


triacetate(S182 were prepared as previously described. All other chemicals were used as
commercially available.

Experimental equipment: Reactionswere set up by purging vigorously stirred reaction mixture s
with argon for 3 min prior to irradiation , or in a glovebox. Borosilicate glass testtubes (9 and 10
mL capacity) fitted with GL14 and GL18 screw -capswere used, and the sealed reaction testtubes
were placed in a testtube rack on a magnetic stirplate that was flanked by two 400 nm 36W LED
lights. The temperature in the test-tube rack was 35 C. Eight parallel reactions arranged in two
rows of four tubes were typically carried out in one test -tube rack.

Glovebox work was carried out in a nitrogen -filled LC Technology Solutions LCPW -220
glovebox.

Purification: Column chromatography was performed using CombiFlash Rf -200 (Teledynelsco)
automated flash chromatography system, as well as manually. Thin layer chromatography was
carried out on silica gel-coated glass plates (Merck Kieselgel 60 F254). Plates were visualized
under ultraviolet light (254 nm) and using a potassium permanganate stain.

Characterization: 1H, 13C, 1B, and *F NMR spectra were recorded at 500 MHz (H), 125 MHz
(3C), 202 MHz (3tP), 470 MHz (**F), and 160 MHz (*'B) on Bruker AVANCE Il 500 instruments
in CDCI s or other specified deuterated solvents with and without tetramethylsilane (TMS) as an
internal standard at 25 “C, unless specified otherwise. Chemical shifts d) are reported in parts
per million (ppm) from tetramethylsilane ( 'H and %3C), BRO@Et: (1B), and CFCk (*%F). Coupling
constants (J) are in Hz. Proton multiplicity is assigned using the following abbreviations: singlet
(s), doublet (d), triplet (t), quartet (q), quintet (quint.), septet (sept.), multiplet (m), broad (br).
Infrared measurements were carried out neat on a Bruker Vector 22 FFIR spectrometer fitted
with a Specac diamond attenuated total reflectance (ATR) module. EPR Spectra were collected
on a Bruker EMX X-band EPR spectrometer.

General Procedures

General procedure for the tricomponent , visible light -induced, direct decarboxylative allyl

sulfone synthesis (GP1)

To a 10 mL testtube, carboxylic acid (0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine
catalyst A1 (9 mg, 0.03 mmol, 10 mol%) allyl bromide ( 91 mg, 0.75 mmol, 2.5 equiv.), and
degassed dichloromethane (6 mL) were added. The testtube was capped, and the reaction

mixture was irradiated with LED light ( | =400 nm) while stirring at room temperature for 12 h.
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The reaction mixture was then quenched with a saturated solution of potassium hydrogen sulfate
(2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was combined, dried over
anhydrous sodium sulfate, concentrated under reduced pressure, and the remaining material was

purified by flash chromatography on silica gel to give the sulfone product.

General procedure for the tricomponent , visible light -induced, direct de carboxylative

sulfone synthesis with alkyl halides o r Michael acceptors (GP2)

To a 10 mL testtube, carboxylic acid (0.3 mmol), DABSO (86108 mg, 0.360.45 mmol, 1.21.5
equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), alkyl halides or Michael acceptors
(0.73NL.5 mmol, 2.5\6 equiv.) and degassed dichloromethane @ mL) were added. The test-tube
was capped and the reaction mixture was irradiated with LED light ( | =400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated un der reduced pressure, and
the remaining material was purified by flash chromatography on silica gel to give the sulfone
product.

General procedure for the direct decarboxylative sulfinate salt synthesis (GP3)

To a 10 mLtest-tube, carboxylic acid (0.3mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine

catalyst A1 (9 mg, 0.03 mmol, 10 mol%), and degassed dichloromethane (6 mL) were added. The

testUUET WPEUWEExx1 EWEQEwWUT | wUI EEUPOOWOPRUUUTI whEUWHU
stirring at roo m temperature for 12 h. After completion, a 1M solution of sodium hydroxide (1

mL, 1 mmol, 3.3 equiv.) in MeOH was added. The mixture was stirred for 10 min and purified by

flash chromatography on silica gel to give the desired sulfinate salt.

General procedure for the the visible light -induced, direct decarboxylative sulfonyl chloride
synthesis (GP4)

To a 10 mLtesttubeOWEEUEOR A OPEWEEDE wpy 6+ wO O O éghi)uatriding . wopy 6t
catalyst A1 (9 mg, 0.03 mmol, 10 mol%),N-chlorosuccinimide (0.6\D.75mmol, 2N2.5equiv.), and
degassed dichloromethane (6 mL) were added. The testtube was capped and the reaction
mixture was irradiated with LED light (I = 400 nm)while stirring at room temperature for 12 h.
The reaction mixture was concentrated under reduced pressure, and the remaining material was

purified by flash chromatography on silica gel to give the sulfonyl chloride product.
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General procedure for the visib le light -induced, direct decarboxylative sulfonyl fluoride

synthesis with potassium bifluoride  (Method A, GP5)

The reaction was carried out as described inthe GP5. After completion, the reaction mixture was
concentrated under reduced pressure and acetonitrile (2 mL), as well as a2M aqueous solution
of potassium bifluoride (0.35 mL, 0.69 mmol, 2.3quiv.), were added. The reaction wasstirred at
50 °Cfor 3 h before quenching with a saturated solution of potassium hydrogen sulfate (4 mL)
and extracting with ethyl acetate (3 x 10 mL). The organic layer was combined, dried over
anhydrous sodium sulfate, concentrated under reduced pressure, and the remaining material was

purified by flash chromatography on silica gel to give the sulfonyl fluoride product.

General procedure for the visible light -induced, direct decarboxylative sulfonyl fluoride
synthesis with NFSI (Method B, GP6)

To a 10 mLtest-tube, carboxylic acid (0.3 mmol), DABSO (108 mg,0.45mmol, 1.5equiv.), acridine
catalyst A3 (9 mg, 0.03 mmol, 10 mol%),N-fluorobenzenesulfonimide (142 mg, 0.45mmol, 15
equiv.), and degasseddichloromethane (6 mL) were added. The test-tube was capped and the
reaction mixture was irradiated with LED light ( | =400 nm) while stirring at room temperature
for 12 h. The reaction mixture was concentrated under reduced pressure, and the remaining

material was purified by flash chromatography on silica gel to give the sulfonyl fluoride product.
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Additional experiemental and computational studies

Table S1. Catalyst performance in the photocatalytic direct decarboxylative sulfonylation. 2

0 PC 10 mol%) O\\S/,O
O™ e T
DABSO, allyIBr, CH,Cl, 1a
Entry Photocatalyst Yield, %
1 Eosin Y at 450 nm 0
2 Eosin Y at 420 nm 0
3 Eosin Y at 400 nm 0
4 Eosin Y disodium salt at 450 nm 0
5 4CzIPN at 450 nm 0
6 4CzIPN at 420 nm 0
7 4CzIPN at 400 nm 0
8 [Acr-Mes]*(ClOa4) at 400 nm 0
9 [Acr-Mes]*(ClOa4) at 450 nm o°
10 Ir(ppy) s at 450 nm o°
11 Ir(ppy) 2(pq) at 450 nm o°
12 (Ir[dF(CF3)ppy] 2(dtbpy))PFs at 450 nm o°
13 Ru(bpm)2Cl2 at 450 nm o°
14 Ru(p-CFs-bpy) s(BF)z2at 450 nm (0
15 TiO2, anatase (0%

a Reaction conditions: carboxylic acid (0.3 mmol), DABSO (0.33 mmol), PC (2-10 mol%), allyl
bromide (0.75 mmol), CH2Cl2 (6 mL), LED light (400 nm), 12 h. Yield was determined by *H NMR
spectroscopy with 1,4-dimethoxybenzene as an internal standard. ® 2 mol% photocatalyst was
used. ¢ nanopowder, <25 nm particle size, 30 mg. 4CzIPN 1,2,3,5Tetrakis(carbazol-9-yl)-4,6-
dicyanobenzene, [Acr-Mes]*(ClO4): 10-Methyl -9-(2,4,6trimethylphenyl)acridinium perchlorate,
Ir(ppy) ;. Tris(2-phenylpyridine)iridium(lll),  Ir(ppy) 2(pq): bis(2-phenylpyridine)(2 -phenyl -
quinoline)iridium(lll), (IfdF(CF 3)ppy] (dtbpy))PFs0 w @Bs@ f-dimethylethyl) -| Obipyridine -
N1,- hkis[3,5-difluoro -2-[5-(trifluoromethyl) -2-pyridinyl -N]phenyl -C]iridium (lll) hexafluoro -
phosphate, Ru(bpm)=Cl-0 w 3 U igyairhide)ruthenium(ll) dichloride, Ru( p-CFs-bpy)s(BF)2:
3 U b U@CFuipgridine)ruthenium(ll) tetrafluoroborate.
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Table S2. Reaction conditions for the photocatalytic  direct decarboxylative

chlorosulfonylation
(0] A1 (10 mol%)

o, ,0
N7
H21C1o\/\/\)]\OH @ H21C10\/\/\/S~CI

DABSO,NCS, CH,Cl,

4e

Entry Variations from standard conditions Yield, %
1 none 67(57)
2 PhCFK instead of CH2Cl: 31
3 EtOAc instead of CH2Cl> 40
4 1,3-Dichloro -5,5-dimethylhydantoin instead of NCS 9
5 N-Chlorophthalimide instead of NCS 10
6 Trichloroisocyanuric acid instead of NCS 0
7 CCl4 (0.5 mL) instead of NCS 30

a Reaction conditions: carboxylic acid (0.3 mmol), DABSO (0.36 mmol), acridine A1 (10 mol%),
NCS (0.75 mmol), CH2Clz (6 mL), LED light (400 nm), 9 h. Yield was determined by H NMR

spectroscopy with 1,4-dimethoxybenzene as an internal standard. ® Isolated yield.

Table S3. Reaction conditions for the photocatalytic direct decarboxylative fluorosulfonylation

o A1 (10 mol%) o o
H21C10\/\/\)J\OH @ H21C10\/\/\/\\S//~F
DABSO,NFSI, CH,Cl,
5¢c

Entry Variations from standard condi tions Yield, %
1 none 68(60)
2 2.5 equiv. of DABSO instead of 1.5 equiv. 65
3 2.0 equiv. of NFSI instead of 1.5 equiv. 51
4 SelectFluor instead of NFSI 23
5 1-Fluoro-2,4,6trimethylpyridinium tetrafluoroborate instead of NFSI 20
6 PhCFs instead of CH2Cl: 27
7 EtOAc instead of CH2Cl2 13

a Reaction conditions: carboxylic acid (0.3 mmol), DABSO (0.45 mmol), acridine A1 (10 mol%),
NFSI (0.45 mmol), CH2Cl2 (6 mL), LED light (400 nm), 12 h. Yield was determined by 'H NMR

spectroscopy with 1,4-dimethoxybenzene as an internal standard. ® Isolated yield.
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Figure S1. Evaluation of the sensitivity of the decarboxylative alkyl sulfonylation reaction (see Table
1) to various reaction parameters. The screen was conducted as previously described!* The reaction
was carried out at 0 °C for the low temperature experiment.
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Figure S2. The cis-selective formation of 1,2-oxathiolane S-oxides in the decarboxylative sulfonylation
with homoallyl bromide. A. Mechanism of formation of 1,2-oxathiolane S-oxides. B. Computed
transition states TScis and TStrans for the DABCO -mediated cis- and trans-selective cyclization.
Computational studies indicate that the cis-pathway proceeds over a lower barrier (cf., TScis and
TStrans), in agreement with the experientally observed cis-selectivity. A noncovalent interactions
analysis suggests that the cis-selectivity of the cyclization is due to the tortional strain caused by

repulsive eclipsing interaction sin TStrans that are relieved in staggered TScis.
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Figure S3. Alkyl radical trapping studies with TEMPO.
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Figure S4. HOMO {+ LUMO gap for the alkylation of acridine Al and MeSO:H-DABCO.

Quantum yield measurement
The photon flux of the photochemical setup was determined using the phenylglyoxylic acid
chemical actinometer system?s Incident photon flux: 0.164 OO Owx1 OUOOUwx1 UwUIl EODE
decarboxylative sulfonylation reaction of palmitic acid was carried out as described in GP 3. Yield

was determined by *H NMR spectroscopy, using 1,4-dimethoxybenzene as an internal standard.

F =038.

Kinetic studies of the reactions of cyclohexanecarboxylic acid with TEMPO and various
acridines
To a 10 mL testtube, cyclohexanecarboxylic acid (38 mg, 0.3 mmol), TEMPO (37 mg, 0.24 mmaol),
acridine catalyst (0.03 mmol, 10 mol%), 1,3,5trimethoxybenzene (17 mg, 0.1 mmol), and degassed
dichloromethane (3 mL) were added. The test-tube was sealed with a rubber septum and the
reaction mixture was irradiated with LED light ( | =400 nm) while stirring at the rate of 1500 rpm

at room temperature. A reaction aliquot was withdrawn after every 5 minutes, concentrated
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under reduced pressure, and the product yield was determined by 'H NMR with 1,3,5-

trimethoxybenzene as an internal standard.
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Figure S4. Kinetic plots of the reactions of cyclohexanecarboxylic acid with TEMPO and acridine s
Al, and A4-Al4.
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Acridine synthesis

9-(3-(Trifluoromethyl)phenyl)acridine ( A19)

CF3
Q MgBr O
THF
O O ¥ then 8M HCI =
Nk CF en

3

A18
To a 350 mL pressure vessel, 14(2-methoxyethoxy)methyl)acridin -9(10H)-one (0.85 g, 3mmol)
and THF (60 mL) were added uner N: atmostphere. A solution of (3-
(trifluoromethyl)phenyl)magnesium bromide (9 mmol, 3 equiv.) in THF was added slowly, and
OT T wYT UUIl OWPEUWEExx] EWEOEwW! 1 EUI EwWEUwWt Yws " wi OUwhl
room temperature before HCI 8 M (100 mL) was added, and the reaction was stirred for another
12 h at room temperature. After completion, the reaction was quenched with Na 2:COs, and
extracted with ethyl acetate (3 x 100 mL). The organic layer was washed with brine, separated,
and dried over NaSQs. Removal of the solvent and purification by silica gel chromatography
(hexane/ ethyl acetate9 : 1 v/v) afforded acridine A19 as a yellow solid (0.59 g, 61%).
CFs m.p.: 148 huk Y wSH"NBIRuG5Q0 MHz, CDCl 3): 8.34 (2 H, d,J= 8.8 Hz), 7.9% 7.74
O (5H, m), 7.727.60 (3H, m), 7.50 (2 H, dddJ& wWdt Owt 8+ OWAMNMRW' & A wx X
N (125 MHz, CDCls): 148.6, 136.9, 133.8, 131.2 (@= 32.6 Hz), 130.3, 129.7, 129.2,

O N 127.1 (q,J= 3.9 Hz), 126.3, 126.2, 125.4 (§= 4.2 Hz), 124.9, 124.0 (}= 272.4 Hz)
ppm. ¢ 1%F NMR (470 MHz, CDCls):4t | 6 k wx x O6 wt w( 16 wt Y+ YOwht | WOwht YNO
1279, 1184, 1161, 1112, 1094 ¢tn WRMS: calcd for C2oH 12F3N: 324.0995, found 324.099FM+H ].

9-(3-(Trifluoromethoxy)phenylacridine  (A21)

OCF;
H . O
N F5CO COOH ZnCl, (5.2 equiv.)
+ N
230 °C

pZ
N

A20

According to the known procedure for synthesis of Al,! the reaction was carried out with
diphenyl amine (0.61 g, 3.6 mmol), 3-(trifluoromethoxy)benzoic acid (2.1 g, 20mmol, 3 equiv.),
zinc chloride (2.6 g, 19mmol, 5.2 equiv.) in a sand bath at 200 °C for 14 h. After completion, the
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reaction was quenched with a saturated solution of ammonium hydroxide (50 mL) and then
extracted with ethyl acetate (3 x 75 mL). The organic layer was washed with brine, separated, and
dried over Na :SO:.. Removal of the solvent and purification by silica gel chromatography ( hexane/
ethyl acetate9 : 1 v/v) afforded acridine A21 as a yellow solid (0.44 g, 3640).
OCF3 m.p.: 152155 °" 6 tHHNMR (500 MHz, CDCls): 8.33 (2 H, d,J= 8.8 Hz), 7.82 (2
O H,t, J= 7.7 Hz), 7.737.63 (3 H, m), 7.5¥7.33 (5 H, m)x x O 8230 NMR (125
A MHz, CDCl s): 148.7, 143.7 (g, = 1432.4 Hz), 130.2, 130.1, 129.7, 128.9, 126.3,
O N/ 126.2, 124.8, 123.0, 120@pm. + °F NMR (470 MHz, CDCl5s): $57.8 ppm.t IR:
3031, 1641, 1611, 1551, 1520, 1501, 1415, 1405, 1379, 1228, 1214¢crh186 HRMS: calcd for

C20H 12FsNO : 340.0944 found 340.0942M+H .

Sulfone s

(Allylsulfonyl)cyclohexane (1a)

HO. _O A1 (10 mol%) — i
DABSO (1.1 equiv.) _\_

Allyl bromide (2.5 equiv.)
DCM, LED (400 nm)

1a

According to GP1, the reaction was carried out with cyclohexanecarboxylic acid (38 mg, 0.3
mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube
was capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring
at room temperature for 12 h. The reaction mixture was then quenched with a saturated solution
of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic
layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure,
and the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl
acetate 7 : 3 v/v) to give the sulfone product1la(52 mg, 92%) as a yellow liquid.

Synthesis with sodium metabisulfite

(0]
HO. _O A1 (10 mol%) - I
Na,S,05 (1.5 equiv.) _\—SZO
Allyl bromide (2.5 equiv.)
PhCF3, LED (400 nm)
1a
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Go back to table of contents




According to GP1, the reaction was carried out with cyclohexanecarboxylic acid (38 mg, 0.3
mmol), sodium metabisulfite (86 mg, 0.45 mmol, 1.5 equiv.), acridine catalyst A1 (9 mg, 0.03
mmol, 10 mol%), allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) indegassed trifluorotoluene (3 mL).
The testtube was capped, and the reaction mixture was irradiated with LED light ( | =400 nm)
while stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated under
reduced pressure, and theremaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 7 : 3 v/v) to give the sulfone productla(45 mg, 80%) as a yellow liquid.
Gram scale synthesis with sodium metabisulfite: According to GP1, the reaction was carried out
with cyclohexanecarboxylic acid (1.28 g, 10 mmol), sodium metabisulfite (2.85g, 15 mmol, 1.5
equiv.), acridine catalyst A1 (289 mg, 1 mmol, 10 mol%), allyl bromide (3.02 g, 25 mmol, 2.5 equiv.)
in degassed trifluorotoluene (80 mL). The testtube was capped, and the reaction mixture was
irradiated with LED light ( | =400 nm) while stirring at room temperature for 12 h. The reaction
mixture was then quenched with a saturated solution of potassium hydrogen sulfate (20 mL) and
extracted with ethyl acetate (3 x 50 mL). The organic layer was combined, dried over anhydrous
sodium sulfate, concentrated under reduced pressure, and the remaining material was purified
by flash chromatography on silica gel (hexane/ ethyl acetate 7 : 3 v/v) to give the sulfone product
1a(1.35 g, %) as a yellow liquid.
:\_9_ 1H NMR (500 MHz, CDCl 3): 5.89 (1 H, ddt,J =17.4, 10.2, B Hz), 5.4%5.36 (2 H, m),
3.66 (2 H, d,J =7.4 Hz), 2.89 (1 H, tt,J =12.2, 3.5 Hz), 2.142.05 (2 H, m), 1.89 (2 H,
@ dt, J=11.8, 2.8 Hz), 1.741.65 (1 H,m), 1.52 (2 H, qd,J =12.5, 3.5 Hz), 1.321.14 (3 H,
m) ppm. + 3C NMR (125 MHz, CDCls): 125.0, 124.3, 59.5, 54.7, 25.1, 25.0, 2dpen.
t IR: 2974, 2934, 2919, 2857, 2863, 1737, 1637, 1453, 1309, 1269, 1128, 1002, 938;'748BNIS:
calcd for CoH1702S: 189.0944, found 189.094B/+H .

1-(2-(Allylsulfonyl)ethyl)  -4-methoxybenzene (1b)
A1 (10 mol%) e)

/@/\/COOH DABSO (1.1 equiv.) 3
MeO Allyl bromide (2.5 equiv.) /©/\/

DCM, LED (400 nm)  MeO

O

\

}\

1b

According to GP1, the reaction was carried out with 3-(4-methoxyphenyl)propanoic acid (54 mg,
0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10
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mol%), allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The
test-tube was capped and the reaction mixture was irradiated with + $ # wODT T Uwoph wl wKY Y w
stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated
solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The
organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced
pressure, and the remaining material was purified by flash chromatography on silica gel (hexane/
ethyl acetate 7 : 3 v/v) to give the sulfone product 1b (64 mg, 89%) as a yellow liquid.
o, 0 1H NMR (500 MHz, CDCI 3): 7.227.00 (2 H, m), 6.916.70 (2 H, m),

/©/VS\/\ 5.90 (1 H, ddt,J =17.4, 10.1, 7.4 Hz), 5.46 (1 H, dg] =10.3, 1.0 Hz),
MeO 5.34 (1 H, dg,J =17.2, 1.2 Hz), 3.79 (3 H, s), 3.61 (2 H, df,=7.4, 1.1
Hz), 3.2613.14 (2 H, m), 3.143.04 (2 H, m) ppm. ¢ C NMR (125 MHz, CDCl5): 158.8, 129.6, 129.6,
125.2, 124.7, 114.4, 58.2, 55.4, 52.9, 238n. ¢ IR: 3065, 2965, 2876, 1612, 1513, 1422, 1315512

1248, 1179, 1124, 1033, 9¥Mm™. + HRMS: calcd for Ci12H160sSNa: 263.0712, found 263.0710
[M+Na-].

Methyl 5 -(allylsulfonyl)pentanoate  (1c)

o A1 (10 mol%) 0

DABSO (1.1 equiv.) o
HO\H/\/\)J\O/ N\ /\/\)J\ -
Allyl bromide (2.5 equiv.) /\/S\b o

o DCM, LED (400 nm)

1c

According to GP1, the reaction was carried out with 6-methoxy-6-oxohexanoic acid ( 48 mg, 0.3
mmol), DABSO (79 mg, 0.33mmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
allyl bromide ( 91 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube
was capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrog en sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate

3: 2 VIV) to give the sulfone product 1c(52mg, 79%) as a colorlessoil.

\ 1H NMR ( 300 MHz, CDCl3):5.90 (1 H, ddt,J =17.4, 10.2, 7.4 Hz), 5.4%.34
MeO\n/\/\/S\\//O (2 H, m), 3.66 (5 H, m), 3.022.85 (2 H, m), 2.33 (2 H, tJ =7.0 Hz), 1.93
(0]
o) 1.65 (4 H, m)ppm. + 33C NMR (75 MHz, CDCl3): 173.2, 125.2, 124.6, 57.7,

51.7,50.8, 33.3, 23.7, 21ppm . ¢ IR: 2953, 2929, 2882848, 1731, 1666639, 1460, 1438,309, 1289,
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1199, 1176, 1123, 108995, 940, 88Zm™. + HRMS: calcd for CoH 1704S: 221.0842 found 221.0856
[M+H 4],

N-(5-(Allylsulfonyl)pentyl)  -4-chlorobenzamide ( 1d)

o A1 (10 mol%) 0 /
DABSO (1.1 equiv.) —
N~ > COo0H - N7 NG
H Allyl bromide (2.5 equiv.) H g °
cl DCM, LED (400 nm)  Cl

Y: 1d

According to GP1, the reaction was carried out with acid S1 (81 mg, 0.3 mmol), DABSO (79 mg,
0.33 mmol, 1.1 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol%), allyl bromide (91 mg,
0.75 mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The testube was capped and the
Ul EEUPOOwWOPRUUUI wPEUWPUUEEDPEUI EwbPPUT w+$#woODT T Uwph
for 12 h. The reaction mixture was then quenched with a saturated solution of potassium
hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the
remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate 3 :
7 vIv) to give the sulfone product 1d (87 mg, 88%) as a white solid.
o) /_// m.p.: 56t58°" § tHINMR (500 MHz, CDCI 3): 7.70 (2 H, d,

/©)k”/\/\/\//s\\o J =8.6 Hz), 7.36 (2 H, dJ =8.5 Hz), 6.53 (1 H, d,J =6.0 Hz),
cl © 5.90 (1 H, ddt,J =17.5, 10.2, 7.4 Hz), 5.36.31 (2 H, m), 3.68
(2 H, dt, J =7.3, 1.0 Hz), 3.42 (2 H, tdJ =7.0, 5.8 Hz), 3.082.88 (2 H, m), 1.981.76 (2 H, m), 1.68
1.42 (4 H, m) ppm. + C NMR (125 MHz, CDCl5): 166.7, 137.7, 133.0, 128.8, 128.5, 125.1, 124.8, 58.0,

51.0, 39.6, 29.1, 25.8, 21ppm. ¢ IR: 3053, 2980, 1737, 1421, 1264, 895, €85b'. + HRMS: calcd for
Ci1sH20CINO 3S: 330.0925, found 330.092M+H -].

3-(3,3,3 Trifluoropropyl)sulfonyl)prop  -1-ene (1€)

OH A1 (10 mol%) o
DABSO (1.1 equiv.) I

F C/\/&O > Fsc/\/ﬁ\/\
3 Allyl bromide (2.5 equiv.) o}

DCM, LED (400 nm) 1e

According to GP1, the reaction was carried out with 4,4,4trifluorobutanoic acid (43 mg, 0.3
mmol), DABSO (79 mg, 0.33mmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
allyl bromide ( 91 mg, 0.75mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The testtube
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was capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrog en sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate
7 : 3viv) to give the sulfone product 1le(50mg, 83%) as aslightly yellow solid.

9 m.p..| k+ T & tiINMR (500 MHz, CDCI 3): 5.93 (1 H, ddt,J =17.4, 10.2, 7.4
Fac/\/g\/\ Hz), 5.58t5.46 (2 H, m), 3.77 (2 H, dJ =7.4 Hz), 3.283.13 (2 H, m), 2.692.56

(2 H, m) ppm. ¢ 23C NMR (125 MHz, CDCls): 125.7 (q,\kF = 276.1 Hz), 125.5,

124.6, 58.4, 44.3 (G}kr = 3.1 Hz), 27.0 (q2kr = 31.8 Hz)ppm . ¢ 1°F NMR (470 MHz, CDCl 3): -66.07
(t, 3 =10.0 Hz) ppm. ¢ IR: 2991, 2974, 2926, 2859641, 1445, 1386, 1294, 1276, 1250, 1214, 1134,
1093, 962, 884, 856m=. ¢+ HRMS: calcd for CeHsFsNaO-S: 225.0168 found 225.0173M+Na-].

N-(5-(Allylsulfonyl)pentyl )-4-(trifluoromethyl)benzamide  (1f)

a A1 (10 mol%) 0 o
N/\/\/\[(OH DABSO (1.1 equiv.) N N
H _ — H % R
F\C o Allyl bromide (2.5 equiv.)
S9

DCM, LED (400 nm) 11

According to GP1, the reaction was carried out with acid S9 (91 mg, 0.3 mmol), DABSO {9 mg,
0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), dlyl bromide (9 1 mg,
0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube was capped, and the
reaction mixture was irradiated with LED light ( | =400 nm) while stirring at room temperature
for 12 h. The reaction mixture was then quenched with a saturated solution of potassium
hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the
remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate 4:
6 v/v) to give the sulfone product 1f (83 mg, 76%) as aslightly yellow solid.
0 o m.p.: Nk + 988 wit NMR (500 MHz, CDCl 3): 7.88 (2 H, d,

J@)k”/\/\/;s\/\ J=8.1Hz), 7.69 (2 H, d,J =8.1 Hz), 6.34 (1 H, brs), 5.93 (1
F4C H, ddt, J =17.4, 10.2, 7.4 Hz), 5.8%.35 (2 H, m), 3.71 (2 H,
d, J=7.4Hz), 3.49 (2 H, qJ =6.6 Hz), 3.042.90 (2 H, m), 1.9%1.85 (2 H, m), 1.69 (2 H, quint.J =
7.1 Hz), 1.621.52 (2 H, m)ppm. ¢ 3C NMR (125 MHz, CDCl3): 166.5, 137.9, 133.2 (Gtr = 32.7
Hz), 127.5, 125.7 (g3X+ = 3.8 Hz), 124.8123.7 (9, X+ = 271.2 Hz), 58.0, 50.9, 39.7, 29.0, 25.7, 21.4
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ppm.t % NMR (470 MHz, CDCl5s): -63.21 (d,J =11.6 Hz) ppm .t IR: 3331, 29762938, 2865, &34,
1539, 15081333, 1315, 1290, 1272, 1166, 1126, 11083, 1019, 933, 860, 7&MmL. + HRMS: calcd
for CieH20FsN NaOsS: 386.1008 found 386.1013M+Na*].

4-(Allylsulfonyl) -N-(3-(4,4,5,5tetramethyl -1,3,2dioxaborolan -2-yl)phenyl)butanamide (1g)

H § 0
N OH N 5
YO A1 (10 mol%) \W/\\//gﬁ\«/§§
o o DABSO (1.1 equiv.) 0
:N g _B.
%_@ %_@

Allyl bromide (2.5 equiv.)

DCM, LED (400 nm)

s10 1g

According to GP1, the reaction was carried outwith acid S10(100mg, 0.3 mmol), DABSO (79 mg,
0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), dyl bromide (9 1 mg,
0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube was capped, and the
reaction mixture was irradiated with LED light (I =400 nm) while stirring at room temperature
for 12 h. The reaction mixture was then quenched with a saturated solution of potassium
hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the
remaining material was purified by flash chrom atography on silica gel (hexane/ ethyl acetate4 :
6 v/v) to give the sulfone product 1g (83 mg, 70%) as aslightly yellow solid.
H 0 md x 6 60AGOUMH NMIVIR (500 MHz, CDCl 3): 7.827.70 (3 H, m), 7.53

Q mﬁ\/\ (1H,d,J=7.2Hz),7.32 (L H, tJ =7.7 Hz), 5.91 (1 H, ddt,J =17.5, 10.2,

0B 7.4 Hz), 5.5@5.41 (2 H, m), 3.72 (2 H, dJ =7.3 Hz), 3.09 (2 H, tJ =7.2
/)—ﬁ Hz), 2.58 (2 H, t,J =6.9 Hz), 2.25 (2 H, quint.,J =7.1 Hz), 1.32 (12 H, s)

ppm. + 3C NMR (125 MHz, CDCls): 169.8, 137.3, 130.8, 128.6, 126.0,

125.2, 124.8, 123, 84.1, 58.1, 49.9, 35.0, 25.0, 18fm. ¢ 2B NMR (160 MHz, CDCls) 31.74ppm. ¢
IR: 3328, 3091, 2978, 2925, 1669, 1610, 14357, 1312, 1167, 1142, 1077, 851, &7 ¢ HRMS:
calcd for CioH20BNOsS: 394.1854 found 394.1869M+H .
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3-(3-(Allylsulfonyl)propyl)  -1H-indole (1h)

OH A1 (10 mol%) o
DABSO (1.1 equiv.) //s\/\
\ 0 | v) | ©
Allyl bromide (2.5 equiv.)
N DCM, LED (400 nm) N
H H

1h
According to GP1, the reaction was carried out with 4-(1H-indol -3-yl)butanoic acid (61 mg, 0.3
mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
allyl bromide (9 1 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube
was capped, and the reaction mixture was irradiated with LED light ( | =400 nm) while stirring
at room temperature for 12 h. The reaction mixture was then quenched with a saturated solution
of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic
layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure,
and the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl
acetate 4 : 6 v/v) to give the sulfone product 1h (54 mg, 68%) as acolorless liquid.
o 'H NMR (300 MHz, CDCls): 8.16 (1 H, s), 7.57 (1 H, ddJ =7.8, 1.1
Qj/\ﬂd,s//\/\ Hz), 7.37 (1 H, dt,J =8.1, 1.0 Hz), 7.21 (1 H, ddd,) =8.1, 7.0, 1.3 Hz),
N 7.13 (1 H, ddd,J =8.0, 7.0, 1.2 Hz), 6.99 (1 H, d] =2.2 Hz), 5.86(1 H,
ddt, J =17.4, 10.2, 7.4 Hz), 5.38 (1 H, dqg] =10.2, 1.0 Hz), 5.28 (1 H,
dg, J=17.0, 1.2 Hz), 3.64 (1 H, dJ =7.4 Hz), 3.092.84 (4 H, m), 2.382.17 (2 H, m)ppm. { 3C NMR
(75 MHz, CDCl3): 136.5, 127.2, 125.1, 124.6, 122.2, 122.0, 11918,.6, 114.0, 111.4, 57.7, 50.7, 23.8,
22.5ppm. ¢ IR: 3378,3081, 3056, 29512920, 28722852, 1658, 1643, 14571422, 1307, 1288, 1242,

1126, 1093,1015, 993,885, 744cm*. + HRMS: calcd for CiH1sNO2S: 264.1053 found 264.1058
[M+H 4.

4-(Allylsulfonyl) -1-(5-methylthiophen -2-yl)butan -1-one (1i)

0,
o OH A1 (10 mol%)

S DABSO (1.1 equiv.) ; o O\\s/\/
\
Me—Q | © Allyl bromide (2.5 equiv.) Me—( | |
DCM, LED (400 nm)
S11 1i

According to GP1, the reaction was carried out with acid S11(64 mg, 0.3 mmol), DABSO (79 mg,
0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), dlyl bromide (91 mg,

0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube was capped, and the
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reaction mixture was irradiated with LED light ( | =400 nm) while stirring at room temperature
for 12 h. The reaction mixture was then quenched with a saturated solution of potassium
hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the
remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate 1 :

1 v/v) to give the sulfone product 1i (78 mg, 95%) as a slightly yellow liquid.

o \ 1H NMR (300 MHz, CDCl 3): 7.51 (1 H, d,J =3.8 Hz), 6.77 (1 H,
S 20 dg, 3=38, 1.0 Hz), 5.90 (1 H, ddtJ =16.3, 10.9, 7.3 Hz), 5.85.29
Me—Q | 0 (2H,m),3.70 (2 H, dt,J =7.3, 1.1 Hz), 3.142.84 (4 H, m), 2.49 (3

H, d, J =1.1 Hz), 2.332.08 (2 H, m)ppm. ¢ *C NMR (75 MHz,
CDCls): 191.0, 150.1, 141.4, 132.9, 127.0, 124.9, 124.8, 57.7, 50.3, 36.4, 16.pph6.@ IR: 3091,
3023, 2972, 2925, 1738, 1656, 1456, 1365, 1328911238, 1122, 1079, 940, 888~ ¢ HRMS: calcd
for C12H1NaOsS: 295.0433, found 295.043pVI+Na .

1,7-Bis(allylsulfonyl)heptane (1))

A1 (10 mol%)

O o DABSO (1.1 equiv.) Qo
Allyl bromide (2.5 equiv.) o

DCM, LED (400 nm)

1

According to GP1, the reaction was carried out with azelaic acid (28 mg, 0.15 mmol), DABSO (40
mg, 0.165 mmol, 1.1equiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%), dyl bromide (45
mg, 0.375 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube was capped, and
the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at room
temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydro gen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane / ethyl acetate
3 : 7 vlv) to give the sulfone product 1j (43 mg, 63%) as aellow solid.

p m.p.: K kK + ® /0 WitNMR (500 MHz, CDCl 3): 5.93 (2 H,
AN SN ddt, 3=17.1, 9.3, 6.8 Hz), 5.47 (4 H, td] =17.4, 16.4, 5.0 Hz),
3.69 (4 H, d,J =7.6 Hz), 2.93 (4 H, M,J =9.3 Hz), 1.82 (4 H, quint.,J =7.8 Hz), 1.5%1.32 (6 H, m)
ppm.+ *C NMR (125 MHz, CDCls) 125.3, 124.6, 57.9, 51.1, 28.6, 28.1, 2iphn. ¢ IR: 2984 2936,

S19

Go back to table of contents




2873, 1738, 1639, 1452, 1421, 1405, 1321, 1269, 1211, 1193, 1118, 989, 933, 921, 777, ¥ HIRMSE:
calcd for C1sH24NaO4S: 331.1008, found 331.100pVI+Na ).

1,4-Bis(allylsulfonyl)butane ( 1k)

A1 (10 mol%) \
DABSO (1.1 equiv.) e
HOOC/\/\/COOH >~ /S/\/\/S
Allyl bromide (2.5 equiv.) o~ \\O N
DCM, LED (400 nm)

1k

According to GP1, the reaction was carried out with adipic acid (44 mg, 0.3 mmol), DABSO (79

mg, 0.33 mmol, 1.1 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol%), allyl bromide (91

mg, 0.75 mmol, 2.5 equiv.) in degased dichloromethane (6 mL). The testtube was capped and

Uil wul EEUDPOOwWw OPRUUUI whPEUWPDUUEEDPEUI EwbDUT w+$#wob
temperature for 12 h. The reaction mixture was then quenched with a saturated solution of

potassium hydrogen sul fate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer

was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and

the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate

3 : 7 vlv) to give the sulfone product 1k (50 mg, 63%) as a yellow solid.

\ o o m.p.: 45t48°" & HWHNMR (500 MHz, CDCl 5): 5.92 (2 H, ddt, J =17 .4,

oo
O,/s\/\/\/s 10.1, 7.4 Hz), 5.585.34 (4 H, m), 3.71 (4 H, dJ =7.4 Hz), 3.00 (4 H, tJ
o N\ -66 Hz), 2.1%1.90 (4 H, m)ppm. ¢ 3C NMR (125 MHz, CDCl5s): 125.0,

58.1, 50.3, 20.8pm . ¢ IR: 3054, 2987, 2889, 2165, 1738, 1421, 1364, 1261, taB84+ HRMS: calcd
for C1H18NaO4S: 289.0539, found 289.054pM+Na ).

1-(Allylsulfonyl)tetracosa -9,11-diyne (1)

Z4
0 0
A1 (10 mol%) N /’/

// OH DABSO (1.1 equiv.)

AN

Z Allyl bromide (2.5 equiv.)
CioHzi DCM, LED (400 nm) C1oHa1

AN

11
According to GP1, the reaction was carried out pentacosa10,12diynoic acid (56 mg, 0.15mmol),
DABSO (40 mg, 0165mmol, 1.1 equiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%), allyl
bromide (45mg, 0.375 mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The testtube was
capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at

room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
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potassium hydro gen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane / ethyl acetate
1:4vl) to give the sulfone product 1l (41 mg, 63%) as agreen solid.
f m.p.: K hut°@8 wH NMR

% (300 MHz, CDCl3): 5.93 (1
H, ddt, J =17.4, 10.2, 7.4
Hz), 5.5145.37 (2 H), 3.68 (2
H, d, J =7.4 Hz), 2.96 2.85 (2 H, m), 2.22 (4 H, tJ =6.9 Hz), 1.80 (2 H, tt,J =8.0, 6.2 Hz), 1.551.15
(30 H, m), 0.930.78 (3 H, m)ppm. + 3C NMR (75 MHz, CDCls): 125.4, 124.5, 77.7, 77.3, 65.5, 65.3,
57.7,51.3, 32.0, 29.7, 29.6, 29.4, 29.2, 29.1, 29.0, 28.8, 28.7, 28.4, 28.3, 22.8, 21.8, 19.3, 1t .14.2
t IR: 2961, 2938, 2847, 1645, 1458120,1320, 1305, 1287, 1195, 1123, 10921,724cm™. ¢ HRMS:
calcd for C27H4702S; 435.329] found 435.328§M+H 4.

_ S
= (@]
=Z

(Allylsulfonyl)cyclobutane  (1m)
A1 (10 mol%) =
O DABSO (1.1 equiv.) o)

- W\
s
D)kOH Allyl bromide (2.5 equiv.) D/ S

DCM, LED (400 nm)

1m

According to GP1, the reaction was carried out with cyclobutanecarboxylic acid (30 mg, 0.3
mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube
was capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring
at room temperature for 12 h. The reaction mixture was then quenched with a saturated solution
of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic
layer was combined, dried over anhydrous sodium sulfat e, concentrated under reduced pressure,
and the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl
acetate7 : 3v/v) to give the sulfone product 1m (45mg, 94%) as a colorlesdiquid .
f 1H NMR (500 MHz, CDCI 5): 5.85 (1 H, ddt, J =17.4, 10.1, 7.4 Hz), 5.4%.32 (2 H),

% 3.82 (1 H, quint.,J =8.3 Hz), 3.58 (2 H, dt,J =7.4, 1.1 Hz), 2.662.49 (2 H, m), 2.26

D/ © 2.17 (2 H, m), 2.081.95 (2 H, m)ppm. ¢ 3C NMR (125 MHz, CDCl3): 125.0, 124.2,
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55.8,52.9, 22.4, 17@dpm. ¢ IR: 2976, 2941, 2858, 1738, 1639154, 1310, 1271, 1128, 10884, 938,
750cm . ¢+ HRMS: calcd for C7H1302S: 161.0631 found 161.063§M+H *].

((15*,2R*)-2-(Allylsulfonyl)cyclopropyl)benzene ( 1n)

A1 (10 mol%) o
DABSO (1.1 equiv.) N0)

N .COOH _ Ph WS~
Allyl bromide (2.5 equiv.) W \_\\

DCM, LED (400 nm)

Ph

1n
According to GP1, the reaction was carried out with (1R,2R)-2-phenylcyclopropane -1-carboxylic
acid (49 mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalysAl (9 mg, 0.03
mmol, 10 mol%), allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) in degassed dichloromethane (6
mL). The testtube was capped andUT 1 wUl EEUPOOwWOPRUUUI whPEUWPUUEEDPEU
nm) while stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 7 : 3 vy to give the sulfone product 1n (47 mg, 70%) as a yellow liquid.
1H NMR (500 MHz, CDCl 3); 7.40:7.22 (3 H, m), 7.287.06 (2 H, m), 5.98 (1 H,

Phwx\?é‘o ddt, J =17.4, 10.2, 7.4 Hz), 5.8%.36 (2 H, m), 3.83 (2 H, dJ =7.4 Hz), 2.86 2.58

N\ (2H, m), 1.84 (1 H, dt,J =10.5, 5.6 Hz), 1.49 (1 H, dt] =8.3, 6.1 Hz)ppm. ¢ *C
NMR (125 MHz, CDCls): 137.4, 128.9, 127.4, 126.6, 124.9, 124.8, 58.8, 37.7, 22.8pp#1l ¢ IR:
3053, 2968, 2856, 788, 1422, 1365, 1264, 1216, 1134, 8961 ¢+ HRMS: calcd for Ci2H1502S:
223.0787, found 223.078pVI+H 4.

2-(Allylsulfonyl) -2,3-dihydro -1H-indene (10)

A1 (10 mol%)

©i>_§“ DABSO (1.1 equiv.) O
o R\

Allyl bromide (2.5 equiv.)
DCM, LED (400 nm)

10
According to GP1, the reaction was carried out with 2,3-dihydro -1H-indene-2-carboxylic acid (49
mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10
mol%), allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The

test-tube was capped, and the reaction mixture was irradiated with LED light ( | =400 nm) while
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stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated
solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The
organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced
pressure, and the remaining material was purified by flash chroma tography on silica gel (hexane/
ethyl acetate 7 : 3v/v) to give the sulfone product 22(41mg, 61%) as ayellow solid.

o 06 x 6 0 WK KH MVRW300 MHz, CDCls): 7.30t7.12 (4 H, m), 5.96 (1
©i>*§_\: H, ddt, J =17.4, 10.2, 7.3 Hz), 5.56.32 (2 H, m), 4.00 (1 H, ttJ =9.1, 7.7

Hz), 3.71 (2 H, dt,J =7.4, 1.1 Hz), 3.52 (2 H, dd,) =16.3, 7.7 Hz), 3.31 (2

H, dd, J =16.3, 9.1 Hz)ppm. ¢ 2*C NMR (75 MHz, CDCls): 139.4, 127.4, 124.9, 124.6, 124.5, 59.5,

56.5, 33.3ppm. ¢ IR: 3072, 3024, 2970, 2916, 2851, 173643, 1490, 1424, 1394, 1313, 1282, 1243,
1128,1079, 994, 936, 878, 748n'. + HRMS: calcd for C12H1502S: 223.0787 found 223.0784M+H .

7-(Allylsulfonyl)pentadecane (1p)

0 A1 (10 mol%) (ONPY
on DABSO (1.1 equiv.) S

Allyl bromide (2.5 equiv.)
DCM, LED (400 nm)

1p

According to GP1, the reaction was carried out with 2-hexyldecanoic acid (77 mg, 0.3 mmol),
DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), allyl
bromide (91 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube was
capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of

potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated und er reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate

1: 4 viv) to give the sulfone product 1p (86 mg, 91%) as gellow liquid.

Gram scale for compound 1p: According to GP1, the reaction was carried out with 2-
hexyldecanoic acid (1.54 g, 6 mmol), DABSO (1.58 g, 6.6 mmol, 1.&quiv.), acridine catalyst A1
(178 mg, 0.6 mmol, 10 mol%), allyl bromide (1.81 g, 15 mmol, 2.5 equiv.) in degassed
dichloromethane (80 mL). The test-tube was capped, and the reaction mixture was irradiated with

LED light (I =400 nm) while stirring at room temperature for 12 h. The reaction mixture was then
guenched with a saturated solution of potassium hydrogen sulfate (20 mL) and extracted with
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ethyl acetate (3 x 50 mL). The organic layer was combined, dried over anhydrous sodium sulfate,
concentrated under reduced pressure, and the remaining material was purified by flash
chromatography on silica gel (hexane/ ethyl acetate 1 : 4 v/v) to give the sulfone product 1p (1.50
g, 79%) as ayellow liquid.
o, 0O 1H NMR (500 MHz, CDCI 3): 5.91 (1 H, ddt, J =17.4, 10.2, 7.3 Hz),
N 5.4%5.37 (2 H, m), 3.67 (2 H, dJ =7.3 Hz), 2.85 (1 H, td,J =7.5, 3.8
Hz), 1.86 (2 H, ddt, J =15.4, 10.6, 5.1 Hz), 1.3411.59 (2 H, m), 1.42 (4
H, m), 1.27 (16 H, m), 0.86 (6 H, m)ppm. ¢ 3C NMR (125 MHz,
CDCls): 125.3, 124.2, 60.9, 55.8, 31.9, 31.6, 29.7, 29.33, 29.25, 27.7, 26.83, 26.80, 22.7, 22.6, 14.15, 14.08
ppm. ¢ IR: 2959, 2925, 2874, 2851738, 1642, 1466, 1377, 1307, 1293, 1126, 1083, 909, 733tcm
HRMS: calcd for C1sH3702S: 317.2509, found 317.250@/1+H +].

(1-(Allylsulfonyl)cyclopropyl)benzene  (1Qq)

N
0 A1 (10 mol%) 0
HO DABSO (1.1 equiv.) s’
: O/
Allyl bromide (2.5 equiv.)
DCM, LED (400 nm)
1q

According to GP1, the reaction was carried out with 1-phenylcyclopropane -1-carboxylic acid (49
mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.Jequiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10
mol%), allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The
test-tube was capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while
stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated
solution of potassium hydrogen sulfate (2 mL) and extra cted with ethyl acetate (3 x 10 mL). The
organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced
pressure, and the remaining material was purified by flash chromatography on silica gel (hexane/
ethyl acetate 7 : 3 v/v) D give the sulfone product 1q (50 mg, 75%) as a yellow liquid.

N\ 1H NMR (300 MHz, CDCl 3): 7.6 7.54 (2H, m), 7.427.33 (3 H, m), 5.83 (1 H, ddtJ =

? O 17.3,10.2, 7.2 Hz), 5.8%.26 (2 H, m), 3.60 (2 H, dtJ =7.2, 1.2 Hz), 1.871.76 (2 H),

s
o’ 1.291.22 (2 H, m)ppm. ¢ 13C NMR (75 MHz, CDCl 5): 134.3, 132.0, 129.2, 128.8, 124.7,
124.2, 55.1, 44.7,1.8ppm. ¢ IR: 3093, 3065, 3024, 2984, 2927, 1640, 1605, 1498, 1449,
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1420, 1307, 1217, 1130, 1092, 932, 808, 701L.dHRMS: calcd for C12H1aNaO-:S: 245.0607, found
245.060§M+Na].

2-(Allylsulfonyl) -2-methylbutane (1r)
Me

A1 (10 mol%) Me
Me;\[(OH DABSO (1.1 equiv.) X Me;\ //O
Me S

J Allyl bromide (2.5 equiv.) Me™ S
DCM, LED (400 nm) o

1r

According to GP1, the reaction was carried out with 2,2-dimethylbutanoic acid (35mg, 0.3 mmol),
DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), allyl
bromide (91 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube was
capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate

7 : 3viv) to give the sulfone product 1r (37 mg, 70%) as a colorless oil.

Me Me(ls?_/: 'H NMR ( 300 MHz, CDCl 5): 5.94 (1 H, ddt,J =17.3, 10.2, 7.2 Hz), 5.95.36 (2 H,

*5 m), 3.68 (2 H, dt,J =7.2, 1.2 Hz), 1.82 (2 H, @) =7.5 Hz), 1.34 (6 H, s), 0.99 (3 H,
Me t, J =7.6 Hz) ppm. ¢+ 13C NMR (75 MHz, CDCls): 124.5, 124.3, 63.5, 52.0, 28.2, 20.2,

8.2ppm. ¢ IR: 2975, 2941, 2890, 1648470, 1420, 1287, 1169, 1111014, 935, 77Zm™. ¢+ HRMS:

calcd for CsH1eNaO-2S: 199.0763 found 199.0761M+Na-].

1-(Allylsulfonyl)adamantane (19)

A1 (10 mol%)
DABSO (1.1 equiv.) ] __
@\( ° @g_/‘
Allyl bromide (2.5 equiv.) 1l

OH DCM, LED (400 nm)

1s
According to GP1, the reaction was carried out with adamantane-1-carboxylic acid (54 mg, 0.3
mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03mmol, 10 mol%),
allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube
was capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring
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at room temperature for 12 h. The reaction mixture was then quenched with a saturated solution
of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic
layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure,
and the remaining material was purified by flash chroma tography on silica gel (hexane/ ethyl
acetate? : 3v/v) to give the sulfone product 1s(62mg, 86%) as ayellow solid.

0 m.p.;t Y +°€8 @ NMR (500 MHz, CDCl 3): 5.92 (1 H, ddt,J =17.2, 10.1, 7.2
@éﬂ o Hz), 5.5145.37 (2 H, m), 3.63 (2 H, d,J =7.2 Hz), 2.242.12 (3 H, m), 2.04 (6

H, m), 1.80t1.63 (6 H, m)ppm. ¢ 3C NMR (125 MHz, CDCls): 124.4, 124.3,

61.5, 50.7, 35.9, 35.1, 28@m. ¢ IR: 2938, 2911, 2854, 1640, 1456397, 1317, 1301, 1258, 1132, 1102,
1045,938, 870, 833, 777, 7G3n. + HRMS: calcd for CisH2102S: 241.1257 found 241.1263M+H *].

1

4-(Allylsulfonyl )-4-methyltetrahydro -2H-pyran (1t)

o,
Me A1 (10 mol%)

DABSO (1.1 iv.
%l\(OH (1.1 equiv.) _ %l\s“\/\
O 0 1

o) Allyl bromide (2.5 equiv.)
DCM, LED (400 nm)

According to GP1, the reaction was carried out with 4-methyltetrahydro -2H-pyran -4-carboxylic
acid (43 mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03
mmol, 10 mol%), allyl bromide (91 mg, 0.75 mmol, 2.5 equiv.) in degassed dichloromethane (6
mL). The test-tube was capped, and the reaction mixture was irradiated with LED light ( | =400
nm) whi le stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfat e, concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate3: 2 v/v) to give the sulfone product 1t (45 mg, 74%) as aglassy solid.
'H NMR (300 MHz, CDCls): 5.93 (1 H, ddt,J =17.3, 10.2, 7.2 Hz), 5.51

S/(/)ﬁ 5.38 (2 H, m), 4.023.89 (2 H, m), 3.69 (2 H, dtJ =7.2, 1.2 Hz), 3.53 (2 H,

o) o td, J=12.0, 2.2 Hz), 2.362.19 (2 H, m), 1.621.51 (5 H, m)ppm.. ¢ 3C NMR
(75 MHz, CDCls): 124.7, 124.1, 63.1, 60.9, 51.5, 30.0, 1j7pdn. ¢ IR: 2960, 2942, 2859, 1641458,
1304, 1284, 1171, 1130, 1100, 103818, 936, 848, 696m=. ¢ HRMS: calcd for CoH 1703S: 205.0893
found 205.0883M+H -].

Me
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tert-Butyl ( S)-4-(allylsulfonyl) -2-((tert -butoxycarbonyl)amino)butanoate ( 1u)

o A1 (10 mol%) o

DABSO (1.1 equiv.) 0.0

= Allyl bromide (2.5 equiv.) -
NHBoc DCM, LED (400 nm) NHBoc

1u

According to GP1, the reaction was carried out with (S)-5-(tert-butoxy)-4-((tert-
butoxycarbonyl)amino) -5-oxopentanoic acid (91 mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1

equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 nol%), alyl bromide (91 mg, 0.75 mmol, 2.5

equiv.) in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture
PEUWDUUEEPEUI EwbPUT w+$#woOPT T Owoptwi wKYY wODh&wbk i DOI
reaction mixture was then quenched with a saturated solution of potassium hydrogen sulfate (2

mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was combined, dried over

anhydrous sodium sulfate, concentrated under reduced pressure, and the remaining material was

purified by flash chromatography on silica gel (hexane/ ethyl acetate 7 : 3 v/v) to give the sulfone

product 1u (99 mg, 91%) as a white solid.

0 o, 0 [ @T: 719 (c 0.58, chloroform)i m.p.: K A + K R diNMR (500 MHz,
tBuO™ S CDCl3):5.90 (1 H, ddt,J =17.5, 10.2, 7.4 Hz), 5.85.37 (2 H, m), 5.20 (1
NHBoc H, d, J=7.0 Hz), 4.22 (1 H, d,J =6.2 Hz), 3.70 (2 H, d,J =7.5 Hz), 3.08

(1 H,td, J=12.9, 12.3, 4.8 Hz), 2.94 (1 H, ddd] =13.8, 11.8, 4.6 Hz), 2.4®.28 (1 H, m), 2.07 (1 H,
tdd, J =12.6, 7.8, & Hz), 1.43 (18 H, d,J =16.6 Hz) ppm. ¢ *C NMR (125 MHz, CDCls); 170.3,
155.5,125.1,124.9, 83.1, 80.3,57.9, 52.7, 47.7, 28.4, 28.Qp2p.5t IR: 3359, 2977, 2931, 1713, 1515,
1454, 1392, 1367, 1250, 1153, 1@38. ¢ HRMS: calcd for C16H 2sNOsSNa: 386.1608, found 384617
[M+Na].
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15-(Allylsulfonyl)pentadecane -1,7,8triyl triacetate (1v)

A1 (10 mol%) \
OAc 0 DABSO (1.1 equiv.) OAc \—\ o
AcO\/\/\/\/k/\/\/\)J\ ACO\/\/\/\/k/\/\/\/S\//
H OH  Allyl bromide (2.5 equiv.) T b
OAc DCM, LED (400 nm) OAc
s12

1v

According to GP1, the reaction was carried out with acid S12(65mg, 0.15mmol), DABSO (40 mg,
0.165mmol, 1.1 equiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%), allyl bromide (45 mg,
0.375 mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The testtube was capped, and the
reaction mixture was irradiated with LED li ght (I = 400 nm) while stirring at room temperature

for 12 h. The reaction mixture was then quenched with a saturated solution of potassium

hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the
remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate 1:

1 v/v) to give the sulfone product 1v (60 mg, 82%) as a colorlessoil.

OAG \\_\ 'H NMR (500 MHz, CDCI 5): 5.90 (1 H, ddt, J
ACO o~~~ N~ 50 =17.3,10.1, 7.3 Hz), 5.45.38 (2 H, m), 4.94
Y \
OAc O (2H,tt, J=5.2, 2.8 Hz), 3.99 (2 H, 1) =6.7 Hz),

3.66 (2 H, d,J =7.4 Hz), 2.942.83 (2 H,m), 2.04 (6 H, s), 2.00 (3 H, s), 1.76 (2 H, ddd), =11.8, 9.9,

6.6 Hz), 1.68 1.52 (2 H, m), 1.471.41 (4 H, m), 1.411.33 (2 H, m), 1.381.17 (12 H, m) ppm. § =*C

NMR (125 MHz, CDCl3): 171.2, 170.6, 125.3, 124.5, 73.7, 64.5, 57.7, 51.2, 30.7, 29.0, 29.0, 28.9, 28.5,
28.3, 25.8, 25.12, 25.08, 21.7, 21.04, 2(pfn. ¢ IR: 2961,2933, 2858, 2851, 1733, 1635, 1372, 1312,
1229,1130, 1025950, 850cm-. ¢ HRMS: calcd for CzaH 42NaOsS: 513.2493found 513.2506M+H .

Di -tert -butyl ((2 S,3S,4R)-2-(4-(allylsulfonyl)butyl)tetrahydrothiophene  -3,4-diyl)dicarbamate

(Iw)
H e) A1 (10 mol%) \\
BocHN, AL DABSO (1.1 equiv.) BocHN, i . e
BocHN,, OH BocHN,, AN
H s Allyl bromide (2.5 equiv.) H s
DCM, LED (400 nm)
S$13 1w

According to GP1, the reaction was carried out with acid S13(63 mg, 0.15 mmol), DABSO (40 mg,
0.165 mmol, 1.1equiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%), allyl bromide (45 mg,
0.375 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The testtube was capped, and the

reaction mixture was irradiated with LED light ( | =400 nm) while stirring at room temperature
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for 12 h. The reaction mixture was then guenched with a saturated solution of potassium
hydro gen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the
remaining material was purified by flash chromatography on silica gel (hexane / ethyl acetate 1 :
1 v/v) to give the sulfone product 1w (53 mg, 74%) as a colorless oil.

cocn H \\_\ . | =151.4 (c 0.36, CHGJ). + H NMR (300 MHz, CDCls): 5.90 (1
BocHN;é»‘\\/\/S\f H, ddt, J =17.3, 10.1, 7.3 Hz), 5.35.32 (2 H, m), 4.94 (1 H, d)J =

H 3 8.0 Hz), 4.77 (1 H, d,J =10.1 Hz), 4.404.04 (2 H, m), 3.67 (2 H, d,

J =7.3 Hz), 3.47 (1 H, gJ =6.4, 5.9 Hz), 3.223.09 (1 H, m), 2.9¥2.84 (2 H, m), 2.47 (1 H, tJ =10.4
Hz), 1.95t1.57 (4 H, m), 1.42 (20 H, mppm.. + 3C NMR (75 MHz, CDCl3): 156.2, 155.2, 125.2, 124.6,
80.4, 80.0, 57.8, 56.6, 56.4, 50.9, 48.1, 31.8,3P8.39, 28.35, 27.3, 21ppm. ¢ IR: 3360,2975, 2933,
2875, 1713, 1647507, 1456, 1366, 1391, 124R165, 1130, 1043937, 861cm™. ¢ HRMS: calcd for
Ca1H3sN2NaOsS: 501.2063 found 501.2071M+H 4.

(2R,4aS,68S,6bR,10S,12&5,14bR)-2-(Allylsulfonyl)  -10-hydroxy -2,4a,6a,6b,9,9,124eptamethyl -
1,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b;bébadecahydropicen -13(2H)-one (1x)

A1 (10 mol%)
DABSO (1.1 equiv.)

Allyl bromide (2.5 equiv.)
DCM, LED (400 nm)

1x

According to GP1, the reaction was carried out with 18-¢-glycyrrhetinic acid (71 mg, 0.15mmaol),
DABSO (40 mg, 0.165 mmol, 1.lequiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%), dyl
bromide (45 mg, 0.375 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The test-tube was
capped, and the reaction mixture was irradiated with LED light (I = 400 nm)while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate

2:3vlv) to give the sulfone product 1x (48 mg, 60%) as acolorless solid.
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m.p.: > 250°C6 wit+ w= + 48.9 (c 0.45, CHG). + *H NMR (500
MHz, CDCl 3): 5.92 (1 H, ddt,J =17.4, 10.2, 7.3 Hz), 5.59 (1 H, s),
5.525.37 (2 H, m), 3.763.59 (2 H, m), 3.21 (1 H, dd,J =11.1, 5.3

Hz), 2.74 (1 H, dt,J =13.5, 3.6 Hz), 2.47 (1 H, tJ =13.4 Hz), 2.32 (1

H, s), 2.221.99 (3 H, m), 1.81 (1 H, td,J =13.9, 4.7 Hz), 1.781.33
(17H, m), 1.251.17 (L H, m), 1.11 (6 H, s), 1.40.85 (8 H, m), 0.79
(3H, s), 0.69 (1H, dd,J =11.8, 1.9 Hz)ppm. ¢ 1*C NMR (125 MHz,
CDCls): 200.0, 167.5, 129.1, 124.6, 124.3, 78.7, 64.0, 62.0, 55.0, 51.8,
46.4, 45.6, 43.4, 39.2, 39.2, 37.2, 35.0, 34.583,322.4, 28.2, 28.2, 27.4, 26.3, 26.3, 24.7, 23.7, 18.8, 17.6,
17.3, 16.5, 15.ppm. ¢ IR: 3521, 2985, 2927, 2867, 1654, 162471, 1387, 1306, 1283206, 1134,
1090, 1044994, 934, 880, 73dm. + HRMS: calcd for Cs2H104S; 531.3503found 531.350M+H “].

(3R,7R,8R,9S,10S,13R,14S,17R)-17-((R)-4-(Allylsulfonyl)butan  -2-yl)-10,13
dimethylhexadecahydro -1H-cyclopenta[ aJphenanthrene -3,7-diol (1y)

A1 (10 mol%)
DABSO (1.1 equiv.)

Allyl bromide (2.5 equiv.)
DCM, LED (400 nm)

1y

According to GP1, the reaction was carried out with chenodeoxycholic acid (59 mg, 0.15 mmol),
DABSO (40 mg, 0.165 mmol, 1.lequiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%), dyl
bromide (45 mg, 0.375 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The tes-tube was
capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with eth yl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate

1:9v/) to give the sulfone product 1y (45 mg, 66%) as a colorless solid.
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m.p.: Kk + fCA wt+ =+ 16.4 (c 0.11, CHG). + H
NMR (300 MHz, CDCls): 5.90 (1 H, ddt,J =17.4, 10.2,
7.3 Hz), 5.585.34 (2 H, m), 3.79 (1 H, tJ =2.9 Hz), 3.67

(2 H, d, J =7.4 Hz), 3.40 (1 H, tt,J =11.1, 4.4 Hz,), 2.96
(1 H,ddd, J=13.2,12.5,4.2 Hz), 2.81 (1 H, ddd] =13.6,
10.9, 4.8 Hz), 2.5#2.05 (3 H, m), 1.981.02 (21 H, m),
0.990.76 (8 H, m), 0.62 (3 H, sppm. ¢ 1C NMR (75
MHz, CDCl 3): 125.3, 124.5, 71.9, 68, 57.5, 55.5, 50.4, 48.7, 42.7, 41.5, 39.7, 39.6, 39.4, 35.4, 35.1, 35.0,
34.8, 32.8, 30.6, 28.2, 27.6, 23.6, 22.8, 20.6, 18.4,ddn8. ¢+ IR: 3391, 2972, 2925, 2863, 1738, 1639,
1475, 13091289, 1128, 1078, 1001, 979, 931, #381. + HRMS: calcd for CzsH44NaO4S. 475.2853
found 475.2857M+Na"].

((1S,2S,4aR,4bR,7S,9aS,10S,10aR)-10-(Allylsulfonyl)  -1-methyl -8-methylene -13-0xo-
1,2,5,6,8,9,10,10actahydro -4a,1-(epoxymethano) -7,9amethanobenzo[ aJazulene-2,7(4bH)-diyl
AcQO 0

AcO o A1 (10 mol%)

H DABSO (1.1 equiv.)

- _ _ g H OAc
g H OAc  Allyl bromide (2.5 equiv.) :°H
:H DCM, LED (400 nm) =0
COOH _
S14 1
diacetate (12) z

According to GP1, the reaction was carried out with acid S14(65 mg, 0.15 mmol), DABSO (40 mg,

0.165 mmol, 1.1equiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%), #dyl bromide (46 mg,

0.375 mmol, 2.5 equiv.) indegassed dichloromethane (3 mL). The testtube was capped and the

Ul EEUPOOwWOPRUUUI wPEUWPUUEEDPEUI EwPPUT w+$#woODT T Uwph
for 12 h. The reaction mixture was then guenched with a saturated solution of potassium

hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was

combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the

remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate 7 :

3 v/V) to give the sulfone product 1z (68 mg, 93%) as a white solid.
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¢ ¥ f= +86 € 0.5, chloroform) .+ m.p.: 76t78°C8 uH NMR (500 MHz,
CDCl3): 6.45 (1 H, dd,J =9.2, 0.8 Hz), 5.975.80 (2 H, m), 5.625.50 (2H,

m), 5.42 (1 H, dd,J =3.8, 0.7 Hz), 5.11 (1 H, dtJ =2.1, 1.1 Hz), 5.01 (1

H, dd, J =3.3, 1.5 Hz), 3.963.77 (2 H, m), 3.49 (1 H, d,) =7.9 Hz), 3.40

(1 H,d,J=7.9Hz), 3.15 (1 H, dt,J =15.6, 3.1 Hz), 2.862.76 (1 H, m),

2.65 (1 H, dd,J =10.3, 2.7 Hz), 2.282.04 (6 H, m), 2.041.89 (5 H, m),

1.74 (1 H, ddt,J =11.8, 7.0, 2.6 Hz), 1.29 (3 H, s) pprt *C NMR (125 MHz, CDCl3): 176.9, 170.1,
169.7, 148.7, 133.6, 129.8, 126.2, 124.6, 106.8, 89.8, 83.7, 71.4, 63.3, 59.7, 52.2, 52.2,6G240,347
42.5,36.5,22.2, 20.9, 17.8, 15.0 ppiiR: 2932, 2890, 1777, 1732, 1452, 1369, 1312, 1221, 1161, 1131,
1088, 1021, 95¢m. ¢ HRMS: calcd for CzsH 300sS 491.1734 found 491.173AM+H 4.

1-((2-Bromoallyl)sulfonyl)pentadecane (2a)

o A1 (10 mol%) e} Br

DABSO (1.1 equiv.) I
C10H21\/\/\)J\OH >  CiHai o~ C$
2,3-dibromoprop-1-ene (2.5 equiv.) (@)

DCM, LED (400 nm)

2a

According to GP1, the reaction was carried out with palmitic acid (77 mg, 0.3 mmol), DABSO (79
mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), 2,&dibromoprop -1-
ene (178 mg, 0.75 mmol, 2.5 equiv) in degassed dichloromethane (6 mL). The testtube was
capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (h exane/ ethyl acetate
1: 4 v/v) to give the sulfone product 2a (110 mg, 93%) as a slightly yellow solid.

Gram scale for compound 2a: According to GP1, the reaction was carried out with palmitic acid
(2.03 g, 4 mmol), DABSO (1.06 mg, 4.4 mmol, 1.&quiv.), acridine catalyst A1 (119 mg, 0.4 mmol,
10 mol%), 2,3dibromoprop -1-ene(2.00 g, 10 mmol, 2.5 equiv.) indegassed dichloromethane (80
mL). The test-tube was capped, and the reaction mixture was irradiated with LED light ( | =400
nm) while stirrin g at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (20 mL) and extracted with ethyl acetate (3 x 50

mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated under
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reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 1 : 4 v/v) to give the sulfone product2a (1.45 g, 91%) as a slightly yellow
solid.

Br 08 x 6 0 WKE tHKMR(500 MHz, CDCl 3): 6.12 (1 H, d,J =2.2
C1°H21\/\/\/§v§ Hz), 5.92 (1 H, d,J =2.3 Hz), 4.04 (2 H, s), 3.143.06 (2 H, m), 1.87

(2 H, ddd, J =11.8, 9.9, 6.5 Hz), 1.45 (2 H, quint.J =7.3 Hz), 1.36

1.23 (22 H, m), 0.88 (3 H, tJ =6.8 Hz) ppm. ¢ *C NMR (125 MHz, CDCl3): 127.0, 117.1, 63.5, 53.1,
32.1, 29.8, 29.8, 29.7, 29.6, 29.5, 29.4, 29.2, 28.5, 22.8, 22.1ppAdh.3t IR: 3055, 2993, 292 2853,
1771, 1623, 1371, 1264, 1225, 1127, 910, 737, 705 €HRMS: calcd for C1sHssBrNaO-2S: 417.1433,
found 417.1426[M+Na*.

1-((2-Methylallyl)sulfonyl)pentadecane  (2b)

o A1 (10 mol%)

DABSO (1.1 equiv.) 9
C10H21\/\/\)J\ > C10H21\/\/\/§
@)

OH 3-bromo-2-methylprop-1-ene(2.5 equiv.)
DCM, LED (400 nm)

2b
According to GP1, the reaction was carried out with palmitic acid (77 mg, 0.3 mmol), DABSO (79
mg, 0.33 mmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), 3bromo-2-
methylprop -1-ene (101 mg, 0.75 mmol, 2.5 equiv.) indegassed dichloromethane (6 mL). The test
tube was capped, and the reaction mixture was irradiated with LED light ( | = 400 nm) while
stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated
solution of potassium hydro gen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The
organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced
pressure, and the remaining material was purified by flash chromatography on silica gel (hexane /
ethyl acetate 1 : 4 v/v) to give the sulfone product 2b (94 mg, 95%) as a colorless solid.
o 08 x 8 0 WKKHHHKMRY500 MHz, CDCl 3): 5.21 (1 H, t,J =1.6

C1°H21\/\/\/§V§ Hz), 5.08 (1 H, s,), 3.65 (2 H, s), 3.02.93 (2 H, m), 1.99 (3 H, 5),

1.881.78 (2 H, m), 1.42 (2 H, quint.J =7.2 Hz), 1.361.22 (22 H,
s), 0.88 (3 H, t,J =6.9 Hz) ppm. + 13C NMR (125 MHz, CDCl3): 134.5, 120.4, 61.3, 51.5, 32.1, 29.8,
29.8, 29.729.6, 29.0, 29.4, 29.2, 28.6, 22.8, 22.1, phih. t IR: 2997, 2948, 2856, 1775, 1622, 1369,
1261, 1230, 1130, 911, 738, 705-trh HRMS: calcd for C1sH3902S: 331.2665, found 331.26981+H -].
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1-Bromo-2-((cyclohexylsulfonyl)methyl)benzene (2c)

0 A1 (10 mol%) SN
DABSO (1.1 equiv.) S
OH >

DCM, LED (400 nm), 12h Br

2c
Br (2.5 equiv.)

Br

According to GP2, the reaction was carried out with cyclohexanecarboxylic acid (38 mg, 0.3
mmol), DABSO (108 mg, 0.45 mmol, 1.5 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol%),
1-bromo-2-(bromomethyl)benzene (187 mg, 0.75 mmol, 2.5 equiv.) in degassed dichloromethane
(3mL). ThetestUUET WPEUWEEx x| EWEOEwWUT | wUIl EEUPOOWODPRUUUI wk
nm) while stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated under
reduced pressure, and the remaining material was purified by flash chromatog raphy on silica gel
(hexane/ethyl acetate 3 : 2 v/v) to give the sulfone product2c (67 mg, 70%) as a white solid

0.0 m.p.: 714 73" 6 WHNMR (500 MHz, CDCl 3): 7.61 (2 H, dt,J =7.7, 1.8 Hz),

A 7.35 (1 H, td,J =7.6, 1.3 Hz), 7.23 (1 H, td) =7.8, 1.8 Hz), 4.44 (2 H, s), 2.83

O/ Br (1H,tt J=12.2, 3.5 Hz), 2.242.15 (2 H, m), 1.91 (2 H, ddd,J =11.1, 5.3, 2.5
Hz), 1.741.67 (1 H, m), 1.6%1.50 (2 H, m), 1.381.16 (3 H, m) ppm. # 3C NMR (125 MHz, CDCl s):
133.4, 133.3, 130.6, 128.4, 128.1, 125.4, 61.0, 55.7, 25.5, 25.3, 25.2 d@n2932, 2855, 1719, 1588,
1474, 1442, 1409, 1349, 1310, 1270, 1127, 1047, 10264cMRMS: calcd for C1sH 1sBrO2S: 317.0205,
found 317.020gM+H .

1-Methy! -4-(((4-phenylbutyl)sulfonyl)methyl)benzene (2d)
A1 (10 mol%)

Me
COOH DABSO (1.1 equiv.), 12 h O, //3/©/
S
©/\/\/ TolCH ,Br (4 equiv.)
)

DCM, LED (400 nm

49
According to GP2, the reaction was carried out with 5-phenylpentanoic acid (53 mg, 0.3 mmol),
DABSO (79 mg, 0.33 mmol, 1.1 equiv.),acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), 1
(bromomethyl) -4-methylbenzene (220 mg, 1.2 mmol, 4 equiv.) in degassed dichloromethane (3
mL). ThetestOUUET wPEUWEExx] EWEOEwWUT 1 wUI EEUDOOWOPRUUUI whE
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nm) while stirring at room temperature for 12 h. The reaction mixture was then guenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrate d under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel

(hexane/ethyl acetate 4 : 1 v/v) to give the sulfone product49 (62 mg, 68%) as a yellow solid.
o0 0 Me m.p.:68t70°" 6 tHHNMR (500 MHz, CDCI 3): 7.36 7.08 (9
\ /’v©/ H, m), 4.15 (2 H, s), 2.862.75 (2 H, m), 2.62 (2 H, tJ =7.5

°S
©/W Hz), 2.37 (3 H, s), 1.83 (2 H, ttJ =8.0, 6.2 Hz), 1.771.65 (2

H, m) ppm. ¢ 13C NMR (125 MHz, CDCls): 141.3, 139.1,
130.4, 130.0, 128.6, 128.5, 126.2, 125.1, 59.3, 50.8, 35.4, 30.2, 21.5, 21.3 pRpnR954, 2923, 2858,
1510, 1454, 1378, 1300, 1125, 890-tm HRMS: calcd for CisH2302S: 303.1413, found 303.1416
[M+H 4.

4-(Methylsulfonyl) -1-phenylbutan -1-one (2e)
0 A1 (10 mol%) Q 0,0

©)‘\/\/COOH DABSO (1.2 equiv.), 12 h ©)J\/\/S\Me
Mel (5 equiv.)

DCM, LED (400 nm)

2e

According to GP2, the reaction was carried out with 5-o0xo-5-phenylpentanoic acid (58 mg, 0.3
mmol), DABSO (86 mg, 0.33 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%j,
iodomethane (213 mg, 1.5 mmol, 5 equiv.) in degassed dichloromethane (3 mL). The testube was
EExx]I EWEOEwWUT |1 wUl EEUPOOWOPRUUUI wPEUWPUUEEDPEUI Ewbt
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under red uced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ethyl acetate
1: 1 v/v) to give the sulfone product 2e (39 mg, 58%) as a white solid.
O 0.0 08 x & 0 6CWHhH NMR (500 MHz, CDCl 3): 8.037.82 (2 H, m), 7.52
S\Me (3 H, dt,J =33.9, 7.4 Hz), 3.20 (4 H, dj, = 26.4, 7.1 Hz), 2.95 (3 H, s),
2.462.22 (2 H, m)ppm. ¢ 3C NMR (125 MHz, CDClIs): 198.6, 136.5,
133.6, 128.9, 128.1, 53.8, 40.7, 36.3, 17.3 ppniR: 2955, 2924, 2858,

1560, 1458, 1378, 1264, 891 ¢ém HRMS: calcd for C11H1s0sS: 227.0742, found 227.074®1+H +].
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1,4-Dimethyl -2-((4-methyl -4-(methylsulfonyl)pentyl )oxy)benzene (2f)
A1 (10 mol%)

/J:::Ij 0 DABSO (1.2 equiv.) //[::Ij’ o!
o/\\/A><%kOH DCM, LED (400 nm), 12 h O

Mel (5 equiv.)

@]
7
S\
Me

4

5

2f

According to GP2, the reaction was carried out with gemfibrozil (75 mg, 0.3 mmol), DABSO (86
mg, 0.36 mmol, 1.2 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol%), Mel(213 mg, 1.5
mmol, 5 equiv.) in degassed dichloromethane (3 mL). The testtube was capped and the reaction
OPRUOUUI wPEUwWPUUEEDPEUTI EwbDPUT w+$#woOPT I Dwoprwd wkyYwbdO
The reaction mixture was then quenched with a saturated solution of potassium hydrogen sulfate
(2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was combined, dried over
anhydrous sodium sulfate, concentrated under reduced pressure, and the remaining material was
purified by flash chrom atography on silica gel (hexane/ethyl acetate 3 : 2 v/v) to give the sulfone
product 2f (44 mg, 52%) as a yellow liquid.
1H NMR (500 MHz, CDCl 3): 7.01 (1 H, d,J =7.4 Hz), 6.68 (1 H, dd,
o, 0 J=7.5,1.5Hz), 6.62 (L H, dJ =1.6 Hz), 3.98 (2 H, tJ =5.6 Hz), 2.82
O/\V/j><S\Me (3H,s),2.31(3H,s),2.17 (3H, ,s), 26883 (4 H, m), 1.43 (6 H, s)
ppm. ¢+ 3C NMR (125 MHz, CDCls): 156.8, 136.7, 130.5, 123.6,
121.1,112.1, 67,%1.7, 34.6, 32.3, 24.4, 21.5, 20.8, 15.9 ppniR: 3063, 3012, 2996, 2974, 2897, 2786,
1785, 1236, 1189, 1085, 963 ¢ém HRMS: calcd for C1sH2503S: 285.1519, found 285.151[81+H +].

Methyl ( tert -butoxycarbonyl)(cyclohexylsulfonyl) -D-alaninate (2g)

0 A1 (10 mol%)
[::j/J\OH DABSO (1.2 equiv.), 12 h

COOMe
DCM, LED (400 nm) OOQ(A\T/
O NHBoc
| COOMe
NHBoc 2

According to GP3, the reaction was carried out with cyclohexanecarboxylic acid (38 mg, 0.3
mmol, 2 equiv.), DABSO (43 mg, 0.18 mmol, 1.2 equiv.), acridine catalystAl (5 mg, 0.015 mmol,
10 mol%), methyl (R)-2-((tert-butoxycarbonyl)amino) -3-iodopropanoate (49 mg, 0.15 mmol) in
degassed dichloromethane (3 mL). The testtube was capped and the reaction mixture was
DUUEEDPEU]I EwPPUT w+$#woOPT T Uwoprwl wKY Y wd OPhatedctdO] wUUDU

mixture was then quenched with a saturated solution of potassium hydrogen sulfate (2 mL) and
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extracted with ethyl acetate (3 x 10 mL). The organic layer was combined, dried over anhydrous
sodium sulfate, concentrated under reduced pressure, and the remaining material was purified
by flash chromatography on silica gel (hexane/ethyl acetate 4 : 1 v/v) to give the sulfone product
29 (48 mg, 92 %) as avhite solid.

m.p.: 8483C. 4+ | =+ 1.5 (c 0.32, CHG). + H NMR (500 MHz,
Q cooMe CDCla):5.66 (1 H, d,J =7.3 Hz), 4.65 (1 H, ,qJ =5.1 Hz), 3.80 (3 H, s),

0” \g\,\l;Boc 3.643.51 (2 H, m), 2.86 (1 H, ttJ =12.2, 3.4 Hz), 2.1¥2.09 (2 H, m), 1.96

1.87 (2H, m), 1.781.68 (1 H, m), 1.6861.43 (11 H, m) 1.3@1.11 (3 H, m)
ppm. ¢+ 3C NMR (125 MHz, CDCls3): 170.0, 155.4, 80.9, 63.1, 53.3, 50.4, 49.8, 28.4, 25.18, 25.15, 25.0,
24.7 ppm.t IR: 3033, 2986, 2932, 2873, 1763, 1560, 1532, 1123, 1098¢@87¢ HRMS: calcd for
CisH27NOesSNa: 372.145]1 found 372.1447M+Na].

cis-3-((Cyclohexylsulfonyl)methyl) -1,2-oxathiolane 2-oxide (2h)

@)
o A1 (10 mol%) \\S//\‘LD
DABSO (1.5 equiv. .
o diom L
DCM, LED (400 nm), 12 h 6
"y (2.5 equiv.) 2h

According to GP2, the reaction was carried out with cyclohexanecarboxylic acid (38 mg, 0.3
mmol), DABSO (108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
4-bromobut -1-ene (100 mg, 0.75 mmol, 2.5 equiv.) in degassed DCM (3 mL). The tedube was
EExx] EWEOEwWUT 1 wUl EEUPOOwWOPRUUUI whEUWPUUEEDEUI Ewbp
room temperatu re for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ethyl acetate
3 : 2 vIv) to give inseparable mixture of sulfone products 2h ( cis/trans = 9/1, % mg, 70%) as a
white solid .
m.p.: 88t89°C. ¢ IR: 2964,2931, 2856, 1719, 1583, 1475, 1348, 1285, 1123.¢nHRMS: calcd for
CioH 180:SNa: 289.0539, found 289.053@VI+Na*].
0, 0 cis isomer: H NMR (500 MHz, CDClI 3): 4.80 (1 H, td,J =8.7, 2.7 Hz), 4.42 (1
S/\,<\_\O H, ddd, J=9.7, 8.7, 6.8 Hz), 3.59 (1 H, dq] =11.4, 7.0 Hz), 3.50 (1 H, ddJ =
O/ §_+ 13.5, 6.9 Hz), 3.15 (1 H, dd,) =13.5, 6.7 Hz), 2.90 (1 H, ttJ =12.3, 3.6 Hz),
2.57 (LH, dtd,J =12.9, 7.1, 2.7 Hz), 2.31 (1 H, dddd) =12.9,11.5, 9.7, 8.7 Hz),
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2.20 (2 H, tdq,J =14.1, 4.9, 3.0, 2.4 Hz), 1.97.90 (2 H, m), 1.73 (1 H, dddd,J =13.3, 6.7, 3.3, 1.6
Hz), 1.6141.49 (2 H, m), 1.461.14 (3 H, m) ppm.+ 3C NMR (125 MHz, CDCl3): 75.4, 62.7, 60.3,
46.9, 28.0, 25.5, 25.1, 25.1 ppm.

trans isomer: *H NMR (500 MHz, CDCl 3): 4.88 (1 H, td,J =8.7, 4.7 Hz), 4.57

\\/\w <\\o (1 H, dt, J =9.1, 7.4 Hz), 3.853.74 (1 H, m), 3.26 (1 H, dd,J =13.7, 5.0 Hz),

Q/ ‘_ 2.90 (1 H, tt,J =12.3, 3.6 Hz), 2.862.75 (2 H, m), 2.41 (1 H, dddd J =13.5, 7.5,

4.7, 3.1 Hz), 2.20 (2 H, tdgJ =14.1, 4.9, 3.0, 2.4 Hz), 1.99.89 (2 H, m), 1.73
(1 H, dddd, J =13.3, 6.7, 3.3, 1.6 Hz), 1.61..46 (2 H, m), 1.461.10 (3 H, m) ppm.t 13C NMR (125
MHz, CDCl 3): 75.3, 65.4, 60.3, 46.6, 28.2, 25.10, 25.07, 25.0 ppm.

cis-3-(((1-Phenylcyclopropyl)sulfonyl)me thyl) -1,2-oxathiolane 2 -oxide (2i)

o) A1 (10 mol%) /
DABSO (1.5 equiv.) \_’<\\
OH
Ph DCM, LED (400 nm), 12 h

"gr (2.5 equiv.) 9i
i

According to GP2, the reaction was carried out with 1-phenylcyclopropane -1-carboxylic acid (49
mg, 0.3 mmol), DABSO (108 mg, 0.45 mmol, 1.5 equiv.), acridine catalysAl1 (9 mg, 0.03 mmol, 10
mol%), 4-bromobut -1-ene (100 mg, 0.75 mmol, 2.5 equiv.) in dgassed dichloromethane (3 mL).
ThetestUUET wPEUWEEx x| EWEOEwWUT 1 wUI EEUDOOWOPRUUUI wkhEUW
while stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ethyl acetate 3 : 2 v/v) to giveinseparable mixture of sulfone products 2i ( cis/trans = 9/1,
53 mg, 59%) as a white solid
m.p.: 10811C°" 06 Rt 3085, 3002, 2987, 2873, 1765, 1563, 1165, 1087, 985 £HRMS: calcd for
CisH1602SNa: 323.0382, found323.0384M+Na].

cis isomer: *H NMR (500 MHz, CDCl 5): 7.60¢ 7.51 (2 H, m), 7.447.37 (3 H, m),
D< \_,<\\ 4.76 (L H, td,J =8.8, 2.7 Hz), 4.37 (1L H, td,) =9.3, 6.9 Hz), 3.52 (1 H, dd;) =13.6,

s_ 6.3 Hz), 3.40 (1 H, dq,J =11.6, 7.2 Hz), 3.11 (1 H, dd) =13.6, 7.4 Hz), 2.48 (L H,

dtd, J =12.9, 7.1, 2.6 Hz), 2.22 (1 H, ddt) =13.0, 11.6, 9.2 Hz), 1.91.77 (2 H,
m), 1.441.26 (2 H, m) ppm.+ 3C NMR (125 MHz, CDCl 5): 133.6, 132.0, 129.6, 129.1, 75.6, 60.6,
47.7,45.9, 27.8, 12.5, 12.4 ppm.
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0. .0 trans isomer: 'H NMR (500 MHz, CDCl 3): 7.6147.51 (2 H, m), 7.4¥7.34 (3 H,
>< \”,..<\_\O m), 4.81 (1 H, dt,J =8.7, 4.3 Hz), 4.46 (1 H, dtJ =9.0, 7.3 Hz), 3.683.59 (1 H,
Ph ‘S+ m), 3.25 (1 H, dd,J =13.9, 4.9 Hz), 2.792.66 (2 H, m), 2.322.25 (1 H, m), 1.98
1.81 (2 H, m), 1.391.29 (2 H, m) ppm.+ 3C NMR (125 MHz, CDCl3): 133.5,
131.9,129.8,129.2, 75.2,66.0, 47.5, 46.0, 28.0, 12.4, 12.3p{fR1 3035, 3002, 2987, 2873, 1765, 1563,
1165, 1087, 988m-™.

(Ethylsulfonyl)cyclopentane (2))

0 A1 (10 mol%) SNPY
G)KOH DABSO (1.2 equiv.), 12 h O/Sv
DCM, LED (400 nm)

Etl (5 equiv.) 2

According to GP2, the reaction was carried out with cyclopentanecarboxylic acid (34 mg, 0.3
mmol), DABSO (86 mg, 0.36 mmol, 1.2 equiv.), acridine catalystAl (9 mg, 0.015 mmol, 10 mol%),
ethyl iodide (234 mg, 1.5 mmol, 5 equiv.) in degassed dichloromethane (3 mL). The tes-tube was
EExx] EWEOEwWUT 1 wUl EEUPOOwWOPRUUUI whEUWDPUUEEDEUI Ewbp
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethy | acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ethyl acetate
4 : 1 vlv) to give the sulfone product 2j (65 mg, 63 %) as a yellow liquid.

O\\S,,o 1H NMR (500 MHz, CDCI 3): 3.483.30 (1 H, m), 2.95 (2 H, qJ =7.5 Hz), 2.16 1.91
O/ " (4H, m), 1.80 (2 H, td,J =10.9, 10.2, 4.6 Hz), 1.65 (2 H, tdd] =12.3, 7.6, 4.1 Hz),

1.38 (3 H, t,J =7.5 Hz) ppm. ¢+ 3C NMR (125 MHz, CDCls): 60.21, 45.90, 26.79,

26.12, 6.40 ppm# IR: 3063, 3006, 2946, 2935, 2867, 1422, 1256, 1213, 1156, 1086, 98 EIRMS:
calcd for C7H1s02S: 163.0787, found 163.078B1+H *].

S39
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4-((2-(4,5diphenyloxazol -2-yl)ethyl)sulfonyl)butan -2-one (2k)

Ph
A1 (10 mol%)

Ph
..2/\0 DABSO (1.5 iv.) 0 0
Ph M(OH D equv) ,2/\
N > Ph
I DCM, LED (400 nm), 12 h N/)\/\/S\/\)J\
7 N\
Z O . O O
(5 equiv.)

According to GP2, the reaction was carried out with oxaprozin (88 mg, 0.3 mmol), DABSO (108

2k

mg, 0.45 mmol, 1.5 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol%), but3-en-2-one (105

mg, 1.5 mmol, 5 equiv.) in degassed dichloromethane (3 mL). The testtube was capped and the

reaction mixture was irradiated wit | w+ $# wOPT | Owopr wld wkKYY wdOOAwpi DOT wU U
for 12 h. The reaction mixture was then quenched with a saturated solution of potassium

hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was

combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the

remaining material was purified by flash chromatography on silica gel (hexane/ethyl acetate 3 : 2

v/V) to give the sulfone product 2k (104mg, 91%) as a white solid.

Ph m.p.: 1100113" & &HNMR (500 MHz, CDCI 3): 7.64 7.58 (2 H, m),

o) o) _
Ph’g/\/)\A I 7.6007.54 (2 H, m), 7.417.29 (6 H, m), 3.60 (2 H, dd,) =8.5, 6.9 Hz),
N S5 3.42 (2 H, dd,J =8.6, 6.9 Hz), 3.36 (2 H, tJ =7.2 Hz), 3.05 (2 H, t,J =

7.3 Hz), 2.20 (3 H, s)ppm. ¢ 13C NMR (125 MHz, CDCls): 203.9,
159.3, 146.3, 135.4, 132.2, 128.9, 128.84, 128.76, 128.6, 128.4, 128.0, 126.7, 50.5, 47.7, 35.5, 29.9, 21.6
ppm. ¢ IR: 3053, 2996, 287, 1421, 1264, 895, 735, 76 1.+ HRMS: calcdfor C21H22NO4S: 384.1264
found 384.1259M+H .

3-((5-(5-Methylthiophen -2-yl) -5-oxopentyl)sulfonyl)cyclohexan -1-one (2I)

o 0 A1 (10 mol%)

S DABSO (1.5 equiv.), 12 h O o
\ / OH > s S//
DCM, LED (400 nm)

0
S11 (j (3 equiv.) 21

According to GP2, the reaction was carried out with acid S11(64mg, 0.3 mmol), DABSO (108 mg,

0.45 mmol, 1.5 equiv.), acridine catalystAl (9 mg, 0.015 mmol, 10 mol%), cyclohex2-en-1-one (86

mg, 0.9 mmol, 3 equiv.) in degassed dichloromethane (3 mL). The testtube was capped and the

A0
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Ul EEUPOOwWOPRUUUI wPEUWPUUEEDPEU]I EwbPPUT w+$#woOPT T Uwph
for 12 h. The reaction mixture was then quenched with a saturated solution of potassium

hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was

combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the

remaining material was purified by flash chromatography on silica gel (hexane/ethyl acetate 4 : 1

v/v) to give the sulfone product 2I (65 mg, 63 %) as a yellow solid.
o o /(\Al\ m.p.: 68t 70°" 6 WINMR (500 MHz, CDCl 3): 7.53 (1 H, d,J =3.8
s % o Hz),6.79 (1 H, dd,J =3.8, 1.2 Hz), 3.32 (1 H, 1t =12.0, 4.3 H2),
“Q\J)K/V 0 3.14:3.02 (4 H, m), 2.78 (1 H, ddt,J =14.5, 4.4, 2.0 Hz), 2.65 (1
H, dd, J =14.4, 12.4 Hz), 2.52 (3 H, dJ =1.0 Hz), 2.44 (1 H, dtd,J =14.7, 3.2, 1.7 Hz), 2.34 (2 H,
dddd, J =12.0, 9.6, 7.1, 5.7 Hz), 2.22.20 (3 H, m), 2.081.88 (1H, m), 1.78:1.63 (1 H, m) ppm. {
13C NMR (125 MHz, CDCls): 206.3, 191.0, 150.4, 141.4, 133.0, 127.0, 59.5, 49.4, 40.6, 39.7, 36.4, 23.5,

23.4, 16.8, 16.2 ppmt IR: 3647, 2983, 2875, 1715, 1656, 1454, 1265, 1124, 894, 733{CHRMS:
calcd for CisH210+&: 329.0876found 329.087(QM+H 4.

3-((((1S*,3R*)-3-acetyl-2,2-dimethylcyclobutyl)methyl)sulfonyl)propanal (2m)
/J A1 (10 mol%) %J
2, o} DABSO (1.2 equiv.), 12 h o~ o}
7 W A g 0, 8] o
""" OH DCM, LED (400 nm) )

OM (5 equiv.)

2m

According to GP3, the reaction was carried out with cis-pinonic acid (55 mg, 0.3 mmol, 2.5 equiv.),
DABSO (86 mg, 0.36 mmol, 1.2 equiv.), acridine catalystAl (9 mg, 0.015 mmol, 10 mol%), E)-
hex-2-enal (29 mg, 0.3 mmol, 1 equiv.) in degassed dichloromethane (3 mL). The testube was
EExx] EWEOEwWUT 1 wUl EEUPOOWODPRUUUI w bnmPwhi YtidiEgeab E U1 E w b |
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ethyl acetate
4 : 1 viv) to give the sulfone product 2m (57 mg, 73 %) as a yellow liquid .
1H NMR (500 MHz, CDCl 3): 5 wN 8 Whiwophiw' OwWwEEAD S 61 + wopl

04\/\//3”0 O Hz),3.06 (2 H,t,J=6.8 Hz), 3.032.88 (3 H, m), 2.58 (1 H, dtd,J =10.4,

o 8.1, 6.5 Hz), 2.251.99 (5 H, m), 1.378 H, s), 0.91 (3 H, s) ppm4 3C
NMR (125 MHz, CDCls): 206.9, 197.2, 54.5, 54.3, 46.5, 43.8, 35.8, 34.9, 30.3, 29.9, 23.4, 17.6 ppm.

HAl
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IR: 3025, 2987, 2930, 2847, 1732, 1568, 1487, 1385, 1270, 1173, kA48t HRMS: calcd for
CizH2004SNa: 283.0975, found 283.097[M+Na].

3-((Cyclopentylmethyl)sulfonyl)pentanal (2n)

A1 (10 mol%) 0P
mOH DABSO (1.2 equiv.), 12 h E>—/S
0 DCM, LED (400 nm)
|
2n ©

(2.5 equiv.) 07 N

According to GP3, the reaction was carried out with 2-cyclopentylacetic acid (96 mg, 0.75 mmol,
2.5 equiv.), DABSO (86 mg, 0.36 mmol, 1.2quiv.), acridine catalyst A1 (9 mg, 0.015 mmol, 10
mol%), (E)-hex-2-enal (29 mg, 0.3 mmol, 1 equiv.) in degassed dichloromethane (3 mL). The test
UUEl wPEUWEEx x| EWECEwWUT | wUl EEUPOOWOPRUUUI whPEUWBHUU
stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated
solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The
organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced
pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ethyl acetate 4 : 1 v/v) to give the sulfone product2n (65 mg, 63 %) as a yellow liquid.
0P 1H NMR (500 MHz, CDCl 3): 9.83 (1 H, s), 3.58 (1 H, dtd)) =10.0, 5.8, 4.4 Hz), 3.19

E>_/S (1 H, ddd, J =18.7, 6.0, 1.0 Hz), 3.08.92 (2 H, m), 2.70 (1 H, dd,) =18.7, 5.6 Hz),

] 242 (1H,11=9.1,7.1Hz), 2.071.87(3 H, m), L7#1.53 (5 H, m), 1.521.21 (4

O H, m), 0.96 (3 H,tJ =7.3 Hz) ppm. ¢ 3C NMR (125 MHz, CDCl5s): 197.9, 56.7,
56.5, 41.7, 33.6, 33.1, 33.0, 31.1, 24.9, 24.9, 20.2, 14.0 ppiR: 3065, 2968, 2956, 1783, 1325, 1289,
1187, 1098 cm. + HRMS: calcd for C12H 2303S:247.1362 found 247.1357[M+H 4.

A2
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3-(((3R)-3-((3R,7S,8R,95,10S,13R,14S5,17R)-3, 7-dihydroxy -10,13dimethylhexadecahydro -1H-
cyclopentafa]phenanthren -17-yl)butyl)sulfonyl)propanenitrile (20)

A1 (10 mol%)
DABSO (1.5 equiv.)

DCM, LED (400 nm), 12 h
ZCN (5 equiv.)

20

According to GP2, the reaction was carried out with ursodeoxycholic acid (59 mg, 0.15 mmol),
DABSO (54 mg, 0.225 mmol, 1.5 equiv.), acridine catalystA1 (5 mg, 0.015 mmol, 10 mol%), 4
bromobut -1-ene (100 mg, 0.75 mmol, 2.%quiv.) in degassed dichloromethane (3 mL). The test
UUET WPEUWEExxI EWEOCEwWUT T wUI EEUPOOwWOPRUUUI whEUwWHUU
stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated
solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The
organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced
pressure, and the remaining material was purified by flash chromatography on silica ge |
(hexanel/ethyl acetate 3 : 2 v/v) to give the sulfone product 20 (58 mg, 83 %) as a white solid
Q o m.p.. 7473 & wt =+29.4 (c 0.53, CHG). + H NMR

(500 MHz, CDCls): 3.633.51 (2 H, m), 3.26 (2 H, tJ =7.4
\_\\ Hz), 3.14 (1 H, ddd, J =13.9, 12.0, 4.2 Hz), 3.G2.87 (3 H,

m), 2.0241.74 (6 H, m), 1.721.54 (7 H, m), 1.551.19 (11 H,

m), 1.191.00 (2 H, m), 0.98 (3 H, d,J =6.1 Hz), 0.94 (3 H,
OH s), 0.68 (3 H, sppm. t 13C NMR (125 MHz, CDCl 3): 116.70,
71.49, 71.36, 55.83, 54.70, 51.36, 47.81, 43.96, 43.86, 42.55, 40.21, 39.28, 37.42, 37.18, 35.03, 34.97,
34.19, 30.46, 28.73, 27.79, 26.95, 23.49, 21.27, 18.59, 12.30, 11.424pin3053, 2986, 2963, 2847,
1422, 1264, 89585 cm. + HRMS: calcd for Cz6H43NNaO 4S: 488.2805found 488.2789M+Na].

HO"

A3
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(2R,48S,6aS,6bR,10S,12s5,14bR)-10-Hydroxy -2,4a,6a,6b,9,9,12&eptamethyl -2-((2-
(phenylsulfonyl)ethyl )sulfonyl) -1,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b;14b
octadecahydropicen -13(2H)-one (2p)

0 /(/) ,Ph
S %

A1 (10 mol%)
DABSO (1.2 equiv.), 12 h

DCM, LED (400 nm)

Z>50,Ph HO

2

According to GP2, the reaction was carried out with enoxolone (71 mg, 0.15 mmol), DABSO (43

mg, 0.18 mmol, 1.2 equiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%),
(vinylsulfonyl)benzene (63 mg, 0.375 mmol, 2.5 equiv.) in degassed dichloromethane (3 mL). The

test-tube was capped and the reaction mixture wasirtUEEDEUT EwbPPUT w+ $# wODT I Uwmph
stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated

solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The

organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced

pressure, and the remaining material was purified by flash chromatography on silica gel

(hexane/ethyl acetate 1 : 4 v/v) to give the sulfone product2p (60 mg, 61 %) as a yellow solid.

0 ,C/) Ph m.p.: 162164" 6 wt =+ 24.5(c 0.39, CHG).+ 'H NMR
\\S\/;//S\\O

~
<

(500 MHz, CDCls): 7.957.90 (2 H, m), 7.7$7.68 (1 H, m),
7.61 (2 H, t,J =7.8 Hz), 5.60 (1L H, s), 3.53.46 (2 H, m),
3.393.28 (2H, m), 3.23 (1 H, ddJ =10.8, 5.5 Hz), 2.75 (1 H,

dt, J =13.6, 3.6 Hz), 2.43 (1 H, tJ =13.3 Hz), 2.33 (1L H, s),
2.191.98 (3H, m), 1.2 (1 H, td, J =13.8, 4.9 Hz), 1.761.31

(15 H, m), 1.281.17 (2 H, m), 1.12 (6 H, brs), 1.060.92 (5

H, m), 0.920.81 (4 H, m), 0.80 (3H, s), 0.70 (1 H, d,=11.3 Hz) ppm. ¢ 2*C NMR (125 MHz, CDCl 3):
199.1, 166.7, 138.6, 134.7, 129.8, 129.4, 128.18, /.2, 62.0, 55.0, 48.1, 46.3, 45.6, 43.4, 39.3, 39.2,
39.0, 37.2, 35.0, 33.9, 32.8, 32.4, 28.2, 27.4, 26.25, 26.19, 24.6, 23.7, 18.8, 17.6, 17.1, 16.5, 1b6.7 ppm.
IR: 335, 2933, 2857, 1754, 1712, 1505, 1453, 1292, 1366, 1298, 1268, 1163, 1124, 10b3IBNIS:
calcd for CsrHss06S: 659.3435, found 659.341(M+H .

HA4
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1-(Cyclohexylsulfonyl)isoquinoline (2q)

A1 (10 mol%)
DABSO (1.1 equiv.), 12 h N

COOH S
O/ DCM, LED (400 nm) O/ N
cl N~
. AN
(2.5 equiv.) N (1 equiv.) 2q
=

According to GP3, the reaction was carried out with 1-chloroisoquinoline (49 mg, 0.3 mmol),

cyclohexanecarboxylic acid (96 mg, 0.75 mmol, 2.5 equiv.), DABSO (79 mg, 0.33 mmol, 1dquiv.),
acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),in degassed dichloromethane (3 mL). The test
tube was capped and the reaction mixture was irradiated with LED light (4 = 400 nm) while
stirring at room temperature for 12 h. The reaction mixture was then quenched with a saturated
solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The
organic layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced
pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ethyl acetate 7 : 3 v/v) to give the sulfone product 2q (72 mg, 87%) as a yellow solid.
o, 0 06 x 8 0 wW& WwHIAMMR (300 MHz, CDCl3): *H NMR (500 MHz,
S S Chloroform -dX w ¥ #9N\08 (LK, m), 8.56 (1 H, dJ =5.5 Hz), 7.92 (1 H, dd,
O/ N J=8.0, 1.3 Hz), 7.86 (1 H, dJ =5.5 Hz), 7.78 (1L H, ddd,J =8.1, 6.8, 1.3 Hz),
7.73 (1 H, ddd,J =8.4, 6.9, 1.4 Hz), 3.93 (1 H, tt) =12.2, 3.4 Hz), 2.182.07
(2 H, m), 1.90 (2 H, dt,J =12.4, 3.1 Hz), 1.761.62 (3 H, m), 1.40t 1.19 (3 H, m) ppm.+ 3C NMR
(125 MHz, CDCls): 155.4, 140.6, 137.8, 131.3, 129.4, 127.6, 125.49, 125.46, 125.2, 60.2, 25.4, 25.2, 25.1

ppm. ¢ IR: 3056, 3004, 2987, 2963, 2855, 1789, 1588, 1476, 1312, 1287, 1127 fRMS: calcdfor
Ci1sH1eNO,S: 276.1053 found276.1054M+H"].

4-(Heptan -4-ylsulfonyl)quinoline (2r)

A1 (10 mol%)
DABSO (1.1 equiv.), 12 h O P

/\Oj\loj\ DCM, LED (400 nm) \Q/S B
Cl N
(2 equiv,) @ﬁj (1 equiv.) 2r
N/

According to GP3, the reaction was carried out with 4-chloroquinoline (48 mg, 0.3 mmol),

valproic acid (108 mg, 0.6 mmol, 2 equiv.), DABSO (79 mg, 0.33 mmol, 1.lequiv.), acridine

catalyst A1 (9 mg, 0.03 mmol, 10 mol%),in degassed dichloromethane (6 mL). The testtube was

A5
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capped and the reaction mixture was irradiated with LED light ( 1 = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ethyl acetate
7 : 3 V) to give the sulfone product 2r (60 mg, 69%) as a colorless liquid.

0.0 1H NMR (300 MHz, CDCl 3): 9.14 (1 H, d,J =4.4 Hz), 8.66 (1 H, ddd,J =
\O/\S/ N 8.5, 1.4, 0.6 Hz), 8.27 (1 H, ddd) =8.5, 1.4, 0.6 Hz), 8.06 (1 H, d] =4.4 Hz),

| ~N  7.86(1H,ddd,J=8.4,6.9, 1.4 Hz), 7.75 (1 H, ddd) =8.4, 6.9, 1.4 Hz), 3.22

(1 H, tt, J =7.0, 4.8 Hz), 1.871.59 (4H, m), 1.551.19 (4 H, m), 0.81 (3 H, tJ =7.3 Hz) ppm.  13C
NMR (125 MHz, CDCl s): 149.6, 149.6, 142.4, 130.9, 130.5, 129.1, 124.2, 123.1, 123.1, 64.1, 29.6, 19.9,
13.9 ppm.t IR: 3087, 3066, 2961, 2934, 2873, 2145, 1739, 1580, 1499, 1459, 1313113871127,

1093, 764, 710 crh + HRMS: calcd for C16H2:NNaO 2S: 314.1185, found 314.119M+Na"].

7-Chloro -4-((4-chlorobutyl)sulfonyl)guinoline (2s)
Cl

A1 (10 mol%)
o] DABSO (1.1 equiv.), 12 h

DCM, LED (400 nm L
CI/\/\)J\OH ( ) . 0=S=0

Cl N
(2 equiv.)
S (1 equiv.) =
_ ) Cl N
Cl N

2s

According to GP3, the reaction was carried out with 4,7-dichloroquinoline (59 mg, 0.3 mmol),5-
chlorovaleric acid (82 mg, 0.6 mmol, 2 equiv.), DABSO (79 mg, 0.33 mmol, 1.%equiv.), acridine
catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in degassed dichloromethane (6 mL). The testube was
capped and the reaction mixture was irradiated with LED light ( | = 400 nm) while stirring at
room temperature for 12 h. The reaction mixture was then quenched with a saturated solution of
potassium hydrogen sulfate (2 mL) and extracted with ethy | acetate (3 x 10 mL). The organic layer
was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
the remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate

4 : 1 vIv) to give the sulfone product 2s(79 mg, 83%) as a colorless solid.

A6
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Gram scale for compound 2s: According to GP3, the reaction was carried out with 4,7
dichloroquinoline (1.19 g, 6 mmol),5-chlorovaleric acid (1.64 g, 12 mmol, 2 equiv.), DABSO (1.58
g, 6.6 mmol, 1.1 equiv.), acridine catalyst A1 (179 mg, 0.6 mmol, 10 mol%) in degassed
dichloromethane (80 mL). The testtube was capped and the reaction mixture was irradiated with
LED light (1 =400 nm) while stirring at room temperature for 16 h. The reaction mixture was then
guenched with a saturated solution of potassium hydrogen sulfate (20 mL) and extracted with
ethyl acetate (3 x 50 mL). The organic layer was combined, dried over anhydrous sodium sulfate,
concentrated under reduced pressure, and the remaining material was purified by flash
chromatography on silica gel (hexane/ ethyl acetate 4 : 1 v/v) to give the sulfone product 2s(1.56
0, 82%) as a colorless solid.
Cl 08 x 6 o Wt d WNMRK300 MHz, CDCl3):9.13 (1 H, d,J =4.4 Hz), 8.61 (1
H, d, J =9.1 Hz), 8.24 (1 H, d,J =2.2 Hz), 8.02 (1 H, d,J =4.4 Hz), 7.69 (1 H,
dd, J=9.1, 2.2 Hz), 3.47 (2 H, tJ =5.8 Hz), 3.29 (2 H, dd,J =8.8, 6.0 Hz), 1.86
0=S=0 (4 H, m) ppm. ¢ 3C NMR (75 MHz, CDCl 3): 151.0, 149.9, 142.8, 136.9, 130.3,
A 129.9, 125.3, 122.5, 121.1, 55.4, 43.8, 30.7, pprt. ¢ IR: 3113, 3074, 2943,
Cl N/ 2913, 2874, 1736, 1606, 1577, 1556, 1488, 1403, 1156, 1196, 1077, 1046, 981, 970,
819, 780 cnt. + HRMS: calcd for C13H14CI2NO2S:318.0117, found 318.012(M+H .

7-Chloro -4-((1-methylcyclohexyl)sulfonyl)quinoline (2t)

O _OH A1 (10 mol%)
Me DABSO (1.1 equiv.), 12 h Me
DCM, LED (400 nm) 0=S=0
L O
(2 equiv.) /©\)j (1 equiv.) Cl N/
—
Cl N

2t

According to GP3, the reaction was carried out with 4,7-dichloroquinoline (59 mg, 0.3 mmol), 1-
methylcyclohexane-1-carboxylic acid (85 mg, 0.6 mmol, 2 equiv.), DABSO (79 mg, 0.33 mmol, 1.1
equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in degassed dichloromethane (6 mL).
The testtube was capped and the reaction mixture was irradiated with LED light ( | = 400 nm)
while stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10

mL). The organic layer was combined, dried over anhydrous sodium sulfate, c oncentrated under

A7
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reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 3 : 2 v/v) to give the sulfone product2t (61 mg, 63%) as a colorless solid.
m.p.: 85t87°" & WHNMR (300 MHz, CDCl 5):9.11 (1 H, d,J =4.5 Hz), 8.91 (1
e Hid J=9.3Hz),8.21 (LH, dJ=2.2Hz), 7.96 (L H, dJ =4.4 Hz), 7.64 (1 H, dd,
0=S=0 J=9.3,2.3Hz),1.86(2H,tdJ)=12.8,12.2,4.4 Hz), 1.48.58 (5 H, m), 1.4¥1.25
Xy (5 H,m), 1.261.01 (1 H, m)ppm. ¢ C NMR (75 MHz, CDCl 3): 150.5, 150.1,
Cl N/ 140.4, 136.6, 129.8, 129.3, 127.4, 125.9, 123.6, 65.9, 30.1, 25.0, 21.5, 17.1 ppm
IR: 3131, ®83, 3003, 2938, 2861, 1605, 1556, 1488, 1464, 1439, 1307, 1288, 1175, 1134, 1092, 1080,
973, 922, 875, 823, 698 cht HRMS: calcd for C16H19CINO 2S: 324.0820, found 324.08 1j@1+H ].

7-Chloro -4-((3,4-dimethoxyphenethyl)sulfonyl)quinoline ( 2u)

A1 (10 mol%) -

MeO COOH  DABSO (1.1 equiv.), 12 h o, 0
D/\/ DCM, LED (400 nm)  MeO S

MeO cl D/\/ [ N

MeO
/@\)j (1 equiv.) 2u
—
Cl N

According to GP3, the reaction was carried out with 4,7-dichloroquinoline (59 mg, 0.3 mmol) , 3-
(3,4-dimethoxyphenyl)propanoic acid (126 mg, 0.6 mmol, 2 equiv.), DABSO (79 mg, 0.33 mmol,
1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),in degassed dichloromethane (6 mL).
The testtube was capped and the reaction mixture was irradiated with LED light ( * = 400 nm)
while stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated under
reduced pressure, and the remaining material was purified by flash chromatogr aphy on silica gel
(hexane/ethyl acetate 2 : 3 W) to give the sulfone product 2u (86 mg, 73%) as a white solid.
cl m.p.:11%121°C6 uH NMR (500 MHz, CDCl 3): 9.08 (1 H, t,J

MeO S =4.7 Hz), 8.788.56 (1 H, m), 8.23 (1 H, dtJ =5.1, 2.5 Hz), 7.97

D/V l h (1 H,d,J=4.7 Hz), 7.68 (1 H, dd,J =9.6, 2.7 Hz), 6.686.58 (1
MeO N H, m), 6.5816.44 (2 H, m), 3.78 (3 H, d,J =3.2 Hz), 3.73 (3 H,
d, J =2.7 Hz), 3.633.49 (2 H, m), 3.082.95 (2 H, m) ppm.  2*C NMR (125 MHz, CDCl3): 150.9,
149.8, 149.1, 148.1, 143.0, 136.8, 130.2, 129.8, 129.0, 125.3, 122.5, 121.0, 120.3, 111.5, 111.4,,57.6, 56.0
55.9, 28.3pm. ¢ IR: 3042, 3006, 2932, 2834, 1606, 1591, 1338, 1438, 1314,cti%d HRMS: calcd
for C1sH19CINO 4S: 392.0718 found 392.071gM+H 1.

A8

Go back to table of contents




7-Chloro -4-((tetrahydro -2H-pyran -4-yl)sulfonyl)quinoline  (2v)

o)
Oy, -OH A1 (10 mol%)
DABSO (1.1 equiv.), 12 h
DCM, LED (400 nm) 0=S=0

Cl X

° )@@
2 iv. “
(2 equiv.) /@\)j 1 equiv) o N
—
Cl N 2v

According to GP3, the reaction was carried out with 4,7-dichloroquinoline (59 mg, 0.3 mmol),
tetrahydro -2H-pyran -4-carboxylic acid (78 mg, 0.6 mmol, 2 equiv.), DABSO (79 mg, 0.33 mmol,
1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in degassed dichloromethane (6 mL).
The testtube was capped and the reaction mixture was irradiated with LED light ( | = 400 nm)
while stirring at room temperature for 12 h. The reaction mixture was then quenched with a
saturated solution of potassium hydrogen sulfate (2 mL) and extracted with ethyl acetate (3 x 10
mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated under
reduced pressure, and the remaining material was purified by flash chromatograp hy on silica gel
(hexane/ ethyl acetate 2 : 3 v/v) to give the sulfone product2v (85 mg, 91%) as a colorless solid.
Gram scale for compound 2v: According to GP3, the reaction was carried out with 4,7-
dichloroquinoline (0.99 g, 5 mmol), tetrahydro -2H-pyran -4-carboxylic acid (1.30 g, 10 mmol, 2
equiv.), DABSO (1.32 g, 5.5 mmol, 1.lequiv.), acridine catalyst A1 (149 mg, 0.5 mmol, 10 mol%)
in degassed dichloromethane (80 mL). The testtube was capped and the reaction mixture was
irradiated with LED light ( | =400 nm) while stirring at room temperature for 16 h. The reaction
mixture was then quenched with a saturated solution of potassium hydrogen sulfate (20 mL) and
extracted with ethyl acetate (3 x 50 mL). The organic layer was combined, died over anhydrous
sodium sulfate, concentrated under reduced pressure, and the remaining material was purified
by flash chromatography on silica gel (hexane/ ethyl acetate 3 : 2 v/v) to give the sulfone product
2v (1.46 g, 92%) as a colorless solid.

Decagam scale for compound 2v: According to GP3, the reaction was carried out with 4,7-
dichloroquinoline (8.3 g, 42 mmol), tetrahydro -2H-pyran -4-carboxylic acid (10.9 g, 82 mmol, 2
equiv.), DABSO (11.1 g, 46 mmol, 1.1equiv.), acridine catalyst A1 (1.3 g, 4.2 mmol, 10 mol%),
degassed dichloromethane (500 mL) in a round bottom 1L flask. The flask was capped, and the
reaction mixture was irradiated with LED light ( | =400 nm) while stirring at room temperature
for 24 h. The reaction mixture was then guenched with a saturated solution of potassium

hydrogen sulfate (200 mL) and extracted with ethyl acetate (3 x 150 mL). The organic layer was

A9
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combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and the
remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate 3 :
2 vIv) to give the sulfone product 2v (10.1 g, 77%) as a colorless solid.
o m.p.: 145 147C °" & HNMR (300 MHz, CDCl 3):9.13 (1 H, d,J =4.4 Hz), 8.69
(1H.d,J=9.2 Hz), 8.25 (1 H, dJ =2.2 Hz), 8.00 (1 H, dJ =4.4 Hz), 7.71 (1 H, d,
0=5=0 J=2.2Hz), 4.03 (ddd,J =11.9, 4.6, 1.9 Hz, 1H)), 3.46.16 (3 H, m), 1.92 (2 H,
N, dtd, J=13.1,11.8, 4.7 Hz), 1.77 (2 H, ddql =13.0, 4.4, 2.3 Hz)ppm . + C NMR
~ (75 MHz, CDCls):150.9, 150.0, 141.1, 137.0, 130.3, 129.8, 125.7, 123.7, 121.7, 66.3,
61.1, 25.2pm. ¢ IR: 3077,2959, 2926, 2854, 1605, 1489, 1365, 1314, 1299, 1157,
1123, 1060, 1021, 989, 880, 817, 781, 692'ctmHRMS: calcd for C14H1sCINO sS: 312.0456, found
312.0454M+H .

Cl N

Sulfinate Salts

Sodium 2 -(4-fluorophenyl)ethane -1-sulfinate ( 3a)

A1 (10 mol%) 0

COOH DABSO (1.1 equiv.), 12 h SI
/©/\/ DCM, LED (400 nm) “ONa
F then NaOH (3.3 equiv.) £

MeOH, rt, 10 min

3a

According to GP3, the reaction was carried out with 3-(4-fluorophenyl)propanoic acid (50 mg, 0.3

mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalystAl1 (9 mg, 0.03 mmol, 10 mol%)

in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture was
PDUUEEPEUI EwbPUT w+$#woOPT T UwprwidwKYYwOOAwWwPT POT wUU
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.

The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/

MeOH 7 : 3 v/v) to give the sulfinate salt 3a(44 mg, 70%) as a white solid.

0 m.p.; >200°C8 uH NMR (500 MHz, MeOD): 7.22 (2 H, dd,J =8.6, 5.5

I
S ona H2) 6.96 (2H,1,J=8.8 Hz), 3.032.73 (2 H, m), 2.662.38 (2 H, m) ppm.
- { 13C NMR (125 MHz, MeOD): 162.7 (d,J =242.1 Hz), 138.3, 131.0 (d
=8.0 Hz), 115.9 (d,J =21.5 Hz), 64.4, 28.9 ppm¢ °F NMR (470 MHz,

CDCls): $117.54 (td,J =9.0, 8.5, 4.6 Hz)ppm. ¢ IR: 3083, 3003, 2576, 185, 1606, 1510, 1242, 1177,
1133, 109m=. ¢ HRMS: calcd for CsHsFO-S: 187.0235 found 187.0228M .
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Sodium 2-(3,4-dimethoxyphenyl)ethane -1-sulfinate ( 3b)
A1 (10 mol%)

MeO COOH  DABSO (1.1 equiv.) O
DCM, LED (400 nm) MeO S.
- ONa
MeO then NaOH (3.3 equiv.)

MeOH. rt, 10 min MeO

3b

According to GP3, the reaction was carried out with 3-(3,4-dimethoxyphenyl)propanoic acid (63

mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalysfAl (9 mg, 0.03 mmol, 10

mol%) in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture
PEUWDPUUEEDPEUI EwbPbDUT w+ $# wODbItirobnutgripenaiune Koy }2h.\GeX wb 1 DO |
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.

The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/

MeOH 1 : 1 v/v) to give the sulfinate salt 3b (48 mg, 63%) as a white solid.

o) m.p.: >200°C8 uH NMR (500 MHz, MeOD): 6.8%6.80 (2 H, m), 6.77

MGOD/V}SI’\ONa (1L H, dd, J =8.2, 2.0 Hz), 3.80 (6 H, d,J =13.3 Hz), 2.892.79 (2 H, m)
MeO 2.5%2.39 (2 H, m) ppm. 4 3C NMR (125 MHz, MeOD): 148.9, 147.2,
134.1, 120.3, 112.1, 111.8, 63.3, 55.2, 55.0, 27.9 ppiR: 2938, 2835, 2012, 1606, 1514, 1462, 1449,
1418, 1233, 1140, 1028n. 4 HRMS: calcd for CioH 1:Na204S: 275.0324 found 275.0321[M+Na .

Sodium 4 -oxo-4-phenylbutane -1-sulfinate ( 3¢

A1 (10 mol%)
O DABSO (1.1 equiv.) O 0

I
COOH DCM, LED (400 nm) S<
- ONa
then NaOH (3.3 equiv.)

MeOH, rt, 10 min

According to GP3, the reaction was carried out with 5-o0xo-5-phenylpentanoic acid (58 mg, 0.3

mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol %)

in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture was
DUUEEDPEUI EwbPUT w+$#wOoOPT T OwopmwAwKYYwOOAwPI POT wUUO
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.

The mixture was stirred for 10 min and purified by flash chromatograp hy on silica gel (DCM/

MeOH 3 : 2 v/v) to give the sulfinate salt 3c (46 mg, 66%) as a white solid.
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O 9 m.p.: >200°" 6 WwHNMR (500 MHz, MeOD): 8.047.80 (2 H, m),
S\ONa 7.697.55(1H,m),751(2H,ddJ=8.4, 7.0Hz), 3.18 (2 H, tJ =7.3

Hz), 2.38 (2 H, dd,J =8.4, 6.9 Hz), 2.04 (2 H, pJ =7.5 HZz) ppm. t 13C
NMR (125 MHz, MeOD): 202.0, 138.3, 134.2, 129.7, 129.2, 62.2, 38.8, 18.8 ppiiR: 3169, 3045,
2983, 2939, 1978, 1895, 1606, 1510, 1243, 1177, 1050, 978ictRMS: calcd for CicH1:NaOsS:

211.0434, found 211.043(M].

Sodium 4-(5-methylthiophen -2-yl) -4-oxobutane -1-sulfinate ( 3d)

0 A1 (10 mol%) (0] 0]
DABSO (1.1 equiv.) S
COOH S
\\ DCM, LED (400 nm) \\ “ONa
S then NaOH (3.3 equiv.) S
Mé MeOH, rt, 10 min Me
s4 3d

According to GP3, the reaction was carried out with acid S11(64 mg, 0.3 mmol), DABSO (79 mg,

0.33 mmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in degassed
dichloromethane (6 mL). The test-tube was capped and the reaction mixture was irradiated with
+$#wWODT T Uwoprwi wKy Y w Ondwmperdtdedor d2thU Alter GarpletionE0amU O O
solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added. The mixture was

stirred for 10 min and purified by flash chromatography on silica gel (DCM/ MeOH 3 : 2 v/v) to

give the sulfinate salt 3d (63 mg, 83%) as a white solid.

o) 9 m.p.: >200°C5 wH NMR (500 MHz, MeOD): 7.67 (1 H, d,J =3.7

N S ona H?) 685 (LH, d,J=4.4Hz),2.98 (2 H, 1] =7.4 Hz), 2.48 3 H, 5),

\_s 2.30 (2 H, dd,J =8.6, 6.7 Hz), 1.95 (2 H, p,) =7.5 Hz) ppm. ¢ 1C
Me NMR (125 MHz, MeOD): 195.0, 151.8, 142.8, 135.1, 128.3, 61.0, 38.8,

19.3, 15.9 ppm+ IR: 3320, 2944, 2831, 2206, 2071, 1671, 1427, 1278, 10231880t HRMS: calcd
for CoH12NaOsSe: 255.0120 found 255.0120M+H .

Sodium 5-(4-chlorobenzamido)pentane -1-sulfinate ( 3€)
0 A1 (10 mol%) o

DABSO (1.1 equiv.) ON
NN N a
/©)‘\H/\/\/\002H DCM, LED (400 nm) /@)k” ﬁ’
i 0]
cl then NaOH (3.3 equiv.) cl

MeOH, rt, 10 min 3e

According to GP3, the reaction was carried out with tetrahydro -2H-pyran-4-carboxylic acid (81
mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.%equiv.), acridine catalyst A1 (9 mg, 0.03 nmol, 10
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mol%) in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture
PEUWDUUEEPEU]I EwbPPUTl w+s#woODT Il Owoprwi wKYY wddek wbi DOIT |
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3 .3 equiv.) in MeOH was added.
The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/
MeOH 1 : 1 v/v) to give sulfinate salt 3e (54 mg, 54%) as a white solid.
o m.p.: >200°" & MR (500 MHz, CD sOD): 7.84 7.77 (2
/©)km/\/\/\§/om H, m), 7.48:7.42 (2 H, m), 3.38 (2 H, t,) =7.1 Hz), 2.33
cl o 2.24 (2H, m), 1.721.60 (4 H, m), 1.541.43 (2 H, m)ppm.
{ 13C NMR (125 MHz, CDsOD): 168.9, 138.5134.5, 130.0, 129.6, 63.1, 40.9, 30.3, 27.7, Ppra .

IR: 2463, 2213, 2136, 2069, 1634, 1458, 1121, 975, ¢rHiRMS: calcd for C12H 1sCINNa 203S:
334.0257 found 334.0245M+Na.

Sodium ((1 R*,3S%)-3-acetyl-2,2-dimethylcyclobutyl)methanesulfinate (  3f)

A1 (10 mol%) Fna
_ molo —S
STCOH DABSO (1.1 equiv.) S %
DCM, LED (400 nm)
N then NaOH (3.3 equiv.) N
Y MeOH, rt, 10 min %

3f

According to GP3, the reaction was carried out with cis-pinonic acid (55 mg, 0.3 mmol), DABSO
(79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in degassed
dichloromethane (6 mL). The test-tube was capped and the reaction mixture was irradiated with
+$3#wWOPT T DwoprwAwKYYwOOAwPT POIT w U UARerGampletionEaIIMU OO Ow Ul
solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added. The mixture was
stirred for 10 min and purified by flash chromatography on silica gel (DCM/ MeOH 3 : 2 v/v) to
give sulfinate salt 3f (43.7 mg, 64%) as a colorless liquid.
ONa 14 NMR (500 MHz, CD s0OD): 3.06:2.92 (1 H, m), 2.34 (2 H, qJ =7.0, 6.4 Hz),
AQ; S\\O 2.21 (1L H, dt,J =12.7, 6.7 Hz), 2.141.88 (5 H, m), 1.34 (3 H, s), 0.89 (3 H, S)

ppm.¢ 13C NMR (125 MHz, CDsOD): 210.7, 64.8, 55.4, 44.8, 37.7, 30.6, 30.2,
_\\O 24.4,18.1ppm. + IR: 3388, 2951, 2496, 1692, 1456, 1369, 1183, 1020, 954{cm

HRMS: calcd for CsH150sSNax: 249.0532, found 249.052pV+Na ).
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Sodium 3-(1H-indol -2-yl)propane -1-sulfinate ( 3g)

A1 (10 mol%)
DABSO (1.1 equiv.) o
DCM, LED (4
N\ COOH CM, (400 nm) N\ 5

H then NaOH (3.3 equiv.) H ONa
MeOH, rt, 10 min 3g

According to GP3, the reaction was carried out with 4-(1H-indol -2-yl)butanoic acid (61 mg, 0.3
mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol%)
in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture was
DUUEEDPEUI EwbPDPUT w+$#wODT I Uu pdmutdmpekaying diord1Q A.unfek ® O1 w U0
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.
The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/
MeOH 7 : 3 v/v) to give the sulfinate salt 3g (41 mg, 56%) as a white solid.

m.p.: >200°" & WNMR (500 MHz, MeOD): 7.737.51 (1 H, m), 7.46
%g 7.28 (1 H, m), 7.03 (3 H, dddd,J =31.8, 14.6, 9.7, 5.0 Hz), 2.98.79 (2

E ) H, m), 2.40 (2 H, dt,J =15.5, 8.1 Hz), 2.04 (2 H, hept) =7.8 Hz) ppm.
¢ 13C NMR (125 MHz, MeOD): 136.8, 127.4, 121.5, 120.7, 118.0, 117.9,

114.5, 110.7, 61.5, 24.3, 23pm . ¢ IR: 3054, 2986, 2302, 2027, 1548121, 1264, 1082m. + HRMS:
calcd for C11H1aNNaO 2S: 246.0559, found 246.055M+H *].

Sodium 5-(4-(trifluoromethyl)benzamido)pentane  -1-sulfinate ( 3h)
o A1 (10 mol%)

DABSO (1.1 equiv.) Q ON
/\/\/\ /\/\/\ - a
i O
FaC then NaOH (3.3 equiv.) F4C

S8 MeOH, rt, 10 min 3h

According to GP3, the reaction was carried out with acid S8(91 mg, 0.3 mmol), DABSO (79 mg,

0.33 mmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in degassed
dichloromethane (6 mL). The test-tube was capped and the reaction mixture was irradiated with
L$#wWwOPT T Owoptwid wKYYwOOAwWPT POI w U U Btieddbetiors @AM OOOw U1
solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added. The mixture was

stirred for 10 min and purified by flash chromatography on silica gel (DCM/ MeOH 1 : 1 v/v) to

give sulfinate salt 3h (62 mg, 60%) as a white solid.
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o m.p.: >200°" & WHNMR (500 MHz, CD :0D): 7.99 (2 H,
@Hwﬁ/ONa d, J =8.1 Hz), 7.75 (2 H, d,J =8.1 Hz), 3.41 (2 H, tJ =7.1
F.C 0 Hz), 2.30 (2 H, t,J =7.7 Hz), 1.67 (4 H, p,J =8.1, 7.5 Hz),
1.51 (2 H, g,J =8.1 Hz) ppm. + 3C NMR (125 MHz, CDs0D): 168.7, 139.6, 133.9 (&% = 32.4 Hz),
129.0, 126.4 (g8k = 4.0 Hz), 125.3 (qikr = 271.3 H), 63.0, 41.0, 30.2, 27.7, 230Hm .  1°F NMR

(470 MHz, CDsOD): 164.4 ppm. ¢ IR: 3332, 2944, 2835, 2478, 2217, 2071, 1646, 1457, 1327, 1171,
1120, 1027, 976 crh ¢ HRMS: calcd for C1sH17FsNOsS: 324.0876, found 324.08764 -Na+H+].

Sodium tetrahydro -2H-pyran -4-sulfinate ( 3i)

CO,H A1 (10 mol%) O\\S/ONa

DABSO (1.1 equiv.)
DCM, LED (400 nm) ﬁj
(@) then NaOH (3.3 equiv.)

MeOH, rt, 10 min o
3i

According to GP3, the reaction was carried out with tetrahydro -2H-pyran -4-carboxylic acid (39
mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.Jequiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10
mol%) in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture
PEUWDPUUEEDPEUI EwPPUT w+$#woODT I Dwoprwi wKYY wddek wbi DOI |
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.
The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/
MeOH 3 : 2 v/v) to give sulfinate salt 3i (46.3 mg, 90%) as a white solid.
O\\S/ONa m.p.: >200°" 6 WNMR (500 MHz, CD s0D): 4.01 (2 H, ddd,J =11.3, 4.7, 2.0 Hz), 3.40
ﬁj (2 H, td, J =11.7, 2.3 Hz), 2.04 (1 H, ttJ =12.1, 4.2 Hz), 1.81 (2 H, ddgJ =13.0, 4.2, 2.1
Hz), 1.57 (2 H, dtd, J =13.4, 11.9, 4.7 Hzppm. t 3C NMR (125 MHz, CD:0OD): 68.4,
64.4, 26.3ppm . ¢ IR: 3332, 2944, 2833, 2496, 2071, 1449, 1121, 1028, 980{cHRMS:
calcd for CsHsO3SNaz: 195.0062, found 195.006M+Na].
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Sodium 1-(tert-butoxycarbonyl)piperidine -4-sulfinate ( 3j)

A1 (10 mol%)
DABSO (1.1 equiv.) O

COOH
DCM, LED (400 nm) S.
BocN g ONa
then NaOH (3.3 equiv.) BocN

MeOH, rt, 10 min

3

According to GPS3, the reaction was carried out with 1-(tert-butoxycarbonyl)piperidine -4-
carboxylic acid (69 mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalysAl (9
mg, 0.03 mmol, 10 mol%) in degassed dichloromethane (6 mL). The testube was capped and the
Ul EEUPOOwWOPRUUUI whEUwWDPUUEEDE Ué dirdng &t thbmuentpératu@eb T 1T U woph
for 12 h. After completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in
MeOH was added. The mixture was stirred for 10 min and purified by flash chromatography on
silica gel (DCM/ MeOH 3 : 2 v/v) to give the sulfinate salt 3j (78 mg, 96%) as a white solid.
o m.p.; >200°C8 wH NMR (500 MHz, D 20): 4.14 (2 H, d,J =13.4 Hz), 2.87

O/S\ONa (2 H, t,J =12.7 Hz), 2.19 (1 H, ttJ =12.0, 4.0 Hz), 1.87 (2 H, dd)) =13.4, 3.7

BocN Hz), 1.46 (11 H, m) ppm. ¢ *C NMR (125 MHz, Dz0): 156.5, 81.7, 63.2, 43.2,
27.7, 23.8ppm. ¢ IR: 3370, 2976, 2947, 2925, 2853, 1689, 1423, 1394, 1291,

1166, 111Xm™. ¢+ HRMS: calcd for CiH19NNaO 4S: 272.0927 found 272.0929M+H *].

Sodium 4,4-difluorocyclohexane -1-sulfinate ( 3k)
A1 (10 mol%) Os.-ONa

GOH DABSO (1.1 equiv.) S
DCM, LED (400 nm)
then NaOH (3.3 equiv.)
FF MeOH, rt, 10 min £ E

3k

According to GP3, the reaction was carried out with 4,4-difluorocyclohexane -1-carboxylic acid

(49 mg, 0.3 mmol), DABSO (79 mg, 0.33nmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol,

10 mol%) in degassed dichloromethane (6 mL). The testtube was capped and the reaction
OPRUUUI whEUWPUUEEDPEU]I EwPPUT w+$#woObPT T Owoprwl wkyYwbdO
After completio n, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was

added. The mixture was stirred for 10 min and purified by flash chromatography on silica gel

(DCM/ MeOH 3 : 2 v/v) to give sulfinate salt 3k (54 mg, 54%) as a white solid.
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O _ONa MP: >200°" 6 HtNMR (500 MHz, CD s0D): 2.16:2.05 (2 H, m), 2.0%1.96 (2 H, m),
3 1.941.70 (3 H, m), 1.691.53 (2 H, m)ppm. ¢ 3C NMR (125 MHz, CD:0OD): 124.5(dd,
1X-r = 240.4, 239.7 Hz), 65.08, 33.90 (&kr = 24.5 Hz), 33.71 (d2kr = 24.3 Hz), 22.72
(d, 3= 8.9 Hz)ppm. ¢ °F NMR (470 MHz, CDsOD): $94.2 (d,J =236.9 Hz),4102.57
(d, 3 =236.4 Hz) ppm. ¢ IR: 3366, 2912, 2487, 2221, 2137, 2072, 1646, 1451, 1169, 1119,
1043, 974 cm. + HRMS: calcd for CeH oF202S: 183.0297 found 183.0298M .

Sodium 2,3-dihydro -1H-indene -2-sulfinate ( 3I)
A1 (10 mol%)
DABSO (1.1 equiv.) ONa
©i>,COOH DCM, LED (400 nm) ©i>,s\/\
then NaOH (3.3 equiv.) O
MeOH, rt, 10 min 3

According to GP3, the reaction was carried out with 2,3-dihydro -1H-indene-2-carboxylic acid (49
mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalysfAl (9 mg, 0.03 mmol, 10
mol%) in degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture
PEUWPUUEEDPEUI EwPPUT w+$#woODT I Dwoprwid wKYYwOOAwPT DOI |
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.
The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/
MeOH 3 : 2 v/v) to give the sulfinate salt 3l (58 mg, 95%) as a white solid.

ONa  m.p.: >200°" & #NMR (500 MHz, D 20): 7.32 (2 H, dt,J =7.3, 3.6 Hz), 7.24
©i}8\b (2 H, dd, J =5.6, 3.2 Hz),3.293.15 (4 H, m), 3.123.03 (1 H, m) ppm. ¢ 1C
NMR (125 MHz, D20): 141.9, 126.7, 124.2, 66.0, 32pm. ¢ IR: 3338, 2946, 2835, 2483, 1656, 1516,
1449,1234,1141, 1022, 9¢iht.+ HRMS: calcdfor CsHoNa202S: 227.0113, found 227.018+Na].

Sodium adamantane -1-sulfinate ( 3m)
A1 (10 mol%)

DABSO (1.1 equiv.)
DCM, LED (400 nm) ONa
CO,H S\\

then NaOH (3.3 equiv.) o)
MeOH, rt, 10 min

3m

According to GP3, the reaction was carried out with 1-adamantanecarboxylic acid (54 mg, 0.3

mmol), DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%)
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in degassed dichloromethane (6 mL). The test-tube was capped and the reaction mixture was
DUUEEDPEUI EwbPPUT w+s#wOoOPT Il OwoprnwAwKYYwOOAwAsdr DOT wUU
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was add ed.
The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/
MeOH 3 : 2 v/v) to give sulfinate salt 3m (53 mg, 87%) as a white solid.
Gram scale for compound 3m: According to GP3, 5 identical reactions were carried out with 1-
adamantanecarboxylic acid (324 mg, 1.8 mmol), DABSO (480 mg, 2 mmol, 1.kquiv.), acridine
catalyst A1 (53 mg, 0.18 mmol, 10 mol%)in degassed dichloromethane (36 mL). The testtube was
capped, and the reaction mixture was irradiated with LED light (I = 400 nm) while stirring at
room temperature for 12 h. After completion, the reactions were combined, and a 1M solution of
sodium hydroxide (30 mL, 30 mmol, 3.3 equiv.) in MeOH was added. The mixture was stirred for
10 min and purified by flash chromato graphy on silica gel (DCM/ MeOH 3 : 2 v/v) to give sulfinate
salt 3m (1.3 g, 66%) as a white solid.
@ ong MP >200°" 8 NMR (500 MHz, CD sOD): 2.1%1.99 (9 H, m), 1.811.66 (6
S H, m) ppm.¢ 13C NMR (125 MHz, CDs0D): 56.9, 37.9, 37.4, 298m. ¢ IR: 3420,
2907, 2848, 2529, 1633, 1450, 1341, 1212, 1170, 1112, 1093, 1022 ¢tRMS:
calcd for C10H1502S; 199.0798 found 199.0792M .

\
O

Sodium (3R)-3-((3R,7R,8R,9S,10S,13R,14S,17R)-3,7-dihydroxy -10,13dimethylhexadecahydro -
1H-cyclopenta[ a]Jphenanthren -17-yl)butane -1-sulfinate ( 3n)

CO,H
A1 (10 mol%)

DABSO (1.1 equiv.)
DCM, LED (400 nm)

then NaOH (3.3 equiv.)
MeOH, rt, 10 min

HO"

According to GP3, the reaction was carried out with chenodeoxycholic acid (118 mg, 0.3 mmol),
DABSO (79 mg, 0.33 mmol, 1.1equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in
degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture was
DUUEEDPEUI EwbPUT w+$#wODT I Uw oprw i w K Y dod1 AwAfidr DOT wU O

completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.
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The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/
MeOH 1 : 1 v/v) to give sulfinate salt 3n (178.6 mg 76%) as a white solid.
[ m.p.: >200°C.+ |  =+87.2(c 0.14, MeOH). t *H NMR (500
S\ONa MHz, CDs0D): 3.80 (1 H, g,J =2.8 Hz), 3.413.33 (1 H, m),
2.87 (1 H, ddd,J =13.4, 12.1, 4.2 Hz), 2.68 (1 H, ddd] =13.4,
11.2, 4.6 Hz), 2.27 (1 H, td) =13.2, 11.4 Hz), 2.061.81 (6 H,
m), 1.75 (1 H, tdd, J =12.2, 8.0, 3.3 Hz), 1.69..45 (8 H, m),
1.421.26 (4H, m), 1.2%1.05 (3 H, m), 1.080.94 (4 H, m), 0.93
(3 H, s), 0.70 (3 H, sppm. ¢ *C NMR (125 MHz, CDsOD): 72.8, 69.0, 57.2, 51.5, 49.9, 43.7, 43.2,
41.0, 40.8, 40.5, 36.6, 36.4, 36.2, 35.9, 34.0, 32.0, 31.3, 29.2, 24.6, 23.4, 21.8, 190ml2.2R: 3302,

2942, 2830, 1449, 1116, 1028 ¢m HRMS: calcd for C2sH3904S; 411.2575 found 411.2572M].

Sodium 1-(6-methoxynaphthalen -2-yl)ethane -1-sulfinate (30)

A1 (10 mol%)
DABSO (1.1 equiv.) _0

OO CO,H  DCM, LED (400 nm) OO s”
~o then NaOH (3.3 equiv.) o ONa

MeOH, rt, 10 min

According to GP3, the reaction was carried out with naproxen (69 mg, 0.3 mmol), DABSO (79 mg,
0.33 mmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mobb6) in degassed
dichloromethane (6 mL). The test-tube was capped and the reaction mixture was irradiated with
+$#wWOPT T Uwoptwl wKYYwOOAwbi POIT wUAR® cotmefidn,uhe idactib® OO wl1 O
mixture was quickly extracted with a 0.5M aqueou s solution of HCI (1 mL). A 1M solution of
sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was then added to the organic phase. The
mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/ MeOH
3 : 2 vlv) to give sulfinate salt 3o (45 mg, 55%) as a white solid.
o Mp.>2007 & WINMR (500 MHz, D 20): 7.74 (2 H, t,J =9.7 Hz), 7.67

OO $” (H,s),7.39 (1 H, dJ =8.3Hz), 7.23 (L H, s), 7.12 (1 H, dJ =8.8 Hz),
~o Ona 3.87 (3H, s), 3.45 (1L H, q) =7.3 Hz), 1.53 (3 H, d J =7.2Hz) ppm. ¢ 13C
NMR (125 MHz, D20): 156.7, 133.8, 133.4, 129.4, 128.7, 127.5, 126.8, 118.3, 106.1, 68.3, 55.3, 11.8
ppm. ¢ IR: 3389, 2463, 1462, 1204, 1029, 854 thHRMS: calcd for C13H1303S: 249.0591, found
249.0587M ).
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Sodium heptane-4-sulfinate (3p)

A1 (10 mol%)
DABSO (1.1 equiv.) O

COOH DCM, LED (400 S
\i)/ ’ (400 nm) “ONa
then NaOH (3.3 equiv.)

MeOH, rt, 10 min

3p

According to GP3, the reaction was carried out with 2-propylpentanoic acid (34 mg, 0.3 mmol),

DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine catalystAl (9 mg, 0.03 mmol, 10 mol%) in

degassed dichloromethane (6 mL). The testtube was capped and the reaction mixture was
DUUEEDPEUI EwbPPUT w+s#wOoOPT T OwopwAwKYYwOOAwPI POT wUUO
completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) in MeOH was added.

The mixture was stirred for 10 min and purified by flash chromatography on silica gel (DCM/

MeOH 7 : 3 v/v) to give the sulfinate salt 3p (40 mg, 72%) as a white solid.

0 m.p.: >200°" & WHNMR (500 MHz, MeOD): 1.87 (1 H, h,J =5.4 Hz), 1.78

S<ona 1.65 (2 H, m), 1.44 (6 H, tddd,J =22.0, 17.0, 13.9, 8.6 Hz), 0.94 (6 H,3,=7.0
Hz) ppm. ¢ *C NMR (125 MHz, MeOD): 67.9, 30.0, 21.5, 14.8 ppn.IR: 2459,

2211, 2137, 2069, 1898, 1406, 1122, 1092, 974.dnHRMS: calcd for C7H1s0-S: 163.0798, found
163.0794M 1.

Sodium heptane -4-sulfonate (3q)

0 1) A1 (10 mol%)
DABSO (1.1 equiv.) O\\S/,O
OH DCM, LED (400 nm) \Q/ “~ONa
2) NaOH (3.3 equiv.)
then Na,S,0g4 (1.5 equiv.) 3q

According to GP3, the reaction was carried out with valproic acid (43 mg, 0.3 mmol), DABSO (79

mg, 0.33 mmol, 1.1 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%) in degassed
dichloromethane (6 mL). The test-tube was capped and the reaction mixture was irradiated with
L$#wOPT T ODwoprwAwKYYwOOAwPT POI w U U Bteddpletior d M OO Ow Ul
aqueous solution of sodium hydroxide (1 mL, 1 mmol, 3.3 equiv.) was then added. The mixture

was stirred for 10 min and the organic phase was then removed. Sodium persulfate (107 mg, 0.45

mmol, 1.5 equiv.) was added to the aqueous phase, and the mixture was stirred for 30 min. The

reaction was then concentrated andpurified by flash chromatography on silica gel (DCM/ MeOH

3 : 2 vlv) to give sulfonate salt 3g (40 mg, 65% as a white solid.
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OpP m.p.: >200°" & #4tNMR (500 MHz, MeOD): 2.70:2.62 (1 H, m), 1.91 (2 H,
\O/ “ONa dddd, J=13.5,10.0, 5.1, 2.3 Hz), 1.63.43 (5 H, m), 0.96 (6 H, tJ =7.2 Hz) ppm.
{ 13C NMR (125 MHz, MeOD): 61.1, 33.5, 21.5, 1445pm. ¢ IR: 2943, 2832, 1447,
1216, 1175, 1123, 1026, 1010 ént HRMS: calcd for C7H150sS: 179.0747, found 179.074[M].

Sodium 5-(2,5-dimethylphenoxy) -2-methylpentane -2-sulfinate (3r)
A1 (10 mol%)

/@\/ DABSO (1.1 equiv.) /@\/ o
DCM, LED (400 nm) I
H
O/\/><COO O/\/><S\

then NaOH (3.3 equiv.)
MeOH, rt, 10 min

ONa
3r

According to GP3, the reaction was carried out with 5-(2,5dimethylphenoxy) -2,2-
dimethylpentanoic acid (75 mg, 0.3 mmol), DABSO (79 mg, 0.33 mmol, 1.1 equiv.), acridine

catalyst Al (9 mg, 0.03 mmol, 10 mol%) in degassed dichloromethane (6 mL). The testube was

capped andUT | wUl EEUPOOwWOPRUUUI wPEUWPUUEEPEUI EwbbPUT w+$
room temperature for 12 h. After completion, a 1M solution of sodium hydroxide (1 mL, 1 mmol,

3.3 equiv.) in MeOH was added. The mixture was stirred for 10 min and purified by flash
chromatography on silica gel (DCM/ MeOH 7 : 3 v/v) to give the sulfinate salt 3r (58 mg, 66%) as

a white solid.

/@f o) m.p.: >200°" & tHNMR (500 MHz, MeOD): 6.92 (1 H, d,J =7.3
O/\/><I3\O,\ja Hz), 6.64 (1 H, s), 6.686.43 (1 H, m), 3.92 (2 H, tJ =5.9 Hz), 2.25

(3H,5s),2.11 (3 H,s),2.0a.74 (4 H, m), 1.32 (6 H, s) ppm¢ 3C
NMR (125 MHz, MeOD): 158.3, 137.5, 131.1, 124.4, 121.7, 113.0, 69.4, 58.3, 35.1, 25.8222.9]6.0
ppm. ¢ IR: 3053, 2987, 2323, 2166, 2009, 1421, 1264, 896 ¢HRMS: calcd for C14H210sS: 269.1217,

found 269.1212[M .

1
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Sulfonyl Chlorides and Sulfonyl Fluorides

2-(4-Fluorophenyl)ethane -1-sulfonyl chloride ( 4a)

A1 (10 mol%)
DABSO (1.2 equiv.) )

/@/\/CO2H NCS (2.5 equiv.) /©/\/S\CI
. DCM, LED (400 nm) .

According to GP4, the reaction was carried out with 3-(4-fluorophenyl)propanoic acid (50 mg, 0.3

mmol), DABSO (87 mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
N-chlorosuccinimide (100 mg, 0.75 mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The

testUUET wPEUWEEx x| EWEOEwWUT 1T wUIl EEUPOOwWODPRUUUI whEUWHU
stirring at room temperature for 8 h . The reaction mixture was concentrated under reduced

pressure, and the remaining material was purified by flash chromatography on silica gel (hexane/

ethyl acetate 3 : 2 v/v) to give the sulfonyl chloride 4a (48 mg, 73%) as a colorless oil.

Q _o HNMR (500 MHz, CDCl4):7.247.17 (2 H, m), 7.146.96 (2 H, m), 3.953.80

\
/©/V o/ (2H,m), 3.483.22 (2 H, m)ppm. t °C NMR (125 MHz, CDCl3): 162.3 (d,
F k¢ = 246.5 Hz), 131.4 (dk+ = 3.6 Hz), 130.3 (d3kr = 8.2 Hz), 116.3 (d2k-
F = 21.6 Hz), 66.3, 29.9pm. 4 1F NMR (470 MHz, CDCls): $ 114.5 (ddd,J =13.8, 8.7, 5.2 Hz) ppm

{ IR: 2935, 2860, 2323, 1510, 1265, 1125, 896LirHRMS: calcd for CsHsO2FSCI: 221.9918, found
221.991gM .

4-Ox0-4-phenylbutane -1-sulfonyl chloride (4b)

A1 (10 mol%) 0 0
O DABSO (1.2 equiv.) \\S//O
CO,H NCS (2.5 equiv.) R \CI
DCM, LED (400 nm)
4b

According to GP4, the reaction was carried out with 5-o0xo-5-phenylpentanoic acid (58 mg, 0.3

mmol), DABSO (87 mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
N-chlorosuccinimide (100 mg, 0.75mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The

testUUE] wPEUWEEx x| EWEOEwWUT | wUI EEUPOOwWOPRUUUI whEUwWHU
stirring at room tem perature for 8 h. The reaction mixture was concentrated under reduced

pressure, and the remaining material was purified by flash chromatography on silica gel (hexane/

ethyl acetate 3 : 2 v/v) to give the sulfonyl chloride 4b (46 mg, 62%) as a white solid.
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o 08 x 8 0 WNGUHINMRYE00 MHz, CDCI 5): 7.96 (2 H, dd,J =8.4, 1.4 Hz,
©)J\/VS\;| 2H), 7.647.56 (1 H, m), 7.49 (2 H, tJ =7.8 Hz), 3.88 (2 H, t,J =7.2 Hz),

3.30(2H,t,J=6.5H2z),2.50 (2 H, pJ=6.8 Hz) ppm . 13C NMR (125 MHz,
CDCls): 197.9, 136.4, 133.8, 129.0, 128.1, 64.7, 35.5, pprh. ¢ IR: 1672, 1589, 1438, 1417, 1358,
1263, 1187, 1052 crh+ HRMS: calcd for C10H 11ClOsSNa: 269.0010, found 269.001pM+H -].

tert-Butyl (4 -(chlorosulfonyl)butyl)carbamate (4¢ )

A1 (10 mol%)
'e) DABSO (1.2 equiv.)

0]

i +.Cl

BOC\N/\/\)J\OH NCS (25 eqUIv.) > BOC\N/\/\/\S\\
H DCM, LED (400 nm) H o)

4c

According to GP4, the reaction was carried out with 5-((tert-butoxycarbonyl)amino)pentanoic
acid (65 mg, 0.3 mmol), DABSO (87 mg, 0.36 mmol, 1.2quiv.), acridine catalyst A1 (9 mg, 0.03
mmol, 10 mol%), N-chlorosuccinimide (100 mg, 0.75 mmol, 2.5 equiv.) in degassed
dichloromethane (6 mL). The test-tube was capped and the reaction mixture was irradiated with
+$#wWOPT T DwoptwA wKYYwOOAwWPT DOIT w U UH teicBo® mixtitdwas) OO O w U
concentrated under reduced pressure, and the remaining material was purified by flash
chromatography on silica gel (hexane/ ethyl acetate 4 : 1 v/v) D give the sulfonyl chloride 4c (61
mg, 72%) as a colorless oil.

O, O ™H NMR (500 MHz, CDCl 3): 4.61 (1 H, s), 3.73 (2 H, t) =7.7 Hz), 3.19 (2
BocHN™ ", H, g, J =6.6 Hz), 2.142.01 (2 H, m), 1.70 (2 H, quint..J =7.0 Hz), 1.44 (9
H, s) ppm. ¢ 33C NMR (125 MHz, CDCls): 156.0, 79.6, 64.9, 39.3, 28.4, 28.2, 2fipn . ¢+ IR: 2975,
2930, 2875, 2854, 1720, 1472, 1400, 1381, 1205, 1189, 1128, 892, 774t diRMS: calcd for
CeH1sCINaNO 4S: 294.0537, found 294.053M+Na*].

tert-Butyl (5 -(chlorosulfonyl)pentyl)carbamate ( 4d)
A1 (10 mol%)
DABSO (1.2 equiv.) cl
oc N COH NCS (2.5 equiv.) . N //S/\\o
H DCM, LED (400 nm) H o)

4d

According to GP4, the reaction was carried out with 6 -((tert-butoxycarbonyl)amino)hexanoic acid
(69 mg, 0.3mmol), DABSO (87 mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol,

10 mol%), N-chlorosuccinimide (100 mg,0.75mmol, 2.5equiv.) in degassed dichloromethane (6
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mL). The testtube was capped and the reaction mixture was irradiated with + $ # wODT T Uwopr wéi u

nm) while stirring at room temperature for 8 h . The reaction mixture was concentrated under

reduced pressure, and the remaining material was purified by flash chromatography on silica gel

(hexane/ ethyl acetate 4 : 1 v/v) to give the sutonyl chloride 4d (61 mg, 72%) as a colorless oil.

BOC\N/\/\/\S/?I 1H NMR (500 MHz, CDCI 3): 4.55 (1 H, brs), 3.723.60 (2 H, m), 3.14 (2
H & O H,q,J=6.3Hz), 213198 (2 H, m), 1.641.48 (4 H, m), 1.44 (9 H, s)

ppm.¢ 13C NMR (125 MHz, CDCl3s): 156.1, 79.5, 65.4, 40.2, 29.7, 28.6, 25.0, pp@d . ¢ IR: IR: 2972,

2922, 2863, 2851, 1458, 1380, 1375, 1208, 1180.¢rRMS: calcd for C1dH20CINO sSNa: 308.0694

found 308.069gM+Na"].

Pentadecane1-sulfonyl chloride (4e€)

A1 (10 mol%)
DABSO (1.2 equiv.)

NCS (2.5 equiv.) R -0
/W/COZH - i /\&*S\
13 DCM, LED (400 nm) 13 Cl
4e

According to GP4, the reaction was carried out with palmitic acid (77 mg, 0.3 mmol), DABSO (87

mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),N-chlorosuccinimide

(100 mg, 0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL). The testtube was capped

EQEwUT T wUI EEUPOOwWOPRUUUI wPEUWDUUEEDPEUI EwbDUT w+$#
temperature for 8 h. The reaction mixture was concentrated under reduced pressure, and the

remaining material was purified by flash chromatography on silica gel (hexane/ ethyl acetate 9 :

1 v/v) to give the sulfonyl chloride 4e (53 mg, 57%) as a colorless oil.

Q_o 'HNMR (500 MHz, CDCl3): 3.783.62 (2 H, m), 2.18

/\/\/\/\/\/\/\/S —
o 1.97 (2 H, m), 1.49 (2 H, pJ =7.7, 7.2 Hz), 1.461.17

(22 H, m), 0.88 (3 H, t,J =6.9 Hz) ppm. ¢ *C NMR (125 MHz, CDCl5): 65.7, 32.1, 29.82, 29.80, 29.76,
29.7,29.6, 29.5, 29.3, 29.0, 27.7, 24.4, 22.8, ppr8. ¢ IR: 2992, 1727, 1362, 1236, 1055, 915-ch
HRMS: calcd for C1sH3202SCl: 309.1655, found 309.166B/+H .
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Heptadecane-1-sulfonyl chloride (4f)

A1 (10 mol%)
DABSO (1.2 equiv.) o, 0
H25C 12 ~_~_-COOH NCS (2.5 equiv.) Ha5C 12~ ~S<

DCM, LED (400 nm)

Cl
4f

According to GP4, the reaction was carried out with stearic acid (85 mg, 0.3 mmol), DABSO (87
mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),N-chlorosuccinimide
(100 mg, 0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL). The testtube was capped
EQEwUT T wUI EEUPOOwWOPRUUUI wPEUWDUUEEDPEUI EwbDUT w+$#
temperature for 8 h. The reaction mixture was concentrated under reduced pressure, and the
remaining mat erial was purified by flash chromatography on silica gel (hexane/ ethyl acetate 19 :
1 v/v) to give the sulfonyl chloride 4f (63 mg, 62%) as a colorless oil.

O, 0 ™ NMR (500 MHz, CDCl 3): 3.768 3.61 (2 H, m), 2.1:1.96 (2 H,m),
H2sC1an S56 1621.45 2 H, m), 1.20 (26 H, dJ =10.6 Hz), 0.90 (3 H, tJ =6.8 H2)
ppm. ¢ 13C NMR (125 MHz, CDCls): 65.6, 32.1, 29.8, 29.8, 29.8, 29.7, 29.6, 29.6, 29.5, 29.3, 29.0, 27.7,
24.4, 22.8, 14.3pm. ¢ IR: 2984, 1735, 1373, 1243, 1047, 911, 788'. ¢+ HRMS: calcd for
C17H34ClO-S: 337.1968 found 337.1962AM ¢ H]*.

Heptane -4-sulfonyl chloride (49)
A1 (10 mol%)

o]
CO,H DABSO (1.2 equiv.) C|\§;O
NCS (2.5 equiv.) /\)\/\
PhCF3, LED (400 nm)
4g

According to GP4, the reaction was carried out with 2 -propylpentanoic acid (43 mg, 0.3 mmol),
DABSO (108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),N-
chlorosuccinimide (100 mg,0.75mmol, 2.5 equiv.) in degassed benzotrifluoride (6 mL). The test
UUEl WPEUWEExxT EWEOEwWUT |1 wUl EEUPOOwWODPRUUUI wPEUwWHUU
stirring at room temperature for 8 h . The reaction mixture was concentrated under reduced
pressure, and the remaining material was purified by flash chromatography on silica gel (hexane/
ethyl acetate 4 : 1 v/v) to give the sulfonyl chloride 4g (33 mg, 56%) as a colorless oil.

C|\('S)'go 1H NMR (500 MHz, CDCl 5): 3.47 (1 H, p,J =6.1 Hz), 2.10 (2 H, ddt,J =15.1, 10.9,
/\)\/\ 5.8 Hz), 1.82 (2 H, dq,J =14.6, 7.1 Hz), 1.55 (4 H, dt] =15.4, 8.0 Hz), 0.99 (6 H,

t, J =7.5 Hz) ppm. ¢ 13C NMR (125 MHz, CDCl3): 76.5, 32.0, 20.0, 14/8pm. ¢ IR:
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2941, 2902, 284, 1475, 1396, 1312, 1174, 842trh HRMS: calcd for C+H1602SCl: 199.0560, found
199.056(M *].

Tetrahydro -2H-pyran -4-sulfonyl chloride (4h )
o A1 (10 mol%)

DABSO (1.2 equiv.) 7
OH NCS (2.5 equiv.) Q/ ~cI
0 DCM, LED (400 nm) o

4h

According to GP4, the reaction was carried out with tetrahydro -2H-pyran -4-carboxylic acid (39

mg, 0.3 mmol), DABSO (87 mg, 0.36 mmol, 1.2quiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10

mol%), N-chlorosuccinimide (100 mg,0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL).
ThetestUUET wPEUWEEx x| EWEOEwWUT 1 wUI EEUDOOwWOPRUUUI wkhEUW
while stirring at room temperature for 8 h . The reaction mixture was concentrated under reduced

pressure, and the remaining material was purified by flash chromatography on silica gel (hexane/
ethyl acetate 4 : 1 v/v) to give the sulfonyl chloride 4h (38 mg, 69%) as a colorless oil.
o\\s,,o 1H NMR (500 MHz, CDCl 3): 4.194.14 (2 H, m), 3.75 (1 H, ttJ =11.9, 3.9 Hz), 3.44
Q/ °Cl (2 H,td, J=11.9, 2.2 Hz), 2.26 (1 H, ddd,) =12.8, 4.2, 2.1 Hz), 2.11 (2 H, dtd] =13.2,
° 11.8, 4.8 HZ)ppm. ¢ 3C NMR (125 MHz, CDCls): 71.5, 66.3, 27.4pm. ¢ IR: 2986,

2917, 2858, 1115, 1070, 1050, 953, 931, 910, 803, 77313 HRMS: calcd for CsH100sS: 185.0039,
found 185.0040[M+H -].

2,3-Dihydro -1H-indene -2-sulfonyl chloride ( 4i)

A1 (10 mol%)
DABSO (1.2 equiv.)

NCS (2.5 equiv.) Q
CO,H > S=0
DCM, LED (400 nm) !

According to GP4, the reaction was carried out with 2,3 -dihydro -1H-indene-2-carboxylic acid (49

mg, 0.3 mmol), DABSO (87 mg, 0.36 mmol, 1.2quiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10
mol%), N-chlorosuccinimide (100 mg,0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL).
ThetestUUET wPEUWEExx1 EWEQOEwWUT 1 wUI EEUDOOwWODPRUUUI whEUW

while stirring at room temperature for 8 h . The reaction mixture was concentrated under reduced
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pressure, and the remaining material was purified by flash chromatograph y on silica gel (hexane/
ethyl acetate 4 : 1 v/v) to give the sulfonyl chloride 4i (38 mg, 59%) as a colorless oil.
o 1H NMR (500 MHz, CDCI 3); 7.28 7.23 (4 H, m), 4.56 (1 H, ttJ =9.0, 6.7 Hz),
©i}‘°.’:° 3.69 (2 H, dd,J =17.1, 6.7 Hz), 3.57 (2 H, ddJ =17.1, 9.0 Hz)ppm. + 13C NMR
(125 MHz, CDCls): 138.4, 127.9, 124.7, 73.2, 35¢m. { IR: 3062, 3013, 2961,
2910, 2842, 1742, 1654, 1420, 1414, 1370, 1306, 1275, 1216, 1120, 1616 &RMS: calcd for
CoH02SCI: 216.0012, found 216.000[M ].

((15*,3R*)-3-Acetyl -2,2-dimethylcyclobutyl)methanesulfonyl chloride ( 4j)

A1 (10 mol%) c
s, DABSO (1.2 equiv.) N
026 é/ NCS (2.5 equiv.) = O//S\\O '
|( DCM, LED (400 nm) |(
(0] . 5

According to GP4, the reaction was carried out with cis-pinonic acid (55 mg, 0.3 mmol), DABSO
(87 mg, 0.36 mmol, 1.2 equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%), N-
chlorosuccinimide (100 mg,0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL). The test
UUE]l wPEUWEEx x| EWECEwWUT | wUl EEUPOOWOPRUUUI whPEUWBHUU
stirring at room temperature for 8 h . The reaction mixture was concentrated under reduced
pressure, and the remaning material was purified by flash chromatography on silica gel (hexane/
ethyl acetate 4 : 1 v/v) to give the sulfonyl chloride 4j (52 mg, 73%) as a colorless oil.
N 1H NMR (500 MHz, CDCl 3): 3.72 (1 H, dd,J =14.0, 6.4 Hz), 3.64 (1 H, ddJ =
o//S\b é/ 14.0, 7.7 Hz), 2.98 (1 H, ddJ =10.2, 7.5 Hz), 2.70 (1 H, dtd,) =10.4, 8.0, 6.4 Hz),
(( 2.25 (1 H, dt,J =11.6, 10.5 Hz), 2.13 (1 H, dt) =11.7, 7.9 Hz), 2.07 (3 H, s), 1.40
(3 H, s), 095 (3 H, s)ppm. ¢ 3C NMR (125 MHz, CDCls): 206.4, 66.5, 54.0, 43.9, 36.9, 30.4, 29.9,
23.2, 17.60pm. ¢ IR: 3040, 2950, 2924, 2867, 2257, 2136, 1700, 1351, 1184, 1150, 715% &RMS:
calcd for CoH15CIO3S: 239.0503, found 239.050M+H .
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(3R,7R,8R,9S,10S,13R,14S,17R)-17-((R)-4-(Chlorosulfonyl)butan  -2-yl)-10,13
dimethylhexadecahydro -1H-cyclopenta[ a]Jphenanthrene -3,7-diyl diacetate (4k)

COOH

A1 (10 mol%)
DABSO (1.2 equiv.)
NCS (2.5 equiv.)

DCM, LED (400 nm)

AcO"

According to GP4, the reaction was carried out with acid S15(71 mg, 0.15 mmol), DABSO (44 mg,
0.18 mmol, 1.2equiv.), acridine catalyst A1 (5 mg, 0.015 mmol, 10 mol%),N-chlorosuccinimide
(50 mg, 0.375mmol, 2.5equiv.) in degassed dichloromethane (3 mL). The testtube was capped
ECEwWUiI T wUl EEUPOOwWOPRUUUI wPEUWPUUEEDEUI EwbPDUT w+$#
temperature for 8 h. The reaction mixture was concentrated under reduced pressure, and the
remaining material was purified by flash chromatography on silic a gel (hexane/ ethyl acetate 9 :
1 v/v) to give the sulfonyl chloride 4k (40 mg, 50%) as a colorless oil.
O\\ 0 | =+ 70.5¢ 'H NMR (500 MHz, CDCl 3): 4.88 (L H, t,J =
S\/CI 3.2 Hz), 4.59 (1 H, t,J =11.4, 4.5 Hz), 3.64 (2 H, dddd,J =
63.6,13.8, 11.4, 4.8 Hz), 2.17 (3 H, s), 2.04 (6 HJd:13.4 Hz),
1.991.77 (3 H, m), 1.770.81 (24 H, ), 0.67 (3 H, s)ppm. ¢
13C NMR (125 MHz, CDCl3): 170.8, 170.5, 74.3, 71.3, 63.3,
AcO" “IOAC 55.4,50.5, 43.0, 41.1, 39.6, 38.0, 35.0, 34.9, 34.8, 34.7, 34.2, 31.4,
30.3, 28.2, 26.9, 23.6, 22.8, 21.7, 21.6, 20.8, 18.6, 11.9. ppiR: 2950, 21021720, 1682, 15431432,
1265, 1035, 89&¢m-™. ¢+ HRMS: calcd for C27H43ClO6S: 548.2807, found 548.28204+H .

4-Ox0-4-phenylbutane -1-sulfonyl fluoride ( 5a)

A1 (10 mol%)
DABSO (1.2 equiv.)

o NCS (2.5 equiv.) Q Q0
COLH DCM, LED (400 nm) ©)J\/VS\F
©)K/\/ then KHF, (2.3 equiv.)
MeCN, H,0, 50°C, 3 h 5a

According to GPS5, the reaction was carried out with 5-oxo-5-phenylpentanoic acid (58 mg, 0.3
mmol), DABSO (87 mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
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N-chlorosuccinimide (100 mg,0.75mmol, 2.5equiv.), in degassed dichloromethane (6 mL). The
test-tube was capped andtheUTl EEUDOOwWOPRUUUI whEUWPUUEEDPEUI EwbbUIT
stirring at room temperature for 8 h . After completion, the reaction mixture was concentrated
under reduced pressure and acetonitrile (2 mL), as well as a 2M aqueous solution of potassium
bifluoride (0.35 mL, 0.69 mmol, 2.3 equiv.), were added. The reaction was stirred at 50 °C for 3 h
before quenching with a saturated solution of potassium hydrogen sulfate (4 mL) and extracting
with ethyl acetate (3 x 10 mL). The organic layer was combined,dried over anhydrous sodium
sulfate, concentrated under reduced pressure, and purified by flash chromatography on silica gel
(hexane/ ethyl acetate 3 : 2 v/v) to give the sulfonyl fluoride 5a(69 mg, 99%) as a white solid.
Five-minute fluorination: According to GP5, the reaction was carried out with 5-oxo-5-
phenylpentanoic acid (58 mg, 0.3 mmol), DABSO (87 mg, 0.36 mmol, 1.2quiv.), acridine catalyst
Al (9 mg, 0.03 mmol, 10 mol%)N-chlorosuccinimide (100 mg,0.75mmol, 2.5equiv.), in degassed
dichloromethane (6 mL). The test-tube was capped and the reaction mixture was irradiated with
+$#wWOPT T Dwoptwd wkKYY wOOAwbi BO1 wiiebcorpidn, thé&rBaatiocrd OO wU 1 O
mixture was concentrated under reduced pressure and acetonitrile (2 mL), as well as a 2M
aqueous solution of potassium bifluoride (0.35 mL, 0.69 mmol, 2.3 equiv.), were added. The
reaction was stirred at 80 °C for 5 min before quenching with a saturated solution of potassium
hydrogen sulfate (4 mL) and extracting with ethyl acetate (3 x 10 mL). The organic layer was
combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and
purified by flash chromatography on silica gel (hexane/ ethyl acetate 3 : 2 v/v) to give the sulfonyl
fluoride 5a(59mg, 86%) as a white solid.

Gram scale for compound 5a According to GP5, 4 identical the reactions were carried out with
5-0x0-5-phenylpentanoic acid (270 mg, 1.4 mmol), DABSO (403 mg, 1.68 mmol, 1.2 equiv.),
acridine catalyst A1 (41 mg, 0.14mmol, 10 mol%), N-chlorosuccinimide (466 mg, 3.5 mmol, 2.5
equiv.), in degassed dichloromethane (28mL). The test-tube was capped and the reaction mixture
PEUWDPUUEEPEUI EwbPDPUT w+$#woOPT T Uwprwi wKYY wd@Awbi pOI
completion, the reaction mixture was concentrated under reduced pressure and acetonitrile (9
mL), as well as a 2M aqueous solution of potassium bifluoride (1.6 mL, 3.2 mmol, 2.3 equiv.),
were added. The reaction was stirred at 50 °C for 3 h beforequenching with a saturated solution
of potassium hydrogen sulfate (20mL) and extracting with ethyl acetate (3 x 40 mL). The organic
layer was combined, dried over anhydrous sodium sulfate, concentrated under reduced pressure,
and purified by flash chromatography on sili ca gel (hexane/ ethyl acetate 3 : 2 v/v) to give the

sulfonyl fluoride 5a(1.2g, 66%) as a white solid.
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) o 08 x 8 0 QU I NMRYE00 MHz, CDCl 3): 7.98 7.94 (2 H, m), 7.687.57

©)J\/VS\; (1 H, m), 7.49 (2 H, t,J =7.7 Hz), 3.58 (2 H, td,J =7.2, 4.4 Hz), 3.26 (2 H, t,
J =6.5 Hz), 2.41 (2 H, p,J =6.9 Hz) ppm. { 13C NMR (125 MHz, CDCl53):

197.9, 136.4, 133.8, 129.0, 128.1, 50.23, 50.18 &l16.5 Hz), 35.5, 18.Jpm.+ 1%F NMR (470 MHz,

CDCls): 54.0 ppm. ¢ IR: 1679, 1595, 1449, 1409, 1384, 1264, 1193, 1068. ¢nHRMS: calcd for
C10H 1103FS 230.0413 found 230.0421[M .

Methyl 5 -(fluorosulfonyl)pentanoate ( 5b)

A1 (10 mol%)
DABSO (1.2 equiv.)
0 NCS (2.5 equiv.)

Pt DCM, LED (400 nm) 0. .0
AN
s

Me0,C OH then KHF, (2.3 equiv.) Me0,C”~ > " g

MeCN, H,0, 50°C, 3 h

5b

According to GP5, the reaction was carried out with 6-methoxy-6-oxohexanoic acid (48 mg, 0.3
mmol), DABSO (87 mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),
N-chlorosuccinimide (100 mg, 0.75mmol, 2.5 equiv.) in degassed dichloromethane (6 mL). The
testUUET WPEUWEExx1 EWEQEwWUT | wUI EEUPOOWOPRUUUI whEUWHU
stirring at room temperature for 8 h . After completion, the reaction mixture was concentrated
under reduced pressure and acetonitrile (2 mL), as well as a 2M aqueous solution of potassium
bifluoride (0.35 mL, 0.69 mmol, 2.3 equiv.), were added. The reaction was stirred at 50 °C for 3 h
before quenching with a saturated solution of potassium hydrogen sulfate (4 mL) and extracting
with ethyl acetate (3 x 10 mL). The organic layer was combined, dried over anhydrous sodium
sulfate, concentrated under reduced pressure, and purified by flash chromatogr aphy on silica gel
(hexane/ ethyl acetate 19 : 1 v/v) to give the sulfonyl fluoride 5b (30 mg, 51%) as a colorless oil.
Tricomponent synthesis of compound 5b:

A3 (10 mol%)
/\/\)OJ\ DABSO (1.5 equiv.) 0. .0
- \S/
MeO.C OH NN O
2 NFSI (1.5 equiv.) Me0,C
DCM, LED (400 nm) 84

F

According to GP7, the reaction was carried out with 6-methoxy-6-oxohexanoic acid (48 mg, 0.3
mmol), DABSO (108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%),
N-fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6
mL). The testtube was cappeE WE OE wUT T wUI EEUDPOOwWOPRUUUI whPEUWDUUEE
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nm) while stirring at room temperature for 12 h . The reaction mixture was concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 9 : 1 v/v) to give the sulfonyl chloride 5b (31 mg, 53%) as a colorless oil.

O.,0 'HNMR (300 MHz, CDCl 5):3.68 (3 H, s), 3.463.33 (2 H, m), 2.39 (2 H, t,
Me0,C™ "5 J =7.1 Hz), 2.0%#1.93 (2 H, m), 1.881.72 (2 H, m)ppm. + 3C NMR (75
MHz, CDCl 5): 173.0, 51.9, 50.7 (dktr= 17.1 Hz), 33.1, 23.2, 23dpm .4 19F NMR (470 MHz, CDCl5):
53.6(s)ppm .t IR: 2954, 2925, 2857, 1732, 1471, 1400, 1248, 1195, 1248, 1195, 8XIM82ABHRMS:
calcd for CeH 1204FS: 199.0440 found 199.04481+H *].

Pentadecane-1-sulfonyl fluoride ( 5¢)

A3 (10 mol%)
DABSO (1.5 equiv.) 0. O

C1oH21~_~_~_-COOH > C10H21\/\/\/\\S//\
NFSI (1.5 equiv.) F
DCM, LED (400 nm)

5c

According to GP7, the reaction was carried out with palmitic acid (77 mg, 0.3 mmol), DABSO
(108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%), N-
fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6
mL). ThetestUUE] wPEUWEEx x| EWEOEwWUT | wUI EEUDPOOwWOBPRUUUI wheE
nm) while stirring at room temperature fo r 12 h. The reaction mixture was concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 49 : 1 v/v) to give the sulfonyl chloride 5c (53 mg, 60%) as agreen yellow
solid.
C10H21\/\/\8\\S//\O moé x 0 0 WE.RH NMRYBOO MHz, CDCI 3): 3.3%3.30 (2 H, m), 1.94
F(2H,tt, J=7.8, 6.5 Hz), 1.47 (2 H, quint.J =7.1 Hz), 1.39 1.13 (22H,
m), 0.930.83 (3 H m) ppm. ¢ 2*C NMR (75 MHz, CDCl 3): 51.0 (d,2kr = 16.0 Hz) 32.1, 29.8, 29.7,
29.6, 29.5, 29.3, 28.9, 28.0, 23.5, 22.8, Iphth. + 1%F NMR (470 MHz, CDCls): 53.2 (s)ppm. ¢ IR:
2952, 2916, 2847, 1465, 1386, 1302, 1196, 844, 813, 759, 73@m720 HRMS: calcd for CisH 3002SE
293.1951 found 293.1947M ¢ H].
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Heptadecane-1-sulfonyl fluoride (  5d)

A1 (10 mol%)
DABSO (1.2 equiv.)
NCS (2.5 equiv.)
DCM, LED (400 nm) 0
H25C 12~~~ -COOH = HypCroa~_~_S
then KHF, (2.3 equiv.) F
MeCN, H,0, 50°C, 3 h

o)

%
/N

5d

According to GP5, the reaction was carried out with stearic acid (85 mg, 0.3 mmol), DABSO (87
mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),N-chlorosuccinimide
(100 mg,0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL). The testtube was capped
and the reaction miR UUUI whPhEUWDPUUEEDPEUI EwPDUT w+$#wODT T Uwophuw
temperature for 8 h. After completion, the reaction mixture was concentrated under reduced
pressure and acetonitrile (2 mL), as well as a 2M aqueous solution of potassium bifluoride (0.35
mL, 0.69 mmol, 2.3 equiv.), were added. The reaction was stirred at 50 °C for 3 h before quenching
with a saturated solution of potassium hydrogen sulfate (4 mL) and extracting with ethyl acetate
(3 x 10 mL). The organic layer was combined, dried overanhydrous sodium sulfate, concentrated
under reduced pressure, and purified by flash chromatography on silica gel (hexane/ ethyl acetate
19 : 1 v/v) to give the sulfonyl fluoride 5d (65 mg, 67%) as ajyreen yellow solid .

Tricomponent synthesis of compound 5d:

A3 (10 mol%)
DABSO (1.5 equiv.) Oo.,0

C12H25\/\/\/COOH C12H25\/\/\/\\S//\
NFSI (1.5 equiv.) F
DCM, LED (400 nm)

5d

According to GP7, the reaction was carried out with stearic acid (77 mg, 0.3 mmol), DABSO (108
mg, 0.45 mmol, 1.5 equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%), N-
fluorobenzenesulfonimide (142 mg, 0.45 mmo] 15 equiv.), and degassed dichloromethane (6
mL). ThetestOUET wPEUWEExx1 EWEOEwWUT T wUT EEUDPOOWOPRUUUI whE
nm) while stirring at room temperature for 12 h . The reaction mixture was concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate19 : 1 v/v) to give the sulfonyl chloride 5d (65 mg, 68%) as agreen yellow
solid.
H25012\/\/\O/\\S//\O 06 x 6 838G. ¢+ *H NMR (500 MHz, CDCI 3): 3.443.27 (2 H, m), 2.00
F1.86 (2H, m), 1.48 (2 Hyuint., J =7.3 Hz), 1.38 1.19 (26 H, m), 0.88 (3 H,
t, J =6.9 Hz) ppm.+ 33C NMR (125 MHz, CDCl3): 51.05 (d,2k+=16.2 Hz), 51.1, 51.0, 32.1, 29.8, 29.8,

S72

Go back to table of contents




29.8, 29.7, 29.6, 29.5, 29.3, 29.0, 28.0, 23.5, 22.8,dphB ¢ 1%F NMR (470 MHz, CDClIs): 43.95ppm.
¢ IR: 2980, 2953, 2925, 2862, 1714, 1453, 1403, 1380, 1301, 1202, 1188, 1130, 1113, 965, 940, 862, 808
cm?. ¢+ HRMS: calcd for C17H3402SF: 321.2264, found 321.22gM ¢ H].

2-(4-Fluorophenyl)ethane -1-sulfonyl fluoride (5e€)
0 A3 (10 mol%) %o

. S/
/@/\)J\OH DABSO (1.5 equiv.) _ /@/\/ \F
F NFSI (1.5 equiv.) F

DCM, LED (400 nm)

5e
According to GP7, the reaction was carried out with 3-(4-fluorophenyl)propanoic acid (50mg, 0.3
mmol), DABSO (108 mg, 0.45 mmol, 1.%equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%),
N-fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6
mL). ThetestOUET wPEUWEExx1 EWEOEwWUT T wUT EEUPOOwWOPRUUUI whkE
nm) while stirring at room temperature for 12 h . The reaction mixture w as concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate19: 1 v/v) to give the sulfonyl chloride 5e (37 mg, 60%) as a colorless oil.
Q,_o HNMR (300 MHz, CDCI5): 7.287.15 (2 H, m), 7.186.99 (2 H, m), 3.663.53

/©/V = (2H,m), 3.283.18 (2 H, m)ppm. t 1*C NMR (75 MHz, CDCl 3): 1623 (d, 1t
F F = 246.6 Hz), 131.8 (d4kr = 3.7 Hz), 130.1 (d3% = 8.2 Hz), 1162 (d, 3k =
21.8 Hz), 523(d, 2k = 15.6 Hz), B.0ppm. +19F NMR (470 MHz, CDCl3): 54.0 ppm. ¢ 1%F NMR (470
MHz, CDCls): 53.67 (t,J =4.1 Hz), $ 114.63 (tt,J =8.9, 5.4 Hz)ppm. ¢ IR: 3035, 2964, 2933, 2841,

1735, 1511, 148, 1402, 1258, 1227, 1194, 1165, 1016, 892, 861, 838 ¢ HRMS: calcd for
CsH s02F2S: 206.0213 found 206.0213M ].

Pentadecane-7-sulfonyl fluoride  (5f)
o) A3 (10 mol%) o

DABSO (1.5 equiv.) ‘520
OH F
NFSI (1.5 equiv.)

DCM, LED (400 nm)
5¢

According to GP7, the reaction was carried out with 2-hexyldecanoic acid (77 mg, 0.3 mmol),

DABSO (108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%),N-

fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6

mL). ThetestUUET wPEUWEExx1 EWEOEwWUT 1 wUI EEUPOOwWOPRUUUI wphE
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nm) while stirring at room temperature for 12 h . The reaction mixture w as concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 49 : 1 v/v) to give the sulfonyl chloride 5f (69 mg, 78%) as a colorless oil.
O\\S,,O H NMR (300 MHz, CDCl 5): 3.30 (1 H, pd,J =6.2, 1.9 Hz), 2.0¥1.90 (2 H,
“F m), 1.881.70 (2 H, m), 1.661.40 (4 H, m), 1.481.22 (16 H, m), 0.88 (6 H,
td, J =6.8, 3.0 Hz)ppm. { 3C NMR (75 MHz, CDCl 3): 63.0(d, 2k+= 10.2
Hz), 31.9 31.5, 29.4, 29.3, 29.1, 29.26.3 22.8, 22.6, 14.,214.1ppm. ¢ 9F
NMR (470 MHz, CDCls): 46.91 (d,J =42.9 Hz)ppm. ¢ IR: 2961, 2925, 2872, 2856, 1722, 1473, 1408,
1384, 1206, 1188, 1118, 893, 775, 6&1ct HRMS: calcd for C1sH3002FS: 293.1951, found 293.1963

[M-H"].
Cyclohexanesulfonyl fluoride  (59)

O A3 (10 mol%) o o
DABSO (1.5 equiv.) S~
OH - O/ .
NFSI (1.5 equiv.)

DCM, LED (400 nm)

59

According to GP7, the reaction was carried out with cyclohexanecarboxylic acid (38 mg, 0.3
mmol), DABSO (108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%),
N-fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6
mL). ThetestUUE] wPEUWEEx x| EWEQOEwWUT | wUI EEUDPOOwWODPRUUUI whE
nm) while stirring at room temperature for 12 h . The reaction mixture w as concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 49 : 1 v/v) to give the sulfonyl chloride 5g (32 mg, 64%) as a colorless oil.

O\\S//O 1H NMR (500 MHz, CDCls): 3.30 @ H, ttd, J =12.2, 3.6, 1.5 Hz), 2.32.24 @ H, m),
O/ ‘v 1.95@H,dt J=13.0,4.0 Hz), 1.801.61 @ H, m), 1.4G 1.19 @H, m) ppm. ¢ *C NMR

(125 MHz, CDCl 3): 61.1 (d, 2+ = 12.6 Hz), 26.6, 24.9, 24(@m . 4 *F NMR (470 MHz,

CDCls): 39.09 (s)ppm. ¢ IR: 2972, 2941. 2917, 2863, 1740, 1689, 1454, 1399, 1335, 1238, 1199, 1184,
1016, 827, 715nt. ¢ HRMS: calcd for CeH1002FS: 165.0386, found 165.03981-H+].
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Cycloheptanesulfonyl fluoride  (5h)

A3 (10 mol%) 0]

OH DABSO (1.5 equiv.) . S\l/:
NFSI (1.5 equiv.)

DCM, LED (400 nm)

5h

According to GP7, the reaction was carried out with cycloheptanecarboxylic acid (43 mg, 0.3
mmol), DABSO (108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%),
N-fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6
mL). ThetestOUET wPEUWEExx1 EWEOEwWUT T wUI EEUPOOWOPRUUUI whkE
nm) while stirring at room temperature fo r 12 h. The reaction mixture was concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 49 : 1 v/v) to give the sulfonyl chloride 5h (35 mg, 68%) as a colorless oil.
O, o ' NMR (500 MHz, CDCl 5): 3.44 (1 H, ttd,J =9.6, 4.6, 2.6 Hz), 2.34 (2 H, dddJ =

-

S\F 16.2, 8.5, 4.3 Hz), 2.00..80 (4 H, m), 1.651.50 (6 H, m)ppm. ¢ *C NMR (125
MHz, CDCI 3): 63.0 (d,2kr=10.4 Hz), 283, 282, 255 ppm. ¢ 19F NMR (470 MHz,

CDCls): 39.87ppm. ¢ IR: 3008, 2970, 2938, 2862, 1748, 1720, 1473, 1397, 1366, 1225, 1196, 817, 793,
775m-1. ¢ HRMS: calcd for C7H14FO2S: 181.0699 found 181.070M+H -].

((3aS,5aR,8aR,8bS)-2,2,7, #Tetramethyltetrahydro -3aH-bis([1,3]dioxolo)[4,5 -b:4',5-d]pyran -3a
yl)methyl 4 -(fluorosulfonyl)butanoate  (5i)

. A1 (10 mol%)
OA\\\‘\ DABSO (1.2 equw
0 0 NCS (2.5 equiv.) o
\L DCM, LED (400 nm) WO
0.0
MCO# then KHF, (2.3 equiv.) \l\ J\/\/ //\

MeCN, H,0, 50°C, 3 h

S16

According to GP5, the reaction was carried out with acid S16(112 mg, 0.3 mmol), DABSO (87 mg,

0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10 mol%),N-chlorosuccinimide

(100 mg,0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL). The testtube was capped

ECEwWUiI T wUl EEUPOOwWOPRUUUI wPEUWPUUEEDEUI EwbPDUT w+$#
temperature for 8 h. After completion, the reaction mixture was concentrated under reduced

pressure and acetonitrile (2 mL), as well as a 2M aqueous solution of potassium bifluoride (0.35

mL, 0.69 mmol, 2.3 equiv.), were added.The reaction was stirred at 50 °C for 3 h beforequenching
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with a saturated solution of potassium hydrogen sulfate (4 mL) and extracting with ethyl acetate
(3 x 10 mL). The organic layer was combined, dried over anhydrous sodium sulfate, concentrated
under reduced pressure, and purified by flash chromatogr aphy on silica gel (hexane/ ethyl acetate
3 : 2 vIv) to give the sulfonyl fluoride 5i (93 mg, 76%) as a colorless oil.

Five-minute fluorination: According to GP5, the reaction was carried out with acid S16(112 mg,
0.3 mmol), DABSO (87 mg, 0.36 mmol, 1.2equiv.), acridine catalyst A1 (9 mg, 0.03 mmol, 10
mol%), N-chlorosuccinimide (100 mg,0.75mmol, 2.5equiv.) in degassed dichloromethane (6 mL).
ThetestUUET wPEUWEEx x| EWEOEwWUT 1 wUI EEUPOOwWOPRUUUI whPEUW
while stirring at room temperature for 8 h . After completion, the reaction mixture was
concentrated under reduced pressure and acetonitrile (2 mL), as well as a 2M aqueous solution
of potassium bifluoride (0.35 mL, 0.69 mmol, 2.3 equiv.), were added. The reaction was stirred at
80 °C for 5 min before quenching with a saturated solution of potassium hydrogen sulfate (4 mL)
and extracting with ethyl acetate (3 x 10 mL). The organic layer was combined, dried over
anhydrous sodium sulfate, concentrated under reduced pressure, and purified by flash
chromatography on silica gel (hexane/ ethyl acetate 3 : 2 v/v) to give the sulfonyl fluoride 5i (87

mg, 71%) as a colorless oil.

k | =413 (c 0.08, CHCJ). + *H NMR (500 MHz, CDCl 3): 4.60

5 % o (1 H, dd, J =7.9, 2.6 Hz), 4.45 (1 H, dJ =11.6 Hz), 4.294.21 (2
(@]

O, 0 H,m), 4.07 (LH,d,J=11.6 Hz), 3.89 (1 H, ddJ =13.0, 1.9 Hz),

\::LO OMS\ ) ( ) ( )

F3.76 (1 H, dd,J =12.9, 0.8 Hz), 3.563.49 (2 H, m), 2.62 (2H, t.)
=6.8 Hz), 2.27 (2 H, pJ =7.0 Hz), 1.54 (3 H, s), 1.48 (3 H, s), 1.38 (3 H, s), 1.34 (3 Hpp)M. ¢ 13C
NMR (125 MHz, CDCls): 171.2, 109.3, 109.0, 101.5, 70.9, 70.1, 66.1, 61.4, 49.9, 49.7, 31.42@6.6,
25.3, 24.2, 19.@pm. ¢ %F NMR (470 MHz, CDCls): 53.8 ppm. ¢ IR: 2989, 2937, 1741, 1452, 1403,
1383, 1266, 1252, 1206, 1165, 1146, 1103, 1071, 1019 ¢nHRMS: calcd for CieH2sFOsSNa:
435.1096, found 435.109/M+Na .

Heptane -4-sulfonyl fluoride (5j)

0 A3 (10 mol%) 0\\ .0
DABSO (1.5 equiv.) S~
OH > F

NFSI (1.5 equiv.)
DCM, LED (400 nm)

5j
According to GP7, the reaction was carried out with valproic acid (43 mg, 0.3 mmol), DABSO
(108 mg, 0.45 mmol, 1.5equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%), N-
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fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6
mL). ThetestUUE] wPEUWEEx x| EWEOEwWUT | wUI EEUDPOOwWOBPRUUUI wheE
nm) while stirring at room temperature fo r 12 h. The reaction mixture was concentrated under
reduced pressure, and the remaining material was purified by flash chromatography on silica gel
(hexane/ ethyl acetate 49 : 1 v/v) to give the sulfonyl chloride 5] (34 mg, 62%) as a colorless oil.
Q. o 'HNMR (500 MHz, CDCl 3):3.3%3.25 (1 H, m), 2.081.89 (2 H, m), 1.78 (2 H, ddtd,
; J=14.3,9.9, 6.5, 1.7 Hz), 1.60.47 (4 H, m), 0.98 (6 H, tJ =7.3 Hz) ppm. ¢ 1%C
NMR (125 MHz, CDCl3s): 62.6 (d,2X+=10.4 Hz), 31.1, 19.7, 13 890m. ¢ F NMR
(470 MHz, CDCl5s): 47.42 ppm.t IR: 2974, 2885, 2255, 1737, 1471, 1405, 1365, 1264,
1216, 110, 905, 729 cm. + HRMS: calcd for C7H 1402FS: 181.0699, found 181.0698 -H"].

(3R,5R,8R,9S5,10S,12S,13R,14S,17R)-17-((R)-4-(Fluorosulfonyl)butan -2-yl)-10,13
dimethylhexadecahydro -1H-cyclopenta[ a]Jphenanthrene -3,12diyl diacetate (5k)

A1 (10 mol%)
DABSO (1.2 equiv.)
NCS (2.5 equiv.)
DCM, LED (400 nm)

L
>

then KHF, (2.3 equiv.)
MeCN, H,0, 50°C, 3 h

AcO™

According to GP7, the reaction was carried out with acid S17(118 mg, 0.3 mmol), DABSO (108

mg, 0.45 mmol, 1.5 equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%), N-
fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6

mL). ThetestOUET wPEUWEExx1 EWEOEwWUT T wUT EEUDPOOwWOPRUUUI wheE
nm) while stirring at room temperature for 12 h . The reaction mixture was concentrated under

reduced pressure, and the remaining material was purified by flash chromatograph y on silica gel

(hexane/ ethyl acetate 4 : 1 v/v) to give the sulfonyl fluoride 5k (84 mg, 55%) as a colorless solid.
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m.p.: 55158" & wt =+ 35.6 (c0.13, CHG). + 'H NMR (500

MHz, CDCl 5): 5.07 (1 H, t,J =2.9 Hz), 4.70 (1 H, tt,J =11.3, 4.6

Hz), 3.39 (1 H, ddt, J =15.4, 11.4, 4.3 Hz), 3.24 (1 H, dddd) =
14.5,10.9, 5.3, 3.7 Hz), 2.07 (7 H, d,=37.9 Hz), 1.941.75 (3 H,

m), 1.74 1.52 (10 H, m), 1.541.39 (4 H, m), 1.380.94 (6 H, m),
0.930.82 (6 H, m), 0.74 (3 H, sppm. # 3C NMR (125 MHz,
CDCly): 170.7, 170.5, 75.8, 74.3, 49.5, 48.7 {d=16.3 Hz), 47.5, 45.3, 41.9, 35.8, 34.9, 34.5, 34.21,
34.18, 32.4, 29.3, 27.5, 27.0, 2635.0, 25.8, 23.5, 23.2, 21.6, 21.5, 17.6, Yhh. + F NMR (470

MHz, CDCl3): 52.26 ppm ¢ IR: 2938, 2868, 1727, 1448, 1400, 1379, 1362, 1240, 1195, 1161, 1089,
1026, 971 cmt. ¢ HRMS: calcd for C2/H 4FOsSNa: 537.2657, found 537.265B4+Na .

AcO™

(3R,7R,8R,9S5,10S,13R,14S,17R)-17-((R)-4-(Fluorosulfonyl)butan -2-yl)-10,13
dimethylhexadecahydro -1H-cyclopenta[ a]phenanthrene -3,7-diyl diacetate (5I)

COOH A1 (10 mol%)
DABSO (1.2 equiv.)
NCS (2.5 equiv.)
DCM, LED (400 nm)

L
-

then KHF, (2.3 equiv.)
MeCN, H,0, 50°C, 3 h

AcO™
S15 51

According to GP7, the reaction was carried out with acid S15(118 mg, 0.3 mmol), DABSO (108

mg, 0.45 mmol, 1.5 equiv.), acridine catalyst A3 (9 mg, 0.03 mmol, 10 mol%), N-

fluorobenzenesulfonimide (142 mg, 0.45 mmol, 15 equiv.), and degassed dichloromethane (6

mL). ThetestUUE] wPEUWEEx x| EWEQOEwWUT | wUI EEUDPOOwWOBPRUUUI wheE

nm) while stirring at room temperature for 12 h . The reaction mixture w as concentrated under

reduced pressure, and the remaining material was purified by flash chromatography on silica gel

(hexane/ ethyl acetate 4 : 1 v/v) to give the sulfonyl fluoride 51 (102 mg, 66%) as a colorless solid.

m.p.: 86t90°" 6 w+t =+ 75.1(c0.16, CHG).+ H NMR (500

MHz, CDCl 5): 4.88 (1 H, q,J =3.1 Hz), 4.59 (1 H, tt,J =11.4, 4.5

Hz), 3.40 (1 H, ddt, J =18.7, 11.4, 4.3 Hz), 3.38.22 (1 H, m),

2.141.91 (10 H, m), 1.85 (3 H, qdJ =10.8, 4.1 Hz), 1.761.55 (6

H, m), 1.541.23 (7 H, m), 1.281.03 (4 H, m), 0.99 (3 H, dJ =

6.5 Hz), 0.93 (3H, s), 0.67 (3H, Ppm .+ 13C NMR (125 MHz,

CDCls): 170.6, 1704, 74.1, 71.1, 55.3, 50.4, 48.4 ®=16.2 Hz), 42.8, 40.9, 39.4, 37.9, 34.9, 34.8, 34.6,
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34.5, 34.0, 31.3, 29.2, 28.0, 26.8, 23.5, 22.7, 21.6, 21.5, 20.6, 18.ZpM.%# °F NMR (470 MHz,
CDCl3): 52.1 ppm. ¢ IR: 2939, 2812, 1730, 1504, 1462, 140250, 891 cnt. + HRMS: calcd for
C27H 43FOsSNa: 537.2657, found 537.265MM+Na .
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Computational Data

1. Software

Quantum chemical calculations were performed using the Stampede2 and Frontera
supercomputers at the Texas Advanced Computing Center (TACC)2¢ hosted by the University of
Texas and the Expanse supercomputer at the San Diego Supercomputer Center (SDSC) hosted by
UC San Diego!” DFT/TD-DFT geometry optimization, vibrational frequency, and IRC
calculations were conducted using Gaussian 16 (rA.03):2 The CREST utility?® of the xTB software
suite2e2t was used in conjunction with manual conformational searching to locate initial sta rting
geometries for optimization via DFT. General day -to-day visualization and monitoring of
calculations was performed with Chemcraft (v1.8 -610b)22 Energy decomposition analysis was
performed using the Absolutely Localized Molecular Orbital Energy Decom position Analysis
(ALMO -EDA2) and Complementary Occupied -Virtual orbital Pairs (COVP) methods of Head -
Gordon and co-workersz24 as implemented in Q-Chem 5.3.1%5 Activation Strain/Distortion
Interaction calculations were performed using the Bash script pA SDI.26 Electron-hole?” analyses
were performed using Multiwfn 3.8(dev) using formatted checkpoint and log files derived from
Gaussian 1628 NBO calculations were performed with the NBO 7.0 program suite. 2° Images of

optimized minima and transition states w ere prepared using CYLview. 30

2. Details of Computational Methods

Gaussian 16 DFT calculations

Geometries of ground state minima and transition states were optimized without constraints

using the D3(BJ}t32 dispersion-corrected PW6B952 DFA. The PW6B95(D3BJ) DFA was selected

on the basis of its excellent general performance in both thermochemical and NCI benchmarking

studies.3* DFT calculations were performed using the def2-TZVP35 basis set in the SMD solvation
model* U UDOT wOT DOPEDEDDOWOI apPOUEJ w" OOYI UT 1 OETl weubUI U
Ul OwOOw?U0UPTT U2 uEOEWEOWUOUUEI POl wi UPEwPEUWUI OI EUI EC
were used to confirm the nature of the isolated stationary points. Geometries with zero imaginary

frequencies were deemed minima whereas those with exactly one imaginary frequency along the

chemical path of interest were deemed transition states. IRC calculations were performed to

further corroborate that the located transition states conneded reactants to products. The quasi

harmonic approximation from Grimme et af” was applied via GoodVibes3é to all structures to

correct for potential errors associated with low magnitude vibrational frequencies using a cut -off

frequency of 50 cm®. Single point calculations were performed at the def2-TZVP-optimized
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stationary points at the PW6B95(D3BJ) / def2TZVPPD / SMD (DCM) level of theory. The

electronic energy calculated at the def2TZVPPD level replaced that calculated at the def2-TZVP

level and is reported in the final calculated thermodynamic values. The def2 -TZVPPD basis set
was implemented in G16 by appending diffuse functions obtained from the EMSL BSE * to the
Gl6-available def2-TZVPP basis set.

3. Distortion/Interaction -Activation Strain Analysis of TS1 and TS2
Given a reaction coordinate ¢ connecting reactants to products through a transition state
geometry, the Distortion/Interaction -Activation/Strain model “° allows for the partitioning of the

electronic energy along the reaction coordinate, )“’f , into the sum of two terms:

Y Ym v I < 1)
where S”ﬁ. {s$he sum of the strain energy required for two non -interacting equilibrium reactant

geometries (R1 and R2) to deform over the course of a chemical reaction:

Y vy Ymo e Ym iy 2
Y rm ¢ Ve Ym e Yrd 3
Y m i e Yim: e Y (4)

and Y, ig the interaction energy between the two distorted fragments along the reaction

coordinate:

o o

yﬁfii - <« 7F yﬁ!g;;;g \ ()

A distortion/interaction -activation strain analysis was performed for TS1 and TS2 at the
PW6B95(D3BJY def2-TZVP / SMD (DCM) level of theory. IRC calculations were performed for
TS1 and TS2 at the same level of theory using a stepsize of 3 to generate ahigh density of
nonstationary points along the reaction coordinate through each transition state. The Bash script
pASDI was used to extract and create single point energy calculations for intermediate geometries
obtained along the IRCs of TS1 and TS2. In total, 79 intermediate geometries were extracted from
each of theTS1 and TS2 IRC calculations. Additionally, pASDI can be used to define and create
G16 single point calculations for molecular fragments to investigate how ¥ m . ,apd }V’W?;_ <
fluctuate over the course of a reaction at the level of individual reagents. Fragmer”\vt definitioﬁs
were created for TS1 and TS2 according to Figure S6 with the green fragment consistently

representing CHal. In total, 474 single point calculations were performed to obtain representative
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electronic energies along the intrinsic reaction coordinates of TS1 and TS2. These electronic
energies were plotted with respect to the infinitely separated reagent equilibrium energies and

projected along the I| CHs bond coordinat e of each reaction#

Q% Ts1 2 ()
D %d, Y o %
QOB ”

00?30 j’ %‘ 9

Figure S6. Fragment definitions for TS1and TS2.

<
P

4. Energy Decomposition Analysis via ALMO -EDA2

The second generation Absolutely Localized Molecular Orbital Energy Decomposition Analysis
(ALMO -EDA2) method of Head-Gordon and co-workers was employed to gain quantitative
insight into the intermolecular forces governing the interaction energy of TS1 and TS2. This

method decomposes the interaction energy, Y - ., jpto three initial terms:

)

Ve «Ym s YR n ey (6)

where >"’|fﬂ » is the difference between the energy of the isolated, noninteracting fragments and
Ul 1T w?i udal OwElI OUPUa~> wi Ol UT aOwUT | wi O UT AawWEUUOEDPEUI
transition state geometry without allowing intrafragment orbital relaxation  nor interfragment
delocalization, thus isolating the yﬁ » ferm from polarization and charge transfer. The yITIF= -
term is the energy contribution associated with polarization obtained by allowing the frozen
fragment-localized orbitals to relax witho ut interfragment orbital delocalization. Finally, the >"’|f|=4|
term arises from the energy lowering effects of donor/acceptor interactions resulting from
interfragment orbital delocalization(s).

Using ALMO -EDA2, the i’ﬁ » ferm can be further decomposed into three constituent

terms:
Y wer Yiptom Yru gt Y Fr: vem (7
Where yWH o kepresents Pauli repulsion, yff » J@Presents permanent electrostatics, andy Fri Vem

represents attractive interactions associated with dispersion. ALMO -EDA2 was employed at the
PW6B95(D3BJ) def2-TZVP / SMD (DCM) level of theory in Q -Chem 5.3 using thegeometries of
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TS1 and TS2 optimized at the same level of theory. The results of the ALMO -EDA2 analysis are
tabulated in Table S1.

Table S4. ALMO -EDAZ2 energy decomposition analysis of TS1and TS2.

Total

Structure prep . Epaui | Ebpisp . Erlec = . Evpol . Esal . g
YFE - «

TS1 0.0 73.0 -11.4 -37.7 -24.7 -7.8 1.7 -6.9

TS2 0.0 57.6 -12.0 -31.5 -25.3 -3.2 3.8 -10.6

Energies reported in kcal/mol.

kKdw#1 EOOx OUD UEOtErms (via uCdinblémentary Occupied -Virtual orbtial Pairs

(COVPs)

To gain insight into the dominant donor/acceptor orbital interactions contributing to the  Ecr

terms of TS1 and TS2, Charge Decomposition Analysis (CDA) was performed using the
Complementary Occupied -Virtual orbital Pairs (COVP) method in tandem with the ALMO -

EDA2 method at the PW6B95(D3BJ) def2-TZVP / SMD (DCM) level of theory.

COVP analysis of TS1identified a dom inant stabilizing ( -19.0 of &t =-24.7 kcal/mol) interaction

between an acridinyl N -centered orbital donor and CHsl h WOUEDUEOWEEEI xUOUB w2E
analysis of TS2 indicated a single dominant stabilizing interaction ( -18.9 of Ecr =-25.3 kcal/mol)

between a Scentered orbital donoranda CHslb d uWOUEDUEOQWEEET x UOUS w

6. Optimized Geometries (PW6B95(D3BJ) / def2 -TZVP / SMD (DCM))
Al

E(RPW6B95D3) =1247.96069158

Charge =0 Multiplicity = 1
-7.9348919406-1.3268358786-0.766902648
-6.8039455570-1.7766712762-0.1667079500
-5.7210673330-0.8965378580 0.0935284215
-5.8476853263 0.478294222-0.2802285898
-7.0441570563 0.905293237®.9141807869
-8.0552355729 0.0302729443.1495558175
-4.7771352669 1.334405427%.0155293525
-3.6313061258 0.8173627722 0.5922391302
-3.6084164929-0.5742938721 0.95386060
-2.4471013676-1.1124496658 1.5313570506
-2.4498243572-2.1650981159 1.7680242398

T O00000000O0
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-1.3781526629-0.3224620816 1.8048332166
-1.4024031830 1.0563611654 1.4869669203
-2.4950326221 1.609423880 0.9010795748
-8.7510118798-2.0055952898-0.9611647163
-6.6899700475-2.8085619794 0.1270841847
-7.1371269320 1.93742402241.2119434320
-8.9583321822 0.3663373179.6346609732
-0.4998808535-0.7425149737 2.2703352705
-0.5437407930 1.6681656429 1.7155169445
-2.5109820953 2.6615757758 0.6639162039
-4.6302078094-1.3923717232 0.6731609312
-4.8670007089 2.7731536129.3526496461
-4.207332626 3.3244570550-1.4440680747
-5.6328697428 3.6238074190 0.4374169308
-4.2958326234 4.671678968.7432080096
-5.7289481256 4.9725730252 0.1533648052
-6.1534046370 3.2098125915 1.2872213838
-5.0584602812 5.49666938670.9383348215
-3.7728990441 5.064139937€.6000391298
-6.3262051146 5.6122136452 0.7836478519
-5.1275931826 6.5480364836..1692743129
-3.2539759499 2.309011510€.4797310886

I T T OITOOOOO0OZITITIT I I I ITOOO

@]

Mel
E(RPW6B95D3) =337.872505071
Charge =0 Multiplicity = 1

C 0.3100809855 1.4039550538.0249881567

H 0.6887772070 0.3924050242 0.0096085016

H 0.6888817987 1.9399155254.8835697043

H -0.7698756656 1.4241780832 0.0098892933

| 1.0210596844 2.4099573733 1.7171443460 <0
TS1

E(RPW6B95D3) =1585.80657288

Charge =0 Multiplicity = 1

-7.851857234 -1.3469130248-0.9939093828
-6.7301316937-1.8162395071-0.3880450053
-5.6757890085-0.9337130596 -0.0458703581
-5.8113095871 0.452826873®.3626073808
-7.0014403813 0.898310682M.9932973555
-7.9952045830 0.0252284788.2961289583
-4.7565243212 1.3127041598.0521227019
-3.5915296321 0.7898417706 0.5123395747
-3.5372083791-0.6098706874 0.B5695805

O0O000000a0
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-2.3415525071-1.1515711628 1.3236144147
-2.2772179792-2.2137030299 1.4894679745
-1.2783228978-0.3478001077 1.5856714638
-1.3403553903 1.0421440027 1.3428058661
-2.4640238349 1.593459953 0.8189535422
-8.6415581397-2.0324544628-1.2590546821
-6.6158395202-2.8684818510-0.1890903712
-7.0986223197 1.9433224294..2388854369
-8.8936903011 0.3724014769.7809660521
-0.3703961998-0.7762075588 1.9806718014
-0.4860221681 1.6604034387 1.5680401068
-2.5116501362 2.6526239172 0.6227805275
-4.5770741430-1.4125320510 0.5442320754
-4.8784858520 2.7650678793.3111706377
-4.255711618 3.37976777751.3898745224
-5.6381921367 3.5579619320 0.5414808546
-4.3749966318 4.73815852111.6178384427
-5.7627450620 4.9173756691 0.3283385219
-6.1300350336 3.0921206433 1.3813403163
-5.1299254430 5.507018746%.7523426749
-3.8814639813 5.1826800712.4665904875
-6.3535796538 5.5140287824 1.0049330089
-5.2228958066 6.5671516114D.9279115844
-3.3133636023 2.4318336702.4958600191
-4.7540762940-3.1903772335 1.6571510652
-4.3812013386-3.7761289952 0.8432968504
-4.0860657666-2.7940488714 2.3922490408
-5.8033403730-3.011414182 1.7639129847
-5.0089232106-5.3557066969 3.1034404&55

I T T OITOOOOOZIITITIIIITOOOIO0

ITITOO

Al-Me*/1-

E(RPW6B95D3) =1585.86089491

Charge =0 Multiplicity = 1
-7.9064665720-1.2922607260-0.9534207530
-6.8108624730-1.7867201100-0.3099895140
-5.7516231990-0.9283132600 0.0403111860
-5.8400295950 0.448575177@.3082856540
-7.0019355550 0.916533857®.9705181610
-8.0153389700 0.07008849941.2824176110
-4.7765056850 1.301494105®.0101169310
-3.6189506450 0.7828133550 0.5724082410
-3.5621830170-0.5992666870 0.8989503730
-2.3704688700-1.1250371540 1.83003560
-2.2759879410-2.1743518730 1.6420559860

T O00000000O0
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-1.3041929060-0.3051390080 1.6559453120
-1.3632959460 1.0717443820 1.3771419420
-2.4948019170 1.5993893460 0.8460988890
-8.7010015350-1.969489458 -1.2241190550
-6.7583740510-2.8397888110-0.1067426260
-7.0576704890 1.95933018441.2338049260
-8.8931805030 0.43155759501.7925773690
-0.3952088090-0.7285441430 2.0529858940
-0.5090948030 975941830 1.5775643690
-2.5547333640 2.6506640980 0.6183403770
-4.6484507930-1.3895487940 0.6873408430
-4.8797403280 2.747079940@.3078622650
-4.2548899300 3.318839675.4083893950
-5.622920440 3.5701085550 0.5301229590
-4.3581967240 4.6714828574.6728078970
-5.7275832090 4.9245773550 0.2796252450
-6.1153692380 3.1345083420 1.3855086890
-5.0951065940 5.473860036@.8222333070
-3.8667166510 5.085487403(2.5379418670
-6.3041606020 5.5485493690 0.9435004270
-5.1747396600 6.52984083141.0264742850

I T T OITOOOOO0OZITITIT I I I ITOOO

Cl -3.3355585560 2.323734190€2.4902214290
C -4.6197174090-2.7711644720 1.1753392100
H -4.1645079290-3.4264814380 0.4401052650
H -4.0630398800-2.8103853740 2.0989202190
H -5.6228848930-3.1006560720 1.3921049950
| -4.4060775060-6.2977141400 2.8D177360
MeSO:2H

E(RPW6B95D3) =589.775039374

Charge =0
-0.5874389593
0.9734947852

Multiplicity = 1

S 2.1694317384 0.0412973061
o] 1.8586404008.3561569044
O -1.2766042293 2.686230697.1449597032 g
C -0.9928226249 0.4408940070 0.1283504227 ;/‘
H

H

H

H

-2.0616776009 0.3735451344 0.3073192712
-0.7356324869-0.0129970869-0.8248159422
-0.4441679617-0.0189518925 0.9442267836
1.4949784577 2.656374561-0.192046498

DABCO
E(RPW6B95D3) =345.911628501
Charge =0 Multiplicity = 1

C -1.2483988393 0.8851799918).0375017948
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Z2 2 I T OIT T OIITOIITOIITIITO

TS2

-1.7729443768
-1.5627935762
-1.6168913339
-2.4375222353
-2.3245012202
0.7167452385
1.8031108317
0.4452967866
0.1301241634
0.9183936384
-0.5234524227
0.1920492100
1.0409663051
-0.3760902632
0.6550130356
1.7393934688
0.2387124682
-0.6536075066
0.2113634279

2.3369918865 0.0379336382
0.4001806773.9597323737

0.2889287388

0.7950763160

2.5596413913.7947162955

2.5092039231

0.9602537429

1.5947708621.1633681456

1.61649487943.1058030842
1.0333032144.0603150962
3.0241985622.2065088136
3.7722382282.2664878750
3.158876809-2.0662705792

3.0471128713
3.7253314495
3.3050186800
1.5730376982

1.1680797132
1.1057089596
2.0598500962
1.2063274682

$018084317 1.2660179906

1.0518133936

2.0662638985

3.2734419033.0003810737

0.8798450076

E(RPW6B95D3) =1273.56815581

I T T OITI T T T O OO0OW

I OIT T T T OO

Charge =0

3.7684230226
2.7314687213
5.0565457618
4.0916674837

1.8924107033
2.5753965054
2.8642638975
1.7390917882
3.2446398925
1.1610251498
2.0460032090
1.3957831134
3.1052772024
1.8957510432
2.0445360751
1.2127004289
1.3576561913
1.0299793340

Multiplicity = 1

0.0002173084

1.785229472@.9410340133

1.7333429231

0.1472061759

2.3394814570.4835438674
0.0483012938.2390455506
4.8560418893-0.0359637241-2.0053418876
4.4410938409-0.3773857923-0.3011723814
3.1741073391-0.4337401536-1.5616794263
3.1015064737 0.5140952230
3.1528663392.64@®538511
2.531382467.4658343017
2.865804086&.0365224752
3.9243728914.3151796508
4.744611294B.9904076600
5.1790671586.3525843668
6.3733027053 1.0659622600
5.0820853824 0.5645975152
5.215018932D.7212420619
6.7575742133 1.8477242951
7715617020 0.3533162808
3.9419111265 2.3311934632
2.9597319359 2.6530898476

Go back to table of contents

87

. )
(&

a




2.3819520356
0.4163586660
-0.526406995
0.8715808743
-0.6716883967
-1.6709620178
-0.7495775862
-0.0274277214
-0.5215201919
0.0131480447
0.1356040394
1.3676726609

MeSO:Me
E(RPW6B95D3) =629.165402607

I T T OII T T O O0OO0OW

Charge =0
-0.4741290925
0.9518885156
-1.2920766677
-1.0516381107
-2.1119446527
-0.8787855511
-0.4875801811
-0.7859950644
-0.4438691549
-1.8510219393
-0.2263863114

4.0963428807 2.6527742121
5.0661014070 2.7872108194
4.6592839789 3.1415641485

5.6235377338 3.6001891942
5.2667497352 0.6865067280
5.1088279662 1.0806024644
5.89501073720.1961328418
3.9175043715 0.3325594992
3.0777336454 0.8089425897
3.748548851-D.7379566724
5.9682223657 1.8439598
3.9498341405 0.8438585986

Multiplicity = 1

2.1836350634.0424785456
2.1414875539.2525557848
2.8184854334.0461886152
0.5359385065 0.1846557657
0.5555396159 0.4128336743
0.018003546:D.7545536487

0.0648605354
2.9654690223
3.9914588438
2.9435285644
2.4584505144

0.98285D

1.5037743582
1.4026431549
1.7084854210
2.2824802478

DABCO -H*/ I
E(RPW6B95D3) =644.46609368

Charge =0 Multiplicity = 1

O I T OITI T OI ITITITOO

-0.4042369438
-0.5537952300
-0.7205248254
-0.9237770837
-1.2267996181
-0.9641304313
1.7779151192
2.8347492615
1.4894417282
1.3947344421
2.2827355069
0.7078902562
1.5694184785

4.0933905521 0.7399047152
5.6072885004 0.9558822934
3.7762319009.2476338317
3.5033469720 1.4860880877
6.0219824412 0.2118385653
5.8162477840 1.9395005222
4.3609007108.3077698547
4.20707486449.1198294000
3.8017412964.1904134891
5.8464307845.3813365176
6.4494887644.5433766103
6.025628525-1.2033361851
5.8626700539 1.9883174300
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2.5734387765 6.2456606916 1.8307019452
1.1750263657 6.3077895368 2.8965280343
1.5864514913 4.3323337616 2.1208895596
2.5827342284 8272632249 2.2557040122
0.9453912507 3.9710976628 2.9176051162
0.7443412387 6.2631059363 0.8550566809
1.0454761649 3.7819806948 0.8498099825
1.1729273924 2.7552592576 0.8471963934
1.543763411 0.3070986736 0.8370819802

- I Z2Z I I O I I

7. TD-DFT and Hole/Electron of Acridinyl excited states
DFT and TD-DFT calculations to obtain the excitation energies of substituted acridinyl
xT OUOEEUEOGaUUUwPI Ul wxl Ui OO 631186 SIDWECM) levél f w01 1 wo!
UOT 1T OUadww3di 1T wUl OD BFA piyunddtate DFT andd D DK T7optimizations was
motivated due to its accuracy across ground state geometries and energies relative to the
GMTKNS55 database*? and its ability to generate physically sound geometries for low -lying singlet
excited states# Additionally, therange -Ul x EUEUT Ewi a EUDE wbD BRAGdivesia®d wUT 1 we
bulwark against errors associated with long -range charge transfer excited state$ by providing
for accurate long-range interactions between hole and electron#® The dispersion-corrected

6! N ADDFA also serves to appropriately treat noncovalent interactions. 47

Wd w! 1 OET OE U b 631161 NSMD (DCM)

To verify the use of TD-# %3 wE U w U iDI/ 831+ *k /SMD (DCM) level of theory for
the calculation of excited state properties of acridinyl photocatalysts, benchmarking calculations
were performed. The ground state and three lowest singlet excited states of unsubstituted
acridine (A4) were first obtained via DFT and TD -DFT calculations, respectively, in the gas phase
EQwUT | 4D 66-F41+G* level of theory and verified as minima on their respective energy
surfaces via frequency calculations. This process was repeated in the solvent phase using the
6! NAD7 6-311+G** / SMD (DCM) level of theory for opti mization and frequency calculations.
The differences in free energy between the optimized ground state and each of the optimized
singlet excited states, the band origin Eo, were calculated and compared with theoretical
CASSCF/MSCASPT2® values, with both DFT/TD-DFT-based approaches demonstrating
excellent agreement with the CASSCF/MSCASPT?2 literature values for unsubstituted acridine.

The results from these calculations are summarized in Table <b.
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Table S5. Benchmarking performance of selected TD-DFT method in comparision with
previously reported CASSCF/MSCASPT?2 calculationsfor the three lowest singlet excited states
of acridine (A4).

Eo Eo (Sol.) c
0
State 6! N7 6-311+G**/ 6! NADB-311+G**/
(CASSCF/MSCASPT?2)
Gas Phase SMD(DCM)

S1 76.96 72.82 75.64
S2 77.52 72.41 77.02
S3 71.80 72.41 73.33

GoodVibegorrected free energies (kcal/mol); cutoff frequency: 501caim, T = 298.15 K (25° C).

The referenced CASSCF/MSCASPT2 calculations had identified that, after adiabatic relaxation,
two singlet excited states corresponding to closelying wtuwf transitions. To determine whether
the chosen TD-DFT method reliably reproduced these data, the nature of charge transfer between

ground and each of the three low-lying singlet excited states was investigated by comparing the

electron density difference between the ground and respective excited stateg®:
Ya > zgg» 2>
Plots of the charge difference densities(Figure S7) revealed that the first and second absorptions

Figure S7. Plots of Ground/Excited State Charge Density Differences for acridine (A4). Green
surfaces correspond to regions of increasing electronic density. Blue surfaces correspond to

regions of decreased electronic density.
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9. Electron-hole Analysis of Acid -Compl exed Acridines
Electron-hole analysis can provide quantitative insight into the magnitude and direction
of change in electronic density upon single electron excitation.® The electronic density difference

Yz » between ground state density 7z, { »and excited state densityz .y »:

~

Z 2> AP (8)

can be partitioned into regions corresponding to a decrease (hole) or increase (electron) of
electronic density upon excitation:

Yz » i H I

ZI.IJI}'““ i SH 9
Yz » i HI

2] b A (10)

The degree to which these two regions overlap is represented via the S index which has a

theoretical upper limit of 1.0 representing perfect hole/electron overlap:

LET ARG, »®»  Z|. aBZgugt B> (11)
By superimposing a three-dimensional grid of X/Y/Z coordinates atop a molecule, it is possible

to discretize the density functions z _a i <B.and z |. « p to oObtain the respective barycenters
of electron (Reee)and hole (Rnoe) density distr ibutions:

o Pgm J'—qkn-.b 1 ~ L
=|-'- ATy U —-.I'ﬂ-.l'&-.- (12)
v Y l-m -’ 1 d sl
iR BT L Fal- gl v m (13)

The magnitude of the vector connecting Rele and Rnole is captured by the D index:

rET AAE . T oy (14)
Two centroids of charge At 1 &pd A& 4 & o0eprasenting explicit regions of electron depletion
and increment, respectively, can be derived for visualization purposes by characterizing the

RMSD of hole and electron with respect to the X/Y/Z direction. For instance, the X component of
Kei i1 issexpressed by:

- ey . ® éln..zh..:rb (15)
The overall difference between RMSD of hole and electron, the, b wb OrEpreBents the breadth
of distribution between hole and electrons:

YAET AA@L. s 5. ). Sg (16)

1
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The half distance between these two centroids is termed theH index:
S ET AADmeat ] oy 17)

The H index can also be expressed in the direction of CT viaHcr by multiplying the H index by
uct, a CT-orineted unit vector:
Tef & Orf (18)
Finally, the t index measures the degree of separation between hole and electron in the direction
of charge transfer. A large-valued t index indicates a significant degree of CT character.
€1 AARET A kg (19)
Table S summarizes the quantitative characterization of Hole and Electron for the series of acid-

complexed acridines.

Table S5. Quantitative characterization of electron-hole analysis.

Transition D, A S,a.u. b Her H, A t, A _E, eV
S1 0.133 0.86349 -0.139 1.401 2.909 -1.268 3.577

S2 0.107 0.91301 0.128 1.18 2.829 -1.073 4.082

S3 1.24 0.49028 0.593 1.562 2.424 -0.322 4.598
S1-H 0.24 0.81995 -0.283 1.502 2.879 -1.261 3.426
S2-H 0.175 0.87277 0.029 1.305 2.823 -1.131 4.032
S3-H 4.208 0.17133 0.471 1.63 2.529 2.578 4.425

10. Optimized &1 O O1 UUD 1 DuiepE 1+8%* /7Gas Phase)
A4

E(RwB97XD) =-555.497377004

Charge =0 Multiplicity = 1
-7.9215651133-1.3436806848-0.8286625556
-6.7966759325-1.8031517101-0.2172129502
-5.7108713166-0.9179317200 0.0686668983
-5.8372232317 0.460062793%).3038019602
-7.0349453722 0.9021649052.9440492528
-8.0449844604 0.0277602709.1983107269
-4.7716310962 1.3077539606.0184225788
-3.6336808165 0.8093585134 0.6078197420
-3.6110026645-0.5850699028 0.9373980023
-2.4491808581-1.1140061728 1.5813777341
-2.4498034451-2.1701721363 1.8229964469
-1.3922797517-0.3086874779 1.8725508155
-1.4171423046 1.0783762614 1.5436763148

OO0 T O0O000O0O0O00O0
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-2.5033259345 1.6204970158 0.9307150345
-8.7391434404-2.0235739900-1.0408640814
-6.6834759789-2.8412750320 0.0714949848
-0.5160397279-0.7200842495 2.3610943980
-2.5297847730 2.6753736748 0.6772046253
-4.6253963186-1.4126678896 0.6704565605
-8.9520968994 0.3680503542.6844613814
-0.5616332266 1.6980692496 1.7867351444
-4.8281794960 2.359730138%).2848093688
-7.1213840776 1.94753382311.2223737741

I T T T Z2 I T T T O

A4-S1

E(TD-DFT) =-555.370014962

Charge =0 Multiplicity = 1
-7.9590404898-1.3346379438-0.8475980637
-6.7882889686-1.7873713137-0.2170529696
-5.7241124180-0.9178382549 0.0626868244
-5.8514482639 0.465282430%.3113988880
-7.0278829540 0.889096694D.9378779966
-8.0795859972-0.0049861845-1.2063817847
-4.7726701322 1.327083263D.0233172437
-3.6202525729 0.8189616244 0.6116631778
-3.5979952727-0.5808156436 0.9422771231
-2.4591082995-1.101128882 1.5739609104
-2.4583320492-2.1575289474 1.8162627329
-1.3564015897-0.2880170610 1.8839622058
-1.3796346687 1.0570602307 1.5654373520
-2.5088759344 1.6054295404 0.9316684407
-8.7632409294-2.0321684326 -1.0497398360
-6.6764392609-2.8261644976 0.0712007590
-0.4914332622-0.7209583582 2.3723678276
-2.5235778203 2.6620745644 0.6830437951
-4.6251387624-1.4174592351 0.6716698495
-8.978268163 0.35475157921.6931922990
-0.5344878681 1.6932217743 1.8000611483
-4.8291634526 2.378034793@.2894445670
-7.1260684534 1.9325082679.2210404270

I T T T Z I I I ITO0O0OO0OIO0O0O000O0O0O0O00

A4-S2
E(TD-DFT) =-555.315308291

Charge =0 Multiplicity = 1
C -0.0295445165 3.6062575459 0.7878267740
C -0.0399657524 2.4333807822 1.4600111029
C -0.0293405155 1.1986623365 0.7284168284
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-0.0057663646 1.2252266921.7713474480
0.0029799224 2.50915097501.3816697475
-0.0078088678 3.6597166453.6592673228
0.0047514980 0.0000001954.4219618104
-0.0057475076-1.2252265075-0.7713473427
-0.0293214065-1.1986625073 0.72867719
-0.0399306768-2.4333811132 1.4600112706
-0.0562467445-2.3944033888 2.5419508598
-0.0294944910-3.6062578934 0.7878269043
-0.0077586693-3.6597164818-0.6592672351
0.0030156340-2.5091506359-1.3816697086
-0.0381258992 4.5351534933 1.3466082806
-0.0562807897 2.3944029109 2.5419507082
-0.0380636986-4.5351540310 1.3466082868
0.0186340334-2.5432297477 -2.4675672302
-0.0379508564-0.0000001758 1.2254832747
-0.0007464276 4.6214056194..1553322022
-0.0006850800-4.6214053445-1.1553321940
0.0221136426 0.0000003522.5098945022
0.0185987126 2.543230277-2.4675673186

I T T T Z I T T T OO0O0OOIO0OO0OOoOOo0OonOoo0o

A4-S3
E(TD-DFT) =-555.378915320
Charge =0 Multiplicity = 1
C -3.5977352574-0.7803511486-0.0333089059
C -2.4282356753-1.4504588174-0.0377167639
C -1.1956475904-0.7214617824-0.0326543814
C -1.2224379284 0.Bb426752 -0.0227261035
C -2.5038547499 1.3845667594.0187191698
C -3.6510959281 0.6643525218).0236317054
C -0.0000000138 1.424451725@®.0183052145
C  1.2224379119 0.776542690P.0227259482
C  1.1956476(F -0.7214617583-0.0326541437
C  2.4282357079-1.4504587600-0.0377176791
H
C
C
C
H
H
H
H
N
H

2.3903451122-2.5310480186-0.0446447366
3.5977352779-0.7803510741-0.0333091354
3.6510959149 0.664352602P.0236319893
25038547197 1.3845668118).0187199203
-4.5252994213-1.3384064978-0.0366529211
-2.3903450605-2.5310480749-0.0446439259
4.5252994520-1.3384064084-0.0366526307
2.5377236698 2.469047113%.0110581352
0.0000000128-1.2150126276-0.0361907709
-4.6114143176 1.159726435@.0200262592
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H 4.6114142883 1.1597265404.0200259231
H -0.0000000248 2.5109990321€.0111920867
H -2.5377237256 2.4690470619.0110576904

huhud w. xUPOP AT Ewa&l -O08-3013@ / GMDEAEMN A 7
A4

E(RwWB97XD) =-555.518373780

Charge =0 Multiplicity = 1
-7.9253978612-1.3412708994 -0.8309392667
-6.8010032446-1.8053714149-0.2186519067
-5.7136440854-0.9224194902 0.0684469725
-5.8371663790 0.456011037%.3028483822
-7.0335863148 0.9030808059.9436474326
-8.0464956480 0.03083798621.1996956852
-4.7714933163 1.305190826:.0177735288
-3.6333047890 0.8053573518 0.6089053650
-3.6077983507-0.5886102126 0.9396508395
-2.4446900465-1.1148280679 1.5835869001
-2.4342521253-2.1707890434 1.8301360354
-1.3887686536-0.3051135787 1.8733123075
-1.4159847390 1.0818770156 1.5433954393
-2.5047596624 1.6209702166 0.9299614589
-8.7443755568-2.0196386496-1.0441199319
-6.6986987522-2.8467701111 0.0659031047
-0.5113155325-0.7145706789 2.3619575469
-2.5371053253 2.6751229332 0.6739677106
-4.6251942071-1.4164277914 0.6714086621
-8.9532307433 0.3724967328..6859900017
-0.5609925287 1.7027969203 1.7859406651
-4.8280278771 2.3569095549.2840951261
-7.1141604977 1.9495885528.2195936743

I I T T Z I I I ITO0O0OO0OIO0O0O0O0O0O0O0O0O0O0

A4-S1

E(TD-DFT): -555.397834

Charge =0 Multiplicity = 1
-7.92540000 -1.34127000 -0.83094000
-6.80100000 -1.80537000 -0.21865000
-5.71364000 -0.92242000 0.06845000
-5.83717000 0.456010060.30285000
-7.03359000 0.903080000.94365000
-8.04650000 0.030840001.19970000
-4.77149000 1.305190060.01777000
-3.63330000 0.80536000 0.60891000
-3.60780000 -0.58861000 0.93965000

O0000000aO0
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-2.44469000 -1.11483000 1.58359000
-2.43425000-2.17079000 1.83014000
-1.38877000 -0.30511000 1.87331000
-1.41598000 1.08188000 1.54340000
-2.50476000 1.62097000 0.92996000
-8.74438000 -2.01964000 -1.04412000
-6.69870000 -2.84677000 0.06590000
-0.51132000 -0.71457000 2.36196000
-2.53711000 2.67512000 0.67397000
-4.62519000 -1.41643000 0.67141000
-8.95323000 0.372500001.68599000
-0.56099000 1.70280000 1.78594000
-4.82803000 2.356910060.28410000
-7.11416000 1.949590001.21959000

I T T T Z2 I T T T OOOITO

A4-S2

E(TD-DFT) =-555.397833684

Charge =0 Multiplicity = 1

-0.0436149371 3.6167367918 0.7550726876
-0.0860935657 2.3733105783 1.4115572906
-0.0399829545 1.1®064546 0.6963740332
0.0521039937 1.2216660889.7387218114
0.0930801686 2.4700912668.3658390007
0.0452241972 3.6656335300.6219881812
0.0970155295-0.0000080111-1.4465630998
0.051629933 -1.2216728436-0.7387350033
-0.0404479162-1.1678968486 0.6963605450
-0.0870166709-2.3732931924 1.4115291415
-0.1567729458-2.3247290575 2.4929793166
-0.0450147932-3.6167282172 0.7550300546
00437990331 -3.6656443415-0.6220318770
0.0921198283-2.4701074644-1.3658596180
-0.0809449065 4.5304435124 1.3366973597
-0.1558751965 2.3247600564 2.4930064445
-0.0826932405-4.5304278146 1.3366430306
0.1620117761-2.5131721060-2.4480896197
-0.0847556977 0.0000091726 1.3836169811
0.0787447283 4.6177195158.1387420988
0.0769513123-4.6177359792-1.1387990039
0.1664799396-0.0000171931-2.5310042469
0.1630098930 2.5131561012.4483623242

I T T T Z I I I ITOO0OO0OIIO0O0OO0000O0O0O00

A4-S3
E(TD-DFT) =-555.397833875
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Charge =0 Multiplicity = 1

-0.0393350108 3.6167892340 0.7553139966
-0.0782301444 2.3734399706 1.4120669314
-0.0355852400 1.1680799434 0.6966631188
0.0498054218 1.2216854050.7387481635

0.0867878225 2.470114909Q.3661493324

0.0424544226 3.6656231798.6222044862

0.0922250712-0.0000000307 -1.4467647299

0.0498062756-1.2216854065-0.7387480175

-0.0355853484-1.1680799316 0.6966632024
-0.0782319162-2.3734399464 1.4120669303
-0.1425083598-2.325022887 2.4938006982

-0.0393364302-3.6167892192 0.7553140329
0.0424550659-3.6656231595-0.6222043382

0.0867894908-2.4701149122-1.3661491643

-0.0738424060 4.5304165019 1.3372226109
-0.1425054082 .3250228998 2.4938007650
-0.0738450768-4.5304164530 1.3372226196
0.1508310945-2.5131912455-2.4489402774

-0.0762442098 0.0000000245 1.3836763181
0.0728130956 4.6175495424.1394407118

0.072819632 -4.6175495290-1.1394405452

0.1571554973-0.0000000916-2.5305106101

0.1508285121 2.5131912132.4489395807

I I T T Z I I I ITO0O0O0O0OIO0O0O0O00O0O0O0O00

SO

E(RwB97XD) =-1475.27259352

Charge =0 Multiplicity = 1
-7.8681769074-1.4444278296-0.8197639091
-6.7449224488-1.8834330768-0.1889798598
-5.6782544563-0.9791217621 0.1011042784
-5.8134720227 0.393880335®).2765803495
-7.0092449978 0.81193876360.9388917265
-8.0033846677-0.0794697258-1.2015006510
-4.7593159480 1.2680677970 0.0168984417
-3.6187121215 0.7758947242 0.6636427837
-3.5796646509-0.6135734861 1.0013053591
-2.456391399 -1.1310827681 1.6647241860
-2.4067937536-2.1844052733 1.9197713106
-1.3783628572-0.3146413931 1.9631568357
-1.4116162888 1.0673954646 1.6224605915
-2.4961003886 1.5969799665 0.9936663712
-8.6720558356 -2.1380608191-1.0365211897
-6.6351415539-2.9214490740 0.1030153218

I T OO0 I O0O0O000O0O0O0O0
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S1

-7.1131185240
-8.9068604419

1.8508960532.2298343834
0.2455117438..7045474278

-0.5056425530-0.7161831392 2.4660483367
-0.564(®%49218 1.6967635432 1.8683686396

-2.5206728349

2.6493380249 0.7352211027

-4.5873924833-1.4493321689 0.7195517053

-4.8636880184
-4.4358868229
-5.4073844309
-4.5402938436
-5.5186400519
-5.7438520155
-5.0848092789
-4.1993051730
-5.9437897420
-5.1680410897
-3.7448298831

2.713262370®.3279774247
3.21881122511.5536164772
3.6063855174 0.5965481511
4.56820374611.8635656837
4.9583765526 0.3026309817
3.2246524532 1.5542739008
5.4382081109.9282057726
4.9312894704.8255489439
5.6357150802 1.0340504508
6.49238573871.1663893926
2.1351741312.7473790983

-5.0503334973-4.2689255464
-5.5752242927-3.3971604451
-4.4767682338-4.0436176801
-4.5435383601-3.0712022691
-4.9772164936-5.7122266385
-5.4972133278-6.3268541519
-3.9342692319-6.0371400393
-5.4316753854-5.8513399865

E(TD-DFT) =-1475.15474245

Charge =0 Multiplicity = 1

2.6912807165
3.3523655962
1.5164321247
1.2667944175
3.0987113869
2.3594092535
3.1225669711
4.0780428450

-7.8116197010-1.508738887 -1.0169594352
-6.6511723037-1.9291236334-0.3503071573
-5.6345606128-1.0226518417-0.0128861143
-5.7866135331 0.359463556D.3671494799
-6.9626850050 0.7519882894.0124646630
-7.9677928990-0.1764758574-1.3426443546
-4.7455452477 1.267458615%.0189763318
-3.6094975177 0.7725170919 0.6808798745

-3.5615358940-0.6251829674
-2.4525932929-1.1255748370
-2.4276850069-2.1816119342
-1.3868295100-0.2915694771

1.0046183499
1.7021997353
1.9471653541
2.0751820390

-1.4201466378 1.0478520322 1.7455758150
-2.5226882746 1.5742299556 1.0456965386
-8.5790188326-2.2320501999-1.2657118802

T OO0O0O0OITOO0OO0OO0O0O0O0OO0O0O0
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-6.5263206850-2.9717791881-0.0801221408
-7.1115710539 1.7966768038.2621999529
-8.8612275851 0.1665610714.8509949147
-0.5436811359-0.7074522641 2.6138269132
-0.6016295734 1.7038663379 2.0173583100
-2.5240588897 2.6259930522 0.7833060741
-4.5483157647-1.4856398243 0.6527007332

-4.8596416785
-4.7014082771
-5.1372039732
-4.8296791221
-5.2702337362
-5.2595387730
-5.1193853907
-4.6967859861
-5.4940202486
-5.2213355148
-4.2920774855

2.7077739331.3347019925
3.21839902641.6262709784
3.6226524366 0.6885268345
4.57291062841.9028330506
4.9788649606 0.4287827823
3.2463341623 1.6982791005
5.454161587D.8693902027
4.9335603872.9156229987
5.6633045786 1.2390151563
6.51198550811.0829835509
2.138928868+2.9482682249

-5.0772339947-4.1981909279
-5.6011801605-3.2951015256
-4.4887710080-4.0290152602
-4.5371651989-3.0627913335
-5.0197550307 -5.6229126452
-5.4965554504-6.2745950174
-3.9769042024-5.9368669281
-5.5205938119-5.7226730319

2.7200987927
3.3395188508
1.5446926899
1.2490998820
3.1925141029
2.4561949704
3.2840648353
4.1539266888

S2

E(TD-DFT) =-1475.15473250

Charge =0 Multiplicity = 1
-7.8326700225-1.493898816 -0.9323174608
-6.6699944918-1.9087005602-0.2658268946
-5.6477471074-1.0016235853 0.0522512318
-5.7966270178 0.3754424389).3227846744
-6.9744620913 0.7627870979.9681222498
-7.9854507678-0.166378017 -1.2779084361
-4.7492837994 1.2841295887 0.0028230743
-3.6107312940 0.7961205589 0.7030892558
-3.5652887863-0.5967434422 1.0476844111
-2.4516625356-1.0907462152 1.7423543546
-2.4273381044-2.143439388 2.0014417689
-1.3801440375-0.2548077738 2.0942818497
-1.4121664732 1.0799865181 1.7462497909
-2.5187707850 1.5997461191 1.0479581087

OO0 ITO0O0OO0O00000O0O0
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S3

-8.6043444780-2.2179282653-1.1652078344
-6.5486964355-2.9478693183 0.0186515192
-7.1198774974 1.80395501441.2341856183
-8.8803157528 0.17236804141..7865982067
-0.5335731674-0.6657623272 2.6313569476
-0.5894721004 1.7372820923 2.0018407357
-2.5192617591 2.6476904792 0.7707674790
-4.5585678758-1.4586307141 0.7172653927

-4.8573018826
-4.6941245644
-5.1334988769
-4.8165352677
-5.2604652098
-5.2594327796
-5.1049604717
-4.6803981743
-5.4831660534
-5.2024497654
-4.2873013875

2.7185748514.3413142671
3.2011959209.6429833682
3.6555009078 0.6618634545
4.54993201801.9485596131
5.0065347444 0.3731291411
3.3011167781 1.6790973352
5.4537550186).9343933857
4.888584876&.9684971797
5.7088390852 1.1682397957
6.5072239804..1704244069
2.0916823816.9406696102

-5.1092496646 -4.2734355404
-5.7534652285-3.4336707671
-4.4285780116-4.0193168377
-4.5176021753-3.0491588044
-4.9941880033-5.7083324743
-5.3875380119-6.3578979519
-3.9425121200-5.9668646793
-5.5470409712-5.8717614874

E(TD-DFT) =-1475.15456262

C
C
C
C
C
C
C
C
C
C
H
C
C

Charge =0 Multiplicity = 1

2.6669577886
3.2615774410
1.5586055318
1.2876036003
3.0961704692
2.3100377234
3.2416183868
4.0196156185

-8.1290107943-1.2461436725-0.6996493737

-7.0565470199-1.6698984709 0.0986479912
-5.9654331866-0.8279617697 0.3630779269

-5.9504100938
-7.0409300580
-8.1228746582
-4.8357435124
-3.8031193350

0.4905050381.2036504269
0.8903475374.9813079965
0.02694373321.2335042702
1.3351510583 0.0715126352
0.8500882267 0.9210818187

-3.9229978494-0.4763444568
-2.9236845198-0.9603699548
-3.0483677849-1.9512347224
-1.7978346294-0.1838461406

-1.6622996823 1.0783476006 2.0924020519
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-2.6566748670

1.5882597754 1.2354323134

-8.9566097511-1.9199243258-0.8871574155
-7.0617569045-2.6632442814 0.5330833036

-7.0594474591
-8.9460247714

1.8899229472.4011534872
0.3718622574.8481382507

-1.0421871286-0.5845464979 3.2978275395

-0.7939586195
-2.5233702676

1.6860182621 2.3183915019
2.5749342563 0.8070099021

-4.9677699355-1.2888920560 1.1596080838

-4.7755201432
-4.4958673916
-5.0054787349
-4.4597031294
-4.9749187275
-5.2223363569
-4.7043853433
-4.2343778905
-5.1644600430
-4.6775838242
-4.1405321755

2.7096240910.4712847015
2.98392908921.8133194467
3.8027937822 0.3731537125
4.2807879972.3075632836
5.1047050626).1051613802
3.6113839921 1.4184185481
5.34383647146.4481237466
4.45518320063.3527418014
5.9313667299 0.5698768909
6.3573731454.8315609094
1.6674588212.9182003537

-4.5078109085-4.5218052831
-4.1461777331-3.8642850310
-4.9034687251-3.9839629493
-4.8883047791-2.9759464732
-4.5548961314-6.0218881558
-5.5758274837-6.3541554095
-3.9186487205-6.3973387007
-4.2189039303-6.4235497264

S1-H
E(TD-DFT) =-1475.15123655

C
C
C
C
C
C
C
C
C
C
H
C

Charge =0 Multiplicity = 1

2.5682686399
3.5239087174
1.4252678023
1.4546084450
2.5466636082
2.3429091874
1.7413513291
3.5009741415

-7.7371286542-1.3981319152-1.2656877776
-6.6236008876-1.8463%2764 -0.5374953726
-5.6268431795-0.9419877226-0.1525309086
-5.7267532206 0.442721388@.4765138467
-6.8401079510 0.8471724458.2212993018
-7.8420207875-0.0656082104-1.6064918178
-4.6936269468 1.3317788801.0650680912
-3.5822428033 0.8099608839 0.6639914994

-3.5306339234-0.5861114311
-2.4557984426-1.1354471513
-2.4502544369-2.2025968077
-1.4136185404-0.3149092268
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C -1.4551705140 1.0429786285 1.8503738307
-2.5338888632 1.6012156553 1.1416000854
-8.5029198807-2.1061971392-1.5577238637
-6.5133426101-2.8960878710-0.2620305970
-6.9356935982 1.8856437574.5154184521
-8.6910341000 0.2929661012.1760094803
-0.5856738207-0.7515054760 2.6464278640
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-0.6585605503
-2.5502790320

1.6906380798 2.1964081802
2.6708753417 0.9667520184

-4.5443818716-1.4000349341 0.5341284488

-4.7928497358
-4.0269431892
-5.6810683891
-4.1206200893
-5.7850468874
-6.2854102547
-5.0018846412
-3.5149434131
-6.4756062256
-5.0764788743
-2.9342847218

2.7791841793.3538051820
3.4061315494.3404000749
3.5757172599 0.3780394064
4.7689425044.5870243606
4.9394892968 0.1449812460
3.1059351946 1.1463107061
5.5365562620.8365986883
5.2214152416.3628247266
5.5350372394 0.7308058732
6.6011858444.0261809275
2.454951724+42.3297036035

-4.4569350042-2.4545924193
-4.8414939777 -4.8827995966
-5.9793783646-4.8157300770
-4.0751410870-3.8877484653
-4.2752296680-6.2409419665
-3.4446373556-6.4853015393
-3.8756866262-6.2072203246
-5.0316098805-7.0232129096

0.7570629228
0.9490776216
0.4513721644
1.1583927134
1.3367278811
0.6671746433
2.3534548979
1.2633830584

S2-H

E(TD-DFT) =-1475.15128689

Charge =0 Multiplicity = 1
-7.7481287320-1.3895666360-1.2540573343
-6.6242673869-1.8413149498-0.5441917354
-5.6244861128-0.938%45173 -0.1648033861
-5.7305313584 0.4486256733.4777170108
-6.8542824939 0.8568170260.2047343927
-7.8597778534-0.0546482514-1.5832502022
-4.6934624077 1.336471883%.0733816214
-3.5734605479 0.81188077 0.6402164920
-3.5158329462-0.5863206635 0.9100135401
-2.4322917350-1.1381607428 1.6022267875
-2.4227653771-2.2065484407 1.7888615997

T O00000000O0
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C -1.3878999820-0.3182687126 2.0476212489
C -1.4362448930 1.04178¥36 1.8088209412

C
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-2.5236314665

1.6023801612 1.1154877238

-8.5163024807-2.0966922843-1.5419307913
-6.5073152978-2.8934486625-0.2809976673

-6.9548151906
-8.7168369282

1.8975861312.4893778088
0.306872699€.1387314536

-0.5531607917-0.7570320971 2.5801252347

-0.6386299416
-2.5457164629

1.6891285031 2.1530523479
2.6735934080 0.9511854200

-4.5325890088-1.3992143830 0.5048280411

-4.7990585932
-4.0399111052
-5.6927028322
-4.1451842390
-5.8079523979
-6.2922753103
-5.0312217038
-3.5450094677
-6.5022511392
-5.1144852840
-2.9418034609

2.7842506679.3564028998
3.4192073464.3434468557
3.5726174213 0.3778152845
4.78158869641.5873369366
4.9359618895 0.1476346123
3.0965982147 1.1460027231
5.5409697033.8341634386
5.2401761542.3638444848
5.5249760556 0.7356449539
6.6052271824.0222746211
2.48002037222.3382255116

-4.4496611112-2.4525783963
-4.8549320537-4.8746764735
-5.9595196663-4.8200083397
-4.0893286790-3.8786639475
-4.3367971744-6.2150188793
-3.3872987902-6.4464134963
-4.1411414241-6.1559584823
-5.0496656815-7.0168044537

S3-H
E(TD-DFT) =-1475.15127963

OO0 00000000

Charge =0 Multiplicity = 1

0.7355040565
0.9707298087
0.4017240768
1.1790255966
1.4716081171
0.9802705873
2.5459879247
1.2757819127

-7.66242000 -1.41464000 -1.39803000
-6.56331000 -1.86064000 -0.64695000
-5.58951000 -0.95030000 -0.21980000
-5.69841000 0.437880000.52472000
-6.79630000 0.840500001.29320000
-7.77555000 -0.07810000 -1.72001000
-4.68874000 1.333340060.07118000
-3.59169000 0.81404000 0.68098000
-3.52956000 -0.58567000 0.94149000
-2.46804000 -1.13189000 1.67127000
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-2.45470000 -2.20156000 1.85035000
-1.44977000 -0.30516000 2.16211000
-1.50262000 1.05603000 1.93118000
-2.56867000 1.61122000 1.20141000
-8.41043000 -2.12742000 -1.72272000
-6.44663000 -2.91342000 -0.38629000
-6.89669000 1.882830001.57193000
-8.61348000 0.279320062.30644000
-0.63148000 -0.73970000 2.72286000
-0.72503000 1.70863000 2.30971000
-2.59510000 2.68324000 1.04296000
-4.52058000 -1.40582000 0.48964000
-4.80020000 2.782860000.34312000
-4.00916000 3.437270061.29160000
-5.73231000 3.55290000 0.36236000
-4.12008000 4.801050001.52495000
-5.85392000 4.91735000 0.14207000
-6.35707000 3.06192000 1.10048000
-5.04483000 5.542010060.80055000
-3.49400000 5.274740062.27138000
-6.57866000 5.49185000 0.70725000
-5.13278000 6.607290000.98052000
-2.86140000 2.521440062.25134000
-4.43434000 -2.46064000 0.71262000
-4.83026000 -4.88625000 0.92408000
-5.91961000 -4.83545000 0.32609000
-4.07426000 -3.88736000 1.15292000
-4.31853000 -6.22575000 1.43350000
-3.37725000 -6.46915000 0.93185000
-4.10886000 -6.15979000 2.50462000
-5.03952000 -7.02346000 1.25114000
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12. Parameterization of acridinyl photocatalst structural/electronic properties

A set of 22 substituted acridinyl photocatalysts was devised to probe the role of
substitution on photocatalyst performance (Figure S8. The CREST utility and manual
conformational construction were used to generate multiple thermally accessible conformers for
each photocatalyst and protonated radical, HA, each of which was initially optimized at the
6! NAD7/ 6-311+G** | SMD (DCM) level of theory using Gaussian 16. For thermahemical
calculations, Boltzmann averaging was applied across obtained geometries to obtain
representative free energies across the range of thermally accessible conformers. In total, the

structural dataset consisted of 222 unique geometries.
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Figure S8. Set of substituted acridinyl photocatalysts .

13. Description of parameters
13a. Buried Volume

To investigate the role of bulky substituents proximal to the 9 -acridinyl carbon atom,
truncated C9-Ligand geometries were generated from the lowest energy ground state
conformation obtained for each photocatalyst (Figure S9. The %Vuur parameter reflects the buried
volumes calculated with respect to the central C9 atom using a sphere of radius 4.5 A calculated
using/ E0OOz Uuw%! 23%$/
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LlJ;CQ

Figure S8. Percent huried volume parameter (%Veour) calculation. Percent buried were calculated
with respect to a sphere of 4.5A radius centered on the C9 atom of truncated C9-substituted

acridines.

13b. Mulliken and NBO Charges/Spin Densities

To probe the capability of C9 substitution to stabilize acridinyl radical HA , the charge
and spin density of two regions of the photocatalysts was parameterized: the C9 carbon and the
sum of atomic contributions for each of the atoms comprising the substituent in the C9 position

(Figure S10.

9-Substituent

Figure S10. Atomic/Ligand Charges and Spin Densities. The charge and spin density of C9 (red)
and the sum of atoms comprising the 9-substituent (blue) were parameterized to probe the ability
of substitution to stabilize acridinyl radical HA . Both Mulliken - and NBO-derived values were

obtained from the lowest energy HA conformer of each photocatalyst.

Mulliken charges and spin densities were extracted from population analyses performed
on the lowest energy conformer of HA, the protonated acridine radical form of each
photocatalyst. The Mulliken C9 Charge parameter reflects the Mulliken charge of the C9 carbon,
shown in red in Figure S1Q The Mulliken 9-Substituent Chargeparameter was calculated as the

sum of atom-centered charges comprising the substituent connected to the C9 position of
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acridine, shown in blue in Figure S1Q The Mulliken C9 Spin Density and Mulliken 9-
Substituent Spin Density parameters represent the value of spin densities for the same atom
groups.

NBO calculations for the photocatalysts proved challenging for several photocatalysts at
UT 1 w6-D NeR3I1+G* / SMD (DCM) level of theory; for several photocatalysts, there existed
sufficiently strong linear dependence within the employed 6 -311+G** bass set such that
problematic overlap matrices contained a negative eigenvalue leading to a failure of reliable NOs
and natural charge/spin density values. Accordingly, the geometries of each of the HA structures
werere-Ox UDODP &l E wU UEDD tei2Z P WEMDNDCRI) level of theory. NBO analyses
of the newly obtained def2-TZVP geometries exhibited no such symptoms. The NBO C9 Spin
Density parameter reflects the spin density of the C9 atom, red in Figure S1Q while the NBO 9-
Substituent Spin Density parameter reflects the sum of atom spin densities comprising the
substituent in the C9 position, blue in Figure S10. The dparameter represents the sum of theNBO
C9Spin Density and NBO 9-Substituent Spin Density parameters and replaced the individual
spin density parameters during model development.

Table S6 DFT-derived Steric and Electronic Parameters

Acridine | Relative | %Vour | Mulliken Mulliken Mulliken Mulliken NBO NBO q
Rate C9 Charge | 9-Substituent C9 Spin 9-Substituent | C9 Spin | 9-Substituent
Charge Density Spin Density Density | Spin Density
Al 3.072 22.19 | 1.288287 -0.237581 0.546839 -0.003808 0.49746 0.00613 0.50359
A4 1 5.68 0.421182 0.170555 0.56774 -0.028802 0.50757 -0.01586 0.49171
A5 3.256 22.28 1.233517 -0.48252 0.558353 -0.016807 0.4988 0.00496 0.50376
A6 1.608 18.63 1.10213 -0.278397 0.557421 -0.021294 0.49848 0.01184 0.51032
A7 2.504 20 1.274619 -0.47678 0.548 -0.014058 0.4964 0.01185 0.50825
A8 3.424 | 25.32 1.08768 0.251052 0.547804 -0.025879 0.49925 0.00681 0.50606
A9 1.032 9.64 1.053403 0.064338 0.535712 0.012849 0.49542 0.01728 0.5127
Al0 1.816 18.6 1.059682 -0.248811 0.561815 -0.027815 0.49884 0.01239 0.51123
All 2.176 18.63 1.096072 -0.30736 0.549092 -0.010586 0.49711 0.01367 0.51078
Al2 2.168 18.64 1.151487 -0.364224 0.549413 -0.010594 0.49826 0.01159 0.50985
Al3 3.368 24.77 1.165824 -0.262085 0.555929 -0.016946 0.49828 0.00748 0.50576
Al4 1.328 17.65 0.98782 0.112906 0.57543 -0.005209 0.51756 0.01025 0.52781
Al5 2.088 18.84 | 1.208316 -0.472292 0.550003 -0.00922 0.4988 0.01132 0.51012
Al6 2.472 18.8 1.183475 -0.405737 0.543719 -0.004252 0.49645 0.01389 0.51034
Al7 2.456 18.71 1.129639 -0.316671 0.54625 -0.007614 0.49718 0.01277 0.50995
Al8 2.376 18.64 1.240661 -0.376506 0.539958 -0.000769 0.49564 0.01551 0.51115
Al9 2.328 19.07 1.281995 -0.677112 0.543711 -0.001127 0.49601 0.01513 0.51114
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A20 2.176 18.64 | 1.132015 -0.353046 0.548798 -0.010869 0.49714 0.0126 0.50974

A21 2.184 19.18 | 1.200109 -0.411723 0.538469 0.000754 0.49549 0.0173 0.51279
A22 1.336 13.63 | 0.904242 0.126729 0.547268 0.002331 0.49813 0.01432 0.51245
A23 3.224 22.25 | 1.128624 -0.341664 0.56348 -0.027045 0.49923 0.00503 0.50426

14. Photophysical Parameters derived using TD -DFT
TD-# %3 WEEOEUOEUDPOOUWPIT Ul b 6-311+3*¥ BMB (DEN) vetkl of wo! NA 7
theory to obtain parameters describing the photophysical properties of each photocatalyst. From
the most stable ground state conformer of each photocatalyst, the 7 lowest shglet excited states
were calculated using Gaussian 16. Thémax, excitation energy Eass, and oscillator strength f of the
first singlet excited state were captured as parameters from these calculations. A second series of
TD-DFT calculations considering the first 40 excited states of each photocatalyst was performed
to obtain the full simulated spectrum for each photocatalyst. The spectral data were extracted
from each calculation using Gaussumst and plotted to obtain the values of molar absorptivity at
400 nm, Quo, and molar absorptivity at Mmax, Ghax.

Table S7. TD-DFT-derived Photophysical Parameters.

Structure Umax, NM Eabs, €V f Qoo Ghax
Al 343.54 3.609 0.1768 65.46b 12905.4535
A4 336.71 3.6823 0.1183 8.710/ 8753.0673
A5 342.47 3.6203 0.18D 53.2809 13248.5212
A6 341.94 3.6259 0.1818 53.2809 13248.5212
A7 342.98 3.6149 0.1776 58.208 12957.978
A8 343.21 3.6125 0.1823 62.8002 13274.338
A9 341.73 3.6281 0.1534 38.07® 11174.298
A10 341.91 3.6263 0.1897 48.91% 13823.713
All 342.36 3.6214 0.1892 54.1256 13777.0616
Al2 343.39 3.6106 0.1859 66.6053 13538.4248
Al3 343.12 3.6134 0.1835 62.04% 13369.3868
Al4 342.37 3.6214 0.1634 46.7418 11874.2568
Al5 341.86 3.6267 0.186 47.559 13557.1836
Al6 342.59 3.619D 0.1845 55.5072 13428.2855
Al7 342.27 3.6224 0.1788 50.0794 13033.992
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Al18
Al9
A20
A21
A22
A23

15. Correlation -based Parameter Exclusion

A correlation matrix was calculated amongst collected parameters to perform a preliminary

exclusion of highly correlated parameters prior to stepwise linear regression. Using an
exclusionary cutoff of r = 0.89, two pairs of highly correlated parameters wer e observed: oscillator
strength f with molar absorptivity at Mmax, Ghax (correlation coefficient = 0.99) and Wmax with the
molar absorptivity at 400nm, Qoo (correlation coefficient = 0.94). Because theGhax and Qoo
parameters exhibited greater univariate correlation with the desired Relative Rate regressand

than their correlated counterparts, parameters reflecting oscillator strength f and Mmax were

342.49
342.55
342.37
344.36
342.24
342.45

3.6201
3.6195
3.6214
3.6004
3.6227
3.6205

0.1844
0.1809
0.18D

0.1896
0.1605
0.1899

54.2109
53.8563
52.3479
83.6667
44.67
55.3604

13425.4739
13172.8029
13331.6264
13777.050
11678.384
13810.032

excluded prior to executing the forward stepwise linear regression p aradigm.
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Table S8: Correlation Matrix of Collected Parameters

Relative %0 \bur Mulli ken Mulliken 9 | Mulliken C9| Mulliken 9 | NBOC9SO NBO9 <max, NM Eabs, €V f 5400 max
Rate C9 Charge | Substituent SD Substituent Substituent
Charge SD SD
Relative 1
Rate
%o \ur 0.8809 1
Mulliken C9 0.6041 0.7436 1
Charge
Mulliken 9 -0.3800 -0.4060 -0.7042 1
Substituent
Charge
Mulliken ® -0.1113 -0.0392 -0.4850 0.2901 1
SD
Mulliken 9 -0.2908 -0.2373 0.3136 -0.0993 -0.6609 1
Substituent
SD
NBO C®D -0.3519 -0.2449 -0.5493 0.5193 0.8131 -0.24295 1
NBO 9 -0.0090 0.2723 0.6885 -0.3739 -0.6128 0.6388 -0.4778 1
Substituent
SD
’ -0.2832 0.1100 0.3326 -0.0089 -0.0440 0.51545 0.2499 0.7311 1
<max, M 0.5445 0.7542 0.8576 -0.3919 -0.4412 0.3458 -0.4112 0.7339 0.4896 1
Eabs €V -0.5433 -0.7540 -0.8591 0.3925 0.4414 -0.3471 0.4123 -0.7371 -0.4922 -0.99997 1
f 0.6171 0.8218 0.8404 -0.6448 -0.2735 -0.02495 -0.4905 0.6243 0.3072 0.8064 -0.8078 1
5400 0.5985 0.7707 0.7902 -0.4516 -0.4085 0.1838 -0.4332 0.5823 0.3054 0.9414 -0.9394 0.8145 1
5 max 0.6215 0.8227 0.8383 -0.6500 -0.2716 -0.0362 -0.4944 0.6144 0.29325 0.7992 -0.8006 0.9998 0.8113
SD = Spin Density.
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16. Parameter Standardization
To enable the relative comparison of regressor coefficients in the multivariate linear

regression model, each of the dependent variables was standardized/z-score normalized to

a — (20)

17. Model Development

The Relative Rate = 2.3 + 0.68(%V¥u) ¢ Y 0 t nfddel was developed using forward
stepwise multivariate linear regression 52 performed in Microsoft Excel. The relative rate of the
reaction was treated as regressand with the remaining parameters serving as regressors. After
each regression, the regressorexhibiting the highest p -value was systematically eliminated to
produce a reduced dataset. This process was repeated until all regressors exhibitedp-values <

0.05. The resulting two parameter model contained only %Ve.r and 9 parameters:

Table S9. Regresson Statistics of Initial Stepwise Multivariate Linear Regression Model .

Regression Statistics
Multiple R 0.9603
R Square 0.923
Adjusted R Square 0.9136
Standard Error 0.21&
Observations 21
Coefficients | Standard Error t Stat p-value
Intercept 22.0131 3.8634 5.6978 2.108E-05
q -44.3432 7.6197 -5.8196 1.6342E05
% Vbur 0.1527 0.010897 13.9637 4.2441E11

18. Developing the %Vow HWAOET Ow PP UT w U OB @i281ayP Y SMD7(DCM)
parameters
, OETl OUwpPIi Ul WEIT YI OOx]I EwDODUDPEOOawlUUDG mx EUEODT U
P vhuHI& d d wy w2, # wm#D /,déf2dTZ\PE @M (NGMJ levels of theory owing to the
need to calculate NBO parameters using the def2-TZVP basis set. Because a model relying on a

minimal number of DFT calculations is favored over one in which multiple calculations using
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different computational methods is required, the geometries of all structures were re -optimized

uUD O wed/ fef27rZVP / SMD (DCM) to unify the parameters under a single computational

Ol UT OEGw! 1 EEUUT w-! . wUxPDOwWE]I OUPUawxEUEOQI-DidefBwpbi Ul w>
TZVP | SMD (DCM), only the %Veur parameter needed to be reassessed usinghte def2-TZVP-

obtained geometries resulting in the final reduced dataset used for final model development and

validation:
Table S10.%D O E O wl/ d§fATZVP / SMD (DCM) parameters.
Structure Relative Rate %V bur g
Al 3.072 22.17 0.50359
A4 1 5.68 0.49171
A5 3.256 22.27 0.50376
A6 1.608 18.62 0.51032
A7 2.504 19.98 0.50825
A8 3.424 2531 0.50606
A9 1.032 9.63 0.5127
A10 1.816 18.59 0.51123
All 2.176 18.61 0.51078
Al2 2.168 18.63 0.50985
Al13 3.368 24.72 0.50576
Al4 1.328 17.62 0.52781
Al15 2.088 18.84 0.51012
Al16 2472 18.8 0.51034
Al7 2.456 18.71 0.50995
Al18 2.376 18.63 0.51115
Al19 2.328 19.07 0.51114
A20 2.176 18.63 0.50974
A21 2.184 19.19 0.51279
A22 1.336 13.61 0.51245
A23 3.224 22.23 0.50426
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19.Regression model development and statistical analyses

The predictive ability of regression model based on %Vwr and 9 parameters was assessed
using Python 3.9.5 and scikit-learn.s3 A .csv file containing the final data table, above, was read in
as data input to the Python script. The script was used to perform a 16/5 training/test splits
holding out 5 data points as a test set for external validation to measure the predictive
performance against unseen photocatalysts. The 1§hotocatalyst training set was subjected to
regression analysis to produce candidate models. Owing to the moderate size of the training set,
internal validation was performed with both K -fold (k=4) and leave-one-out-cross validation
methods.

Finally, the produced model was externally validated against the withheld test set by
evaluating the out-of-sample R2. Each of the test set photocatalysts were standardized with
respect to the mean and standard deviation of the training set to allow for out -of-sample
validation. The out -of-sample Rewas calculated according to

Y p — (21)

where RSSestis the residual sum of squares for the model-predicted test set:

YYY B o wj (22)
and TSSoosis the total sum of squares with respect to the training mean:
YYY B 0 o (23)

| bw. xUPOPAIT Ew&l -D Odefd-UAP (SMDIBAMY A 7
*For each structure, thelowest energy conformer obtained is provided.

Cyclohexyl radical

E(UwB97XD) =-235.231765447

Charge =0 Multiplicity = 2

-2.8273745454 0.07326589790.0050886389
-1.2947503419 0.0326932811 0.0216842870
-0.7020349048 1.3868861359 0.1982107120
-1.2931933721 2.3041114646 1.2108605044
-2.8258183368 2.3045596523 1.1631515954
-3.3815761531 0.8832783910 1.1635937627
0.2845438289 1.5945602598).1999543442
-0.9879443986-0.6109936761 0.8642462615

I T OO O 000
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-0.9071707951-0.4468499529-0.8801563300
-3.1579310730 0.5298252769.9439841076
-3.2249562567-0.9443412946 0.0129479986
-0.9859768159 1.9781825546 2.2197298362
-0.9046375424 3.3180841223 1.0909080714
-3.2223970976 2.8699544087 2.0099035624
-3.1562677388 2.8164246490 0.2531857118
-3.1133690720 0.3899184689 2.1053438383
-4.4732571347 0.9074634309 1.1188112788

I T T T T T I T =T

Al

E(RwB97XD) =-1246.25095314

Charge =0 Multiplicity = 1
-7.8923968537-1.3541599907 -0.8746353959
-6.7765811468-1.7993137861-0.2434424072
-5.7047456253-0.9067%58325 0.0567088271
-5.8301528164 0.4675410418.3159031034
-7.0196767625 0.893063010.9794860573
-8.0156400861 0.01133701641.2498916122
-4.7732946597 1.3313821053).0158452906
-3.6426353504 0.82282332 0.6293094855
-3.6213669266-0.5687706403 0.9559100398
-2.4725245764-1.1015519466 1.6131721190
-2.4752602027-2.1573517670 1.8538380401
-1.4177942703-0.3043610198 1.9191968320
-1.4367916151 1.07868948 1.5915047885
-2.5122564089 1.6249661468 0.9690269174
-8.6998835830-2.0402215016-1.0988423074
-6.6645809605-2.8361381917 0.0482828637
-7.1176391602 1.93194954911.2676767594
-8.9130591447 0.3443923692..7558025430
-0.5498314528-0.7192178971 2.4167281447
-0.5835064733 1.6959451462 1.8428318622
-2.5220597335 2.6787593250 0.7213397037
-4.6286617117-1.3960818519 0.6740675821
-4.8625050067 2.7769903874).3547015361

O Z2 I T T T T T T OO OITOOOOO OO OOoOO0

S114

Go back to table of contents




-4.4259147906 3.28587029741.5733118384
-5.4008730193 3.6694668794 0.5688435736
-4.5177352354 4.6359227768..8725778332
-5.4993415087 5.0210466102 0.2847437476
-5.7449742061 3.2865775987 1.5217593355
-5.0569267808 5.5039180394).9378440663
-4.1691443954 5.0004722362.8295718943
-5.9213756825 5.6962704070 1.0178886608
-5.1295046353 6.55885210221.1695663415
-3.7434941486 2.2147651843.7670058363

I T T O I O O O O

@)

HA1

E(UWB97XD) =-1246.84912241

Charge =0 Multiplicity = 2
-7.9401443960-1.3463511450-0.9060268950
-6.8016375170-1.7977297220 -0.2608931940
-5.7652624840-0.9157047920 0.0300853940
-5.8565901250 0.453189360.3241631750
-7.0290284760 0.8756062674.9809860650
-8.0516469600-0.0051904340-1.2671703500
-4.7752202460 1.324866126.0101980430
-3.6171883990 0.8178094440 0.6453299520
-3.5619966890-0.5571302470 0.9838173690
-2.4464967920-1.0893139970 1.6%5932830
-2.4328508690-2.1447279100 1.8708539870
-1.3694428170-0.2778072860 1.9360723300
-1.3989981450 1.0765778350 1.6100924500
-2.5020051870 1.6119999410 0.9775049440
-8.7408399220-2.040298220 -1.1286506850
-6.7039117440-2.8394163980 0.0226467390
-7.1215965140 1.916308282€1.2650575530
-8.9407322060 0.34843432941.7739644560
-0.5056695710-0.7013877640 2.4327766040
-0.5560434250 7116058550 1.8520266340
-2.5181882460 2.6650020430 0.7260733120
-4.6324110900-1.3588366400 0.6687889740

Z I I T T T IT T O O O I O O OO 000000
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-4.8640337160 2.765895626.3478314040
-4.4407323450 3.27836761201.5719651740
-5.387918920 3.6697621520 0.5757977650
-4.5299390830 4.62797572301L.8750794570
-5.4850660250 5.0217693490 0.2914171440
-5.7231106370 3.2913508940 1.5339486830
-5.0549342900 5.50120173140.9369311450
-4.1904859310 4.988737591£2.8369059050
-5.8964255030 5.7001163060 1.0280844910
-5.1259180470 6.55599470441.1703570890
-3.7745781360 2.2043607842.7745630850
-4.5796427820-2.3350049660 0.9138379390

I T T O IT O OO OO0

T 0

H2A1
E(RwB97XD) =-1247.47156146

Charge =0 Multiplicity = 1
-8.1369853546-0.9303755915-0.6784809564
-7.1286446617-1.2432464709 0.2127233989
-5.8857849352-0.6108581857 0.1253050665
-5.6572176809 0.340109469-0.8715508700
-6.6886543453 0.64217559241.7519041408
-7.9237996245 0.02026164001.6692923451
-4.3203621212 1.0522184141.9931048444
-3.3448881099 07/8127888 0.1078610046
-3.6692183908-0.2944134174 1.0637978723
-2.7501784523-0.6190188292 2.0650627229
-3.0120222046-1.3751729938 2.7966372147
-1.5228665373 0.0131821340 2.1199799331
-1.1929593850 0.99621721 1.1798561559
-2.1073550540 1.2972539131 0.1880797477
-9.0945428919-1.4303065813-0.5976892899
-7.2900542515-1.9836719663 0.9881523507
-6.5121720335 1.3812282352.5259186170
-8.7101767607 0.2B359752 -2.3689673102
-0.8214286598-0.2507979919 2.9020720275
-0.2346573424 1.4834891217 1.2186797759

I T T T T T O O O T O OO OO O0OOoOOoOoo0

S116

Go back to table of contents




-1.8550972386 2.0474549669.5535192268
-4.8886432686-0.9370682231 1.0202258322
-5.1009197356-1.6015027866 1.7448572608
-4.5216517742 2.121049369@.8779213176
-3.7132627799 0.9185173432.3831255257
-3.5520376153 2.06511087638.1582148263
-3.3002101486-0.2859695521 -2.9509474229
-3.0082820013 2.023273395#4.4320349336
-2.7539585909-0.3486052900-4.2229457108
-2.6069196354 0.810424089%1.9671772636
-2.8996428376 2.93698324446.0024999419
-2.4458093831-1.3042951011-4.6259317745
-2.1802943609 0.758480783%5.9607569628
-3.8656847487 3.0155030068.7422649746
Cl -3.4542433643-1.7890845797-2.0780511087

HCyAl

E(RWB97XD) =-1482.15959572

Charge =0 Multiplicity = 1
-8.2104130981-0.96/0736826 -0.5728118736
-7.0165990871-1.5410209531-0.1763115157
-5.8411049619-0.7904608938-0.1816945170
-5.8543893831 0.5423792948).5983220016
-7.0694845507 1.099203437).9764062487
-8.2432083362 0.36252922 -0.9682286530
-4.5265498699 1.2967079902.7233788788
-3.5468703668 0.7703469771 0.3305767800
-3.6179927943-0.5706910976 0.7135165253
-2.6642459262-1.1109437834 1.5758795839
-2.7409947603-2.1540316732 1.8619820492
-1.6444266515-0.3194334853 2.0700175499
-1.5737979357 1.0212467369 1.7160866651
-2.5220063892 1.5483060393 0.8538826147
-9.1178312290-1.5594075586-0.5630692241
-6.9834235955-2.5732565129 0.1541188770
-7.0969700234 2.1324141863.3003021816

I T T OO O T OOOOOOOo0OOoOOooo
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-9.1737696064 0.82224630841.2757723601
-0.9102606192-0.7486060880 2.7409229275
-0.7822729822 1.6510029895 2.1017343570
-2.4545022054 2.5909691091 0.5683501327
-4.6495379126-1.3661510140 0.2353940695
-4.7635127756 2.7969064383.5031896665
-5.2953366452 3.3024988308 0.6937884839
-4.4674296192 3.75218651901.4728355899
-5.5105769848 4.6560873423 0.8987552256
-4.6762588338 5.10983130421.2860453893
-4.0560474908 3.4360465841.4149631950
-5.2011089749 5.569727551.0933889090
-5.9224999467 4.9890491718 1.8419811462
-4.4248442584 5.8012223652.0803282072
-5.3715809650 6.6257670148 0.0724691981
-5.7356121356 2.2724208837 2.0360054978
-4.7212621304-2.2863776130 0.6394928746
-3.9194190410 0.860434418€.1247607584
-4.8176603905 1.07709934148.3521841220
-2.4802150492 1.313578450€2.4146910667
-3.8528199177-0.2287507515-2.0158035116
-4.2405698793 0.37871273781.5826016462
-4.9362899897 2.13917993048.5772148159
-5.8166782923 0.68775202028.1591946274
-1.9248897608 0.6105764758.6523853979
-2.4253655662 2.392584199€.5742418017
-1.8380925696 1.0929236926..5627018784
-2.8133331426 0.82801395351.8711713823
-4.8831251569 0.5697486316.4457311423
-4.2486535322-0.7043418590-4.4154426838
-0.9107629209 0.96657232828.8503367524
-1.8495376235-0.4638793438-3.4502014051
-2.4127675158 0.2914284695.7349861346
-2.8153067498 1.8930377845.1311252751
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A5

E(RwB97XD) =-825.960922436

Charge =0 Multiplicity = 1
-7.8591547547-1.3483511406-0.9067473052
-6.7468440723-1.793678528 -0.2691786298
-5.6826748882-0.8985181496 0.0505899325
-5.8123310996 0.479093553@®.3076028728
-6.9984065677 0.9043857621.9778500930
-7.9868405680 0.02032091981.2685323485
-4.7645360597 1.35000826 0.0083870120
-3.6354147819 0.8354820662 0.6538693686
-3.6077645537-0.5590946315 0.9663151801
-2.4585376706-1.0925210286 1.6227157434
-2.4569094569-2.1505837832 1.8535540300
-1.4082588063-0.2935186627 1.9398187587
-1.4326303938 1.0925106700 1.6255742067
-2.5096336437 1.6391734468 1.0056392572
-8.6603989608-2.0368020949-1.1458159252
-6.6320405976-2.8329887826 0.0126635015
-7.0987566562 1.94648472971.2528221291
-8.8815755545 0.3539645802..7788833841
-0.5401778048-0.7093997842 2.4364145301
-0.5834501521 1.7116158684 1.8862645274
-2.5266122423 2.6954291864 0.7695860653
-4.6083150100-1.3900424327 0.6699240370
-4.8495702958 2.7960517692.3365968962
-4.3808435624 3.2619123299.5703687452
-5.4015246564 3.6816504724 0.5821369376
-4.4838741714 4.622585216481.8436989604
-5.4961977887 5.0343105838 0.2930389956
-5.0346044758 5.5048999958).9260219147
-4.1241850918 4.995064388%.7960880323
-5.9279862492 5.7141410543 1.0168762807
-3.7813432258 2.3194131032.5745907336
-2.9047437165 1.812016032&.1645884057
-4.4951831063 1.54440826062.8638628930
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H -3.4755123694 2.8527833438.4743244402
H -5.1022689129 6.5592096544.1650568584
H -5.7595629018 3.3029761697 1.5323003732

HAS5

E(UwB97XD) =-826.557958096

Charge =0 Multiplicity = 2
-7.9209290700-1.3379366170-0.9198110390
-6.7824994480-1.7901483220-0.2738623540
-5.7516400950-0.9063769700 0.0298959470
-5.8472396620 0.466454276.3099356980
-7.0188553750 0.888708520.9691309160
-8.0363914870 0.005788068.2689105080
-4.7725388370 1.3432730540 0.0147587130
-3.6113187090 0.8292225910 0.6601006880
-3.5486901860-0.5491627700 0.9844797210
-2.4282443000-1.0842766040 1.6125770140
-2.4098548860-2.142219970 1.8487841730
-1.3517120810-0.2723657010 1.9282885130
-1.3882061720 1.0851470670 1.6174076530
-2.4970612000 1.6233955290 0.9965705200
-8.7175743160-2.0334077640-1.1521268740
-6.6810601460-2.8341649490 -0.0001057090
-7.1142538510 1.93207924041.2415677200
-8.9248886230 0.36046970941.7761516600
-0.4840979570-0.6982831610 2.4162748540
-0.5469757540 1.7210876710 1.8632324640
-2.521280460 2.6794288720 0.7592827850
-4.6179960240-1.3514464380 0.6662468580
-4.8574225230 2.785985370.3303022790
-4.3656936960 3.2597297850.5542895750
-5.4321323130 3.6771512280 0.5712337830
-4.4670249530 4.61943609641.8335003520
-5.5263682810 5.0298734530 0.2796676700
-5.0405623920 5.501768048.9294555250
-4.0889057090 4.9920184492.7789740710
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-5.9762951540 5.7089763720 0.9934386350
-3.7407249340 2.3183841682.5442029920
-2.8593862140 1.8305062582.1204739990
-4.4383614970 1.5278761652.8309973100
-3.4351608130 2.847416632-3.4470358440
-5.1071529550 6.5556484301.1713380480
-5.8097720530 3.2993351600 1.5144685610
-4.5616058390-2.3295787910 0.9022254600

I T T T T T O =T

H2A5

E(RwB97XD) =-827.180801213

Charge =0 Multiplicity = 1
-7.8255658639-1.2326565652-1.1189647433
-6.5204045510-1.6149294304-0.8750416950
-5.6205704207-0.7223041411-0.2873510211
-6.0370107346 0.5670020810 0.0511628117
-7.3563898322 0.9250035294.1977248915
-8.2547519668 0.044225394.7773924186
-5.0842741762 1.5681691336 0.6817141644
-3.7381885900 0.9546395163 1.0275166055
-3.4133216778-0.3502444639 0.6507819197
-2.1626624287-0.8804490993 0.9775587793
-1.9225694428-1.8928629633 0.6725706112
-1.2438383867-0.1231293763 1.6785053930
-1.5588435225 1.1733829298 2.0672165941
-2.7995732210 1.6935777847 1.7374431817
-8.5113451964-1.9359138706-1.5755455832
-6.1807728157-2.6102505244-1.1387150111
-7.6801134569 1.9263225393 0.0650309711
-9.2766813042 0.34938639768).9624320296
-0.2781957573-0.5481038185 1.9241014217
-0.8452148220 1.7713647969 2.6193505225
-3.0513991397 2.7073301432 2.0295414383
-4.3156143691-1.1145206309-0.0627927095
-4.9541307869 2.8521631326).1334746479
-4.4139489207 2.8900920636..4294699181
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-5.3961921873
-4.3420821823
-5.3183580335
-4.7864564884
-3.9254179591
-5.6711194041
-3.9139681702
-3.1103484855
-4.7079323456
-3.5299441839
-4.7153349279
-5.8120075880

HCy A5
E(RWB97XD) =-1061.87342793

I T T T OO O I OO OOoOOOo0OooOooo

Charge =0
-7.9890854483
-7.9709772815
-7.0614492648
-6.1702655798
-6.1962339362
-7.0903208645
-5.2194182126
-5.0517665497

-8.6528996819
-5.4892542614
-7.0856064425

4.0367537367 0.4485047359

4.1174152828.0828284273
5.2520135459).2157466185
5.29159581041.4926835879
4.15005606068.0833985353

6.1567871758 0.2640017783

1.66053894322.1346132301
1.176806365€1.5766210838
0.9229349818.2645669728
1.91755392663.1217434140
6.2289572834.0309284266

4.0037730949 1.4495488082
-4.0743079859-2.0730213403-0.2506393396
-5.5382505046 1.8751054463 1.6281096082

Multiplicity = 1

3.10420417732.3439513041
1.7527463414€.0601792170
1.23642692801.1345218350
2.0829833901.4720126379
3.43555046270.7937804258
3.9559017328..7143936819

1.5430750019 0.5957494467
0.0247313938 0.4559671164
-5.9808241909-0.7408780582-0.2529928703
-5.8576879773 -2.1305158579-0.3029091232
-6.5885688292-2.7052975868-0.8605028622
-4.8185903423-2.7642552755 0.3513990289
-3.8857201984-2.0170196882 1.0578588565
-4.0124277341-0.6374115888 1.0979653910
-8.69%6934420 3.49075813473.0663461954

1.0755434302.5617270226
4.0991955003.3120849255
5.01507041841.9378031989
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-4.7357061035-3.8433168512 0.3052744770
-3.066575947 -2.5027024051 1.5728489591
-3.2826996065-0.0561821891 1.6485689281
-7.0380683675-0.1251174170-0.8952690312

-3.8188152010
-3.1425739807
-3.1498352477
-1.8675897725
-1.8784943203
-1.2317303851
-1.3565302084
-1.4028173409
-3.7018551846
-4.1810899516
-4.4449443440
-2.8990263207
-0.2394765987
-3.6154374112

2.1802344925

0.4348161380

2.150785559@.8039170261

2.7328921270

1.5252562359

2.705901876%.8889079318

3.2780410036
3.2750938463

1.4228621237
0.2019791694

2.67840242171.8447928647

3.6978065517

2.3008429922

1.53821535640.0622195191
0.57739740841.8787014729
2.1868235888.5295253190
1.3783621722.7823987871

3.6966743995
2.7394577423

0.0969571082
2.4988855738

-7.6228862564-0.7030940859-1.4761609545

-5.8538101172
-6.1888785772
-7.1124966389
-5.1073080919
-6.6141944008
-7.0155062039
-5.3529281317
-7.5842014740
-7.9107705229

1.8047245840
3.2706748796
0.9694631522
1.4646799110
3.4460980862
3.5861134546
3.9322177448
1.1304536817
1.2829482772

-6.9235215958-0.0868991019

-7.8338947540
-6.8291962571
-5.7850824807
-8.4903959226
-6.8199042415
-8.0984106261
-8.6894734144

2.5889800628
4.4992691853
3.1628986691
0.5401158796
0.7179390009
2.6757396122
2.9620587076
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2.0145737563
2.3204459377
2.2850988802
2.7405206149
3.7759970384
1.6780876897
2.0944669722
3.7292769699
1.6037059626
2.0941954989
4.0950191978
3.9735300918
4.4347530949
3.8869527414
4.3978089848
5.1519808158
3.5208551120

S123



A4

E(RwWB97XD) =-555.579887252

Charge =0 Multiplicity = 1
-7.9182292462-1.3381821905-0.8281515839
-6.7969918765-1.801604037 -0.2174438494
-5.7117354845-0.9205439452 0.0692354778
-5.8346513941 0.4548910351.3012737997
-7.0281530866 0.900546427@.9411049617
-8.0385363187 0.03086042011.1965370943
-4.7714897312 1.30138156 -0.0163491279
-3.6359006745 0.8035604398 0.6087269606
-3.6101198852-0.5874274238 0.9386431836
-2.4491561903-1.1119758410 1.5807960248
-2.4386848827-2.1665953153 1.8268113405
-1.3959703315-0.3044846658 1.8693156740
-1.4235084839 1.0794881093 1.5402725637
-2.5098123100 1.6170367355 0.9291956495
-8.7364630747-2.0151764465-1.0412599595
-6.6950228372-2.8410694012 0.0669146753
-0.5192009155-0.712993D22 2.3568045947
-2.5424464548 2.6698751062 0.6739800105
-4.6255587694-1.4122043173 0.6706137096
-8.9438005419 0.37190325371.6828312692
-0.5695723333 1.6995103883 1.7825218317
-4.8281286002 2.3515765754.2824231446
-7.1083128135 1.945527442141.2172388348

I T T T Z2 T T T T O O O ITOOOOOOOO OO0

HA4

E(UwB97XD) =-556.176479437

Charge =0 Multiplicity = 2
-7.9691149771-1.3325817634 -0.8533047875
-6.8233539445-1.7998916375-0.2298177849
-5.7733761670-0.9293685684 0.0442221773
-5.8599078710 0.44110941970.3088761260
-7.0387574011 0.8806567928.9414143024

O O 0 00
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-8.075864482 0.0114759601-1.2096148406
-4.7715116305 1.2943706694.0135796482
-3.6100378944 0.7978641177 0.6223227529
-3.5491011107-0.5767686299 0.9645106675
-2.4232184999-1.1025265621 1.5902145322
-2.3993317536-2.1567696277 1.8418480201
-1.3459488532-0.2828250648 1.8860398032
-1.3842673037 1.0722588869 1.5588359466
-2.4972447098 1.6008312340 0.9384943182
-8.7811779086-2.0174898120-1.0624986862
-6.7342446145-2.8436477722 0.0491292830
-0.4739029129-0.7009511479 2.3728761194
-2.5327183130 2.6533686648 0.6819624913
-4.6281667184-1.3765644606 0.6632055300
-8.9726367894 0.3731798574.69/0002546
-0.5406437884 1.7098687275 1.7919199850
-4.8279634141 2.342904384@.2790815266
-7.1161506997 1.9262989749.2162615197
-4.5762972253-2.3519612335 0.9115456716

I T T T T Z2 T T T T O OO ITOOOO O

H2A4
E(RwB97XD) =-556.803677528
Charge =0 Multiplicity = 1
C -7.8049730120-1.4003101288-1.0508915674
C -6.8045497131-1.7797090432-0.1719508045
C -5.8677859252-0.8450413917 0.2655701258
C -5.9395131985 0.4796472628.1749098845
C -6.9362975519 0.8326570936..0730610710
C -7.8721441847-0.0928763771-1.5133688136
C -4.9678588025 1.4831051014 0.3885925970
C
C
C
H
C
C

-3.6591696261 0411062790 0.7677124108
-3.6612456550-0.4948913963 1.1787757225
-2.4821101592-1.0936994098 1.6182882550
-2.4964668032-2.1305066903 1.9351366129
-1.3023054843-0.3691180312 1.6406947984
-1.2831839214 0.93097114 1.2119243433

S125

Go back to table of contents




-2.4615526274 1.5415087468 0.7766228197
-8.5284178083-2.1344212744-1.3842002000
-6.7382323531-2.8042875687 0.1765825389
-0.3916386078-0.8440400894 1.9850087148
-2.4584591559 2.5B856281 0.4465342809
-4.8517061761-1.2151460575 1.1420551859
-8.6474290513 0.2042518364.2080926466
-0.3603749379 1.5173461271 1.2187264888
-4.8046213771 2.297257360.3191096752
-6.9845483931 1.85811079341.4230549093
-4.7710465575-2.2027289418 1.3263277169
-5.4102103874 1.9360392997 1.2854008603

I T T T I T Z2 T T T I O

HCyA4
E(RWB97XD) =-791.507294218
Charge =0 Multiplicity = 1
C -1.5953500123 3.2767110619.3984227381
C -2.8064217375 3.8981595973.6454224522
C -3.9902620378 3.34480658971.1571470925
C -3.9574250759 2.1686046290.4032122729
C -2.7316460025 1.552642196-0.1857534747
C -1.5511575550 2.092285377@.6735416944
C -5.2281486846 1.6343103599 0.2161619079
C -6.4277737017 2.0416171434.6086258182
C -6.3890382114 3.2255283368..3527483215
C -7.5212332004 3.66035358312.0419013181
H
C
C
C
H
H
H
H
N
H

-7.4773480626 4.5844838522.6073360344
-8.6819029468 2.908039304&.0172066489
-8.7201857225 1.70550844221.3234685587
-7.5934626604 1.285485307+40.6326401822
-0.6827326211 3.71474399981.7840501849
-2.8467392539 4.8134697362.2251313651
-9.5543665472 3.254676201+2.5577199850
-7.6166678752 0.349288960-0.0868832533
-5.2101282114 3.95589987201.4127138395
-0.6064925479 1.5972404440.4875393542
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A6

-9.6191398703
-2.7072464836
-5.1956027834
-5.1734758717
-5.3253691322
-5.4615966533
-6.4343658763
-4.3713049265
-5.4718652150
-6.3947462270
-4.6461133748
-6.4362514241
-7.4051719738
-6.3182976308
-6.5625486606
-5.6045792597
-4.4970386683
-7.2513672035
-5.5031905279
-6.5197290543
-7.5430539752

1.10229346111.3185756561

0.6340814657

0.3910615471

4.7265804084.0613163489

0.5419378907
2.0572515989
3.5654096373
1.3176988927
1.7486248163
3.9246117834
3.9095758089
4.0920050831
1.6651137435
1.5895801818
0.2383825276
3.1703217877
5.0027802588
3.6760756444
1.1403258891
1.3132767466
3.4066492423
3.5022066141

E(RwB97XD) =-786.639268742

0O 000000000

Charge =0

Multiplicity = 1

0.2195256374
1.7099364785
1.9215241908
2.4581879037
2.1561536205
3.4056239787
1.4615529376
1.4209899362
3.9447285867
2.0314240412
2.3217061057
4.1594919800
3.5259162449
3.8405657519
4.4494601580
4.3994224751
5.2257715420
3.7993256592

-7.8917746311-1.3526724928-0.8772484570
-6.7663768619-1.8012706471-0.2655468185
-5.6990080609-0.9063059694 0.0436702191
0.4740503949.3021549470
0.90250883190.9457868606
0.01901710531.2232107221

-5.8367235165
-7.0367338694
-8.0294389865
-4.7850385292
-3.6472564096

1.3433895423
0.8279469059

0.0060720494
0.6358492568

-3.6131413447-0.5695114095 0.9361390804
-2.4570077164 -1.1057725217 1.5777945624
-2.4498066501-2.1663320247 1.7966946301
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C -1.4083981523-0.3059225814 1.8981039352
C -1.4412841229 1.0836449130 1.6012053230
C -2.5229745911 1.6326053839 0.9916006013
H -8.693664858 -2.0407557749-1.1072966661

H -6.6438099607-2.8427865308 0.0046245161
H -7.1451352380 1.9460924569.2113735120

H -8.9349934823 0.35562970581.7120607174

H -0.5356069343-0.7236683312 2.3847622720
H -0.594561030 1.7039080982 1.8661313511
H -2.5442149344 2.6913297106 0.7679786409
N -4.6151075369-1.4001411691 0.6440479026
C -4.8753806290 2.790020623@.3304125198

C -4.4025050339 3.25779074441.5523925578

C -5.434023055 3.6877387761 0.5737682033
C -4.4878466492 4.6064010728..8656581857

C -5.5183078120 5.0361883041 0.2594655898
H -5.8036705269 3.3269798076 1.5262305479
C -5.0455981315 5.498173898%9.9605953452

H -4.1172732110 4.9604383114.8197550935

H -5.9545648822 5.7269773722 0.9704293290
H -5.1117576815 6.5510166438.2055583367

H -3.9669189025 2.5614747614£.2590619484

HAG6

E(UwB97XD) =-787.236349923

Charge =0 Multiplicity = 2
-7.9910488190-1.3265346580-0.7912198560
-6.8271810980-1.7835604570-0.1975656380
-5.7788993120-0.9049356450 0.0591776100
-5.8815370040 0.4696731130-0.2719180740
-7.0774611740 0.894132499).8857516790
-8.1122150290 0.01694939441.1387197870
-4.7850445810 1.3396438590 0.0070260810
-3.6019599870 0.8150383520 0.6087395090
-3.539998680 -0.5665456290 0.9193492450
-2.3979899110-1.1146712560 1.5054811400

O O 00000000
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-2.3780231680-2.1759564330 1.7261860580
-1.3107513000-0.3115674040 1.8035553370
-1.3561196240 1.0517127860 1.5210658160
-2.4794620480 1.6016199220 0.9381280060
-8.8010251550-2.0178279970-0.9869535170
-6.7177217990-2.8281449970 0.0707548510
-7.1797729840 1.934280264€1.1656378460
-9.0178503490 0.376274001€1.6111494310
-0.4306324250-0.7470660220 2.2595970040
-0.5107165910 1.6844021250 1.7608620920
-2.5062604410 2.6628039250 0.7285641300
-4.6191150260-1.3615120270 0.631932720
-4.8747342340 2.7818977714.3275166300
-4.1472468400 3.31315959741.3915315880
-5.6888224130 3.6359172210 0.4151819890
-4.2310715880 4.66172140301..7053401320
-5.7736187070 4.9848346Y9 0.1032672120
-6.2597993790 3.2362032140 1.2450750140
-5.0447196780 5.501961135.9584093180
-3.6603331990 5.056368985(2.5372343820
-6.4096000460 5.6337600810 0.6931525030
-5.1105448320 6551196110-1.2026348020
-3.5107653920 2.66053015201.9776084930
-4.5587877350-2.3412360570 0.8648509340

I T T T T OIT O OOOO0=2zZz T ITITIT ITIT ITOOOI

H2A6

E(RwB97XD) =-787.862049949

Charge =0 Multiplicity = 1
-7.8625699613-1.2088645119-1.014358448
-6.5048212999-1.4686400331-1.0022669193
-5.6245336990-0.5781218691-0.3853777828
-6.1138668897 0.5856660830 0.2115638940
-7.4833206024 0.8181434407 0.2014444207
-8.3627518018-0.0644828154-0.404289098
-5.1566952387 1.5992718950 0.8056117381
-3.8363975938 0.9562531112 1.1769110456

O O o0 o0 o0 000
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-3.4250961193-0.2209745196 0.5481992898
-2.1718774425-0.7644917011 0.8361497744
-1.8629201496-1.6771209145 0.3390231681
-1.3398812863-0.1478607224 1.7518643282
-1.7480743419 1.0120278092 2.4000020960
-2.9905803498 1.5495115523 2.1056608193
-8.5350827230-1.9086190054 -1.4953622882
-6.1122701754-2.3677970059-1.4636358279
-7.8608842190 1.7208483402 0.6697099823
-9.4260709814 0.1382438794).4048398317
-0.3702573622-0.5802378455 1.9668368512
-1.1024495192 1.4931605453 3.1234921101
-3.3144895579 2.4612971114 2.5959886890
-4.2638573539-0.8447847671-0.3630357981
-4.9559678351 2.7781559299).1385672996
-4.3417995451 2.6095174549.3783216813
-5.3946671387 4.0464430888 0.2216952542
-4.1732059624 3.684727873€.2349523650
-5.2271015196 5.12729505110.6354009580
-5.8737306376 4.1912882910 1.1836853039
-4.6158811817 4.9495435059.8662834539
-3.6940568330 3.53666906943.1952602256
-5.5752112254 6.108995104.3372993375
-4.4834802288 5.789794662€.5367508169
-3.9929086282 1.6277000168..6780799437
-5.6077735652 1.9996124315 1.7159270072
-3.9767510315-1.7519515360-0.6932979880

I T T T T T O I OO OO OOz T ITIT IT IT IT ITOOOITOO

HCy A6

E(RwB97XD) =-1022.55668700

Charge =0 Multiplicity = 1
-8.0786222053 2.6833076862.3717874936
-7.9347956084 1.3593482282.0096463656
-7.0070059889 0.99661562 -1.0316191686
-6.2221846631 1.9560036983).3981565136
-6.3725142188 3.280093690-0.8027469871

O O o0 00
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-7.2871987958 3.6550767112.7714673733
-5.2694081895 1.5781587956 0.7379967900
-4.9423217111 0.@D063704 0.6791379147
-5.7656242975-0.8121971328-0.0131682892
-5.4973975449-2.1830409498 0.0061323425
-6.1479773352-2.8546267054-0.5430647029
-4.4214057917-2.6750947547 0.7180305595
-3.5939728909-1.8056364753 1.4135049116
-3.8614422125-0.4440945576  1.3815995551
-8.8002029432 2.95603739913.1322203863
-8.5317894217 0.5897694502.4860871737 = &
-5.7532845942 4.039321062-0.3422656901

-7.3817040904 4.69885583 -2.0553546484

-4.2258494631-3.7404661636 0.7257997054

-2.7466285860-2.1761344956 1.9741575516

-3.2119373647 0.2327407133 1.9231191712
-6.8693561500-0.3448678554-0.7005543924

-3.9369651582 2.3330021576 0.5686303280

-3.3370304583 2.3523666463.6917242772

-3.2459831711 2.9263745744 1.6194715244

-2.1078581422 2.95310278940.8993244807

-2.0112857144 3.5331213825 1.4174346191

-3.6537482889 2.9200618583 2.6205219938

-1.4369751982 3.5536634030 0.1583401641

-1.6707913599 2.9505216418..8906048847

-1.5000133172 3.9896951938 2.2564328531

-0.4758897182 4.0275003837 0.0005775569

-3.8418524852 1.88336820541.5276320216
-7.3689325901-1.0096599008-1.2680768573

-5.9516177830 1.8623296604 2.1226574494

-6.3715566384 3.3192894172 2.3483152744

-7.1614065311 0.9623959672 2.4002979371

-5.2002485122 1.6067047286 2.8784892402

-6.8607218551 3.5356833185 3.7781212019

-7.1861788998 3.5661249414 1.6616921709

-5.5561881027 4.0078655508 2.1245896481

I T OIT OO O T T T T T OIT O OoooOoO0zITITITITITITITOOOIOOOOO
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-7.6905140864 1.1646338303
-7.9547173223 1.1898833193
-6.8978155828-0.0872861290

-8.0391381822
-7.1437410789
-6.0414227837
-8.5646418185
-6.9259972798
-8.3484774208
-8.8928187786

2.6223720496
4.5819991289
3.3328929845
0.5286274690
0.8349336732
2.7463205654
2.9130780272

3.8187591492
1.6798589546
2.2659320744
4.0977816397
3.9177818074
4.4775198496
3.9795805002
4.5315229069
5.1387282553
3.4751754859

A7
E(RWB97XD) =-885.893707126

Charge =0 Multiplicity = 1

Z I I T T T IT T O O O I O O OO 000000

-7.8899184365-1.3553691840-0.8800413932
-6.7689147204-1.8027598618-0.2597407362
-5.7007171774-0.9083317113 0.0478303084

-5.8347545924
-7.0296706448
-8.0221496403
-4.7824455677
-3.6449827356

0.4702531582.3062988320
0.89777381040.9590253945
0.01433931411.2364809485
1.3365181435 0.0033510834
0.8244880536 0.6340255109

-3.6151672419-0.5712720868
-2.4608103978 -1.1069371448
-2.4571522381-2.1658813694
-1.4090371221-0.3084372090

0.9424296370
1.5875938031
1.8140175373
1.9002562898

-1.4367920125 1.0788597969 1.5916952777
-2.5174465730 1.6277927565 0.9806593400
-8.6945943769 -2.0427794924-1.1098148619
-6.6499475970-2.8427455806 0.0176318496
-7.1340215102 1.93983640541.2327738304
-8.9237045515 0.34926610121.7337523004
-0.5369830105-0.7253881058 2.3888012911
-0.586(0r12189 1.6973304724 1.8487116024
-2.5343519055 2.6848299191 0.7479060575
-4.6195812944-1.3999274170 0.6543647783
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-4.8782321749 2.784515365.3218100193
-4.4232950037 3.2811715854..5323300990
-5.4289445651 3.6935366050 0.5770370106
-4.4958242591 4.61715856241.8700763368
-5.5149362178 5.0413245186 0.2657546999
-5.7920803351 3.3291430065 1.5302179895
-5.0483966385 5.5020037496).9573786184
-4.1240272945 4.947107216+2.8313129802
-5.9463921943 5.7316893371 0.9788593476
-5.1131542698 6.55366938631.2057153211
-3.8870006315 2.4231626192.4193179124

m I T T O I O O O O O

HA7

E(UwB97XD) =-886.491816817

Charge =0 Multiplicity = 2

2.1380810262 3.5981134092 0.1087500541
2.7955068269 2.3807295547 0.0887930828
2.0711785103 1.1947091305 0.0079797126
0.6557927936 1.2086349904 -0.0490410575
0.0229861696 2.4672148708.0348174525
0.7467374848 3.6388232849 0.0440685748
-0.0500172440-0.0282516345-0.1296154034
0.6715171012-1.2582967978-0.1500794132
2.087841053 -1.2296085739-0.0977159388
2.8283528947-2.4080799355-0.1168404026
3.9103601702-2.3516383193-0.0792505339
2.1874359453-3.6328073681-0.1794494116
0.7957072981-3.6884005872-0.2197597000
0.0551783796-2.5246613666 -0.2035034982
2.7094342642 4.5156012617 0.1716988376
3.8777396080 2.3358776069 0.1340205831
-1.0573957391 2.509832726:.0805075881
0.2301074241 4.5902924721 0.0544336583
2.7717112172-4.5442108863-0.1930029141
0.2914777847-4.6456883395-0.2612034446
-1.0253405805-2.5786785563-0.2293969845

I T T T T T T O O O I O OO OO OO O0OO0OO0
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N  2.7224197287-0.014112663 -0.0226400771
C -1.5295004301-0.0363294599-0.2028237071
C -2.3174285684 0.2457659090 0.9048726994
C -2.2023982743-0.3295072720-1.3890173914
C -3.6973652879 0.2503961794 0.8731737392
C -3.5867153970-0.3348501349 -1.4538680472

H -1.6172619083-0.5557880028-2.2722975211
C -4.3349943347-0.0435451411-0.3218285213
H -4.2519185124 0.4788511740 1.7741804702
H -4.0814017255-0.5638707502-2.3891069665
H -5.416765B43 -0.0446550844-0.3649441343

F -1.7107073006 0.5270309947 2.0741475386
H  3.7289148347-0.0092904244 0.0238611583

H2A7

E(RwB97XD) =-887.116972775

Charge =0 Multiplicity = 1
-7.9616944904-1.1065612644-0.8692914362
-7.1242910060-1.1492594365 0.2299076256
-5.9384620658-0.4131707596 0.2385649340
-5.6021166761 0.3787866323).8613506434
-6.4492613537 0.39359409371.9620447575
-7.6249126302-0.3392661236-1.9781411649
-4.3622798295 1.2512508544).8167208622
-3.3474407254 0.7153675422 0.1695426094
-3.7579367772-0.0969866225 1.2282676827
-2.8290242212-0.5276955526 2.1773456840
-3.1598607841-1.1564915961 2.9962067512
-1.5008053131-0.1616369252 2.0655848250
-1.0774582422 0.6288255040 1.0031995599
-2.0047414945 1.0569262398 0.0675278586
-8.8784704988-1.6834432207 -0.8635648508
-7.3758563907-1.7597159528 1.0900099275
-6.1822570263 1.00580578622.8163673516
-8.2738952052-0.3105891112-2.8439875016
-0.7896814785-0.5035014820 2.8076966413

I T T T T OO O IT O OO OO0 0000
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-0.0365350871
-1.6893395089

0.9102544552 0.9086839745
1.683540914-0.7598191873

-5.0897061346-0.4680648717 1.3341645139

H
H

N

C -4.7454854831
C -4.8000287111
C -5.0878639123
C -5.1661233673
C -5.4640059114
H -5.0576302918
C -5.5027241003
H -5.1829869613
H -5.7251012220
H -5.7927042172
F -4.4800073727
H -3.9076838035
H

2.6917894218).5015316019
3.65725579641.4940070528
3.1015503478 0.7853207957
4.9684676016..2597308146
4.4070599465 1.0540627212
2.3783044216 1.5916399619
5.3439857448 0.0301130502
5.6725034772.0817445798
4.6943711260 2.0645890897
6.3671353748 0.2327307901
3.3144896568.7610721369
1.24471059941.8070070694

-5.3131371764-1.1482780178 2.0426979244

HCyA7

E(RWB97XD) =-1121.81062167

Charge =0

-7.1290425460

-4.9139731900
-3.6458728280

-1.6902025360
-2.8852669200

I T OO O I O OO0 O0OOoOo0Oooo0

-7.3251152040-2.0449618240-1.3765336060
-5.9911571120-2.2712641030-1.0995958000
-5.2167335460-1.2799413030 -0.4931556510
-5.7770447790-0.0399990550-0.1787643010

-7.9060885580-0.8298944620-1.0379743190

-3.1798595820-0.7617703850 0.6977064930
-1.9801036390-1.2393882910 1.2281517650
-1.6372348660-2.2295925960 0.9495057990
-1.2389555940-0.4592610760 2.0948121100

Multiplicity = 1

0.150132322@®.4428531700

1.0835289740 0.3996244180
0.58613270 1.0433106860

0.80888130 2.4487744080
1.2697285230 1.9229955730

-7.9147685780-2.8236742190-1.8447922370
-5.5338625750-3.2254909460-1.3363046190
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-7.5857534890 1.0958841054.1788397090
-8.9541540620-0.6457673120-1.2364598460
-0.3092594890-0.8422574650 2.4976708320
-1.1180115680 1.4244463990 3.1276716460
-3.2348147470 2.2571578620 2.1999950960
-3.8920189750-1.5411714260-0.1937028850

-5.6898130560
-6.2419322040
-5.8324204650
-6.9230633850
-6.5073769030
-5.3999891540
-7.0626092110
-7.3251881030
-6.5938554750
-7.5932912030

1.8179129940
1.1001579740
3.2009534490
1.6788862290
3.8170055630
3.8285770990
3.0572904910
1.0464687660
4.8959969660
3.5285318200

1.5044105640
2.5638411190
1.5837216340
3.6133224040
2.6288778050
0.8186898750
3.6439550710
4.3942705160
2.6441975090
4.4613653310

-6.0977162120-0.2391499550 2.5994135600
-3.5744446070-2.4872015090-0.3270290340

-4.4674882950
-3.4614439390
-5.6155600910
-3.9391150360
-2.9385077530
-3.9444174890
-2.6167212630
-5.1035889770
-6.0892931250
-6.3929257810
-4.0656137540
-2.2407848450
-2.3685107020
-5.9409051200
-4.6570025540
-3.6646411690
-4.5523400230

2.053258355.7548045520
1.4207725440.7243440380
2.64768599601.5806843030
2.876691127.2606694550
2.446445275@2.7282872900
0.5976429242.2618344320
0.9974661631.1806175460
3.7062448482.5541983950
1.847337853.1556869870
3.071547364@.9447720470
3.118661829¢8.5036847180
1.96298222268.4165952130
3.2106911202.1876630290
4.123434562(8.1191002190
4.53405765401.9913641330
3.89426843501.1611187110
2.37651685201.1464350550
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A8

E(RwB97XD) =-904.595421282

Charge =0 Multiplicity = 1
-7.9177322581-1.5137448201-0.4804910470
-6.7378359408-1.8996688487 0.0683409730
-5.6763230364-0.9631492128 0.2469564278
-5.8810660977 0.39206879 -0.1577457144
-7.1367866128 0.754928454.7310627153
-8.1207415162-0.1673432307-0.8878715220
-4.8341842546 1.3033342249 0.0157373854
-3.6352192720 0.8499816254 0.5750740625
-3.5354968645-0.527194989 0.9444947789
-2.3129467642-0.9985457373 1.5091767644
-2.2558178799-2.0442816244 1.7847693684
-1.2624225852-0.1577854487 1.6880107548
-1.3591133491 1.2109101816 1.3174382696
-2.5065506618 1.698896845 0.7802937511
-8.7160045121-2.2337629116-0.6127841189
-6.5658005793-2.9215967691 0.3827801153
-7.2941968255 1.78013982121.0400976333
-9.0691440796 0.1187905493.3248911420
-0.3385699347-0.5271467238 2.1160316283
-0.5087515516 1.8640190075 1.4677870570
-2.5788496570 2.7417057548 0.4998110917
-4.5336370046-1.3972988547 0.7814866249
-4.9962536469 2.7305987703).3794441138
-4.6573754795 3.17450292521.6603185869
-5.4990049033 3.6257191798 0.5631261776
-4.8383991355 4.52525368446..9567720169
-5.6707162552 4.9625829050 0.2500982587
-5.7562609468 3.2620372082 1.5510439781
-5.3375019069 5.4132205048..0195776313
-4.5818247625 4.8881415883.9454227304
-6.0621966449 5.6477929011 0.9916209695
-5.4668550961 6.4568585596.2793291866
-4.1049223083 2.234981648(2.7145851044
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-4.0516336667 1.2358478652.2797522714
-5.0291399357 2.15364362938.9297627870
-6.0352637963 1.844036790€8.6388955162
-5.1045557003 3.11923223581.4359158460
-4.6454675692 1.42727979721.6496651217
-2.6853142631 2.63060785353.1223110790
-2.0203539265 2.656513332122.2563565676
-2.2817920654 1.911324617$8.8384683044
-2.6688017535 3.61723797213.5920846807

I T T O T T T O =T

HAS8

E(UwB97XD) =-905.192376173

Charge =0 Multiplicity = 2
-7.9814860190-1.5061726280-0.4874172800
-6.7746195350-1.8969501040 0.0684545590
-5.7471143860-0.9733093300 0.2319060380
-5.9155919210 8784953870 -0.1598813810
-7.1557403480 0.7379155324D.7240162920
-8.1695736290-0.1846715000-0.8857611400
-4.8418188320 1.2969757320 0.0201744990
-3.6106505420 0.8450373020 0.5762902560
-3.475484930 -0.5143202090 0.9540440870
-2.2841688000-0.9899542140 1.4927666650
-2.2110635630-2.0348634120 1.7722618520
-1.2076783970-0.1360437640 1.6667819860
-1.3152762750 1.2039352910 1.3017112210
-2.4943738670 1.6830387740 0.7675799740
-8.7748267100-2.2325602590-0.6111067030
-6.6174279560-2.9231595460 0.3807772080
-7.3076811160 1.7638926766.0337915810
-9.1117913060 0.12205182341.3224152740
-0.2846584950-0.5158761800 2.0863699420
-0.4745173050 1.8728431650 1.4365311970
-2.5733009720 2.7252566060 0.4861601640
-4.5454571940-1.3582050170 0.7763411090
-5.0042867380 2.720926610.3744124990

O Z2 I T T T T T T OO OITOOOOO OO OOoOO0
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-4.6516100480
-5.5226301000
-4.8328624710
-5.6956887500
-5.7922370710

3.1742711034.6509522400
3.6209743740 0.5572449820
4.52415884141.9510693350
4.9581026230 0.2436480190
3.2573645890 1.5422021080

I T T T O T T T O IT O IT T T O I O OO O

-5.3475166050
-4.5646968500
-6.0993296230
-5.4770534590
-4.0848357250
-4.0276245040
-5.0018156030
-6.0067963010
-5.0828933210
-4.6090885460
-2.6666443750
-2.0064540690
-2.2526964080
-2.6554626130

5.41125356141.0210532560
4.887915298(2.9366133130
5.6417221460 (09896380
6.45461701941..2824539990
2.236719728@2.6989469740
1.2421386612.2540300270
2.14171785968.9187139730
1.8251587119-3.6313209800
3.10464664901.4295076470
1.41551762181.6341882850
2.64091261968.1030222180
2.6796158562.2339321200
9194002660 -3.8112234210
3.62368236068.5813589090

-4.4373851300-2.3227967740 1.0473138110

H2A8
E(RwB97XD) =-905.813383741

Charge =0

Multiplicity = 1

-8.0503628149-1.5945725574-0.177277891
-7.1079834011-1.4829072906 0.8276536672
-5.9574702979-0.7163458995 0.6311126865
-5.7611902838-0.0497331599-0.5797594508
-6.7141987005-0.1900241873-1.5809176982
-7.8558189962-0.9518694222-1.394417@70
-4.5541805354 0.8427269819.7843443240
-3.4402067422 0.5010183127 0.1872059411
-3.7210445509-0.1769509708 1.3757087721
-2.7017824767-0.4194075187 2.2986032588

-2.9340068445-0.9450849317 3.2180479088
-1.4108122690 0.0000731967 2.0378267177

O I OO O 0000000
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-1.1158406004
-2.1325055151
-8.9383651623
-7.2494034551
-6.5568152097
-8.5878705103
-0.6297948715
-0.1053851427
-1.9138084319

0.6593623494 0.8504981970
0.9012849303.0589177508

-2.1923561226-0.0115997437
-1.9925385039 1.7742124429

0.3254175898.5223703209

-1.0421388717-2.1867050455
-0.1944719992 2.7627214899

0.9848660449 0.6387874915
1.4281530763.9812147595

-5.0121020838-0.6075830229 1.6386483428

-4.9240388072
-4.5682824951
-5.6347796934
-4.9762291058
-6.0155599474
-5.8979985607
-5.6891766936
-4.7288427466
-6.5667569086
-5.9860279641
-3.8006173541
-3.2941973321
-4.7627911395
-5.5036816822
-5.2992180064
-4.2193178167
-2.7067558005
-2.0440976143
-2.1032833756
-3.1181882658
-4.1891508218

2.3231406304€.6760571569
3.2703724108..6458167434
2.7362489972 0.4519780444
4.593403989+1.4551671666
4.0523794187 0.6309419980
2.0047723797 1.2073523687
4.989617355%).3385618992
5.3356744802.2041293580
4.3433654503 1.5167736643
6.0251935861.2245168682
2.917303336&.9102129926
1.966087830€.7523317334
2.734170882#.0855294781
1.96050466963.8721579793
3.66380083461.2934389788
2.446494764-4.9887422839
3.9291274808.2513364490
4.0997016394.4002295303
3.55439238081.0810509561
4.89286483363.5583574186
0.6531085153..7913215615

-5.1387538522-1.1963128901 2.4457427617

HCyA8
E(RWB97XD) =-1140.50794089

Charge =0

Multiplicity = 1
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-7.8720162919-1.8564170427-0.5236715375
-6.5652679840-2.2388090618-0.2848914942
-5.5793129446-1.2775907136-0.0569137432
-5.9065990417 0.0803988034-0.0510099885
-7.2278669250 0.4369126716.2883299248
-8.2109140775-0.5102697997-0.5296461019
-4.8275609387 1.1523867303 0.1378088341
-3.5638919285 0.5488646500 0.7534268225
-3.3172039515 -0.8247731359 0.6802336444
-2.1223048256-1.3551017989 1.1700246228
-1.9531321133-2.4240672374 1.1027687424
-1.1762608186-0.5303179403 1.7481301952
-1.4203042280 0.8316907903 1.8588581769
-2.6082369641 1.3492899287 1.3682715437
-8.6268522846-2.6127766509-0.7010593014
-6.2927775239-3.2882694812-0.2743277120
-7.4944329069 1.4870043153.2839811725
-9.2311348095-0.1996709661-0.7153324800
-0.2538230334-0.9551916227 2.1248638036
-0.6943165384 1.4859449859 2.3243123632
-2.8005254167 2.4104252162 1.4633614980
-4.2706365756-1.6739496344 0.1477643234
-5.4111375052 2.2378918%52 1.0762662446

-5.7401768540
-5.6899557624
-6.2721235501
-6.2281922337
-5.4946326887
-6.5117471260
-6.5202482610
-6.4221587526
-6.9269054008

1.9497731226
3.5192212474
2.9650533401
4.5129237254

24177079475
0.6008520588
3.2112788462
1.4029275511

3673732663 -0.4307050154

4.2390115785
2.7450399510
5.4934141434
5.0005257768

2.7277216983
4.2430760346
0.9853750680
3.3767253848

-5.604464805 0.5790162040 3.0668973647
-5.1793045651-0.1125202550 2.3495785072
-4.6567938830 0.6021255021 4.2662688653
-3.6721392066 0.9767121053 3.9802036853

I O I O I T T OII O O OO 0O Z2 I T T T T T T 000X OO0O0O0O0O0O0O0-0o0a0
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-5.0400187057 1.2330576539 5.0717177996
-4.5320626831-0.4072485202 4.6655017178
-6.9736051314 0.0154377037 3.4526409852
-7.6369335415-0.0282824641 2.5862134258
-6.8647654010-0.9974409281 3.8478747386
-7.4573118992 0.6237693066 4.2206042831
-4.0970339538-2.6623420541 0.2266824420
-4.4700400964 1.70391112781.2956166740
-3.3033763814 2.70066675531.3405605609
-4.1793637094 0.6006684199.3224421508
-5.3723372389 2.21372422241.6506646851
-3.1623905398 3.322173450R.7275070673
-2.3771885114 2.17044052541.1030174671
-3.4092741576 3.4838785831.5905867250
-4.0121007535 1.1807944B7-3.7259798387
-3.2657942279 0.0683107352.0365410852
-4.9857598739-0.1323349080-2.3410945624
-2.9260844381 2.2488646868.7838520087
-2.3394497858 4.0413359392.7277575659
-4.0728022483 8820042681 -2.9710149914
-3.7895680698 0.37579098081.4309735975
-4.9654453652 1.62014810161.0411565750
-2.8835351261 2.6938353244.7812735285
-1.9519014941 1.7810844588.6021166535

IrI r r T T T OT T O T T OITOOOTIITTITTITTIO T T

A9
E(RwWB97XD) =-594.898606658

Charge =0 Multiplicity = 1
C -3.5721413665-1.0360243446 0.0009688539
C -2.3714946954-1.6691904960 0.0051842929
C -1.1539636002-0.9257751104 0.0056930676
C -1.2124729776 0.5000195122 0.0047355
C -2.4967952024 1.1231964823.0025730016
C -3.6357402154 0.382355603%.0030174971
C -0.0126421028 1.2303548272 0.0022979128
C 1.1932733647 0.5137985009 0.0062613656
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C 1.1360538481-0.9182819125 0.0101166947
C 2.3545226121-1.6626810744 0.0144353381
H 2.2791276382-2.7430016755 0.0174047152
C 3.5556773720-1.0335672875 0.0146922486
C 3.6202920944 0.3852994785 0.0106086876
C 2.4845270048 1.1287889568 0.0066022041
H -4.4905574956-1.6101723519 0.0005895135
H -2.2997340890-2.7498183965 0.0082530474
H -2.5628328729 2.2027577574.0056326521

H -4.6014409124 0.872102010.0064301287

H 4.4731685273-1.6091616598 0.0179239801
H 4.5863463217 0.8742996630 0.0107215669
H 25651132599 2.2063423846 0.0034691919
N -0.0055369515-1.6055787077 0.0098770758
C -0.0626987199 2.729096184+0.0013456180

H -0.5958582408 3.090217395@.8833105682

H -0.6015247824 3.0942395083 0.8754832011
H 0.9213735998 3.1857577525 0.0008567227

HA9

E(UwB97XD) =-595.494334362

Charge =0  Multiplicity = 2
-3.6257589669-1.0188894493 0.0006178836
-2.4003464269-1.6649582859 0.0050923363
-1.2202602016-0.9279111181 0.0056866818
-1.2401003696 0.4885736520 0.0017169245
-2.5062546141 1.1079111759.0028995717
-3.6757696978 0.3717095243).0034550296
-0.0115639464 1.2191778454 0.0025785841
1.2236213521 0.5026513027 0B2999684
1.2047123303-0.9181954930 0.0103985751
2.3833919115-1.6576539593 0.0145158253
2.3246154395-2.7403660763 0.0177031541
3.6112233320-1.0184898393 0.0144500117
3.6628052300 0.372478%2 0.0101336992
2.4971614589 1.1119722086 0.0062150216
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-4.5393391397-1.6000787613 0.0002060714
-2.3464009461-2.7478501417 0.0081835581
-2.5644646141 2.187987925:0.0061273019
-4.6313311060 .8811779457-0.0070739080
4.5229522814-1.6023722870 0.0176018060
4.6189092728 0.8809654046 0.0098893384
25705189211 2.1903156687 0.0028750263
-0.0058207378-1.5669138376 0.0102981347
-0.06841B6960 2.71476643020.0007176390
-0.5995575362 3.0874786129).8823417170
-0.6071255563 3.0908400506 0.8748280125
0.9157018470 3.1744802057 0.0027336562
-0.0009724211-2.5742358943 0.0135502138

I T T T O 2 I T T T T T =T

H2A9
E(RWB97XD) =-596.122373057
Charge =0 Multiplicity = 1
C -3.3389583578-1.5256319842 0.1224515272
C -2.0338596963-1.9054622097 -0.1380651232
C -1.0160342740-0.9521359953-0.1426937699
C -1.3120051043 0.3914822851 0.1045140581
C -2.6248020625 0.7456662762 0.3839786334
C -3.6418451492-0.1975469234 0.3944913755
C -0.2159171867 1.4229392473.0202821918
C 1.1235281654 0.8199673768 0.3303881018
C 1.3488757165-0.5358139409 0.0758265850
C 2.6112502639-1.0880754177 0.2903448339
H
C
C
C
H
H
H
H
H

2.7732880016-2.1409214119 0.0883204337
3.6421418996-0.2980497424 0.7682735829
3.4236797078 1.0444696076 1.0502628471
2.1667423686 1.5879916979 0.8293267076
-4.1216830882-2.2745435699 0.1240593756
-1.7921733876-2.9447582409-0.3306974671

-2.8516196573 1.7874076194 0.5846084094
-4.6603565565 0.1000919378 0.6090990083
4.6185861723-0.7376282010 0.9319326449
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H 4.2255161943 1.6620424023 1.4345347621
H 1.9881261254 2.6380185282 1.0354190409
N 0.3009891209-1.3234481428-0.3856929822
C -0.1855011225 2.00062724611.4445610941
H 0.0194216110 1.2145199862.1752235853
H -1.1461629270 2.45665770571.6929203830
H 0.5932679803 2.76109798141.5324989071
H -0.4241926446 2.2438329860 0.6697858469
H 0.4803193369-2.3137605943-0.4359264405

HCy A9

E(RwB97XD) =-830.818794147

Charge =0 Multiplicity = 1
-3.1243157550-2.1414616919-0.0895172558
-1.7733685879-2.4184367655 -0.1546645483
-0.8357299635-1.3835093544-0.1382190268
-1.2438441622-0.0459243856-0.0656021717
-2.6136248105 0.1959098430 0.0191625791
-3.5514652679-0.8246704873 0.0047466911
-0.2233119665 1.3®390523 -0.1402624087
1.1743411057 0.5766739569 0.2188774893
1.4842560422-0.7848721855 0.1522106263
2.7803835697-1.2358103678 0.4120292965
2.9892621016-2.2984116534 0.3554233077
3.7809803647-0.3406034910 0.7345283591
3.4950353876 1.0160804043 0.8046260899
2.2049729313 1.4531609448 0.5489610595
-3.8410188726-2.9535868557 -0.1033689168
-1.4241351834-3.4433099696-0.2131761705
-2.9706005262 1.21823136 0.0852981447
-4.6067018115-0.5901696888 0.0637433262
4.7826213774-0.7025050954 0.9322326679
4.2701055312 1.7301522920 1.0524133825
2.0031358617 2.5154459867 0.5939571866
0.5083400437-1.6983874964-0.1960808835
-0.6063887119 2.2078222485 0.8494328912
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-0.4935809571 1.8562234139 1.8763958403
0.0232966516 3.0878821012 0.7163585968
-1.6341124043 2.5385482104 0.7219195394

0.7508607780-

-0.1433332068
0.2603467451
-1.4043423658
0.6607358813
0.4620350026

-0.5224888880 -

1.1772865484
-1.1988435169
-2.2337568978
-1.6974383641
-0.7778893017

0.7233067451

1.3115312799
-2.1174364214
-0.4254194874
-0.5938792794
-1.5978495892

Al0
E(RwB97XD) =-825.959738491

0O 000000000

Charge =0

2.6731574519-0.1286083861
1.68412166821.5940098118
0.6473280972.6460706751
2.4162202052.0621587043
2.4299917349.5462367458
1.2794820918.0209303286

0.1164450085-2.7138470471
0.1379637116.3445909695
3.06459970353.4301898058
1.7058196272.1324141427
3.18111435041.3411532851
2.03972288661.4770294162
0.5066797064.7483487916
1.97054497443.9756694933
3.569155542%8.7405062370
3.8370764193.3501878117
2.52882020965.4370482770
1.32946404281.6333288030

Multiplicity = 1

-7.9426054034-1.3429813216-0.7527099921
-6.8000894517-1.7952709304-0.1767783466

-5.7141283533-0.9072798698 0.0844789043

-5.8528056560
-7.0885208309
-8.0777126801
-4.7826331213
-3.6252287742

0.4724998063.2635733871
0.90253494580.8764963320
0.0253647326..1116633507

1.3361122329 0.0003082297

0.8107282573 0.5877123734
-3.5903554680-0.5867803199 0.8880308579
-2.4144901612 -1.1332916917 1.4836917408
-2.4072658707-2.1945584724 1.6991499559
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C -1.3492749018-0.3421051299 1.7682995378
C -1.3863387471 1.0493682985 1.4821413652
C -2.4855285826 1.6069898845 0.9128626990
H -8.7603167779 -2.0260433011-0.9472572324

H -6.6761784345-2.8352457723 0.0986791191
H -7.1753594742 1.94210369541.1567540415
H -8.9936109549 0.36467983001.5789247726
H -0.4620690820-0.7674733320 2.2211192483
H -0.529481012 1.6651248345 1.7251279013
H -2.5096096775 2.6679299327 0.7018401431
N -4.6108643829-1.4093082841 0.6410031457
C -4.8738838239 2.7812996190.3366951699
C -4.2165752945 3.29277106421.4506445781
C -5.62324@894 3.6475031516 0.4526062163
C -4.3095734086 4.63929284549.7660669214
C -5.7079850449 4.9939051020 0.1349606235
H -6.1455494831 3.2640021978 1.3211812197
C -5.0529909771 5.513817010.9781716809
H -3.7956434166 5.016656335%.6430164922
H -6.2975631326 5.6522429534 0.7631096948
H -3.6313427488 2.630707090+2.0779290187
C -5.1238800584 6.97874865141.3030711560
H -4.3187321534 7.5230702839.8017943027
H -5.0199326558 7.1523418008.3749238758
H -6.0685116257 7.4124598683).9722443251

HA10

E(UwB97XD) =-826.556629695

Charge =0 Multiplicity = 2
-8.0037392967-1.3327872753 -0.7517265373
-6.8333815262-1.7907761255-0.1715086369
-5.7804512968-0.9136443284 0.0707457576
-5.8844632449 0.4607057373).2612595660
-7.0870762556 0.885908071-0.8613893700
-8.126515646 0.0102010457-1.1002995329
-4.7833313938 1.3300564251 0.0026105527

O o0 o0 o0 o000
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H2A10
E(RwB97XD) =-827.182256028
Charge =0 Multiplicity = 1
C -7.8026050638-1.1795334621-1.1866576158
C -6.4341514683-1.3745154001-1.2115586471
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-3.5938571636 0.8030738931 0.5902088567
-3.5253637853-0.5782386535 0.9019339413
-2.3820010009-1.1276223301 1.4744772693
-2.3612707722-2.1886457078 1.6964503645
-1.2895442993-0.3261466658 1.7579412442
-1.3360884348 1.0367650424 1.4741898566
-2.4657552749 1.5878055052 0.9044863376
-8.8172566380-2.0230270231-0.9362248913
-6.7225768145-2.8350833203 0.0973754250
-7.1904756675 1.92573270141.1419496464
-9.0370901610 0.3704189504..5624852903
-0.4046221040-0.7626805188 2.3B094929
-0.4866993934 1.6683346042 1.7026563067
-2.4937956804 2.6486802419 0.6936592666
-4.6143575632-1.3717100134 0.6341420215
-4.8742106751 2.7714619972.3330573265
-4.1540575083 3.307014483-1.3991875855
-5.6859628579 3.6303735314 0.4042825328
-4.2434217995 4.65363658481.7145395356
-5.7726645843 4.9773333915 0.0866857564
-6.2592895263 3.2372243256 1.2359291009
-5.0522251237 5140194628 -0.9764304390
-3.6769546139 5.042926411€2.5534738436
-6.4131356901 5.6232725018 0.6771279457
-3.5187752964 2.6581592718.9910716530
-5.1223517641 6.9792312708..3019270409
-4.314277834 7.5240216054-0.8057264345
-5.0223188118 7.1519055332.3746171673
-6.0654036080 7.414618558-0.9689344249
-4.5529022152-2.3512965049 0.8627265133
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-5.5893776619-0.5162669172-0.5055052916
-6.1251987716 0.5501162326 0.2198279977
-7.5040200071 0.7167414698 0.2438474651
-8.3483674810-0.1343862417-0.4506203519
-5.2096590175 1.5373136718 0.9151193457
-3.8572932511 0.9194132000 1.2066769575
-3.3982326700-0.1593696038 0.4477276753
-2.1180348173 -0.6715844592 0.6657992172
-1.7730611104-1.5081020681 0.0685052185
-1.3055192266-0.1222715892 1.6400842287
-1.7604280532 0.9370916015 2.4164783040
-3.0298859478 1.4443439410 2.1913800432
-8.4472433308 -1.8527277767-1.7385845103
-6.0056750348-2.1978324574-1.7719067317
-7.9178778472 1.5436615104 0.8109686756
-9.4198484854 0.017007508.4226922810
-0.3145123897-0.5294283725 1.7996433901
-1.1300000415 1.3645887165 3.1856914750
-3.3903751522 2.2792871981 2.7826387336
-4.2174749863-0.7173199329-0.5220990050
-5.0683850766 2.8203211718 0.1065226432
-4.5026345005 2.81207414821.1680857013
-5.504423467 4.0321345415 0.6212113073
-4.3808381975 3.9810450099.8960461219
-5.3812649481 5.2068670009.1127776291
-5.9477646744 4.0640945355 1.6104896499
-4.8185307859 5.2028556758..3818635115
-3.9377228609 3.949300616€2.8856928328
-5.7309136600 6.1405598510 0.3138618964
-4.1533475830 1.87946790761..5972203975
-4.6775800898 6.46482930172.1854911846
-3.6280319180 6.6710700492.4088902138
-5.2013053606 6.3814121144.1407058630
-5.0841363155 7.32338895371.6501806129
-5.6691316190 1.8138873606 1.8666117074
-3.8898261285-1.5646702855-0.9568647980

r r r T r O I T T OIOOOODODRZITTITOITITITIIOOOOIOOOOOOoOOoOOo
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HCyA10

E(RwB97XD) =-1061.87704671

Charge =0 Multiplicity = 1
-7.7844415465-0.7962585114-1.4983964086
-6.5259685389-1.2763233495-1.1942204779
-5.6770634323-0.5532148158-0.3530059615

-7.3566555790 1.1323526664.1460336995
-8.2079983240 0.417461651-0.9722752750

-8.4331542053-1.3682628568-2.1505826496
-6.1832778224-2.2207882692-1.6017188510

-9.1916586802 0.8052304596..2044727052

-4.4359510825-1.0694648704-0.0331008384

-4.6514273486 3.3706455169.3534652960

-4.7528510387 4.6796376079.7836357134

-5.5075104374 5.6150068258.0756528097
-4.2391178133 4.98334813241.6894853603

I T T OI OO OO0 Z I I I T T T T OO0 O0OIITO0OO00O0O0O0o0Ooo0o:00ao0

-4.0618259765 2.6719133014.9350518597
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-6.0869738553 0.8%5349579 0.1840556289

-5.2014708488 1.4360851556 1.1772188044
-3.7501998096 0.9646610237 1.0612030549
-3.4389450943-0.272524312 0.5069793360
-2.1181828973-0.7364254336 0.4866722174
-1.9044920251-1.7065156549 0.0519218770
-1.1011282899 0.0417158367 1.0012997255
-1.3881993273 1.2939175646 1.5309997985
-2.6993901356 1.7372055123 1.5493382121

-7.6899043142 2.0798788318 0.2592143191

-0.0816979723-0.3237826154 0.9779795951

-0.5980686134 1.9191598924 1.9266720422

-2.9180354193 2.7154804724 1.9580099055

-5.2937650828 2.9272866389 0.8044864482

-6.0564006500 3.8567278980 1.4986722349

-6.1581995400 5.1756080587 1.0674933231

-6.5996210736 3.5714286717 2.3889747489

-6.7630443194 5.8710991676 1.6389749948
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-5.5980445832 7.0416044104€.5375272182
-4.6413396602 7.5543619138.4077833718
-5.8533637722 7.09667042241.5979006491
-6.3524163105 7.5930151848 0.0247289613
-4.1447873563-1.8979025381-0.5255771692
-5.7421857559 1.1436378432 2.6215586263
-5.8621066478-0.3519441135 2.9367324852
-4.9528847888 1.8130310215 3.7524881497
-6.7627852813 1.5426023557 2.6394494348
-6.5385468058-0.5834583346 4.2864824316
-4.8627140885-0.8003606019 2.9495937461
-6.4331731497-0.8633271571 2.1610599313
-5.6468327352 1.6200445494 5.0985352159
-3.9576996246 1.3626696245 3.8069425534
-4.8033342990 2.8755929754 3.5590369691
-5.8184203465 0.1393304138 5.4192542509
-6.5897080396-1.6554506363 4.4932089545
-7.5723911271-0.2239130187 4.2303603149
-5.0711893522 2.1138110861 5.8854656300
-6.6298705930 2.1043526022 5.0737574857
-6.3627244686 0.0113032874 6.3584010028
-4.8291371203-0.3103793253 5.5607779040

I T T r r T OIXTITOITITOITOOOOITITITITITO

All

E(RwB97XD) =-1246.25146268

Charge =0 Multiplicity = 1
-2.7644238463-3.561789350 0.1467242425
-3.4049139338-2.3661575189 0.1038804659
-2.6675478144-1.1457663317 0.0509856169
-1.2388130538-1.2037342076 0.0509185931
-0.6066172367-2.4833092768 0.0900483892
-1.3445309910-3.621775115 0.1368144188
-0.5270361023 0.0000000824 0.0000015880
-1.2388113547 1.2037351148).0509215420
-2.6675461715 1.1457687133).0510011530
-3.4049105628 2.366160670%).1039024351

O O 00000000
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-4.4858363744 2.300651305%.1063011523
-2.7644188605 3.5617644311.1467404143
-1.3445260318 3.621776640-0.1368179850
-0.6066138685 2.483309535@.0900456123
-3.3340358189-4.4821227251 0.1853424455
-4.4858396982-2.3006470392 0.1062696048
0.4741391919-2.5361463964 0.0785241459
-0.8529648825-4.5860485268 0.1645809166
-3.3340295352 4.482125816.1853635458
-0.8529586787 4.586049051:.1645799680
0.4741425145 2.5361455314.0785118044
-3.3482103340 0.0000015444.0000108020
0.9602303285-0.0000007030 0.0000078550
1.6650476645-0.2020472817 1.1817909037
1.6650575715 0.20204510041.1817694172
3.0506937228-0.2013159582 1.1899331993
3.0507036908 0.201312065Q0.1899003585
1.1275446303 0.3613431152.1083998994
3.7291181359-0.0000024198 0.0000191739
3.5939763907-0.3562453685 2.1124848223
3.5939941604 0.356240884+2.1124474830
1.1275269929-0.3613446265 2.1084170149
Cl 5.4724451551-0.0000036853 0.0000261749

I T T OT O OOOODZITITITITITITITOO-OO T

HAl1l

E(UwB97XD) =-1246.84906160

Charge =0 Multiplicity = 2
-2.7522521200-3.6175316618-0.0883018131
-3.3998239173-2.3946681677-0.0685131918
-2.6651606792-1.2128367615-0.0361143029
-1.2479067587-1.2342515521-0.0328274586
-0.6256766525-2.4991167881-0.0411237073
-1.3601303533-3.6667775458-0.0701874139
-0.5314514537 0.0000000914 0.0000022774
-1.2479058413 1.2342524310 0.0328257258
-2.6651598205 1.2128390218 0.0889607

O O 0000000
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-3.3998222087 2.3946711501 0.0684908895
-4.4827059771 2.3424849117 0.0745188943
-2.7522494133 3.6175340095 0.0882858781
-1.3601274251 3.6667785394 0.0701850760
-0.6256745889 2.4991170638.0411281834
-3.3318848188-4.5316707924-0.1125837654
-4.4827075744-2.3424808426-0.0745516140
0.4549016886-2.5502948028-0.0203973221
-0.8502129905-4.6219449050-0.0760851927
-3.3318814700 436736927 0.1125623938
-0.8502091778 4.6219453947 0.0760879931
0.4549039961 2.5502940462 0.0204121634
-3.3084850766 0.000001450-0.0000109091
0.9507054981-0.0000006960 0.0000080662
1.664748982 0.3634235194 1.1401307944
1.6647568980-0.3634257559-1.1401094121
3.0504812051 0.3662382482 1.1492368875
3.0504892209-0.3662420639-1.1492053498
1.1291891981-0.6483049272-2.0375505809
3.7298090709-0.0000022628 0.0000182491
3.5939092710 0.6474757106 2.0415382844
3.5939234398-0.6474801600-2.0415027930
1.1291749827 0.6483032623 Z.BB80636

Cl 5.4744818117-0.0000031174 0.0000245919
H -4.3159895728 0.000001998-0.0000166662
H2A11

E(RwB97XD) =-1247.47497639

O o0 o0 o0 o000

Charge =0 Multiplicity = 1

-2.6554620689-3.5811304069 0.1755707995
-3.10334.0657 -2.3685698404 0.6652721409
-2.3793668158-1.2005540523 0.4189192644
-1.1925829228-1.2577129371-0.3147531904
-0.7702711534-2.4846602101-0.8110248003
-1.4865663641-3.6463254782-0.5739352029
-0.354858167 -0.0107753301-0.5123415683
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-1.1880340378
-2.3751539753

1.2450126108).3549343003
1.2156093965 0.3798297161
-3.0951913844 2.3934438480 0.5876051339
-4.0143401159 2.3583860450 1.1616484491
-2.6426160537 3.5881933935 0.0599970323
-1.4729762370 3.6252669128).6902031369
-0.7608644195 2.4540192848).8896327537
-3.2266240931-4.4798783590 0.3739665457
-4.0221013017-2.3115653268 1.2381248692
0.1495993049-2.5244364024 -1.3845690041
-1.1369329449-4.5930232797-0.9652986072
-3.2107211692 4.4948081283 0.2292171378
-1.1195263122 4.5577828378..1110871465
0.1595034482 2.4723056678..4634359962
-2.8332652606 0.0164727889 0.9035494554
0.8407632720 0.0030682835 0.4307347978
0.6652821641 0.0166920812 1.8126362922
2.1343830507 0.0036591260.0736468117
1.7506094398 0.0305391143 2.6706094187
3.2362421401 0.0175556962 0.7711328499
2.2923506001-0.0068226291-1.1458140605

I T T OIT OOOOOZ2ZITITITITIT I I OOOIOOO0on

@]

3.0305460802
1.6039143347
4.2396650624
-0.3339931883
4.4048402929

0.0308494068
0.0409228378
0.0179145876
0.0166719684
0.0484448409

2.1376833246
3.7425085600
0.3664519214
2.2322700470
3.2134683258

I

0.0465599350-0.0277320957-1.5277061282
-3.7521253245 0.0245373240 1.3156977760

HCyA11

E(RWB97XD) =-1482.16989647
Charge =0
-3.1091680900-3.5277317690 0.2393481430
-3.5436581340-2.2893114990 0.6659975380
-2.7770840430-1.1467583330 0.4199050530
-1.5538889830-1.2449467400-0.2471010160

Multiplicity = 1

O o0 o0 0
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-1.1541684410-2.5042849480-0.6873071170
-1.9084172770-3.6404498040-0.4510287320
-0.6590760600-0.0183993240-0.4359051770
-1.4881562760 1.2675764514.3063759470

-2.7239965750
-3.4299557950
-4.3885367320
-2.9118306260

1.2644754590
2.4560193900
2.4278753920
3.6521860620

0.3450330230
0.5267271420
1.0327633820
0.0714292910

-1.6842452090 3.672719557.5782809660
-0.9940730970 2.486014832.7612060310
-3.7136530710-4.4049067220 0.4355552200
-4.4884801200-2.1854858580 1.1876208020
-0.2212751980-2.5957096980-1.2289378360
-1.5624941730-4.6044258420-0.8013860630
-3.4689886520 4.5690799800 0.2202927930
-1.2684762560 4.6040350700.9409466700
-0.0378871620 2.50785829141.2695010160
-3.2442915770 0.0840424420 0.8388909540
-0.0664625940-0.0264415010-1.8566518540
-0.9183374300-0.2736321180-2.9335871490
1.2568632930 0.284696431€.1446421730
-0.4744138080-0.2314422300-4.2421090090
1.7255421910 0.331336922(3.4516732820
1.9581121450 0.5075402686..3533109890
0.8552120790 0.068812309@.4904065540
-1.1559182620-0.4273008490-5.0592731020
2.7614220780 0.57263940968.6500989840
-1.9606768600-0.5020329880-2.7490439290
1.4328774110 0.1212828874.1361093060
-4.1800048620 0.1155229440 1.2092169670
0.4478529340 0.0124178270 0.6765224810
-0.1141316810 0.2393142230 2.0847235430
1.3602203770-1.2191286730 0.7128675190
1.0678212440 0.8875493380 0.4498584000
1.0053217330 0.4177926540 3.1082408990
-0.7337818750-0.6180137790 2.3693577750

I T T OIT OO OO0 ZIT IT T T T T T OO0 O0ITOoO0O0O0O0o0
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Al2

-0.7567794120 1.1201988150 2.1035534390
2.5047678570-1.0284230390 1.7050653560
0.7732123290-2.0879478280 1.0234841950
1.7587984860-1.4511367750-0.2752838220

1.9735297720-0.7597932810 3.1087981160
0.5749224430 0.5550725830 4.1033774010
1.5559714990 1.3359540260 2.8738424990

3.1445993790-
3.1289995680 -
2.7983233960-
1.4517734270-

1.9143795510
0.1866207300
0.5732448720
1.6539044140

E(RWB97XD) =-885.894402865

I T T T T T T O O O I O OO OO OO O0OO0OO0

Charge =0

Multiplicity = 1

1.7051917000
1.3838924010
3.8012225120
3.4683030250

-2.4297672309-3.564386482 -0.0500505313
-3.0695651821-2.3676842846-0.0410772109
-2.3316654241-1.1465900463-0.0203022126
-0.9029280647-1.2045253791-0.0174935398
-0.2717947386-2.4853094602-0.0184671413
-1.0099840004 -3.6245021173-0.0348514609

-0.1898037024
-0.9029279934
-2.3316653541
-3.0695650383
-4.1504484250
-2.4297670206
-1.0099837950
-0.2717946006

0.0000000582
1.2045255326
1.1465902739
2.3676845507
2.3016085422
3.5643866814
3.6245022767
2.4853095812

0.0000003347
0.0174945669
0.0203039728
0.0410793442
0.0471216304
0.0500523289
0.0348525269
0.0184678403

-2.9998365288-4.4851762734-0.0646838890
-4.1504485685-2.3016082201-0.0471189408
0.8088070427-2.5382331810-0.0022414810
-0.5186568806-4.5893108607-0.0335352481
-2.9998362633 4.4851765362 0.0646859711
-0.5186566253 4.5893109944 0.0335360533
0.8088071752 2.5382332457 0.0022416273
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-3.0125320530 0.0000001315 0.0000010569
1.2975140629 0.000000020-0.0000000277
2.0021693658 0.2743550367 1.1681734498
2.0021688014-0.2743550261-1.1681738384
3.3882471903 0.2743239635 1.1780456408
3.3882466216-0.2743240066-1.1780466849
1.4627587808-0.4898142165-2.0822657506
4.0520760995-0.0000000330-0.0000006791
3.9464489212 0.4835448217 2.0811200070
3.9464479169-0.4835448847-2.0811213160
1.4627597829 0.4898142459 2.0822656159
5.3981757287-0.0000000559-0.0000009993

m I T I O I O O O O 0O Z2

HA12

E(UwB97XD) =-886.491765998
Charge =0
-2.4159280059-3.6179941220-0.0776891720
-3.0641337015-2.3951729326-0.0606011744
-2.3300183044-1.2130237476-0.0318914607
-0.9126343479-1.2338797793-0.0286128879
-0.2898141803-2.4984360781-0.0354609278
-1.0238185750-3.6666192562-0.0611215604

Multiplicity = 2

I T T T T T O O O T O OO OO O0OOoOOoOoo0

-0.1957862822
-0.9126341832
-2.3300181393
-3.0641333766
-4.1470692600
-2.4159275239
-1.0238180964
-0.2898138580

0.0000000636
1.2338799940
1.2130241340
2.3951734081
2.3436112073
3.6179945196
3.6666194848

0.0000003040
0.0286138603
0.8832199

0.0606033380
0.0662252266
0.0776909658
0.0611225641

2.498436217D.0354615386
-2.9952393677-4.5324199530-0.0992042752
-4.1470695817-2.3436106005-0.0662224589
0.7909162323-2.5480897215-0.0168912111
-0.5135628263-4.6216375262-0.0658904361
-2.9952387634 4324204205 0.0992063843
-0.5135622285 4.6216376926 0.0658911401
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0.7909165505 2.5480897282 0.0168912192
-2.9734743019 0.0000002322 0.0000010645
1.2872261776-0.0000000209-0.0000000402
2.0002399900 0.3401884315 1.1483683659
2.0002394438-0.3401885451-1.1483687630
3.3866893066 0.3435825340 1.1590319168
3.3866887566-0.3435827828-1.1990329301
1.4625219484-0.6068158580-2.0501338048
4.0513128371-0.0000001559-0.0000006547
3.9447528127 0.6048859620 2.0487297716
3.9447518423-0.6048862640-2.0487310330
1.4625229201 0.606815®7 2.0501336457
5.3991905774-0.0000002196-0.0000009556
-3.9809589098 0.0000002933 0.0000013917

I m T T T O T O O O O O 2 =T

H2A12

E(RwWB97XD) =-887.117523089

Charge =0 Multiplicity = 1
-2.2699157717-3.6021357944-0.0697660870
-2.7337702476-2.4110032116-0.5958006287
-2.0263706521-1.2261972913-0.3840832419
-0.8400679653-1.2444925181 0.3524534298
-0.4017380305-2.4502265793 0.8855194743
-1.1013708699-3.6284345482 0.6825925807
-0.0195171797 0.0193166962 0.5125664368
-0.8709535371 1.2574771938 0.3183360570
-2.0561893631 1.1898810551.4169947244
-2.7926389908 2.3505870129).6610769057
-3.7098022120 2.2849858419.2355381393
-2.3587947419 3.5665855978).1672784052
-1.1917061228 3.6421733109 0.5840929189
-0.4630737219 2.4876463484 0.8187156870
-2.8282931674-4.5142523452-0.2418354775
-3.6522278707-2.3843254593-1.1714654663
0.5179110277-2.4603119203 1.4607187500
-0.7390985461-4.5580426145 1.1024545228
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-2.9394425208 4.4596399859).3638572004
-0.8529224262 4.5914561944 0.9787865603
0.4556685160 2.5359015997 1.3934507179
-2.4961906346-0.0306545072-0.9058738196
1.1786507331 0.019964833D.4283185657
24713043038 0.0271513976 0.0798394048
1.0050486157 0.0114706088.8110754888
3.5766372704 0.025998591-D.7618278609
2.0918149403 0.0102410732.6684751991
0.0057725144 0.005575598%.2306908082
3.3607006611 0.0175743352.1219972960
45856788195 0.031738163%.3705696189
1.9639614416 0.003813084%8.7431409221
2.6248884518 0.0338106275 1.1526677277
4.4240625432 0.0165842262.9516717003
0.3800869135 0.0380888288 1.5286938653
-3.4145767900-0.0473401322-1.3188465271

I T m T T IT O I OO OO O 2 T T T

HCyA12
E(RwB97XD) =-1121.81232721

Charge =0 Multiplicity = 1
-2.5727263510-3.5154032416 0.5209598808
-2.9509035285-2.2721217108 0.9855617805
-2.2400541970-1.1291499733 0.6086957500
-1.1287957614-1.2311351932-0.2314386648
-0.7869271568 -2.4958834573-0.7037395636
-1.4870615427-3.6325610164-0.3384877633
-0.2847051444-0.0017727867-0.5744478300
-1.0998261230 1.2795231108).3472238709
-2.2247453034 1.2802691830 0.4810561575
-2.9009719120 2.4693185596 0.7412224975
-3.7829919773 2.4440705302 1.3838816027
-2.4784547627 3.6600604452 0.1911302943
-1.3616815783 3.6768669011.6346644158
-0.6932624562 2.4921069138).8949099140
-3.133845648 -4.3928673651 0.8194139631

I 0O 00O IT OO0 0000000
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-3.8090966820-2.1658981932 1.6397188456
0.0553026066-2.5905483456-1.3772172333
-1.1876572801-4.6005608910-0.7193938019
-3.0180382655 4.5750831170 0.4031075861
-1.014866394 4.60367165111.0734203643
0.1752845543 2.50993259381.5417963423
-2.6518564531 0.1062609735 1.0712979060
0.0945189508-0.0342510397-2.0668743462
-0.9048871816-0.3089142120-3.0017663122
1.358223199 0.28316518522.5516794689
-0.6606189249-0.2880527467 -4.3630148802
1.6302498603 0.3098241538.9146291865
2.1654588990 0.52725114941.8761092384
0.6140625624 0.0194301218.7951685285
-1.4426058976-0.5026020658-5.0797536572
2.6177493756 0.55482792624.2835543954
-1.9055718710-0.5420924207 -2.6598192200
-3.5257732167 0.1381479707 1.5704358860
0.9729697487 0.0591728671 0.3629021058
0.6244574338 0.3123932294 1.8342595602
1.8916306112-1.1659452995 0.2881886507
1.5458219875 0.9324743516 0.0303976544
1.8825348521 0.5201345643 2.6751511992
0.0619707000-0.5424020573 2.2253548445
-0.0160379647 1.1895481281 1.9319288837
3.1699492446-0.9462487863 1.0931919548
1.3657247285-2.0311103845 0.7015224321
2.1392330539-1.4165966705-0.7438317057
2.8521087991-0.6500739039 2.5547101606
1.6044751132 0.6757239605 3.7205642804
2.3825697784 1.4369809907 2.3426232870
3.8112518352-1.8277904436 1.0162000282
3.7308030476-0.1078088625 0.6642851429
3.7693020069-0.4421209635 3.1115769857
2.3996413624-1.5397390579 3.0070887421
0.8672110549 0.0398085269.1195699959
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Al3

E(RwB97XD) =-865.277995173

Charge =0 Multiplicity = 1
-8.0804420106-1.3302305847 -0.7820135225
-6.9895338219-1.8072031198-0.1304513167
-5.8882003140-0.9513441375 0.1699983726
-5.9538672946 0.419536367:0.2276221291
-7.1207422802 0.87973371910.9078992074
-8.1479384339 0.03347564721.1764843858
-4.8663167784 1.2507500613 0.0644958737
-3.7704064093 0.7068239186 0.7427682848
-3.8081783997-0.6782218426 1.0955561062
-2.6913576715 -1.2433007671 1.7814185638
-2.7392146530-2.2939020380 2.0396913831
-1.6121441304-0.4823642718 2.0936059777
-1.5722949389 0.8946496368 1.7427369484
-2.6145549878 1.4696034766 1.0906020306
-8.910r909369 -1.9887153188-1.0056519373
-6.9207619717-2.8427715878 0.1787909457
-7.1762050653 1.9182104086..2077196217
-9.0282705471 0.3945461773.6932036783
-0.7698100118-0.9219420850 2.6135694785
-0.700©82927 1.4835913669 1.9992293733
-2.5789023189 2.5172622797 0.8220973798
-4.8405245750-1.4727469445 0.8107638850
-4.8844658563 2.690763803%.3177299675
-4.5326652448 3.1098125289.6053180604
-5.2659418174 3.6270995808 0.6401437316
-4.5720864251 4.4736487112.8885445281
-5.3008291564 4.9784455996 0.3392922959
-4.9499867476 5.4032270201.9335863864
-4.3024597194 4.8074686332.8845770195
-5.6025765114 5.6937802161 1.0941241233
-4.0812084775 2.1430925692.6706602256
-4.5940675887 1.1870340054.5538872362
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-4.3708151970 2.538959394%8.6464001060
-4.9743725145 6.45681397421.1838314158
-5.5388522472 3.2856705889 1.6318222369
-2.5706264462 1.911359314€.6515388151
-2.2769258226 1.228875404€8.4515136189
-2.0309006630 2.8507813152.7910590051
-2.2504299315 1.47696439741.7027781872

HA13
E(UwB97XD) =-865.875068097

O 0O O Z2 T T T T T T T O OO ITOO0OO0O0OoOo0Oooo0oo

Charge =0 Multiplicity = 2
-7.8104489780-1.3499899732-1.0532317747
-6.6944279514-1.7967244695-0.3664332585
-5.6826176844-0.906542309 -0.0189171627
-5.7725837158 0.4660789084.3589647918
-6.9249807542 0.8837157416..0536989077
-7.9240664224-0.0045251461-1.3961655037
-4.7151311793 1.3495486737 0.0082089882
-3.5921922447 0.84434544 0.7263086624
-3.5369144659-0.5340140606 1.0515151497
-2.4530085411-1.0619307398 1.7468211600
-2.4414762722-2.1203783184 1.9812597307
-1.4044862152-0.2431273076 2.1298777710
-1.4322035296 1.1144407320 1.8175539406
-2.5040930070 1.6449021139 1.1295874007
-8.5923825045-2.0499709117-1.3194677997
-6.5961238560-2.8409077307 -0.0921777905
-7.0207176968 1.9284044823.3205357576
-8.7973300440 0.3476480158..9308522468
-0.5652652906-0.6632756585 2.6697506592
-0.6112879122 1.7561796422 2.1121511781
-2.5162551955 2.6993504503 0.8862726052
-4.5745960957-1.3465931143 0.6636948887
-4.8010181149 2.796458087-0.3218225139
-4.4880903095 3.28209126071.5987038621
-5.2075195918 3.6894695156 0.6688046680
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-4.5923068204 4.6510458186..8365462025
-5.3052099114 5.0483888139 0.4169460950
-4.9948129746 5.53178019210.8452724271
-4.3524877845 5.0298642841.8242693281
-5.6253141052 5.7238552104 1.2008041204
-4.0059381417 2.3723010972.6999388288
-4.5179917063 1.410386581+2.6415208184
-4.2714337700 2.81471331138.6626552089
-5.0688930889 6.59120499801.0591310872
-5.4504100259 3.3043120342 1.6525527945
-2.4956063071 2.1431539282.6518821496
-2.1779210674 1.49532136913.4715457421
-1.9555062095 3.0889407434.7377257746
-2.1994815613 1.67108046041.7132551355
-4.5249792012-2.3238644240 0.9046476293
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H2A13

E(RwB97XD) =-866.498015991

Charge =0 Multiplicity = 1
-7.8615344094-1.5008730060-0.9209179820
-6.7442691834-1.9219123770-0.2258552196
-5.7097107868-1.0270392624 0.0579342531
-5.8079341848 0.3045594690.3491768504
-6.9354557105 0.70062477161.0580770183
-7.9620493128-0.1823238760-1.3487963441
-4.7244417533 1.3159301821.0231972721
-3.5016775429 0.6770946260 0.6146121853
-3.4851261150-0.6747031190 0.9661235631
-2.3434985583 -1.2316723335 1.5478547437
-2.3482072775-2.2813118738 1.8196556734
-1.2242272216-0.4539801088 1.7741101862
-1.2250891963 0.8902418329 1.4213125256
-2.3610325863 1.4363312425 0.8469344398
-8.65@588184 -2.2060845217-1.1315858991
-6.6592162514-2.9501489629 0.1072647122
-7.0120493099 1.7352203983.3744790173
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-8.8323278222 0.153326637-1.8979776318
-0.3467601207-0.9000814671 2.2261619351
-0.350950989 1.5050457446 1.5935361856

-2.3724797447

2.4860343593

-4.6027058501-1.4608216052

-5.2490719735
-5.8274231370
-5.1306027013
-6.2545764147
-5.5640208917
-6.1307605958
-6.6946997547
-5.4557675160
-6.0465868480
-5.3779458058
-5.7887218749
-6.4718227687

2.5122633640
2.4115742438
3.7711734556
3.5794058906
4.9220988883
4.8248145263
3.5020927649
5.8850695418
1.1070309603
0.3336780017
1.2542196155
5.7113940131

0.5744173755

0.7613654832

0.7699356408
2.0439873582
0.1824461082
2.6742493604
0.8206509828
2.0810328248
3.6629372037
0.3366952552
2.7718533198
2.4024209943
3.8237141703
2.6017252040

-4.6846419979 3.847560018.8030846695
-7.4911199837 0.6140248881 2.6824792071
-7.6078404220-0.3279157520 3.2226403676
-8.1793347599 1.3412366687 3.1191000981
-7.7885817207 0.4494685867 1.6453711004
-4.3912238498 1.73348928210.9772807493
-4.5372650890-2.4403208686 0.9810836762

IrI r r T T O T T T T O IT T OOOOOOZITITITT

HCyA13

E(RWB97XD) =-1101.18822459
Charge =0
-7.5206743825-1.8853718098 -0.4396475153

-6.4650215400-2.0520698525 0.4352902697
-5.4852656741-1.0642808356 0.5576150747
-5.5708622928 0.11205494170.1896487395

-6.6326712656 0.24353872621.0774926399

-7.6050883930-0.7334222867-1.2111350676

-4.5458638937 1.2316618276).0121244609

-3.2664284607 0.6994224596 0.6462350062

Multiplicity = 1

O O o0 o0 o0 000
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-3.2664262996-0.5084607733
-2.1129500075-0.9438566888
-2.1335475465-1.8871326588
-0.9608698255-0.1811883003
-0.9451967151 1.0217315963 1.2769377395
-2.0929718445 1.4429418572 0.6237740654
-8.2715071004-2.6611759849-0.5277614217
-6.3773706036-2.9566149591 1.0266097571
-6.6934963389 1.13588174371.6876757278
-8.4201302097-0.5968739804-1.9103272646
-0.0730234791-0.5299825920 2.4831680960
-0.0482359794 1.6268875906 1.2441190233
-2.0784863780 2.3805285619 0.0813911508
-4.4165525655-1.2718099136 1.4103430272
1.8247586649.3877403254
1.0019837909.4464083121
3.20241895641.5925833213
1.60535943748.6461104126
3.783670067€.7939872658
2.97756164513.8361706100
0.98598981331.4625721959
4.8611547178.9016215822
-3.5768673001-0.5058193580-2.3283007831
-3.1975494748-0.7532127343-1.3373317876
-4.5760677373-0.9450082788-2.3763071021
-3.0745592159 3.40425083981.7867747632
-4.4579612517 3.8652157588).7954968057
-2.6903460907-1.1957184008-3.3571202857
-2.6051896502-2.2546924987-3.1062425766
-3.0984090338-1.1347241421-4.3676383645
-1.6828536933-0.7735848458-3.3709759783
-4.3434452019-2.1790380944 1.8403315521

-4.1501212791
-3.6951449871
-4.1586527086
-3.3260524264
-3.7807222338
-3.3708991059
-2.9804300261
-3.8079164536

-5.1500127299
-6.4979895031
-5.2993406537

2.3073731945
2.9018309340
1.8042863322

1.3486678379
2.0030422609
2.5373355341
1.9698899638

0.9705023522
0.5403082331
2.4127800218
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-4.4144737942 3.1176614711 1.0123241302
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-6.9021456142
-7.2651164742
-6.4834893138
-5.7216264860
-6.0473745341
-4.3617502178
-7.0092325459
-7.8540331164
-6.1583870035
-5.8368729994
-4.9183140493
-7.2432313559
-7.8395497585

Al4
E(RWB97XD) =-673.526043790

I T T T T OO O IT O OO OO0 0000

Charge =0

4.0628510355
2.1260110969

1.4452358625
0.6104028285

3.227858987%).4993949014

2.9333278864
1.0048810314
1.3818261119
3.6105266256
4.4800943728
4.8640579808
2.5425325836
3.6778794584
4.4574917627
2.9010413075

Multiplicity = 1

3.3516781295
2.4445799108
2.7739358634
2.8970915028
1.1072428246
1.3649645216
4.3658582308
3.3909458052
3.5471419317
2.9870787317

-3.5700890447-0.8500180830 0.0136468960
-2.4009259951-1.5314799642-0.0553895338
-1.1490524232-0.8450397299-0.0682796995
0.5861418474.0051659964
1.2543906386 0.0669365364
0.5674001799 0.0753630993
1.2430573436.0191455794
0.440935632D.1016966892
1.1325655027-0.9815310563-0.1572815765
2.299499978 -1.8123976377-0.2355146148
2.1317217896-2.8828578224-0.2736315479
3.5348786653-1.2751862322-0.2609222343
3.6969581775 0.133461734D.2109090515
2.6177992854 0.9538737218H.1347617157
-4.514557980 -1.3799418931 0.0219095373
-2.3738611758-2.6129656412-0.1040250524
-2.4324493696 2.3316356374 0.1144615039
-4.4960863177 1.1064052409 0.1294590191
4.4075011175-1.9139523955-0.3198663254

-1.1219691767
-2.3872840550
-3.5585219382
0.1262021342
1.2817712448

Go back to table of contents

S166




4.693540082 0.556940156%0.2342733489
2.7859531758 2.0170822774).1005567656
-0.0504336819-1.5934347971-0.1395652223
0.1908963550 2.7608317438 0.0545868821
-0.8319059208 3.1160718334 0.1235912788
0.739980798 3.40505420021.2235042247
3.2089042529.3886342939
3.0476658972.0986619695
4.48778788311.1654807471

1.7984552570
0.1934779237
0.6086736868
0.8654016298
0.7186258992
0.4161368823
1.9372382442

HA14
E(UWB97XD) =-674.121805531

Charge =0

3.2784820328
4.3585312931
2.8217721909
3.0886621651

Multiplicity = 2

1.3305337129
1.4003267015
2.2147497848
1.3650339371

-3.6124562657-0.8125876281-0.1180101299
-2.4251050995-1.5165214833-0.0277111665
-1.2073024275-0.8432257550-0.0006192931
0.5738185084.0424844272
1.24854094 -0.1569978465
0.576411131:0.1922708818

-1.1401705077
-2.3757824154
-3.5813042908
0.1361849491
1.3176891626

1.2282217412

0.0223045252

0.4218654669.0872281472
1.2066023781-0.9925099095-0.0414492912
2.3277580142-1.815B11433 -0.1097295510
2.1923188650-2.8896415956-0.0588765650
3.5905819177-1.2682739511-0.2462243538
3.7325079020 0.113382453P.3276057362
2.6236289178 0.932257337D.2523871021
-4.5553302358-1.344292826 -0.1396165835
-2.4272182688-2.5995304168 0.0197741799
-2.3914144103 2.32639662540.2352843036
-4.5033244715 1.1372798319.2817006199
4.4570829345-1.9152819860-0.2993711071
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H 4.7137287876 0.55363614810.4543244662

H 2.7709431415 1.9965157412.3388702413

N -0.0382122663-1.5567444663 0.0833687506
C 0.1866235353 2.7342143449 0.1915218828
H -0.8203559077 3.0408160887 0.4683365743
C 0.5074494478 3.4787779628.1101305119

H 1.5150561365 3.2682234658..4718286963

H -0.1940602202 3.19784291231.8987202505

H 0.4276720204 4.5578933289.9559694241

C 1.0551373446 3.2116816413 1.3631154696
H 0.8425573048 4.2649125903 1.5616323959
H 0.8258609737 2.6480231524 2.2699415289
H 2.1248713838 3.1260979069 1.1784916639
H -0.0993705196-2.5623455405 0.1057376947

H2A14

E(RwB97XD) =-674.757102489
Charge =0
-3.4955787384-0.9045407640 0.0250902096
-2.3290199809-1.3615667951-0.5635900494
-1.1666444761-0.5966515321-0.4899548737
-1.1787165664 0.64608335 0.1507699714

Multiplicity = 1

-2.3503818161
-3.5086187122
0.0691397508
1.2723422695

1.0667143940
0.3054189172
1.4934639141
0.5886765481

0.7649832655
0.7073809238
0.0849243287
0.2005733499

1.2282851962-0.6524662127-0.4419253247
2.3561568659-1.4703427814-0.4704110625
2.3085061830-2.4273458778-0.9778767164
3.5178783279-1.0680297102 0.1658385879
3.5595253497 0.1400969295 0.8502203453
2.4364922137 0.9544298535 0.8624017088
-4.3942727053-1.5064621785-0.0340173260
-2.3055348379-2.3206778670-1.0686635932
-2.3561177630 2.0211447987 1.2794059620
-4.4153693204 0.6561886826 1.1836763496
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4.3893769787-1.7109704690 0.1417336183
4.4615193586 0.4482270381 1.3635860532
2.4658626725 1.9077991230 1.3780097859
0.0318700623-1.0610143329-1.0266795848
0.1156777748 2.32839333721.2309715892
0.1170251507 1.6190832384.0655637766
1.3848043324 3.1704532681.3174777786
1.4493934930 3.8624814583.4719034872
2.2877178920 2.5596175168.3231435067
1.3804690600 3.7652102314.2335188670
-1.1090810951 3.22720256541.3699280552
-1.0397933953 3.8194545524.2849676684
-2.0378301670 2.658025604-1.4129946938
-1.1771120682 3.922966937-0.5276938431
0.0687973769 2.2030272954 0.9176165795
0.0166092841-2.0097413274-1.3673366330
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HCyA14

E(RwB97XD) =-909.446517454

Charge =0 Multiplicity = 1
-3.6229505706-0.7774156978-0.1963500888
-2.4298954751-1.4671694299-0.1405915975
-1.2137024188-0.7819246574-0.0544625660
-1.1765624670 0.6156231432.0026069931
-2.4005076760 1.2783430131.0917493107
-3.6109377146 0.6102732929.1805968172
0.1435118756 1.3991667120 0.1018768593
1.3484889753 0.4428326351 0.1399540788
1.2021922786-0.9450328797 0.0400356872
2.3172377936-1.7893001194 0.0509933793
2.1635203192-2.8591122120-0.0383547028
3.56889943259-1.2730576260 0.1855753345
3.7581191032 0.0974044812 0.3247354022
2.6469076621 0.9245515803 0.3059294687
-4.5573189900-1.3211937649-0.2640963113
-2.4184580615-2.5510146514-0.1735827895
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-2.4185440829 2.3578753559).1065840494
-4.5345500707 1.171511836@.2432418495
4.4433178348-1.9389592647 0.1937384293
47457456552 0.5221994395 0.4518115232
2.8064726932 1.9843709146 0.4383402667
-0.0479906221-1.5118201462-0.0492603108

0.1846634111
1.1904518568
0.0151971334
-0.9865772566
0.7397372894
0.1504426915
-0.7735103951
-0.4444003963
-0.8035910531
-1.7910251339

2.2269647672
2.6463250331
1.3269041212
0.8905482394
0.5109348015
1.9074668588
3.4136519786
4.0492001307
4.0340405833
3.0955510868

1.4385624900
1.4869754217
2.6610304037
2.6902657480
2.6736715341
3.5765023456
1.5572192129
2.3829211195
0.6606691142
1.7876252208

-0.1132876570-2.5141287884-0.0962499281
2.3171122032.1698260970
3.39981999081.2102455194
1.5030553662.4664597586
2.85412016441.1924986468
4.3212775352.4108957295
2.9406581694.3083832128
3.9876747123.2905451535
2.3926313693.6936450429
1.0002079442.5231398875
0.7203621318.4646948745
3.535935438(3.7186974545
5.097214919%2.4235201811
4.8326410684.3094465602
1.79412153961.6043525029
2.8076719963.6818977615
4.1987202534.5650909247
3.123304851B.8664618580

0.2137326790
1.2975128095
0.2829195910
-0.7386665666
1.0852927253
2.2837390523
1.3052778968
0.0990179436
1.2546555657
-0.4788093627
1.1085317296
1.8549612920
0.1210901969
0.1834486750
-0.9153126375
0.9107542550
2.1130447272

Go back to table of contents

S170



Al5

E(RwB97XD) =-825.959880405

Charge =0 Multiplicity = 1
-7.8980324880-1.3640684836-0.8574059565
-6.7670019897-1.8120660143-0.2556815119
-5.6983969843-0.9160734265 0.0463423287
-5.8409539346 0.4645511584.2962323707
-7.0469991657 0.8924546638.9288078383
-8.0407145923 0.00804709981.1996567480
-4.7883180116 1.3353836274 0.0046313635
-3.6445989526 0.8203241965 0.6239571619
-3.6059593599-0.5773532890 0.9223525333
-2.4436758179-1.1124753236 1.5538123017
-2.4331439797-2.1731714620 1.7719642391
-1.3933681039-0.3114431731 1.8656363628
-1.4303639880 1.0782307106 1.5696556345
-2.5181336342 1.6261228290 0.9699581138
-8.7030633721-2.0530028160-1.0819649662
-6.6408201049-2.8538606099 0.0117824967
-7.1589555688 1.93656259871.1908576311
-8.9509584513 0.3442481653..6800172043
-0.5159526463-0.7284160750 2.3446036114
-0.5816818088 1.6992917067 1.8273044994
-2.5430937207 2.6848390303 0.7466429100
-4.6090013048-1.4092625736 0.6373723494
-4.8834071888 2.7822338033).3293077842
-4.4339273988 3.2434988578.5634632343
-5.4203083786 3.6802900593 0.5838730497
-4.5114492710 4.58922267011.9029016521
-5.5029146594 5.0267003908 0.2565053373
-5.7722068808 3.3269423983 1.5455004067
-5.0533152180 5.4760433213).9738397674
-5.9217001646 5.7280730242 0.9679134625
-4.0161236216 2.536789978%.2721104991
-5.1223609094 6.5296856936..2208150345
-4.0236087887 5.08323462768.2353390671
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H -4.8247514037 5.586653877(B.7811728666
H -3.2136446767 5.80553886763.1095291615
H -3.6544920397 4.2635846916.8520196280

HA15
E(UwB97XD) =-826.556742721
Charge =0 Multiplicity = 2

-2.7559243577-3.6179106867-0.0749672715
-3.4024627168-2.3939935640-0.0557778693
-2.6666138158-1.2129588887 -0.0300977881
-1.2492118510-1.2358992872-0.0319762086
-0.6280537258-2.5012533947-0.0411198102
-1.3638756001-3.6684805915-0.0638195522
-0.5299732122-0.0036052927-0.0051859309
-1.244683475 1.2312180378 0.0271005191

-2.6621343502
-3.3936755953
-4.4767203847
-2.7428322936
-1.3507116516
-0.6191313184

1.2132202405
2.3967893048
2.3475333718
3.6184589048
3.6641996487
2.4944406954

0.0340555307
0.0655942264
0.0739557316
0.0821260148
0.0624194556
0.0339650966

-3.3366515402-4.5315155107-0.0941692411
-4.4853627880-2.3409856533-0.0574952739
0.4527545930-2.5512464067-0.0275229810
-0.8550095849-4.6242558254-0.0706639854
-3.3202874900 4.5340258829 0.1058095245
-0.8384819835 4.6181917482 0.0670677988
0.4617347940 2.540696425 0.0137412962
-3.3079837844 0.0012873155 0.0033946116
0.9534568776-0.0059123383-0.0096342876
1.6639329338 0.3226335648 1.1428709510
1.6621348794-0.3379315533-1.1620926917
3.0551290286 885099266 1.1691870873
3.0485948567-0.3391232797-1.1509934780
1.1236181629-0.5984504265-2.0654991618
3.7400391101-0.0094201663 0.0049585001

O T OO0 0O 00O Z2IT T T T T T T 0000000000000

S172

Go back to table of contents




I T T O T T T =T

3.5941345396-0.6000972710-2.0500120069
1.115359992 0.5786286478 2.0432125010
-4.3154246010 0.0030941991 0.0069927397
4.8243777450-0.0162875664 0.0056514695

3.7972170284
4.7552769242
4.0024672851
3.2162906052

0.7166972007
0.1993947325
1.7908266237
0.4872443723

2.4171308057
2.4855797150
2.4244228204
3.3113573926

H2A15

E(RwB97XD) =-827.182688513
Charge =0
-2.2351047410-3.6216669974-0.0737216689

-2.7103477480-2.4343571164-0.5985135166

-2.0148902724-1.2429001486-0.3847385004

-0.8289425245-1.2501065993 0.3526924016
-0.3792030881-2.4521683192 0.8843114521
-1.0668930539-3.6371911037 0.6792689715
-0.0209495938 0.0214114365 0.5158274040
-0.8830090001 1.2516087665 0.3185865409
-2.0670348454 1.1731212550.4176853414

-2.8130392833 2.327127616@.6642107756

-3.7290156194 2.25278536441.2394901739

-2.3899063343 3.5476874576).1721295445

-1.2241057328 3.6341830069 0.5798961045
-0.4860559394 2.4860139579 0.8170863184
-2.7842976924-4.5390659779-0.2473716650

-3.6286523577-2.4160581168-1.1748042375

0.5402628754-2.4538338989 1.4598765108
-0.6954536582-4.5636721396 1.0980878458
-2.9778714861 4.435499660%).3707626978

-0.8933212303 4.5869326973 0.9730800876
0.4320284058 2.5428904999 1.3920655286
-2.4963314092-0.0515819973-0.9054899107

1.1796336949 0.0327264508.4222442113

2.4691207289 0.0437511906 0.0886833514

Multiplicity = 1
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C 1.0026942487 0.0296796424.8053546111
C 3.5618379790 0.051424004D.7712988350
C 2.0818419207 0.0375495612.6776170042
H -0.0025472815 0.020916223%.2140989565
C 3.3707627507 0.0484027432.1410563238
H 2.6227911213 0.0464383924 1.1618512811
H 0.3752271377 0.0437807748 1.5333129553
H -3.4142743486-0.0766870288-1.3189507237
H 4.2264447887 0.0547068312.8073417375
H 4.5665174251 0.060148910).3654986366
C 1.8781650994 0.035319156#4.1666632661
H 0.8183800208 0.022488765#4.4221932916
H 2.3270263157 0.9207643134.6230045283
H 2.3487623345-0.8383675387-4.6236756964

HCyA15

E(RWB97XD) =-1061.87720017

Charge =0  Multiplicity = 1
-7.5057614090-1.7389912050-1.5053579460
-6.1700095690-2.0279071700-1.3074039150
-5.3254902070-1.0920067950-0.7055517960
-5.8237574610 0.144447321.2881131830
-7.174732498 0.4052052710-0.4934287460
-8.0170067330-0.5136618600-1.0971850870
-4.8945727170 1.2164562280 0.2993661110
-3.5953177450 0.5757519110 0.7919875290
-3.1797740970-0.6694398930 0.3151187380
-1.9511850840-1.2062547740 0.7106486470
-1.6515150520-2.1747611380 0.3259343040
-1.1377159160-0.5182743410 1.5879461410
-1.5470241620 0.7097659160 2.0934053490
-2.7644413200 1.2340308420 BK£Z98590
-8.1492918420-2.4732865550-1.9744398140
-5.7615830810-2.9826352910-1.6193848510
-7.5783992780 1.357997782.1735214970
-9.0626865240-0.2761520900-1.2455759380
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-0.1886884730-0.946189208 1.8873659330
-0.9237250070 1.2537076170 2.7915757770
-3.0836859130 2.1872659800 2.0968173520
-3.9844018670-1.3872016150-0.5498983140
-5.6414665490 1.8520446230 1.4878955350
-5.7898121910 0987425180 2.6546612100
-6.2545393880 3.0966930220 1.4396433020
-6.5047089380 1.5547665250 3.7514299140
-6.9759888410 3.5728101830 2.5297766850
-6.1924884400 3.7138766930 0.5546819510
-7.099662000 2.8146052640 3.6780203180
-7.6632486970 3.1936875100 4.5234804540
-3.6975445730-2.3286558370-0.7624742150
-4.5811604520 2.250769980).8389624840
-3.6336850470 3.386548744.4357766000
-4.0406041930 1.602046773(2.1186398840
-5.5467552030 2.69549438301.1057213240
-3.5249407550 4.43248578801.5424790490
-2.6387513490 2.971869682.2507035680
-3.9528114140 3.8587003880 0.4938809230
-3.9030016560 2.624433082€8.2448881240
-3.0624362450 1.153980251€1.9123642300
-4.6986618500 0.7972720322.4482568420
-3.0290211470 3.8066420002.8414717910
-2.8530675210 5.23503258201.2279254860
-4.5075003140 4.88889750941.7091618650
-3.4957169060 2.1386580861.1351927250
-4.9004650180 2.990119311€8.5143255580
-3.0049495320 4.551621921-3.6408954120
-1.9993901530 3.459775899¢2.6982892270
-5.3338175960 0.1164380440 2.7069513200
-7.4454260570 4.5477236060 2.4719896050
-6.6361963710 0.7198601910 4.9943332860
-6.1833299920-0.2630789830 4.8620090460
-6.1475774090 1.2054210760 5.8428151190
-7.6856571500 0.5787412200 5.2624390660
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Al6

E(RwB97XD) =-1246.25142432

Charge =0 Multiplicity = 1
-7.9010522831-1.3592726731-0.851698871
-6.7708119056-1.8077820109-0.2491120829
-5.7001063746-0.9130786714 0.0488624369
-5.8401533847 0.4668336618).2980916836
-7.0451634380 0.8954460359.9321075140
-8.0405700644 0.01192780041.199094739
-4.7843289448 1.3336497518 0.0000735672
-3.6404491117 0.8204215550 0.6191248144
-3.6051614687-0.5767076064 0.9211933821
-2.4435253812-1.1133176362 1.5523938908
-2.4354228956-2.1735167398 1.7728108724
-1.3910325419-0.3140853109 1.8609554222
-1.4252966940 1.0750786915 1.5620535669
-2.5120425286 1.6247037092 0.9623227325
-8.7077929490-2.0469796668-1.0736112615
-6.6465375752-2.8488757249 0.0217661590
-7.1558797503 1.9383770228..1994614989
-8.9499233288 0.34819609971.6810253985
-0.5138787258-0.7318351661 2.3396030071
-0.5748951448 1.6946543777 1.8174745815
-2.5331031912 2.6832009810 0.7374591476
-4.6109760663-1.4061665819 0.6399412082
-4.8782252089 2.7806017398).3349117919
-4.4088743780 3.2380713303..5608867020
-5.4331414140 3.6788397986 0.5697933292
-4.5034964425 4.5862773036..8599511413
-5.5182197635 5.0251047172 0.2509801135
-5.7985516311 3.3207989903 1.5241026393
-5.0535468477 5.4918691169.9689702606
-5.9505727467 5.7217273198 0.9578629799
-3.9753297791 2.547076746&.2721441003
-5.1179942354 6.5413863446..2227885916
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Cl -3.9133159450 5.15413192453.3991037708

HA16
E(UwB97XD) =-1246.84913946
Charge =0 Multiplicity = 2

-2.7540831763-3.6175146434-0.0865673713
-3.4010408175-2.3944394698-0.0674839409
-2.6656993977-1.2129296751-0.0359151807
-1.2485436753-1.2354261152-0.0328599267
-0.6267646036-2.5004731189-0.0403786747
-1.3619016049-3.6676060249-0.0685977065
-0.5321648520-0.0013949161-0.0008818734

-1.2469554390
-2.6641495506
-3.3981279628
-4.4810305336
-2.7498014841
-1.3575792718

1.2335745164
1.2127668177
2.3950613173
2.3435033109
3.6173727436
3.6658766538

0.0329293565
0.0368966

0.0691839400
0.0752417525
0.0900920536
0.0725047206

-0.6237601309 2.497967885D.0425898803
-3.3341719618-4.5313787148-0.1101143934
-4.4838867405-2.3416714345-0.0733502370
0.4538131223-2.5520959840-0.0199161654
-0.8526175780-4.6231018359-0.0738254541
-3.3288385898 4.98581936 0.1152054676
-0.8471138478 4.6207197100 0.0799051263
0.4568607285 2.5488987195 0.0229909867
-3.3081304057 0.0003314873.0007386463
0.9502444386-0.0027809037-0.0031576902
1.6530622% 0.3599160291 1.1440822794
1.6642826558-0.3631216260-1.1443281111
3.0366653048 0.3580233365 1.1291219795
3.0501624242-0.3605632182-1.1404392645
1.1261626014-0.6458283333-2.0406660694
3.7523705404 0.0015390180.0008408770
3.5941509228-0.6398890330-2.0340053579
1.1178739688 0.6416380006 2.0416922613
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H -4.3156487134 0.0009763760 @®@m0822468
H  4.8340651513 0.0069244893 0.0085038318
Cl 3.8996232117 0.8160034520 2.5757872011

H2A16

E(RwB97XD) =-1247.47523953

Charge =0 Multiplicity = 1
-2.2660602098-3.6017727155-0.0709519623
-2.727533550 -2.4114990388-0.6009160436
-2.0214373069-1.2264192096-0.3870024911
-0.8392337231-1.2442808045 0.3560412424
-0.4031002173-2.4489045736 0.8932433540
-1.1016400493-3.6272576184 0.6878176847
-0.020424240 0.0201928812 0.5180095747
-0.8710159235 1.2581399977 0.3208925693
-2.0520889071 1.1894764224.4209264233
-2.7879410375 2.3497577106).6683422524
-3.7018475714 2.28393628801.2478551280
-2.357217481 3.56567024660.1717227446
-1.1943052188 3.6419435070 0.5860689698
-0.4660758594 2.4879860228 0.8243061212
-2.8232676016-4.5141963419-0.2451011002
-3.6428145246-2.3857327253-1.1815714901
0.5133748977-2.4580010392 1.4734254026
-0.7415681503-4.5564203680 1.1104819490
-2.9372046157 4.4584762116).3712755434
-0.8582876089 4.5913919996 0.9826553625
0.4494626973 2.5363709367 1.4040494453
-2.4878775336-0.0313334579-0.9124519521
1.1770909794 0.020319483D.4237696435
2.4709350021 0.0222339514 0.0805621446
0.9888807719 0.0160663034.8038687010
3.5641986219 0.0197736648).7754037293
2.0873993740 0.0137372492.6411628398
-0.0093256188 0.014460083&.2237385943
3.3831631094 0.015508236@.1480512532
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H 2.6260513504 0.0257637439 1.1529568634
H 0.3810503244 0.0394596384 1.5331489554
H -3.4020621278-0.0485907581-1.3346344635
H 4.2287365099 0.0138048062.8225847676
H 4.5685900822 0.0214405328.3707347353
Cl 1.8356002717 0.008641851%.3688507303

HCyA16
E(RwB97XD) =-1482.17018021

Charge =0 Multiplicity = 1
-7.8783624130-1.4727231180-1.5847168440
-6.9102236700-1.9912162950-0.7478235620
-5.9417059340-1.1570644570-0.1844043620
-5.9352407540 0.210419191@.4692355520
-6.9188565790 0.70439803141.3200562120
-7.8876267780-0.1144877600-1.8757428810
-4.9295627320 1.1542152180 @b3317650
-3.7410067490 0.3599348230 0.7505621160
-3.8476538420-1.0090313840 1.0058151220
-2.7848594100-1.7061454670 1.5874622570
-2.8939379220-2.7679262090 1.7782214870
-1.6105461300-1.0535726@0 1.9030945630
-1.4762702310 0.3022410630 1.6293812670
-2.5349450950 0.9852772370 1.0566418700
-8.6242362740-2.1307461610-2.0136174880
-6.8919832270-3.0502133160-0.5156641370
-6.9302924120 .7626632250-1.5506032680
-8.6412535020 0.303496782€.5307803120
-0.7943235070-1.6058281360 2.3526609280
-0.5559273640 0.8228153510 1.8610345000
-2.4243945960 2.0403667570 0.8407894030
-5.004957210 -1.6894887990 0.6798125100
-4.4397639320 2.129733078@.8810159730
-3.5734538080 1.65617791041.8670606160
-4.8849503810 3.441907329.9816975820
-3.1534342090 2.466073562(2.9056858240

O O 0O 0 2 I T T T T T T OO0 I O0OO0O00O0O0O0O00a0
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T 0

-4.4544967900
-5.5741573450
-3.5882394430
-3.2632691740

-5.6708608360
-6.3455400370
-4.8035573340
-6.4800243600
-7.1821667200
-5.5776998820
-6.9870763270
-5.6438039480
-4.0447591120
-4.2666721410
-6.3605955030
-7.6308269720
-8.0099067530
-5.0062099460
-6.3826460380
-6.9999735110
-5.6142218870
-3.2246681030

A17
E(RWB97XD) =-885.894390043

O o0 o0 o0 o000

Charge =0

-7.9003672382-1.3595692503-0.8532186554
-6.7702877512-1.8082867383-0.2504789251
-5.6996403009-0.9136959844 0.0481710519
0.4662425918).2986490192
0.8951004429.9326208157
0.01178056441.2000953393
1.333237995@.0001538713

-5.8394279583
-7.0443771823
-8.0398259659
-4.7837654651

4.2438333492.0280657610
3.859025429®.2627452770
3.781300645.9978764930
4.4242259298.8046674300
-4.9888415200-2.6912086400 0.7776332540

1.8823526580
0.9156128040
2.8587352590
2.4538627360
1.6669062780
0.3253623340
0.2137938920
3.6423088670

1.3815003950
2.3616755260
2.1846940140
(29484200

3.3952967250
2.8735045200
1.8276508260
3.1898417560

2.292995128 2.7324062760

3.5470919220
2.7032231110
0.9549388390
2.1696880000

1.5308743780
4.1537209140
4.0925417680
2.8822687790

8373568730 3.7417594960

4.2480838880
3.2697345220
2.1893646790

2.6526807070
4.8354738210
4.7699726420

0.632335148d1.8216011920
-5.035012960 5.8894380530-2.1142832080
-2.4800807740 2.073505716€8.6573503700

Multiplicity = 1
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-3.6405749339 0.8197149875 0.6200530804
-3.6054189607-0.5774047328 0.9220012900
-2.4442373240-1.1139523842 1.5541491841
-2.4361936526-2.1741827825 1.7744482000
-1.3921543823-0.3146248433 1.8638762861
-1.4263528727 1.0746122564 1.5652498577
-2.5126349947 1.6240904517 0.9645496924
-8.7070840485-2.0471974895-1.0754969770
-6.6461796421-2.8494562148 0.0202062594
-7.1549215040 1.93827199021.1991046941
-8.9492190900 0.3483048134..6817806992
-0.5154112016-0.7323550534  2.3433092540
-0.5763666808 1.6943049519 1.8217832468
-2.5340778627 2.6826441247 0.7399766176
-4.6108670030-1.4070192271 0.6397700473
-4.8769877457 2.7801596449).3360944155
-4.4104663776 3.2367593796..5637515870
-5.4291317117 3.6789654591 0.5707848815
-4.5109848947 4.58303550381.8486029073
-5.5149824082 5.0263862391 0.2534374322
-5.7918790472 3.3204815436 1.5257940593
-5.0539944346 5.4954637602.9675769906
-5.9454220470 5.7210670382 0.9633926618
-3.9763347839 2.5592469492.2878460548
-5.1116455381 6.5421649068..2355493014
-4.0587899759 5.02137625653.0382623895

m T T T O IT OO OO O 2T IT IT I IT I IT OO0OOIIO0OO0O0o

HAL17

E(UwB97XD) =-886.491934946

Charge =0 Multiplicity = 2
-2.7529267698-3.6176614231-0.0807875674
-3.4007220349-2.3948878229-0.0631976765
-2.6661540930-1.2129116775-0.0334633240
-1.2489400953-1.2346000327-0.0302742356
-0.626270788 -2.4992105101-0.0369351115
-1.3607190037-3.6668711127-0.0634507326

O o0 o0 o000

S181
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m T T T T OIT OO OO0 Z2IT ITIT IT I IT IO O0OO0ITO0O0O0O0O0n

-0.5331064604-0.0004242720 0.0004211100

-1.2484047384
-2.6656263517
-3.3997872897
-4.4826991953
-2.7515936906
-1.3593839384
-0.6253296232

1.2341362880 0.0312971131
1.2130074793 0.0335868983
2.3952250250 0.0634085784
2.3435900335 0.0686555853
3.6177649936 0.0820586783
3.6664742136 0.0657441510
2.4985589486 0.0390686018

-3.3324760535-4.5319082490-0.1029924839
-4.4836135225-2.3428820184-0.0690500669

0.4544203421-2.5494591385-0.0178483469
-0.8508766798-4.6220832680-0.0681284056

-3.3308202927
-0.8491431843

0.4553515243
-3.3091598191

45322053811 0.36d85267
4.6214604450 0.0715662957
2.5489747128 0.0206682662
0.0001886684.0004518851

0.9497634845-0.0013539578-0.0008575515

1.6527886179

0.3485659372 1.1502816145

1.6629848868-0.3493247448-1.1472771569

3.0317263672

0.3410841025 1.1210318811

3.0495771156-0.3476716593-1.1458238154
1.1234972282-0.6220576503-2.0457263477

3.7551374794

0.0004708060.0031688213

3.5904199827-0.6176117586-2.0441610491

1.1340991366
-4.3166676262
4.8368867433
3.6990793686

H2A17
E(RWB97XD) =-887.118133871

Charge =0 Multiplicity = 1
-2.2675474782-3.6019784554-0.0704298712
-2.7304791693-2.4113704167-0.5984209380
-2.0240278743-1.2262898285-0.3855182355
-0.8400376884-1.2443509036 0.3546757056

O o0 o0 0

0.6234465590 2.0599911620
0.000423326-0.0003472729

0.0093528496 0.0208807038
0.6801217761 2.2422071546

S182

Go back to table of contents




C -0.4024418508-2.4493335269 0.8898760717
C -1.1011984456-3.6277470022 0.6853331092
C -0.0210387499 0.0200795438 0.5165357525
C -0.8717112190 1.2581388217 0.3199931580
C -2.0545710582 1.189699490%).4189963374
C -2.7907128949 2.350145616D.6649081215
H -3.7061433409 2.2843787138..2420397367
C -2.3584672176 3.5661383408).1697489864
C -1.1936339578 3.6422680672 0.5850612627
C -0.4652497491 2.4880866579 0.8219200666
H -2.8251044492-4.5143555625-0.2437267711
H -3.6472701136-2.3853479487-1.1767016680
H 0.5154404292-2.4585950053 1.4678304579
H -0.7398884616-4.5571087414 1.1065161442
H -2.9387698693 4.4590254034.3680543511
H -0.8563403657 4.5917114905 0.9805907793
H
N
c
c
c
c
c
H
C
H
H
H
H
F
H

0.4516894947 2.5363308970 1.3994605899
-2.4922896106-0.0310414746-0.9089991930
1.1761903076 0.0203903459.4252524028
24701936750 0.0233506293 0.0811914686
0.9888907829 0.0153191581.8056996392
3.5659739745 0.021141351D.7726894704
2.0935095480 0.0132745952.6275275846
-0.0020477855 0.01285387922.2433883077
3.3888325846 0.0160676442.1463915200
2.6232984909 0.0274922197 1.1537245236
0.3801913375 0.0391495860 1.5317528831
-3.4080695831-0.0481486685-1.3276986046
4.2255244613 0.0145030408.8324243341
1.9019375802 0.0084709063.9621348894
4.5688171159 0.0236423448).3642240804

HCyA17
E(RwB97XD) =-1121.81287881
Charge =0 Multiplicity = 1
C -7.8184469890-1.9207219370-1.1210941870
C -6.5118690880-2.3020996360-0.8934125570

S183
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-5.5754039850-1.3755567750-0.4260884840
-5.946105526 -0.0490041910-0.1950840830
-7.2770303280 0.299728776.4103477770
-8.2113591710-0.6113655670-0.8712342920
-4.9107946300 0.9956076150 0.2264909850
-3.6811886260 0.3079473260 0.8375173040
-3.4094229190 -1.0383083940 0.5823150000
-2.2463972500-1.6309918470 1.0796641060
-2.0594906330-2.6786568220 0.8720310830
-1.3470405960-0.8914087250 1.8217498510
-1.6018639660 0.4486561800 2.0837002430
-2.7611227930 1.0267582270 1.5939806680
-8.5344033400-2.6487867480-1.4825671580
-6.1987652680-3.3260296580-1.0642776940
-7.5885241060 1.3172866474.2115784330
-9.2360077830-0.3028910730-1.0346039040
-0.4484187800-1.3631277490 2.2002201270
-0.9050402290 1.0385311270 2.6652894820
-2.9545960090 2.0719367260 1.8021285790
-4.2781294380-1.7866982300-0.1880083020
-5.5059638680 1.8963649350.3248445890

I T OIT OO O ITITOIOO0OO0OOZITIT I I I T T O0O0IT 00000000

-6.1736364680
-5.3370836750
-6.6675115130
-5.8419089970
-4.8135891810
-6.5104011370
-6.8892194770

1.2979062950
3.2754951400
2.0478126570
4.0020532640
3.8114164600
3.4277924260
4.0375084600

2.3951725600
1.3522729850
3.4471235110
2.4139976260
0.5737892280
3.4701270110
4.2795994310

-4.0904629500-2.7730944050-0.2616601130
1.80992516801.0263923100
0.966410289.0309752940
2.54311357441..7839577160
2.560976452M.6397945060
1.8320041(67-3.1485372450
0.2052655782.4638900600
0.440309438d.5312628350

-4.4312875040
-3.6377491630
-5.5443966180
-3.7328091380
-3.0593856490
-4.2959474130
-2.8236565810
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-4.9684227350 3.4415091412.8755557700
-6.2018891850 1.8052599182.2521755530
-6.1675585480 3306678270-1.1089738840
-4.1377813870 2.634740374€8.8674702210
-2.5189425030 1.201742945€8.8592323040
-2.3249146600 2.521890964€2.7175363840
-5.7795150950 3.959347850€8.3934778510
-4.340685250 4.2144386570-2.4173511100
-3.6868272860 3.29343679461.6139993030
-4.7982576120 1.94671293261.4071799890
-6.3056216460 0.2236264860 2.4057472640
-5.6628844830 5.3399187340 2.4062699530
-7.1810775730 1.5558493780 4.2636195130

I m T T T T T T T O T T O

A18

E(RwWB97XD) =-1123.74416498

Charge =0 Multiplicity = 1
-7.8991952260-1.3529393900-0.8569489060 Q
-6.7697099710-1.8030172240-0.2541049150 f
-5.6988488430-0.9093666480 0.0463562620
-5.8378548760 0.4710831004).2987264350
-7.0421046620 0.9014488204.9330730280
-8.0377612090 0.01888004801.2022072920
-4.7816748230 1.3365797050 0.0018572030
-3.6390074000 0.8224283900 0.6221214150
-3.6049480030-0.5751911960 0.9221729410
-2.4446600590-1.1131766610 1.5546330070
-2.4374233700-2.1736802580 1.7735762730
-1.3924809770-0.3147923040 1.8664026720
-1.4256412690 1.0748538530 1.5696204710
-2.5109825100 1.6258622980 0.9686326070
-8.7061646440-2.0398096470-1.0805594500
-6.6462981690-2.8445767000 0.0153385610
-7.1526814740 1.94484765901.1987788170
-8.9466697120 0.35647370301.6840341110
-0.5164478990-0.7335703860 2.3461797290

I T T T T OO O IT O OO OO0 0000

S185
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-0.5755916610 1.6937281230 1.8278634330
-2.5309221110 2.6848448270 0.7458028100
-4.6106536140-1.4037512450 0.6380435060
-4.8739551370 2.7827846704.3343468000
-4.4075197340 3.249537181€1.5587539860
-5.4311384340 3.6789559400 0.5707149370
-4.4996389270 4.59318774201.8772521610
-5.5254047800 5.0245170600 0.2577711860
-5.7962808720 3.3214702480 1.5252617160
-5.0633564880 5.478726295.9689481300
-4.1354321940 4.9461893372.8331008560
-5.9615159670 5.7132342940 0.9689871220
-3.9726400880 2.5562745792.2677062530
-5.1247000410 6.94290487201..3007243260
-3.9816062300 7.578348553@.9743555170
-6.1103233040 7.576402653@.6495878650
-5.3183998830 7.1621645782.6100523150

mT M TMm O I I I OII OO 000z 1IT T

HA18

E(UwB97XD) =-1124.34208533

Charge =0 Multiplicity = 2
-7.9956726009-1.3304078492-0.7757142846
-6.8282030066-1.7873997875-0.1905084199
-5.7783445001-0.9084690707 0.0601050971
-5.8843936731 0.4663709622.2677945433
-7.0838218994 0.890622248%.8749984449
-8.1194254386 0.01334336321.1220256218
-4.7842765010 1.3342482153 0.0045077318
-3.595288999 0.8093830496 0.5946606177
-3.5276643236-0.5725360873 0.9022659902
-2.3865689767-1.1228230492 1.4791692891
-2.3661464227-2.1845271523 1.6975878596
-1.2971943160-0.3213762191 1.7712259172
-1.3437905281 1.0428746928 1.4927614555
-2.4705022369 1.5948424971 0.9191716200
-8.8066434139-2.0217437872-0.9669024958

I 0O 00O IT OO0 0000000
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-6.7162827217-2.8321672537 0.GB385772
-7.1894928129 1.92996838741.1564161183
-9.0276378772 0.37246734511.5894923673
-0.4142268218-0.7582858672 2.2202644188
-0.4968091459 1.6746459566 1.7290998628
-2.4966845583 2.657090120 0.7150932449
-4.6143419372-1.3661098199 0.6272929704
-4.8761634156 2.775858756-0.3248021188
-4.1236436068 3.317762518+1.3678059614
-5.7150170079 3.6192734272 0.3988121928
-4.2077999655 6619271199 -1.6782492320
-5.8046941566 4.9685611611 0.0952418692
-6.3050273916 3.2150756741 1.2119808214
-5.0497711129 5.4888248744.9437242003
-3.6208086945 5.06681491492.4934859417
-6.459808340 5.6071351752 0.6720086805
-3.4674962506 2.67522116941.9416883450
-5.1242887992 6.94368840511.3058882082
-4.5525306623-2.3463712789 0.8533172685
-5.9312126572 7.6430358014).4984441468
-3.9169719238 7.53758489321.2562322956
-5.5787650092 7.1269995134.5603588590

m m M I O I T T O I OO OO0z IT T T I I T

H2A18

E(RwB97XD) =-1124.96818226

Charge =0 Multiplicity = 1
-7.7831851752-1.1897011373-1.2130402745
-6.4136739660-1.3769319024-1.2274016641
-5.5794942062-0.5142601848-0.5141294064
-6.1283314655 0.5475860413 0.2078559845
-7.5082322060 0.7069417959 0.2214521263
-8.3414491663-0.1484205736-0.4807504222
-5.2245783123 1.5374707132 0.9138439163
-3.8685557394 0.9306339621 1.2126981173
-3.3973981814-0.1429999997 0.4541815815
-2.1149282264-0.6458536719 0.6801958392

O O 00000000
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-1.7596604650-1.4789153171 0.0842366939
-1.3133499239-0.0918697186 1.6607140341

-1.7808863297
-3.0524237453

0.9627339140 2.4361416460
1.4609219908 2.2038850056

-8.4193860547-1.8661558744-1.7706690680
-5.9759763633-2.1972670043-1.7848955245

-7.9317116660

1.5301785581 0.7867202760

-9.4139449079-0.0035121541-0.4616328148
-0.3204417406-0.4918759304 1.8261506414

-1.1588004552
-3.4233530306

1.3933225950 3.2102517493
2.2912833791 2.7950123996

-4.2063650357-0.7056064459-0.5212599586

-5.0784218787
-4.5527323660
-5.4632549216
-4.4179237606
-5.3316377651
-5.8728572381
-4.8078448684
-4.0096446147
-5.6384233299
-4.2444592362
-4.6725437573
-5.6925212557

2.8204394613 0.1070993621
2.79780810241.1848243253
4.0381790135 0.6498070275
3.96328594861.9115776835
5.2161267148.0727732456
4.0724431516 1.6522982736
5.17710972411.3530492896
3.93159087292.9141416952
6.1551550851 0.3677400671
1.8586425229.6282635131
6.4252079812.1745365924
1.8117445401 1.8614762409

-3.8692119284-1.5492036508-0.9561864740
-4.9193635927 7.540588148601.4756266345
-5.5204840649 6.43185915763.2223398371
-3.4382826590 6.557905792&.6937581188

HCyA18
E(RWB97XD) =-1359.66307374

O o0 o0 0

Charge =0

Multiplicity = 1

-7.6797900188-1.1922623636-1.6470026956
-6.3061648605-1.2845193118-1.7427061965
-5.4856354992-0.5497398156-0.8821315760
-6.0451105266 0.2988917409 0.0757783568

S188
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-7.4339194486 0.3518837950 0.1646904814
-8.2537855534-0.3747584230-0.6809671489
-5.1608516380 1.1795694459 0.9607592956
-3.7321369695 0.6194728194 1.0099804054
-3.2689617640-0.2567525720 0.0256532719
-1.9423750819-0.6939320567 0.0376745233
-1.6064616472-1.3756975943-0.7355023641
-1.0717644627-0.2603881842 1.0176767286
-1.5166721856 0.6111149928 2.0036110699
-2.8349693783 1.0350007889 189836408
-8.3038933900-1.7687235581-2.3189428535
-5.8478357939-1.9349566120-2.4790427637
-7.8857090415 0.9836869825 0.9188946922
-9.3298269614-0.3035692151-0.5876626696
-0.0455005500-0.60675889% 1.0141885780
-0.8437880910 0.9572103262 2.7776576904
-3.1763378575 1.7149859194 2.7597042740
-4.1136341657-0.6757210485-0.9836324673
-5.6938999961 1.1560225254 2.4046125975
-6.0258989014-0.0766113942 2.9726826811
-5.7855102657 2.2830251239 3.2106418580
-6.4465275737-0.1784626634 4.2818727829
-6.2090660019 2.1949230491 4.5306475045
-5.5195926099 3.2584947375 2.8304433425
-6.542341314 0.9657768455 5.0674291993
-6.6974525859-1.1479135962 4.6944216998
-6.2717117207 3.0925958568 5.1307442645
-5.9492240066-0.9768222574 2.3763338383
-7.0221397637 0.8370244480 6.4826442572
-3.7636053525-1.3825552990-1.6093164707
-5.0858017769 2.6315426084 0.3701210924
-4.3596138627 2.69949248970.9782524448
-6.4378181465 3.3400906043 0.2282046997
-4.4747401711 3.2060515235 1.0759006786
-4.1745857937 4.1445179003.4372336125
-4.9381337046 2.15019601541.7289761742
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H -3.3823074507 2.2200859314€).9119315322
C -6.2553695368 4.7968056831.1904091277
H -7.0282774753 2.8298454476.5378355905
H -7.0150345784 3.2879082611 1.1520787072
C -5.4987010189 4.8966463206..5102725504
H -3.6756531150 4.1601500652.4094283446
H -3.5085306266 4.656476(B15-0.7333547545
H -7.2311822537 5.2813381299.2756373281
H -5.7020990310 5.3331002433 0.5891705228
H -5.3268270508 5.94304998846.7748516614
H -6.1145943623 4.4636451242.3065337758
F -6.9354760541 830326815 7.1702209516
F -6.3225167356-0.0828291897 7.1722774872
F -8.3110630233 0.4477005877 6.5438389283

Al9

E(RwB97XD) =-1123.74410704

Charge =0 Multiplicity = 1
-7.9046750731-1.3659389688-0.843111320
-6.7742188456-1.8128008860-0.2397103843
-5.7032638054-0.9173730579 0.0550442505
-5.8432831274 0.461565038@.2959201678
-7.0486513822 0.8884814336).9304388262
-8.0442343156 0.00425163141.194395985
-4.7870322193 1.3288975114).0010436977
-3.6427542562 0.8173955466 0.6185886009
-3.6076246091-0.5788136912 0.9250201632
-2.4456692517-1.1138109213 1.5569352544
-2.4378022277-2.1732726229 1.7808432302
-1.3924817583-0.3140299582 1.8616921030
-1.4263097181 1.0740744193 1.5579167425
-2.5134599243 1.6222415145 0.9575787514
-8.7115715889-2.0541977725-1.0626853730
-6.6499248420-2.8531047547 0.0341510370
-7.1597865213 1.93060158421.2007932428
-8.9537901661 0.33919201371.6768572849
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-0.5150199200-0.7305411641 2.3408337852
-0.5752029774 1.6940202881 1.8100471516
-2.5338130209 2.6799730991 0.7290487288
-4.6139059298-1.4087715299 0.6470477749
2.7744284921.3413265204
3.2309434688..5713881283
3.6769868139 0.5621167405
4.57720316541.8834007324
5.0247023334 0.2434500860
3.3219763693 1.5201754226
5.480524352-0.9796849413
5.7210338124 0.9534746522
2.529813286&.2765947643
6.53152573211.2316882067
5.095655142€8.2054070473
5.707373670%8.8984221080
6.007160122+8.0514832318
4.1330117153.9948859361

-4.8802765039
-4.4195737344
-5.4266836799
-4.5102267368
-5.5137804336
-5.7861619088
-5.0564134013
-5.9406975353
-3.9935798517
-5.1233893911
-4.0177982407
-4.9957038613
-3.0398635244
-3.5283184664

HA19
E(UwB97XD) =-1124.34195793

O 0O O IT O 000000000

Charge =0

Multiplicity = 2

-2.7736719390-3.6189814720-0.1243127590
-3.4132703840-2.3923702700-0.0962912310
-2.6710429520-1.2155847630-0.0507893250
-1.2540480640-1.2461912300-0.0432107490
-0.6400663050-2.5150248170-0.0590417030
-1.3819079670-3.6774300290-0.1008538790
-0.530729780 -0.0163511200 0.0031244850

-1.2391941690
-2.6564270140
-3.3845522440
-4.4676808230
-2.7303842060
-1.3379199460
-0.6100015780

1.2223602410
1.2089730170
2.3945612380
2.3482214050
3.6132604360
3.6548767150
2.4836838140
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0.0477302560
0.0470535860
0.0914529140
0.0948116530
0.1267497590
0.1119952640
0.0711679710

S191




-3.3589940050-4.5291540980-0.1584565780
-4.4957205940-2.3328661530-0.105459840
0.4399389950-2.5744607070-0.0330667000
-0.8782090450-4.6358173210-0.1121323800
-3.3048938020 4.5302999810 0.1606118860
-0.8225311460 4.6069127660 0.1300699710
0.4707878780 2.5306072880.0%81648100
-3.3068932570 0.000676999.0052938530
0.9510382590-0.0244842240 0.0059351630
1.6569808050 0.3504448430 1.1458014370
1.6681545290-0.4040548750-1.1270415770
3.0436463150 0.3430905580 1.1463535010
3.0542718260-0.4078131870-1.1240237230
1.1303952490-0.6981592700-2.0203036470
3.7510060820-0.0319937030 0.@R871660
3.5956289630-0.7031039590-2.0137238200
1.1131421770 0.6460244640 2.0337933410
-4.3144071480 0.007022901.0076328760
4.8330960720-0.0330694770 0.0148161670
3.7894932840 0.798653103 2.3685374460
3.0961608830 0.6051452290 3.4995426990
4.0740570910 2.1159725800 2.3175541450
49627185390 0.1649285850 2.5183809150
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H2A19
E(RWB97XD) =-1124.96813164

Charge =0 Multiplicity = 1
C -2.1309464330-3.6134576310-0.0819472490
C -2.6088518720-2.4122509230-0.5711262330
C -1.8963721160-1.2314810490-0.3539404900
C -0.6909947970-1.2650089110 0.3501860500
C -0.2377640670-2.4809124090 0.8464594390
C -0.9426136800-3.6549025280 0.6381048430
C 0.1322352660-0.0042208760 0.5172111350
C -0.7214702570 1.2383546980 0.3669299450
C -1.9259688420 1.184777261@.3373871140
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C -2.6676653070 2.350386857.5379407580
H -3.6003784430 2.29659144941.0880382950
C -2.2189456320 3.556332762).0330540950
C -1.0312849900 3.6173203130 0.6867347600
C -0.2976828140 2.4583005600 0.8790097810
H -2.6937926820-4.5221406550-0.2574938500
H -3.5424657170-2.3743966700-1.1211413530
H 0.6966599940-2.5019434420 1.3970033480
H -0.5694599070-4.5927223150 1.0290525420
H -2.8041118000 4.453174554@.1960129660
H -0.6807101030 4.5587394700 1.0897580160
H 0.6364255110 2.4948971620 1.4292621610
N -2.3801465840-0.0257401970-0.8378323650
C 1.3041665570 0.0168730450.4547851300
C 2.6043263430 0.0339461390 0.0213536360
C 1.0961653380 0.019825443€1.8341081760
C 3.6791297950 0.0534627080.8627549350
C 2.1647905320 0.039668746@.7105867000
H 0.0854211840 0.006448145€.2252905110
C 3.4681937920 0.056994894(2.2298804550
H 2.7841478810 0.0320795810 1.0903896030
H 0.5578054460-0.0056973810 1.5227050080
H -3.3091712370-0.0344238590-1.2265097620
H 4.3025852070 0.0727648772.9173521100
C 5.0681264120 0.0788401430.2918394530
F 5.2884487510 1.1851563440 0.4443684470
F 6.0210760700 0.0463352340.2311801600

F 5.2951974470-0.9653761810 0.5270176510
H 1.9877817040 0.04166725068.7785487450

HCyA19
E(RwB97XD) =-1359.66356055

Charge =0 Multiplicity = 1
C -7.8072808757-1.0477686353-1.6093574073
C -6.7296546400-1.5957103697-0.9423560452
C -5.7975478969-0.7719168629-0.3069414827
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-5.9406413892 0.6170551883.3458163964
-7.0320079361 1.1418363494..0306545074
-7.9644653607 0.33155918941.6566617577
-4.9759678802 1.5333237198 0.4205885893
-3.6786087630 0.7884079732 0.7400287429
-3.6357310850-0.6075316897 0.79390847
-2.4685368686-1.2767423814 1.1309681161
-2.4623656712-2.3609725026 1.1334798684
-1.3382667899-0.5670580679 1.4820199765
-1.3539394929 0.8220236181 1.4468534676
-2.5152395816 1.4767056887.0750643904
-8.5234306919-1.6984826154-2.0961358560
-6.5958202207-2.6708576073-0.9009481343
-7.1599969904 2.21667484741.0708568212
-8.8048987336 0.7730430902.1767093675
-0.4398388770-1.0084897720 1.7713364179
-0.4702639873 1.3899402040 1.7080927810
-2.5215467186 2.5588820826 1.0452098577
-4.7466515669-1.3417202884 0.3850573864
-4.6692723045 2.7256116086.5031107330
-3.8418936996 2.52362279081.6105176233
-5.2397077083 3.9787451624.3487661673
-3.5820854015 3.5353080632.5143358588
-4.9772756030 5.00015049121.25/6870476
-5.9069535693 4.1844778344 0.4760808990
-4.1473706706 4.791859199€.3428150153
-3.9435251734 5.58617692528.0474240447
-4.6284784905-2.3379111798 0.3001138028
-5.6856949200 1.9701915F2 1.7502186451
-6.1894252249 0.7863949652 2.5837711498
-4.8525406336 2.8815623469 2.6588317308
-6.5781914055 2.5256436484 1.4396321288
-7.0111779295 1.2603476739 3.7807351980
-5.3326436147 Q031399382 2.9382609142
-6.8010359759 0.1208151934 1.9736564310
-5.6821823621 3.3919521870 3.8342718780
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A20

-4.0047959211
-4.4327684498
-6.234018073
-7.3367566941
-7.9190213177
-5.0708881395
-6.5121985723
-6.8696104353
-5.3988372009
-3.3956028193
-5.6311662388
-5.2956409316
-6.9755050521
-5.3084896495
-2.9362765322

2.3133864443
3.7235848232
2.2343480465
0.3978480832
1.7525239322
4.0460187577
4.0001162335
2.6082821235
1.7047601341

3.0517868568
2.1070890311
4.6591149011
4.3676261956
3.4137455730
4.4609306662
3.4567314572
5.4657684687
5.1312393026

1.5495150608L.7676492825
6.3311025008..0229102827

7.24886977241
6.2412049101
6.8461301650

.9374306094
.0400096487
0.1791747028

3.3473286758.3625204125

E(RWB97XD) =-1198.97263293

Charge =0

Multiplicity = 1

-7.8795658540-1.2979659700-0.9387636020
-6.8046546173-1.7516633793-0.2456061523
-5.7167863665-0.8815742115 0.0628467300
-5.7794417626 0.4790594214.3720099777
-6.9290412493 0.9143635823-1.0979130155
-7.9433914015 0.05454926401..3712191867
-4.7075022913 1.3221232334.0626284544
-3.6241649014 0.8044099497 0.6543573800

1.0399075752
1.7715781204

-3.6644234513-0.5718891892
-2.5651750441-1.1123371103
-2.6141558943-2.1564570291 2.0545728689
-1.5002697525-0.3361721056 2.0960067477
-1.4587977513 1.0320068762 1.7130763523
-2.4845792910 1.5843642208 1.0163207346
-8.7000910382-1.9667938908-1.1677179884

-6.7388836045-2.7784410318 0.0921339098
-6.9827528424 1.94328393141.4293103941
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-8.8105773199 0.395702899+1.9224852010
-0.6709491291-0.7566282111 2.6514063521
-0.5992764683 1.6331109477 1.9817907040
-2.4476503277 2.6265964994 0.7270186679
-4.6853212987-1.3784717016 0.7468821160
-4.7208314645 2.7477959683.4885794638
-4.2094215384 3.1147553984.7287109936
-5.2404018036 3.7259074893 0.3526355248
-4.2175978105 4.44096011492.1301002885
-5.2550733225 5.055391819.0372988599
-5.6344649728 3.4474537698 1.3219845663
-4.7483900801 5.3899163329.2780289757
-3.8154405676 4.73646992983.0899700649
-5.6515913465 5.8239329275 0.6127321671
-3.7980787063 2.3588263232.3858546792
-4.7034486687 6.7388640331.6499395106
-5.7477039584 7.2365656558.3274666543
-5.5012645407 8.5169904682.5660301200
-5.9474080251 6.6245970444.5005798333
-6.8976715367 7.1518407288..6485651012
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HA20
E(UwB97XD) =-1199.57029765

Charge =0  Multiplicity = 2
C -7.9946844780-1.3791442970-0.7333403910
C -6.8201635060-1.8230892840-0.1515436510
C -5.7745969840-0.9350859340 0.0836991500
C -5.8916894610 0.435688130.2575150530
C -7.0983208520 0.846800200.8593700560
C -8.1299283780-0.0395748770-1.0910201570
C
C
C
C
H
C

©

-4.7968445460 1.314272275@.0003087040
-3.6011762470 0.8037355010 0.5879868140 @
-3.5211808500-0.5747068830 0.9089467280
-2.3719629530-1.1105038730 1.4830033500
-2.3416528480-2.1696895700 1.7122475030
-1.2861876240-0.2979846720 1.7586466010
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-1.3444058910 1.0627006000 1.4656739960
-2.4793933810 1.6004505790 0.8945486460
-8.8023335030-2.0776147290-0.9123562530
-6.7000544730-2.8644824750 0.1242318200
-7.2123265680 1.88329142761.1482463290
-9.0440195530 0.30928343361.5548332350
-0.3967883560-0.7238807220 2.2056022450
-0.4999043670 1.7027441250 1.6883135880
-2.5152014970 2.6598870720 0.6774663920
-4.6040377720-1.3788041210 0.6488592670
-4.9029151490 2.752266600).3451872020
-4.1863405490 3.28254007401..4166243530
-5.7203089890 3.6028622480 0.3971829620
-4.2838664360 4.6246003304L.7472000330
-5.8284392290 4.9471718640 0.0796822840
-6.2781885720 3.2080868090 1.2373091780
-5.1122340590 5.4352453944).9958125220
-3.7263940480 5.0382285392.5772475090
-6.4560995940 5.6101303830 0.6603810410
-3.5424803460 2.636299424(.0003210840
-4.5338200580-2.3564280100 0.8835564150
-5.1707475180 6.80472491461.2876342220
-6.1107742030 7.220703676€2.1467140350
-5.9831088990 8.533875419¢2.2816196740
-7.3549735120 6.96496063861.7243897620
-5.9947196330 6.664144282€8.3583831830

mT T MmO O T T T T OII O 000600z ITITITTITTITT T ITTO0OO0O

H2A20

E(RwB97XD) =-1200.19619989

Charge =0 Multiplicity = 1
-7.7162065330-1.2017881267-1.3203335136
-6.3408833074-1.3403562293-1.3266406937
-5.5452695247-0.48%5297231 -0.5616252661
-6.1387777487 0.5201093767 0.2042534616
-7.5235448095 0.6304456105 0.2080655889
-8.3186198817-0.2177146882-0.5451719828
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-5.2782195010 1.5051823236 0.9687785832
-3.9058901121 0.93656096 1.2556148468
-3.3886407861-0.0877263412 0.4519760169
-2.0916823063-0.5561603016 0.6692408721
-1.7003572215-1.3453460605 0.0371867365
-1.3210909696-0.0239653459 1.6859891414
-1.8343345262 0.97393798 2.5062675191
-3.1199194300 1.4387100645 2.2821340670
-8.3222066788-1.8717443550-1.9180037455
-5.8688714434-2.1168751196-1.9180113374
-7.9817990293 1.4097821964 0.8074442005
-9.3957362836-0.1114217482-0.5320189042
-0.3164942228-0.3968292474 1.8442180852
-1.2365228234 1.3870607453 3.3085232133
-3.5265436921 2.2258129764 2.9080118904
-4.1661831594-0.6291643946-0.5605595630
-5.1710649079 2.8327289804 0.2296305194
-4.6130192714 2.8999783933.0455772000
-5.6339582242 4.0022576100 0.8189294669
-4.5155880360 4.10582425521.7163524248
-5.5442659705 5.2208080655 0.1601173957
-6.0756063957 3.9660767047 1.8076607165
-4.9786385848 5.25294347781.0971505282
-4.0893475741 4.1605573214.7094053527
-5.9115665202 6.1312018380 0.6152801106
-4.2505970788 1.99971851521.5273284919
-5.7664909590 1.7147764740 1.9227543753
-3.7958358939-1.4401722572-1.0291828275
-4.9408739552 6.4666030123..7984620146
-3.8522372425 7.2341108082..6600160715
-3.6458885796 7.6260846753.3966784896
-4.0235488977 8.31859447672.4046447964
-2.7291529679 6.62692705772.0618153937
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HCy A20
E(RWB97XD) =-1434.89105142
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Charge =0 Multiplicity = 1
-7.6530318543-0.7398596262-1.6125610673
-6.4397641438-1.2817519607-1.2374004444
-5.5927037381-0.5879256694-0.3700372604
-5.9599474797 0.6666738627 0.1221696395
-7.1845468926 1.1915558773).2784118560
-8.0331411946 0.5067630784..1320797457
-5.0820548808 1.4039475936 1.1437172097
-3.6558492564 0.8508010183 121441661
-3.3878377559-0.4190881215 0.5961494042
-2.0947602722-0.9471732605 0.6505827980
-1.9131964273-1.9353156257 0.2433060044
-1.0632726363-0.2155196988 1.2029218531
-1.3060889234 1.060809581 1.6958946605
-2.5897158936 1.5750491313 1.6398558165
-8.3005519709-1.2895775640-2.2847332213
-6.1315734064-2.2526394532-1.6086896240
-7.4857651484 2.1637275590 0.0922859369
-8.9810666026 0427428973 -1.4203654533
-0.0657635494-0.6363104195 1.2375549135
-0.5031717325 1.6497235258 2.1203562008
-2.7728061016 2.5721719467 2.0195479378
-4.3991218508-1.1639450314 0.0201147212
-5.068617279 2.8867451905 0.7287076109
-4.3424006760 3.2534280923).4053283915
-5.8073710046 3.8742579454 1.3698823272
-4.3392303123 4.5515709421.8798040087
-5.8167916709 5.1849969263 0.9104985293
-6.4000386465 3.6428275749 2.2427115541
-5.0850132849 5.5047172452.2116527034
-3.7671042193 4.82378726501.7569247237
-6.3882870133 5.9477092503 1.4228465423
-3.7648778701 2.506053626%).9344331238
-4.1314484567-2.0183073944-0.4404460810
-5.7117392240 1.1816221055 2.5641285990
-5.9322603209-0.2970233928 2.9038720224
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