) 13(1) 4(1)
O(1B) 78(1) 48(1) 43(1) -14(1) 2(1) 0(1)
O(2B) 47(1) 28(1) 61(1) -8(1) 22(1) -1(1)
O(3B) 29(1) 24(1) 32(1) 0(1) 11(1) 3(1)
O(4B) 26(1) 36(1) 32(1) 1(1) 6(1) -1(1)
O(5B) 31(1) 35(1) 29(1) 0(1) 4(1) 2(1)
O(6B) 30(1) 27(1) 31(1) 3(1) 7(1) 3(1)
O(7B) 39(1) 34(1) 48(1) 6(1) 21(1) 11(1)
N(1B) 34(1) 34(1) 45(1) -8(1) 12(1) -1(1)
C(1B) 24(1) 27(1) 37(1) -4(1) 8(1) 1(1)
C(2B) 25(1) 25(1) 42(1) 4(1) 7(1) 0(1)
C(3B) 26(1) 31(1) 32(1) 4(1) 5(1) -1(1)
C(4B) 21(1) 27(1) 32(1) -1(1) 6(1) 0(1)
C(5B) 24(1) 27(1) 33(1) 2(1) 6(1) 3(1)
C(6B) 25(1) 33(1) 31(1) 2(1) 5(1) 2(1)
C(7B) 26(1) 27(1) 32(1) 2(1) 8(1) 2(1)
C(8B) 27(1) 24(1) 27(1) -1(1) 7(1) 1(1)
C(9B) 29(1) 26(1) 29(1) 0(1) 8(1) 1(1)
C(10B)  24(1) 27(1) 29(1) -1(1) 8(1) 2(1)
C(11B)  33(1) 27(1) 39(1) 2(1) 14(1) 1(1)
C(12B)  29(1) 25(1) 28(1) 0(1) 6(1) 1(1)
C(13B)  45(1) 31(1) 31(1) 2(1) 15(1) 1(1)
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C(14B)  25(1) 26(1) 31(1) -1(1) 5(1) -1(1)
C(15B)  31(1) 29(1) 37(1) 5(1) 7(1) 3(1)
C(16B)  50(1) 34(1) 42(1) 8(1) 14(1) 5(1)

Table S11. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)
for trans-2a.

X y z U(eq)
H(2A) 9743 7006 8068 37
H(3A) 9528 4777 8871 35
H(5A) 9152 7993 10602 35
H(6A) 9352 10232 9798 35
H(7A) 9263 5026 10982 34
H(7B) 9356 3737 10254 34
H(9A) 8138 4233 8655 33
H(9B) 8699 3432 8804 33
H(11A) 8462 328 8442 48
H(11B) 7873 825 8039 48
H(11C) 8037 -504 8841 48
H(13A) 8530 1849 11836 53
H(13B) 8615 3817 11877 53
H(13C) 9051 2615 11722 53
H(15A) 7697 7625 10842 37
H(15B) 8148 8826 10734 37
H(16A) 7997 9193 12161 60
H(16B) 8567 8541 12275 60
H(16C) 8135 7282 12391 60
H(2B) 5642 -5135 5417 38
H(3B) 5859 -2916 6426 36
H(5B) 5484 336 4341 34
H(6B) 5256 -1875 3318 36
H(7C) 5730 57 6697 34
H(7D) 5645 1348 5881 34
H(9C) 6895 926 5572 34
H(9D) 6330 1657 5114 34
H(11D) 6546 4770 4970 48
H(11E) 7143 4340 5219 48
H(11F) 6938 5668 5808 48
H(13D) 6383 3306 8259 52
H(13E) 6333 1326 8240 52
H(13F) 5887 2438 7608 52
H(15C) 7282 -2535 8171 40
H(15D) 6845 -3710 7556 40
H(16D) 6372 -3467 8624 62
H(16E) 6809 -2302 9237 62
H(16F) 6927 -4215 9098 62

Table S12. Torsion angles [°] for trans-2a.

O(1A)-N(1A)-C(1A)-C(2A) 170.01(17)
O(1A)-N(1A)-C(1A)-C(6A) -10.13)
O(2A)-N(1A)-C(1A)-C(2A) 9.8(3)
O(2A)-N(1A)-C(1A)-C(6A) 170.11(19)
O(4A)-0O(5A)-C(12A)-O(3A) -32.77(14)
O(4A)-O(5A)-C(12A)-C(8A) 75.55(14)
O(4A)-O(5A)-C(12A)-C(13A) -152.37(13)
O(5A)-O(4A)-C(10A)-O(3A) 35.25(15)
O(5A)-O(4A)-C(10A)-C(9A) -73.27(15)
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O(5A)-O(4A)-C(10A)-C(11A)
N(1A)-C(1A)-C(2A)-C(3A)
N(1A)-C(1A)-C(6A)-C(5A)
C(1A)-C(2A)-C(3A)-C(4A)
C(2A)-C(1A)-C(6A)-C(5A)
C(2A)-C(3A)-C(4A)-C(5A)
C(2A)-C(3A)-C(4A)-C(7A)
C(3A)-C(4A)-C(5A)-C(6A)
C(3A)-C(4A)-C(7A)-C(8A)
C(4A)-C(5A)-C(6A)-C(1A)
C(4A)-C(7A)-C(8A)-C(9A)
C(4A)-C(7A)-C(8A)-C(12A)
C(4A)-C(7A)-C(8A)-C(14A)
C(5A)-C(4A)-C(7A)-C(8A)
C(6A)-C(1A)-C(2A)-C(3A)
C(7TA)-C(4A)-C(5A)-C(6A)
C(7A)-C(8A)-C(9A)-C(10A)
C(7A)-C(8A)-C(12A)-O(3A)
C(7A)-C(8A)-C(12A)-O(5A)
C(7A)-C(8A)-C(12A)-C(13A)
C(7A)-C(8A)-C(14A)-O(6A)
C(7A)-C(8A)-C(14A)-O(7A)
C(8A)-C(9A)-C(10A)-O(3A)
C(8A)-C(9A)-C(10A)-O(4A)
C(8A)-C(9A)-C(10A)-C(11A)
C(9A)-C(8A)-C(12A)-O(3A)
C(9A)-C(8A)-C(12A)-O(5A)
C(9A)-C(8A)-C(12A)-C(13A)
C(9A)-C(8A)-C(14A)-O(6A)
C(9A)-C(8A)-C(14A)-O(7A)
C(10A)-O(3A)-C(12A)-O(5A)
C(10A)-O(3A)-C(12A)-C(8A)
C(10A)-O(3A)-C(12A)-C(13A)
C(10A)-O(4A)-O(5A)-C(12A)
C(12A)-0(3A)-C(10A)-O(4A)
C(12A)-0(3A)-C(10A)-C(9A)
C(12A)-0(3A)-C(10A)-C(11A)
C(12A)-C(8A)-C(9A)-C(10A)
C(12A)-C(8A)-C(14A)-O(6A)
C(12A)-C(8A)-C(14A)-O(7A)
C(14A)-O(6A)-C(15A)-C(16A)
C(14A)-C(8A)-C(9A)-C(10A)
C(14A)-C(8A)-C(12A)-0(3A)
C(14A)-C(8A)-C(12A)-O(5A)
C(14A)-C(8A)-C(12A)-C(13A)
C(15A)-0(6A)-C(14A)-O(7A)
C(15A)-0(6A)-C(14A)-C(8A)
O(1B)-N(1B)-C(1B)-C(2B)
O(1B)-N(1B)-C(1B)-C(6B)
O(2B)-N(1B)-C(1B)-C(2B)
O(2B)-N(1B)-C(1B)-C(6B)
O(4B)-O(5B)-C(12B)-O(3B)
O(4B)-O(5B)-C(12B)-C(8B)
O(4B)-O(5B)-C(12B)-C(13B)
O(5B)-0(4B)-C(10B)-O(3B)
O(5B)-0(4B)-C(10B)-C(9B)
O(5B)-0(4B)-C(10B)-C(11B)
N(1B)-C(1B)-C(2B)-C(3B)
N(1B)-C(1B)-C(6B)-C(5B)
C(1B)-C(2B)-C(3B)-C(4B)
C(2B)-C(1B)-C(6B)-C(5B)
C(2B)-C(3B)-C(4B)-C(5B)
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154.89(13)
-179.31(16)
179.82(16)
-0.3(3)
-0.3(3)
-0.7(3)
178.76(16)
1.2(3)
-94.97(19)
-0.7(3)
69.43(19)
-179.29(14)
-55.9(2)
84.5(2)
0.8(3)
-178.25(16)
119.42(15)
-85.06(16)
166.68(14)
41.92)
-63.61(18)
115.10(19)
-35.65(16)
72.08(16)
-161.94(15)
34.31(15)
-73.95(15)
161.25(16)
170.33(13)
-11.0(2)
54.13(14)
-56.75(15)
171.06(15)
-1.84(15)
-55.04(14)
57.75(15)
~171.88(15)
1.02(16)
60.23(18)
-121.07(19)
178.14(15)
-115.97(15)
151.86(14)
43.60(18)
-81.2(2)
3.4(2)
-177.89(13)
170.18(19)
9.5(3)
-10.1(3)
170.27(17)
-33.10(15)
75.39(15)
-152.92(14)
35.02(14)
-73.52(15)
155.18(13)
179.97(16)
-179.63(16)
-0.4(3)
0.7(3)
0.8(3)



C(2B)-C(3B)-C(4B)-C(7B)
C(3B)-C(4B)-C(5B)-C(6B)
C(3B)-C(4B)-C(7B)-C(8B)
C(4B)-C(5B)-C(6B)-C(1B)
C(4B)-C(7B)-C(8B)-C(9B)
C(4B)-C(7B)-C(8B)-C(12B)
C(4B)-C(7B)-C(8B)-C(14B)
C(5B)-C(4B)-C(7B)-C(8B)
C(6B)-C(1B)-C(2B)-C(3B)
C(7B)-C(4B)-C(5B)-C(6B)
C(7B)-C(8B)-C(9B)-C(10B)
C(7B)-C(8B)-C(12B)-0(3B)
C(7B)-C(8B)-C(12B)-0(5B)
C(7B)-C(8B)-C(12B)-C(13B)
C(7B)-C(8B)-C(14B)-O(6B)
C(7B)-C(8B)-C(14B)-O(7B)
C(8B)-C(9B)-C(10B)-O(3B)
C(8B)-C(9B)-C(10B)-O(4B)
C(8B)-C(9B)-C(10B)-C(11B)
C(9B)-C(8B)-C(12B)-O(3B)
C(9B)-C(8B)-C(12B)-O(5B)
C(9B)-C(8B)-C(12B)-C(13B)
C(9B)-C(8B)-C(14B)-0(6B)
C(9B)-C(8B)-C(14B)-O(7B)
C(10B)-O(3B)-C(12B)-O(5B)
C(10B)-O(3B)-C(12B)-C(8B)
C(10B)-O(3B)-C(12B)-C(13B)
C(10B)-O(4B)-O(5B)-C(12B)
C(12B)-O(3B)-C(10B)-O(4B)
C(12B)-O(3B)-C(10B)-C(9B)
C(12B)-O(3B)-C(10B)-C(11B)
C(12B)-C(8B)-C(9B)-C(10B)
C(12B)-C(8B)-C(14B)-O(6B)
C(12B)-C(8B)-C(14B)-O(7B)
C(14B)-O(6B)-C(15B)-C(16B)
C(14B)-C(8B)-C(9B)-C(10B)
C(14B)-C(8B)-C(12B)-0(3B)
C(14B)-C(8B)-C(12B)-0(5B)
C(14B)-C(8B)-C(12B)-C(13B)
C(15B)-0(6B)-C(14B)-O(7B)
C(15B)-0(6B)-C(14B)-C(8B)

179.56(16)
-0.4(3)
84.5(2)
-0.3(3)

69.11(19)

179.43(14)
-56.2(2)

-96.79(19)
-0.4(3)

-179.17(16)

117.77(15)
-84.55(16)
167.22(14)
42.5(2)
-61.27(19)
117.12)
-35.50(16)
72.27(16)

-162.65(15)

34.57(15)
-73.66(15)
161.60(15)
171.98(13)
-9.6(2)
54.27(14)
-56.99(14)
171.20(15)
-1.53(15)
-55.08(14)
57.77(15)

~171.50(15)

0.85(15)
62.33(19)
-119.3(2)
179.18(15)

-116.58(15)

151.29(14)
43.06(18)
-81.7(2)
0.8(2)
179.23(14)
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X-Ray data of cis-3a
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Figure S3. Molecular structure of cis-3a presented in thermal ellipsoids (50% probability).

The single-crystal X-ray data were collected using a Bruker D8 Venture Photon II four-
circle diffractometer (Bruker, Billerica, MA, USA) in w-scan mode (Cu Ko radiation, A = 1.54178
A). The raw data were indexed and integrated with the APEX3 program suite (Bruker AXS Inc.,
Madison, WI, USA, 2016). The experimental intensities were corrected for absorption effects
using SADABS.!? The crystal structure was solved using direct methods® and refined via full-
matrix least-squares on F2° using the OLEX2 structural data visualization and analysis program
suite.!® All non-hydrogen atoms were refined with anisotropic thermal parameters. The C-H
hydrogen atoms were placed in the calculated positions and refined using a riding model with
dependent isotropic thermal parameters, with Uiso(H) = 1.5Ueq(C) for the methyl and hydroxyl
groups and with Uiso(H) = 1.2Ueq(C) for other hydrogen atoms. In the refinement of the structure
cis-3a some SHELX restrains and constrains were used (DFIX, SIMU, ISOR, SADI, EADP).

Table S13. Crystal data and structure refinement for cis-3a.

Identification code cis-3a

Empirical formula Ci6H21NOy

Formula weight 371.34

Temperature 100(2) K

Wavelength 1.54178 E

Crystal system Monoclinic

Space group P21/c

Unit cell dimensions a="72471(9) E a=90°.

b =7.9047(10) Ep=91.709(5)°.
c=30.181(4)E y=90°.

Volume 1728.2(4) E3

V4 4

Density (calculated) 1.427 Mg/m3

Absorption coefficient 1.009 mm-1

F(000) 784

Crystal size 0.230 x 0.140 x 0.080 mm3

Theta range for data collection  2.929 to 67.726°.

Index ranges -8<=h<=8, -9<=k<=9, -36<=1<=35
Reflections collected 13715
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Independent reflections

3117 [R(int) = 0.0305]

Completeness to theta = 67.679° 99.5 %

Absorption correctionSemi-empirical from equivalents
0.7530 and 0.6889
Refinement methodFull-matrix least-squares on F2

Max. and min. transmission

Data / restraints / parameters 3117 /0/301

Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

Table S14. Bond lengths [E] and angles [°] for cis-3a.

0(1)-0(2)
O(1)-H(1)
0(2)-C(1)
0(3)-C(4)
0(3)-C(1)
0(4)-C(4)
0(4)-0(5)
0(5)-H(5)
0(6)-C(7)
0(7)-C(7)
0(7)-C(8)
0(8)-N(1)
0(9)-N(1)
N(1)-C(14)
C(1)-C(5)
C(1)-C(2)
C(2)-C(3)
C(2)-H(QA)
C(2)-H(2B)
C(3)-C(7)
C(3)-C(10)
C(3)-C(4)
C(4)-C(6)
C(5)-H(5A)
C(5)-H(5B)
C(5)-H(5C)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(8)-C(9)
C(8)-H(8A)
C(8)-H(8B)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-C(11)
C(10)-H(10A)
C(10)-H(10B)
C(11)-C(16)
C(11)-C(12)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(15)-C(16)
C(15)-H(15)
C(16)-H(16)

1.059

0.0022(3)

R1=0.0346, wR2 =0.0861
R1=0.0359, wR2 =0.0870

0.304 and -0.200 e.E-3

1.4637(15)
0.93(2)
1.4090(16)
1.4147(15)
1.4430(15)
1.4208(16)
1.4723(13)
0.93(2)
1.2048(16)
1.3342(16)
1.4581(16)
1.2306(19)
1.2251(18)
1.4730(18)
1.519(2)
1.5361(18)
1.5344(18)
0.965(17)
0.985(16)
1.5283(17)
1.5522(17)
1.5656(17)
1.5012(19)
1.00(2)
1.00(2)
0.98(2)
0.983(19)
0.982(19)
0.969(19)
1.495(2)
1.000(18)
0.995(18)
1.02(2)
0.97(2)
0.94(2)
1.5140(18)
0.971(16)
0.976(17)
1.394(2)
1.397(2)
1.390(2)
0.988(17)
1.380(2)
0.966(17)
1.385(2)
1.384(2)
0.938(19)
0.923(17)
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0(2)-0(1)-H(1)
C(1)-0(2)-0(1)
C(4)-0(3)-C(1)
C(4)-0(4)-0(5)
0(4)-0(5)-H(5)
C(7)-0(7)-C(8)
0(9)-N(1)-O(8)
0(9)-N(1)-C(14)
0(8)-N(1)-C(14)
0(2)-C(1)-0(3)
0(2)-C(1)-C(5)
0(3)-C(1)-C(5)
0(2)-C(1)-C(2)
0(3)-C(1)-C(2)
C(5)-C(1)-C(2)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2B)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(7)-C(3)-C(2)
C(7)-C(3)-C(10)
C(2)-C(3)-C(10)
C(7)-C(3)-C(4)
C(2)-C(3)-C(4)
C(10)-C(3)-C(4)
0(3)-C(4)-0(4)
0(3)-C(4)-C(6)
0(4)-C(4)-C(6)
0(3)-C(4)-C(3)
0(4)-C(4)-C(3)
C(6)-C(4)-C(3)
C(1)-C(5)-H(5A)
C(1)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(1)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
C(4)-C(6)-H(6A)
C(4)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(4)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
0(6)-C(7)-0(7)
0(6)-C(7)-C(3)
0(7)-C(7)-C(3)
0(7)-C(8)-C(9)
0(7)-C(8)-H(8A)
C(9)-C(8)-H(8A)
O(7)-C(8)-H(8B)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(8)-C(9)-H(9A)
C(8)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(8)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
C(11)-C(10)-C(3)

97.0(13)
109.70(9)
109.73(9)
107.52(9)

95.7(14)
116.98(10)
123.79(13)
118.39(14)
117.81(14)
107.67(10)
102.38(11)
110.45(11)
115.69(11)
105.17(10)
115.35(11)
106.33(10)
110.3(9)
107.9(10)
111.6(9)
110.6(9)
110.0(13)
111.50(10)
109.19(10)
113.53(10)
111.60(10)
100.81(10)
110.01(10)
110.51(10)
108.45(11)
113.11(11)
103.81(10)
100.82(10)
119.56(11)
109.6(11)
107.4(11)
109.2(15)
108.0(11)
111.2(16)
111.5(16)
110.8(10)
109.6(11)
108.6(15)
108.4(11)
109.6(15)
109.9(14)
124.37(12)
124.57(12)
111.02(11)
106.92(12)
108.0(10)
113.1(10)
106.3(10)
112.9(10)
109.3(14)
108.8(13)
109.1(14)
106.9(19)
109.8(14)
112.3(19)
110(2)
113.79(10)
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C(11)-C(10)-H(10A)
C(3)-C(10)-H(10A)
C(11)-C(10)-H(10B)
C(3)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(16)-C(11)-C(12)
C(16)-C(11)-C(10)
C(12)-C(11)-C(10)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-N(1)
C(15)-C(14)-N(1)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(11)
C(15)-C(16)-H(16)
C(11)-C(16)-H(16)

107.8(9)
109.4(9)
110.0(9)
107.5(9)
108.2(13)
118.68(13)
120.27(12)
121.01(12)
121.16(14)
119.8(10)
119.1(10)
118.19(13)
121.2(10)
120.5(10)
122.32(13)
118.75(13)
118.91(14)
118.60(14)
120.2(11)
121.2(11)
121.02(14)
120.5(11)
118.4(11)

Table S15. Torsion angles [°] for cis-3a.

O(1)-0(2)-C(1)-0(3)
O(1)-0(2)-C(1)-C(5)
O(1)-0(2)-C(1)-C(2)
C(4)-0(3)-C(1)-0(2)
C(4)-0(3)-C(1)-C(5)
C(4)-0(3)-C(1)-C(2)
O(2)-C(1)-C(2)-C(3)
0(3)-C(1)-C(2)-C(3)
C(5)-C(1)-C(2)-C(3)
C(D-C(2)-C(3)-C(7)
C(1)-C(2)-C(3)-C(10)
C(1)-C(2)-C(3)-C(4)
C(1)-0(3)-C(4)-0(4)
C(1)-0(3)-C(4)-C(6)
C(1)-0(3)-C(4)-C(3)
O(5)-0(4H-C(4)-0(3)
O(5)-0(4)-C(4)-C(6)
O(5)-0(4-C(4)-C(3)
C(7)-C(3)-C(4)-0(3)
C(2)-CR3)-C(4H-03)
C(10)-C(3)-C(4)-0(3)
C(7)-CR3)-C(4H-0(4)
C(2)-C3)-C(4H-0(4)
C(10)-C(3)-C(4)-0O(4)
C(7)-C(3)-C(4)-C(6)
C(2)-C(3)-C(4)-C(6)
C(10)-C(3)-C(4)-C(6)
C(8)-O(7)-C(7)-0(6)
C(8)-0(7)-C(7)-C(3)
C(2)-C(3)-C(7)-0(6)
C(10)-C(3)-C(7)-0O(6)
C(4)-C(3)-C(7)-O(6)
C(2)-CR3)-C(7)-O(7)
C(10)-C(3)-C(7)-O(7)
C(#)-C3)-C(N-O(7)
C(7)-0(7)-C(8)-C(9)

-65.25(12)
178.30(10)

52.01(14)
145.99(10)

-102.97(12)

22.09(13)

-116.24(12)

2.41(13)
124.35(12)

-141.21(11)

94.95(12)
-22.64(12)
70.28(12)

-165.21(10)

-37.07(12)
62.26(12)
-59.54(13)
171.59(9)
154.29(10)
35.80(12)
-84.34(12)
39.81(13)
-78.68(11)
161.18(10)
-84.78(14)
156.73(12)
36.59(15)
5.74(18)

-176.63(10)

-7.93(18)
118.33(14)

-119.83(14)

174.45(10)
-59.30(13)
62.55(14)

-169.06(13)
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C(7)-C(3)-C(10)-C(11) -62.60(14)

C(2)-C(3)-C(10)-C(11) 62.49(15)
C(4)-C(3)-C(10)-C(11) 174.60(11)
C(3)-C(10)-C(11)-C(16) 92.94(15)
C(3)-C(10)-C(11)-C(12) -89.15(15)
C(16)-C(11)-C(12)-C(13) -0.8(2)
C(10)-C(11)-C(12)-C(13)  -178.75(12)
C(11)-C(12)-C(13)-C(14) 1.3Q2)
C(12)-C(13)-C(14)-C(15) -0.5(2)
C(12)-C(13)-C(14)-N(1) 177.94(13)
0(9)-N(1)-C(14)-C(13) 7.8(2)
0(8)-N(1)-C(14)-C(13) -171.03(14)
0(9)-N(1)-C(14)-C(15) -173.77(14)
0(8)-N(1)-C(14)-C(15) 7.4(2)
C(13)-C(14)-C(15)-C(16) -0.9(2)
N(1)-C(14)-C(15)-C(16) -179.29(13)
C(14)-C(15)-C(16)-C(11) 1.42)
C(12)-C(11)-C(16)-C(15) -0.6(2)

C(10)-C(11)-C(16)-C(15) 177.36(12)

Table S16. Hydrogen bonds for cis-3a [E and °].

D-H..A d(D-H) d(H...A) d(D..A)  <(DHA)
O(1)-H(1)...0(6)#1 0.93(2) 1.89(2) 2.8126(14)  172(2)
0(5)-H(5)...03)#2 0.93(2) 1.86(2) 2.7909(14)  178(2)

#1 x,y-1,z #2 -x,y+1/2,-z+1/2
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X-Ray data of Sa

Figure S4. Molecular structure of 5a presented in thermal ellipsoids (50% probability).

X-ray diffraction data were collected at 100K on a four-circle Rigaku Synergy S
diffractometer equipped with a HyPix6000HE area-detector (kappa geometry, shutterless w-scan
technique), using monochromatized Cu K -radiation. The intensity data were integrated and
corrected for absorption and decay by the CrysAlisPro program.” The structure was solved by
direct methods using SHELXT?® and refined on F~ using SHELXL-2018° in the OLEX2 program.'?
All non-hydrogen atoms were refined with individual anisotropic displacement parameters. All
hydrogen atoms were placed in ideal calculated positions and refined as riding atoms with relative
isotropic displacement parameters. A rotating group model was applied for methyl groups. The
Mercury program suite!! was used for molecular graphics.

Atoms O3 and OS5 are disordered over two positions with the contribution of the main

component of 0.64(2).

Table S17. Crystal data and structure refinement for 5a

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections

S5a

C16H19NO8

353.32

99.97(18) K

1.54184 A

Monoclinic

la

a=6.83692(6) A a= 90°.
b=21.3655(2) A b=91.5169(8)°.
c=11.21195(9) A g=90°.
1637.20(2) A3

4

1.433 g/em?3

0.991 mm-1
744

0.59 x 0.45 x 0.23 mm?3

4.138 to 77.754°.

8<=h<=8, -26<=k<=26, -12<=1<=14
20824

3079 [R(int) = 0.0327]

3069
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Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]

R indices (all data)

Absolute structure parameter

100.0 %
Semi-empirical from equivalents
1.00000 and 0.66074

Full-matrix least-squares on F2
3079 /6 /237

1.045
R1=0.0251, wR2 = 0.0661
R1=0.0251, wR2 = 0.0661
0.03(7)

Extinction coefficient 0.0018(2)

Largest diff. peak and hole 0.161 and -0.166 e.A-3

Table S18. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%)
for 5a. U(eq) is defined as one third of the trace of the orthogonalized U¥ tensor.

X y z U(eq)
0(2) 5092(2) 7611(1) 3159(1) 22(1)
0(3) 6931(9) 7715(4) 3863(5) 26(1)
0(3A) 6688(17) 7878(5) 3945(10) 26(1)
0o(5) 4907(9) 8079(4) 5357(7) 23(1)
0O(5A) 4718(16) 7952(5) 5569(11) 23(1)
0O(6) 3083(2) 7817(1) 4760(1) 20(1)
O(17) 4441(2) 4229(1) 8921(1) 35(1)
0O(18) 4290(2) 3702(1) 7273(1) 26(1)
0(20) 6754(2) 6083(1) 3600(1) 31(1)
0(21) 3676(2) 6111(1) 2863(1) 25(1)
N(16) 4252(2) 4193(1) 7835(1) 21(1)
C(1) 3597(3) 7365(1) 3882(2) 18(1)
C4) 6471(3) 7671(1) 5116(2) 19(1)
C(7 4375(2) 6766(1) 4524(2) 16(1)
C(®) 6082(3) 6989(1) 5342(2) 25(1)
C) 2711(3) 6466(1) 5245(2) 20(1)
C(10) 3266(2) 5875(1) 5916(2) 17(1)
C(11) 3866(2) 5893(1) 7116(2) 19(1)
C(12) 4213(2) 5344(1) 7751(2) 18(1)
C(13) 3966(2) 4779(1) 7162(2) 18(1)
C(14) 3429(2) 4742(1) 5969(2) 18(1)
C(15) 3073(2) 5294(1) 5352(2) 18(1)
C(19) 5113(3) 6288(1) 3616(2) 20(1)
C(22) 4163(4) 5635(1) 1989(2) 38(1)
C(23) 2512(4) 5612(1) 1086(2) 41(1)
C(24) 1802(3) 7325(1) 3070(2) 25(1)
C(25) 8196(3) 7941(1) 5807(2) 30(1)

Table S19. Bond lengths [A] and angles [°] for 5a.

0(2)-0(3) 1.484(6)
0(2)-0(3A) 1.498(12)
0(2)-C(1) 1.422(2)
0(3)-C(4) 1.450(6)
O(3A)-C(4) 1.397(12)
0(5)-0(6) 1.508(6)
0(5)-C(4) 1.412(6)
0(5A)-0(6) 1.450(12)
O(5A)-C(4) 1.445(12)
0(6)-C(1) 1.429(2)
0(17)-N(16) 1.223(2)
0(18)-N(16) 1.224(2)
0(20)-C(19) 1.205(2)

S260



0(21)-C(19)
0(21)-C(22)
N(16)-C(13)
C(1)-C(7)
C(1)-C(24)
C(4)-C(8)
C(4)-C(25)
C(7)-C(8)
C(7)-C(9)
C(7)-C(19)
C(8)-H(8A)
C(8)-H(8B)
C(9)-H(9A)
C(9)-H(9B)
C(9)-C(10)
C(10)-C(11)
C(10)-C(15)
C(11)-H(11)
C(11)-C(12)
C(12)-H(12)
C(12)-C(13)
C(13)-C(14)
C(14)-H(14)
C(14)-C(15)
C(15)-H(15)
C(22)-H(22A)
C(22)-H(22B)
C(22)-C(23)
C(23)-H(23A)
C(23)-H(23B)
C(23)-H(23C)
C(24)-H(24A)
C(24)-H(24B)
C(24)-H(24C)
C(25)-H(25A)
C(25)-H(25B)
C(25)-H(25C)
C(1)-0(2)-0(3)
C(1)-0(2)-0(3A)
C(4)-0(3)-0(2)
C(4)-0(3A)-0(2)
C(4)-0(5)-0(6)
C(4)-0(5A)-0(6)
C(1)-0(6)-0(5)
C(1)-0(6)-O(5A)
C(19)-0(21)-C(22)
0(17)-N(16)-0(18)
0(17)-N(16)-C(13)
O(18)-N(16)-C(13)
0(2)-C(1)-0(6)
0(2)-C(1)-C(7)
0(2)-C(1)-C(24)
0(6)-C(1)-C(7)
0(6)-C(1)-C(24)
C(24)-C(1)-C(7)
0(3)-C(4)-C(8)
0(3)-C(4)-C(25)
O(3A)-C(4)-O(5A)
O(3A)-C(4)-C(8)
O(3A)-C(4)-C(25)
0(5)-C(4)-0(3)
0(5)-C(4)-C(8)

1.3332)
1.457(2)
1.472(2)
1.555(2)
1.511(3)
1.505(2)
1.508(3)
1.541(3)
1.551(2)
1.536(2)
0.9900
0.9900
0.9900
0.9900
1.513(2)
1.396(2)
1.397(2)
0.9500
1.389(2)
0.9500
1.385(2)
1.380(2)
0.9500
1.387(2)
0.9500
0.9900
0.9900
1.497(3)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
111.3(3)
109.2(5)
107.7(4)
109.8(8)
107.9(4)
109.3(8)
110.0(3)
111.5(5)
116.50(16)
124.25(15)
117.76(15)
117.99(14)
109.66(13)
109.03(13)
105.15(14)
108.95(13)
104.00(14)
119.69(14)
105.6(4)
106.7(3)
108.0(6)
119.3(5)
105.1(5)
109.2(3)
115.4(4)
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0(5)-C(4)-C(25)
O(5A)-C(4)-C(8)
O(5A)-C(4)-C(25)
C(8)-C(4)-C(25)
C(8)-C(7)-C(1)
C(8)-C(7)-C(9)
C(9)-C(7)-C(1)
C(19)-C(7)-C(1)
C(19)-C(7)-C(8)
C(19)-C(7)-C(9)
C(4)-C(8)-C(7)
C(4)-C(8)-H(8A)
C(4)-C(8)-H(8B)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(7)-C(9)-H(9A)
C(7)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(10)-C(9)-C(7)
C(10)-C(9)-H(9A)
C(10)-C(9)-H(9B)
C(11)-C(10)-C(9)
C(11)-C(10)-C(15)
C(15)-C(10)-C(9)
C(10)-C(11)-H(11)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(11)-C(12)-H(12)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(12)-C(13)-N(16)
C(14)-C(13)-N(16)
C(14)-C(13)-C(12)
C(13)-C(14)-H(14)
C(13)-C(14)-C(15)
C(15)-C(14)-H(14)
C(10)-C(15)-H(15)
C(14)-C(15)-C(10)
C(14)-C(15)-H(15)
0(20)-C(19)-0(21)
0(20)-C(19)-C(7)
0(21)-C(19)-C(7)
0(21)-C(22)-H(22A)
0(21)-C(22)-H(22B)
0(21)-C(22)-C(23)
H(22A)-C(22)-H(22B)
C(23)-C(22)-H(22A)
C(23)-C(22)-H(22B)
C(22)-C(23)-H(23A)
C(22)-C(23)-H(23B)
C(22)-C(23)-H(23C)
H(23A)-C(23)-H(23B)
H(23A)-C(23)-H(23C)
H(23B)-C(23)-H(23C)
C(1)-C(24)-H(24A)
C(1)-C(24)-H(24B)
C(1)-C(24)-H(24C)
H(24A)-C(24)-H(24B)
H(24A)-C(24)-H(24C)
H(24B)-C(24)-H(24C)
C(4)-C(25)-H(25A)

104.6(3)
101.0(4)
107.8(5)
115.01(16)
105.37(14)
111.88(15)
109.53(13)
110.75(13)
110.06(15)
109.22(14)
109.54(15)
109.8
109.8
109.8
109.8
108.2
108.5
108.5
107.5
115.18(14)
108.5
108.5
121.31(16)
118.81(16)
119.77(16)
119.6
120.87(16)
119.6
120.8
118.35(16)
120.8
119.00(15)
118.46(16)
122.54(16)
120.9
118.27(16)
120.9
119.4
121.13(17)
119.4
124.00(17)
124.94(18)
111.02(14)
110.3
110.3
107.28(19)
108.5
110.3
110.3
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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C(4)-C(25)-H(25B) 109.5

C(4)-C(25)-H(25C) 109.5
H(25A)-C(25)-H(25B) 109.5
H(25A)-C(25)-H(25C) 109.5
H(25B)-C(25)-H(25C) 109.5

Table S20. Anisotropic displacement parameters (A2x 103) for 5a. The anisotropic
displacement factor exponent takes the form: -2m?[ h? a*2Ull + ... +2 hk a* b* Ul2]

Ull U22 U33 U23 U13 U12
0(2) 27(1) 23(1) 16(1) 4(1) 0(1) 2(1)
0(3) 15(2) 41(3) 21(1) 13(2) 1(1) 2(2)
0(3A) 15(2) 41(3) 21(1) 13(2) 1(1) 2(2)
0(5) 24(1) 17(2) 27(2) -5(2) -7(1) 4(1)
O(5A)  24(1) 17(2) 27(2) -5(2) -7(1) 4(1)
0(6) 18(1) 18(1) 24(1) 2(1) -1(1) 3(1)
0(17) 50(1) 30(1) 24(1) 11(1) -8(1) -3(1)
0(18) 26(1) 16(1) 36(1) 5(1) 2(1) 1(1)
0(20) 30(1) 36(1) 26(1) 1(1) 5(1) 16(1)
0(21) 36(1) 21(1) 18(1) -5(1) -3(1) 6(1)
N(16) 19(1) 20(1) 25(1) 7(1) 2(1) -1(1)
C(1) 23(1) 14(1) 17(1) 3(1) 1(1) 2(1)
C(4) 20(1) 20(1) 18(1) 3(1) 2(1) 0(1)
C(7) 20(1) 16(1) 13(1) 2(1) 0(1) 2(1)
C(8) 30(1) 19(1) 25(1) 3(1) -10(1) -1(1)
C(9) 22(1) 19(1) 20(1) 5(1) 6(1) 6(1)
C(10) 15(1) 18(1) 18(1) 4(1) 4(1) 2(1)
C(11) 20(1) 17(1) 20(1) 0(1) 4(1) 0(1)
C(12) 18(1) 21(1) 16(1) 2(1) 1(1) -1(1)
C(13) 13(1) 18(1) 22(1) 5(1) 2(1) 0(1)
C(14) 15(1) 16(1) 22(1) -1(1) 2(1) -1(1)
C(15) 16(1) 21(1) 17(1) 1(1) 2(1) -1(1)
C(19) 26(1) 18(1) 15(1) 4(1) 4(1) 5(1)
C(22) 72(2) 22(1) 19(1) -7(1) 1(1) 12(1)
C(23) 712) 31(1) 22(1) -4(1) 3(1) -20(1)
C(24) 28(1) 20(1) 25(1) 5(1) -9(1) 3(1)
C(25) 27(1) 29(1) 34(1) 6(1) -8(1) -7(1)

Table S21. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10 3)
for 5a.

X y z U(eq)
H(8A) 5750 6926 6187 30
H(8B) 7270 6741 5181 30
H(9A) 2245 6778 5825 24
H(9B) 1604 6369 4688 24
H(11) 4039 6285 7502 23
H(12) 4609 5356 8569 22
H(14) 3307 4348 5580 21
H(15) 2691 5278 4531 22
H(22A) 4328 5223 2382 45
H(22B) 5400 5744 1599 45
H(23A) 2508 5995 607 62
H(23B) 1269 5575 1495 62
H(23C) 2679 5249 563 62
H(24A) 780 7087 3466 37
H(24B) 2138 7115 2326 37
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H(24C) 1323 7748 2892 37
H(25A) 8331 8386 5614 45
H(25B) 9390 7718 5593 45
H(25C) 7989 7894 6664 45
Table S22. Torsion angles [°] for 5a.
0(2)-0(3)-C(4)-0(5) -53.1(5)
0(2)-0(3)-C(4)-C(8) 71.6(5)
0(2)-0(3)-C(4)-C(25) -165.6(4)
0(2)-0O(3A)-C(4)-O(5A) -67.9(8)
0(2)-0(3A)-C(4)-C(8) 46.4(8)
0(2)-O(3A)-C(4)-C(25) 177.3(5)
0(2)-C(1)-C(7)-C(8) 63.54(17)
0(2)-C(1)-C(7)-C(9) -175.96(14)
0(2)-C(1)-C(7)-C(19) -55.44(18)
0(3)-0(2)-C(1)-0(6) 65.0(4)
0(3)-0(2)-C(1)-C(7) -54.2(4)
0(3)-0(2)-C(1)-C(24) 176.3(4)
0(3)-C(4)-C(8)-C(7) -59.1(3)
0O(3A)-0(2)-C(1)-0(6) 48.8(5)
O(BA)-0(2)-C(1)-C(7) -70.4(5)
0O(BA)-0(2)-C(1)-C(24) 160.1(4)
O(BA)-C(4)-C(8)-C(7) -50.1(6)
0O(5)-0(6)-C(1)-0(2) -47.5(4)
O(5)-0(6)-C(1)-C(7) 71.7(4)
0O(5)-0(6)-C(1)-C(24) -159.6(4)
O(5)-C(4)-C(8)-C(7) 61.7(4)
O(5A)-0(6)-C(1)-0(2) -63.3(5)
O(5A)-0(6)-C(1)-C(7) 55.9(5)
O(5A)-0(6)-C(1)-C(24) -175.4(5)
O(5A)-C(4)-C(8)-C(7) 67.9(5)
0(6)-0(5)-C(4)-0(3) 69.9(5)
0(6)-0(5)-C(4)-C(8) -48.9(6)
0(6)-0(5)-C(4)-C(25) -176.3(4)
0(6)-0O(5A)-C(4)-0O(3A) 54.0(8)
0(6)-O(5A)-C(4)-C(8) -71.9(6)
0(6)-O(5A)-C(4)-C(25) 167.1(5)
0O(6)-C(1)-C(7)-C(8) -56.10(17)
0(6)-C(1)-C(7)-C(9) 64.39(17)
0(6)-C(1)-C(7)-C(19) -175.08(14)
O(17)-N(16)-C(13)-C(12) 9.5(2)
O(17)-N(16)-C(13)-C(14) -169.45(16)
O(18)-N(16)-C(13)-C(12) -170.28(15)
O(18)-N(16)-C(13)-C(14) 10.7(2)
N(16)-C(13)-C(14)-C(15) 177.05(14)
C(1)-0(2)-0(3)-C(4) -13.2(7)
C(1)-0(2)-0(3A)-C(4) 14.6(8)
C(1)-C(7)-C(8)-C(4) -5.80(19)
C(1)-C(7)-C(9)-C(10) 179.85(14)
C(1)-C(7)-C(19)-0(20) 121.10(19)
C(1)-C(7)-C(19)-0(21) -60.92(18)
C(4)-0(5)-0(6)-C(1) -17.0(6)
C(4)-0O(5A)-0(6)-C(1) 10.0(8)
C(7)-C(9)-C(10)-C(11) 95.12(19)
C(7)-C(9)-C(10)-C(15) -88.6(2)
C(8)-C(7)-C(9)-C(10) -63.70(19)
C(8)-C(7)-C(19)-0(20) 5.0(2)
C(8)-C(7)-C(19)-0(21) -177.03(14)
C(9)-C(7)-C(8)-C(4) -124.74(16)
C(9)-C(7)-C(19)-0(20) -118.20(19)
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C(9)-C(7)-C(19)-0(21)
C(9)-C(10)-C(11)-C(12)
C(9)-C(10)-C(15)-C(14)
C(10)-C(11)-C(12)-C(13)
C(11)-C(10)-C(15)-C(14)
C(11)-C(12)-C(13)-N(16)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(10)
C(15)-C(10)-C(11)-C(12)
C(19)-0(21)-C(22)-C(23)
C(19)-C(7)-C(8)-C(4)
C(19)-C(7)-C(9)-C(10)
C(22)-0(21)-C(19)-0(20)
C(22)-0(21)-C(19)-C(7)
C(24)-C(1)-C(7)-C(8)
C(24)-C(1)-C(7)-C(9)
C(24)-C(1)-C(7)-C(19)
C(25)-C(4)-C(8)-C(7)

59.78(18)
174.47(15)

-175.10(15)

0.6(2)
1.2(2)

-177.60(14)

1.32)
-1.902)
0.6(2)
-1.8(2)

-167.79(16)

113.64(17)
58.4(2)
0.8(3)

-177.21(15)
-175.46(15)

-55.0(2)
65.6(2)

-176.43(15)
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X-Ray data of 6a

Figure S5. Molecular structure of 6a presented in thermal ellipsoids (50% probability).

X-ray diffraction data were collected at 100K on a four-circle Rigaku Synergy S
diffractometer equipped with a HyPix6000HE area-detector (kappa geometry, shutterless w-scan
technique), using monochromatized Cu K -radiation. The intensity data were integrated and
corrected for absorption and decay by the CrysAlisPro program.” The structure was solved by
direct methods using SHELXT? and refined on F? using SHELXL-2018° in the OLEX2 program.!?
All non-hydrogen atoms were refined with individual anisotropic displacement parameters. All
hydrogen atoms were placed in ideal calculated positions and refined as riding atoms with relative
isotropic displacement parameters. A rotating group model was applied for methyl groups. The

Mercury program suite!! was used for molecular graphics.

Table S23. Crystal data and structure refinement for 6a

Identification code 6a

Empirical formula C16H21INO10

Formula weight 387.34

Temperature 99.96(13) K

Wavelength 1.54184 A

Crystal system Monoclinic

Space group P2y/n

Unit cell dimensions a=6.27451(5) A a=90°.
b =8.24052(7) A b=92.3352(7)°.
c=233.9220(3) A g=90°.

Volume 1752.49(3) A3

Z 4

Density (calculated) 1.468 g/cm3

Absorption coefficient 1.065 mm-1

F(000) 816

Crystal size 0.19x 0.1 x 0.04 mm3

Theta range for data collection

2.607 to 77.807°.
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Index ranges
Reflections collected
Independent reflections

-6<=h<=7, -10<=k<=10, -42<=1<=42
21207
3681 [R(int) = 0.0202]

Observed reflections 3496
Completeness to theta = 67.684° 99.9 %
Absorption correction Gaussian

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

1.000 and 0.691

Full-matrix least-squares on F2
3681/0/255

1.055

R1=0.0288, wR2 = 0.0752
R1=0.0301, wR2 =0.0761
0.282 and -0.220 e.A-3

Table S24. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)
for 6a. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
o(1) 4451(1) 3310(1) 2809(1) 18(1)
0(2) 2469(1) 2450(1) 2890(1) 17(1)
0(3) 4682(1) 286(1) 3098(1) 17(1)
04) 4408(1) -426(1) 2705(1) 20(1)
0O(5) 3409(1) 5420(1) 3219(1) 18(1)
0O(6) 3023(1) 6453(1) 2876(1) 24(1)
0(9) 3021(1) -267(1) 4007(1) 20(1)
0(10) 6366(1) 622(1) 3935(1) 17(1)
0(19) 2820(1) 7972(1) 5173(1) 26(1)
0(20) 2831(1) 5743(1) 5512(1) 21(1)
N(19) 2737(1) 6487(1) 5198(1) 18(1)
C(3) 2861(2) 1228(1) 3181(1) 15(1)
C4) 3536(2) 2044(1) 3585(1) 14(1)
C(5) 5345(2) 3266(1) 3514(1) 15(1)
C(6) 5055(2) 4289(1) 3140(1) 16(1)
C(7 808(2) 254(1) 3166(1) 19(1)
C(8) 7112(2) 5087(1) 3020(1) 23(1)
C) 4267(2) 671(1) 3867(1) 15(1)
C(10) 7161(2) -732(1) 4177(1) 21(1)
C(11) 7283(2) -2244(1) 3930(1) 23(1)
C(12) 1533(2) 2847(1) 3759(1) 15(1)
C(13) 1962(1) 3788(1) 4138(1) 15(1)
C(14) 2150(2) 5475(1) 4130(1) 16(1)
C(15) 2419(2) 6371(1) 4475(1) 17(1)
C(16) 2504(2) 5544(1) 4831(1) 16(1)
C(17) 2347(2) 3867(1) 4852(1) 16(1)
C(18) 2073(2) 2995(1) 4504(1) 16(1)

Table S25. Bond lengths [A] and angles [°] for 6a.

O(1)-0(2) 1.4672(10)
O(1)-C(6) 1.4222(12)
0(2)-C(3) 1.4248(11)
0(3)-0(4) 1.4590(9)
0(3)-C(3) 1.4188(12)
O(4)-H(4) (1).49‘12(1(33
0(5)-0(6) 4567
0(5)-C(6) 1.4246(12)
0(6)-H(6) 0.843(19)
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0(9)-C(9)
0(10)-C(9)
0(10)-C(10)
0(19)-N(19)
0(20)-N(19)
N(19)-C(16)
C(3)-C(4)
C(3)-C(7)
C(4)-C(5)
C(4)-C(9)
C(4)-C(12)
C(5)-H(5A)
C(5)-H(5B)
C(5)-C(6)
C(6)-C(8)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(10)-H(10A)
C(10)-H(10B)
C(10)-C(11)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-H(12A)
C(12)-H(12B)
C(12)-C(13)
C(13)-C(14)
C(13)-C(18)
C(14)-H(14)
C(14)-C(15)
C(15)-H(15)
C(15)-C(16)
C(16)-C(17)
C(17)-H(17)
C(17)-C(18)
C(18)-H(18)
C(6)-0(1)-0(2)
C(3)-0(2)-0(1)
C(3)-0(3)-0(4)
0(3)-0(4)-H(4)
C(6)-0(5)-0(6)
0(5)-0(6)-H(6)

C(9)-0(10)-C(10)

0(19)-N(19)-0(20)
0(19)-N(19)-C(16)
0(20)-N(19)-C(16)

0(2)-C(3)-C(4)
0(2)-C3)-C(7)
0(3)-C(3)-0(2)
0(3)-C(3)-C(4)
0(3)-C3)-C(7)
C(7)-C(3)-C(4)
C(5)-C(H-CQ3)
C(5)-C(4)-C(12)
C(9)-C(4)-C(3)
C(9)-C(4)-C(5)
C(9)-C(4)-C(12)
C(12)-C(4)-C(3)

1.2109(13)
1.3288(12)
1.4603(12)
1.2273(12)
1.2281(11)
1.4710(12)
1.5695(13)
1.5173(14)
1.5443(13)
1.5382(13)
1.5571(13)
0.9900
0.9900
1.5280(13)
1.5195(14)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9900
0.9900
1.5062(15)
0.9800
0.9800
0.9800
0.9900
0.9900
1.5154(13)
1.3957(14)
1.4020(13)
0.9500
1.3872(14)
0.9500
1.3856(14)
1.3881(15)
0.9500
1.3872(14)
0.9500

109.07(6)

110.33(7)

109.62(7)

100.4(10)

109.21(7)

103.0(12)

115.81(8)

123.90(9)

118.06(8)

118.04(9)

109.65(8)

103.24(8)

111.50(7)

102.53(7)

113.17(8)

116.96(8)

108.47(7)

113.05(8)

106.88(7)

111.95(8)

107.63(8)

108.63(8)
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C(4)-C(5)-H(5A)
C(4)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5A)
C(6)-C(5)-H(5B)
0(1)-C(6)-0(5)
0(1)-C(6)-C(5)
0(1)-C(6)-C(8)
0(5)-C(6)-C(5)
0(5)-C(6)-C(8)
C(8)-C(6)-C(5)
C(3)-C(7)-H(7A)
C(3)-C(7)-H(7B)
C(3)-C(7)-H(7C)
H(7A)-C(7)-H(7B)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
C(6)-C(8)-H(8A)
C(6)-C(8)-H(8B)
C(6)-C(8)-H(8C)
H(8A)-C(8)-H(8B)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
0(9)-C(9)-0(10)
0(9)-C(9)-C(4)
0(10)-C(9)-C(4)
0(10)-C(10)-H(10A)
0(10)-C(10)-H(10B)
0(10)-C(10)-C(11)
H(10A)-C(10)-H(10B)
C(11)-C(10)-H(10A)
C(11)-C(10)-H(10B)
C(10)-C(11)-H(11A)
C(10)-C(11)-H(11B)
C(10)-C(11)-H(11C)
H(11A)-C(11)-H(11B)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
C(4)-C(12)-H(12A)
C(4)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(13)-C(12)-C(4)
C(13)-C(12)-H(12A)
C(13)-C(12)-H(12B)
C(14)-C(13)-C(12)
C(14)-C(13)-C(18)
C(18)-C(13)-C(12)
C(13)-C(14)-H(14)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(14)-C(15)-H(15)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(15)-C(16)-N(19)
C(15)-C(16)-C(17)
C(17)-C(16)-N(19)
C(16)-C(17)-H(17)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(13)-C(18)-H(18)
C(17)-C(18)-C(13)

108.5
108.5
107.5
115.20(8)
108.5
108.5
110.39(8)
111.24(8)
103.56(8)
105.48(7)
113.48(8)
112.83(8)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
124.24(9)
122.19(9)
113.58(8)
109.7
109.7
110.05(8)
108.2
109.7
109.7
109.5
109.5
109.5
109.5
109.5
109.5
108.6
108.6
107.5
114.83(8)
108.6
108.6
120.41(9)
118.64(9)
120.88(9)
119.3
121.45(9)
119.3
120.9
118.19(9)
120.9
118.55(9)
122.29(9)
119.15(9)
120.7
118.56(9)
120.7
119.6
120.86(9)
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C(17)-C(18)-H(18) 119.6

Table S26. Anisotropic displacement parameters (A2x 10%) for 6a. The anisotropic
displacement factor exponent takes the form: -2r?[ h? a*2U!l + ... +2 hk a* b* Ul2]

Ull U22 U33 U23 U13 U12
o(1) 25(1) 17(1) 13(1) o(1) 3(1) -A(1)
0(2) 20(1) 16(1) 15(1) 2(1) 2(1) 2(1)
0(3) 20(1) 18(1) 12(1) -4(1) 0(1) 3(1)
0(4) 29(1) 17(1) 13(1) -4(1) 2(1) o(1)
0(5) 27(1) 15(1) 12(1) 4(1) -1(1) 4(1)
0(6) 41(1) 14(1) 15(1) 6(1) -8(1) -1(1)
0(9) 23(1) 18(1) 21(1) 6(1) 4(1) 1(1)
0(10) 19(1) 15(1) 18(1) 3(1) -4(1) (1)
0o(19)  36(1) 19(1) 23(1) -5(1) 0(1) 0(1)
020)  21(1) 29(1) 14(1) o(1) 0(1) 1(1)
N(19) 15(1) 22(1) 17(1) 2(1) 1(1) 1(1)
C(3) 19(1) 14(1) 13(1) 1(1) 1(1) 1(1)
C(4) 16(1) 13(1) 12(1) 1(1) 1(1) 1(1)
C(5) 16(1) 15(1) 13(1) 1(1) 1(1) o(1)
C(6) 21(1) 15(1) 13(1) o(1) 1(1) o(1)
C(7) 20(1) 20(1) 18(1) -3(1) 1(1) -3(1)
C(8) 27(1) 22(1) 19(1) 2(1) 5(1) -6(1)
C(9) 19(1) 14(1) 13(1) -1(1) 1(1) 2(1)
C(10) 24(1) 18(1) 22(1) 6(1) -6(1) 3(1)
c(11) 22(1) 18(1) 30(1) 3(1) 2(1) 3(1)
C(12) 15(1) 16(1) 14(1) 0(1) 0(1) 1(1)
C(13) 11(1) 18(1) 15(1) 0(1) 1(1) 2(1)
C(14) 16(1) 18(1) 15(1) 2(1) 2(1) 2(1)
C(15) 16(1) 16(1) 18(1) 1(1) 2(1) 1(1)
C(16) 13(1) 20(1) 14(1) 2(1) 1(1) 1(1)
c(17) 14(1) 20(1) 14(1) 3(1) 1(1) 1(1)
C(18) 14(1) 16(1) 17(1) 1(1) 2(1) 1(1)

Table S27. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)
for 6a.

X y z U(eq)
H(4) 4030(30) -1460(20) 2769(5) 42(4)
H(6) 2240(30) 5870(20) 2725(5) 42(4)
H(5A) 5476 4006 3744 18
H(5B) 6703 2660 3502 18
H(7A) -406 986 3196 29
H(7B) 849 -543 3381 29
H(7C) 653 -311 2913 29
H(8A) 8140 4248 2951 34
H(8B) 7706 5738 3239 34
H(8C) 6817 5789 2791 34
H(10A) 6198 -919 4397 26
H(10B) 8595 -466 4292 26
H(11A) 8245 -2058 3714 35
H(11B) 5858 -2516 3821 35
H(11C) 7827 -3143 4094 35
H(12A) 887 3592 3559 18
H(12B) 474 1988 3809 18
H(14) 2093 6022 3883 20
H(15) 2542 7519 4467 20
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H(17) 2425 3327 5099
H(18) 1958 1847 4513

Table S28. Torsion angles [°] for 6a.

0(1)-0(2)-C(3)-0(3) ~46.96(9)
0(1)-0(2)-C(3)-C(4) 65.88(9)

0(1)-0(2)-C(3)-C(7) -168.77(7)
0(2)-0(1)-C(6)-0(5) -58.74(9)
0(2)-0(1)-C(6)-C(5) 58.00(9)

0(2)-0(1)-C(6)-C(8) 179.45(7)
0(2)-C(3)-C(4)-C(5) -50.48(10)
0(2)-C(3)-C(4)-C(9) -171.37(7)
0(2)-C(3)-C(4)-C(12) 72.76(9)

0(3)-C(3)-C(4)-C(5) 68.07(9)

0(3)-C(3)-C(4)-C(9) -52.81(9)
0(3)-C(3)-C(4)-C(12) -168.69(7)
0(4)-0(3)-C(3)-0(2) -56.62(9)
0(4)-0(3)-C(3)-C(4) -173.86(7)
0(4)-0(3)-C(3)-C(7) 59.25(9)

0(6)-0(5)-C(6)-0(1) -59.74(9)
0(6)-0(5)-C(6)-C(5) 180.00(7)
0(6)-0(5)-C(6)-C(8) 56.00(10)
0(19)-N(19)-C(16)-C(15) 0.86(13)

0(19)-N(19)-C(16)-C(17) -178.23(9)
0(20)-N(19)-C(16)-C(15) -179.34(9)
0(20)-N(19)-C(16)-C(17) 1.57(13)

N(19)-C(16)-C(17)-C(18) 178.36(8)
C(3)-C(4)-C(5)-C(6) 41.48(10)
C(3)-C(4)-C(9)-0(9) 72.84(11)
C(3)-C(4)-C(9)-0(10) 106.84(9)
C(3)-C(4)-C(12)-C(13) -176.00(8)
C(4)-C(5)-C(6)-0(1) -47.04(11)
C(4)-C(5)-C(6)-0(5) 72.66(10)
C(4)-C(5)-C(6)-C(8) -162.92(8)
C(4)-C(12)-C(13)-C(14) 99.83(10)
C(4)-C(12)-C(13)-C(18) -83.36(11)
C(5)-C(4)-C(9)-0(9) 168.52(9)
C(5)-C(4)-C(9)-0(10) -11.80(11)
C(5)-C(4)-C(12)-C(13) -55.55(11)
C(6)-0(1)-0(2)-C(3) -70.63(9)
C(7)-C(3)-C(4)-C(5) -167.52(8)
C(7)-C(3)-C(4)-C(9) 71.60(10)
C(7)-C(3)-C(4)-C(12) 4427(11)
C(9)-0(10)-C(10)-C(11) 79.85(11)
C(9)-C(4)-C(5)-C(6) 159.17(8)
C(9)-C(4)-C(12)-C(13) 68.62(10)
C(10)-0(10)-C(9)-0(9) 4.02(14)

C(10)-0(10)-C(9)-C(4) ~175.65(8)
C(12)-C(4)-C(5)-C(6) -79.06(10)
C(12)-C(4)-C(9)-0(9) 43.69(12)
C(12)-C(4)-C(9)-0(10) -136.63(8)
C(12)-C(13)-C(14)-C(15) 176.21(9)
C(12)-C(13)-C(18)-C(17) -176.38(8)
C(13)-C(14)-C(15)-C(16) 0.18(14)

C(14)-C(13)-C(18)-C(17) 0.49(14)

C(14)-C(15)-C(16)-N(19) -178.54(8)
C(14)-C(15)-C(16)-C(17) 0.52(14)

C(15)-C(16)-C(17)-C(18) -0.70(15)
C(16)-C(17)-C(18)-C(13) 0.17(14)

C(18)-C(13)-C(14)-C(15) -0.67(14)
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Table S29. Hydrogen bonds for 6a [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
0(4)-H(4)...0(6)#1 0.910(18) 1.875(18) 2.7824(11) 174.7(16)
0(6)-H(6)...0(4)#2 0.843(19) 2.055(19) 2.8921(11) 171.7(16)

Symmetry transformations used to generate equivalent atoms: #1 x,y-1,z #2 -x+1/2,y+1/2,-z+1/2
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X-Ray data of 7a

Figure S6. Molecular structure of 7a presented in thermal ellipsoids (50% probability).

The single-crystal X-ray data were collected using a Bruker D8 Venture Photon II four-
circle diffractometer (Bruker, Billerica, MA, USA) in w-scan mode (Cu Ka radiation, A = 1.54178
A). The raw data were indexed and integrated with the APEX3 program suite (Bruker AXS Inc.,
Madison, WI, USA, 2016). The experimental intensities were corrected for absorption effects
using SADABS.!? The crystal structure was solved using direct methods® and refined via full-
matrix least-squares on F2° using the OLEX2 structural data visualization and analysis program
suite.!? All non-hydrogen atoms were refined with anisotropic thermal parameters. The C-H
hydrogen atoms were placed in the calculated positions and refined using a riding model with
dependent isotropic thermal parameters, with Uiso(H) = 1.5Ueq(C) for the methyl and hydroxyl
groups and with Uiso(H) = 1.2Ueq(C) for other hydrogen atoms. In the refinement of the structure
7a some SHELX restrains and constrains were used (DFIX, SIMU, ISOR, SADI, EADP).

Table 30. Crystal data and structure refinement for 7a.

Identification code 7a

Empirical formula C16 HI9 N O9

Formula weight 369.32

Temperature 100(2) K

Wavelength 1.54178 E

Crystal system Monoclinic

Space group C2/c

Unit cell dimensions a=37.699(5 E o=90°.
b=7.8969(12) E B=91.505(8)°.
c=11.6321(18) E v =90°.

Volume 3461.7(9) E3

V4 8

Density (calculated) 1.417 Mg/m3

Absorption coefficient 1.008 mm-1

F(000) 1552

Crystal size 0.200 x 0.080 x 0.015 mm3

Theta range for data collection 2.345 to 66.570°.

Index ranges -44<=h<=44, -9<=k<=9, -12<=I<=13

Reflections collected 2939

Independent reflections 2939 [R(int) = 7]
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Completeness to theta = 66.570° 96.1 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7528 and 0.3977

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2939 /51/287

Goodness-of-fit on F2 1.131

Final R indices [[>2sigma(I)] R1=0.0686, wR2 =0.1472

R indices (all data) R1=0.0937, wR2 =0.1570
Extinction coefficient 0.00041(6)

Largest diff. peak and hole 0.299 and -0.291 e.E-3

Table 31. Bond lengths [E] and angles [°] for 7a.

0(1)-0(2) 1.477(12)
O(1)-H(1) 0.84(2)
0(1)-0(2) 1.468(11)
O(1")-H(1") 0.84(2)
0(2)-C(1) 1.423(5)
0(3)-C(4) 1.405(5)
0(3)-C(1) 1.440(5)
0(4)-C(4) 1.443(5)
0(4)-0(5) 1.475(4)
0(5)-C(5) 1.370(5)
0(6)-C(5) 1.197(5)
0(7)-N(1) 1.22(2)
O(7')-N(1) 1.29(4)
0(8)-N(1) 1.215(5)
N(1)-C(12) 1.470(5)
C(1)-C(7) 1.496(6)
C(1)-C(2) 1.520(6)
C(2)-C(3) 1.530(6)
C(2)-HQA) 0.9900
C(2)-H(2B) 0.9900
C(3)-C(5) 1.505(5)
C(3)-C(4) 1.537(5)
C(3)-C(8) 1.554(5)
C(4)-C(6) 1.507(5)
C(6)-H(6A) 0.9800
C(6)-H(6B) 0.9800
C(6)-H(6C) 0.9800
C(7)-H(7A) 0.9800
C(7)-H(7B) 0.9800
C(7)-H(7C) 0.9800
C(8)-C(9) 1.498(5)
C(8)-H(8A) 0.9900
C(8)-H(8B) 0.9900
C(9)-C(14) 1.401(5)
C(9)-C(10) 1.401(6)
C(10)-C(11) 1.375(6)
C(10)-H(10) 0.9500
C(11)-C(12) 1.378(6)
C(11)-H(11) 0.9500
C(12)-C(13) 1.371(6)
C(13)-C(14) 1.387(6)
C(13)-H(13) 0.9500
C(14)-H(14) 0.9500
0(18)-C(1S) 1.216(13)
0(28)-C(1S) 1.38(8)
0(28)-C(3S) 1.49(8)
C(15)-C(28) 1.49(4)
C(2S)-H(2SA) 0.9800
C(2S)-H(2SB) 0.9800
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C(25)-H(2SC)
C(35)-C(4S)

C(3S)-H(3SA)
C(3S)-H(3SB)
C(4S)-H(4SA)
C(4S)-H(4SB)
C(4S)-H(4SC)

0(2)-O(D)-H(1)
0(2)-O(1')-H(1")
C(1)-0(2)-O(1")
C(1)-0(2)-0(1)
C(4)-0(3)-C(1)
C(4)-0(4H-0(5)
C(5)-0(5)-0(4)
O(8)-N(1)-O(7)
O(8)-N(1)-O(7")
O(8)-N(1)-C(12)
O(7)-N(1)-C(12)
O(7')-N(1)-C(12)
0(2)-C(1)-0(3)
0(2)-C(1)-C(7)
0(3)-C(1)-C(7)
0(2)-C(1)-C(2)
0(3)-C(1)-C(2)
C(7)-C(1)-C(2)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2B)
C(3)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(5)-C(3)-C(2)
C(5)-C(3)-C(4)
C(2)-C(3)-C(4)
C(5)-C(3)-C(8)
C(2)-C(3)-C(8)
C(4)-C(3)-C(8)
0(3)-C(4)-0(4)
0(3)-C(H)-C(6)
O(4)-C(H)-C(6)
0(3)-C(H-C(3)
0(4)-C(H-C(3)
C(6)-C(4)-C(3)
0(6)-C(5)-0(5)
0(6)-C(5)-C(3)
0(5)-C(5)-C(3)
C(4)-C(6)-H(6A)
C(4)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
C(4)-C(6)-H(6C)
H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
C(1)-C(7)-H(7A)
C(1)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(1)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
C(9)-C(8)-C(3)
C(9)-C(8)-H(8A)
C(3)-C(8)-H(8A)

0.9800
1.49(4)
0.9900
0.9900
0.9800
0.9800
0.9800

84(10)
103(10)
114.1(8)
102.6(9)
112.2(3)
107.7(3)
107.1(3)
122.9(11)
122(2)
119.0(4)
117.5(11)
117(2)
110.6(3)
113.1(3)
107.6(4)
103.5(3)
105.3(3)
116.4(4)
103.7(3)
111.0
111.0
111.0
111.0
109.0
110.2(3)
102.5(3)
103.3(3)
111.3(3)
114.0(3)
114.8(3)
110.8(3)
109.4(3)
104.5(4)
106.9(3)
104.2(3)
120.8(3)
118.5(4)
130.3(4)
111.2(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
113.2(3)
108.9
108.9
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C(9)-C(8)-H(8B)
C(3)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(14)-C(9)-C(10)
C(14)-C(9)-C(8)
C(10)-C(9)-C(8)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-N(1)
C(11)-C(12)-N(1)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(13)-C(14)-C(9)
C(13)-C(14)-H(14)
C(9)-C(14)-H(14)
C(15)-0(25)-C(39)
0(18)-C(1S)-0(2S)
0(18)-C(1S)-C(2S)
0(28)-C(1S)-C(2S)
C(15)-C(2S)-H(2SA)
C(15)-C(2S)-H(2SB)
H(2SA)-C(25)-H(2SB)
C(1S)-C(2S)-H(2SC)
H(2SA)-C(25)-H(2SC)
H(2SB)-C(2S)-H(2SC)
0(28)-C(3S)-C(4S)
0(28)-C(3S)-H(3SA)
C(4S)-C(3S)-H(3SA)
0(28)-C(3S)-H(3SB)
C(45)-C(3S)-H(3SB)
H(3SA)-C(3S)-H(3SB)
C(35)-C(4S)-H(4SA)
C(3S)-C(4S)-H(4SB)
H(4SA)-C(4S)-H(4SB)
C(35)-C(4S)-H(4SC)
H(4SA)-C(4S)-H(4SC)
H(4SB)-C(4S)-H(4SC)

Table 32. Torsion angles [°] for 7a.

C(4)-O(H-0(5)-C(5)
O(1)-0(2)-C(1)-0(3)
O(1)-0(2)-C(1)-0(3)
0(1-0(2)-C(1)-C(7)
O(1)-0(2)-C(1)-C(7)
0(1)-0(2)-C(1)-C(2)
O(1)-0(2)-C(1)-C(2)
C(4)-0(3)-C(1)-0(2)
C(4)-0(3)-C(1)-C(7)
C(4)-0(3)-C(1)-C(2)
0(2)-C(1)-C(2)-C3)
0(3)-C(1)-C(2)-C(3)
C(7N)-C(1)-C(2)-C(3)
C(D-C(2)-C(3)-C(5)
C(1)-C(2)-C(3)-C(4)
C(1)-C(2)-CB3)-C(3)

108.9
108.9
107.8
117.8(4)
121.6(4)
120.6(3)
121.7(4)
119.1
119.1
118.1(4)
120.9
120.9
122.8(4)
117.8(4)
119.3(4)
118.4(4)
120.8
120.8
121.1(4)
119.5
119.5
1132)
123(3)
126.6(17)
110(3)
109.5
109.5
109.5
109.5
109.5
109.5
106(3)
110.6
110.6
110.6
110.6
108.7
109.5
109.5
109.5
109.5
109.5
109.5

21.8(4)
60.0(9)
75.3(10)
-60.9(9)
-45.6(10)
172.3(8)
-172.4(9)
95.8(4)
-140.2(4)
-15.4(4)
-88.9(4)
27.3(4)
146.4(4)
80.3(4)
-28.6(4)
-153.8(3)
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C(D-0(3)-C(4)-0(4)
C(D)-0(3)-C(4)-C(6)
C(D)-0(3)-C(4)-C(3)
O(5)-0(4H-C(4)-0(3)
O(5)-0(4)-C(4)-C(6)
O(5)-0(4H-C(4)-C(3)
C(5)-C(3)-C(4)-0(3)
C(2)-C(3)-C(4)-0(3)
C(8)-C(3)-C(4)-0(3)
C(5)-C(3)-C(4)-O(4)
C(2)-C(3)-C(4)-0(4)
C(8)-C(3)-C(4-O(4)
C(5)-C(3)-C(4H-C(6)
C(2)-C(3)-C(4H-C(6)
C(8)-C(3)-C(4)-C(6)
O(4-0(5)-C(5)-0(6)
O(H-0(5)-C(5)-C(3)
C(2)-C(3)-C(5)-0(6)
C(4)-C(3)-C(5)-0(6)
C(8)-C(3)-C(5)-0(6)
C(2)-C(3)-C(5)-0(5)
C(4)-C(3)-C(5)-0(5)
C(8)-C(3)-C(5)-O(5)
C(5)-C3)-C(3)-C(9)
C(2)-C3)-C(3)-C(9)
C(4)-C(3)-C(8)-C(9)
C(3)-C(8)-C(9)-C(14)
C(3)-C(8)-C(9)-C(10)

C(14)-C(9)-C(10)-C(11)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(10)-C(11)-C(12)-N(1)
0(8)-N(1)-C(12)-C(13)
O(7)-N(1)-C(12)-C(13)
O(7')-N(1)-C(12)-C(13)
0(8)-N(1)-C(12)-C(11)
O(7)-N(1)-C(12)-C(11)
O(7")-N(1)-C(12)-C(11)
C(11)-C(12)-C(13)-C(14)
N(1)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(9)
C(10)-C(9)-C(14)-C(13)
C(8)-C(9)-C(14)-C(13)
C(35)-0(28)-C(18)-0(1S)
C(35)-0(28)-C(1S)-C(2S)
C(15)-0(28)-C(3S)-C(4S)

Table 33. Hydrogen bonds for 7a [E and °].

-116.1(4)
129.2(4)
3.2(4)
86.9(4)
-155.4(3)
-27.7(4)
-94.4(4)
20.2(4)
144.8(3)
22.9(4)
137.5(3)
-97.8(4)
139.8(4)
-105.7(4)
19.0(6)
175.0(4)
-6.2(4)
58.8(6)
168.2(4)
-68.6(6)
-119.8(4)
-10.4(4)
112.7(4)
68.8(4)
-56.5(4)
-175.4(3)
-91.4(4)
87.2(4)
2.0(6)
-176.6(4)
-0.2(6)
2.2(6)
179.0(4)
1.3(6)
-170(2)
165(2)
-179.8(4)
8(2)
-16(2)
2.5(6)
-178.7(3)
-0.5(6)
-1.7(6)
176.9(4)
-12(5)
175(3)
177(3)

D-H..A

d(D-H) d(H...A)

O(1%a)-H(1"a)...0(15"a)
O(1'""b)-H(1"b)...0(1"b)#1

0.84(2) 1.99(12)
0.84(2) 2.40(7)

#1 -x+1,-y+1,-z+1
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X-Ray data of cis-3c

Figure S7. Molecular structure of cis-3¢ presented in thermal ellipsoids (50% probability).

X-ray diffraction data were collected at 100K on a four-circle Rigaku Synergy S
diffractometer equipped with a HyPix6000HE area-detector (kappa geometry, shutterless w-scan
technique), using monochromatized Cu K,-radiation. The intensity data were integrated and
corrected for absorption and decay by the CrysAlisPro program.” The structure was solved by
direct methods using SHELXT?® and refined on F? using SHELXL-2018° in the OLEX2 program.!°
All non-hydrogen atoms were refined with individual anisotropic displacement parameters. All
hydrogen atoms were placed in ideal calculated positions and refined as riding atoms with relative
isotropic displacement parameters. A rotating group model was applied for methyl groups. The
Mercury program suite'! was used for molecular graphics.

Table S34. Crystal data and structure refinement for cis-3c.

Identification code
Empirical formula
Formula weight

Temperature 100.00(10) K

Wavelength 1.54184 A

Crystal system Trigonal

Space group R-3

Unit cell dimensions a=136.0080(3) A o=90°.
b =36.0080(3) A B=90°.
c=7.27389(6) A v =120°.

Volume 8167.62(14) A3

zZ 18

Density (calculated) 1.483 g/cm?

Absorption coefficient 3.390 mm!

F(000) 3744

Crystal size 0.07 x 0.02 x 0.02 mm3

Theta range for data collection

cis-3¢
C16 H21 Br O7
405.24

6.248 to 80.594°.
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Index ranges

Reflections collected
Independent reflections
Observed reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

-46<=h<=46, -45<=k<=42, -6<=1<=9
24685

3941 [R(int) = 0.0384]

3713

99.8 %

Semi-empirical from equivalents
1.00000 and 0.50440
Full-matrix least-squares on F2
3941/0/229

1.063

R1=0.0274, wR2 = 0.0693
R1=10.0289, wR2 =0.0703
0.000049(8)

0.424 and -0.394 ¢. A3

Table S35. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%)
for cis-3¢c. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
Br(1) 3170(1) 5520(1) 3475(1) 44(1)
o(1) 4071(1) 4105(1) 10052(1) 19(1)
0(2) 3734(1) 3984(1) 7218(1) 18(1)
0Q@3) 3589(1) 3526(1) 7358(1) 20(1)
04) 4590(1) 4716(1) 11575(1) 21(1)
0(5) 4717(1) 4459(1) 12688(1) 24(1)
0O(6) 4636(1) 5510(1) 9684(1) 22(1)
o(7) 4163(1) 5278(1) 12027(1) 23(1)
C() 4071(1) 4760(1) 9826(2) 17(1)
C(2) 4244(1) 4685(1) 8022(2) 18(1)
C@3) 4139(1) 4219(1) 8147(2) 17(1)
C#4) 4476(1) 4133(1) 7376(2) 22(1)
C(5) 4142(1) 4458(1) 11148(2) 18(1)
C(6) 3872(1) 4295(1) 12869(2) 22(1)
C() 4328(1) 5226(1) 10467(2) 18(1)
C(8) 4387(1) 5689(1) 12983(2) 23(1)
C©) 4471(1) 5604(1) 14919(2) 27(1)
C(10) 3586(1) 4612(1) 9707(2) 20(1)
C(11) 3476(1) 4832(1) 8208(2) 21(1)
C(12) 3313(1) 4626(1) 6525(2) 24(1)
C(13) 3217(1) 4827(1) 5120(2) 27(1)
Cc(14) 3287(1) 5236(1) 5408(2) 30(1)
C(15) 3441(1) 5447(1) 7067(2) 31(1)
C(16) 3534(1) 5242(1) 8466(2) 26(1)

Table S36. Bond lengths [A] and angles [°] for cis-3c.

Br(1)-C(14) 1.9052(15)
0(1)-C(3) 1.4312(14)
0(1)-C(5) 1.4104(15)
0(2)-0(3) 1.4634(12)
0(2)-C(3) 1.4353(14)
0(3)-H(3) 0.89(2)

0(4)-0(5) 1.4655(13)
0(4)-C(5) 1.4348(15)
0(5)-H(5) 0.86(3)

0(6)-C(7) 1.2092(16)
0(7)-C(7) 1.3372(15)
0(7)-C(8) 1.4598(15)
C(1)-C(2) 1.5339(16)
C(1)-C(5) 1.5670(17)
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C(1)-C(7)
C(1)-C(10)
C(2)-H(2A)
C(2)-H(2B)
C(2)-C(3)
C(3)-C(4)
C(4)-H(4A)
C(4)-H(4B)
C(4)-H(4C)
C(5)-C(6)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(8)-H(8A)
C(8)-H(8B)
C(8)-C(9)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(10)-H(10A)
C(10)-H(10B)
C(10)-C(11)
C(11)-C(12)
C(11)-C(16)
C(12)-H(12)
C(12)-C(13)
C(13)-H(13)
C(13)-C(14)
C(14)-C(15)
C(15)-H(15)
C(15)-C(16)
C(16)-H(16)
C(5)-0(1)-C(3)
C(3)-0(2)-0(3)
0(2)-0(3)-H(3)
C(5)-0(4)-0(5)
0(4)-0(5)-H(5)
C(7)-0(7)-C(8)
C(2)-C(1)-C(5)
C(2)-C(1)-C(10)
C(7)-C(1)-C(2)
C(7)-C(1)-C(5)
C(7)-C(1)-C(10)
C(10)-C(1)-C(5)
C(1)-C(2)-HQA)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2A)
C(3)-C(2)-H(2B)
0(1)-C(3)-0(2)
0(1)-C(3)-C(2)
0(1)-C(3)-C(4)
0(2)-C(3)-C(2)
0(2)-C(3)-C(4)
C(4)-C(3)-C(2)
C(3)-C(4)-H(4A)
C(3)-C(4)-H(4B)
C(3)-C(4)-H(4C)
H(4A)-C(4)-H(4B)
H(4A)-C(4)-H(4C)
H(4B)-C(4)-H(4C)

1.5283(17)
1.5518(17)
0.9900
0.9900
1.5262(17)
1.5054(17)
0.9800
0.9800
0.9800
1.5120(16)
0.9800
0.9800
0.9800
0.9900
0.9900
1.5037(19)
0.9800
0.9800
0.9800
0.9900
0.9900
1.5118(18)
1.3997(18)
1.397(2)
0.9500
1.392(2)
0.9500
1.379(2)
1.386(2)
0.9500
1.393(2)
0.9500
111.15(9)
108.52(8)
100.3(14)
108.30(9)
99.3(15)
119.16(10)
100.31(10)
112.18(10)
112.28(10)
110.86(10)
110.79(10)
109.99(10)
110.9
110.9
108.9
104.19(9)
110.9
110.9
108.02(9)
106.57(9)
109.97(10)
103.95(10)
112.88(10)
114.97(10)
109.5
109.5
109.5
109.5
109.5
109.5
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0(1)-C(5)-0(4) 110.29(10)

0(1)-C(5)-C(1) 105.09(9)
0(1)-C(5)-C(6) 109.01(10)
0(4)-C(5)-C(1) 101.71(9)
0(4)-C(5)-C(6) 111.54(10)
C(6)-C(5)-C(1) 118.77(11)
C(5)-C(6)-H(6A) 109.5
C(5)-C(6)-H(6B) 109.5
C(5)-C(6)-H(6C) 109.5
H(6A)-C(6)-H(6B) 109.5
H(6A)-C(6)-H(6C) 109.5
H(6B)-C(6)-H(6C) 109.5
0(6)-C(7)-0(7) 124.37(11)
0(6)-C(7)-C(1) 125.50(11)
0(7)-C(7)-C(1) 110.13(10)
0(7)-C(8)-H(8A) 110.2
0(7)-C(8)-H(8B) 110.2
0(7)-C(8)-C(9) 107.74(11)
H(8A)-C(8)-H(8B) 108.5
C(9)-C(8)-H(8A) 110.2
C(9)-C(8)-H(8B) 110.2
C(8)-C(9)-H(9A) 109.5
C(8)-C(9)-H(9B) 109.5
C(8)-C(9)-H(9C) 109.5
H(9A)-C(9)-H(9B) 109.5
H(9A)-C(9)-H(9C) 109.5
H(9B)-C(9)-H(9C) 109.5
C(1)-C(10)-H(10A) 108.8
C(1)-C(10)-H(10B) 108.8
H(10A)-C(10)-H(10B) 107.7
C(11)-C(10)-C(1) 113.80(10)
C(11)-C(10)-H(10A) 108.8
C(11)-C(10)-H(10B) 108.8
C(12)-C(11)-C(10) 120.27(12)
C(16)-C(11)-C(10) 121.17(11)
C(16)-C(11)-C(12) 118.56(13)
C(11)-C(12)-H(12) 119.5
C(13)-C(12)-C(11) 120.97(13)
C(13)-C(12)-H(12) 119.5
C(12)-C(13)-H(13) 120.6
C(14)-C(13)-C(12) 118.90(13)
C(14)-C(13)-H(13) 120.6
C(13)-C(14)-Br(1) 119.29(11)
C(13)-C(14)-C(15) 121.82(14)
C(15)-C(14)-Br(1) 118.88(12)
C(14)-C(15)-H(15) 120.6
C(14)-C(15)-C(16) 118.75(14)
C(16)-C(15)-H(15) 120.6
C(11)-C(16)-H(16) 119.5
C(15)-C(16)-C(11) 120.97(13)
C(15)-C(16)-H(16) 119.5

Table S37. Anisotropic displacement parameters (A2x 103) for cis-3c. The anisotropic
displacement factor exponent takes the form: -2r?[ h? a*?U!l + ... +2 hka* b* U!?]

Ull U22 U33 U23 U13 U12
Br(1) 50(1) 59(1) 28(1) 9(1) -4(1) 32(1)
o(1) 24(1) 18(1) 10(1) 0(1) 0(1) 7(1)
0(2) 19(1) 14(1) 16(1) -1(1) 2(1) 5(1)
0(3) 23(1) 14(1) 18(1) -1(1) 1(1) 5(1)
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0(4) 18(1) 22(1) 16(1) 2(1) 2(1) 6(1)

0(5) 24(1) 32(1) 16(1) 6(1) 0(1) 13(1)
0(6) 22(1) 19(1) 19(1) o(1) 3(1) 6(1)
0(7) 25(1) 20(1) 16(1) -5(1) 3(1) 5(1)
c(1) 18(1) 18(1) 11(1) -1(1) 1(1) 6(1)
CQ2) 19(1) 18(1) 12(1) o(1) 2(1) 6(1)
C(3) 18(1) 18(1) 10(1) o(1) 0(1) 5(1)
C(4) 23(1) 23(1) 18(1) 2(1) 1(1) 11(1)
C(5) 18(1) 19(1) 12(1) 2(1) 0(1) 5(1)
C(6) 23(1) 24(1) 12(1) 1(1) 3(1) (1)
C(7) 20(1) 21(1) 12(1) -1(1) -1(1) 9(1)
C(8) 29(1) 18(1) 18(1) -4(1) 0(1) 8(1)
C(9) 27(1) 25(1) 18(1) -3(1) -1(1) 6(1)
C(10) 18(1) 23(1) 14(1) 2(1) 2(1) 6(1)
c(11) 17(1) 27(1) 15(1) 2(1) 2(1) 9(1)
C(12) 18(1) 31(1) 18(1) -A(1) 1(1) 10(1)
C(13) 23(1) 42(1) 17(1) -4(1) -1(1) 16(1)
C(14) 28(1) 42(1) 21(1) 5(1) 0(1) 19(1)
C(15) 35(1) 34(1) 28(1) -1(1) -3(1) 19(1)
C(16) 28(1) 30(1) 20(1) -4(1) -3(1) 14(1)

Table S38. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)
for cis-3c.

X y zZ U(eq)
H(@3) 3432(7) 3460(7) 8390(30) 37(5)
H(5) 4883(8) 4432(7) 11910(30) 40(6)
H(2A) 4100 4728 6949 21
H(2B) 4557 4881 7918 21
H(4A) 4752 4324 7963 33
H(4B) 4501 4184 6047 33
H(4C) 4395 3834 7615 33
H(6A) 3921 4538 13639 33
H(6B) 3953 4111 13553 33
H(6C) 3569 4129 12531 33
H(8A) 4209 5828 12990 28
H(8B) 4661 5883 12355 28
H(%9A) 4657 5478 14898 40
H(9B) 4198 5405 15514 40
H(9C) 4611 5874 15608 40
H(10A) 3424 4299 9490 24
H(10B) 3492 4668 10903 24
H(12) 3266 4345 6340 28
H(13) 3107 4686 3980 33
H(15) 3482 5727 7247 38
H(16) 3638 5383 9611 31

Table S39. Torsion angles [°] for cis-3c.

Br(1)-C(14)-C(15)-C(16) -178.76(11)
0(3)-0(2)-C(3)-0(1) -63.51(11)
0(3)-0(2)-C(3)-C(2) -176.45(8)
0(3)-0(2)-C(3)-C(4) 58.31(12)

0(5)-0(4)-C(5)-0(1) -63.84(11)
0(5)-0(4)-C(5)-C(1) -174.94(9)
0(5)-0(4)-C(5)-C(6) 57.45(12)

C(1)-C(2)-C(3)-0(1) -19.94(12)
C(1)-C(2)-C(3)-0(2) 94.04(10)

C(1)-C(2)-C(3)-C(4) -142.06(10)
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C(1)-C(10)-C(11)-C(12) 99.53(14)

C(1)-C(10)-C(11)-C(16) -80.68(15)
C(2)-C(1)-C(5)-0(1) 34.51(11)
C(2)-C(1)-C(5)-0(4) 80.50(10)
C(2)-C(1)-C(5)-C(6) -156.71(10)
C(2)-C(1)-C(7)-0(6) -0.44(18)
C(2)-C(1)-C(7)-0(7) 179.19(10)
C(2)-C(1)-C(10)-C(11) -58.66(14)
C(3)-0(1)-C(5)-0(4) -84.98(11)
C(3)-0(1)-C(5)-C(1) 23.91(12)
C(3)-0(1)-C(5)-C(6) 152.23(10)
C(5)-0(1)-C(3)-0(2) -113.93(10)
C(5)-0(1)-C(3)-C(2) -2.75(13)
C(5)-0(1)-C(3)-C(4) 122.48(11)
C(5)-C(1)-C(2)-C(3) 32.19(11)
C(5)-C(1)-C(7)-0(6) 110.86(14)
C(5)-C(1)-C(7)-0(7) -69.52(13)
C(5)-C(1)-C(10)-C(11) -169.40(10)
C(7)-0(7)-C(8)-C(9) -124.32(12)
C(7)-C(1)-C(2)-C(3) 149.94(10)
C(7)-C(1)-C(5)-0(1) -153.31(10)
C(7)-C(1)-C(5)-0(4) -38.30(12)
C(7)-C(1)-C(5)-C(6) 84.49(13)
C(7)-C(1)-C(10)-C(11) 67.69(13)
C(8)-0(7)-C(7)-0(6) -6.73(19)
C(8)-0(7)-C(7)-C(1) 173.64(11)
C(10)-C(1)-C(2)-C(3) -84.52(12)
C(10)-C(1)-C(5)-0(1) 83.82(11)
C(10)-C(1)-C(5)-0(4) -161.17(9)
C(10)-C(1)-C(5)-C(6) -38.38(14)
C(10)-C(1)-C(7)-0(6) -126.73(13)
C(10)-C(1)-C(7)-0(7) 52.89(13)
C(10)-C(11)-C(12)-C(13) -178.85(12)
C(10)-C(11)-C(16)-C(15) 178.67(13)
C(11)-C(12)-C(13)-C(14) 0.02)
C(12)-C(11)-C(16)-C(15) -1.5(2)
C(12)-C(13)-C(14)-Br(1) 178.58(10)
C(12)-C(13)-C(14)-C(15) 1202)
C(13)-C(14)-C(15)-C(16) 1.02)
C(14)-C(15)-C(16)-C(11) 0.4(2)
C(16)-C(11)-C(12)-C(13) 1.36(19)

Table S40. Hydrogen bonds for cis-3c [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
0(3)-H(3)...0(3)#1 0.89(2) 1.93(2) 2.8184(8) 173(2)
0(5)-H(5)...0(6)#2 0.86(3) 2.01(3) 2.8585(14) 168(2)

Symmetry transformations used to generate equivalent atoms:
#1 -y+2/3 x-y+1/3,z+1/3  #2 -x+1,-y+1,-z+2

CCDC 2476564, 2476599, 2476570, 2476575, 2476565, 2476566, 2476572 contains the
supplementary crystallographic data for cis-2a, trans-2a, cis-3a, cis-3¢, Sa, 6a and 7a. These data
can be obtained free of charge from The Cambridge Crystallographic Data Centre via
https://www.ccdc.cam.ac.uk/structures.
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Computational details

DFT calculations were performed to elucidate the underlying principles governing the
selectivity in the formation of specific peroxide structures. Computational modeling of the
peroxidation of di- and tricarbonyl compounds is particularly challenging due to the vast number
of possible product structures, reaction intermediates, and corresponding transition states—each
with multiple accessible conformations.!3> 4 Moreover, the present case is complicated by the
complex nature of reaction medium, which includes MeCN, Et,O, and sometimes significant
amounts of BF;°Et,O and H,0,, which can also affect the solvation effects. MeCN was assumed
as the main solvent and its characteristics were used for implicit solvation modeling during DFT
calculations. The transition states of ring closures with the proton loss demand explicit introduction
of hydrogen bond acceptor.!* Taking into account that oxygen of Et,0 is a better hydrogen bond
acceptor than the nitrogen of MeCN (judging on higher basicity of ethers compared to nitriles) we
decided to use Me,O as model hydrogen bond acceptor for cyclization transition states with proton
loss. The use of Me,0 as a simplified computational model instead of Et,O allowed us to reduce
the computational cost and conformation number.

Calculations of all structures, except for the simplest, such as H,O and H,0,, were started
from the initial conformational search employing GOAT algorithm in Orca '3 1¢ 6.0.1 program on
GFN2-xTB!7- 18 / ALPB(acetonitrile) semi-empirical level of theory. Next, at least 15 lowest
energy conformers were optimized in the same program on DFT level (@B97X-3¢c!? /
CPCM(acetonitrile)) with vibrational analysis in order to get thermochemistry data and confirm
the absence of imaginary vibration modes (or the presence of only one imaginary vibration mode
corresponding to the reaction coordinate for transition states). The composite range-separated
hybrid DFT method ®B97X-3c!° was used as fast and robust way to get preliminary
thermochemical parameters and identify the conformer with lowest free energy. Finally, the lowest
found conformer was reoptimized in Gaussian 16 A.032° on M06-2X?!-22/6-311++G(d,p) level of
theory, SMD solvation model?® for MeCN medium, and D3 version of Grimme’s dispersion
correction with the original D3 damping function.?* An alternative way to determine the most
stable conformer was to perform single point electronic energy calculations on the final level of
theory (M06-2X2!- 22-D324/6-311++G(d,p)/SMD(MeCN)) for geometries generated by GOAT
algorithm (GFN2-xTB!7- 18/ALPB(acetonitrile)) followed by re-optimization and vibrational
calculation for the conformer with the lowest EE. All calculations were performed for 1 atm. and
298.15 K.

In previous works on the construction of cyclic peroxides from di- and tricarbonyl

compounds, '3-25-26 it was enough to calculate the peroxide scaffolds without specific substituents
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to identify the most thermodynamically favored structure. The case of the present work turned out
to be the most complicated: many peroxide structures showed close free energy values and strong
effect of substituents on relative peroxide stability was revealed (Table S1). For the calculations

of relative free energies in Table S1 and below following stoichiometric equations were used:

Starting
carbonyl + AsH,O, = Peroxide + B-H,O + C-Alcohol (MeOH or EtOH)
compound C = zero except for cases of

peroxoester formation)
GRel(Peroxide) = G(Peroxide) + B*G(H,0) + C*G(Alcohol) - G(Starting carbonyl compound) - A«G(H,05)
Where G is free energy value from DFT calculation

Table S1. Relative free energies (kcal/mol) of different peroxide structures calculated on M06-2X
(D3) / 6-311++G(d,p) / SMD(MeCN) level of theory. Deep green color stands for
thermodynamically most stable structures (most negative free energy values), red color stands for

least stable structures.

All substituents
_ Only methyl and
No substituents ester substituents Bn
o 0
HM( H Meo” Yo ©
0] 0 1
S1 EtO” ~O Methyl 2-acetyl-2-
S8 benzyl-4-
oxopentanoate

Ozonide CO,R-endo

Ozonide CO,R-exo0

HOO_ o_ OOH | HOO( o  .OOH
Tetrahydrofuran @\ @\

vic-OOH-CO;R-cis EtO,C MeO,C” =

Bn
OOH-OOH-trans HOOu.@,OOH S11 3-1.2
S3
Tetrahydrofuran 9.5
vie-OOH-CO;R-trans
OOH-OOH-trans
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Tetrahydrofuran
vie-OOH-CO,R-trans
OOH-OOH-cis

Tetrahydrofuran
vic-OOH-CO;R-cis
OOH-OOH-cis

Triperoxide
vic-OOH-CO,R-cis
OOH-OOH-trans

Triperoxide
vie-OOH-CO,R-trans
OOH-OOH-trans

Triperoxide
vic-OOH-CO,R-cis
OOH-OOH-cis

Triperoxide
vic-OOH-CO;R-trans
OOH-OOH-cis

Peroxolactone
OOH-0O0C-cis

Peroxolactone
OOH-OOC-trans

HOO, o._ ,O0H

&

MeOzC B

3-2.1
-3.2

HOO, o._ ,OCH

e

MeO,C En
3-1.1
4.4
HOO>SO;O><OOH HOO>SO;O><00H
EtO,C MeO,C™ &
S15 6-1.2
9.7 9.3
HOO><);O><OOH HOO><;O><OOH
S16 6-2.2
8.4 -6.9

HOO P~ LooH

8
s

EtO,C

S17
-6.2

HoOo P~ 2 LooH

MeO,C :Bn

6-1.1
4

HOO, ©—O ,00H

S
8

Et0,C

S18

HOO, O—O ,00H

MeO,C"

6-2.1

n
~

@)
VA
O
(@)

""OOH

7-1

7.3

o-O
0 0 0 0

H OOH Bn OOH

S21 7-2

3.8 5.9
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0—0 0—0
0—0 Oo-0O O-0
0-0
tet MeOZC
etraoxane S7 EtOzC Bn
7 S22 5
-4 -6.7

As can be seen from color map of Table S1, different orders of peroxides by stability are
characteristic for non-substituted peroxide scaffolds, peroxides with methyl and ester substituents,
and peroxides with all substituents of a typical substrate of the present work (methyl ester group
was used as model instead of ethyl ester group in order to reduce the number of similar
conformations and computational cost). Thus, fully substituted model structure was used for
further calculations. To reduce the computational cost and number of possible similar
conformations, ester group -CO,Me was used instead of -CO,Et for all calculations.

Due to multiple possible reaction pathways and conformational diversity of both
intermediates and transitions states we found it unpractical to go for complete computational
modeling of peroxidation mechanism but instead focused on some key intermediates and
mechanistic steps. As our previous studies have shown, peroxocarbenium ions are the most
plausible unstable intermediates being the products of rate-limiting mechanistic steps.!1%13

To check the correctness of the hypothesis of peroxocarbenium ion formation as the rate-
limiting step we have calculated activation barriers of peroxide ring closures for the main cyclic
products, ozonides 2 and tetraoxane 5 (Scheme S1). Me,O was used as model hydrogen bond
acceptor instead of Et,O present in real reaction medium to reduce the number of similar

conformations and computational cost in order to identify the global energy minima faster.
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j Bn
AGt =52 MeO™ @ 0

o)

MezO

MeO

B-OOH-CO,Me-trans

2 (ex0-CO,Me)

via:
O/ ’ﬁ/*(o
O\
Q
H

A\:QMez_

_________________________________________________________________________

| O O . |
. For comparison, BF3¢ Et;0 o 0 :
+ BF3 group transfer ~ MeO AG* =20.6 MeO !
rconsidered to be a fast Bn o) AG =25 Bn o
: rocess: N '
: P 1 - Et,0 - BFs.
: !

Dist-Ket-BF;-Acyclic

Scheme S1. Calculated activation barriers (kcal/mol, M06-2X(D3)/6-311++G(d,p)/SMD(MeCN))
for cyclizations of carbocations to cyclic peroxides. Calculated activation barrier for BF; group
transfer is given for comparison as an example of fast process at room temperature for BF;¢Et,O

catalyzed processes.
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Expectedly, less stable peroxocarbenium ions demonstrate lower activation energies for
the cyclizations to tetraoxane 5 compared to activation energies for oxonium ions cyclizations to
ozonides 2. Nevertheless, all these activation energies are much less than 20 kcal/mol. Taking into
account that activation barrier calculated for BF; group transfer from BF3¢Et,O to the starting
diketone 1 (known to be fast) on the same level of theory is about 20.6 kcal/mol, these peroxide
ring closures can also be considered as fast processes.

Thus, peroxide ring closures that follow the formation of oxonium or peroxocarbenium
ions are not rate limiting, so we can suppose that the formation of corresponding cations
determines the rate of overall process. We started with the examination of peroxocarbenium ion A
(Scheme S2), as based on our previous results, the formation of peroxocarbenium ions!3 2326 can
be the rate-limiting step in peroxidation of ketones. It is interesting to note that geometry
optimization peroxocarbenium ion A led to the more stable cyclic oxocarbenium ion B (Scheme
S2). Moreover, we found that certain peroxocarbenium ion A conformation is actually a transition
state connecting two oxocarbenium ions (B and D, where B is thermodynamically favored,
Scheme S2, a). This finding demonstrate clearly that peroxocarbenium ions are
thermodynamically disfavored compared to oxocarbenium ions and processes leading to
peroxocarbenium ions are expected to be rate-limiting. In summary, there are 4 cyclized structures
for the discussed cationic intermediate, free energy values for the most stable conformers are given

below (Scheme S2, b).
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(a)

AG = +9.1 .
AGH = 1.1
via:
+11.6 PR R +20.7
B "MeO ; D-loc-min
favored . Bn o s (not the lowest energy
) A conformer
TeeoT O\OH for structure
L +21.8 CO,Me ring closure
A Ac-OOH-trans)
OMe
O MeQO
Bn' ®
O
ON
OH
+11.6 +10.9 +13.7 +16.1
Acetyl ring closure  Acetyl ring closure ~ CO,Me ring closure  CO,Me ring closure
CO,Me-OOH-trans CO,Me-OOH-cis Ac-OOH-trans Ac-OOH-cis
(B) (B") (D) (DY)

Scheme S2. Possible structures of monoperoxidated cationic intermediate. Peroxocarbenium ion
A as a transition state connecting oxocarbenium ions B and D. Free energies are given in
kcal/mol (M06-2X (D3) / 6-311++G(d,p) / SMD(MeCN)).

At first glance it is not clear and even confusing why oxacarbenium ions D and D’
stabilized by two alkoxy electron-donating substituents are less favorable than oxacarbenium ions
B and B’ stabilized by only one electron-donating alkoxy substituent. Thus, we decided to check
the generality of this phenomenon. First, a structure similar to the carbocation under study was
used, but simplified as much as possible to exclude the influence of substituents (Scheme S2, a).
The calculation predicts that the structure resulting from the addition of a ketone oxygen atom to
the carbocationic center (left) is favored by about 5 kcal/mol compared to the analogous structure
involving an ester oxygen atom (right), despite the fact that in the latter case the cationic center
can be stabilized by two lone pairs of oxygen atoms. To exclude the influence of valence angles,
which are affected by the presence of a five-membered ring, the model calculation of the
thermochemistry of the addition of a methyl cation to acetone and methyl acetate was carried out
(Scheme S3, b). The addition of the cation to the oxygen atom of the ketone is also more

advantageous according to the calculation in this case.
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O CH, O
Cat1 OMe Cat2
Keto group is
b _ ~ better electron
) 0 Me* Aﬂz |O+ pair donor than
)J\ T e )\ Ester group
Cat3 AAG = 4.4 in favor of Me* addition to acetone (\O No = 6%c.0
(@] AG = - A+
/J\ + Me* fi_jﬂf /ji OMe
OMe OMe 4
Cat4

Scheme S3. Comparison of ketone and ester groups as electron pair donors for carbocations.

Free energies are given in kcal/mol (M06-2X (D3) / 6-311++G(d,p) / SMD(MeCN)).

To explain this paradox, we have to remember that when a cation is added to an ester, the
stabilizing stereoelectronic effect no — 6*¢.o characteristic to esters is disrupted. This effect can
compensate the +M effect of alkoxy group in an ester. The fact that ketones can be better electron
pair donors than esters is in agreement with experimental data on relatively higher basicity of
ketones with respect to structurally similar esters (acetone — methyl acetate, acetophenone — methyl
benzoate, etc.).?’-3% Previously, this fact was explained so that -1 effect of alkoxy group overcomes
the m-donation (+M effect) of the same group.?® However, explanation by stereoelectronic effect
no — o*c.o seems more exact, because it other cases, where such stereoelectronic effect is not
involved, +M effect of alkoxy groups is always much stronger than their -1 effect.

Returning back to the key intermediate B we wondered whether it can be formed avoiding
the intermediate formation of unstable peroxocarbenium structures, such as A. Indeed, it was found
that after BF; addition to a keto group (either one proximate relative to -CO,Me fragment, adduct
Prox-Ket-BF;3-Acyclic, or one distal relative to -CO,Me fragment, adduct Dist-Ket-BF3-Acyclic)
cyclic oxacarbenium ions (Prox-Cycl-CO,Me-OBF;-trans, Prox-Cycl-CO,Me-OBFj3-cis, Dist-
Cycl-CO,;Me-OBF;-trans, Dist-Cycl-CO,Me-OBF;-cis) can form and activation barriers for such
cyclizations are very small, as shown on example of Prox-Ket-BF;-Acyclic cyclization (Scheme
S4). Following steps were modelled only for Prox-Ket-BF;-Acyclic branch, as free energies for
the corresponding cyclic oxacarbenium ions were slightly lower, however, reaction can also
proceed via Dist-Ket-BF;-Acyclic to the same final cyclic peroxide by analogous steps. Cyclic
peroxacarbenium ions (Prox-Cycl-CO,Me-OBF;-trans, Prox-Cycl-CO,Me-OBF;-cis) can react

with H,O, to form hydroperoxide intermediates that give intermediate B after HOBF;- elimination.
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The relative free energy of peroxidation transition states relative to starting compounds is 16.9-

20.4 kcal/mol, which makes these pathways easily kinetically accessible at room temperature.

+7.2
Dist-Cycl-
o CO,Me-
OBF3-cis
+2.5 MeO
Dist-Ket-BF3-Acyclic Bn
+7.8 B FaBO, | t F3BO,
Dist-Cycl- n., Xy Bn, 1Y )
B[ o clsozl\/){eC MeO [ o | MeO~” OH\ - HOBFs B
N OBFy-trans o) A Ol P T 0OH-COMe-cis
A -0 D O
F3BO -
=4 : -
+16.9 +4.8
o 0 ~ Prox-CO,Me-OBF3-cis- Prox-CO,Me-OBF3-cis-
MeO BF3°Et;0 I t CO,Me-H,0,-cis-TS CO,Me-H,0,-cis-Adduct
Bn
o -Et,0
2 — MeoO---H *
FsBO . "OBF, -HOBFs
+5.70 Bn % Bn. - - Me,O
Prox-CycITS- Prox-Cycl- MeO\[\\,. 5 __MeO_ - o — B
CO,Me- CO,Me- Ol pH — \“ OH OOH-CO,Me-trans
OBF5-cis OBF3-cis o >0 o c
7+
Q  OBFs Me20, 0.4 +4.6
MeO Prox-CO,Me-OBF3-cis-  Prox-CO,Me-OBF3-cis-
+34 Bn o CO,Me-H,0,-trans-TS CO,Me-H,0,-trans-Adduct*
Prox-Ket-BF 3-Acyclic -
F3BO
Bn, * ~ _
MeO T 5 HOBF;
Ol N LOH OOH-CO,Me-cis
>0
* Global minimum shown above N
+19.8 +15.2

and found after GOAT
conformational search has a
different bond order compared to a
TS due to migration of HOMe,"

Prox-CO,Me-OBF3-trans-  Prox-CO,Me-OBFs-trans-
CO,Me-H,0,-cis-TS CO,Me-H,0,-cis-Adduct

fragment to OBF3” fragment, the +5.9 +5.1 - + - OHBF;
structure of product formed initially : Prox-Cycl- Bn. s O0BF3 CUNGS A
X Prox-CycITS- n / MeO_ .- - HOBF
CO,Me-OBF3- ) N 3 B
from TS according to DFT CO,Me-OBFa- 2 3 MeO_ T /Y . \H o] i
ions i 2 3 trans I LEHLO —> OOH-CO,Me-trans
calculations is shown below: trans X OH (@)
\\O' OOH
BnF3BQ +19.3 +8.2
MeO_ .- Prox-CO,Me-OBF3;-trans-  Prox-CO,Me-OBF;-trans-
ML P on +15.9 CO,Me-H,0,-trans-TS ~ CO,Me-H,O,-trans-Adduct
o s Prox-CO,Me-OBFj-cis-
_HY CO,Me-H,0,-trans-Adduct’
Me,O

Scheme S4. Comparison of ketone and ester groups as electron pair donors for carbocations. Free
energies are given in kcal/mol (M06-2X (D3) / 6-311++G(d,p) / SMD(MeCN)). Given free
energies are related to starting compounds and correspond to the lowest found conformers of
intermediates of transition states. The transformations between conformers are considered as fast

processes and are not shown.

The summary of thermochemical calculations for the following steps leading to the final

peroxides detected in reaction mixture is presented in Scheme S5.
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O -BF3;0H B Oy -H o
1 OOH-CO,Me-cis: +10.9 3 OOH
0 OOH-CO,Me-trans: +11.6  vic-OOH-CO,Me-cis, OOH-OOH-cis: -4.4

vic-OOH-CO,Me-cis, OOH-OOH-trans: -3.7
vic-OOH-CO,Me-trans, OOH-OOH-cis: -3.2
H20, \;H+ vic-OOH-CO,Me-trans, OOH-OOH-trans: -1.0

H
/ BF30H" BF, H -MeOH

.
0-Q BF, -H
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Bn <—+ 2 2 (@]

o -H —BF3OH Bn 5
OMe 5 O—-OH

7
-6.7 CO,Me-O0H-cis: +18.4 CO,Me-endo: -2.2 OOH
CO,Me-OOH-trans: +15.4 CO,Me-exo: -0.7 OOH-0O0C-cis: -7.3
OOH-OOC-trans: -5.9
Hzo H202
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vic-OH-CO,Me-cis, OH-OOH-cis: -4.9 vic-OOH-CO,Me-cis, OOH-OOH-cis: -4.0
vic-OH-CO,Me-cis, OH-OOH-trans: -4.8 vic-OOH-CO,Me-cis, OOH-OOH-trans: -9.3
vic-OH-CO,Me-trans, OH-OOH-cis: -3.0 vic-OOH-CO,Me-trans, OOH-OOH-cis: -5.4
vic-OH-CO,Me-trans, OH-OOH-trans: -2.8 vic-OOH-CO,Me-trans, OOH-OOH-trans: -6.9

Scheme S5. Results of thermochemical calculations (M06-2X (D3) / 6-311++G(d,p) /
SMD(MeCN)) for possible peroxide structures and intermediate oxonium ion A and

peroxocarbenium ion B: relative free energy values are given in kcal/mol (bold, turquoise color).

Obtained free energy values for different peroxide diastereomers are frequently quite close
and thus it is hard to predict the major products of thermodynamic control. However, results of
calculations for isomeric ozonides 2 are in agreement with the experimental results: cis isomer
(CO;R-endo) having lower free energy was major isolated product. Isolated peroxoesters 7 had cis
configuration of OOH and OOC fragments, which corresponds to the computationally predicted
more stable isomer OOH-OOC-cis. Similarly, isolated triperoxides 6 had computationally
predicted more stable configuration: vic-OOH-CO,Me-cis, OOH-OOH-trans. For products 3 and
4, obtained free energies of diastereomers were too close to predict most favorable diastereomer
(AAG is less or about 1 kcal/mol).

Taking into account the close values of free energies for different possible peroxide
structures derived from 1, one can assume that the selectivity can be controlled by the amount of

H,0, in the reaction medium: the higher H,O, concentration is, the greater number of peroxide

S293



fragments is favored. However, we cannot exclude the role of kinetic control in our discovered
peroxidation process in addition to the thermodynamic control. The influence of BF;*Et,O amount
on peroxidation selectivity evidences the probable importance of kinetic control, despite the fact
that it can also influence peroxidation thermodynamically by quenching H,O. According to our
knowledge, higher activation barriers are typical for peroxidation of esters’!-33 compared to
peroxidation of ketones and thus demand highly acidic conditions to proceed. Therefore, we can
explain why peroxoesters 7 are formed only in the presents of several equivalents of acid catalyst
(BF5°Et,O or H,SO,). Speaking of other peroxide structures, ozonides 2 and dihydroperoxy
tetrahydrofuranes 3 can be produced avoiding thermodynamically unfavored peroxocarbenium
ions A and C, and these products were successfully synthesized employing only 1 equivalent of
BF;°Et,0. In contrast, products S, 4 and 6 demand the formation of peroxocarbenium ions A and
C and are formed when higher concentrations of acid catalyst are present. A plausible obstacle to
the formation of products 5, 4 and 6, which is responsible for the need for large quantities of acid
catalyst is the nature of monoperoxidated cationic intermediate (see Scheme S2): the formation of
C demands unfavored ring opening in B, whereas cyclization of A to B is spontaneous and

favorable.

XYZ data for main mechanistic scheme (and Scheme S5)
XYZ data of intermediates and transition states for the transformation of starting model carbonyl
compound 1 to cations A/B are presented in separate section “XYZ data for Scheme S4” below.

Details for cations A, D are presented in separate section “XYZ data for Scheme S2”.

Water
RSN Multiplicity = 1
Charge =0
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-76.429734 -76.404463 -76.42589
O 0.00000000 0.00000000 0.11788400
H 0.00000000 0.76092100 -0.47153400 ‘/.\
H 0.00000000 -0.76092100 -0.47153400 J

Hydrogen peroxide

H/O\O/H Multiplicity = 1
Charge =0
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Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-151.547223 -151.51615 -151.541869

O 0.00000000 0.71067600 -0.06343800
H 0.75559200 0.91665500 0.50750100

O 0.00000000 -0.71067600 -0.06343800
H -0.75559200 -0.91665500 0.50750100

O -0.74803500 0.12337200 -0.00000100
H -1.13809800 -0.75607800 0.00002200

Methanol
CH;0H Multiplicity = 1
Charge =0
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-115.710389 -115.654422 -115.681448
C 0.66561000 -0.01964200 -0.00000200
H 1.01871900 -0.54854200 -0.89081000
H 1.01872200 -0.54853600 0.89080900
H 1.09128000 0.98403600 -0.00000600

HOBF;
HOBF5 Multiplicity = 1
Charge = -1
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-400.595533 -400.563974 -400.597826
F -0.31594400 -0.76738100 1.14325400
F -0.82145500 1.16470600 0.00000000 ‘k\\
F -0.31594500 -0.76738100 -1.14325400
O 1.37815900 0.44152100 -0.00000100
H 1.96798700 -0.31667200 0.00000100 ‘KJ
B 0.01736800 0.02300300 0.00000000

Model starting carbonyl compound (methyl 2-acetyl-2-benzyl-4-oxopentanoate) 1

S295




O O Multiplicity = 1
MeOB Charge =0
n
@) : : .
Imaginary vib. modes: no
Electronic Energy | EE + Thermal Enthalpy | EE + Thermal Free Energy Correction
(EE) Correction (H) (G)
-883.260074 -882.935018 -883.003877
H -4.55948000 0.27640800 -0.83535200
C -4.33839200 -0.41999900 -0.02594700
H -4.94358100 -0.19086800 0.84745600
0 -2.97540900 -0.26854200 0.39405200
H -4.52000800 -1.44305700 -0.35686800
C -2.04944700 -0.49240900 -0.54042300
0O -2.30628100 -0.84982000 -1.66044200
C -0.64160000 -0.32400600 0.03234700
C -0.54476100 0.92496200 0.90887600
H 0.47217300 1.04295500 1.28886900
H -1.17970500 0.81982300 1.79455800
C -0.97218500 2.20490200 0.22452500
O -1.60217000 2.19804400 -0.81211500
C -0.57951600 3.47781300 0.91970500
H -0.80379300 3.41093400 1.98696600
H -1.08887000 4.33108800 0.47448500 J
H 0.50361800 3.60448000 0.82336500
C -0.35389700 -1.57279500 0.89831000 J
0 0.16370100 -1.45795600 1.98323600
d 9
Oxacarbenium ion B (OOH-CO;,;Me-trans) (local minimum near TS A)
Multiplicity = 1
B Charge =1
(OOH-CO,Me-trans)
O- Imaginary vib. modes: no
OH
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.799997 -958.456495 -958.526391
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mTomIEDTmQIEraoDnaoooaoamIEo@DnoomnIETTZTQOQOIIDIZIOQOED OO0 OE

.37593400
.20788300
.15475900
.50516400
.20248000
.43234300
-0.43862600
-0.97990700
-0.50313400
-0.83362600
-2.47200900
-2.92678500
-2.75990400
-3.98482400
-2.33917600
-1.68600900
-1.76180300
-2.76149700
-1.52370800
-0.99391900
-3.31728400
-2.74588700
.59451800
.59794100
.79063300
.13708100
.88890100
.93161800
.05375900
.11111600
.82630100
.23288300
.25968300
.26222500
.91367700
.34901400
.18115700

OO ONRF

QW dF WNBNNE OOOO

-4.23457100 0.17484800
-3.46149300 -0.56946000
-3.08016100 -0.95150100
-2.40836200 0.12351300
0.
1.
0.
0.
1.
0.
0.
-0.01462000 -1.99422000
0.68122400 -2.81754500
-0.26948500 -1.93241500

-1.34040100 -
-1.20195300 -
-0.23710600
0.91503300 -
0.95560000 -
1.85976800 -
0.64489300 -

-0.91611200
-0.77741000
-1.66374000
-2.07683200
-1.03200600
-2.43524200
1.70092500 -
-0.34303700
-3.83882400 -

3.45667600 -0
1.83718900 -0

0
2
2.
2
2.
0.
0.
1.
0.18984000 1.37206800
-0.65982200 2.02889600
0.98677400 1.95999700
0.66348600 0.74873100
-0.23926300 0.52253000
1.99708600 0.36776000
0.18017300 -0.08615100
-1.27289600 0.83853100
2.41771400 -0.24081000
2.71165600 0.55913800
1.50910000 -0.47343600
-0.52982700 -0.25064500

-2.93919100 2.37276700 0.
-3.70613200 2.19442400 1.

59316600
76102700
28925700
56648000
54324800
04774200
72164700

2.17289000
.93569700
.09618900
21066600
.96527000
04288300
48772200
41889100
38680900

52775400
94563200
70606900
27699400

Oxacarbenium ion B (OOH-CO;,Me-cis (Z)) (global minimum according to GOAT search)

@)

(OOH-CO,Me-cis)

Multiplicity = 1
B Charge =1

Imaginary vib. modes: no

0.62139000 -0.58791300 1.46800300
0.29699100 -1.56865500 1.82400200
0.70470700 0.08325800 2.32568000

“OH
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.802610 -958.459114 -958.527499
H 0.26152000 3.31984500 -1.67965600
C 1.07132200 2.60704700 -1.52425500
H 1.57255100 2.38581400 -2.46245200
O 0.53496700 1.35092700 -1.07056400
C -0.08734800 1.37478400 0.08914800
0 -0.24858300 2.35591000 0.76806500
C -0.50608000 -0.04020400 0.52845100
C -0.88593700 -0.98583000 -0.62102100
H -0.51892400 -1.98996000 -0.41164700
H -0.50477800 -0.66235500 -1.58625300
C -2.40985800 -1.03397600 -0.64014800
C -3.05910200 -2.37523000 -0.81664800
H -2.75640300 -2.77857800 -1.78405300
H -4.14430900 -2.28069700 -0.77856400
H -2.71414400 -3.04504300 -0.02908700
C -1.79020000 0.04123700 1.31190500
O -3.03586700 -0.15915800 -1.49981400
O -2.76325500 -0.52992400 0.75326300
C -1.96920100 0.61937900 2.64162200
H -3.02327900 0.75962400 2.87120400
H -1.39134700 1.53934900 2.73107200
H -1.53585500 -0.10713300 3.34509000
C
H
H
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.95348100 -0.68855900 0.76697600
.31997200 -1.84737200 0.08080300
.83151900 0.39849200 0.77971100
.53510600 -1.91196300 -0.59686700
.65660400 -2.70635400 0.08375200
.04475700 0.33674200 0.10261100
.56236100 1.29809300 1.32677900
.39676900 -0.81855900 -0.59244200
.80941000 -2.81847800 -1.12440700
.71669600 1.18739100 0.12133400
.34257100 -0.86927300 -1.11968900
.77930800 2.99507600 -0.79186600
-2.40584700 1.11259900 -1.39345300
-3.16454000 1.68680900 -1.18831000

Oxacarbenium ion B (OOH-CO,Me-trans (E)) (global minimum according to GOAT search)

o)

(OOH-CO,Me-trans)

Multiplicity = 1
Charge =1

Imaginary vib. modes: no

“OH
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.800012 -958.456563 -958.525869

.09478400
.98883800

.15086700
.40658000
-0.42774600 0.24692400
-0.91415200 -0.91416500
-0.42413800 -0.92487900
-0.73806300 -1.85875300
-2.41291400 -0.69568200
-2.87637500 -0.01183800
-2.66567000 -0.66898900

1
0
1
0.36604200
0
0

-3.94562900 0O
-2.32822600 0
-1.69976900 0.70945600
-1.81598400 1.54463000
-2.82678600 1.92933700
-1.58026800 0.87582300

.06450000 2.33344000
-3.22180200 -1.78858500
-2.73748500 0.24485600

TomIEDTmQIEraoDnaoooaoa@mIEo@DnoomnIETTZTQOQOIDIZIOQOED OO0 OE
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-0.
0.
1.54457800
0.06331000
0.
1
2

-2

4.36792400 -0.23271000
3.58971700 0.51767200
.96319000 3.28532800 0.89921900
2.48076300 -0.16470700
1.39776800 0.56157200
1.28381400 1.72672400

30230800
57360500

74261300

.99944800
.84419000
.19347700 1.94650300
.92133100 2.13668600
-0.
-2.
-2.
-2.
.15259400
0.
-0.
.35088200 3.92485300 1.33463900
.63011600 -0.14895900 -1.37488700
.82250400 0.71372600 -2.01508000
.18929400 -0.94208700 -1.98300500
.91494100 -0.62264300 -0.73977900
.92242200 0.29161500 -0.42014800
.10844300 -1.97379200 -0.44463500
.09615200 -0.13544700 0.19386300
.79548400 1.34197500 -0.66659500
.28214100 -2.40252300 0.16894300
.34029900 -2.69426200 -0.70651800
.27676200 -1.48356700 0.49289500
.87175400 0.58359600 0.43163900
.42116100 -3.45507200 0.38824600
5.19189600 -1.81738600 0.96843800
-2.83789200 -2.48535300 -0.62272300
-3.61395300 -2.34229400 -1.19127300

96130300
15515800
27108000
99741100

55461500
42585400

S298



Peroxacarbenium ion C Z (CO,Me-OOH-cis)

Multiplicity = 1
Charge =1

Imaginary vib. modes: no

Electronic Energy (EE) | EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-1033.910086 -1033.561545 -1033.631665

H 3.81768600 -3.11066300 -1.88765600

C 3.85068500 -2.37521700 -1.08898200

H 4.20667400 -2.82673200 -0.16384900

O 2.48914900 -1.92918500 -0.92317400

C 2.28863100 -1.01521500 0.00614200

O 3.13851100 -0.55736900 0.72230600

C 0.83127200 -0.53123300 -0.01480500

C 0.68097000 0.46834800 -1.19111900

H -0.05975000 0.10076700 -1.89849000

H 1.62486100 0.58290900 -1.72619700

C 0.22864700 1.82773500 -0.70198900

C -0.39636500 2.70640800 -1.75567300

H 0.34036000 2.85514000 -2.54757000

H -0.68931700 3.66698800 -1.33472100

H -1.27150500 2.20976600 -2.17580500

C 0.48621700 0.04926200 1.31259300

O 1.34750000 2.36614500 -0.05242500

O -0.33963400 1.00614100 1.43666100

C 0.95098300 -0.47385500 2.60657900

H 1.18263900 -1.53619200 2.52790900

H 0.21959800 -0.26939400 3.38752200

H 1.88124600 0.06171400 2.83571100

O -0.83563300 1.63995000 0.26476000

O 1.01504100 3.60107700 0.55710100

H 1.45406300 4.24166000 -0.02763000

H 4.48270400 -1.53206200 -1.36646200

C -0.15790000 -1.76516100 -0.16664100

H 0.11623600 -2.20662900 -1.12509400

H 0.07131400 -2.48182100 0.62427500

C -1.62024000 -1.40038700 -0.15008800

C -2.31358800 -1.31685600 1.06053100

C -2.30506700 -1.14223500 -1.34039900

C -3.65462100 -0.94773700 1.08552200

H -1.80260900 -1.55278500 1.99033300

C -3.64682000 -0.77283400 -1.31761800

H -1.79031700 -1.24687400 -2.29023700

C -4.32138000 -0.66597700 -0.10425000

H -4.17921800 -0.88651200 2.03204900

H -4.16644100 -0.57563500 -2.24833600

H -5.36623500 -0.37798200 -0.08641400

Peroxacarbenium ion C E (CO,Me-OOH-trans)

Multiplicity = 1
Charge = 1
Imaginary vib. modes: no

Electronic Energy (EE) | EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (H)

Correction (G)

-1033.915243

-1033.566967

-1033.636391
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H -0.59670600 3.07603900 -2.38533300
C 0.01057100 3.36296300 -1.52748800

H 1.06750400 3.36544800 -1.79104200

0 -0.21582700 2.43763600 -0.44191200
C 0.07011900 1.16600200 -0.68222900

0 0.49639900 0.72293200 -1.70770100

C -0.18306200 0.31335000 0.58330800

C -0.60376800 -1.11292100 0.17303400
H -0.63580200 -1.74121500 1.06505100
H 0.14985700 -1.50775600 -0.50747800
C -1.97480800 -1.10765200 -0.51135900
C -1.98567700 -1.54954000 -1.95561200
H -1.69790400 -2.60279500 -1.97917800
H -1.25357500 -0.97255500 -2.51969700
H -2.97355400 -1.42770900 -2.39670700
C -1.35902300 0.91430200 1.28508100

O -2.46788700 0.26653500 -0.58640000
C -1.36586300 1.53957300 2.60303800

H -2.35571500 1.89869300 2.87371000

H -0.62943200 2.35205300 2.59471600

H -1.00252800 0.79437800 3.32196800

O -2.49815500 0.83219500 0.72040700

0 -2.80259800 -1.83886700 0.34274500
O -4.11297100 -1.91924200 -0.19132000
H -4.15370900 -2.84362000 -0.48953200
C 1.08356900 0.31964200 1.47903700

H 0.85048400 -0.26595900 2.37144200

H 1.28831600 1.34680800 1.78866700

H -0.29355800 4.33357900 -1.14672400
C 2.30307900 -0.25229000 0.79613800

C 2.58041300 -1.61916500 0.86224700

C 3.17420100 0.58278600 0.09390300

C 3.70167600 -2.14427200 0.22599100

H 1.91728500 -2.27280400 1.42040600

C 4.29609800 0.06061000 -0.54266600

H 2.97381200 1.64962100 0.04991000

C 4.56011700 -1.30538500 -0.48027000
H 3.90732400 -3.20694700 0.28661600

H 4.96528300 0.72057500 -1.08287900

H 5.43507900 -1.71336500 -0.97339700

Ozonide 2 (CO,Me-endo)

(0]
MeO

@)

@)
2-CO,Me-endo

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.389656 -958.058080 -958.123401

H -0.45051700

3.80953600 -1.32827400

C 0.28856300 3.58258000 -0.55962500
H 1.27626800 3.49109300 -1.01283200
0 -0.05983600 2.36730700 0.11905000

C -0.11321200 1.26813800 -0.63660000

0 0.11619800 1.26912100 -1.81828900

C -0.47335400 0.04581100 0.19773700
C -0.71974900 -1.20035100 -0.68495300
H -0.15964300 -2.06301800 -0.32259500
H -0.49264900 -1.03207300 -1.73550000
C -2.20977100 -1.43103100 -0.45626600
C -2.81091200 -2.74900900 -0.83383300
H -2.70070500 -2.90642100 -1.90794500
H -3.86838300 -2.76875800 -0.56899900
H -2.28361700 -3.54596200 -0.30804000
C -1.90240800 0.22299800 0.81036300
0 -2.72772000 0.76626500 -0.24035700
0 -2.93798400 -0.36856800 -1.11163300
0 -2.38028800 -1.09552600 0.90909500
C -2.10746000 1.01283000 2.06770100
H -3.16854900 1.00850300 2.31892800
H -1.76624300 2.03818200 1.93068900
H -1.54366600 0.55570800 2.88145400
C 0.58953000 -0.18263800 1.29561500
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.25957000
.63084800
.96110400
.79008800
.42212500
.04090600
.45855100
.67399300
.79937800
.48509400
.67104900
.01651700
.46009100
.29152700

-1.02957000 1.90289500
0.69961600 1.93794200

-0.45943900 0.72725700
0.59628500 0.33316200

-1.76777900 0.56233800
0.34999900 -0.22500200
1.62083500 0.47581500

-2.01795500 0.00477600
-2.59661200 0.88391200
-0.95953400 -0.39475200
1.18097400 -0.52181700
-3.04004500 -0.11244800
-1.15253400 -0.82764300
4.35632400 0.20402100

Ozonide 2 (CO,Me-exo0)

Multiplicity = 1

TomIoDoO@DnoQOIoOoOOErDmQrooomIETZTQQOIDIZIOQEZTD OO0 OEm
|
—

U wWwsNNBFRF WNhDNDNRFE OO OO |

.78646200 0.26426900 0.42188400
3.83517000 1.32539300

-0.25603700 -1.23371700
0.57828900 -1.93591800
-1.11291300 -1.76583200
-0.60022300 -0.71671800
-1.91129800 -0.34465800
0.38044700 -0.59217700
-2.23009800 0.16144100
-2.69441100 -0.46822100

.31080200
.47229900
.53801100
.05681500
.85246900
.16671700
.84256700
.42400500
.42583000
.10120400
.63043400
.39392100
.64757800
.85541400
.37374100

0.06476900 -0.
1.39660200 -0.
-1.24048100 0.
-3.25372400 0.
0.83926100 -0.
-1.48717900 0.

08646000
90631100
29962200
44071800
00083400
69256800

‘v
‘0 Charge =0
0
RS 3 3 .
2-CO,Me-exo Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.387410 -958.055643 -958.121004

1.34147400 4.07833500 -0.11540600
1.04322700 3.37711100 0.66003200
1.91175000 3.05237300 1.23443300 //
0.46047100 2.26149300 -0.02781900

0.04068100 1.25284000 0.73594800

0.11166800 1.26513500 1.93859900

0.51991700 0.11009000 -0.10796800

0.93922000 -1.08181400 0.78674500
-0.70806600 -0.89787400 1.83496300
-0.49653700 -2.02508300 0.47319200
-2.45115400 -1.10291800 0.57437700
-3.31498200 -1.83223900 1.55526000 J
-3.03683900 -2.88730600 1.57225300
-4.36467400 -1.73628900 1.27620600
-3.15722200 -1.41310800 2.54976900 J
-1.92935900 0.51544000 -0.66610300
-2.15504600 1.85526300 -1.30203900
-2.02191000 2.64491900 -0.56310500 J
-3.17274000 1.89064100 -1.69161900 ) J

.44559700 2.01200900 -2.11525700

-2.31752700 -0.50631000 -1.60101300
-2.69974100 -1.61269000 -0.75396400

Dihydroperoxy tetrahydrofurane 3-1.1 (viccOOH-CO,Me-cis, OOH-OOH-cis)
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Multiplicity = 1

Charge =0
Imaginary vib. modes: no
~ OOH
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1109.960966 -1109.595626 -1109.668681
H 2.24999800 3.41559700 -0.94291300
C 1.28353100 3.67333700 -0.50822700
H 1.40593900 4.41064200 0.28111400
O 0.70042100 2.52303500 0.12149600
C 0.47575100 1.47404500 -0.67034800
0 0.73924100 1.46126900 -1.84505800
C -0.10690400 0.30264600 0.10836700
C -0.51359400 -0.84920000 -0.82510900
H 0.26234000 -1.60720400 -0.91821000
H -0.74430100 -0.46948300 -1.81956000
C -1.78367100 -1.43089100 -0.18513600
C -1.69146600 -2.86144700 0.28856400
H -2.59568100 -3.14970400 0.82469600
H -0.83662200 -2.95591100 0.96049100
H -1.54321000 -3.52392800 -0.56656600
C -1.47760100 0.64964100 0.75588600
O -2.13140700 1.38847200 -0.28665300
O -2.79245900 -1.25840900 -1.18852600
0 -2.09232100 -0.60107400 0.91849900
C -1.52400100 1.38849700 2.06907800
H -0.98174300 2.32988300 1.98662500
H -1.08661000 0.78281100 2.86260400
H -2.56644600 1.59128300 2.31734300
O -3.52202900 1.44308100 -0.03845900
H -3.81968300 0.58591500 -0.38728200
O -4.04865200 -1.68320100 -0.67186400
H -4.21081000 -2.50416100 -1.16313400
H 0.61946200 4.05379900 -1.28463800
C 0.89207000 -0.14362500 1.20763600
H 1.04489100 0.68786200 1.89797800
H 0.42587900 -0.96133400 1.76403100
C 2.22523300 -0.59376100 0.66013600
C 3.21981900 0.34015800 0.35278300
C 2.49080100 -1.94821700 0.44363600
C 4.44249400 -0.06833100 -0.17227100
H 3.04174700 1.39519500 0.53913100
C 3.71383600 -2.36097100 -0.07912200
H 1.73322500 -2.68472200 0.69404000
C 4.69175000 -1.42091600 -0.39290200
H 5.20297700 0.66946100 -0.40234200
H 3.90321500 -3.41671900 -0.23781900
H 5.64479100 -1.74046100 -0.79889100

Dihydroperoxy tetrahydrofurane 3-1.2 (viccOOH-CO2Me-cis, OOH-OOH-trans)

0]

Bn

OOH

oy

O 3-1.1 (vic-OOH-CO,Me-cis, OOH-OOH-trans)

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

OOH
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1109.960428 -1109.594982 -1109.667672
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H 1.15595600 4.45915400 0.75316300
C 1.11106900 3.81584300 -0.12188400
H 0.49129400 4.26905000 -0.89590200
O 0.51988900 2.58806600 0.32845000
C 0.37053000 1.63848900 -0.59441200
0 0.71246200 1.76495200 -1.74179800
C -0.24081800 0.37470900 -0.00254300
C -0.54015900 -0.65859600 -1.09575600
H 0.29806400 -1.32197900 -1.30686900
H -0.82079900 -0.15677900 -2.02066500
C -1.73775800 -1.43581500 -0.55610700
C -2.76882200 -1.84579600 -1.58129500
H -3.15309900 -0.95361600 -2.07957200
H -3.59398300 -2.37456500 -1.10525900
H -2.30493600 -2.49398300 -2.32752800
C -1.67158100 0.63111700 0.54996900
0 -2.22699900 1.53160500 -0.41642600
C -1.82883300 1.15356500 1.95671900
H -1.42190000 0.43709700 2.66975700
H -2.88788000 1.29474900 2.17002200
H -1.30879200 2.10617500 2.05949100
O -3.60369200 1.72656300 -0.15573800
H -4.00386100 0.91903500 -0.51941500
O -2.33865200 -0.60504400 0.43684600
O -1.17723600 -2.56150000 0.11405800
0 -2.20550300 -3.27320400 0.78190700
H -2.34769200 -2.73653000 1.57910900
H 2.11284200 3.63128400 -0.51139100
C 0.68472200 -0.16369100 1.12055100
H 0.77535800 0.60487300 1.88975400
H 0.20126200 -1.03455500 1.56751000
C 2.05988200 -0.54192500 0.62497300
C 2.35262300 -1.86032500 0.26625500
C 3.06432800 0.42358800 0.50661200
C 3.61527000 -2.20578400 -0.20862200
H 1.58337900 -2.62007700 0.36574800
C 4.32670600 0.08225200 0.02901100
H 2.86151700 1.44834400 0.80381200
C 4.60474100 -1.23372000 -0.33277500
H 3.82637700 -3.23447100 -0.47868100
H 5.09483900 0.84304000 -0.05413900
H 5.58849200 -1.50121000 -0.70152700

Dihydroperoxy tetrahydrofurane 3-2.1 (vic-OOH-CO,Me-trans, OOH-OOH-cis)

MeO

jBn

OOH

s

O 3-2.1 (vic-OOH-CO,Me-trans, OOH-OOH-cis)

< OOH

Multiplicity = 1
Charge =0
Imaginary vib. modes:

no

Electronic Energy (EE)

EE
Correction (H)

+  Thermal  Enthalpy

EE + Thermal Free

Energy Correction (G)

-1109.959466

-1109.593977

-1109.666804

OO R NEDN

.16795400
.73447900
.51245200
.10490400
.51707900
.48147900

3
3
2.
2
1
1

.92959500
.19733600
72875800
.21858500
.20123400
.09196900

0.30100600
0.97757000
1.58149500
0.13890100
0.76319600
1.96296000

-0.09114500 0.20213100 -0.22342800
-0.58385600 -1.04372500 0.53577300
0.01836200 -1.26310900 1.41481700

-2
-2

-2

-1
-1
-2
-2
-1

QooonNmIETrOOQOETZTOQOQOQOIm QT

-0.

-1.

-3.

57646000
.03638100
.34575400
65055500
.22232300
36583400
.44812500
.77416500
.80821100
.32520300
.54223400

-1.90732400 -0.12926200
-0.71681200 0.92360600
-0.66759000 2.39994800
0.01974500 2.88135100

-1.66231000 2.83311300
-0.32084400 2.56585700
0.78269700 -0.72341600
-0.07291100 -1.82700500
-1.72195300 0.25007100
0.54295400 0.34776100

2.23466700 -1.12064700
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-1.39249100 2.88129200 -0.25586200
-2.53525100 2.41797000 -1.53199500
-0.78990000 2.46353600 -1.87613900
-3.14612500 0.06408000 -2.14140300
-3.56089900 -0.52878000 -1.49229800
-4.19365200 -1.46380000 0.44707300
-4.45624600 -2.17066900 1.05784900
.91614500 -0.10526600 -1.35286600
.46751400 -0.85660000 -2.00346600
.07808900 0.80001500 -1.94124900
.23748900 -0.61907000 -0.82166700
.39266000 -1.96993600 -0.49386300
.32383500 0.24071500 -0.63368700
.59304400 -2.44559600 0.02597600
.56919900 -2.65755800 -0.65759700
.52707800 -0.23264300 -0.11499600
.22893000 1.28697100 -0.90385100
.66348100 -1.57617700 0.22268200
.69398900 -3.49688500 0.27178200
.35913900 0.44950800 0.02011400
.59948200 -1.94560800 0.62605600
.99585900 3.66913800 1.62635000

Dihydroperoxy tetrahydrofurane 3-2.2 (viccOOH-CO,Me-trans, OOH-OOH-trans)

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1109.954886 -1109.589549 -1109.663291

TIEZIoDOQODQIEooaoaoaEDzQ@mooozTo@mZT@m QOO QOOEDITOQO0O0N0O0EOE

-1.44998300 4.38466400 -0.03286000
-1.33398500 3.61521800 -0.79179400
-2.30585300 3.32301800 -1.19111700
-0.71592600 2.50359900 -0.12677500
-0.49354200 1.42508200 -0.87578800
-0.78626100 1.35342900 -2.04217700
0.16040600 0.31376300 -0.06679000

0.49334200 -0.90142200 -0.94251000
0.67536100 -0.59304400 -1.97239600
-0.30473700 -1.64164000 -0.94830500
1.78716300 -1.46939600 -0.34164900

1.67396900 -2.82597100 0.31432100
1.40782000 -3.57229100 -0.43643100
0.89123600 -2.79197800 1.07370500
2.61637700 -3.10466400 0.78475500
1.58607600 0.72300500 0.41612300

1.46417500 1.32754000 1.67890500

2.35218900 1.59090300 -0.56747200
3.39612500 1.65632800 -0.26336200
1.92549000 2.59569600 -0.59531100
2.30760700 1.15332800 -1.56629400
2.75610600 1.65118200 2.16791600

3.02747200 0.82209300 2.59467800

2.23697000 -0.52802300 0.61505600
2.70467200 -1.48206800 -1.43724400
3.97670800 -1.90955700 -0.98162200
4.32198300 -1.11178400 -0.54797300
-0.74568800 -0.06120400 1.13830800

.85576000 0.81520600 1.77664500

.22923800 -0.83122200 1.71575700
.10856800 -0.56128300 0.72208300
.36862000 -1.93046500 0.61948800
.13891300 0.33767800 0.42750500

.62007900 -2.39208200 0.21943500
.58261200 -2.63970600 0.86133600
.39046100 -0.11987200 0.02456700
.96571400 1.40476900 0.52965000

.63362900 -1.48699700 -0.08423700
.80356500 -3.45836600 0.14828200
.17794400 0.59179800 -0.19695300
.60875200 -1.84413100 -0.39541900
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[ H -0.69483200 3.97138700 -1.60041500

Hydroxy hydroperoxyl dioxane 4-1.1 (vic-OH-CO,Me-cis, OH-OOH-cis)

0-0

HO

A\

\

“Bn 4-1.1 (vic-OH-CO,Me-cis, OH-OOH-cis)

Multiplicity = 1
Charge =0

MeO ) Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-1109.964874 -1109.598999 -1109.669601

H -1.76065300 -2.66508900 1.87305800

C -1.22774000 -1.78701400 2.22881900

H -1.89975600 -1.12962700 2.78121600

O -0.74511700 -1.12643400 1.05072500

C -0.09948400 0.00910000 1.23465800

0 0.09494900 0.47580600 2.34016700

C 0.27264100 0.69812900 -0.08457800

C 0.67577700 -0.34882100 -1.13955700

H 0.70556900 0.12720600 -2.12139700

H -0.05783800 -1.15304400 -1.18601000

C 2.05831400 -0.94222600 -0.88362000

C 2.59814400 -1.73368400 -2.05377800

H 1.89802500 -2.53765900 -2.28637900

H 3.57007900 -2.15922200 -1.80708900

H 2.69701000 -1.08562500 -2.92543400

C 1.47087500 1.67628100 0.13019900

0 1.91826100 -1.72565900 0.29213300

0 2.62324900 0.85653200 0.47417500

C 1.79598700 2.54898400 -1.06838300

H 1.01388200 3.29726300 -1.19584600

H 1.90281600 1.98043500 -1.99020100

H 2.73667800 3.06039600 -0.85719000

O 3.18054200 -2.23295000 0.68441200

H 3.54998800 -1.49636000 1.19862500

O 3.01198900 0.08583800 -0.65536700

H -0.38961200 -2.07946500 2.86199500

C -0.96673600 1.51966000 -0.55414700

H -0.73814300 1.89584800 -1.55351400

H -1.07169600 2.37856200 0.11417500

C -2.26516200 0.75314500 -0.59389500

C -2.62022600 0.00317700 -1.71661900

C -3.12224200 0.75862200 0.50952000

C -3.79575300 -0.74355900 -1.72906700

H -1.97106900 0.00521600 -2.58688800

C -4.29755800 0.01360000 0.50166400

H -2.86074400 1.34795900 1.38424200

C -4.63522700 -0.74443400 -0.61762600

H -4.05787000 -1.32162200 -2.60824500

H -4.95099500 0.02705700 1.36701900

H -5.55051100 -1.32537700 -0.62656700

O 1.31927400 2.51283100 1.21800500

H 0.96001700 1.97968600 1.94890700

Hydroxy hydroperoxyl dioxane 4-1.2 (vic-OH-CO,Me-cis, OH-OOH-trans)

MeO

“Bn 4-1.2 (vic-OH-CO,Me-cis, OH-OOH-trans)

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

O
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1109.963665 -1109.597883 -1109.669391
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-2.97938200 2.92866600 0.87760200
-2.11244400 3.46598500 0.49150500
-2.40727800 4.13437800 -0.31361700
-1.17782300 2.54603200 -0.09075700
-0.69002100 1.61116900 0.72565300
-1.00275900 1.52760200 1.88565200
0.25763600 0.64662600 0.00390200
0.76856900 -0.35185600 1.05918400
-0.01229400 -1.06872500 1.31789600
1.01412600 0.19752100 1.96763200
.03290000 -1.10545400 0.66949300
.68623500 -1.80018800 1.84575000
.95865600 -1.06564600 2.60379100
.57757600 -2.33752000 1.52506300
.97243600 -2.50581500 2.27440600
.48189000 1.43380200 -0.55203900
.27985600 2.21985500 -1.83710500
.20017700 2.77017700 -2.04771700
.45880500 2.92367400 -1.72125100
.07528500 1.55796500 -2.67811100
.49895400 0.49646800 -0.94227800
.64873300 -2.01579500 -0.35060800
.77710800 -2.74254100 -0.80367800
.15492600 -2.14660800 -1.47075900
.01419000 -0.21403100 0.17413900
-1.63731900 4.02663000 1.29680900
-0.52426400 -0.02563900 -1.15879900
-0.84947700 0.75512600 -1.84738200
0.16612200 -0.68209500 -1.68997800

WWNRFRFNRFONRFERFRRFRFWNDDNDDND

-1.73873900 -0.80422700 -0.70710400
-1.66046400 -2.17309800 -0.43554600
-2.97147400 -0.16221700 -0.55064500
-2.78184800 -2.88061900 -0.00995200
-0.71166700 -2.68389400 -0.56159000
-4.09374100 -0.86599000 -0.12134900

mImIToDaoO@DnQoooaoaEDzZQEromooornImOODnIITmOQOO@DITOOOOoOQOoImam

0]
H

-3.05673000 0.89564900 -0.78095100
-4.00141200 -2.22813200 0.15271800
-2.70276200 -3.94300000 0.19254100
-5.04146300 -0.35124600 -0.00873700
-4.87506500 -2.77845300 0.48321400
1.92299900 2.23961900 0.49603600

2.64803800 2.79427300 0.17909800

Hydroxy hydroperoxyl dioxane 4-2.1 (vic-OH-CO;Me-trans, OH-OOH- cis)

0-0

HO

W

OOH

‘
‘s,

MeO _\\ Bn 4-2.1 (vic-OH-CO,Me-trans, OH-OOH-cis)
o]

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

-1.45690600 1.43375500 -0.59948600
-1.67294200 -2.04107400 -0.31662600
-2.43962200 0.45738700 -1.03310100
-2.08208900 2.42079900 0.37155500
-2.98095200 2.84552000 -0.08274600
-1.37497100 3

1

-2.35961500

.22931700 0.57011900
.95138800 1.31450200

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-1109.960799 -1109.595044 -1109.666537

H 3.00240400 2.88841100 0.88054200

C 2.15650700 3.42745900 0.45217200

H 1.67014200 4.02309100 1.22550600

0 1.22114200 2.50669900 -0.12646500 J

C 0.70397600 1.60350500 0.70280300

O 0.98112400 1.55131200 1.87539400

C -0.25198100 0.64312500 -0.01170600

C -0.79023200 -0.34164600 1.04558000

H -1.02326900 0.20655500 1.95859300 D

H -0.02229100 -1.07093200 1.30875900

C -2.06439000 -1.08132100 0.65268000

C -2.76498000 -1.71040500 1.83852500

H -3.04916100 -0.93676800 2.55240500

H -2.07698700 -2.40553900 2.32275900

H -3.65456700 -2.24862700 1.51472000 9

C

(0]

(0]

C

H

H

H
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-2.80376500 -2.76455300 -0.76910600
-3.14564300 -2.19503800 -1.47748400
-3.01464700 -0.18916200 0.09132400
0.52687100 -0.05738200 -1.16147900
0.83107700 0.70944400 -1.87249900
-0.16532400 -0.73323400 -1.66403600
.74600500 -0.81750100 -0.69244100
.98184500 -0.17316600 -0.57083200
.66947700 -2.17571700 -0.36914400
.10650800 -0.86233000 -0.12411900
.06737500 0.87432200 -0.84321600
.79290600 -2.86882200 0.07436700
.71950100 -2.69033000 -0.47051100
.01467700 -2.21274700 0.20315000
.05602600 -0.34546100 -0.03942700
.71394300 -3.92288200 0.31667900
.89011500 -2.75159100 0.54758200
.48576800 4.06406400 -0.36522600
-1.08824100 2.03850700 -1.78801800
-1.77711400 2.66972000 -2.03399400

fan
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Hydroxy hydroperoxyl dioxane 4-2.2 (vic-OH-CO,Me-trans, OH-OOH-trans)

MeO _i\ Bn 4-2.2 (vic-OH-CO,Me-trans, OH-OOH-trans)
O

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1109.960271 -1109.594651 -1109.666131

H
C
H
0]
C
(0]
C
C
H
H
C
C
H
H
H
C
C
H
H
H
(0]
0]
0]
H
0]
C
H
H
C
C
C
C
H
C
H
C
H
H
H
H
(0]
H

-0.67087400 3.71675600 0.44951700
.26260300 3.52831900 -0.08279800
.35191600 4.19539300 -0.93667900
.27223000 2.20191600 -0.62263000
.17777500 1.20920900 0.26855800

.04901800 1.40844300 1.44819900

.20684400 -0.14819000 -0.44079800
.46329400 -0.23219600 -1.33983500
.52698300 0.65051500 -1.97596700
.37521200 -1.11203900 -1.97910000
.75057000 -0.38425500 -0.54677700
.96275300 -0.69292300 -1.39635200
.08719500 0.10292000 -2.13239700
.82090400 -1.64041700 -1.91713300
.85439300 -0.75225700 -0.77255500
.28881800 -1.32169900 0.57621800
-0.68655200 -1.36356400 1.74428500
-1.71159200 -1.26699400 1.39212600
-0.47784400 -0.57475900 2.46012700
-0.57546500 -2.33399300 2.23600100
1.56124500 -1.25545100 1.25471300
2.87804100 0.84130800 0.16207600

3.95554700 0.76757200 1.07508800
3
2
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.54261200 0.34390600 1.84556300

.64699100 -1.46514700 0.36094700

1.01005100 -0.24662000 -1.40573700
-0.91777600 -1.19474400 -1.93621100
-0.88446600 0.55363600 -2.13981300
-2.38717200 -0.15259500 -0.79362000
-2.88106300 1.05574600 -0.29260900
-3.20116600 -1.28590400 -0.72255200
-4.14172400 1.12085600 0.29463800
-2.28473300 1.95969100 -0.36951100
-4.46522500 -1.22379100 -0.14244600
-2.83209900 -2.22805400 -1.11579300
-4.93622700 -0.02035400 0.37640800
-4.50661600 2.06603200 0.68092200
-5.08105700 -2.11504100 -0.09507500
-5.91863100 0.03070800 0.83191500
1.10570800 3.66393600 0.59552500
0.20841000 -2.48296200 -0.19156200
0.20351600 -3.24286500 0.40438600
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Tetraoxane 5

Correction (H)

O Bn Multiplicity = 1
MeO 00 Charge =0
© 5 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (G)

-1033.516192

-1033.179680

-1033.246470

H -0.22952600 3.63823800 -1.76371300
C 0.48251500 3.50532300 -0.94911400
H 1.47769800 3.31897900 -1.35418200
0 0.07730300 2.41229300 -0.11096000
C 0.00475800 1.21838800 -0.70014100
0 0.26228400 1.04223300 -1.86196800
C -0.37932200 0.11799700 0.29591200
C -0.60146300 -1.21145300 -0.44877900
H -0.28277500 -2.05826400 0.16049300
H -0.05974700 -1.22732900 -1.39312300
C -2.09327000 -1.34406200 -0.70816300
C -2.49730900 -2.37495600 -1.72596900
H -2.16071000 -2.05194600 -2.71220700
H -3.58140500 -2.49298800 -1.73278900
H -2.02082100 -3.32544700 -1.48272200
C -1.75402800 0.42820500 0.95033900
0 -2.59736000 -0.07842800 -1.17134000
0 -2.23044400 -0.79539200 1.53730300
C -1.82344200 1.45062700 2.05672700
H -1.34335100 2.37805500 1.75414600
H -1.32364900 1.05624100 2.94267900
H -2.87192600 1.63071500 2.29615100
0 -2.67502300 0.82046400 -0.04331600
0 -2.76393100 -1.63852400 0.49894100
C 0.72693900 0.00564300 1.37200000
H 0.81522200 0.96145600 1.89178500
H 0.40441800 -0.74744800 2.09517800
C 2.06692100 -0.37636900 0.78874700
C 2.47359700 -1.71153500 0.73051200
C 2.91909100 0.60650000 0.27568300
C 3.69652100 -2.05894000 0.16163200
H 1.83136300 -2.48303500 1.14309000
C 4.14139600 0.26281500 -0.29437300
H 2.62815200 1.65164700 0.33354100
C 4.53200400 -1.07282000 -0.35618700
H 3.99794400 -3.09991200 0.12752700
H 4.79076800 1.03844300 -0.68471000
H 5.48473500 -1.34203300 -0.79787900
H 0.49152300 4.38128000 -0.30549900

Dihydroperoxy dioxane 6-1.1 (vic-OOH-CO,Me-cis, OOH-OOH-cis)

0-0

HOO.

o

\
.‘\\

OOH

Multiplicity = 1
Charge =0

MeO 6-1.1 (vic-OOH-CO,Me-cis, OOH-OOH-cis _ _
5 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1185.080548 -1184.710005 -1184.784107
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-1.26086000
-1.11901900
-0.41344600
-0.58810400
-0.34394800
-0.55327200
0.18018600
0.47484700
-0.45615600
0.88963600
.47196800
.93942200
.73683500
.59550300
.10742700
.50690500
.25710500
.03961600
.16300600
.42406300
.97036700
.43624100
.83575700
.58585900
.01679400
.59286100
.50600500
.61104200
.07056800
.89526400
.50124100
.05086800
.22317700
.15367300
.55247400
.37197400
.93282800
.77155100
.84906500
.68307400
.08129300
.00975500
.63282700
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4.53634000 0.26099200
3.70243000 0.94366900
3.96942500 1.73054900
2.63421300 0.14453500
1.49074400 0.78364900
1.33704200 1.95864900
0.39879500 -0.16354500
-0.84537600 0.70361100
-1.37081800 0.92472300
-0.49987100 1.64667000
-1.84690500 0.12866200
-2.85171200 -0.86948100
-3.54566300 -1.14007200
-2.34394700 -1.76929800
-3.40326100 -0.43068600
0.86482500 -0.83299700
1.36081000 0.25978300
-2.65469400 1.13888800
-0.26022400 -1.41334400
1.84344100 -1.98660800
1.36914700 -2.85677900
2.15229900 -2.24508600
2.71246500 -1.70159000
1.63534900 -0.13632800
0.77446100 -0.00105100
-1.87210300 2.18556800
-1.73748700 1.88548700
-1.15139900 -0.41091200
3.40464600 1.38563200
0.16439000 -1.26347900
-0.55431300 -1.98414400
1.10544000 -1.79268100
-0.32047000 -0.72957600
0.58393900 -0.20784000
-1.67776600 -0.75009900
0.14045100 0.29924800
1.64702500 -0.21227800
-2.12510200 -0.24712400
-2.38778000 -1.17135100
-1.21693300 0.28463700
0.85700600 0.69807000
-3.18255000 -0.27449400
-1.56302400 0.67630700

Dihydroperoxy dioxane 6-1.2 (vic-OOH-CO,Me-cis, OOH-OOH-trans)

"“OOH

6-1.2 (vic-OOH-CO,Me-cis, OOH-OOH-trans

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal EE + Thermal Free Energy
Correction (H) Correction (G)
-1185.088436 -1184.717878 -1184.792471
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-2

0.
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-0.

-0.
-0.
-0.
0.21511500 0.48218100 -0.01646000
0.50827600 -0.60097400 1.04007500
-0.40494400 -1.13999600 1.29609700
-0.
-1.
-2.
-2.
-1.
-3.
.96459100
.63157500
.80412800
.65697200

91506700
.49645300
.45732000
77450900
49562500
81192700

85888500

.58632600
.09925400
.25964700
.53021100
.85297900
.57205000
.17882900
.54058300
.87886100
.19723000
.55250200
.51475500
.99668800
.35425300
.01536000
.95929900
.42362000
.72787100

.64224300
.70821600
.85713100
.18580400
.05951700
.11972500
.27956600
.36414300
.97505800
.52396000
.46713600
.56888800
.17499200
.67742100
.53801700

0
1
1
2
1.
2
1
1

4
3
3.
2
1
1

.19301400
.74525100
40048600
.64842400
.63371000
.61706900

11661500
60378600
40120800
93393900
72774200
11815400

20810300

.15124100
.97456300
.17410300
0.
-2.
-3.
-2.
-0.
4.
-0.00741400 -1.16888700
0.82060700 -1.86262100
-0.80562800 -1.69782600
-0.49389800 -0.69809900
0.40476000 -0.54302500
-1.84334600 -0.40810400
-0.03067000 -0.09477600
1.45228000 -0.78987200
-2.28245800 0.03648900
-2.55141800 -0.53438600
-1.37626200 0.19923600
0.68054800 0.01680300
-3.33372100 0.25356400
-1.71756600 0.54510100

16078800
42178500
38050400
90465800
93547100
45978600

1.27889400
0.47291800
0.85659700
-0.10817200
0.70811600
1.86954100

1.95066600
0.65192200
1.83169700
2.28151800
2.57283700
1.50986200
-0.61379600
0.47863100
-1.87483900
-1.74242000
-2.72010600
-2.07998500
0.16874500
0.43664800
-0.99795100
-0.35436200
-0.79766000
-1.50530200
0.13277100
-0.33319600

Dihydroperoxy dioxane 6-2.1 (vic-OOH-CO,Me-trans, OOH-OOH-cis)

Multiplicity = 1
Charge =0

6-2.1 (vic-OOH-CO,Me-trans, OOH-OOH-cis Imaginary vib. modes:
no
Electronic Energy (EE) EE + Thermal Enthalpy Correction | EE + Thermal Free
(H) Energy Correction (G)
-1185.082926 -1184.712304 -1184.786367
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H 1.71117400 4.40451700 0.01562000
C 1.57976000 3.64216500 0.77921000
H 2.54660600 3.25570700 1.10385100
O 0.81195000 2.60056900 0.15844500
C 0.55086500 1.53907400 0.91586100
0O 0.91595600 1.43627500 2.05980000
C -0.23751300 0.46882200 0.15280900
C -0.49629000 -0.70070900 1.12688000
H -0.74981400 -0.30099000 2.10837100
H 0.41590300 -1.28494400 1.25720500
C -1.63222500 -1.64098100 0.73374200
C -2.11540500 -2.49079700 1.88955600
H -2.90658900 -3.16402200 1.56301000
H -2.49000200 -1.84936800 2.68781300
H -1.27475100 -3.07510500 2.26748900
C -1.62476900 1.03142000 -0.27578500
O -1.42771700 1.79897300 -1.43184500
O -1.13346400 -2.41750600 -0.34244000
O -2.40258400 -0.07534500 -0.77157300
C -2.35207000 1.78555600 0.82199200
H -2.32440700 1.23623300 1.76196300
H -3.39089600 1.94634100 0.54004800
H -1.86941600 2.75504700 0.96376200
O -2.64013700 2.43532600 -1.80422700
H -3.04847900 1.77784700 -2.39054900
O -2.13159000 -3.31313400 -0.79852800
H -2.60701600 -2.77851400 -1.45480800
0 -2.77604600 -0.91059500 0.30918100
C 0.58627200 0.04642300 -1.09909800
H 0.69795000 0.91806900 -1.74277200
H 0.00624500 -0.70333800 -1.63776800
C 1.95663300 -0.49729900 -0.76574700
C 3.04680800 0.36751800 -0.62424700
C 2.16760200 -1.86885000 -0.59652300
C 4.31065300 -0.12287800 -0.30599300
H 2.90853400 1.43299700 -0.78116500
C 3.43095600 -2.36289800 -0.28214100
H 1.33227100 -2.55120300 -0.71551100
C 4.50587400 -1.49047700 -0.13095900
H 5.14394300 0.56337500 -0.20348800
H 3.57582700 -3.43039700 -0.15822600
H 5.49003300 -1.87420900 0.11302900
H 1.03902700 4.04891700 1.63427100

Dihydroperoxy dioxane 6-2.2 (vic-OOH-CO,Me-trans, OOH-OOH-trans)

Hoo. 2@ Multiplicity = 1
\ “y
RN OOH Charge =0

MeO \ Bn 6-2.2 (vic-OOH-CO,Me-trans, OOH-OOH-trans) ) )
_\O Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (H) Correction (G)

-1185.084938 -1184.714503 -1184.788666

H 0.90606200 3.85568300 0.80176500

C 0.07321100 3.72414700 0.11029400

H -0.87074800 3.83345900 0.64579300

0 0.14832600 2.43475100 -0.51155700

C 0.08746600 1.38650900 0.31338400

0 -0.05192000 1.49603200 1.50298000

C 0.17721300 0.07607900 -0.47529100

C 1.44206100 0.08590700 -1.36673800

H 1.49534200 1.02143500 -1.92336300

H 1.37243500 -0.73347400 -2.08354800

C 2.72935100 -0.11407900 -0.58518000

C 3.94159300 -0.36706500 -1.45152400

H 3.80210700 -1.28197500 -2.02824700

H 4.83419100 -0.45984400 -0.83368600

H 4.06025300 0.47202900 -2.13890700

C 0.28597100 -1.12301400 0.50860000

O 0.23933400 -2.24316100 -0.36319800

C -0.70377400 -1.24015300 1.66044600

H -0.28752500 -0.77649600 2.55189600

H -0.87882900 -2.29816200 1.85406200

H -1.64614100 -0.75024100 1.43175900
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-5.
H 0.13543100 4.44620700 -0.69999200

.55595800
.52743400
.55134300
.84927600
.94819100
.54908500

62262400

.03072300
.89585700
.93793000
.40757500
.97975700
.13040300
.23236700
.44715600
.38579800
.69590400
.93672300
.66085000
.93235600
91258500

-3.42516900 0.34225200
-3.42613100 0.31418400
-1.08942000 1.17144100
1.05408600 0.20833600
0.93597200 1.09128600
0.49318100 1.85816300
-1.25916500 0.25132100
-0.01992100 -1.45450600
-0.92551000 -2.04705100
0.83102000 -2.13404200
-0.02577300 -0.83772200
1.14783100 -0.33905200
-1.21712700 -0.74345600
1.12478600 0.26831100
2.08981100 -0.43100000
-1.24316300 -0.14264200
-2.13261300 -1.13265800
-0.07249600 0.37312600
2.04317600 0.65381000
-2.17720300 -0.07506600
-0.09057400 0.84492600

Peroxolactone 7-1 (OOH-OOC-cis)

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) | EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-994.234736 -993.928286 -993.991985

2.
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-4
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-0.

-3.

-3.

-4.

-5.

C 0.20335200 -0.81297100 -1.10229700
-0.48785400 -0.46141500 -2.00743500
0.21774200 -0.36458300 0.35009100
0.50800000 1.13380400 0.43526800
0.30952100 1.49022800 1.44839700
-0.06390400 1.72933100 -0.27646100

00835900 1.19222100 0.16477900

.52771200
.74930800
.61101200
.61760500
.88399000
.42751300
.17348200
.53157600
.75709600
.35175800
.81699900
.63677200
.10214100
.45638400

60700700

.04006800
90671300
.08657600
.32780500
11852900
.74944600
.30169000
.80223200
93020200
.15227900
.70861100
90573700
.24538600
63016900

-1.
-2.
-1.

-1

-2.
-0.
-1.
-0.
.35782700 0O
.28912100 O
.29176600 0O

2
3
2
2.
1
1
0

00648500
09845700
57800600
.96897400
37627900
77855700
74922400
02151800

35010000 1

.16022400 -
.00983500 -
.05758100 -

0.84877700
0.57667600
1.93967800
0.25472900
0.95866500

0.84016300
-0.05148300
2.23276800
2.39297900
2.37645100
2.95248200
-1.30917900
0.68034900
.75817200
.35879000
.51393600
.84198600
1.26064700
1.64359800
1.52146400
1.09572300
2.14590700
1.03615800
0.57719400
-0.33249500

1.00864700 0.99925700
-0.41034600 -0.81918300
-1.94357500 -0.66161300
1.56223900 0.51172000
1.55830300 1.72029200
0.85428300 -0.40101900
-0.97079600 -1.52393000
2.54310500 0.84968500
1.28268300 -0.77852400

Peroxolactone 7-2 (OOH-OOC-trans)
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Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) | EE + Thermal Enthalpy

Correction (H)

EE + Thermal Free Energy Correction
(G)

-994.232410

-993.925820

-993.989704

-0.10369500 1.29269600 0.95846100
-0.82033100 1.14542300 1.90048800

C
(0]
C 0.17796500 0.36836000 -0.21489400
C 0.56905900 -1.02469100 0.26994600
H 0.39463600 -1.75644700 -0.52089500
H 0.01768800 -1.32951000 1.15926300
C 2.07955200 -0.90587400 0.54578600
C 1.49556700 0.98311600 -0.69782100
0 1.38812300 2.35955000 -0.37296500
C 1.87951200 0.89669100 -2.15200100
H 2.85847500 1.36030900 -2.28826600
H 1.14668700 1.39831300 -2.78359900
H 1.94462900 -0.15559600 -2.43589700
O 0.63729100 2.43047800 0.83915800
O 2.46975500 0.40252600 0.15237200
C 2.50756400 -1.13114900 1.97609600
H 1.94893000 -0.45369400 2.62510300
H 3.57346700 -0.93960300 2.09294200
H 2.28773600 -2.16060100 2.26401500
0 2.66790100 -1.84164800 -0.35422100
O 4.07913200 -1.77450900 -0.24896800
H 4.29207200 -0.98994200 -0.78117900
C -0.96590400 0.42771000 -1.24452400
H -0.65108400 -0.17856900 -2.09761700
H -1.07769400 1.45987900 -1.58899300
C -2.28516800 -0.07993500 -0.71444700
C -2.58966700 -1.44279200 -0.74953300
C -3.21880600 0.80534500 -0.17214600
C -3.79811300 -1.91272000 -0.24209200
H -1.87901700 -2.13842200 -1.18474700
C -4.42902800 0.33934600 0.33349700
H -2.99306700 1.86708400 -0.14616800
C -4.72028800 -1.02232500 0.30256100
H -4.02184800 -2.97302300 -0.27842600
H -5.14480800 1.03937200 0.74969600
H -5.66306800 -1.38677500 0.69452700
XYZ data for Table S1
0o Multiplicity = 1
H
H)W Charge =0
0] . : .
S1 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-306.437239 -306.334871 -306.372779
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.57873300 0.98026100 -0.48929300
.17068400 1.89904500 -0.40710700
.23446900 0.93750500 -1.52755000
.53123400 -0.16087000 -0.28256400
.33395300 -0.24986800 -1.03708900
0.57863500 0.98024200 0.48938600
-1.17067400 1.89896600 0.40705900
-0.23439900 0.93765200 1.52765000
-1.53109200 -0.16093800 0.28269400
-2.33355100 -0.25021600 1.03746300
-1.47521800 -0.93766800 -0.63998100
O 1.47497700 -0.93798900 0.63976100

I NP OO
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1.19951200 -0.32590300 -1.60799100
-0.44647400 1.52670100 0.62294600
0.14017800 1.69015700 1.52751900

-1.25315800 2.25714700 0.58636300
-0.98074000 0.10506500 0.63168900

0-0 Multiplicity = 1
<07
Charge =0
S2 . .
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-381.565449 -381.455239 -381.489931
C 1.24550300 -0.77548700 -0.36036700
H 2.06431300 -1.18968200 0.22770900
H 1.25931600 -1.21265900 -1.35739800
O -1.15273600 0.72656500 -0.57600900
O -1.15204500 -0.72723000 -0.57632100
0 -0.19273400 -0.00015300 1.28444700
C -0.08724000 1.03684000 0.33336700
H -0.28308000 2.01506800 0.76425300
C -0.08646500 -1.03693300 0.33330800 I
H -0.28180200 -2.01533900 0.76402000
C 1.24485000 0.77632900 -0.36049700
H 2.06346500 1.19135400 0.22724900
H 1.25802200 1.21329900 -1.35763100
HOO:.. Q,OOH Multiplicity = 1
Charge =0
S3
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-533.145985 -533.001768 -533.045810
C 0.44510400 1.52610000 -0.62326800
H 1.25186400 2.25650700 -0.58720600
H -0.14141800 1.68896400 -1.52800700
0 -2.15458700 0.10115200 -0.15355600
0 -2.67013000 -1.22008100 -0.16291400
H -2.10752500 -1.66172600 -0.82018000
0 0.00043300 -0.70094500 0.00245600
0 2.15542800 0.10205200 0.15152700
0 2.67102100 -1.21915700 0.16195000
H 2.11019500 -1.65955000 0.82157700 J
C 0.97975400 0.10450100 -0.63081800 @
H
C
H
H
C
H

-1.20282900 -0.32397400 1.60892500
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Multiplicity = 1

Charge =0
sS4
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-533.145289 -533.000960 -533.044910
C -1.20625000 1.61483300 0.03571000
H -1.98113200 1.82539100 -0.69956900
H -1.34497200 2.26994300 0.89646600
0 1.69343900 -0.12643200 -0.63495700
0 2.53905000 -0.99898400 0.09919500
H 1.94044900 -1.72435500 0.34159800
0 0.04593200 -0.09555600 1.00026400
O -1.55557100 -0.62071300 -0.60477300 9
O -1.61208200 -1.97358800 -0.18539300
H -0.68018000 -2.24558300 -0.21583300
C -1.25124600 0.17814700 0.52189000
H -1.95398200 -0.04499200 1.32408900
C 0.21819200 1.72468400 -0.52026900
H 0.25006000 1.45517100 -1.57733800
H 0.64968600 2.71584800 -0.39822200 )
C 0.99440600 0.68088600 0.28342000
H 1.70332700 1.07947400 1.00960600
0—0Q Multiplicity = 1
H00—<_~>MOOH
Charge =0
S5 . .
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-608.277565 -608.128221 -608.173828
C 0.74019400 1.60015600 -0.18648000
H 1.24811400 2.48093300 0.20284300
H 0.85541500 1.58950200 -1.27318900
0 -2.40297500 -0.03924600 0.48110100
0 2.40301800 -0.03921100 -0.48106100
0 -0.43171900 -0.69063900 -0.56807800
O -3.16163800 -1.06645600 -0.13739200
H -2.67646700 -1.86911500 0.11409800
0 3.16164600 -1.06645500 0.13739800 J
H 2.67648200 -1.86911300 -0.11410200
0 0.43172900 -0.69066200 0.56802900
C 1.38078800 0.34748700 0.39590500
H 1.78163100 0.48353700 1.40362100
C -0.74022900 1.60015500 0.18647800
H -0.85544900 1.58950500 1.27318800
H -1.24816600 2.48092200 -0.20284700
C -1.38081100 0.34747500 -0.39590000
H -1.78169400 0.48353500 -1.40360000
0—0 Multiplicity = 1
Hoo—U—OOH
Charge =0
S6 . .
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-608.273764 -608.124492 -608.170535
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C 0.79173600 1.67650700 0.30368800
H 0.58168100 2.09548200 1.29044000
H 1.45712500 2.36405300 -0.21897500
O -2.36157500 0.01900200 -0.62656700
0 2.05506700 -0.04318400 -0.69485800
O -0.43469100 -0.84487600 0.14013400
O -3.21623200 -0.85463000 0.09814700
H -2.90275300 -1.73215000 -0.17353000
O 2.85383700 -1.19359400 -0.47878300
H 2.21443900 -1.91810300 -0.57306500
O 0.63651400 -0.63500600 1.05286800
C 1.50871100 0.35740800 0.53055000
H 2.28672900 0.41974000 1.29586500 9 J
C -1.26382700 0.32794900 0.16399400
H -1.56577700 0.51929800 1.19819900
C -0.51729500 1.47977600 -0.46711700
H -1.12544200 2.38388000 -0.41834800
H -0.32532000 1.23626400 -1.51479700

0—0 Multiplicity = 1

0-0

Charge =0
S7 . .
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-456.693759 -456.579409 -456.614778
C 0.77015100 1.39936900 0.00016300
H 1.18199600 1.88396500 0.88532300
H 1.18233700 1.88450200 -0.88454100
0 0.72672200 -0.72772500 -1.15179800
0 -0.72658900 -0.72787400 1.15179100
O -0.72674900 -0.72810900 -1.15154800
O 0.72688000 -0.72801800 1.15152900
C 1.19820900 -0.05220600 -0.00011700
H 2.27813100 -0.20311800 -0.00019000
C -1.19820100 -0.05241200 0.00010800
H -2.27809400 -0.20354000 0.00017900
C -0.77040500 1.39923800 -0.00013000
H -1.18267200 1.88427800 0.88458400
H -1.18232100 1.88378900 -0.88528300

0 Multiplicity = 1
Charge =0
Et0” SO © Imaginary vib. modes: no
Electronic Energy (EE) S8EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-652.243093 -652.004218 -652.065220
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-2.18448300 -2.15617300 -0.82082500
-2.62191600 -1.22799300 -0.44843700
-2.95124700 -0.63106000 -1.30140800
-1.59855400 -0.49217200 0.25716200
-3.74486500 -1.48470200 0.52634200
-4.53925800 -2.03985000 0.02364100
-4.16010300 -0.54484500 0.89550800
-3.39420800 -2.07489200 1.37513000
-0.52157100 -0.15575700 -0.44477300
-0.35829000 -0.43675800 -1.60660000

.46100900 0.67337600 0.36561700
.26508800 0.47210500 1.42326700
.89272900 0.32761000 0.00063000
.59171200 0.95252500 0.56268500
.08513300 0.53263400 -1.05707000
.22734500 -1.12410200 0.26575900

.39101500 -1.90292700 0.67211800
.64800900 -1.53549300 -0.00077400
.92142500 -1.27443600 -1.02642500
.77224000 -2.60510600 0.16075100
.31454700 -0.97876100 0.66395700
.15626500 2.16254600 0.14806100

.02879200 2.92633800 -0.19035400
1.26011900 2.60894700 0.38202500
-1.88445400 2.25833500 -0.44704900
-1.30292200 3.69611500 0.42348700
-1.65849400 2.17097400 1.29904500

I PO WWwWwENDNDNDE OO

060 Multiplicity = 1
Et0,C" Charge =0
S9 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-727.370402 -727.124825 -727.180104
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-3.16045600 -0.76662100 1.31531400
-3.35359700 -0.54424200 0.26427500
-3.65574200 -1.46568700 -0.23701400
-2.12637300 -0.07769100 -0.33785400
-4.37972000 0.55015300 0.09991800
-5.32410600 0.22918400 0.54391600
-4.55070400 0.76701400 -0.95630300
-4.05551800 1.46416200 0.60151300
-1.07483500 -0.89436300 -0.26463000

-1.11280000 -1.98460500 0.24649600
0.14089600 -0.26422700 -0.90659800
1.41290300 -1.13232900 -0.84812900
1.84140600 -1.28932700 -1.83771300
1.24814600 -2.09076100 -0.35927900
2.32617200 -0.23137200 -0.01923800
3.79964800 -0.49467000 -0.00459100
3.98921900 -1.48735700 0.40694000
4.30934200 0.25460300 0.60165800

4.17843200 -0.46237200 -1.02690600
0.61607500 0.99315500 -0.12823200
0.66108100 0.62952100 1.26450200

1.82839000 -0.22280000 1.33955800
1.98267000 1.07060200 -0.45650000

-0.12251500 0.02912300 -1.92428600
-0.10662900 2.29511800 -0.28914400
0.43212600 3.07643500 0.24784800
-1.11972900 2.21247500 0.10243100
-0.15912500 2.54558000 -1.34951900

Multiplicity = 1
Charge =0

Imaginary vib. modes: no
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Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (H) Correction (G)
-727.370489 -727.124832 -727.180112
H 3.70026900 -1.52641500 -0.06916900
C 3.50122800 -0.49186900 0.21652400
H 3.36899800 -0.44970200 1.29961700
0 2.26940300 -0.07233000 -0.41050600 J
C 4.58802200 0.44294700 -0.25480700
H 5.53612800 0.15424400 0.20314800
H 4.36480700 1.47251300 0.03181700 )
H 4.69908100 0.39363600 -1.33969500
C 1.17386800 -0.76113800 -0.09179200
0 1.17611000 -1.71810900 0.64191800
C -0.05395900 -0.15664800 -0.73406300 J
H 0.23039000 0.30993400 -1.67551700
C -1.23918800 -1.13565000 -0.84707400
H -0.99715100 -2.09911600 -0.39800000
H -1.58384700 -1.27708500 -1.86980000
C -2.29173600 -0.41980100 0.00126300
C -3.47909400 -1.18791300 0.49175800
H -4.04641900 -1.56673500 -0.35990200
H -4.11789800 -0.54605700 1.09894700
H -3.13442600 -2.03457200 1.08672700
C -0.68264400 0.92055800 0.19461600
C 0.19931600 1.88878400 0.92236000
H 0.79684400 2.45559700 0.20720600
H 0.87152300 1.34757800 1.59085100
H -0.41728600 2.57172600 1.50711700
O -1.62075400 1.64821600 -0.62140600
O -2.74000000 0.73919200 -0.73307600
O -1.53049600 0.17788400 1.03481400

HOO, o. .OOH Multiplicity = 1
Charge =0
EtO,C
s11 Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (H) Correction (G)
-878.944577 -878.665312 -878.728531

-3.86510200 -0.91638000 0.51553800

-2.41140700 0.15134300 -0.49444900
-4.63665800 0.95671800 -0.25514700
-5.68467000 0.66610600 -0.15904600
-4.53186000 1.58320800 -1.14312300
-4.35692800 1.53969400 0.62456300

-0.43385900 0.52635500 1.67347900
-0.09089100 0.37095100 -1.60662700
0.04159700 2.22372200 0.17321800

0.36669000 2.82975500 1.02030900

-1.01650500 2.40217500 -0.02201800
0.61995400 2.49951400 -0.71028800
-0.28894400 -0.83360800 2.04591300
0.57109900 -0.83680300 2.49871800
.64632100 0.50570600 0.73954900

.69454400 0.26084500 -1.29856900
.69867300 1.17458000 -0.89353500
.18186300 1.89903000 -0.50349900

mTooomormIoTmnoQmITQQO@mnITOQOQOoOQmIDITOOEOQE
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-3.78240400 -0.28226400 -0.36925600
-4.04088000 -0.87578300 -1.24839300

-1.48655200 -0.80411900 -0.56682600
-1.73757700 -1.98221400 -0.58585800

-0.10095100 -0.21255000 -0.68218500
1.02125100 -1.24185700 -0.69577200
1.23261800 -1.64019900 -1.68748500
0.80015100 -2.06510500 -0.01704000
2.19814100 -0.44208500 -0.15488600
3.28009300 -1.22552100 0.54598900
2.84678100 -1.76130800 1.39213000
4.06394300 -0.56028800 0.90668500
3.71138600 -1.94803200 -0.14917300
0.27387300 0.75952400 0.47095000
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HOO_ 0. OOH

S

Multiplicity = 1

R Charge =0
EtO,C
512 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-878.942453 -878.663129 -878.726558

3.97149700 -1.34236900 -0.99413200

3.75199200 -0.68672000 -0.14942600

3.68734700 -1.29474200 0.75533200

2.46806800 -0.06398200 -0.37383000

4.77044500 0.41843400 -0.01303400

5.75613700 -0.01839400 0.15906000

4.52726700 1.06735100 0.83057500

4.81313900 1.02110600 -0.92226700

1.42208700 -0.87936000 -0.49197400

1.50256800 -2.08224400 -0.46375300

0.14052900 -0.09680000 -0.64471700

-1.07389900 -0.94096800 -0.99789600

-1
-1
-2

.04692800 -1.88569100 -0.45466900
.16161900 -1.13892400 -2.06530300
.23503700 -0.08706900 -0.48945400

-2.85916800 0.81957100 -1.52780300
-2.07148500 1.40293600 -2.00894800
-3.56979600 1.49749200 -1.05203200
-3.36969800 0.22665600 -2.28821200
-0.29091100 0.58895000 0.67581700
0.21258700 1.90068700 0.82660200

0.30412000 0.68951200 -1.38362000
0.12454800 -0.12750400 1.94403600
1.20716400 -0.08353300 2.07827100
-0.18537900 -1.17280500 1.88397100
-0.36382700 0.34126300 2.79950100
-0.17065000 2.69728800 -0.27889300
-1.09765800 2.90724800 -0.07562300
-1.70371600 0.67920800 0.59007700
-3.32091600 -0.83778900 0.02360400
-2.87365200 -1.69095000 1.06179000
-2.81809400 -1.08605500 1.82002900

ToooOmTmoOrmITmQ@moQmITIOQOOQOEDITDOQOQOQImIDITIOOEOIE

HOO, o  ,O00H Multiplicity = 1
)\<—7< Charge =0
EtO,C'
s13 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (H)

Correction (G)

-878.942958

-878.663620

-878.726811
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H 4.11225300 -1.47502400 -0.08386800
C 3.89561400 -0.46687900 0.27386300
H 3.68281800 -0.51497100 1.34383700
0 2.71325500 0.01501100 -0.40345300
C 5.01565900 0.49556700 -0.03566200
H 4.77408500 1.49889900 0.32060100
H 5.20590200 0.53692200 -1.10980300
H 5.92682000 0.16107600 0.46415500
C 1.60066200 -0.69360800 -0.23309300
0 1.54503000 -1.71870700 0.40020500
C 0.41341200 -0.03217000 -0.89933800
C -0.70209200 -1.03204400 -1.22789700
H -0.32861700 -2.05046300 -1.31615100
H -1.20337200 -0.75518500 -2.15468300
C -1.68654000 -0.91630400 -0.04825400
C -1.94689500 -2.18339500 0.72854600
H -2.43419200 -2.91616600 0.08231100
H -2.57890700 -1.98093600 1.59328600
H -0.99222800 -2.58552600 1.06889100
C -0.28127700 0.90067200 0.11727300
O -1.02816100 1.77502500 -0.74015400
O -2.88168000 -0.39401900 -0.64359900
O -1.14850000 0.05558000 0.82568100
H 0.75681400 0.53993400 -1.76014700
C 0.56690500 1.67757500 1.09271000
H -0.07883800 2.31083400 1.70156500
H 1.27702900 2.30141500 0.54883300
H 1.11261600 0.99807100 1.75023100
0 -2.02259400 2.43928100 0.01575300
H -2.72883700 1.77212200 0.05493500
O -3.83094200 -0.11821600 0.38132700
H -4.52730300 -0.76911100 0.20103200
HOO, o. ,O0H Multiplicity = 1
Charge =0
EtO,C
s14 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-878.942357 -878.663019 -878.726777
H 3.67366400 -0.01801600 -1.47779300
C 3.84544500 -0.35114400 -0.45256900 *
H 4.17040400 -1.39296800 -0.47473800
0 2.59521100 -0.27678500 0.26747000
C 4.83295800 0.53294800 0.26891600
H 5.79328200 0.49866900 -0.24933400
H 4.98169900 0.19185800 1.29525500
H 4.48632800 1.56810600 0.28594700
C 1.57473000 -0.96911500 -0.23553900
O 1.65671100 -1.66742400 -1.21365700
C 0.32348300 -0.77072000 0.59408000
C -0.87836400 -1.59299100 0.11998100
H -0.99727700 -2.51322600 0.68901600
H -0.78129500 -1.84399700 -0.93629700
C -2.08174900 -0.65873500 0.33053400
C -3.18598000 -1.18066200 1.21704200
H -3.63716500 -2.06364900 0.76047200
H -3.94896300 -0.41705100 1.36913000
H -2.76473700 -1.45769100 2.18445600
C -0.21314700 0.67538200 0.56019100
O -0.08111800 1.04377900 -0.81767400
O -2.54681600 -0.38470800 -0.99762000
0 -1.56966200 0.53303700 0.89371900
H 0.57431700 -0.99174700 1.63395900
C 0.41614000 1.69073800 1.47913200
H -0.09367000 2.64805800 1.36631200
H 1.47021200 1.80922500 1.22995600
H 0.32499400 1.35570000 2.51317000
0 -0.86173200 2.19381900 -1.07953800
H -1.75130200 1.81624500 -1.18866400
O -3.56122200 0.61233300 -0.93738900
H -4.35255800 0.12386300 -1.21395600

S320




Hoo P~ .ooH

EtO,C

S15

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE)

EE + Thermal

Correction (H)

Enthalpy

EE + Thermal Free Energy
Correction (G)

-954.072858

-953.788554

-953.854557

.10517000 -0.
.94956300 -0.
.04050200 -1.
.60654400 -0.
.89707200 -0.
.92445300 -0.61402200 0.65956500
.71672500 -1.08673600 1.86650600
.78448900 0.59037100 1.28278900

.61625600 -0.80887500 -0.50026400
.78285400 -1.21206200 -1.62318700
.26004200 -0.51297200 0.11820700
-0.84843500 -1.17863800 -0.
-0.78247800 -2.26402900 -0.
-0.74550400 -0.92113100 -1.
-2.22444800 -0.71800700 -0.
-3.34289500 -1.12951600 -1.
.17797400 -0.69944500 -2
-4.30410600 -0.79395800 -0.
-3.34362300 -2.21773900 -1.
0.00280100 1.00261100 0.25099900
0.14454800 1.49916900 -1.06316200
0.27103300 -0.89820500 1.13986700
0.86489500 1.72589800 1.26466000
0
1
0

17943100
80807500
85396900
58805600
45639500

-1.00555400
-0.12688000
-0.42581300
0.36074700
0.99363500

O BB O NS W

.49641900 2.74190400 1.39929900

.89363700 1.75980500 0.90888900

.83547700 1.19906600 2.21862300

-0.12688900 2.88782900 -1.08684900
-1.08558800 2.90819700 -1.24275900
-1.32472200 1.21506800 0.71713800
-2.36802100 -1.24097600 1.06654600
-3.59539600 -0.81515800 1.62822500
-3.35618000 0.03491600 2.03176800
-2.28411400 0.70396500 -0.20201400

oOomooomomImraOQEoNEonOQOODIIOQOQOOQADITTOOTAOE
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69584900
60345900
75019300
24192400
17232500
.16064400
78546700
25452500

0—0

FKDC§><¥__J><f)CN4

Et0,C

S16

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE)

EE + Thermal

Correction (H)

Enthalpy

EE + Thermal Free Energy
Correction (G)

-954.072997

-953.788494

-953.852476

.43080300 -0.
.90359500 -0.
.90272600 -2.
.54625700 -0.

69147200 -1.51970600
96212800 -0.60648800
04710000 -0.50023200
51587800 -0.83353600
.50278800 -0.27674900 0.60271100
.95890700 -0.53601200 1.51287000
.49029400 0.80764800 0.47449400

.54064300 -0.59695500 0.71920200
.59262300 -1.06767800 -0.08824300
.78003400 -1.94742500 0.71403500
.23806800 -0.45223700 -0.37996600
-0.89129800 -1.28885300 0.21233100
-0.81113900 -1.30186600 1.30124800
-0.83828400 -2.31619200 -0.
-2.22746700 -0.67061300 -0.
-2.79820000 -1.21716900 -1.
-3.64577800 -0.62162200 -1
-3.12314500 -2.24506200 -1.
-2.02397600 -1.20775700 -2

O F U & W s NWWw
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14672700
20001500
49111200
.82755800
32399100
.26021700
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C 0.13872400 0.98449500 0.18722300
O 0.49459400 1.81402700 -0.89901800
H 0.13102800 -0.38656900 -1.46620300
C 0.94912300 1.24171700 1.44099000
H 0.66828000 2.19549800 1.88483700
H 2.01021600 1.26832500 1.18817600
H 0.76604400 0.44435700 2.16338300
O 0.51114200 3.16777300 -0.48137300
H -0.41591500 3.43446200 -0.59284200
O -1.20470300 1.24580500 0.57209600
O -3.07014100 -0.87723600 0.91747900
O -4.38019300 -0.42258000 0.62325800
H -4.33507100 0.51715800 0.86296800
O -2.07116300 0.72781900 -0.42972800
0—0 Multiplicity = 1
HOO OOH plicity
Charge =0
EtO,C Imaginary vib. modes: no
S17
Electronic Energy (EE) EE Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-954.067237 -953.782874 -953.849000
H 3.99229700 -0.45176900 -1.27013600
C 3.94539000 -0.90352900 -0.27752900
H 4.01301800 -1.98766600 -0.38398600
0 2.66463100 -0.58099500 0.31074500
C 5.01072000 -0.35810200 0.64145500
H 5.99486100 -0.58665100 0.22766500
H 4.93815600 -0.81144300 1.63188100
H 4.92055100 0.72549000 0.73989500
C 1.58456500 -0.94478500 -0.37535000 J
O 1.62423000 -1.55726600 -1.41154700
C 0.30394900 -0.51351000 0.32444500
C -0.89410900 -1.23646500 -0.29645200
H -0.84847600 -2.29918300 -0.05293400
H -0.86992400 -1.12504200 -1.38134100 “
C -2.20110000 -0.64845400 0.20948900
C -2.52784600 -0.95400400 1.65539300
H -2.70760200 -2.02611400 1.75455500
H -3.41480000 -0.40727900 1.97074000 >
H -1.69500400 -0.67903100 2.30185900
C 0.12149900 1.02073900 0.29372800
0 0.24275600 1.35428200 -1.07283500 '
O -3.17051900 -1.11664600 -0.69212900
O -1.17580200 1.35970200 0.77390100
H 0.40822100 -0.78063300 1.37887300
C 1.05153000 1.81014000 1.19234900
H 0.73294900 2.85124500 1.22082900
H 2.06791400 1.75322900 0.80729900
H 1.02838400 1.39696600 2.20127700
0 0.03550800 2.74249300 -1.25115400
H -0.92482300 2.79144900 -1.38905800
0 -4.47099900 -0.73691700 -0.26662700
H -4.60748700 0.09958800 -0.73977800
0 -2.17428300 0.77343100 -0.04320600
HOO. O—O OOH Multiplicity = 1
U Charge =0
EtO,C Imaginary vib. modes: no
S18
Electronic Energy (EE) EE Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-954.068330 -953.783960 -953.849500
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.95500500 -1.71916500 -0.85570300
.87870200 -0.77224800 -0.31780700
.03636500 -0.96236400 0.74571200
.54363300 -0.25011900 -0.49612100
.83963900 0.26010400 -0.85450400
.65752100 0.44481400 -1.91493000
.86255700 -0.10316000 -0.73741600
.74163000 1.20095700 -0.30958400
.54519400 -1.00780900 -0.05649000
.69721700 -2.09689800 0.44086600
.20237700 -0.33019500 -0.25006400
-0.92555100 -1.36400500 -0.22481000
-0.83140100 -2.00886400 0.65036800
-0.87169000 -1.99723600 -1.11218000
-2.29080800 -0.69913800 -0.16087700

O F & Od BN Www

-3.42314800 -1.65370900 0.14328500
-3.43819400 -2.43069800 -0.62275800
-4.37598400 -1.12616600 0.14434700
-3.26378800 -2.11877700 1.11668500

-0.02696400 0.74261700 0.83281200
0.78656100 1.87530700 0.67800800
-2.43571700 -0.04168200 -1.40602400
-1.35682900 1.26914800 0.66518800
0.21897100 0.18999800 -1.20727000
0.20929600 0.28641500 2.25649700
-0.06233800 1.09157000 2.94001700
1.26129200 0.03314100 2.39943900
-0.39763100 -0.59102600 2.47896400
0.71044300 2.38532300 -0.64384500
-0.02531500 3.01535700 -0.58100600
-3.64158500 0.69919300 -1.42726700
-3.37666400 1.53942600 -1.01840700
-2.32157000 0.25597900 0.89862700

Ethanol
~"SOH Multiplicity = 1
Charge =0
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-155.020217 -154.934651 -154.965478
C 0.08123900 0.54710600 -0.00000200
H 0.14307100 1.18847100 -0.88618400
H 0.14308400 1.18846300 0.88618600
C -1.22048100 -0.22220700 0.00000400
H -2.06762000 0.46743000 -0.00015000 'd
H -1.29080100 -0.85570800 0.88730200
H -1.29065700 -0.85591600 -0.88715800
0 1.15186600 -0.39630900 -0.00000700
H 1.98345400 0.08834000 0.00004300

Multiplicity = 1

Charge =0

Imaginary vib. modes: no

S20
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-723.907300 -723.716643 -723.766621
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1.43964200 -1.08140800 0.40629600
1.64443800 -2.14979200 0.89454000
0.92561500 0.19163000 1.03526400

-0.47886300 0.01552100 1.61013900
-0.71698900 0.84317200 2.27867600
-0.62012000 -0.92835400 2.13602700
-1.33942900 0.11635700 0.35342400

.57503100 3.02619400 0.70446300

.71991100 1.09867800 -0.17578300

.50423100 0.50528500 -1.21688000

.65996400 0.57176700 1.74463800

.14868000 2.54044100 -0.08620800

.94187700 3.04383800 -1.03259900

.21240100 2.60634700 0.14046700
3

.64908300 -0.88478600 -0.92590700
0.65791000 1.02924100 -0.49006000
-2.76643800 0.56202900 0.53602000
-3.27783200 0.59871600 -0.42555100
-2.78122900 1.55368900 0.98928300
-3.28239300 -0.14069600 1.19243400
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-1.24987700 -1.19154200 -0.21863100
-1.82604000 -1.18631800 -1.51103100
-1.11681400 -0.81085300 -2.05899100

Jd

o-0 Multiplicity = 1
o) O Charge = 0
H
OOH Imaginary vib. modes: no
S21
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-723.904469 -723.713861 -723.763679

1.93956000 -0.54259400 0.39182000
2.52387300 -1.51867500 0.75156000
0.75759400 0.16808000 1.00959800

-0.44219100 -0.75263300 1.18999100
-1.12933900 -0.32195600 1.91646700
-0.16308600 -1.75681100 1.50813100

0.26263300 -2.15448800 -1.11127000

0.34961400 1.11286100 -0.11417800
1.53565300 1.28012000 -0.89055000
1.07803800 0.68153000 1.91649300
-0.13333200 2.49662300 0.23632200
-0.41456100 3.02926300 -0.67413100
0.64582400 3.04847700 0.76183500
-1.00768600 2.40928900 0.88294600
2.28504800 0.07136300 -0.77364800
-0.60374500 0.40054000 -0.87367800

-2.89914100 0.48520200 0.53677300
-2.89218800 1.15847600 -0.16318400

Toooo@mIETImQTOOQ@mIDITZIOQOOQOIEIITOOOAQN

-1.08994100 -0.76122700 -0.20398500
-0.81505700 -1.99740500 -1.03277000

-1.22626000 -1.86913600 -2.03495500
-1.26131900 -2.87318700 -0.55979000

-2.50288100 -0.68026000 -0.16337300

EtO,C

522

Multiplicity = 1
Charge =0

Imaginary vib. modes: no
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Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-802.497197 -802.246687 -802.303530

-3.22893500 -1.09287700 1.23205900
-3.44901500 -0.74806800 0.22025500
-3.67724700 -1.61548700 -0.40187600
-2.26902200 -0.10381000 -0.31071500
-4.56282000 0.26990600 0.20073700
-5.47428600 -0.18580900 0.59250600
-4.75778900 0.61263300 -0.81726700 J
-4.31269100 1.13132200 0.82319400

-1.15534600 -0.83286100 -0.34951600
.10002100 -1.98158500 0.00677100
.00557400 -0.03879300 -0.93125100
.27362300 -0.88987000 -1.09058200
.76956800 -0.68980200 -2.04041700
.04014000 -1.95137400 -1.02163800 J
.20891100 -0.51113800 0.04529000
.37430800 -1.43351800 0.27606600
.00178600 -2.39439700 0.63406700
.05064700 -1.00719800 1.01763400
.90345900 -1.58712600 -0.66521000
.40848000 1.15030000 -0.03722800
.45120500 -0.48283200 1.26902500
.64704200 1.65794500 -0.56299800
-0.32588100 0.37022200 -1.88747300
-0.51976500 2.33524000 0.03050400
-0.08239700 3.09295200 0.68106200

-1.49213000 2.03186400 0.41152100 J
-0.64308700 2.74587500 -0.97282700
O 0.63943800 0.71277400 1.28173800

0 2.72200100 0.78901000 -0.15519500

|
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Data for column 3 of Table S1 can be found above (see XYZ data for main

mechanistic scheme (and Scheme S5)).

XYZ data for Scheme S1
Me,0 Multiplicity = 1
Charge =0
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-154.998615 -154.913190 -154.943842
O 0.00000000 0.59585500 0.00000000
C 1.16570500 -0.19731800 0.00000000
H 1.20891200 -0.83629300 -0.89138100
H 1.20887900 -0.83634300 0.89134700
C -1.16570500 -0.19731800 0.00000000 J
H -1.20891500 -0.83629000 0.89138400
H -1.20887700 -0.83634700 -0.89134400
H -2.02553100 0.47312600 -0.00004100
H 2.02553100 0.47312600 0.00003600 J

Me,OH* Multiplicity = 1
Charge = +1
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Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-155.410845 -155.311540 -155.343201

O -0.00000500 0.52305600 -0.12581000

C -1.24433300 -0.25115100 0.02388200

H -2.05603500 0.46074000 -0.09429600

H -1.24094000 -0.71993600 1.00557400

C 1.24432600 -0.25116100 0.02387800

H 1.23161900 -0.97783100 -0.78328900

H 1.23962900 -0.72222900 1.00447300

H 2.05601100 0.46124300 -0.09138300

H -1.23019800 -0.97974800 -0.78152800

H -0.00000400 1.30718800 0.46037500

Transition state for cyclization of C-OOH-CO,Me-cis to 5

Bk

Multiplicity = 1
Charge = +1

Imaginary vib. modes: 1

Electronic Energy (EE)

EE
Correction (H)

+  Thermal

Enthalpy

EE + Thermal Free Energy

Correction (G)

-1188.921957

-1188.487563

-1188.569762

TomIDao@DnaoaroooOoErDmo@DmoomIETETQooQIErmIDnQOOEmITOO0O00mOE

-2.69763100 2.59093100 -2.57609700
-2.00654300 3.24385400 -2.04297400
-1.17517300 3.51873600 -2.69152400
-1.51200200 2.57820800 -0.86578500
-0.85794600 1.44317300 -1.07064200
-0.65281800 0.96550400 -2.15375200
-0.38437600 0.88228100 0.27125500
0.60052900 1.90168600 0.91205300
0.08253000 2.45768500 1.69377500
0.97913600 2.60812100 0.17258400
1.77477800 1.16872100 1.53144700
2.50380900 1.91087300 2.62029000
1.84365900 2.03494900 3.47910500
2.78341700 2.89405700 2.24003000
3.39580900 1.35831000 2.91640800
0.29681700 -0.45220700 0.11666300
2.72727100 0.78522500 0.57306100
0.88595500 -0.95895600 1.15605100
0.02150900 -1.48502900 -0.90843100
0.48751000 -2.42752600 -0.62312700
0.38748700 -1.14097100 -1.87519200

-1.06239600 -1.60329800 -1.00060900
1.25307200 -0.02539400 2.17898100

2.03698200 0.42715000 -0.63112400

2.61754800 -0.37460400 -0.95097300
-2.51951800 4.13051500 -1.68103900
-1.60526100 0.66072000 1.23886000

-1.20638200 0.40585000 2.22174900

-2.08062000 1.63970700 1.31761100

-2.59533200 -0.38286200 0.78623200
-3.49179000 -0.11436000 -0.25211200
-2.60023800 -1.64931900 1.37457800
-4.35924900 -1.10193300 -0.70887300
-3.52369300 0.87445900 -0.70026700
-3.47036400 -2.63730600 0.92125500
-1.91889400 -1.86235600 2.19284700
-4.34614200 -2.36758000 -0.12668300
-5.04925000 -0.88101300 -1.51519900
-3.46421600 -3.61586400 1.38762100
-5.02252700 -3.13632600 -0.48233100
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.39556300 -1.32830500 -2
.96236600 -0.69342900 -3

.84743900 -2.34069400 -0

T OQmmmim QO
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.39022000 -1.53775000 -1.

32659600

.31928700
.09080100
.68671700 -2.28895500 -2.
.26701600 -0.83885700 -1.
.12227600 -3.33145600 -0.

74995300
87582300
60684800

.23786900
.70917900 -1.87031700 0.24367000
.02700600 -2.43053200 0.47312600

Transition state for cyclization of C-OOH-CO2Me-trans to 5

O| Bn ¥ Multiplicity = 1
MeO)I"' @0 Charge = +1
|
. © Imaginary vib. modes: 1
N O_O\
H
«\4§?“A92
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (H)

Correction (G)

-1188.923642

-1188.489195

-1188.57196

-2.94934900 3.38916000 -0.
-1.88850900 3.63590500 -0.
-1.66674100 4.27039400 -1.

3

3

4
-1.11534600 2.43501300 -0.

-1.22346500 1

1

0
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39580900
42757900
28095500
63140000

.50041700 0.30282300

-1.89852600 1.58489300 1.28716400
-0.39271700 0.24670300 -0.08622900
-0.18628600 -0.63996200 1.15588300
-0.18453700 -1.69290200 0.87742800
-0.99294700 -0.45902500 1.86456200
1.14031900 -0.29863700 1.80818000
1.24060400 -0.56152900 3.28612200
0.93961300 -1.59302200 3.47305300
0.56360900 0.10810900 3.81800500
2.26346600 -0.40250600 3.62840300
0.94477900 0.78110700 -0.55148100
1.33634700 1.14665600 1.67219500
1.33393000 1.02298200 -1.95311300
2.35303300 1.40234000 -2.01172700
0.63614700 1.76139000 -2.36217000
1.22450100 0.10369100 -2.53125900
1.68498800 1.40532000 0.30653100
2.21067700 -0.95695300 1.18123900
1.91725900 -1.05863300 -0.21905100
-1.12095200 -0.49549300 -1.23483600
-0.50418200 -1.35617800 -1.50479500
-1.18730400 0.16518700 -2.10157400
-1.58335100 4.11693300 0.50108900
-2.50671400 -0.94690500 -0.83875200
-3.59312500 -0.08051300 -0.98606700
-2.72553600 -2.22180000 -0.31341000
-4.87083000 -0.47364300 -0.60039500
-3.43978900 0.90609400 -1.41537500
-4.00360400 -2.61800100 0.07241200
-1.89312200 -2.91131500 -0.21569200
-5.07774900 -1.74325500 -0.06606000
-5.70435300 0.20867700 -0.72230400
-4.15981500 -3.61200700 0.47597400
-6.07308400 -2.05203800 0.23250600
2.86954000 -0.93960900 -0.61795700
4.20160800 -0.70516900 -1.13868300
4.97783400 0.23885600 -0.40028100
5.80895100 0.58914600 -1.01667600
4.32804700 1.07758500 -0.15286300
5.36067000 -0.21981400 0.51547300
4.94168000 -1.87416500 -1.49340100
5.77227700 -1.59566800 -2.14586300
5.32269200 -2.36641800 -0.59442600
4.26201700 -2.53960500 -2.02389300
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Transition state for cyclization of B-OOH-CO,Me-cis to 2 (endo-CO,Me)

[ MeOBn @ * Multiplicity = 1
g Charge = +1
d Imaginary vib. modes: 1
o
H
L A\:QMez_
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1113.807587 -1113.377718 -1113.456685

-1
-1
-2
-1

|
o
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-0.
-0.
-0.
-0.
-0.

.18458800
.50209800
.85751200
.30240700
.54893600
.00362400
.47234600 1.58761400 0.69671500
.50215200 -0.21596300 2.25326500
.90111900 0.18933400 3.07649500
.54718100 0.04270200 2.41977400
.34921200 -1.29312000 2.22363700

2.95561700 -0.61531700 -0.18810100
.12996300 0.76688100 -1.25909200
.95210900 -0.41947700 -0.50325000
.24871900 -0.76582000 0.24800400
.04994800 -1.68984900 -0.49620900
.34590900 -1.24496900 -1.44956800
.93450000 -1.94864400 0.08859400
.44326400 -2.57782300 -0.66615800
.92210400 0.46782600 0.52127900

.78920100 0.27019300 1.15443700

.23745500 0.93857000 -0.41324400
.22124900 1.11475600 1.04822400

.71520800 -2.75275800 -2.61631300
.31677100 -2.81336900 -1.60734200
.05859700 -3.23135300 -0.92646900
.01591300 -1.45780900 -1.23076200
53108800 -1.29096400 -0.01314400
30989600 -2.18922300 0.75957000
34405400 0.18008100 0.35052900

23967200 1.16390200 -0.83580000
93301500 1.99611200 -0.72089500
.40067800 0.69728200 -1.80411800
1.69235200 -0.72928800
3.04855200 -1.26972500
3.78238700 -0.78576600
3.05662600 -2.34213100
3
0

.41099100 1.01734800

.45614700 0.56471000 1.37687200
.28049100 1.59749400 1.68772100
.35703000 -0.08228600 2.25126300
.83773400 0.42257100 0.78459700
.48827200 1.51485900 0.20758800
.47879700 -0.82015000 0.78884400
.74696100 1.36554200 -0.37015900
.01268700 2.49028300 0.22083100
.73479400 -0.97184000 0.21066700
.99421200 -1.67258000 1.25622600
.37025300 0.12107600 -0.37520900
.24112500 2.22352000 -0.81176400
.22006900 -1.94125800 0.22377100
.35016500 0.00443800 -0.82386900
.40874200 -3.41566400 -1.58889700

.29277500 -1.08783000 9

Transition state for cyclization of B-OOH-CO,Me-trans to 2 (exo-CO,Me)
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Multiplicity = 1
Charge = +1

Imaginary vib. modes: 1

Electronic Energy (EE)

EE + Thermal
Correction (H)

Enthalpy

EE + Thermal Free Energy
Correction (G)

-1113.804043

-1113.374468

-1113.454771
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.05960100 3.96500400 0.07807800
.39162000 3.22020700 -0.64472400
.42061400 3.64287900 -1.64525700
.44016300 2.14056900 -0.70938300
.26921800 1.44627300 0.40582900
.80841200 1.68629300 1.45036000
.31143100 0.25307400 0.17031200
.00527600 -0.46639800 1.49912500
.62090400 -0.08975400 2.31319200
.12719400 -1.54511200 1.41904300
-1.46501000 -0.14644500 1.75910300
-1.95009600 -0.00716200 3.16474500
-1.37873100 0.77936000 3.65802000
-1.78091400 -0.94800900 3.69036200
-3.01250100 0.23747200 3.17762300
-1.05347700 0.85557700 -0.13328000
-1.46645100 1.59411800 -1.33960800

1

1
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-2.55052800 1.70022500 -1.36630800
-1.09564600 1.10236900 -2.23852600
-1.01694100 2.59118200 -1.28468600
-1.91849000 -0.95665000 -0.28479900
-1.70210200 1.07007200 0.97714800
.37026500 2.83184700 -0.36181800
.90596900 -0.62869900 -0.95433400
.84341000 -0.08836700 -1.90014300
.29384900 -1.52745800 -1.02823400
.34767900 -0.99825600 -0.68114100
.66492800 -2.08695300 0.13565000
.38931600 -0.24329200 -1.22836300
.99162300 -2.40199600 0.41568900
.86964000 -2.70239200 0.54303000
.71713200 -0.55675500 -0.94947900
.15946000 0.58838600 -1.88669700
.02148000 -1.63341400 -0.12111500
.22045400 -3.25232400 1.04816400
.51289600 0.03699100 -1.38511700
.05475600 -1.87915500 0.09587600
.85619400 -0.80654400 -0.75269100
.31000000 -1.05784000 1.07343000
.11878600 -0.52112800 -1.28364500
.78931800 -1.59433400 -1.95038500
.59695300 -1.18908100 -2.56324200
.05518500 -2.08943000 -2.58399400
.19150400 -2.29835000 -1.21731600
.97153700 0.20586400 -0.39394100
.76379900 0.69001100 -0.96849600
.40455100 -0.46994400 0.34800700
.36188500 0.96120200 0.10175000
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BF3.Et20

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE)

EE + Thermal

Enthalpy

EE + Thermal Free Energy
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Correction (H)

Correction (G)

Imaginary vib. modes: no

-558.224257 -558.060053 -558.107783
C 0.86448800 1.11643700 0.69184000
H 1.62961700 0.74452100 1.37139000
H 0.06599600 1.57087800 1.27664700
C 1.42236500 2.05094000 -0.35091200
H 1.84535700 2.92353700 0.15204100 \‘ &
H 2.21118900 1.56438300 -0.92714300
H 0.63710200 2.38780600 -1.02885000
C 0.94073600 -1.34237400 0.34280600 >
H 0.98317100 -1.42781100 1.42966200
H 0.27728300 -2.10577400 -0.05752400
C 2.30165400 -1.39263200 -0.30446000 9
H 2.73953700 -2.37213700 -0.10077200
H 2.21872200 -1.26685300 -1.38536700
H 2.97344200 -0.63258100 0.09829700
0 0.28222800 -0.06647900 0.03543100
B -1.26429800 -0.10110500 -0.08081500
F -1.55761800 -1.03499300 -1.05268000
F -1.76241800 -0.46738300 1.15871500
F -1.64587600 1.17539500 -0.43752400
Diethyl ether
o Multiplicity = 1
Charge =0
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-233.6178098 -233.47291 -233.510773
0.00000400 -0.27308000 -0.00078600
1.17636900 0.51482300 0.00127400
1.18496200 1.16204800 0.88912300
1.18558200 1.16587000 -0.88378700
-1.17637800 0.51482900 -0.00120000
-1.18577700 1.16269700 -0.88858300 )
-1.18476500 1.16521500 0.88433600 J

ToDIoDo@DnEDTDQIDnmTQIEmQO

2.37804400 -0.40406100 -0.00032000
3.29959500 0.18230600 0.00184600

2.37506600 -1.03895800 -0.88923300
2.37382600 -1.04352000 0.88532200

-2.37804100 -0.40406400 0.00080900
-3.29959600 0.18230000 -0.00000600
-2.37418400 -1.03965000 0.88922800
-2.37470500 -1.04283300 -0.88533200

Transition state for BF; group transfer from BF;#Et,0 to starting carbonyl compound 1

o O Multiplicity = 1
MeO Charge =0
Bn
O et Imaginary vib. modes: 1
7/ \Ol/
Et
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1441.466971 -1440.977502 -1441.078899
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-0.06089700 0.41279700 1.45139200
0.62005200 0.03362300 0.51536200
0.48351800 0.55403600 2.84008000
1.42082100 0.01306600 2.95492600
-0.25149800 0.21115200 3.57114200
0.65392900 1.62052800 3.02201500

-1.10480400 2.36934800 -0.59970300
-0.29839900 2.85188400 0.16142900
-1.44429000 3.05113600 -1.89830200
-1.77094100 2.35402500 -2.66585300
-0.57740900 3.61872900 -2.23569000
-2.25923200 3.75506100 -1.69752200
-3.40146400 1.42046100 -0.32371100
-3.60552800 2.26946000 0.33515200
-3.59196500 1.74135100 -1.34950000
-4.32740200 0.27725800 0.01019700
0

-4.78988200 0.08132600 1.31279100

-5.62425600 -0.99217600 1.61666400
-4.49582500 0.77624100 2.09336000

-6.01020800 -1.88150800 0.61728700
-5.97605000 -1.13018300 2.63297900
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-6.66094700 -2.71616400 0.85225500

2.85752300 -0.29417800 0.46658100
5.20731600 -0.57040100 0.32789500
3.07079200 0.90900000 0.99508300
2.78572600 -0.44055500 -0.85277100
2.77623800 -1.35859600 1.25973300
5.93912500 0.64952100 0.41641800
5.64984200 -1.42938100 -0.71883200
7.00226100 0.41299400 0.54722500
5.58611600 1.13505800 1.32701200
5.74059300 1.56345300 -0.78139600
5.33819900 -1.02868500 -1.68963900
6.74620900 -1.46778600 -0.70342500
5.06735700 -2.80996900 -0.50466700
6.17038100 1.14069500 -1.69174600
4.67791900 1.75384100 -0.94912500
6.23483300 2.51923500 -0.59049300
3.97839700 -2.79269000 -0.57284200
5.44694300 -3.48959400 -1.27100900
5.35161400 -3.19806100 0.47597700
-0.46081400 -2.41160900 -1.69302900
-1.50526200 -2.38598500 -1.37962600
-2.15436100 -2.36708300 -2.25577500
-1.74376900 -1.23774700 -0.55701200
-1.73532200 -3.24695700 -0.75691600
-1.53800100 -0.05654900 -1.13151800
-1.18801900 0.07110900 -2.27921000
-1.87762900 1.09446900 -0.18289900
-1.51966700 0.75004400 1.26010500
-2.08742400 -0.12087700 1.60237600
-1.78166600 1.58014000 1.92044500

-4.73069700 -0.61429500 -0.98736700

-5.56344300 -1.68781000 -0.68853800
-4.38632500 -0.46422900 -2.00706400

-5.86736800 -2.37020000 -1.47451200

XYZ data for Scheme S2
Peroxocarbenium ion A, a transition state between oxacarbenium ions B and D-loc-min
O O Multiplicity = 1
MeO Charge = +1
Bn
@ Imaginary vib. modes: 1
on
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.781362 -958.439944 -958.510156
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-1
-2

-2
-1
-1
-2
-1
-1
-2
-2

|
o
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-0.
-0.
-0.
-0.
-0.

-3.
-3.
-3.

08408400
37184300
38388400
64366800
87218200

.00411000
.00635000
07099000
21518300
99365900
.86255600
.85106100
.77075800
.77566800
.18288400
.27500000

.61597600
.74551700
.39577000
.87982100
.67820700
.26468900
.82812200
.40938500
.41499900
.65928500
.19691500
.43968500
.70166800
.09360100

93545800 -2.22889100
82432000 -0.63986800
-0.44636000 -1.14932900
1.

-1.02575800
-2.41464900
-2.75663500
-2.37010800
-3.10678300

-0.62051300
-1.68701400
-0.13427300
-0.04763500
-0.81494300

0.48313400 -4.11562800 -1.60829400
0.26213000 -3.09382800 -1.90382900
1.13643600 -2.62517700 -2.35573200
-2.40771100 -0.68442700
-1.12334100 -0.80154700
-0.52402300 -1.84858600
-0.43986400 0.54319700
1.04343400 0.28584400

0.01533900 1.49014300 -0.17868300

1.58205500 1.23358800

1.43206300 -0.57623500
0.61609400 -1.19442000
0.
0.

1
2
2

1.
.15980100 2.66921700 -0.85950400
.79887600 -0.30554600 1.53336400
.57846800 -3.06686300 -2.59656000
1.45568200
1.64106400
2.
0
0

.86151400
.00829800
1.26546200 1.14437200
-0.27516100 -0.56165300
-1.84642900 -0.19763500
1.80638700 0.57703900
1.86495400 1.81751300
1.03810400 -0.28184100
-0.88408700 -1.21783100
2.82586500 0.80905400
1.45765800 -0.72340300
-1.20657900 3.52001700 -0.27012000
-1.45053800 4.36815300 -0.69144300

32385900
.88244400
.12456900
.80537800
20465500

40968600

Oxacarbenium ion D-loc-min (formed from TS above, not the lowest energy conformer)

Multiplicity = 1
Charge = +1

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.782932 -958.440095 -958.511972
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H 0.35984500 -3.19962600 2.78251800
C 0.46805000 -2.12328600 2.68573400
-0.41947900 -1.60932800 3.05402900
0.61376600 -1.88070600 1.26848600
.75121700 -0.63131400 0.89947400
.79341600 0.30577100 1.67084300

.84169800 -0.41673400 -0.61125200
.78038600 1.10267200 -0.84458500
0.25201000 1.42256300 -0.93244500

.30687900 1.34664100 -1.77463500
.45780700 1.90909900 0.20293400
.90359100 1.85639600 0.49665600
.14256700 2.43704200 1.38577900
.40861100 2.28479200 -0.37756500
.23877800 0.82657100 0.60074900
.15571600 -1.01689200 -1.20032300

.33267300 -2.50756400 -1.21759700
.39260000 -2.73390200 -1.32180500
.80522600 -2.89295500 -2.09691600
.91573600 -2.99461700 -0.33858600
.89665200 2.91779900 0.75592000

.96786000 -0.27550000 -1.69596900
.35578400 -1.77442200 3.21145200

-0.35426600 -1.12993600 -1.32202600
-0.25334400 -2.20298500 -1.15536100
-0.24471000 -0.94459200 -2.39385600
-1.71694800 -0.67314700 -0.85301500
-2.32252400 -1.25732400 0.26413400
-2.39971800 0.34155300 -1.53011300
-3.56584200 -0.81677400 0.70980500
-1.83103200 -2.07733700 0.77645100
-3.64352000 0.78268900 -1.08727700
-1.95334600 0.78564200 -2.41483300
-4.22640500 0.20937500 0.03979300

-4.02171400 -1.28323300 1.57583600
-4.15811800 1.57036800 -1.62580500
-5.19517900 0.55104500 0.38593100

-0.47750700 3.05611700 0.46719500

-0.72207700 3.72761700 1.13321700

P NORFRPRFPWNNMNWWWNRERE | OOOO

mTomIEDTmQIEraoODnooOoaoa@mIEo@DnoomnIETTZTQQOIDIZIOQETDTOOQO0O00m

Acetyl ring closure CO,Me-OOH-cis (B’)

0 OMe Multiplicity = 1
Bn'-—® Charge = +1
O Imaginary vib. modes: no
oH
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-958.80261 -958.459114 -958.527499
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-0.
-0.
-0.
-0.
-0.

-3.

-3.

-1.
-3.

08734800
24858300
50608000
88593700
51892400
50477800
.40985800
05910200
.75640300
.14430900
.71414400
.79020000
03586700
.76325500
96920100
02327900
.39134700
.53585500

.62139000
.29699100
.70470700
.95348100
.31997200
.83151900
.53510600
.65660400
.04475700
.56236100
.39676900
.80941000
.71669600
.34257100
.77930800

0.26152000 3.31984500 -
1.07132200 2.60704700 -
1.57255100 2.38581400 -
0.53496700 1.35092700 -
-0.

1.
1.
2.
1.

1.37478400 0.
2.35591000 0.

0.04123700 1.31190500
-0.15915800 -1.49981400
-0.52992400 0.75326300
0.61937900 2.64162200
0.75962400 2.87120400
1.53934900 2.73107200
-0.10713300 3.34509000
-0.58791300 1.46800300
-1.56865500 1.82400200
0.08325800 2.32568000
-0.68855900 0.76697600
-1.84737200 0.08080300
0.39849200 0.77971100
-1.91196300 -0.59686700
-2.70635400 0.08375200
0.33674200 0.10261100
1.29809300 1.32677900
-0.81855900 -0.59244200
-2.81847800 -1.12440700
1.18739100 0.12133400
-0.86927300 -1.11968900
2.99507600 -0.79186600
-2.40584700 1.11259900 -1.39345300
-3.16454000 1.68680900 -1.18831000

0.04020400 0.52845100

0.98583000
1.98996000
0.66235500
1.03397600
2.37523000
2.77857800
2.28069700
3.04504300

67965600
52425500
46245200
07056400
08914800
76806500

0.62102100
0.41164700
1.58625300
0.64014800
0.81664800
1.78405300
0.77856400
0.02908700

CO;Me ring closure Ac-OOH-trans (D)

Multiplicity = 1
Charge = +1

Imaginary vib. modes: no

0.21596300 -1.85524900 -0.16919900

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-958.797623 -958.453919 -958.523152

H 1.89348300 1.15447600 3.16920100

C 0.96416700 0.59165800 3.22613200

H 0.93286900 -0.03863900 4.10806500

0 0.91545400 -0.34586400 2.10184500

C 0.94401900 0.10613300 0.92415300

O 1.04614300 1.34822300 0.68755300

C 0.90465400 -0.79239900 -0.27386300

C 0.76280700 0.23210800 -1.42434000

H -0.24137100 0.20371600 -1.84168200

H 1.48264900 0.05015200 -2.22175000

C 1.02757000 1.61458500 -0.81024800

C 2.33554300 2.26988200 -1.15701900

H 3.15433200 1.58913700 -0.92034200

H 2.45450900 3.19951200 -0.60022900

H 2.34435700 2.47448600 -2.22837600

C 2.31818500 -1.42976400 -0.35262900

C 2.49252200 -2.57938000 -1.29246200

H 1.97696000 -2.39525800 -2.23754500

H 2.04449800 -3.46876900 -0.83839000

H 3.55425000 -2.75242600 -1.45863500

O 0.03953500 2.55285100 -0.99579500

0 3.20980800 -0.96182200 0.31439900

H 0.09371100 1.24340700 3.16983500

c —
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-1
-2
-2

-1
-4
-4

-1
-1
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-0.
-0.

-3.
-1.
-3.

-3.
-5.

00931200
14697500
.59490300
.37050100
.10071600
60945700
99573500
33683200
.54067500
.08991200
.19730800
71508600
05228700
.22939200
.47234800

-2
-2

-1.

.48383000 0.70150000
.48235500 -1.05924500
24449300 -0.08123000

-1.10020400 -1.23349900
-0.77270800 1.13374300
-0.46907700 -1.18231500
-1.48228500 -2.17808800

-0.
-0.

13396200 1.18609900
92124900 2.05127600

0.02818100 0.02605400

-0.36258100 -2.08704100

0.22708800 2.13588400
.52551800 0.06678900

0
1.97320100 -0.72816100
2

.39531200 0.11377600

CO,Me ring closure Ac-OOH-cis (D’)

O 3.65497800 1.75344700 0.45920100
H 3.92108500 1.02733100 1.04862200

0 Multiplicity = 1
MeQ
© / Charge = +1
Bn
0 Imaginary vib. modes: no
)

“OH
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (H) Correction (G)
-958.794015 -958.450373 -958.519221
H -0.01798200 -1.49566300 3.72904800
C 0.34889500 -0.66076200 3.14219700
H -0.26243200 0.22827700 3.28596000
0 0.20535800 -1.09943500 1.75090900
C 0.56889700 -0.32841300 0.81950400
0 1.07006700 0.81802500 1.06433400
C 0.44225800 -0.67940800 -0.62957800
C 0.65511500 0.69828800 -1.27103900
H -0.29316300 1.21791200 -1.40318900
H 1.16850400 0.63026200 -2.22832200
C 1.48563400 1.46831400 -0.25351700
C 1.23483200 2.93813600 -0.10877500
H 0.17231300 3.10295500 0.07047300
H 1.51679600 3.42009300 -1.04711700
H 1.81815000 3.35851900 0.70773600
C 1.55692100 -1.69265400 -1.07090300
C 2.04870600 -2.69000100 -0.07006400
H 2.68921600 -3.41689800 -0.56521500
H 1.21149000 -3.19201700 0.42039900
H 2.62276800 -2.16436300 0.70170300
0 2.80004600 1.08772000 -0.45717700
0 1.92257000 -1.64842700 -2.21321500
H 1.40122500 -0.46464200 3.33828300
C -0.91028100 -1.37774700 -0.95735400
H -0.92223000 -2.35234600 -0.46300200
H -0.90177600 -1.54889900 -2.03602900
C -2.13291900 -0.58034200 -0.56818200
C -2.70203000 0.32404300 -1.46937800
C -2.71963600 -0.73419600 0.69153700
C -3.81860800 1.07454100 -1.11341300
H -2.27184400 0.43078100 -2.46037700
C -3.83573900 0.01724300 1.04987700
H -2.31683100 -1.46146400 1.38858400
C -4.38409800 0.92762700 0.15057700
H -4.24961300 1.76894800 -1.82562800
H -4.28231700 -0.11746500 2.02849400
H -5.25519500 1.51001800 0.42822000

Catl

XYZ data for Scheme S3
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o Multiplicity = 1
/WOMG Charge = +1

Imaginary vib. modes: no

O+

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-538.121749 -537.903289 -537.953998

-0.54918600 -0.69740000 0.34469800
-0.25049200 -1.15983400 -0.60249400
-0.68855600 -1.51177600 1.06079700
-1.88287500 -0.02363300 0.14223200
.50655900 0.27893600 0.84964900
.85380400 -0.42112500 1.08709600
.15917400 0.77095000 1.75588000 J
.60372400 -0.14711900 -0.15632500

.43518400 0.04907200 1.89256800
.80429900 -1.49065400 1.29774200
.09242000 0.77588500 -0.84892800
-2.10724100 1.14267000 0.35853200
0.87562000 1.32992700 -0.19662400
1.18677000 2.28441700 0.22470800
0.15653400 1.47560700 -0.99815300
-4.11279000 -0.34133900 -0.52622500
-4.07544200 0.45080900 -1.27431600
-4.71383200 -1.17266700 -0.88535000
-4.52220000 0.04845400 0.40583900
-2.79987700 -0.87888000 -0.30560500
3.82193900 -0.81532000 -0.61119500 J
4.51807100 -0.88234600 0.22869600
3.54130700 -1.84348000 -0.87040900
4.26600500 -0.31350800 -1.46734000
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Cat2
o Multiplicity = 1
9 ) OMe Charge = +1
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-538.113775 -537.895094 -537.945995

-3.57838600 -1.36639000 -0.20461900
-3.66966100 -1.88099200 0.75452000
-3.13680300 -2.07422800 -0.91302900
-4.55725300 -1.05335300 -0.56446500
-1.34283400 -0.43245700 0.62608300
-0.86269300 -1.30526200 0.16536400
-1.57227700 -0.72503100 1.65638800
-2.66085700 -0.18403900 -0.07886600
-0.42674600 0.78464400 0.61609300
0.88160600 0.51780000 1.37848800
-0.94512200 1.64933400 1.02515600
1.78117400 0.08305800 0.28584300
.31577000 1.43412600 1.79501400
.82313600 -0.23084000 2.16823200
.37227400 0.37305800 -0.88630600
.88079400 -0.51589700 0.46556500
.70113500 -0.85486200 -0.69838300
.97242500 0.06437200 -1.21377800
.57273300 -1.34871600 -0.28290900
3.13427600 -1.52376500 -1.34279100
-2.94346600 0.90991500 -0.51920600
0.08427800 1.11135900 -0.78944500
0.33739800 2.16067600 -0.92997100
-0.52497300 0.74239500 -1.60931100

=S ww N e O
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Methyl cation

Multiplicity = 1

+ Charge = +1
CHj
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-39.594521 -39.558869 -39.580049
C 0.00000000 0.00000000 0.00000000
H 0.00000000 1.08772500 0.00000000
H -0.94199700 -0.54386200 0.00000000
H 0.94199700 -0.54386200 0.00000000 %
Acetone
Multiplicity = 1
)?\ Charge =0
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-193.1298211 -193.039696 -193.074343
C -0.00000200 0.18324400 0.00001000
C 1.27879500 -0.61150100 -0.00253800
H 1.37262000 -1.12903700 0.95703800
H 1.24334300 -1.37848000 -0.78013400
H 2.13763800 0.04125900 -0.15167400
C -1.27876900 -0.61154500 0.00253500
H -2.13764900 0.04119900 0.15153700
H -1.37249000 -1.12916200 -0.95700800 J
H -1.24335400 -1.37843800 0.78021200 J
O -0.00003200 1.39643300 -0.00000100
Methyl acetate
Multiplicity = 1
0
)k Charge =0
OMe . .
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-268.361988 -268.264639 -268.302218
C 0.46163400 0.17069100 -0.00009300
C 1.79494600 -0.51328000 0.00005000
H 1.87815400 -1.14909100 0.88342800
H 1.87725000 -1.15170600 -0.88150400
H 2.58962400 0.22888000 -0.00138400
0 0.28376000 1.36452300 -0.00001300
O -0.54427400 -0.71185100 -0.00013800 JJ
C -1.86758200 -0.16171700 0.00008600
H -2.02655600 0.44584900 -0.89132300
H -2.54181600 -1.01464100 -0.00022600
H -2.02653200 0.44516800 0.89196700

S337




Cat3

~N

Multiplicity = 1

+
|O Charge = +1
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-232.836274 -232.703461 -232.74156
C -0.46025500 -0.00792600 0.00000100
C -0.34398300 1.45821000 0.00000000
H 0.22511000 1.77468300 -0.88137900
H -1.32818000 1.91793400 0.00000000
H 0.22511100 1.77468400 0.88137800
C -1.76285600 -0.68347400 0.00000000
H -2.31880000 -0.33401400 0.87675800
H -2.31879900 -0.33401300 -0.87675800
H -1.66237500 -1.76563600 -0.00000100
C 1.91014900 -0.21035100 0.00000000
H 2.04917500 0.38533100 0.90043100
H 2.55823300 -1.08018900 -0.00000100
H 2.04917400 0.38533200 -0.90043000 J
0 0.55787700 -0.75785900 0.00000000
Cat4
Multiplicity = 1
o
)\ Charge = +1
OMe . .
Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-308.06302 -307.922592 -307.962383
C -0.00093100 0.40486200 0.00000300
C 0.83406400 1.61807700 -0.00000100
H 1.47798200 1.60752700 -0.88385600
H 0.20059200 2.50023300 —-0.00049600
H 1.47705600 1.60798300 0.88456600
C 1.89851600 -1.02106700 -0.00005900 ‘)
H 2.32825700 -0.58855300 0.90084800
H 1.99588800 -2.10137700 0.00034500
H 2.32787700 -0.58923500 -0.90147700
0 0.45798100 -0.78432900 0.00010800
O -1.26719700 0.54260100 -0.00005900 »
C -2.12321800 -0.63881300 0.00000000 9
H -1.92586100 -1.21953900 0.89854000
H -3.13265500 -0.24206200 0.00007800
H -1.92599200 -1.21950600 -0.89859300

XYZ data for Scheme S4

Dist-Ket-BF;-Acyclic

O O Multiplicity = 1
+2.5 MeO Charge =0
Dist-Ket-BF 5-Acyclic Bn OBE
3 Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
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Correction (H)

Correction (G)

07.517608

-1207.596868

-1207.861027 -12
B 3.44458100 -0.98899800 -0.13522400
F 4.31297900 -0.12897200 0.51117500

F 3.57832300 -0.93848800 -1.50518700
F 3.52861300 -2.28100500 0.35202200

H 0.44753800 -1.82930800 -2.69446300
C -0.55136000 -1.80514000 -2.25763700
H -1.26496300 -1.41000400 -2.98098600
0 -0.54782600 -0.99653900 -1.07176600
H -0.84901100 -2.79882000 -1.93308300
C -0.23237700 0.28155400 -1.23814800
0 0.04222100 0.77193500 -2.30471500

C -0.32254700 1.06050900 0.07652200

C 0.07950000 0.20798100 1.27989500

H -0.53400800 -0.69982100 1.33788600
H -0.08234600 0.75868200 2.20885400

C 1.48838800 -0.27168200 1.24917100

0 2.00163900 -0.48424900 0.12944300

C 2.18494200 -0.51858000 2.52909900

H 3.04542400 -1.17372700 2.42867300

H 1.46828300 -0.90927900 3.25367800

H 2.51088900 0.46354400 2.89349500

C 0.62584800 2.28471700 0.02015100

0 1.60068100 2.29904100 0.73746700

C 0.27609500 3.45250600 -0.85466100

H -0.17208700 3.13734300 -1.79490400
H 1.17124300 4.04741800 -1.03049800

H -0.45388400 4.06667900 -0.31640500
C -1.78614400 1.58483600 0.23658900

H -1.80332100 2.21380600 1.13110500

H -2.01735900 2.21697000 -0.62295800
C -2.82887200 0.49998800 0.34952900

C -3.18752800 -0.02258100 1.59354200
C -3.44346300 -0.00904900 -0.79735900
C -4.12937900 -1.04443800 1.68947800
H -2.72733900 0.37616400 2.49241500

C -4.38376700 -1.03015100 -0.70599200
H -3.18168300 0.39994900 -1.76954200
C -4.72633900 -1.55347800 0.53930900
H -4.39889400 -1.43920900 2.66266000
H -4.85200800 -1.41468200 -1.60517600
H -5.46030000 -2.34797800 0.61291800

Dist-Cycl-CO,Me-OBF;-cis

MeO,C Multiplicity = 1
N +7.2
Bn O Dist-Cycl- Charge =0
v COMe- Imaginary vib. modes: no

FsBO  OBFa-cis ginary vio. '

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-1207.860021 -1207.515338 -1207.589422
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.61383600 -1.73223900 -0.01911000
.57512000 -0.38724600 0.43635100
.05564500 -1.73869100 -1.35174900
.49494000 -2.47020300 0.77153700

.81697000 4.07007400 0.91697600
.67727100 3.48913700 0.00950300
.39206200 4.13541200 -0.81998700

4
3
4
.61216300 2.56611300 0.30369300
.58473100 2.93830800 -0.23706600
.27563600 1.73635300 -0.67098300
.76679000 1.73299300 -1.76649900
.10673900 0.82134500 -0.28958700
.15406800 -0.50231700 -1.06879400
1.05041100 -0.55082100 -1.68216000
-0.71057100 -0.60546900 -1.72129000
0.15498400 -1.65457700 -0.05444700
1.28478800 -2.34886800 0.09281700
-1.05281400 -2.55004500 -0.06823300
-1.97230600 -1.96459900 -0.01025700
-1.00046300 -3.25329700 0.76340500
-1.04547300 -3.10535500 -1.00881700
0.11317100 0.39204700 1.15684500
0.00174000 -0.83751300 1.31870200
0.19792200 1.25090000 2.35297500
-0.29636700 0.76398300 3.19299200
-0.19524500 2.24822600 2.16984800
1.26695400 1.34585700 2.58040600

OCQORFRFRF WEDNNMDNDWWNDDN

-1.19760600 1.65732000 -0.56357000
-1.18134000 2.54871200 0.06742700
-1.13166800 1.97691200 -1.60584400
-2.46725500 0.87145700 -0.34640400
-3.12619200 0.28285800 -1.42849600

-2.99000100 0.69222600 0.93760200

-4.26826200 -0.48837400 -1.23128300
-2.74005100 0.43134600 -2.43206900
-4.12861800 -0.08273000 1.13858600
-2.51610000 1.17312000 1.78825800

-4.76656800 -0.68086500 0.05448100
-4.76693000 -0.93903200 -2.08188600
-4.52031500 -0.21288700 2.14097900
-5.65352700 -1.28424000 0.21050900

Dist-Cycl-CO,Me-OBF;-trans

MeO,C, +7.8 Multiplicity = 1
» Dist-Cycl-
Bn O  CO,Me- Charge =0
N, OBFjs-trans . . .

F4BO Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)

-1207.856718 -1207.512292 -1207.588429
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B 3.16881800 1.24469100 -0.17999200
F 2.41725200 0.86052200 -1.31360400
F 4.51686700 1.36191800 -0.51687400
F 2.68695800 2.48051800 0.28328500
H -2.41091500 -3.88716400 0.88847000
C -2.82143200 -3.22283900 0.12863100
H -3.18252300 -3.79101000 -0.72406700
O -1.78198300 -2.36993700 -0.39015000
H -3.62028300 -2.61441000 0.55278200
C -1.19793700 -1.56463500 0.48468000
O -1.45789300 -1.52551600 1.65510700
C -0.15926000 -0.64503800 -0.20305900
C 0.61422900 0.17857400 0.83246200
H 0.07291100 0.23137500 1.77543700
H 0.76698500 1.18809000 0.46098400
C 1.96892800 -0.49737400 1.06849400
O 3.06468600 0.22074300 0.87806000
C 2.06719600 -1.38644400 2.27562100
H 2.99839200 -1.95253400 2.24577100
H 1.21524800 -2.06548400 2.33152900
H 2.06409000 -0.74568700 3.16010700
C 0.90610800 -1.52464200 -0.82232400
0 1.96399100 -1.57430600 -0.17683800
C 0.78367700 -2.23867100 -2.10298500
H 1.55462700 -3.00063200 -2.19713700
H 0.93467700 -1.47388600 -2.87829200
H -0.21716900 -2.64607800 -2.23550500
C -0.88062400 0.20954400 -1.28343200
H -0.11898700 0.82797300 -1.76251500
H -1.30988700 -0.45604700 -2.03410700
C -1.96051300 1.07595400 -0.68049300
C -1.67983300 2.37829100 -0.26047200
C -3.25601000 0.57757700 -0.51339900
C -2.66914700 3.16139900 0.32822200
H -0.68366500 2.78458200 -0.40573400
C -4.24593100 1.35870800 0.07574300
H -3.49689200 -0.42280000 -0.86064700
C -3.95321100 2.65166100 0.50214800
H -2.43723600 4.17181100 0.64551100
H -5.24695800 0.95970200 0.19475100
H -4.72405200 3.26184500 0.95890500
Prox-Ket-BF;-Acyclic
O OBF3 Multiplicity = 1
MeO Charge =0
+3.4 Bn o
Prox-Ket-BF3-Acyclic Imaginary vib. modes: no
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1207.860576 -1207.516991 -1207.595401
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.01843300 0.14930300 0.05197300

.00257400 -0.13585000 1.55683300
.01135100 -0.09919400 1.96934800
-0.39086300 -1.13950200 1.74898800
-0.89000600 0.85078600 2.27720300
-1.72849500 1.46939300 1.65177300
-0.69529100 1.00016700 3.75196100
0.25600200 1.51661500 3.91623800

1.70216600 2.91180400 -2.91415800
1.67423300 2.88452200 -1.82819000
2.68269200 2.81152300 -1.42015500
0.92277100 1.70638400 -1.48977300
1.17598200 3.77108800 -1.43573700
0.77460100 1.45795800 -0.19478800
1.21591600 2.15341900 0.68216900
0 0

0

1

-0.61534500 0.01625500 4.22001500
-1.50822700 1.57391900 4.19326300
-1.41510300 0.20649100 -0.44887000
-1.93649600 1.27674300 -1.32949500
-1.56850300 1.06164900 -2.34086500
-1.55227500 2.25009300 -1.03141100
-3.02312500 1.28280600 -1.33972400
0.71241200 -1.00607700 -0.74896000
0.19309100 -1.92922200 -0.48700700
0.57324200 -0.82383400 -1.81659500
2.18447400 -1.13033800 -0.43453100
3.14237200 -0.48066100 -1.21786200
2.61187000 -1.89894600 0.65204200
4.49706200 -0.58358100 -0.91131000
2.82719000 0.09753800 -2.08021200
3.96494700 -2.00348600 0.95943600
1.87719900 -2.42420300 1.25421200
4.91114600 -1.34094300 0.18079900
5.22848300 -0.07709700 -1.53104100
4.28051200 -2.60616200 1.80359600
5.96566300 -1.42271500 0.41858700
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-3.53906900 -1.12274500 -0.61088200
-3.57319400 -1.06951300 -1.99227500
-4.36167000 -0.17798700 -0.02887900
-3.77706000 -2.39103200 -0.13023100
-2.07968400 -0.81511800 -0.17015900

J

J

Prox-CyclTS-CO,Me-OBF;-cis

Multiplicity = 1
Charge =0

Imaginary vib. modes: 1

Prox-CyclITS-
CO,Me-
OBF3-cis
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1207.858809 -1207.515912 -1207.591752
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-0.
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.46879700 -3.52675900 1.88777000
.40697200 -2.49227700 2.21509400
.30224100 -2.21302600 2.77141400
.31235400 -1.71106700 1.01347100

0.47922100 -2.33886000 2.83100500
23550700 -0.40125400 1.17461800
23315300 0.15289300 2.24534100
13995100 0.35506600 -0.15764100
53607300 1.81212800 0.09487000

.42795500 1.90254300 0.71409400

08695300

.99623800
.85054900
.62626400
.47188200
.28178200
.05615800
.63747400
.84763400
.41348300
.44762700
.20672900
.25011700
.85132200
.26323900

.46416700
.27295500
.44642500
.84702700
.04455500

0
0
0
1
1

0

73380300 2.33589300 -0.84755000
0.64785800 2.48256800 0.73008600
1.73872400 1.96430600 0.53061700
0.47560800 3.72098700 1.53028200
1.43634300 4.16682700 1.77877900
-0.06446700 3.45303300 2.44412700
-0.15332200 4.42358800 0.97807200
.32869700
.70596800
.55070000
.75815200

.32785000 -0.59807900
.93505600 -1.90863300
.17166600 -2.67751100
.21417800 -1.90457400
.79983600 -2.14041600

-0.31083300 -1.27071500

0.26523100 -2.18672100

-1.32306600 -1.44303600
-0.34138600 -0.93572900

0.75888100 -1.23363200

-1.45960500 -0.33461200

0.75205700 -0.91977800
1.62417300 -1.72457200

-1.46952200 -0.02151100
-2.33067600 -0.11984400
-0.36199200 -0.30735500

1.61360600 -1.16055800
-2.34716500 0.44074200

-0.37030000 -0.06458500

0.93709300 -0.46834500
.18622400 -0.34767100
1.40325900 -1.77882600
1.93312100 0.41499300
0.57240700 -0.06129900

Prox-Cycl-CO,Me-OBF;-cis

Multiplicity = 1

Correction (H)

MeO,C
2 Charge =0
Imaginary vib. modes: no
+5.70
Prox-Cycl-
(:()2“46-
OBF3-cis
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (G)

-1207.860566

-1207.516486

-1207.591798

S343




-0.67988800 -3.51050900 1.81817800
-0.49956900 -2.49681600 2.16641000
-1.31059300 -2.16581800 2.81543300
-0.45258200 -1.68431000 0.98344300
0.45133100 -2.43835500 2.69628800
-0.24556100 -0.39467800 1.16966100
-0.10650000 0.12462000 2.25123400
-0.17133300 0.39728200 -0.14107300
-0.49031800 1.86018300 0.18592600
-1.31497900 2.01485700 0.87969600

-0.69603400 2.43447400 -0.72720500
0.79543900 2.37482000 0.72147500
1.79040200 1.70459200 0.37674300
0.93590800 3.57129700 1.56021100
1.97900600 3.83313900 1.72006000
0.44080600 3.35459600 2.51356900
0.38159400 4.39035800 1.09433300
1.33604400 0.43421200 -0.53120200
1.64673600 0.89628300 -1.93369700
1.41523800 0.08575800 -2.62592900
2.70592800 1.13831900 -2.01383700
1.05225500 1.77180700 -2.19694600

-1.04036500 -0.20451800 -1.26062600
-0.90273600 0.40952200 -2.15298200
-0.67928400 -1.21040300 -1.48365000
-2.51435800 -0.24113300 -0.91517300
-3.30460400 0.89895300 -1.09116500
-3.11813100 -1.40343700 -0.42807200
-4.65804900 0.88689200 -0.76614700
-2.85928300 1.80090500 -1.49934300
-4.47304500 -1.41965100 -0.10567500
-2.52415500 -2.30214900 -0.30716300
-5.24564500 -0.27282100 -0.26678000
-5.25456600 1.78062000 -0.91115800
-4.92520900 -2.33182200 0.26745100
-6.30021700 -0.28552200 -0.01583300
3.37127400 -0.96837500 -0.47669600
4.22503600 0.14320400 -0.39475700

3.37522200 -1.45843900 -1.79289600
3.79824900 -1.96883000 0.40026200

2.00105100 -0.60646900 -0.05959600
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Prox-CO,Me-OBF;-cis-CO,Me-H,0,-cis-TS

FaBO, |
Bn,,‘ ~"\H

+16.9
Prox-CO,Me-OBF3-cis-
COzMe-HzoZ-CiS-TS

Multiplicity = 1
Charge =0

Imaginary vib. modes: 1

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1359.415502 -1359.038032 -1359.115801
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.27859700
.95026000
.32852100 0.10123900 -2.64942900
.69061200 0.71340000 -2.94459400

.65865100 -3.85538300 1.18872300
.51891100 -2.88196600 1.65021800
.32416900 -2.66761600 2.35241000
.55591100 -1.93561900 0.56338600

44746600 -2.82607500 2.15057300
38446700 -0.67805100 0.87053300
.22925900 -0.29401800 2.01977000
.37893000 0.24210200 -0.35378000
60303700 1.70872800 0.05494000
.16210400 1.86161400 0.97774100

.12719400 2.24783700 -0.74023500
.58560200 1.62968500 -0.65926000
.02945600 3.75821800 0.22346200
.41008700 4.17985900 1.01269400
.76213400 4.22438600 -0.72960500
.08600600 3.93463000 0.42321700
.11358000 0.22950300 -0.90057300

-0.01064600 -2.38096100
-1.01963500 -2.63001100

.43417000 -0.23174900 -1.38242800
.37402200 0.43328400 -2.24521700
.18831800 -1.24106400 -1.71325600
.84722400 -0.19706100 -0.83335700
.42132700 -1.32391500 -0.23565300
.61430100 0.96897600 -0.92575200
.71348300 -1.27671800 0.28163800
.86042800 -2.25021500 -0.18789600
.90496300 1.01983700 -0.40673100
.20679800 1.84153900 -1.42568000
.45650100 -0.10203500 0.20626200
.14141100 -2.16275400 0.73715700
.48228700 1.93372700 -0.49053200
.46241100 -0.06530200 0.60871600
.15279300 -1.19063400 -0.47805700
.93875000 -2.22789400 -1.39220300
.69899700 -1.69459300 0.71033800
.03131700 -0.24518400 -1.03345200
.88113600 -0.55444400 -0.07737900
.76629200 2.30647300 0.08193200
.64062600 1.01199700 2.09826300
.55733900 1.28557500 1.93594900
.56006400 0.56280700 1.27194800
.24394400 1.78304100 1.85061400

Prox-CO,Me-OBF;-cis-CO,;Me-H,0,-cis-Adduct

F3BO,
Bn/,‘ o

+4

\
N

.8

Prox-CO,Me-OBF3-cis-
CO,Me-H,05-cis-Adduct

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1359.43542 -1359.057471 -1359.135138
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.51874200 0.18847100 3.25239300
.72423500 -0.43842200 2.85851000
84134800 -0.39348700 3.49528200
.41232500 0.11655900 1.56229100
.06270200 -1.46779200 2.74537900
49396100 -0.48147100 0.86733700
0.10727700 -1.47300500 1.28054800
-0.30194100 0.08383200 -0.53965300
-0.36546900 1.61573300 -0.51044300
-1.13803800 2.01388600 0.14303900
-0.51348600 1.99682300 -1.52290400
.88004800 1.03559100 -0.71004600
.51379500 3.37478000 -0.37550500
.44120800 3.54062300 -1.45080400
.54751900 3.50913800 -0.05980800
.88069800 4.09669700 0.14310400
.16731300 -0.11838200 -1.07860400
.29429900 -0.31403100 -2.57116400
.81209000 0.51664400 -3.08899900
.84413500 -1.25541000 -2.88512400
.35480100 -0.31792700 -2.82218400
.35770200 -0.60181100 -1.45093600
.26813500 -0.14870400 -2.43909800
.10346000 -1.66180400 -1.54103200
.77801500 -0.46209000 -0.95957800
.37161000 -1.48222600 -0.21395300
.50724400 0.70067500 -1.21546200
.66313800 -1.33728100 0.28486200
.81382600 -2.39409700 -0.01848000
.79944400 0.84849600 -0.71908800
.06020800 1.49334100 -1.80759100
.37874300 -0.16851900 0.03658400
.11102800 -2.13743800 0.86349300
.35540900 1.75622900 -0.92542400
.38523500 -0.05367400 0.42264200
.27980700 -1.34297600 -0.08792900
.48627100 -0.56985600 1.06177300
.00177000 -0.87440700 -1.15769900
.51517100 -2.67575800 0.18437100
.77981400 -1.27586500 -0.43773000
.04159100 1.98081000 -0.05599800
.16298100 -1.56300100 0.36121600
.36813300 1.87631000 1.84685600
.81060000 1.05281600 1.57437200
.05663600 1.69830900 1.34092100

Prox-CO,Me-OBF;-cis-CO,;Me-H,0,-trans-TS

+

“492()//
+20.4

Prox-CO,Me-OBF3-cis-
CO,Me-H50,-trans-TS

Multiplicity = 1
Charge =0

Imaginary vib. modes: 1

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1514.424494 -1513.960292 -1514.054017

S346




oOormrrzQrzmzonQoXD oMo EDITZOQIQOIDIOQOOQOOO@DIZDOODNIDTZIOQOOQODDIZIOQOTZITZT QOO Om

.09623600 4.18415800 -0.77554400
.76535000 3.43037200 -0.35895100
.43805500 3.06263400 -1.13426500
.00828800 2.34258700 0.19067300
.33260600 3.84325700 0.47126500
.23547600 1.67775700 -0.66548200
.11222700 1.97231100 -1.82573200
0.51562900 0.52702900 0.02872500
-0.28548000 -0.30026300 -0.98396200
0.16957400 -0.25062200 -1.97822600
-1.33384600 -0.01623000 -1.08843600
0.88325200 -1.82273200 0.30390700
-0.49401900 -2.90309200 -1.29467600
-0.50876700 -3.78987900 -0.66122500
0.28627900 -3.02625400 -2.05295400
-1.45201300 -2.75705500 -1.79166500
1.59721200 -0.50201900 0.50107400
2.01182000 -0.46776700 1.95233300
1.14600900 -0.58830900 2.60292300
2.49446300 0.48705300 2.16327700
2.71645600 -1.27502700 2.14939700
-0.33839800 1.08359900 1.19578600
-0.77265700 0.24741300 1.74335800
0.32665500 1.61752700 1.87686100

PR WNDWwNDND

-1.44605800 2.00367600 0.73847300
-1.18454800 3.33048800 0.38195700
-2.76039200 1.53875700 0.65874100
-2.20900600 4.16341600 -0.05826900
-0.17511900 3.72230300 0.46350900
-3.78878500 2.36860500 0.21880000
-2.98089400 0.51897500 0.95839400
-3.51430900 3.68358800 -0.14527000
-1.98855000 5.19039400 -0.32709300
-4.80278600 1.98724900 0.16463000
-4.31209200 4.33326200 -0.48670900
3.91898000 -1.07095000 -0.19128300
4.68039600 -0.31077500 0.72344200
4.57617200 -1.07696100 -1.43298900
3.82974300 -2.39146800 0.29643100
2.60403000 -0.48061000 -0.41197900

-0.11457200 -1.70536800 -0.50418900
-1.51510200 -2.88215700 1.52568700
-1.30129300 -2.49979500 2.39233200
-1.62746800 -1.72682300 0.72122500
-4.25413800 -3.50460100 -0.27929200
-4.80388500 -3.44586100 0.66436500
-4.92567700 -3.81732200 -1.08227000
-3.43288500 -4.21442900 -0.18928300
-4.66815600 -1.21208700 -0.77458200
-5.19027100 -1.02198100 0.16790200
-4.14761700 -0.31478600 -1.10600400
-5.38481700 -1.52305800 -1.53834300
-2.49984700 -1.90240800 0.19081800
-3.68657400 -2.23459400 -0.60251400

Prox-CO,Me-OBF;-cis-CO,Me-H,0,-trans-Adduct

“462()*“—Ft+
OBF;
Bn P
MeO\H\\ :
) dOH

+4.6

Prox-CO,Me-OBF;-cis-
CO,Me-H,0,-trans-Adduct

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1514.453383 -1513.987722 -1514.079298

S347
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-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.

.07532100 1

.81677800 3

.41853700 3

.45604300 2.70637000 1.78722300
.06320200 3

.75408500 0

.80627100 0

.08100400 0.67649300 -2.92270000
.57172000 -1.01029000 -2.63559200
.79979500 0.26899500 -2.80600900

68655400 -3.68811000 0.57976600
23275800 -3.64436100 -0.00553400
14979200 -4.26921000 -0.89096200
44189500 -2.31012700 -0.48987800
.07809800 -3.96053500 0.60664600
52270500 -1.35695600 0.43253500
50815300 -1.56572600 1.61911300
60722800 0.02133000 -0.21332800
63685700 1.13920600 0.83570000
09698700 0.83966900 1.73520200
.64383500 1.43543500 1.12638200
.64855600 -0.67826300
.25121300 1.09398300
.95749600 0.52319900

.79935900 1.66255300
.30514200 -0.94318200
.03240000 -2.42560400

.81896600 0.05573200 -1.18283500
.83498400 1.02477300 -1.68089900
.67724000 -0.71375700 -1.94280600
.13702200 -0.16878600 -0.47808900
.92237500 0.91594800 -0.07870700
.59548700 -1.46189700 -0.20740000
.12984200 0.71667400 0.58547100

.58467800 1.92477900 -0.29631800
.80135000 -1.66467400 0.45834100
.01264300 -2.31787900 -0.53336600
.57086400 -0.57536400 0.85936500
.72728700 1.57064600 0.88453300

.14298900 -2.67446600 0.65648500
.51147900 -0.73276000 1.37487700

.96132200 -1.22642400 -0.87409000
.75007200 -0.32588600 -1.57739400
.49811200 -2.24257700 -1.68566200
.63582400 -1.71668200 0.23991200
.76875000 -0.48659300 -0.25772500

12177000 2.27892000 0.17147000

.19711700 3.94185800 -1.41814400
18748600 3.43496200 -2.15229800
.83919400 2.93669900 -0.65301800
50891200 -0.45954900 2.96515100

.60482000 0.11143600 3.89042300
.56816900 -1.00829100 2.95750700
.35126200 -1.14569900 2.85401200
.68425000 1.19335100 1.68709100
.83424300 1.83988000 2.55379500
.52755800 0.50781900 1.57632300
.56491800 1.79606400 0.78713400
.05081400 -0.06848500 0.70502000
.47123000 0.45080200 1.85942200

Prox-CO,Me-OBF;-cis-CO,Me-H,0,-trans-Adduct’

F3BO

" OBn
eO_
7

o)

+15.9

OH
o Prox-CO,Me-OBF;-cis-
H” CO,Me-H,0,-trans-Adduct'

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

“AGQCD// "
Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1514.435231 -1513.968684 -1514.061303

S348




1.77063000 4.34998800 -0.92117500
2.50825100 3.66727900 -0.49759100
3.18353200 3.32141300 -1.28070200
1.85593100 2.55014100 0.12080600
3.06756800 4.15807300 0.29493500
1.10264100 1.79491900 -0.68022000
0.93309200 2.03403200 -1.84879200
0.47578100 0.63637900 0.07676800

-0.25624200 -0.30647600 -0.88568000
0.25715500 -0.33935300 -1.84523700
-1.29839100 -0.03296900 -1.06433800
0.89168200 -1.58207400 0.72495400

0.02420200 -2.86502200 -1.11557200
0.04245400 -3.78591400 -0.53167100
0.96986400 -2.76560100 -1.65059800
-0.78906500 -2.90250100 -1.84469800

1.59115100 -0.31907000 0.60864100
2.17300700 -0.01725200 1.97435200
1.38877900 -0.01359100 2.73078000
2.67045800 0.95197300 1.95974600
2.90024900 -0.78782300 2.23123200

-0.41482100 1.17032300 1.22518000
-0.74396600 0.32062900 1.82714900
0.19913300 1.80877300 1.86352000

-1.62026800 1.94199800 0.74661100
-1.50065100 3.26532900 0.31078700
-2.88111900 1.34231000 0.72081300
-2.61180000 3.96525400 -0.15063400
-0.53334500 3.75854900 0.34544700
-3.99624700 2.03932600 0.26191800
-2.98797000 0.32136600 1.07517300
-3.86327500 3.35307000 -0.17903400
-2.50171400 4.99175700 -0.48206500
-4.96756600 1.55631100 0.25174400
-4.72904400 3.89949100 -0.53545800
3.84155900 -0.97526900 -0.23895400
4.71273100 -0.10662600 0.47001400
4.38217600 -1.17899100 -1.52744800
3.82204900 -2.21401000 0.44455800
2.52639700 -0.40379700 -0.40706500
-0.13024300 -1.66773100 -0.21112800
-1.30948500 -2.89844700 1.44760700
-0.75599700 -2.54445900 2.16666400
-1.38467000 -1.79400700 0.56408200
-3.68768600 -3.86334600 -0.40440500
-4.10971000 -3.88812900 0.59938500
-4.39587800 -4.22340000 -1.14645200
-2.75057800 -4.41171800 -0.46262000
-4.50934600 -1.56260200 -0.69137000
-4.85596100 -1.49714100 0.33962100
-4.14788800 -0.60746500 -1.06312700
-5.27753400 -1.96878300 -1.34522100
-2.55685800 -2.13786900 -0.21898800

oOormrrzQrzmzonQoXD oMo EDITZOQIQOIDIOQOOQOOO@DIZDOODNIDTZIOQOOQODDIZIOQOTZITZT QOO Om

-3.37904100 -2.48169100 -0.75646900

Prox-CyclTS-CO;Me-OBF;-trans

Correction (H)

F80  |* Multiplicity = 1
MeO,C_ B
BT o Charge =0
Imaginary vib. modes: 1

+5.9

Prox-CycITS-

COQMG-OBF3-
trans

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy

Correction (G)

-1207.858717 -1207.515937

-1207.591412

S349




-1

-1

-1

-1

1.

Il PWHE PP OOR

OmmMmMmuUDIITZIQIIOQOIDOOQOOOO@DIZDODNIDZOQOOQOTDDIZOOOO@DITD OO0 QmOoEO 0T

-1.
-2.

-0.

-0.
-0.
0.23745500 -1.17857200 1.77205500
-1.02228700 0.02678500 2.06651100

.07845600
69300100
65469000
.01788200
.83386400
76171700
.04167300
06564700
05713300

00732300

.85079500
.02499500
.93914400
.90615300
.15281600
.41000300
.91548100
.59506100
.00216600

50309000
. 74633400
.61807700
.21941100
.21435900
.61410900
.19497800
.96006700
.86301000
.54315100

0
1
1
1
0
1.
0
1
1
1
2

3
2
3
1.
2
1
2

0.
-0

.7
.1
.0
.5
.1
6
.2
.3
.0
.3
.2

-0.
-0.

-1
-1

-1.
-0.

-2
-2

-0.

.82655800 -1.39257000
.98029200 -1.70047500
.01052200 -1.18771200

74676300 -1.40215600

.98353100 -2.77800200
.51428200 -0.12270900
.27136000 0.77163400

16606600 0.08872200
.13911800 1.58912700

3949700 2.18116500
7148500 1.40270000
3944900 3.63364600
5558500 3.91870800
0899000 4.19424700
6323400 3.85449200
5906100 -0.32510400
1516700 -1.24811000

4224600 -2.25933800

5622500 -1.22109000

9084100 -0.99937000

94598600 -0.75507700
71451200 -1.81425900
.87708400 -0.54237800
.10026300 -0.42784300
90084500 0.64648200
44685500 -1.17901000
.03242000 0.97403600
.43099600 1.22382000
57772500 -0.85343000

.90234600 0.15872900 -2.03001500
.92888900 -1.36596200 0.22699400
.25247900 -2.65941300 1.80885600
.29175900 -0.06720800 -1.44891900
.97805800 -1.46849200 0.47998100

.43371000
.48923000
.67742900
.30765200
.01759800

1.
1.
2.
0.
0.

14763300 -0.66361000
01504700 -2.04756100
45522100 -0.27443000
26352900 -0.04114800
85366600 -0.20082800

Prox-Cycl-CO,Me-OBF;-trans

+5.1

Prox-Cycl-

COQMG-OBF:;-

trans

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE)

EE
Correction (H)

+

Thermal

Enthalpy

EE + Thermal Free Energy
Correction (G)

-1207.86038

-1207.516505

-1207.592812

S350




-1.04677500 3.82979500 -1.43523200

3
-1.73621700 3.01499200 -1.65699600
-2.64890400 3.12636400 -1.07112600
-1.11725300 1.75144300 -1.36164100
-1.96514900 2.98682700 -2.71891600
-0.75228000 1.55819300 -0.10498100
-0.88570100 2.37584900 0.77298100

-0.09903900 0.19125300 0.11279700
-0.08211700 -0.07755800 1.62228900
0.15897800 -1.12749500 1.83192400
-0.99516400 0.18140000 2.15569400

1.07813600 0.72523600 2.08514500
1.88961300 1.00911500 1.17611000
1.30535300 1.15683000 3.46840000
2.27641600 1.63005900 3.59121800
1.19531200 0.28799900 4.12337400
0.49902700 1.85200100 3.72725400
1.42253600 0.31014600 -0.20527900
1.86564000 1.28408500 -1.26490700
1.48857800 0.93929900 -2.22960800
2.95297500 1.32569800 -1.30068900
1.48015200 2.28437000 -1.06658600

-0.76478900 -0.91561800 -0.72406900
-0.64419000 -0.67995800 -1.78323400
-0.22692500 -1.84166600 -0.51925500
-2.22986000 -1.09077100 -0.38735100
-2.60815300 -1.87836000 0.70447000
-3.22891400 -0.47178800 -1.14340100
-3.94909500 -2.02940700 1.04488300
-1.84430400 -2.38576800 1.28575000
-4.57215900 -0.62338800 -0.80648800
-2.95367700 0.12508800 -2.00601700
-4.93591000 -1.39718700 0.29197400
-4.22315500 -2.64570300 1.89384100
-5.33446200 -0.13942700 -1.40684800
-5.98122200 -1.51514000 0.55409300
3.34691800 -1.18195300 -0.66177200
3.43257800 -1.06502500 -2.05859800
3.62594500 -2.49725000 -0.28063700
4.26537100 -0.30210900 -0.06622000
1.97385000 -0.89696600 -0.19827500

OmmMmMmuUDIITZIQIIOQOIDOOQOOOO@DIZDODNIDZOQOOQOTDDIZOOOO@DITD OO0 QmOoEO 0T

Prox-CO,Me-OBF;-trans-CO,Me-H,0,-cis-TS

F,B0
Bn, P

+19.8
Prox-CO,Me-OBF3-trans-
CO,Me-H,0,-cis-TS

Multiplicity = 1
Charge =0

Imaginary vib. modes: 1

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1359.408891 -1359.032331 -1359.111204

S351




.72597300 3.12313300 -1.26581900

.00233400 2.82763400 -2.02459800
.23196200 3.59029300 -2.13483200
.39278700 1.57369900 -1.64969700

.74196500 1.54108900 -0.52018400
.63718300 2.53202900 0.19542400

0.10257100 0.19071100 -0.21721300
-0.20669600 0.07445300 1.28508700
0.45581500 0.64087300 1.94022900

-0.17543700 -0.96761500 1.60358900
-2.25150100 0.43481300 0.25086900
-2.47233700 0.22300600 2.60058100
-3.40517800 0.78579400 2.55648500
-1.92052900 0.45993800 3.50852500
-2.70200100 -0.84579500 2.58193100
-1.34478400 0.17016400 -0.89586700
-1.61362400 1.25763700 -1.91626800
-2.65804200 1.17974500 -2.21949700

1

OONKFEFRFEDNDN

3
2
3
1
.49388700 2.63371000 -2.97354600
1
2
0

oxromoOMmmEmIEIT@DITOQODOIIOQOOOQOQZITZOQIDIDDOQODZDDOQOODIITD OOQOO0OQImO TN T

-0.98014800 1.09667200 -2.78973200
-1.43925600 2.25825800 -1.51555400
0.98708800 -0.96210300 -0.73978400
0.45534400 -1.88897500 -0.52584400
1.08333000 -0.87544400 -1.82286900
2.35441300 -1.00759100 -0.08877100
3.46654500 -0.40466700 -0.68510100
2.53380600 -1.67465800 1.12794300
4.71514100 -0.44187900 -0.06899700
3.35871700 0.08483200 -1.64626000
3.77954000 -1.71040700 1.74792600
1.69477000 -2.18778000 1.58661200
4.87414500 -1.08715800 1.15407500
5.56539700 0.02805100 -0.55066200
3.89646700 -2.23456500 2.68985600
5.84583900 -1.11668400 1.63382900
-2.24467900 -2.15889200 -0.72994600
-3.64114300 -2.02339300 -0.60141400
-1.69596100 -2.30647900 0.56668400
-1.96590400 -3.31301400 -1.48036600
-1.66623100 -1.02820200 -1.44332800
-1.64177000 0.49797400 1.39971800
-0.51354000 2.51058800 1.13922900
-2.37372000 3.04518500 1.05640700
-2.76842400 3.51098300 1.81355800
-1.35908000 2.29612400 1.68096000

Prox-CO,Me-OBF;-trans-CO,Me-H,0,-cis-Adduct

F3BQ
Bn, -

O." Soon
H+
+15.2
Prox-CO,Me-OBF3-trans-

CO,Me-H50,-cis-Adduct

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1359.417808 -1359.039938 -1359.118539
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.20888500
.01576800
.49941300
.45121200
.73514400
.81778900
.69938700
.22295600
.02085500
.84930400
.12488800
.91999500
.19449100
.52488900
.06579800
.65881400
.29251200
.56648500
.03205100
.26073600
.63507600
-1.02832000
.51045400
-0.97993300
-2.47138100
-3.50671800
-2.79744200
-4.83168800
-3.27521000
-4.11987300
-2.01179800
-5.14158900
-5.62141700
-4.35276300
-6.17238100
2.95782100
3.22026000
2.84777100
4.04235000
1.71571500
1
1
2
0

| A A A (Y A A I A |
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.28211800
0.10389300
.91145200
.25166300
.83053300

oxromoOMmmEmIEIT@DITOQODOIIOQOOOQOQZITZOQIDIDDOQODZDDOQOODIITD OOQOO0OQImO TN T
o

2.13705300 3.41963100
1.55268400 2.98084600
0.92670000 3.72327300
0.61335500 2.01987700
2.19034300 2.47057500
1.05750600 1.00910100
2.31273500 0.87581400
0.03566400 0.07434700
0.60197600 -1.34270900
1.20846100 -1.71365200
-0.23208100 -2.02787800
1.00994700 -0.06561700
1.35204700 -2.44601900
0.32074000 -2.57857100
1.98679300 -2.28477800
1.67950100 -3.33848700
-0.16340300 0.49854100
-0.15643400 1.98910900
-0.97934400 2.46640300
0.78881100 2.44350000
-0.28299400 2.16020800
-1.27663900 0.12353700

-1.96818800 -0.53992200

-1.68715900 1.13437400

-1.13025300 -0.31195500

-1.07951000 0.62530000

-1.06240200 -1.67054800

-0.94187600 0.21810500
-1.16130100 1.68184600

-0.92112100 -2.08039900
-1.13711800 -2.41522400
-0.85464300 -1.13598100

-0.90875700 0.96035000

-0.87262500 -3.13822900
-0.74807200 -1.45431200

-1.96956700 0.14231600
-2.84300200 -0.92903000
-2.73218800 1.32974200
-1.07936800 0.29345000
-1.28045600 -0.16498800
1.40068100 -1.25226800
2.60091300 0.06732400
3.59896500 -0.63234200
3.16498400 0.17374300

2.77376900 -1.01315400

Prox-CO,Me-OBF;-trans-CO,Me-H,0,-trans-TS

+19.3
Prox-CO,Me-OBF3-frans-
CO,Me-H,05-trans-TS

Multiplicity = 1
Charge =0

Imaginary vib. modes: 1

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1359.411314 -1359.033804 -1359.111954
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-1
-2
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-2

-3.
-2.
-1.

-3.
-3.

.72857400
.36898000
.69412700
.62923500
.22901800
.14380500
.27210500
.38509200
.12930200
.89029700
.07212000

.66250600
.44398700
.47341000
.76902700
.20276700
.07270800
.27591500
.33991300
.77267500
.86989200

.10906200
.52833900
.11145700
.52684900
.77784100
.61311000
.07500100
.95322400
.91230600
.44029500
.14700700
.24824400
.74170100
.15808800

68380800
.20362500
.04178500
56436800
71543300
.20344400

3
3
3
2.
2
1
1
0

.72529400
.22502400
.92406800
20764800
.78239200
.22440500
.16444200
.19076500

1
0
0
0
1
0
2
0

.65591300
.92901800
.16283400
.23594800
.43244700
.98250700
.17972500
.14605800

-1.05330600 1.01845400
-1.20650700 1.78136200
-1.96212600 0.41602200
0.43681800 1.25706900
-1.04003100 3.11958900
-0.81694300 3.39785900
-0.39501200 3.68713000
-2.08100500 3.33320800

0.70972900
2.17500900
2.38917900
2.43724100
2.77839800
0.10217100
0.85973400

-0.06267800
-0.35209100
-0.44379500
-1.28316700
0.45969100

-1.18134600
-1.70870800

0.80527100 -1.78844000
-0.59547000 -0.97973000
-1.94861500 -0.73020300
0.28316800 -1.03697700
-2.40824900 -0.52040300
-2.65399000 -0.71572600
-0.17429600 -0.83036500
1.33127700 -1.25457800
-1.52046300 -0.56439900
-3.46171200 -0.33095000
0.52223700 -0.88341900
-1.87732600 -0.40428500
.98571200 0.13829900 -1.59586400

91141500 0.53017500 -0.58220200
.41661500 -1.07220400 -2.14434900
90890800 1.13152100 -2.56114600
-0.15535600 -0.97037100

-0.74657100 1.68241100

-1.58802100 -0.08042300

-1.60105100 1.12729800
-0.69975000 0.76115600
-1.85296500 0.87725600

Prox-CO,Me-OBF;-trans-CO,Me-H,0,-trans-Adduct

MeO

Bn ’
m
(0]

+8.

OHBF;

OOH

2

Prox-CO,Me-OBF3-trans-
CO,Me-H50,-trans-Adduct

Multiplicity = 1
Charge =0

Imaginary vib. modes: no

Electronic Energy (EE) EE + Thermal Enthalpy | EE + Thermal Free Energy
Correction (H) Correction (G)
-1359.429704 -1359.050339 -1359.129668
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-3.24449100 -0.34028500
-2.30063900 -0.82531900

2.90389400
3
-1.81349400 -0.29176200 3.97156600
2
3

.15509700

-1.44353900 -0.85640500 2.00331300

-2.46601300 -1.86506600 3.42533500

H

C

H

o]

H

C -1.12344300 0.31976800 1.47823300

O -1.48856300 1.37461100 1.93068500

C -0.26141700 0.16266500 0.21801100

C -0.07983400 1.52860100 -0.46107800
H -0.93702500 2.18209100 -0.31540200
H 0.07085900 1.39597100 -1.53316800

O 1.78535100 1.07722000 0.92429100

C 0.97550900 3.33148500 1.07665100

H 0.28104600 3.05478000 1.86821700

H 0.55479100 4.15855800 0.50391700

H 1.92929600 3.63278400 1.51227300

C 1.20311100 -0.15372900 0.65160300

C 1.43073500 -1.10575700 1.79603900

H 0.95841700 -2.06694800 1.59696300

H 1.00028500 -0.67371300 2.69863500

H 2.49961300 -1.24158400 1.95430100

C -0.88254500 -0.92092600 -0.69303900
H -0.32088600 -0.93680100 -1.62795500
H -0.76833600 -1.89545800 -0.21360200
C -2.34371600 -0.66017000 -0.99280100
C -2.71143400 0.26560200 -1.97445200
C -3.35276900 -1.33108700 -0.29626600
C -4.05219400 0.52936400 -2.23914500
H -1.94218100 0.77484100 -2.54595400
C -4.69539500 -1.07110100 -0.56093200
H -3.08358200 -2.06697700 0.45371800
C -5.04913500 -0.13530900 -1.52889600
H -4.31785200 1.24869800 -3.00566000
H -5.46428600 -1.60456600 -0.01317000
H -6.09377700 0.06772500 -1.73573000
B

F

F

F

0]

C

H

0]

H

]

3.12981200 -1.64599600 -0.58840200
3.49776300 -1.59051900 -1.91917300
2.70866700 -2.88937900 -0.19012200
4.09836300 -1.11727200 0.23741100
1.87123100 -0.70094600 -0.55528200
1.18051700 2.13554800 0.17513600

2.03655300 0.05950500 -1.17302200
2.38874400 1.60067000 -1.75282000
3.35401000 1.68961200 -1.84288400
2.10562000 2.61801300 -0.78997100
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