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Optimization of Ruthenium catalyzed alkene-alkyne coupling/cyclization

™S ™S
TMS/OH . A~ NHBo [CPZZS\tA;ZN):a]PFs [ . | - NHBoc
NHBoc o
A B
Entry Ru-cat. (mol%) Additive? A:B Yield of A (%)
1) 3 - 18 ~10
2) 5 - 1:2.2 32
3) 10 - 1:1 54
4) 3 Malonic acid only A 60
5) 3 Acetic acid ~1:7.5 ~10
6) 3 Formic acid ~1:7 ~15
(7 3 (PhO),PO,H only A 72 )
8) 3 Dichloroacetic acid - trace
9) 3 Trichloroacetic acid - o°
10) 3 TFA - 0°¢
m 3 TSOH - o
12) 3 Amberlyst-15 - oc

210 mol% of additive was used; © diphenyl phosphate added after alkene alkyne coupling
¢ decomposition was observed

Optimization of Pd-catalyzed iodo-aminal formation

H
™S os N0 . J NN
ST, e AR
Me — o)
™S
o >20:1dr
Entry Catalyst PPhg % Yield
1) Pd(OAc), 10 mol% 20 mol% 72
2) Pd(TFA), 10 mol% 20 mol% 60
3) Pd(OAc), 10 mol% - 02
4) - 20 mol% [
5) Pd,(dba)z*CHCI3 5 mol% 20 mol% 86
6) Pd,(dba)3*CHCI3 5 mol% - trace?
( 7) Cp(allyl)Pd 10 mol% 20 mol% 91 j
8) Cp(allyl)Pd 5 mol% 10 mol% 85

2 |pso-substitution of vinyl-TMS by NIS was observed
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Experimental section:

"H and "*C NMR spectra were recorded on a 400, 500 or 600 MHz spectrometer. Chemical shifts were
reported relative to internal tetramethylsilane (5 0.00 ppm) or CDCls (6 7.26 ppm) or CD3OD (6 3.30 ppm)
or benzene-ds (8 7.16 ppm) or pyridine-ds (6 7.22, 7.58, 8.74 ppm) for 1-H NMR and CDCI3 (6 77.23 ppm)
or CD3OD (6 49.05 ppm) or benzene-ds (& 128.39 ppm) or pyridine-ds (6 150.35, 135.91, 123.87 ppm) for
13-C NMR. In the case of 19-F NMR, trifluoroacetic acid (6 —76.55 ppm) was used as an external reference
for Mosher ester analyses. Infrared (IR) spectra were obtained on a FT-IR spectrometer. Optical rotations
were measured with a digital polarimeter in the solvent specified. Melting points were determined with a
standard melting point apparatus. Enantiomeric excess was determined using chiral Separation Products
Spectra Series P-100 or 200 and UV100 (254 nm) using Chiralcel® columns (OD-H, OB-H, AD-H, OJ-H
OD, OB, 0OJ, AD, As, OC, IA, IB or IC) eluting with heptane/iso-propanol mixtures indicated. Flash column
chromatography was performed on 60-200 or 230-400 mesh silica gel. Analytical thin-layer
chromatography was performed with precoated glassbacked plates and visualized by quenching of
fluorescence and by charring after treatment with panisaldehyde or potassium permanganate stain. Rf
values were obtained by elution in the stated solvent ratios. Diethyl ether, tetrahydrofuran, methylene
dichloride and triethylamine were dried by passing through activated alumina column with argon gas
pressure. Commercial reagents were used without purification unless otherwise noted. Air- and/or moisture-
sensitive reactions were carried out under an atmosphere of argon/nitrogen using oven- or flame-dried
glassware and standard syringe/septa techniques.

General procedures for alkene-alkyne coupling/cyclization:

Procedure A: An oven dried microwave vial was charged with alkynol (1 eq.), allyl amine (1 eq.), acid
catalyst (10-mol%) and [CpRu(MeCN);]PF¢ (3-mmol%). The vial was sealed and flushed with argon for 5
min. Freshly distilled acetone (0.25 M) was added and the reaction was stirred under argon until all starting
material was consumed. Solvent was evaporated under reduced pressure and the crude material was purified
by silica gel flash chromatography.

Procedure B: An oven dried microwave vial was charged with alkynol (1 equiv.), allyl amine (1 equiv.)
and [CpRu(MeCN)3]PFs (3-mmol%). The vial was sealed and flushed with argon for 5 min. Freshly distilled
acetone (0.25 M) was added and the reaction was stirred under argon until all starting material was
consumed. The crude reaction was passed through a short plug of florisil to remove Ru-catalyst. After
removing the solvent under reduced pressure, residue was redissolved in toluene (0.1M). Acid catalyst (5-
10-mol%) was added and stirred at room temperature until all starting material was consumed. The reaction
mixture was directly loaded onto a silica gel column and purified with EtOAc/Hexane mixture.

tert-butyl (2)-(5-((trimethylsilyl)methylene)tetrahydro-2H-pyran-2-yl)carbamate (1)

T™MS

0]

NHBoc

Procedure A: 3-(trimethylsilyl)prop-2-yn-1-ol (25.64 mg, 0.2 mmol), N-Boc allylamine (31.42 mg, 0.2
mmol), [CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol), malonic acid (2.1 mg, 0.02 mmol) and acetone (0.8 mL,
0.25 M). Product 1 was purified on silica gel using 5% EtOAc/Hexane. Yield 29.7 mg, 52%.
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Procedure B: 3-(trimethylsilyl)prop-2-yn-1-ol (25.64 mg, 0.2 mmol), N-Boc allylamine (31.42 mg,
0.2 mmol), [CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol), and acetone (0.8 mL, 0.25 M), diphenylphosphate
(5 mg, 0.02 mmol) and toluene (2 mL, 0.1 M). Yield of 1 was found to be 46.2 mg, 81%, waxy solid. IR
3293, 2912, 1685, 1503, 1371, 1347, 1231, 1149, 1033, 828 cm'; '"H NMR (300 MHz; CDCL): 6 5.33 (s,
1H), 5.15-5.12 (m, 1H), 5.03-4.97 (m, 1H), 4.44 (d,J=13.1, 1H), 4.09 (d, J=13.1, 1H), 2.54-2.36 (m, 2H),
1.93 (ddt,J=12.4,5.3,2.9, 1H), 1.67-1.54 (m, 1H), 1.46 (s, 9H), 0.11 (s, 9H) *C NMR (75 MHz; CDCl:):
0 154.6, 150.5, 125.5, 80.4, 79.2, 69.0, 35.5, 32.9, 28.6, 0.5. HRMS-ESI [CisH»NOsSi+Na]* calcd.
308.1652, found: 308.1658.

(Z)-tert-butyl 5-((trimethylsilyl)methylene)oxepan-2-ylcarbamate (2)

TMS

0
NHBoc

Procedure B: 4-(trimethylsilyl)but-3-yn-1-ol (28.42 mg, 0.2 mmol), N-Boc allylamine (31.42 mg, 0.2
mmol), [CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol), and acetone (0.8 mL, 0.25 M), diphenylphosphate (5
mg, 0.02 mmol) and toluene (2 mL, 0.1 M). Yield 54.2 mg, 90.4%, waxy solid. IR 3292, 2910, 1686, 1589,
1498, 1347, 1231, 1154, 1085, 851, 827 cm™'; "H NMR (400 MHz; CDCl3): 8 5.32 (s, 1H), 5.12-5.11 (m,
1H), 4.97-4.95 (m, 1H), 3.93 (dt, J = 12.5, 4.8, 1H), 3.65-3.63 (m, 1H), 2.54-2.29 (m, 4H), 2.01-1.94 (m,
1H), 1.57 (dd, T=94, 4.6, 1H), 1.44 (s, 9H), 0.08 (s, 9H); *C NMR (100 MHz; CDCL): 6 154.6, 154.9,
127.1,83.3,83.2,66.7,38.4,37.4,34.9,28.5,0.3. HRMS-ESI [CisH20NOsSi+Na]* caled. 322.1809, found:
322.1801.

(E)-tert-butyl 5-((trimethylsilyl)methylene)oxocan-2-ylcarbamate (3)

T™MS

O “NHBoc
5-(trimethylsilyl)pent-4-yn-1-ol (31.3 mg, 0.2 mmol), N-Boc allylamine (3142 mg, 0.2 mmol),
[CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol) was place in an oven dried microwave vial. The content was
flushed with argon for 5 min and freshly distilled acetone (2 mL, 0.1 M) was added. After stirring for 1h at
rt, crude reaction was passed through a short plug of florisil to remove Ru-catalyst. Solvent was removed
under reduced pressure; residue was redissolved in toluene (2 ml, 0.1M) and dropwise added (using syringe
pump for 12h) to a toluene solution (20 mL) containing diphenylphosphate (5 mg, 0.02 mmol). After
complete addition, the reaction was stirred for an additional 12h. Solvent was removed under reduced
pressure and the crude material was purified by preparative TLC (20% EtOAc/Hexane to obtain 3 as waxy
solid, 6.3 mg, 10%. IR 3296, 2912, 1685, 1504, 1347, 1231, 1149, 1033, 852, 828,681 cm™'; "H NMR (500
MHz; CDCl3): 8 5.20 (brs, 1H), 4.87-4.82 (m, 2H), 3.61-3.57 (m, 1H), 3.49-3.46 (m, 1H), 2.27- 2.17 (m,
4H), 1.78-1.62 (m, 4H), 1.44 (s, 9H), 0.07 (s, 9H); *C NMR (125 MHz; CDCL): 6 158.4, 155.4, 124.7,
81.0,79.7, 674, 35.2,34.9, 32.5, 29.1, 28.5, 0.5. HRMS-ESI [CisH31NOsSi+H]" calcd. 314.2151, found:
314.2147.
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tert-butyl (2)-(5-((dimethyl(phenyl)silyl)methylene)oxepan-2-yl)carbamate (4)

BnMe,Si

(0]
NHBoc

4-(benzyldimethylsilyl)but-3-yn-1-0l (100 mg, 0.46 mmol), N-Boc-allylamine (72 mg, 0.46 mmol) was
dissolved in acetone (1.8 mL). After formation of the homogenous solution, [RuCp(MeCN)3;]PFs (6 mg,
0.014 mmol) was added and the resulted mixture was stirred for 45 min. Then the reaction was passed
through a plug of florisil and concentrated. Dry toluene 1.8 mL was added to the crude reaction and
subsequently added diphenyl phosphate (10 mg, 0.04 mmol). The reaction was stirred at room temperature
for 2h and directly loaded into column, which was then purified by using 2—4 % EtOAc/Hexane to obtain
4 (129 mg, 78%). Colorless solid; MP: 56 °C; IR 3145, 3074, 1770, 1681, 1266, 1238, 1183, 847,731, 637
cm™'; '"H NMR (500 MHz; CDCl3): 6 7.23 (t,J = 7.6, 2H), 7.09 (t,J = 7.4, 1H), 7.04-7.02 (m, 2H), 5.32 (s,
1H), 5.14-5.12 (m, 1H), 5.01-4.98 (m, 1H), 3.92-3.88 (m, 1H), 3.64-3.59 (m, 1H), 2.53-2.41 (m, 2H), 2.39-
2.32 (m, 2H), 2.16 (s, 2H), 2.00 (ddt, J=13.8, 7.4, 3.8, 1H), 1.61-1.56 (m, 1H), 1.48 (s, 9H), 0.10 (s, 3H),
0.10 (s, 3H); *C NMR (126 MHz; CDCL): 6 157.9, 154.8, 140.2, 128.3, 128.2, 124.7, 124.1, 83.2, 80.1,
66.2,38.4,37.4,34.9,28.4,26.7,—-1.6; MRMS-ESI [C21H33NNaOsSi]" calcd. 398.2127, found: 398.2123.

(2R,3R 4S,5R,65)-2-(acetoxymethyl)-6-((5-((zert-butyldimethylsilyl)oxy)-2-methylpent-3-yn-2-
yloxy)tetrahydro-2H-pyran-3.4,5-triyl triacetate (5a)’

OAc
Me_ Me
AcO O 0) NN
AcO “\\_oTBs

AcO

(2R,3RAS,5R,65)-2-(acetoxymethyl)-6-(2,2,2-trichloro-1-iminoethoxy )tetrahydro-2 H-pyran-3.4,5-triyl
triacetate (1.7 g, 4.4 mmol), 5-((fert-butyldimethylsilyl)oxy)-2-methylpent-3-yn-2-ol (500 mg, 2.2 mmol)
was dissolved in dry CH2Cl2 and cooled to —40 °C. To this cold stirred solution was slowly added BF3<OEt:
(101 mL, 0.88 mmol). The reaction was warmed to 0 °C and stirred until complete consumption of starting
material. The reaction was then diluted with 50 mL diethyl ether and added 30 mL NaHCOs. Aqueous layer
was extracted with diethyl ether (3x50 mL) and the crude material was purified by silica gel column
chromatography to yield 5a (800 mg, 65%) as an oil. [a]Jp*® +4.6 (¢ 1.0 in CH2CL). IR 1726, 1350, 1207,
1059, 824 cm™'; '"H NMR (400 MHz; CDCl): 6 5.38 (dd, J =34, 1.0, 1H), 5.18 (dd, J = 10.5, 7.9, 1H),
5.05(dd,J=10.5,3.5,1H),4.92 (d,J=8.0, 1H), 4.35 (s, 2H), 4.13 (qd, J = 12.5,6.7,2H), 3.91 (td, ] = 6.7,
1.0, 1H), 2.13 (s, 3H), 2.05 (s, 3H), 2.02 (s, 3H), 1.98 (s, 3H), 1.49 (s, 3H), 1.45 (s, 3H), 0.91 (s, 9H), 0.12
(s, 6H); *C NMR (101 MHz; CDCl): 6 170.62, 170.45, 169.82, 169.80,97.9, 85.9, 844, 73.7,71.2, 70.9,
69.0,67.3, 61.7,51.8, 30.5,29.8, 26.0, 21.06, 20.89, 20.86, 18.5,—4.9; HRMS-ESI [C26H+#NaOSi]" caled
. 581.2394, found: 581.2379.

' Compound 5a is an intermediate for synthesis of 5 and is not included in the manuscript
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(2R,3R 4S,5R,65)-2-(acetoxymethyl)-6-((5-hydroxy-2-methylpent-3-yn-2-yl)oxy)tetrahydro-2 H-
pyran-3,4,5-triyl triacetate (5b)’

OAc
Me_ Me
ACAOO O O>\/
c
AcO OH

TBS-ether 5a (666 mg, 1.2 mmol) was dissolved in dry THF (5 mL) and cooled to 0 °C. To this cold stirred
solution was added 0.5 mL HF*Pyr (70%). The reaction slowly warmed to rt over 4h. Upon completion of
the starting material, was added NH4Cl (30 mL) and the aqueous phase was extracted with ethyl acetate
(3x50 mL). The crude was purified by silica gel chromatography using 30% ethyl acetate/hexane to yield
5b (485 mg, 91%) as a clear oil. [a]p® +6.8 (¢ 1.0 in CH2CL). IR 3479, 1743, 1432, 1366, 1214, 1154,
1034, 733,701 cm™'; "H NMR (500 MHz; CDCl): 6 5.35 (d,J=3.3, 1H), 5.13 (dd, J=10.4, 7.9, 1H), 5.06
(dd,J=10.4,3.4,1H),4.92 (d,J=7.9, 1H), 4.28 (s, 2H), 4.17 (dd, J=11.3, 6.8, 1H), 4.05 (dd, J = 11.3,
6.5,1H),3.93 (t,] = 6.6, 1H), 2.42-2.38 (m, 1H), 2.12 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.96 (s, 3H), 1.48
(s,3H), 1.43 (s, 3H); 13-C NMR (126 MHz; CDCl3): 6 170.7, 170.47, 170.32, 169.7,97.6, 86.5, 83.6, 73.3,
71.0, 70.6, 69.0, 67.2, 61.6, 50.8, 30.1, 29.7, 20.90, 20.76, 20.69; HRMS-ESI [C20H2sNaOu1]" caled.
467.1529, found: 467.1521.

(2R,3R 4S,5R,65)-2-(acetoxymethyl)-6-(((£)-1-(6-((fert-butoxycarbonyl)amino)dihydro-2 H-pyran-
3(4H)-ylidene)-2-methylpropan-2-yl)oxy)tetrahydro-2 H-pyran-3,4,5-triyl triacetate (5)

OAc
Me -
AcO 0
AcO © |
AcO
O
NHBoc

Compound 5 was prepared by following general procedure B: 100 mg, 0.23 mmol of Sb, 71 mg, 0.45 mmol
of N-Boc allylamine, 5 mg, 0.01 mmol of Ru-catalyst; 5 mg, 0.02 mmol diphenyl phosphate; 0.8 mL acetone
and 1.0 mL toluene). Yield of 5 was 88 mg, 65%. Colorless oil mixture of 1:1 dr; IR 3460, 2976, 1750,
1455, 1365, 1216, 1033, 734 cm™; '"H NMR (500 MHz; CDCI): & 5.30 (s, 1H), 5.28-5.27 (m, 1H), 5.19
(td, J=9.4, 1.5, 1H), 5.05-5.01 (m, 1H), 4.96-4.93 (m, 1H), 4.83-4.74 (m, 1H), 4.65 (t, J = 7.6, 1H), 4.18
(ddd, J=12.1,9.7,5.4, 1H), 4.10 (ddd, J = 12.2, 9.8, 2.4, 1H), 3.96 (d, ] = 13.5, 1H), 3.64 (ddd, J = 10.0,
5.5,2.7, 1H), 2.40-2.32 (m, 1H), 2.27-2.24 (m, 1H), 2.18-2.13 (m, 1H), 2.06 (s, 3H), 2.03 (s, 3H), 2.02 (s,
3H), 2.00 (s, 3H), 1.94-1.90 (m, 1H), 1.43 (s, 9H), 1.35 (s, 3H), 1.33 (s, 3H); '*C NMR (126 MHz; CDCl:): &
170.9,170.6,169.58, 169.42,169.31, 154.7,136.0, 129.8,96.10, 95.98, 78.2,73.3,71.71, 71.65, 68.9, 62.5,
53.6,33.2,32.91,32.76,29.6,29.3,28.4,20.91, 20.84, 20.77; HRMS-ESI [ C2sH4NNaO13]* calcd 624.2632,
found: 624.2616.

2 Compound 5b is an intermediate for synthesis of 5 and is not included in the manuscript
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(E)-tert-butyl 2,2-diacetyl-4-((trimethylsilyl)methylene)cyclohexylcarbamate (6)

TMS

o NHBoc

The cyclohexyl derivative 6 was prepared by general procedure B: (42.1 mg, 0.2 mmol of 3-(3-
(trimethylsilyl)prop-2-yn-1-yl)pentane-2 4-dione; 31 mg, 0.2 mmol of N-Boc allylamine; Ru-catalyst 2.6
mg, 0.006 mmol; 5 mg, 0.02 mmol diphenylphosphate; 0.8 mL acetone and 1.0 mL toluene). Yield of 6
was 9.2 mg, 14%. Colorless solid, MP: 107 °C; IR 3374, 2914, 2887, 1674, 1471, 1346, 1231, 1150 cm™;
'H NMR (500 MHz; CDCl): 8 5.51 (d, J = 10.6, 1H), 5.29 (s, 1H), 4.34-4.29 (m, 1H), 2.92 (d, ] = 14.8,
1H), 2.75 (d, J=14.7, 1H), 2.36-2.26 (m, 2H), 2.24 (s, 3H), 2.15 (s, 3H), 1.87-1.82 (m, 1H), 1.79-1.71 (m,
1H), 1.40 (s, 9H), 0.12 (s, 9H); *C NMR (126 MHz; CDCl3): 6 208.3, 207.3, 155.4, 149.5, 127.1, 79.8,
71.0, 51.6, 37.5, 36.4, 30.2, 29.2, 26.9, 0.6; HRMS-ESI [Ci9H33NO4SiNa]* caled. 390.2077, found:
390.2071.

tert-butyl (Z2)-(5-(iodomethylene)oxepan-2-yl)carbamate (7)

(0]
NHBoc

Vinyl-TMS 2 (30 mg, 0.1 mmol) was dissolved in 0.5 mL dry CH2Cl.. To this was added solid NIS (25 mg,
0.11 mmol) and the reaction was stirred at rt for 30 min. Solvent was removed under pressure and flash
chromatography over silica gel gave vinyl iodide 7 (32 mg, 90%). Light yellow solid; MP: 101 °C; IR 3360,
1689, 1514, 1456, 1217, 1154, 1043, 925, 884 cm™'; '"H NMR (500 MHz; CDCls): 6 6.09 (s, 1H), 5.10-5.07
(m, 1H), 4.99-4.95 (m, 1H), 3.99-3.96 (m, 1H), 3.71-3.66 (m, 1H), 2.66-2.60 (m, 1H), 2.57-2.46 (m, 2H),
2.44-2.39 (m, 1H), 1.98 (ddt, J=13.9, 6.6, 3.4, 1H), 1.58-1.51 (m, 1H), 1.44 (s, 9H); *C NMR (126 MHz;
CDCl): 6 154.7, 149.1, 83.3, 80.3, 77.5, 65.0, 40.5, 35.1, 34.2, 28.4; HRMS-ESI [C12H20INNaO:s]" caled
376.0386, found: 376.0382.

tert-butyl (2-(dimethyl(phenyl)silyl)-1,6-dioxaspiro[2.6]nonan-7-yl)carbamate (8)

BnMe,Si

(0]
NHBoc

An oven-dried vial was charged with vinyl silane 4 (10 mg, 0.03 mmol). Dry CH2Clz was the added to the
vial and was cooled to 0 °C. To this mixture, was added a CH2Cl: solution of mCPBA (9.2 mg, 0.056 mmol)
and stirred over night slowly warming to rt. Saturated Na2SO3 (2 mL) was used to quench the
reaction and aqueous phase was extracted with Et2O and subsequently washed with NaHCOs (5 mL).
Concentration under reduced pressure and silica gel chromatography gave product 8 (9 mg, 80%) as an
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inseparable 2.3:1 diastereomeric mixture. Colorless wax; IR 3305, 2911, 1696, 1492, 1472, 1346, 1233,
1150, 1189, 1026, 979, 812 cm™'; '"H NMR (500 MHz; CDCl3): 8 7.25-7.21 (m, 2H), 7.10 (d, J = 7.4, 1H),
7.02(d,J=7.4,2H), 5.21-5.15 (m, 2H), 3.84-3.79 (m, 1H), 3.66-3.63 (m, 1H), 3.55-3.51 (m, 1H), 2.20 (t,
J=11.9, 2H), 2.09-2.07 (m, 2H), 1.94-1.90 (m, 2H), 1.46 (m, 11H), 0.11 (s, 3H), 0.07 (s, 3H); *C NMR
(126 MHz; CDCls): 6 154.8, 139.0, 128.57, 128.21, 124.6, 81.1, 80.2, 59.8, 59.1, 37.7, 34.6, 30.2, 28.5,
24.91,-3.2, -3.6; HRMS-ESI [C2:H3:3NNaO4Si]" calcd. 414.2077, found: 414.2058.

tert-butyl (Z2)-(5-benzylideneoxepan-2-yl)carbamate (9)

O
NHBoc

The vinyl BDMS 4 (20 mg, 0.053 mmol), and phenyl iodide (12 mg, 0.059 mmol) was dissolved in dry
THF (0.3 mL). To this solution was added Pd2(dba);*CHCIls (2.7 mg, 0.003 mmol) and TBAF (0.1 mL, 0.11
mmol). The mixture was stirred at rt for 5 min and quenched with saturated 10 mL NaHCOs. Aqueous layer
was extracted with Et2O (3x10 mL), dried over MgSOs and filtering through a short plug of silica gave pure
produce 9 (10 mg, 97%). Colorless solid; MP: 60 °C; IR 3315, 2930, 1689, 1519, 1390, 1307, 1168, 1043,
1018, 786 cm™'; '"H NMR (500 MHz; CDCL): 6 7.31 (t, J = 7.6, 2H), 7.20 (t, J = 6.7, 3H), 6.40 (s, 1H),
5.15-5.13 (m, 1H), 5.07-5.03 (m, 1H), 3.99-3.97 (m, 1H), 3.75-3.71 (m, 1H), 2.73-2.67 (m, 1H), 2.60-2.57
(m, 1H), 2.54-2.49 (m, 1H), 2.45-2.40 (m, 1H), 2.11-2.04 (m, 1H), 1.69-1.66 (m, 1H), 1.45 (s, 9H); “*C
NMR (126 MHz; CDCl): 6 154.8, 140.6, 137.9, 128.8, 128.2, 127.4, 126.4, 83.3, 80.1, 66.2, 35.5, 34.60,
34.51,28.5; HRMS-ESI [ CisH2sNNaOs]" caled 326.1732, found: 326.1728.

tert-butyl((2S5,3S,E)-3-((tert-butyldimethylsilyl)oxy)-5-((trimethylsilyl)methylene)oxepan-2-
yDcarbamate (12)

T™MS

1OTBS

NHBoc

4-(trimethylsilyl)but-3-yn-1-ol (14.2 mg, 0.1 mmol) and N-Boc allylamine (15.7 mg, 0.1 mmol) were
dissolved in acetone and added [RuCp(MeCN)31PFs (1.3 mg, 0.003 mmol). After 30 min, mCPBA (34 mg,
0.2 mmol) or excess DMDO was added. The reaction mixture was stirred at rt for additional 8 h in case of
mCPBA, and 2h at —78 °C for DMDO. The reaction was quenched by saturated Na2SO3 (4 mL) and
aqueous phase was extracted with Et2O (3x10 mL). The organic phase was washed with NaHCOs (10 mL).
Solvent was removed under pressure followed by filtration through a silica pad gave crude product, which
was dissolved in 1.0 mL dry CH2Clz and added TBSCI (15 mg, 0.1 mmol), and imidazole (7 mg, 0.1 mmol).
The reaction was stirred at room temperature over night. Solvent was removed under pressure and the crude
material was subjected to silica gel chromatography to obtain 12 (21 mg, 50% with mCPBA and 24.5 mg,
57% for DMDO as 8:1 dr). Colorless oil; IR 2952, 2930, 1726, 1483, 1167, 1071, 861, 834, 776 cm™'; 'H
NMR (500 MHz; CDCl3): 6 5.73 (d, J = 9.2, 1H), 5.35 (s, 1H), 4.82-4.79 (m, 1H), 4.16-4.12 (m, 1H), 3.82
(ddd, J=8.3, 6.2, 3.3, 1H), 3.56-3.51 (m, 1H), 2.64 (ddd, J =124, 6.2, 0.9, 1H), 2.46-2.44 (m, 2H), 2.29
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(dd,J=12.2,8.5, 1H), 1.43 (s, 9H), 0.91 (s, 9H), 0.09 (s, 6H), 0.08 (s, 9H); *C NMR (126 MHz; CDCl:):
0 155.0, 151.8, 129.9, 84.8, 79.8, 72.3, 70.2, 47.1, 39.6, 28.4, 25.9, 18.3, 0.3, -4.1, -5.1; HRMS-ESI
[C21H43NNaO4Si2]* caled. 452.2628, found: 452.261.

tert-butyl (2)-(5-((trimethylsilyl)methylene)oxepan-2-yl)carbamate (13)

NHBoc

4-(trimethylsilyl)but-3-yn-1-ol (14.2 mg, 0.1 mmol) and N-Boc allylamine (15.7 mg, 0.1 mmol) were
dissolved in acetone and added [RuCp(MeCN)3]PFs (1.3 mg, 0.003 mmol). After 30 min, NIS (25 mg, 0.11
mmol) was added. The reaction mixture was stirred at rt for additional 30 min. Removal of solvent under
pressure followed by flash chromatography gave product 13 (28 mg, 65%). Colorless solid; MP: 87 °C; IR
3333, 2953, 2925, 1718, 1367, 1159, 1081, 804 cm™'; '"H NMR (500 MHz; CDCl): § 5.57 (s, 1H), 5.13-
5.09 (m, 1H), 5.06-4.99 (m, 1H), 4.06-4.02 (m, 1H), 3.96 (ddd, J = 9.8, 8.0, 4.8, 1H), 3.72-3.66 (m, 1H),
3.02-2.93 (m, 2H), 2.61 (ddd, J =15.5,10.2, 5.9, 1H), 2.40 (dddd, J = 15.0,4.3,2.8, 1.4, 1H), 1.45 (s, 9H),
0.11 (s, 9H); *C NMR (126 MHz; CDCl): 0 154.6, 152.3, 131.8, 89.8, 80.5, 68.2,49.7, 37.5,32.7, 28 4,
0.1; HRMS-ESI [CisH2sINNaOsSi] " caled 448.0781, found: 448.0768.

(Z)-1-(5~((trimethylsilyl)methylene)tetrahydro-2H-pyran-2-yl)pyrrolidin-2-one (14)

TMS

o}
0N

J
Compound 14 was prepared by following general procedure B: using 3-(trimethylsilyl)prop-2-yn-1-ol
(25.64 mg, 0.2 mmol), l-allylpyrrolidin-2-one (25 mg, 0.2 mmol), [CpRu(MeCN);]PFs (8.7 mg, 0.02
mmol), acetone (0.4 mL, 0.5 M), diphenylphosphate (5 mg, 0.02 mmol) and toluene (1 mL, 0.2 M). Flash
chromatography using 66% EtOAc:Hexane gave the product as a white solid (36 mg, 70% yield). MP: 70-
71 °C; IR (thin film): 2912.6, 1679.8, 1400.4, 1231.0, 1051.7, 847.0; '"H-NMR (500 MHz; CDCl:): 6 5.33-
5.30 (m, 2H), 4.43 (dd, J=13.0, 1.9 Hz, 1H), 4.11 (d, J=13.0 Hz, 1H), 3.53 (td, /=8.8, 5.9 Hz, 1H), 3.37
(ddd,J=9.3,8.3,6.3 Hz, 1H),2.56 (d,/= 0.3 Hz, 1H), 2.40 (t,J = 8.2 Hz, 3H), 2.05-1.97 (m, 2H), 1.86-
1.78 (m, 1H), 1.72 (ddt, J = 9.9, 5.0, 2.5 Hz, 1H), 0.09 (s, 9H). “C NMR (126 MHz; CDCL): 6 175.5,

150.3, 125.5, 79.1. 70.1, 42.7, 35.7, 31.6, 304, 18.2, 0.4; HRMS-ESI [C13H2aNO2Si]" calcd: 254.1578,
found: 254.1571.
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1-((2S,6R,Z2)-6-methyl-5-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-2-yl)pyrrolidin-2-one (15)

TMS

0]

Me,,.

o N
U
Compound 14 was prepared by following general procedure B: using 4-(trimethylsilyl)but-3-yn-2-ol
(28.4mg, 0.2 mmol), 1-allylpyrrolidin-2-one (50 mg, 0.4 mmol), [CpRu(MeCN)3]PFs (8.7 mg, 0.02 mmol),
acetone (0.4 mL, 0.5 M), diphenylphosphate (5 mg, 0.02 mmol) and toluene (1 mL, 0.2 M). Flash
chromatography using 40%t:PE gave the product as a white solid (41 mg, 76% yield). MP: 130-131 °C; IR
(thin film): 2915.7, 2892.5, 1668.3, 1232.5, 827.5; '"H NMR (500 MHz; CDCn): 0 5.64 (d, J = 10.7, 1H),
5.21 (s, 1H),4.70 (q,J=6.8, 1H), 3.50 (q, J = 7.3, 1H), 3.33 (q, J = 7.7, 1H), 2.76-2.69 (m, 1H), 2.38 (t,J
=8.1,2H),2.24 (d, J = 14.3, 1H), 2.02-1.95 (m, 2H), 1.78-1.69 (m, 2H), 1.44 (d, ] = 6.9, 3H), 0.09 (s, 9H);
BC NMR (126 MHz; CDCl): 6 175.3, 154.0, 124.0, 74.4, 72.6, 42.3, 32.2, 31.7, 30.9, 18.6, 18.2, 0.27.
HRMS-ESI [C13H24NO=Si]" caled: 268.1733, found: 268.1727.

0
N
™S /W/N
CH3H1
A

NOE on methyl
gives 3.6%
NOE on H;

1-allyl-4-ethoxy-1,5-dihydro-2H-pyrrol-2-one (16a)°

Ethyl allylglycinate (500 mg, 3.5 mmol) was dissolved in dry toluene (15 mL, 0.3 M) and cooled to 0 °C.
To this cold solution was added 3.5 mL of 1M HCI in Et2O (dry). The mixture was stirred at rt for 30 min
upon which the amine salt precipitates out. At this point, methyl 2-(triphenyl-A°>-phosphanylidene)acetate
(1.52 g, 4.54 mmol) was added and the content was refluxed for 6h. The reaction mixture was then cooled
to 0 °C, and quenched with 10 mL NaHCOs. The aqueous phase was extracted with EtOAc (3x50 mL),
dried over MgSOs. The product and PhsP=O has similar Rr. Recrystallization with 1:1 Et2O/Hexane
removed most of PhsP=0. Finally, column chromatography with 35-40% EtOAc/Hexane gave the desired
product 16a (421 mg, 72%) as a mixture with 10% PhsP=0, which was directly use in the alkene-alkyne
coupling reaction. Colorless oil; IR 3406, 2941, 2864, 1656, 1598, 1435, 1355, 1323, 1203, 1101, 1015 cm™
' 'TH NMR (500 MHz; CDCL): 8 5.74 (ddt, J=16.9, 10.3, 5.9, 1H), 5.15-5.10 (m, 2H), 5.00 (s, 1H), 3.99-
3.94 (m, 4H), 3.78 (s, 2H), 1.36 (t, J = 7.1, 3H); *C NMR (126 MHz; CDCl3): 6 172.41, 172.21, 133.6,
117.4,94.4,67.0,50.3, 44.1, 14.2. HRMS-ESI [CoH1sNO:]" calcd. 168.1024, found: 168.1019.

8 Compound 16a is an intermediate for synthesis of 16,17 and 18 and is not included in the
manuscript
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(Z)-4-ethoxy-1-(5-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-2-yl)-1H-pyrrol-2(5H)-one (16)

TMS

O
N

Oﬁ
OEt

3-(trimethylsilyl)prop-2-yn-1-o0l (25.64 mg, 0.2 mmol), N-allyl lactic 16a (67 mg, 0.4 mmol) was dissolved
in acetone (0.8 mL, 0.25 M). The content was flushed with argon and [CpRu(MeCN)3]PFs (9.0 mg, 0.02
mmol) was added. The reaction mixture was sealed and stirred for 12 h. Analysis of the crude reaction
mixture showed formation of cyclized product 16 without any added acid. The crude reaction was
concentrated to remove solvent and product 16 was purified by flash chromatography using 35%
EtOAc/Hexane, 47 mg, 80%. Colorless solid, MP: 98 °C; IR 3436, 2910, 1674, 1599, 1428, 1354, 1319,
1231, 1208, 1089, 1048 cm™'; '"H NMR (500 MHz; CDCl3): 6 5.41-5.38 (m, 1H), 5.31 (d,J=1.9, 1H), 5.01
(s, 1H), 4.39 (dd, J = 13.0, 2.2, 1H), 4.11 (d, J = 13.0, 1H), 4.02 (d,J=17.1, 1H), 3.97 (q, J = 7.1, 2H),
3.80-3.77 (m, 1H), 2.56-2.49 (m, 1H), 2.42-2.38 (m, 1H), 1.80-1.75 (m, 2H), 1.35 (t, J = 7.1, 3H), 0.07 (s,
9H); “C NMR (126 MHz; CDCl3): 6 174.0, 172.9, 150.5, 125.4, 94.4, 77.8, 69.8, 67.2, 46.6, 35.9, 31.2,
14.2, 0.3. MRMS-ESI [CisH26NOsSi]* caled. 296.1682, found: 296.1676.

(Z£)-4-ethoxy-1-(5-((trimethylsilyl)methylene)oxepan-2-yl)-1H-pyrrol-2(SH)-one (17)

Compound 17 was prepared by using general procedure B: (28.42 mg, 0.2 mmol of 4-(trimethylsilyl)but-
3-yn-1-0l; 67 mg, 0.4 mmol of 16a; [CpRu(MeCN):]PFs (8.7 mg, 0.02 mmol); 5 mg, 0.02 mmol
diphenylphosphate; 0.8 mL acetone and 1.0 mL toluene). Yield of 17 was 46.4 mg, 75%. Colorless solid,
MP: 92 °C; IR 3368, 2908, 1673, 1599, 1428, 1354, 1319, 1230, 1073, 1011 cm™'; '"H NMR (500 MHz;
CDCl3): 6 5.39 (dd, J=9.7, 3.6, 1H), 536 (s, 1H), 5.01 (s, 1H), 4.03-3.92 (m, 4H), 3.81 (d, J=17.1, 1H),
3.70 (ddd, J = 12.5, 10.1, 3.5, 1H), 2.58 (ddd, J = 15.5, 10.2, 5.1, 1H), 2.52-2.45 (m, 2H), 2.42-2.37 (m,
1H), 1.86-1.82 (m, 2H), 1.37 (t, J = 7.1, 3H), 0.09 (s, 9H); *C NMR (126 MHz; CDCL): 6 173.9, 172.7,
156.5, 127.1,94.4, 82.0, 67.8, 67.2,46.7,37.91, 37.75, 33.6, 14.2, 0.2; MRMS-ESI [Ci6H2sNOsSi]" caled.
310.1838, found: 310.1828.
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4-ethoxy-1-((2S,6R,Z)-6-methyl-5-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-2-yl)-1,5-
dihydro-2H-pyrrol-2-one (18)

Compound 18 was prepared by following general procedure B : using 4-(trimethylsilyl)but-3-yn-2-ol
(28.4mg, 0.2 mmol, 1 equiv.) 1-allyl-4-ethoxy-1,5-dihydro-2H-pyrrol-2-one 16a (66.8 mg, 0.4 mmol, 2
equiv), [CpRu(MeCN)3]PFs (8.7 mg, 0.02 mmol), acetone (0.8 mL, 0.25 M), diphenylphosphate (added in
2 portions. Second portion added after 24h) (10 mg, 0.04 mmol) and toluene (1 mL, 0.2 M). Let stir at RT
for 70 h. Flash chromatography eluting with 60% EtOAc:Hexane gave the product as a white solid (47 mg,
76% yield). MP 79-80 'C; IR: 2911, 1678, 1601, 1319, 832 cm™'; '"H NMR (400 MHz; CDCls): 6 5.73 (dd,
J=11.0,2.6,1H),5.21 (d,J=1.8, 1H),4.99 (s, 1H), 4.67 (q,J = 6.9, 1H), 4.03-3.94 (m, 3H), 3.75 (d, J =
17.2, 1H), 2.79-2.70 (m, 1H), 2.24 (dd, J = 14.3,2.9, 1H), 1.81-1.69 (m, 2H), 1.44 (d, J = 6.9, 3H), 1.34 (4,
J=17.1,3H), 0.08 (s, 9H); *C NMR (126 MHz; CDCl:): 8 174.0,172.9, 154.2,123.9,94.4,74.3,71.3,67.2,
46.3,32.5,31.9, 18.6,14.2, 0.3 LRMS-ESI [CisH2sNOsSi]* caled. 310.2 , found: 310.6

0
T™S MD‘OB

NOE on methyl

gives 4.3%
NOE on H;

(S)-1-allyl-5-isopropyl-4-methoxy-1 H-pyrrol-2(5H)-one (19a)*

N(\

OUFPF

OMe

N-allyl L-valine methylester (560 mg, 3.27 mmol) was dissolved in dry toluene (11 mL, 0.3 M) and cooled
to 0 °C. To this cold solution was added 1.5 mL of 2M HCl in dry Et20 (2.9 mmol). The mixture was stirred
at rt for 30 min upon which the amine salt precipitates out. At this point, Wittig salt methyl 2-(triphenyl-A*-
phosphanylidene)acetate (1.6 g, 4.9 mmol) was added and the content was refluxed for 12h. The reaction
mixture was then cooled to 0 °C, and quenched with 10 mL NaHCOs. The aqueous phase was extracted
with EtOAc (3x50 mL), dried over MgSOs4. The product was purified by column chromatography eluting
with 30-35% EtOAc/Hexane gave the desired product 19a (350 mg, 54%). Colorless oil; [a]p* +35.2 (c
1.0 in CH2Cl2); IR 1680, 1620, 1408, 1322, 1231, 996, 929, 802 cm™'; '"H NMR (500 MHz; CDCl): 6 5.72
(dddd, J =169, 10.4, 7.4, 4.6, 1H), 5.14 (sextet, ] = 1.4, 1H), 5.12-5.10 (m, 1H), 5.05 (s, 1H), 4.49-4.44
(m, 1H), 3.87 (d, J = 2.8, 1H), 3.75 (s, 3H), 3.47 (ddt, J = 15.8, 7.4, 1.1, 1H), 2.14 (dseptet, J = 7.0, 2.5,
1H), 1.02 (d, J=7.1,3H), 0.77 (d, ] = 6.9, 3H); *C NMR (126 MHz; CDCl:): 8 176.1, 172.0, 133.9, 117.3,
94.6,64.5,58.0,42.4,28.0, 18.1, 15.8 HRMS-ESI [C11H17NNaOz2]" caled. 218.1157, found: 218.1149.

4 Compound 19a is an intermediate for synthesis of 19 and is not included in the manuscript
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(58)-5-isopropyl-4-methoxy-1-((£)-5-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-2-yl)-1,5-
dihydro-2H-pyrrol-2-one (19)

3-(trimethylsilyl)prop-2-yn-1-ol (19 mg, 0.15 mmol), N-allyl lactic 19a (30 mg, 0.15 mmol) was dissolved
in acetone (0.6 mL, 0.25 M). The content was flushed with argon and [CpRu(MeCN)3]PFs (6.5 mg, 0.015
mmol) was added. The reaction mixture was sealed and stirred for 12 h. Analysis of the crude reaction
mixture showed formation of cyclized product 19 along with a minor diastereomer in ~7:1 ratio without
any added acid. Solvent was removed under reduced pressure and the product 19 was purified by flash
chromatography using 25-30% EtOAc/Hexane, 23 mg, 49%. Colorless oil, IR 3292, 1917, 2884, 2813,
1671, 1601, 1440,1329, 1229, 1180, 1048, 1020 cm™'; "H NMR (500 MHz; CDCl): 6 5.42 (dd, J=11.3,
1.9, 1H), 5.34 (s, 1H), 5.06 (s, 1H), 4.43 (dd,J=12.9,1.8, 1H),4.10 (d, J=12.9, 1H), 4.01 (d, J = 2.4, 1H),
3.78 (s, 3H), 2.55-2.43 (m, 3H), 2.00-1.97 (m, 1H), 1.79-1.74 (m, 1H), 1.08 (d, J =7.3,3H), 0.82 (d, J =
6.7, 3H), 0.12 (s, 9H); *C NMR (126 MHz; CDCl): 6 177.1, 172.0, 151.3, 125.4, 94.3, 79.0, 70.0, 64.2,
58.2,36.4,31.0,29.6, 18.7, 15.6, 0.5; MRMS-ESI [Ci7H20NNaOsSi]" caled. 346.1814, found: 346.1813.

tert-butyl (25)-1-0x0-1-((2)-5-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-2-ylamino)propan-2-
ylcarbamate (20)

TMS

o)
Me
HN_ -
\n/\NHBoc
o)

The alanine derivative 20 was prepared by general procedure B: (46 mg, 0.2 mmol of (S)-tert-butyl-1-
(allylamino)-1-oxopropan-2-ylcarbamate; 25.6 mg, 0.2 mmol of 3-(trimethylsilyl)prop-2-yn-1-ol;
[CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol); 5 mg, 0.02 mmol diphenylphosphate; 0.8 mL acetone and 1.0
mL toluene). Yield of 20 was 55 mg, 77% (1:1 dr). Colorless oil; IR 3266, 2935,2912, 1651, 1511, 1431,
1347, 1231, 1152, 1052, 1014 cm™'; Spectral data for one diastereomer is reported. 'H NMR (500 MHz;
CDCl): 6 7.09-7.07 (m, 1H), 5.30 (s, 1H), 5.25-5.12 (m, 2H), 4.37 (t, J = 12.2, 1H), 4.18-4.16 (m, 1H),
4.07 (d,J=13.2, 1H), 2.48-2.43 (m, 1H), 2.39-2.35 (m, 1H), 1.92-1.86 (m, 1H), 1.65-1.56 (m, 1H), 1.41
(s,9H), 1.33 (t, J = 6.6, 3H), 0.07 (s, 9H); *C NMR (126 MHz; CDCL): 6 172.7, 155.7, 150.2, 125.5, 80.3,
77.2,68.9,50.0,35.0,32.5, 28.4, 18.2, 0.3. HRMS-ESI [C17H33sN204Si]" calcd. 357.2209, found: 357.2204.
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tert-butyl-(28)-1-0x0-1-((£)-5-((trimethylsilyl)methylene)oxepan-2-ylamino)propan-2-ylcarbamate
@1

TMS,

o} Mo

HN_ -~
\n/\NHBoc
o)

The D-alanine derivative 21 was prepared by general procedure B: (46 mg, 0.2 mmol of (S)-fert-butyl-1-
(allylamino)-1-oxopropan-2-ylcarbamate; 2842 mg, 0.2 mmol of 4-(trimethylsilyl)but-3-yn-1-ol;
[CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol); 5 mg, 0.02 mmol diphenylphosphate; 0.8 mL acetone and 1.0
mL toluene). Yield of 21 was 52 mg, 70%. Colorless oil as a mixture of diastereomers (1:1). IR 3264, 2909,
1649, 1589, 1515, 1432, 1374, 1230, 1153, 1010 cm™; '"H NMR for one diastereomer (500 MHz; CDCls):
0691 (dt,J=09, 04, 1H), 533 (s, 1H), 5.23-5.18 (m, 1H), 5.06-5.06 (m, 1H), 4.18-4.11 (m, 1H), 3.90
(ddt, J=13.6,9.3,4.7, 1H), 3.65 (dddd, J = 12.6, 9.1, 3.6, 1.8, 1H), 2.55 (ddt, J = 14.7,9.6, 4.8, 1H), 2.47-
2.39 (m, 2H), 2.34 (ddd, ] = 13.7,7.4,4.3, 1H), 1.96 (dtd, J = 14.7, 7.5, 4.2, 1H), 1.64 (dtd, J = 14.0, 9.6,
4.4, 1H), 1.43 (s,9H), 1.33 (dd, ] = 7.1, 4.5, 3H), 0.08 (s, 9H); '*C NMR for one diastereomer (126 MHz;
CDCl3): 6 172.3,156.5,155.8,127.1, 81.3, 66.6,50.2, 38.1, 37.28,37.24, 34.6, 28 4, 18.1,0.2. HRMS-ESI
[CisH34N2NaOa4Si]" caled. 393.2186, found: 393.2164.

To eliminate the possibility of any rotamers, high temperature NMR studies were carried out. No
coalescence of peak (notably for TMS and the methyl group of alanine) was observed 'H NMR at 23 °C
(400 MHz; toluene): 6 5.59-5.47 (m, 1H), 5.41-5.33 (m, 2H), 4.29-4.27 (m, 1H), 3.87 (dt, J = 12.4, 4.8,
1H), 3.63-3.56 (m, 1H), 2.53 (ddd, J = 15.0, 9.6, 5.1, 1H), 2.35-2.24 (m, 3H), 2.16 (dt, J = 4.4, 2.2, 1H),
1.83-1.77 (m, 1H), 1.64-1.56 (m, 1H), 1.47 (s, 9H), 1.27 (dd, J = 7.1, 3H), 0.18 (d, J = 2.4, 9H); '"H NMR
at 80 °C (400 MHz; toluene): & 6.50 (d, J=39.7, 1H), 5.38 (s, 1H), 5.32-5.31 (m, 1H), 5.06-4.95 (m, 1H),
4.11-4.05 (m, 1H), 3.87-3.82 (m, 1H), 3.60-3.54 (m, 1H), 2.56-2.49 (m, 1H), 2.39-2.34 (m, 1H), 2.30-2.26
(m, 2H), 2.17 (d, J=2.0, 1H), 1.84-1.81 (m, 1H), 1.47 (s, 9H), 1.20 (d, J = 4.6, 3H), 0.17 (s, 9H).

(Z2)-tert-butyl-3-0x0-3-(5-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-2-ylamino)
propylcarbamate (22)

T™MS

o

HN\"/\/NHBOC

0]

The B-alanine derivative 22 was prepared by general procedure B: (46 mg, 0.2 mmol of fert-butyl (3-
(allylamino)-3-oxopropyl)carbamate; 25.6 mg, 0.2 mmol of 3-(trimethylsilyl)prop-2-yn-1-ol;
[CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol); 5 mg, 0.02 mmol diphenylphosphate; 0.8 mL acetone and 1.0
mL toluene). Yield of 22 was 60 mg, 84%. Colorless solid, MP: 117 °C; IR 3275, 2919, 1669, 1516, 1346,
1231, 1156, 1051, 1019 cm™'; 'TH NMR (500 MHz; CDCl:): 6 6.53-6.51 (m, 1H), 5.32 (d, J=1.2, 1H), 5.25-
5.21 (m, 2H), 4.39 (dd, J = 13.0, 1.6, 1H), 4.08 (d, J = 13.0, 1H), 3.43-3.33 (m, 2H), 2.50-2.36 (m, 4H),
1.88 (ddt, J = 12.6, 5.1, 2.7, 1H), 1.63-1.55 (m, 1H), 1.40 (s, 9H), 0.07 (s, 9H)); *C NMR (126 MHz;
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CDCL): & 171.5, 156.2, 150.1, 125.7, 79.5, 69.0, 36.39, 36.28, 352, 32.6, 28.5, 0.3. HRMS-ESI
[C17H33N2048Si]" caled 357.2209, found: 357.2204.

(Z)-tert-butyl-3-0x0-3-(5-((trimethylsilyl)methylene)oxepan-2-ylamino)propyl carbamate (23)

™S
/

0]

HN\"/\/NHBoc

0}

The B-alanine derivative 23 was prepared by general procedure B: (46 mg, 0.2 mmol of fert-butyl (3-
(allylamino)-3-oxopropyl)carbamate; 28.42 mg, 0.2 mmol of 4-(trimethylsilyl)but-3-yn-1-ol;
[CpRu(MeCN)3]PFs (2.6 mg, 0.006 mmol); 5 mg, 0.02 mmol diphenylphosphate; 0.8 mL acetone and 1.0
mL toluene). Yield of 23 was 58 mg, 78%. Colorless oil; IR 3267, 2909, 1670, 1515, 1346, 1230, 1155,
1060 cm™'; 'TH NMR (500 MHz; CDCl): 6 6.43 (s, 1H), 5.33 (s, 1H), 5.21 (m, 2H), 3.93 (dt, J = 12.5, 4.7,
1H), 3.65 (ddd, J=12.7, 9.3, 3.5, 1H), 3.40-3.36 (m, 2H), 2.55 (ddd, J=15.0, 9.7, 5.0, 1H), 2.39 (m, 5H),
1.95(dq,J=10.3, 3.6, 1H), 1.63 (m, 1H), 1.41 (s, 9H), 0.08 (s, 9H); *C NMR (126 MHz; CDCl;): 6 171.3,
156.37, 156.26, 127.16, 81.3, 79.5, 66.8, 38.2, 37.3, 36.40, 36.35, 34.6, 28.5, 0.2. MRMS-ESI
[CisH3sN204Si]" caled. 371.2366, found: 371.2361.

Methyl 2-(N-allyl-3-(tert-butoxycarbonylamino)propanamido)acetate (24a)’

(0] X
Meo)J\/l\ll/\ NHBoc
(0]

In an oven dried round-bottom flask, EtsN (1.20 mL, 8.69 mmol) was dissolved in CH2CL (5 mL) and
cooled to 0 °C. To this cold mixture, 3-((tert-butoxycarbonyl)amino)propanoic acid (822 mg, 4.34 mmol)
was added and stirred for 5 min followed by addition of CH2ClL: (N,N -dicyclohexylcarbosiimide) (895.3
mg, 4.34 mmol), HOBt (Hydroxybenzotriazole) (587 mg, 4.34 mmol) and methyl allylglycinate (510 mg,
3.95 mmol). The reaction mixture was stirred for 48 h at room temperature. Solid DCU (Dicyclohexylurea)
was filtered off and the eluent was washed successively with 0.5 M HCI (10 mL) and saturated 20 mL
NaHCOs. The organic fraction was dried over MgSOs4 concentrated and purified by silica gel
chromatography. The dipeptide 24a (1.03 g, 87%) was eluted with 40% EtOAc/Hexane. IR 3300, 2936,
1727, 1686, 1626, 1483, 1418, 1347, 1223, 1158 cm™'; "H NMR (500 MHz; DMSO-ds): Exists as a mixture
of rotamers which coalesces at high temperature. 500 MHz; DMSO-ds, rt:  6.68 (m 1H), 5.88-5.64 (m,
1H), 5.20-5.09 (m, 2H), 4.15-3.92 (m, 4H), 3.65 (m, 3H), 3.13 (dt, J = 6.5, 6.2, 2H), 2.51-2.36 (m, 2H),
1.37 (s, 9H); *C NMR (126 MHz; DMSO-ds, 90 °C): 8 170.7, 169.0, 133.3,132.4, 116.3,94.5, 77.2, 50.3,
47.0,36.2,32.2,27.6. HRMS-ESI [C14H24N2NaOs] " caled. 323.1583, found: 323.1577.

> Compound 24a is an intermediate for synthesis of 24 and is not included in the manuscript
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(Z)-methyl-2-(3-(tert-butoxycarbonylamino)-NV-(5-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-
2-yl)propanamido)acetate (24)

TMS

OO

MeOJ\/N\”/\/NHBoc

o)

The dipeptide derivative 24 was prepared by general procedure B: (25.64 mg, 0.2 mmol of 3-
(trimethylsilyl)prop-2-yn-1-ol; 120 mg, 0.4 mmol of 24a; [CpRu(MeCN);]PF¢ (8.7 mg, 0.02 mmol); 5 mg,
0.02 mmol diphenylphosphate; 0.8 mL acetone and 1.0 mL toluene). Yield of 24a was 70 mg, 82%.
Colorless solid, MP: 105 °C; IR 3312, 2913, 2888, 1730, 1689, 1639, 1482, 1417, 1346, 1232, 1156, 1020
cm™'; '"H NMR of 24 at room temperature exists as a mixture of rotamer but at higher temperature the
rotamer peaks coalesces; at 80 °C: '"H NMR (500 MHz; toluene-ds): 6 5.23 (s, 1H), 4.98-4.96 (m, 1H), 4.39
(dd,J=13.0,1.8,1H),3.84 (d,J=13.0, 1H), 3.79-3.75 (m, 1H), 3.40-3.33 (m, 6H), 2.36 (s, 2H), 2.25-2.11
(m, 2H), 1.74-1.69 (m, 1H), 1.54-1.46 (m, 1H), 1.39 (s, 9H), 0.05 (s, 9H); *C NMR (126 MHz; CDCl;),
mixture of rotamers: & 172.6, 170.3, 156.1, 150.1, 149.1, 126.6, 125.9, 84.5, 80.8, 79.3, 70.34, 70.25, 52.6,
52.3, 438, 429, 36.2, 36.0, 35.72, 35.6, 34.0, 33.5, 31.3, 30.5, 28.53, 28.51, 0.3. HRMS-ESI
[C20H36N2NaOeSi]" caled 451.2241, found: 451.2235.

1-((1E.,42)-6-hydroxy-4-((trimethylsilyl)methylene)hex-1-en-1-yl)-5-methylpyrimidine- 2,4(1H,3H)-
dione (31)

H
TMS (@) N (0}
/\J\/\j\:\/\/[
HO X = Me

In an oven dried flask, 4-(trimethylsilyl)but-3-yn-1-ol (171 mg, 1.2 mmol), N-allyl thymine (200 mg, 1.2
mmol) was dissolved in acetone (3.0 mL, 0.4 M). The content was flushed with argon and
[CpRu(MeCN)s]PFs (26 mg, 0.06 mmol) was added. The reaction mixture was sealed and stirred for 12 h.
Solvent was removed under reduced pressure and the product 31 was purified by flash chromatography
using 50-70% EtOAc/Hexane, 215 mg, 58%. Colorless solid; MP: 136 °C; IR 3426, 2913, 1656, 1357,
1229, 825 cm™!; 'TH NMR (400 MHz; CDCL): 8 9.54 (s, 1H), 7.30 (d, J = 1.1, 1H), 6.94-6.90 (m, 1H), 5.59
(dt,J=14.4,7.3, 1H), 541 (s, 1H),3.72 (t, ] =6.9,2H),2.94 (d, J = 7.4, 2H), 2.44 (t, ] = 6.9, 2H), 1.96 (d,
J=1.2,3H), 0.12 (s, 9H); *C NMR (101 MHz; CDCl): 6 163.9, 152.3, 149.6, 136.2, 129.2, 125.3, 117.5,
111.8,61.3,39.8,38.7, 12.6, 0.4; MRMS-ESI [C1sH24N2NaOsSi]" calcd. 331.1454, found: 331.1462.

1-((1E,4Z)-6-hydroxy-4-((trimethylsilyl)methylene)hex-1-en-1-yl)pyrimidine-2,4(1H,3H)-dione (30)

H
TMS (0] N (e}
HO NN
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1,4-diene 30 was prepared following the same procedure as for the thiamine derivative 31 using: 4-
(trimethylsilyl)but-3-yn-1-ol (95 mg, 0.67 mmol), N-allyl uracil (102 mg, 0.67 mmol) and
[CpRu(MeCN)3]PFs (29 mg, 0.06 mmol) in 2.7 mL acetone. The yield of 30 was found to be 156 mg, 54%.
Colorless solid; MP: 152 °C; IR 3465, 2953, 2888, 1681, 1247, 834, 766, 711 cm™'; '"H NMR (500 MHz;
CDCl3): 8 9.66 (s, IH), 747 (d, ] = 8.1, 1H), 6.91 (d, J = 14.3, 1H), 5.81-5.80 (m, 1H), 5.64 (dt, ] = 144,
7.3, 1H), 5.40 (s, 1H), 3.73 (t, ] = 6.8, 2H), 2.95 (d, ] = 7.4, 2H), 2.44 (t, ] = 6.8, 2H), 1.96-1.91 (m, 1H),
0.12 (s, 9H); *C NMR (126 MHz; CDCl3): 6 163.4, 152.1, 149.6, 140.5, 129.4, 125.5, 118.8, 103.3, 61 4,
39.7, 38.8, 0.5; MRMS-ESI [C14H22N2NaOsSi]* caled. 317.1297, found: 317.1300.

(E)-(5-methyl-2,4-diox0-3,4-dihydropyrimidin-1(2 H)-yl)(4-((trimethylsilyl) methylene)tetrahydro-2
H-pyran-2-yl)methyl nitrate (34)

T™MS

| H
OY\NIO

(0] N~ Me
ONO,

An oven dried microwave vial was charged with ceric ammonium nitrate (CAN), 89 mg, 0.16 mmol. The
vial was then flushed with argon and sealed. Then dry CH3CN (0.65 mL) and EtOH (57 uL) was added.
When all CAN was dissolved, the mixture was placed in a —15 °C bath. After stirring for 5 min at this
temperature, 31 (20 mg, 0.065 mmol) was added as a solution in 0.65 mL CH3CN. After complete addition,
—15 °C bath was replaced with an ice bath was the reaction was allowed to warm to rt over 1h. After
consumption of starting material, the reaction was poured in a cold saturated solution of NaHCO3 (10 mL).
The product was extracted with EtOAc (3x20 mL), dried over Na.SOs4, concentrated and purified by flash
chromatography using 30% EtOAc/Hex. The product 34 was obtained as white solid, 22 mg, 92% yield as
a mixture of diastereomers (7:1). MP: 140 °C, IR 3161, 1035, 2914, 2815, 1673, 1638; 1442, 1352, 1272,
1233, 1118, 1083, 1041 cm™'; "H NMR for major diastereomer: (400 MHz; CDCl): 6 8.85 (s, 1H), 7.27 (d,
J=1.0,1H), 6.95 (d, ] =4.9, 1H), 536 (s, 1H), 4.16-4.12 (m, 1H), 3.87-3.83 (m, 1H), 3.41-3.34 (m, 1H),
2.37 (dd, J=13.5, 0.3, 2H), 2.30-2.25 (m, 1H), 2.20-2.17 (m, 1H), 1.94 (s, 3H), 0.09 (s, 9H); *C NMR for
major diastereomer: (101 MHz; CDCL:): 6 163.3, 1504, 149.3, 135.7, 126.5, 112.1, 83.4, 76.8, 68.9, 41.2,
33.9,12.8, 0.3; MRMS-ESI [C1sH24N306Si]* calcd. 370.1434, found: 370.1426.

(E)-1-(methoxy(4-((trimethylsilyl)methylene)tetrahydro-2 H-pyran-2-yl)methyl)-5-
methylpyrimidine-2.,4(1H,3H)-dione (35)

TMS
| 0)

H
N (0]
1L
(0] = Me
OMe

Nitrate 34 (5 mg, 0.02 mmol) was dissolved in 0.2 mL CH3OH. To this mixture was added 30 puL of 1IN
NaOH(aq) at rt. The reaction mixture was then stirred for 15 min. Saturated NaHSO4 (1 mL) was used to
quench the reaction. The product was extracted with EtOAc (5 mL), dried over Na2SO4 and passed through
a plug of silica gel to obtain pure 35 in quantitative yield (1:1 mixture of diastereomers). Colorless oil, IR
3154, 2911, 1672, 1443, 1231, 1077, 828 cm™'; '"H NMR (400 MHz; CDCl): 6 8.31 (s, 1H), 8.25 (s, 1H),
7.32-7.31 (m, 1H), 7.21-7.20 (m, 1H), 5.52 (d, J= 6.0, 1H), 5.46 (d, J = 3.6, 1H), 5.32 (s, 1H), 5.29 (s, 1H),
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4.19-4.15 (m, 1H), 4.12-4.07 (m, 1H), 3.55-3.46 (m, 2H), 3.40 (s, 3H), 3.36 (d, J = 4.7, 3H), 3.35-3.29 (m,
2H), 2.49-2.42 (m, 1H), 2.39-2.31 (m, 3H), 2.30-2.25 (m, 2H), 2.19-2.09 (m, 2H), 1.94 (d, J = 1.2, 3H),
1.90 (d, J = 1.2, 3H), 0.091 (s, 9H), 0.088 (s, 9H); *C NMR (101 MHz; CDCL): & 163.5, 163.2, 151.16,
151.05, 136.3, 135.8, 125.16, 125.08, 111.30, 111.21, 86.91, 86.81, 79.4, 78.7, 69.2, 68.9, 57.7, 57.1, 41.5,
41.0,34.26, 34.20, 12.80, 12.77, 0.3; MRMS-ESI [C16H»N204Si]* caled. 339.17401, found: 339.17397.

General procedure for Pd-catalyzed iodo-hemi-aminal formation:

1, 4-diene (0.1 mmol) was dissolved in Dry THF (0.75 mL). In a separate flask, Cp(allyl)Pd (0.01 mmol)
and PPhs (0.02 mmol) was taken and flushed with Ar. Dry THF (0.25 mL) was then added and stirred for
15-30 min. This catalyst mixture was the added to the substrate solution followed by addition of NIS or
NBS (0.11 mmol) in appropriate solvent. The reaction mixture was then stirred at room temperature for
0.5-1h. Solvent was removed under pressure and the crude reaction mixture was subjected to silica gel
chromatography.

1-((2S,3S,E)-3-iodo-5-((trimethylsilyl)methylene)oxepan-2-yl)-5-methylpyrimidine-2,4(1H,3H)-
dione (36)

The cyclized product 36 was synthesized following general procedure for Pd-catalyzed iodo-hemi-aminal
formation using: 31 mg, 0.1 mmol of 31 , Cp(allyl)Pd (2.2 mg, 0.01 mmol), PPhs (5.3 mg, 0.02 mmol) and
NIS (25 mg, 0.11 mmol) in 1 mL THF. After purification, 40 mg, 91% of the desired product 36 was
obtained as waxy solid: IR 2952, 1713, 1661, 1468, 1243, 1133, 1085, 834, 750 cm™'; '"H NMR (400 MHz;
CDCl): 8 8.26 (s, 1H), 6.96 (d, J = 1.2, 1H), 5.86 (d, J = 10.3, 1H), 5.63 (s, 1H), 4.16 (td, J = 10.0, 4.4,
1H), 4.11-4.05 (m, 1H), 3.82 (ddd, J =12.5, 10.1, 4.9, 1H), 3.15-3.10 (m, 1H), 3.03 (dd, J=13.6, 9.7, 1H),
2.77-2.69 (m, 1H), 2.49-2.43 (m, 1H), 1.93 (d, J = 1.2, 3H), 0.12 (s, 9H); *C NMR (101 MHz; CDCl): 8
163.2, 151.5, 150.2, 1344, 1329, 112.0, 89.5, 69.5, 504, 36.4, 29.9, 12.8, 0.04; MRMS-ESI
[C1sH23IN2NaOsSi]" caled 457.0420, found: 457.0400.

1-((28,3S5,2)-3-iodo-5-((trimethylsilyl)methylene)tetrahydro-2H-pyran-2-yl)pyrimidine- 2,4(1H,3H)-
dione (37)
H
| OYN o]
X

T™S

The product 37 was synthesized following general procedure for Pd-catalyzed iodo-hemi-aminal formation
using: 28 mg, 0.1 mmol of 29, Cp(allyl)Pd (2.2 mg, 0.01 mmol), PPhs (5.3 mg, 0.02 mmol) and NIS (25
mg, 0.11 mmol) in 1 mL THF. After purification, 39 mg, 96% of the desired product 37 was obtained as a
waxy solid: IR 3308, 2953, 1743, 1507, 1392, 1366, 1248, 1159, 1081, 839, 720 cm™'; "H NMR (500 MHz;
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CDCL): 88.27 (s, 1H), 7.21 (d,J=8.1, 1H), 5.89 (d, T = 10.4, 1H), 5.79 (dd, ] = 8.1, 2.3, 1H), 5.49 (s, 1H),
4.60 (dd, J=12.9,0.9, 1H), 4.23 (d, J = 12.9, 1H), 4.13-4.06 (m, 1H), 3.14-3.12 (m, 2H), 0.13 (s, 9H); 1*C
NMR (126 MHz; CDCL): § 162.3, 150.0, 148.0, 138.7, 129.1, 103.7, 84.8, 70.9, 49.0, 24.6, 0.2; MRMS-
ESI [Ci:H1sIN:NaOsSi]* caled. 429.0107, found: 429.0105.

1-((25.,3S,E)-3-iodo-5-((trimethylsilyl)methylene)oxepan-2-yl)pyrimidine-2,4(1H,3H)-dione (38)

H
—IOYN (@)
~ N~

~ %
TMS

The cyclized product 38 was synthesized following general procedure for Pd-catalyzed iodo-hemi-aminal
formation using: 29.5 mg, 0.1 mmol of 30, Cp(allyl)Pd (2.2 mg, 0.01 mmol), PPhs (5.3 mg, 0.02 mmol)
and NIS (25 mg, 0.11 mmol) in 1 mL THF. After purification, 34 mg, 82% of the desired product 38 was
obtained as a waxy solid: IR 33030, 2953, 1716, 1668, 1256, 1084, 833, 749, 596 cm™'; '"H NMR (500 MHz;
CDCl3): 6 8.39 (s, 1H), 7.18 (d, J = 8.2, 1H), 5.89-5.87 (m, 1H), 5.78 (d, J = 8.2, 1H), 5.65 (s, 1H), 4.17-
4.09 (m, 2H), 3.87-3.82 (m, 1H), 3.16-3.12 (m, 1H), 3.07-3.02 (m, 1H), 2.78-2.72 (m, 1H), 2.50-2.45 (m,
1H), 0.14 (s, 9H), *C NMR (126 MHz; CDCl3): 6 162.5, 151.5, 150.0, 138.9, 133.0, 103.5, 89.6, 69.5, 50.2,
36.4,29.6,0.02; MRMS-ESI [Ci4H21IN2NaOsSi]" caled. 443.0263, found: 443.0259.

1-((25.3S,E)-3-bromo-5-((trimethylsilyl)methylene)oxepan-2-yl)-5-methylpyrimidine-  2,4(1H,3H)-
dione (39)

The product 39 was synthesized following general procedure for Pd-catalyzed iodo-hemi-aminal formation
using: 31 mg, 0.1 mmol of 31, Cp(allyl)Pd (2.2 mg, 0.01 mmol), PPhs (5.3 mg, 0.02 mmol) and NBS (20
mg, 0.11 mmol) in 1 mL THF. After purification, 33 mg, 84% of the desired product 39 was obtained as
waxy solid: IR 2952, 1714, 1666, 1467, 1244, 1085, 838, 763, 596 cm™'; '"H NMR (500 MHz; CDCl): o
8.30 (s, 1H), 7.02 (d,J=1.2, 1H), 5.82 (d, J=9.9, 1H), 5.68 (s, 1H), 4.15-4.05 (m, 2H), 3.86 (ddd, J = 12.4,
10.0, 4.9, 1H), 3.06 (dd, J = 13.8, 4.3, 1H), 2.94 (dd, J = 13.6, 9.4, 1H), 2.73 (ddd, J = 15.9,9.7, 6.5, 1H),
2.48 (dddd, J=15.5,4.8,3.5, 1.3, 1H), 1.94 (d, J = 1.2, 3H), 0.14 (s, 9H); *C NMR (126 MHz; CDCl3): 6
163.2, 1503, 149.7, 134.7, 133.5, 1119, 88.5, 69.9, 50.6, 48.6, 36.3, 12.7, 0.1; MRMS-ESI
[CisH23:BrN2NaOsSi]" caled. 409.0559, found: 409.0555.
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(S,E)-5-methyl-1-(5-((trimethylsilyl)methylene)-2,5,6,7-tetrahydrooxepin-2-yl)pyrimidine-
2,4(1H,3H)-dione (40)

H
OYN (0]
L

— = Me

T™S ©
Iodide 36 (10 mg, 0.023 mmol) was dissolved in dry THF. To this was added KO'Bu (5.2 mg, 0.46 mmol)
and stirred at rt for 10 min. The reaction mixture was then quenched with 0.5M cold NaHSO4(1 mL) and
the aqueous layer was extracted with Et2O (10 mL). Pure 40 (5.2 mg, 75%) was obtained by preparative
TLC. Colorless solid; MP: 140 °C; IR 3359, 1686, 1442, 1231, 1095, 844 cm™'; 'H NMR (500 MHz; CDCl;):
08.29 (s, 1H), 7.18 (s, 1H), 6.48 (s, 1H), 6.38 (ddt, J=12.3, 0.6, 0.4, 1H), 5.81 (s, 1H), 5.32-5.29 (m, 1H),
4.00-3.95 (m, 1H), 3.87-3.82 (m, 1H), 2.85-2.75 (m, 2H), 1.92 (s, 3H), 0.16 (s, 9H); *C NMR (126 MHz;
CDCl): 6 163.6, 150.24, 140.6, 138.5, 136.8, 125.8, 111.5, 95.7, 82.2, 66.5, 36.5, 12.6, -0.1; HRMS-ESI
[CisH22N2NaOsSi]" caled. 329.1297, found: 329.1296.
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STANDARD PROTON PARAMETERS

Pulse Sequence: gCOSY

Solvent: CDCI13

Temp. 25.0 C / 298.1 K
User: 1-15-87
INOVA-G00 "nmr4"

Relax. delay 1.500 sec
Acg. time 0.164 sec
Width 6255.4 Hz

20 Width 6255.4 Hz

2 repetitions

200 increments
OBSERVE H1, 599.7972910 MHz
DATA FROCESSING

8q. sine bell 0.082 sec
F1 DATA PROCESSING

Sg. sine bell 0.014 sec
FT size 2048 x 2048
Total time 11 min, 43 sec

T™MS

ONO,

b k)

0
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STANDARD PROTON PARAMETERS
T™MS

Pulse Seguence: gCOSY _

Solvent: CDC13 (@]

Temp. 25.0 C / 298.1 K //_\

User: 1-15-87 N
- " n

INOVA-GODO nmr 4 o) Me

Relax. delay 1.500 sec ONO,
Acq. time 0.164 sec
Width 6255.4 Hz
20 Width 6255.4 Hz

2 _,m_w.m::c:m _

200 ncrements

OBSERVE  H1, 589.7972910 MHz I ; B, R ik
DATA PROCESSING — = =

Sg. sine bell 0.082 sec F1 uu._

F1 DATA PROCESSING

Sg. sine bell 0.014 sec (ppm
FT size 2048 % 2048 - o
Total time 11 min, 43 sec 2.0+

55
T
£ 2o

T L B | Lo v T

T T T __ g T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
F2 (ppm)
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new experiment T™S

it

Pulse Sequence: gHMBC _ H
Solvent: CDC13 O N0
Temp. 25.0 C s 298.1 K //_\
User: 1-15-87 N~
INOVA-600 “nmra" (0] Me
Relax. delay 2.000 sec 0,
Acqg. time 0.165 sec
Width 6218.9 Hz
2D Width 1B235.7 Hz
16 repetitions
140 increments
OBSERVE H1, 599,7972910 MHz
DATA PROCESSING
Sq. sine bell 0.082 sec
F1 DATA PROCESSING
Sq. sine bell 0.001 sec
FT size 2048 % 2048
Total time 1 hr, 24 min, 23 sec
F1 3
(ppmy,
403,
60—
80
1003
120-=
140=
1603
180-
200
2203
2403
260
280=
M.«|~I
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STAND PRO PARAMETERS
ARD TON AME ™S

Pulse Sequence: gHMBC

Solvent: CDC13

Temp. 25.0 C s 298.1 K
User: 1-15-87
INOVA-600 "npmra®

Relax. delay 1.700 sec
Acg. time 0.164 sec
Width 6255.4 Hz

20 Width 36199.1 Hz

8 repetitions

200 increments
OBSERVE H1, 599.7972910 MHz
DATA PROCESSING

Sq. sine bell 0.082 sec
F1 DATA PROCESSING

Sq. sine bell 0.003 sec
FT size 2048 % 2048
Total time 52 min, 59 sec

ONO,

ih

0

0

De

000

=

F2 (ppm)
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STANDARD PROTON PARAMETERS

Fulse Sequence: gHMBC

Solvent: CDC13

Temp. 25.0 C s 298.1 K
User: 1-15-87
INOVA-600 "nmrag"

Relax. delay 2.000 sec
Acqg. time 0.165 sec
Width 6218.9 Hz

20 Width 18235.7 Hz

32 repetitions

140 increments

OBSERVE H1, 5899.7972910 MHz

DATA PROCESSING

Sq. sine bell 0.0B2 sec
F1 DATA PROCESSING

Sq. sine bell 0.002 sec
FT size 2048 x 2048

Total time 2 hr, 48 min, 28 sec
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STANDARD FROTON PARAMETERS

Pulse Seguence: gCOSY

Solvent: CDC13

Temp. 25.0 C s 2968.1 K
User: 1-15-87
INOVA-600 “nmr4"

Relax. delay 1.500 sec
Acq. time 0.180 sec
Width 5683.4 Hz

2D Width 5683.4 Hz

2 repetitions

200 increments
OBSERVE H1, 599.7972910 MHz
DATA PROCESSING

3g. sine bell 0.090 sec
F1 DATA PROCESSING

S8q. sine bell 0.012 sec
FT size 2048 w 2048
Total time 11 min, 51 sec
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STANDARD PROTON PARAMETERS

Pulse Sequence: gHMBC

Solvent: CDC13

Temp. 25.0 C s 28B8.1 K
User: 1-15-87
INOVA-600 ‘“nmr4"

Relax. delay 1.500 sec
Acq. time 0.180 sec
Width 5683.4 Hz

2D Width 36199.1 Hz

8 repetitions

200 increments
OBSERVE H1, 599,7972910 MHz
DATA PROCESSING

Sg. sine bell 0.090 sec
F1 DATA PROCESSING

S$q. sine bell 0.002 sec
FT size 2048 x 2048
Total time 47 min, 59 sec
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STANDARD PROTON PARAMETERS

Pulse Sequence: gHsQC

Solvent: CDC13

Temp. 25.0 C s 298.1 K
User: 1-15-87
INOVA-600 "nmra"

Relax. delay 1.500 sec

Acqg. time 0.180 sec

Width 5683.4 Hz

2D Width 25641.0 Hz

2 repetitions

2 ¥ 100 increments

OBSERVE H1, 599,7972910 MH=z

DECOUPLE C13, 150.8304242 MHz
Power 48 dB

on during acquisition

off during delay

wurst180 modulated

DATA PROCESSING

Sg. sine bell 0.180 sec
Shifted by -0.180 sec

F1 DATA PROCESSING

S8g. sine bell 0,002 sec
Shifted by -0.002 sec

FT size 2048 % 2048

Total time 12 min, 36 sec
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STANDARD PROTON PARAMETERS

Pulse Seguence: gHMBC

Solvent: CDC13

Temp. 25.0 C / 298.1 K
User; 1-15-87
INOVA-600 "nmr4g"

Relax. delay 1.500 sec
Acqg. time 0.1B0 sec
Width 5683.4 Hz

2D Width 36199.1 Hz

8 repetitions

200 increments

OBSERVE HL, 599.7972910 MHz
DATA PROCESSING

Sg. sine bell 0.000 sec
F1 DATA PROCESSING

Sg. sine bell 0.00% sec
FT size 2048 % 2048

Total time 47 min, 59 sec
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8.265

1-H NMR (CDCl;, 500Mz)
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8.391

1-H NMR (CDClj, 500Mz)
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8.298

1-H NMR (CDCl3, 500Mz)
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1-H NMR (CDCl;, 500Mz)
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