Supporting Information

Sila Morita-Baylis-Hillman Reaction of Cyclopropenes
Stepan Chuprakov, Denis Malyshev, Alexander Trofimov, and Vladimir Gevorgyan*

Department of Chemistry, University of Illinois at Chicago,
845 West Taylor Street, Chicago, Illinois 60607-7061

Content

General Information.............oooiiiiiiii i S2
Starting Materials...........cooiiiiii S2
Optimization of the reaction conditions .................coevviiiiiienne.nnn. S4
TTMPP-Catalyzed coupling of 1-silylcyclopropenes with

aldehydes and Ketones ..........coeviiiiiiiii i S6

Spectral Charts........oouiiii i e e S12



S2

General Information

NMR spectra were recorded on a Bruker Avance DRX-500 (500 MHz) or DPX-400 instruments. (+) and
(-) represent positive and negative intensities of signals in ?C DEPT-135 experiments. GC/MS analysis
was performed on a Hewlett Packard Model 6890 GC interfaced to a Hewlett Packard Model 5973 mass
selective detector (15 m x 0.25 mm capillary column, HP-5MS). Column chromatography was carried
out employing Silicycle Silica-P Flash silica gel (40-63 pm). Precoated silica gel plates F-254 were used
for thin-layer analytical chromatography. Anhydrous solvents were purchased from Aldrich and distilled
over sodium or calcium hydride prior to use, and stored over 4A MS under inert atmosphere. Aldehydes
and ketones were purchased from Aldrich, Acros Organics or Alfa Aesar, distilled over anhydrous MgSO4
prior to use, and stored over 4A MS under inert atmosphere.

Starting Materials

Dimethyl  1-(trimethylsilyl)cyclopropene-3,3-dicarboxylate 1a' and ethyl 1,3-bis(trimethylsilyl)
cyclopropene-3-carboxylate 1d* were known and prepared via literature procedures. Cyclopropenes 1b
and 1c¢ were prepared via Rh(Il)-catalyzed cyclopropenation of corresponding diazocompounds with
trimethylsilylacetylene.'

R._CO,Me

R\H/CO2Me Rhy(OAc), - cat. A

N, =—TMS

TMS

General preparative procedure. To a stirred mixture of trimethylsilylacetylene (15 mL) and Rh(II)
acetate dimer (11 mg, 0.025 mmol) in a two-neck 25 mL flask, equipped with a condenser, a solution of
the corresponding diazocompound (10.0 mmol) in 5 mL of trimethylsilylacetylene was added via a
syringe pump over 16 hrs at 55°C under inert atmosphere. The reaction mixture was stirred for additional
2 hrs. The excess of trimethylsilylacetylene was distilled off at ambient pressure and the residue was
purified via flash Silica chromatography or bulb-to-bulb distillation. The recovered
trimethylsilylacetylene was used in syntheses without any additional purification.

Dimethyl 1-(trimehylsilyl)cyclopropene-3,3-dicarboxylate (1a)

Q Q 1a: '"H NMR (500 MHz, CDCls) 8 ppm 7.04 (s, 1H), 3.69 (s, 6H), 0.24 (s, 9H); °C

~o 0~ NMR (126 MHz, CDCl3) & ppm 172.1, 113.7, 110.6 (+), 52.1 (+), 30.5, -1.9 (+); LR EI
g~ MSm/z2280 (M.

I

! Rubin, M.; Gevorgyan, V. Synthesis 2004, 796.
2 (a) Arrowood, T. L.; Kass, S. R. Tetrahedron 1999, 55, 6739; (b) Zrinski, I.; Novak-Coumbassa, N.; Eckert-Maksic, M.
Organometallics 2004, 23, 2806.
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Methyl 1-(trimethylsilyl)-3-(4-nitrophenyl)cyclopropene-3-carboxylate (1b)

ON o 1b: '"H NMR (500 MHz, CDCl3) & ppm 8.06 - 8.21 (m, 2H), 7.42 - 7.52 (m, 2H),
O 737 (s, 1H), 3.69 (s, 3H), 0.19 (s, 9H); “°C NMR (126 MHz, CDCl3) 8 ppm
T 07 1746, 150.5, 146.0, 1289 (+), 123.1 (+), 119.2, 113.9 (+), 52.1 (+), 31.2, -1.6
sii’ ).
| ~N

Methyl I-(trimethylsilyl)-3-(4-trifluoromethylphenyl)cyclopropene-3-carboxylate (1¢)

FAC 1c: '"H NMR (400 MHz, CDCl3) & ppm 7.48 - 7.59 (m, 2H), 7.35 - 7.45 (m, 3H),
O Q 3.69 (s, 3H), 0.20 (s, 9H); °C NMR (101 MHz, CDCls) & ppm 175.3, 146.7,

X o~ 1285 (+), 128.1 (q, Jrc = 32.4 Hz), 124.8 (+, q, Jrc = 3.7 Hz), 1243 (q, J'kc =

_272.0 Hz), 119.5, 114.8 (+), 52.0 (), 31.1, -1.5 (+); ’F NMR (470.59 MHz,
~N

S\ CDCLy) 3 ppm -63.9; LR EI MS m/z 314.0 (M").

Methyl 1,3-bis(trimethylsilyl)cyclopropene-3-carboxylate (1d)

. 1d: "H NMR (500 MHz, CDCls) & ppm 7.15 (s, 1H), 4.00 - 4.12 (m, 2H), 1.21 (t, J =
_si o™ 7.2 Hz, 3H), 0.20 (s, 9H), -0.01 (s, 9H); °C NMR (126 MHz, CDCl;) 5 ppm 178.3,
~ 115.7 (+), 114.5,59.9 (-), 17.4, 14.3 (+), -1.3 (+); LR EI MS m/z 256.1 (M").

~N

Cyclopropene le was prepared from compound 12 using procedure by Fox e al.> Compound 12 was
obtained via standard Rh(Il)-catalyzed cyclopropenation’ of 1-hexyne with methyl (4-
nitrophenyl)diazoacetate 11:

O,N O,N O:N
\©\[(COZM9 Rr12£)AC)4-cat-= O co,Me  __ LHMDS _ O Cone

n-Bu AN TMS-CI

N -
2 12 n-Bu TMS 1e n-Bu

1"

3 Pallerla, M. K.; Fox, J. M. Org. Lett. 2005, 7, 3593.
* Davies, H. M. L.; Lee, G. H. Org. Lett. 2004, 6, 1233.
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Methyl 1-butyl-3-(4-nitrophenyl)cyclopropene-3-carboxylate (12)

12: (78%); "H NMR (500 MHz, CDCls) & ppm 8.07-8.23 (m, 2H), 7.37-7.54 (m,
2H), 6.66 (t, J = 1.5 Hz, 1H), 3.70 (s, 3H), 2.55 (tt, J = 7.4, 1.7 Hz, 2H), 1.50 -
1.58 (m, 2H), 1.29 - 1.41 (m, 2H), 0.87 (t, J = 7.3 Hz, 3H); *C NMR (126 MHz,
CDCls) 8 ppm 174.5, 149.6, 146.2, 129.0 (+), 123.2 (+), 120.1, 95.8 (+), 52.2 (+),
32.9,28.7 (-), 24.0 (), 22.2 (-), 13.6 (+); LR EI MS m/z 275.3 (M").

O,N

Methyl 1-(trimethylsilyl)-2-butyl-3-(4-nitrophenyl)cyclopropene-3-carboxylate (1e)

le: (77%); "H NMR (500 MHz, CDCl;) & ppm 8.02 - 8.21 (m, 2H), 7.38 - 7.57
(m, 2H), 3.67 (s, 3H), 2.48 - 2.69 (m, 2H), 1.49 - 1.71 (m, 2H), 1.31 - 1.47 (m,
2H), 0.91 (t, J = 7.3 Hz, 3H), 0.19 (s, 9H); >*C NMR (126 MHz, CDCls) & ppm
174.8,151.2, 145.6, 128.4 (+), 127.9, 123.0 (+), 107.4 (+), 51.7 (+), 34.4,29.2 (-),
25.2(-), 22.3 (-), 13.7 (+), -1.2 (+); LR EI MS m/z 346.9.0 (M").

Optimization of the Reaction Conditions

MeO,C,_ CO,Me 0 MeO,C. CO,Me
catalyst
SiMe3 ' Ph)J\H conditions Ph

1a 2a OSlMe3

General procedure for optimization of the reaction conditions. To an oven-dried 1 mL Wheaton mini-
inert vial catalyst, solvent, and benzaldehyde (20 pL, 0.2 mmol) were added under nitrogen atmosphere,
followed by 22.8 mg (0.1 mmol) of 1-(trimethylsilyl)cyclopropene-3,3-dicarboxylate 1a. The reaction
mixture was stirred at temperature and for time listed in Table 1. Dibenzyl ether (5 pL) was added to the
reaction  mixture as an  internal  standard and the yield of dimethyl I-
[trimethylsiloxy(phenyl)methyl]cyclopropene-3,3-dicarboxylate 2a was determined by GC analysis using
quantitatively calibrated mass selective detector. The results are summarized in Table 1.
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Table 1. Optimization of the Reaction Conditions

# Catalyst” mol % solvent Concentration, mol/L. T,°C Time,h Yield, %
1 Quinuclidine 25 DMF 1 rt 21h 0
2 DBU 25 DMF 1 rt 3h 0
3 Urotropine 25 DMF 1 rt 21 h 37
4 DMAP 25 DMF 1 rt 21h 47
5 Boratrane 25 DMF 1 t 21h 0
6  (—)-N-Methylephedrine 25 DMF 1 rt 21 h 31
7 Imidazole 25 DMF 1 t 21h 0
8 DABCO 25 DMF 1 rt 21h 59
9 DABCO 25 THF 1 rt 14 h 27
10 DABCO 25 THF/water® 1 rt 1h 0
11 DABCO 25 MeOH 1 rt 1h o
12 DABCO 25 DCM 1 rt 21h 6
13 DABCO 25 Toluene 1 rt 21h 43
14 DABCO 25 DMF 0.5 rt 21h 56
15 DABCO 25 DMF 2 rt 5h 66
16 DABCO 10 DMF 1 rt 21h 58
17 DABCO 5 DMF 1 rt 21h 58
18 13 25 DMF 1 rt 21h 22
19 PBu; 25 DMF 1 rt 21h 10
20 P(#-Bu); 25 DMF 1 rt 21h 49
21 PHPr, 25 DMF 1 rt 21h 38
22 PCy; 25 DMF 1 rt 21h 47
23 PPh; 25 DMF 1 rt 21h 54
24 (+)-BINAP 25 DMF 1 rt 21h 15
25 TTMPP 25 DMF 1 rt 3h 57
26 TTMPP 25 DMF 1 0°C 26 h 58
27 TTMPP 25 DMF 1 50°C 03h 53
28 TTMPP 5 DMF 1 rt 6h 62
29 TTMPP 25 Toluene 1 rt 3h 50
30 P(oTol); 5 DMF 1 rt 48 h 21
31 P(furyl); 5 DMF 1 rt 48 h 14
32 P(OiPr); 5 DMF 1 rt 48 h 35
33 AsPh; 5 DMF 1 rt 48 h 14
34 TTMPP 5 DMA 1 rt 6h 61
35 TTMPP 5 DMSO 1 rt 6h 63
36 TTMPP 5 BuCN 1 rt 6h 62
37 TTMPP 5 THF 1 rt 6h 64
38 TTMPP 5 NMP 1 rt 6h 50
39 TTMPP 5 Pyridine 1 rt 6h 61
40 TTMPP 5 Dioxane 2 rt 6h 73
41 TTMPP 1 Dioxane* 2 rt 6h 79
* DMAP = 4-(dimethylamino)pyridine; Boratrane = 4,6,11-trioxa-1-aza-5-borabicyclo[3.3.3Jundecane; (—)-N-Methylephedrine
= (-)_—(1R,2S)-2—D1methﬂam1no-1-phenylgropanol; ,DBU = 1,8—d1azablcyclg 5..4.0glundec—7.-ene; DABCiO = 14-
diazabicyclo[2.2.2]octane; (+)-BINAP = (#)-2,2'-Bis(diphenylphosphino)-1,1'-binaphthalene; TTMPP = tris(2,4,6-

trimethoxyphenyl)phosphine; 13 = 2-Diphenylphosphino-2'-(N,N-dimethylamino)biphenyl. ° 2 eqv. (0.2 mmol) of water were
added to the reaction °0.5 mmol scale.
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Decomposition of cyclopropene 1a in the presence of TTMPP

The following experiment was performed to evaluate stability of 1-silylcyclopropene in the presence of
phosphine catalyst. To an oven-dried 1 mL Wheaton mini-inert vial TTMPP and dry 1,4-dioxane (0.10
mL) were added wunder nitrogen atmosphere, followed by 22.8 mg (0.1 mmol) of I-
(trimethylsilyl)cyclopropene-3,3-dicarboxylate 1a. Dibenzyl ether (5 pL) was added to the same vial as
an internal standard, and the reaction mixture was stirred at room temperature for 8h. The reaction was
monitored by GC/MS and an amount of the consumed starting material was determined by GC analysis
using quantitatively calibrated mass selective detector. This experiment was run with 1 and 5 mol % of
catalyst. Representative results are listed in Table 2.

Table 2
Time, hrs 2 4.5 8
% of 1a decomposed (1 mol % of TTMPP) 1 13 17

% of 1a decomposed (5 mol % of TTMPP) 10 24 45

Thus, it is apparent that, under prolonged time, TTMPP causes significant decomposition of 1a.
Consequently, the employment of lower catalyst loading allowed for higher material balance, and hence
higher efficiency of the sila-MBH reaction.

TTMPP-Catalyzed coupling of 1-silylcyclopropenes with aldehydes and ketones

General preparative procedure. To an oven-dried 3 mL Wheaton microreactor tris(2,4,6-
(trimethoxyphenyl)phosphine (2.66 mg, 0.005 mmol), carbonyl compound (0.6 mmol), anhydrous
dioxane (250 pL) and cyclopropene 1 (0.5 mmol) were added at nitrogen atmosphere. The reaction
mixture was stirred at room temperature until judged complete by GC/MS analysis. A flash Silica
chromatography was directly applied to the reaction mixture to afford cyclopropene 2 as colorless oil.

Dimethyl 1-[trimethylsilyloxy(phenyl)methyl]cyclopropene-3,3-dicarboxylate (2a)

o O 2a: 'H NMR (500 MHz, CDCl3) & ppm 7.35 - 7.41 (m, 2H), 7.30 - 7.35 (m, 2H),

~o o 7.24 - 7.30 (m, 1H), 6.56 (d, J= 1.7 Hz, 1H), 5.76 (d, J= 1.1 Hz, 1H), 3.68 (s, 3H),
A o _ 3.41(s, 3H), 0.15 (s, 9H); °C NMR (126 MHz, CDCl;) § ppm 171.3, 170.6, 139.3,

SU 1286 (4), 128.3 (+), 126.6 (1), 116.2, 95.2 (+), 69.6 (+), 52.4 (+), 52.1 (+), 34.4,

0.1 (+); FT IR (neat): 3139, 2953, 2902, 1743, 1454, 1436, 1285, 1246, 1194, 1095,
O 1064, 881, 847, 753 cm™; HR EI MS m/z 334.1235, Calcd for Cj7H»0sSi
334.1237.

Dimethyl 1-[trimethylsilyloxy(4-methylphenyl)methyl]cyclopropene-3,3-dicarboxylate (2b)

o O 2b: 'H NMR (500 MHz, CDCls) & ppm 7.24 (s, 2H), 7.10 - 7.16 (m, 2H), 6.53 (d, J
~o o = 1.5 Hz, 1H), 5.72 (s, 1H), 3.67 (s, 3H), 3.42 (s, 3H), 2.31 (s, 3H), 0.13 (s, 9H);
A C NMR (126 MHz, CDCl3) & ppm 171.1, 170.5, 137.8, 136.2, 129.0 (+), 126.4

ST (), 1161, 948 (+), 69.2 (), 521 (), SLI (+), 342, 211 (+), -0.1 (+);FT IR
(neat): 3140, 2953, 2901, 1734, 1435, 1285, 1253, 1089, 1068, 883, 843, 757 cm™;
O HR EI MS m/z 348.1390, Caled for C1sH,405Si 348.1393.
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Dimethyl I1-[trimethylsilyloxy(4-methoxyphenyl)methyl[cyclopropene-3,3-dicarboxylate (2c)

o O 2¢: '"H NMR (500 MHz, CDCls) 8 ppm 7.27 - 7.30 (m, 2H), 6.85 (s, 2H), 6.54 (d, J
— 1.5 Hz, 1H), 5.70 (d, J = 1.1 Hz, 1H), 3.78 (s, 3H), 3.69 (s, 3H), 3.45 (s, 3H),
0.13 (s, 9H); °C NMR (126 MHz, CDCl3) 5 ppm 171.1, 170.5, 159.4, 131.3, 127.8
SI” (s), 116.1, 113.7 (+), 94.7 (+), 69.0 (+), 55.3 (+), 52.2 (+), 51.9 (+), 34.2, -0.1 (+);
FT IR (neat): 3139, 2953, 1734, 1612, 1513, 1436, 1284, 1247, 1174, 1070, 885,
844,758 cm’'; HR EI MS m/z 364.1343, Caled for CsH4O6Si (M) 364.1342.

\

O~

o
/

Dimethyl 1-[trimethylsilyloxy-(4-methoxycarbonylphenyl)methyl|cyclopropene-3,3-dicarboxylate (2d)

o O 2d: '"H NMR (500 MHz, CDCl3) & ppm 8.01 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.1

~o Hz, 2H), 6.59 (d, J = 1.5 Hz, 1H), 5.82 (br. s., 1H), 3.91 (s, 3H), 3.68 (s, 3H), 3.43

/A (s, 3H), 0.15 (s, 9H); °C NMR (126 MHz, CDCls) & ppm 170.8, 170.3, 166.7,

\Si\/ 144.1, 129.9, 129.7 (+), 126.2 (+), 115.5, 95.8 (+), 68.9 (+), 52.2 (+), 52.1 (+), 52.0
(+), 34.2,-0.2 (+); HR EI MS m/z 392.1294, Calcd for C;9H2407S1 392.1291.

o
o O o) C)\
\ —

Dimethyl I-[trimethylsilyloxy(3-chlorophenyl)methyl]cyclopropene-3,3-dicarboxylate (2e)

o 0 2e: '"H NMR (500 MHz, CDCl3) & ppm 7.38 (s, 1H), 7.20 - 7.32 (m, 3H), 6.59 (d, J

= 1.5 Hz, 1H), 5.74 (d, J = 1.3 Hz, 1H), 3.69 (s, 3H), 3.47 (s, 3H), 0.16 (s, 9H); °C

/2 NMR (126 MHz, CDCl;) & ppm 170.9, 170.3, 141.2, 134.3, 129.7 (+), 128.3 (+),

SIT 1265 (+), 124.5 (+), 115.5, 95.7 (+), 52.2 (+), 52.0 (+), 34.2, -0.2 (+); HR EI MS
m/z 368.0846, Calcd for C7H, 05SiCl 368.0847.

/
\

@)
O~

Dimethyl I-[trimethylsilyloxy(3-bromophenyl)methyl]cyclopropene-3,3-dicarboxylate (2f)

o O 2f: '"H NMR (500 MHz, CDCls) & ppm 7.54 (t, J= 1. 6 Hz, 1H), 7.41 (dt, J=7.9,

o o 0.8 Hz, 1H), 7.28 - 7.33 (m, 1H), 7.17 - 7.23 (m, 1H), 6.59 (d, J= 1.5 Hz, 1H), 5.73

/A (s, 1H), 3.69 (s, 3H), 3.48 (s, 3H), 0.16 (s, 9H); °C NMR (126 MHz, CDCl;) &

SiT ppm 170.9, 170.3, 141.4, 131.2 (+), 130.0 (+), 129.4 (+), 125.0 (+), 1224, 115.6,

/ 95.8 (+), 68.6 (+), 52.2 (+), 52.1 (+), 34.2, -0.2 (+); HR EI MS m/z 412.0343, Calcd
for C]7H210§BI‘Si 412.0342.

~

\

w
O~
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Dimethyl 1-[trimethylsilyloxy(2-furyl)methyl]cyclopropene-3,3-dicarboxylate (2g)

2g: '"H NMR (500 MHz, CDCls) 6 ppm 7.31 - 7.46 (m, 1H), 6.70 (d, J = 1.5 Hz,
1H), 6.21 - 6.43 (m, 2H), 5.80 (d, J = 1.1 Hz, 1H), 3.69 (s, 3H), 3.60 (s, 3H), 0.13
(s, 9H); >C NMR (126 MHz, CDCls) & ppm 170.8, 170.5, 151.2, 142.7 (+), 113.7,
110.4 (+), 108.0 (+), 96.8 (+), 63.1 (+), 52.3 (+), 52.2 (+), 34.1, -0.3 (+); FT IR
(neat): 3141, 2954, 2923, 1731, 1436, 1284, 1252, 1149, 1069, 877, 848, 753 cm';
HR EI MS m/z 324.1029, Calcd for CsHa006Si 324.1029.

Diemthyl 1-[(2E)-1-trimethylsilyloxy-3-phenylprop-2-ene]cyclopropene-3,3-dicarboxylate (2h)

2h: 'H NMR (500 MHz, CDCls) & ppm 7.34 - 7.39 (m, 2H), 7.29 - 7.34 (m, 2H),
7.22 -7.27 (m, 1H), 6.65 (d, J = 15.6 Hz, 1H), 6.60 (d, J = 1.3 Hz, 1H), 6.21 (dd, J
=15.9, 6.5 Hz, 1H), 5.39 (dt, J = 6.6, 1.2 Hz, 1H), 3.72 (s, 3H), 3.60 (s, 3H), 0.19
(s, 9H); °C NMR (126 MHz, CDCl;) & ppm 171.1, 170.9, 136.1, 131.7 (+), 128.6
(+), 128.0 (+), 126.7 (+), 126.6 (+), 114.9, 95.2 (+), 68.2 (+), 52.3 (+), 33.8, -0.0
(+); HR EI MS m/z 360.1392, Calcd for C 9H,405Si 360.1393.

Dimethyl 1-(1-trimethylsilyloxybutyl)cyclopropene-3,3-dicarboxylate (2i)

O 0 2i: '"H NMR (500 MHz, CDCl3) & ppm 6.49 (d, J= 1.5 Hz, 1H), 4.68 (ddd, J = 7.2,

~o o 5.6, 1.4 Hz, 1H), 3.70 (d, J = 2.9 Hz, 6H), 1.56 - 1.71 (m, 2H), 1.27 - 1.52 (m, 2H),

o 0.90 (t, J = 7.3, 3H), 0.12 (s, 9H); *C NMR (126 MHz, CDCl3) & ppm 171.2,

SSiT 171.2, 116.1, 94.9 (+), 67.0 (+), 52.2 (+), 37.6 (-), 33.8, 18.4 (), 13.7 (+), -0.2 (+);

FT IR (neat): 3137, 2958, 2875, 1736, 1436, 1279, 1265, 1118, 1069, 903, 847, 757
cm™'; HR EI MS m/z 300.1394, Calcd for C4H,405Si 300.1393.

Dimethyl 1-(trimethylsilyloxy-2-methylpropyl)cyclopropene-3,3-diarboxylate (2j)

o O 2j: '"H NMR (500 MHz, CDCl3) & ppm 6.52 (d, J = 1.1 Hz, 1H), 4.48 (dd, J = 4.6,

~o o 1.1 Hz, 1H), 3.69 (s, 6H), 1.81 - 1.97 (m, 1H), 0.93 (d, J = 6.8 Hz, 3H), 0.87 (d, J =

6.8 Hz, 3H), 0.11 (s, 9H); >*C NMR (126 MHz, CDCl;) & ppm 171.2, 115.5, 96.0

SIT(+), 722 (), 52.1 (+), 33.8, 32.9 (+), 18.5 (+), 16.9 (+), -0.2 (+); FT IR (neat):

/> 3139, 2957, 2902, 1736, 1436, 1283, 1253, 1064, 878, 845, 758 cm’'; HR EI MS
m/z 299.1315, Caled for C14H,305Si 299.1317.

~
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Dimethyl 1-[1-trimethylsilyloxy-2-methyl-2-phenylpropyl]cyclopropene-3,3-dicarboxylate (2K)

2k: '"H NMR (500 MHz, CDCl;) & ppm 7.34 - 7.39 (m, 2H), 7.27 - 7.32 (m, 2H),
7.15 - 7.24 (m, 1H), 6.36 (d, J= 1.7 Hz, 1H), 4.83 (d, J = 1.8 Hz, 1H), 3.67 (s, 3H),
3.62 (s, 3H), 1.34 (s, 3H), 1.34 (s, 3H), -0.06 (s, 9H); *C NMR (126 MHz, CDCl;)
§ ppm 171.2, 171.0, 146.3, 128.0 (+), 126.5 (+), 126.2 (+), 115.0, 97.4 (+), 75.7
(+), 52.1 (+), 52.0 (+), 43.1 (+), 36.6, 34.3, 24.5 (+), 23.3 (+), -0.4 (+); FT IR
(neat): 2953, 1734, 1436, 1279, 1252, 1093, 1068, 880, 845, 759 cm™ HR EI MS
m/z 376.1708, Caled for CaoH505Si 376.1706.

Dimethyl 1-[1-trimethylsilyloxy-2-oxo-1,2-diphenylethyl|cyclopropene-3,3-dicarboxylate (2p)

2p: 'H NMR (500 MHz, CDCl3) & ppm 7.76 - 7.86 (m, 2H), 7.49 - 7.62 (m, 2H),
7.41 (t, J=7.4 Hz, 1H), 7.34 (t, J= 7.6 Hz, 2H), 7.22 - 7.30 (m, 3H), 6.78 (s, 1H),
3.77 (s, 3H), 3.26 (s, 3H), 0.07 (s, 9H); °C NMR (126 MHz, CDCl3) & ppm 195.8,
170.3, 170.0, 138.8, 133.5, 132.9 (+), 130.9 (+), 128.7 (+), 128.4 (+), 127.9 (+),
1253 (+), 116.3, 98.0 (+), 84.3, 52.3 (+), 51.7 (+), 35.9, 1.6 (+); FT IR (neat):
2952, 2360, 1737, 1686, 1448, 1435, 1286, 1253, 1071, 880, 850 cm™* ; HR EI MS
m/z 438.1496, Caled for CosHys06Si 438.1499.

Methyl 1-(1-trimethylsilyloxy-1-phenyl-2,2,2-trifluoroethyl)cyclopropene-3,3-dicarboxylate (2q)

2q: "H NMR (500 MHz, CDCl3) 6 ppm 7.59 - 7.65 (m, 2H), 7.34 - 7.41 (m, 3H),
7.02 (s, 1H), 3.70 (s, 3H), 3.61 (s, 3H), 0.17 (s, 9H); >C NMR (126 MHz, CDCl5) &
ppm 169.8, 169.6, 135.4, 129.3 (+), 128.2 (+), 127.1 (+), 119.9 - 127.0 (q, J'rc =
287.6 Hz), 113.0, 102.7 (+), 77.6 (q, Jcr = 32.4 Hz) 52.3 (+), 35.2, 1.5 (+); "°F
NMR (470.59 MHz, CDCls) & ppm -167.3; FT IR (neat): 2955, 2360, 2339, 1734,
1437, 1289, 1257, 1181, 1069, 878, 740 cm™ ; HR EI MS m/z 402.11086, Calcd for
C1sH2,05SiF; 402.11104.
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Note: Compounds 21-0 were obtained as approximately 1:1 mixtures of diastereomers, which could not
be separated by flash Silica chromatography. The following analytical data are reported for mixtures.

Methyl 1-[trimethylsilyloxyphenylmethyl]-3-(4-nitrophenyl)cyclopropene-3-carboxylate (21)

O,N

21: 'H NMR (500 MHz, CDCl5) 8 ppm 8.06 - 8.18 (m, 2H), 7.94 - 8.03 (m,
2H), 7.46 - 7.59 (m, 12H), 6.90 (d, J= 1.1 Hz, 1H), 6.86 (d, J= 1.7 Hz, 1H),
5.81 (s, 1H), 5.74 (d, J= 1.3 Hz, 1H), 3.55 (s, 3H), 3.54 (s, 3H), 0.10 (s, 9H),
0.10 (s, 9H); *C NMR (126 MHz, CDCls) & ppm 173.6, 173.4, 148.8, 148.2,
146.4, 146.2, 139.9, 139.2, 129.4 (+), 129.3 (+), 128.5 (+), 128.4 (+), 128.2
(+), 128.1 (+), 126.4 (+), 126.1 (+), 123.1 (+), 122.8 (+), 121.4, 121.1, 99.7
(+), 98.1 (+), 69.6 (+), 69.3 (+), 52.1 (+), 52.1 (+), 35.3, 34.9, -0.1 (+), -0.1
(+); FT IR (neat): 3139, 2953, 1719, 1599, 1518, 1348, 1253, 1219, 1109,
1069, 879, 853 cm™; HR EI MS m/z 397.1342, Calcd for CpH,305NSi
397.1345.

Methyl 1-(trimethylsilyloxyphenylmethyl)-3-(4-trifluoromethylphenyl)cyclopropene-3-carboxylate (2m)

FsC

2m: '"H NMR (500 MHz, CDCls) & ppm 7.51 (s, 4H), 7.16 - 7.43 (m, 14H),
6.91 (d, J = 1.3 Hz, 1H), 6.87 (d, J = 1.7 Hz, 1H), 5.80 (s, 1H), 5.75 (d, J =
1.3 Hz, 1H), 3.55 (s, 3H), 3.51 (s, 3H), 0.11 (s, 9H), 0.10 (s, 9H); °C NMR
(126 MHz, CDCls) & ppm 174.1, 173.8, 145.2, 144.5, 140.0, 139.4, 128.9 (+),
128.8 (+), 128.4 (+), 128.3 (+), 128.1 (+), 128.0 (+), 126.5 (+), 126.2 (+),
124.9 (+, q, Prc = 2.8 Hz), 124.5 (+, q, Jrc = 2.8 Hz), 124.3 (q, J'rc = 271.9
Hz), 124.3 (q, J'rc = 271.9 Hz), 121.9, 121.5, 100.1 (+), 98.7 (+), 69.6 (+),
69.5 (+), 51.9 (+), 51.9 (+), 35.4, 35.0, -0.1 (+), -0.1 (+); °’F NMR (470.59
MHZ, CDC13) ) ppm -63.9; HR EI MS m/z 4201367, Calcd for C22H2303SiF3
420.1369.

Ethyl 1-(trimethylsilyloxyphenylmethyl)-3-trimethylsilylcyclopropene-3-carboxylate (2n)

N\

-

S

/A\

)

2n: The reaction was carried at 50°C. "H NMR (500 MHz, CDCl;) & ppm 7.17 - 7.47
(m, 10H), 6.52 (d, J= 1.1 Hz, 1H), 6.47 (d, /= 1.8 Hz, 1H), 5.72 (s, 1H), 5.64 (d, J =
1.8 Hz, 1H), 3.92 - 4.02 (m, 4H), 1.15 (t, J = 7.15 Hz, 6H), 0.13 (s, 9H), 0.11 (s, 9H),
0.04 (s, 9H), -0.14 (s, 9H); °C NMR (126 MHz, CDCls) & ppm 177.0, 140.9, 140.2,
128.3 (+), 128.2 (+), 127.9 (+), 127.7 (+), 126.5 (+), 126.2 (+), 119.1, 118.3, 97.7 (s),
96.8 (s), 70.0 (1), 69.9 (+), 60.0 (+), 22.7, 22.0, 14.2 (+), 0.0 (+), -0.1 (+), -1.3 (+), -
1.7 (+); HR EI MS m/z 362.1733, Calcd for C;9H3003Si; 362.1734.



S11
Methyl I-(trimethylsilyloxyphenylmethyl)-2-butyl-3-(4-nitrophenyl)cyclopropene-3-carboxylate (20)

20: 'H NMR (500 MHz, CDCl3) & ppm 8.08 - 8.16 (m, 2H), 7.98 - 8.07 (m,
2H), 7.55 - 7.65 (m, 2H), 7.20 - 7.45 (m, 12H), 5.76 (s, 1H), 5.69 (s, 1H), 3.58
(s, 3H), 3.48 (s, 3H), 2.51 (t, J = 7.5 Hz, 2H), 2.37 (td, J = 7.3, 1.7 Hz, 2H),
1.44 - 1.56 (m, 2H), 1.11 - 1.40 (m, 6H), 0.86 (t, J = 7.3 Hz, 3H), 0.76 (t, J =
7.3 Hz, 3H), 0.09 (s, 9H), 0.08 (s, 9H); *C NMR (126 MHz, CDCls3) & ppm
173.8, 149.6, 149.5, 146.0, 145.9, 141.0, 140.2, 129.4 (+), 129.3 (+), 128.4 (+),
128.3 (+), 128.0 (+), 127.9 (+), 126.3 (+), 126.1 (+), 123.0 (+), 122.9 (+),
113.9, 112.2, 110.7, 110.5, 69.1 (+), 69.0 (+), 51.8 (+), 51.7 (+), 37.3, 36.6,
29.0 (-), 28.8 (=), 23.6 (=), 23.4 (), 22.3 (-), 22.2 (-), 13.6 (+), 13.5 (+), -0.1 (),
-0.2 (+); HR EI MS m/z 453.1973, Calcd for CysH3;0sNSi 453.1971.




S 3 N
N~ ™ ?
|
'H Spectrum of 1a
O O
-
e
™
|
J L T JJ.
0.79 6.00 9.02
H
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
o o <t
- © © W M~ ™ © ~
o K=} NoMN~ - =~ ©
= pmp NN ) ] -
I —~

3C Spectrum of 1a

o0 O
\OJXLO/
e
"

|
L)

o

T ‘ T
100
Chemical Shift (ppm)

S12



S 13

TONNNNOWWOSNO [2] [}
MBEDEDERARARARARNNRR < -
W OOWWOWONMNNMNNMNNNNMNMNDMN e} S
iy gtttk |
|
'H Spectrum of 1b
O,N o
Ko
v -
Si_

L J |

1.82 1.85 3.00 3
= s [ [E—

T T ‘ L R B I B B B ‘ LI R R I B B B ‘ T T T T ‘ L I B B B ‘ LI N I B B ‘ L A R B ‘ L R I I ‘ LI R I B R ‘ T T T
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

~— o I~ [2] o N~

© 0 o © - N © D M © © 0 ©
< [=JTs) © B O N QM < - [rs)
~ 0 < N N -~ NI~ © N — -
T T T T T T \'

_L
At

3C Spectrum of 1b

N
e
(6)
,/
~

T ‘ T
150 100 50 0
Chemical Shift (ppm)



B8] 3 8
[ e e D ™ o
5 = \
|
'H Spectrum of 1¢
FsC
AL
-
(0]
JAN
e
™ -
—
L
3.00 8.58
[
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
o] © NONONODW W
N © NOWBLOON®IN LN P ® o
0 © ONNUSTTND Mo~ Q Q 0
= 3 SR R NN B o i\
= ~

3C Spectrum of 1¢

F3C o
e

0

A\

Si
I

e
~

T T T T T ‘ T T T T T T T T ‘ T T T T T T T T T ‘ T T T T T T T T T ‘ T 1
150 100 50 0
Chemical Shift (ppm)



S 15

7.15
10
09
08

ﬁ
¥

1.23

1.21
1.20

- —0.20
—-0.01

|
"H Spectrum of 1d
NI Q
/SI O/\
iﬂi
¢
|
W
| n\
0.93 1.94 3.00 9.10
U L a U
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
R, F\rg N« 0 < N — ~
© 0 < NOoN~ ] @ o o~
= -c NN 3 = -
[~ ~— [ \
|
3C Spectrum of 1d
NVt
/Sl O/\
v
ir'\
\‘\
|
|
T T T T T T T T T T T T T
150 100 50 0

Chemical Shift (ppm)



S 16

980
180
680
4%
el
se'l
€71
LG
€51
el
95’1
€5°C
14K
14K
§9¢C
§G¢
98¢
95°¢
19¢C

0L'¢

999
999
STV
YL
YL
Sv'L
'L
'L
JAA
[4%]
€18
€18

S8

W

s

'H Spectrum of 12

|

|

O,N

2

T
8

Chemical Shift (ppm)

09°€l—

6l°¢e
86'€Cc—
99'8¢—
06°cE—

Gl'eS—

6L°9L
voNNW —-=

mN.mm\

€8'G66—

clLocl—
oceet— -

00'6¢L— -

€CoVl—
956V —

3C Spectrum of 12

0S'v.LL—

50

100

150

Chemical Shift (ppm)



S 17

60— —
68°0
16°0
260
8¢’
6¢°L
or'L
or'L

4458

1971
8G'1L
09
19°L

€5°C
o4
95°¢
19¢C
8G°¢C
8G¢C
19°C

19'¢—

9C’L
'L
'L
YA A

8.
8L
01’8
0L'8
11’8
[4%]
cL'8
[4%]

i

'H Spectrum of 1e

2

T
8

Chemical Shift (ppm)

ol'L-—

L9°€l—

9¢'¢c—
9l'Gc—
8l'6¢—

rve—

vL1G—

LL°9L
€0'LLF =

wm.mm\

L 20L—

S0'€Cl—~
€6'LCl
Nv.ww_‘W

196yl —
SLLGL—

9L'vll—

3C Spectrum of 1e

50

100

150

Chemical Shift (ppm)



6.56

6.55

5.76
—3.68
—3.41

- —0.15

"H Spectrum of 2a
O O
~o X o~
O.
si”
7/ N\
.
If | |
li
| J\ﬁ I JL_,JM l\l
2.20 0.90 1.00 3.023.05 8.78
Iy [ (B Lo
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
8 g BSB 8 © NOO o <
- o o © O © © N wNo N = ~ =
SiS © d8a ¢ 8 NN S e 3 =
| ~ ~— ~ \
|

3C Spectrum of 2a

‘ WWWMWWWNWWWW

T ‘ T T T T T T T ‘ T T T T T T T T T ‘
150 100 50 0
Chemical Shift (ppm)



6.53
5.72
—3.67
—3.42
2.31

- —0.13

M f BN J

—

2.14 0.97 1.00 3.223.04 3.19 9.4
(S| — [ Sy (I (S
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
7 6 5 4 3 2 1 0
Chemical Shift (ppm)
- o o~ oOn ©
— < N+~ Om o o < o < I\ ™ © N e} e}
- o NG oo © o A N - Q N -~ -~
— — —~ — o)) ~NN~N © 0w ™ [ T
~| [ N = [ ]
|

3C Spectrum of 2b

o0 O

e, ” ks " . m N A o TR MJ W\hum“ FTRVIVUN (PTT Y T o i
e Py L ol , y X optl* Wb f . ey v e

T T ‘ T
150 100 50 0
Chemical Shift (ppm)



o o
\o o/
Ao
Si—
/N
o\

L

—3.78

~-3.69
—3.45

4

JUJ_JL

- —0.13

2.31 216 0.81 1.00 3.40 3.05 8.97
Iy | [ L
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
7 6 5 4 2 1 0
Chemical Shift (ppm)
< O v - O ~ A
- 0 < ™ © o~ o DMoO < © N~ < N o
- o o -~ oo N~ NoN o N = O N =
S ey T 3 NN 885 B ?
I [ S = 5N
I
3C Spectrum of 2¢
O O
\O A O/
Oca
Si
9}
O\
|
|
|
|
T T T T T T T T T T T T
150 100 50 0

Chemical Shift (ppm)

S 20



S 21

N o ~ o @ @ o = o ©® ro)
S o < < 00 © o © -
o 6 NN~ © © 1) © @ ™ o
= — - o |

|

'H Spectrum of 2d

|
8 2.00 0.90 0.95 3.07 3.00 8.77
H

1.9
H i H b H
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

S 3 ST & 8 o~ @ ™ N © o ©
SO © < DD © 0 c« «Q N = N -
ISR I oy pa 8 8 B85 3 Q

~ | ~ ~
3C Spectrum of 2d
O O
~0 o
A o}
"Si
/
» g
o” o~
\‘ | |
Ml e oy
T T T T T T T T T T T T T T T T T T T
150 100 50 0

Chemical Shift (ppm)



S 22

0 WO W W [e2 ) Nl [0 o
HNNN 00 NN © < -
L e © © 0w ™M ™ o
AU & © \

|

—_—
—

©
£

A
3.33 0.82 1.00 3.41 51
[ (B (I [
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
N © N O TNWONN <t
© N - noNTST 1H N DI 39 3 ©
oo - <O ®©0O< 0 B~ NOoN~ N o N -
N~ N~ < O NNNN -~ Yol NI~ © o N < o
- - - -~ o N~ N~ [folYe) ™
~| N =N1/ \ —~ ~ \
|

3C Spectrum of 2e

W e -

T T T T
150 100 50 0
Chemical Shift (ppm)



5.73

—3.69
—3.48

- —0.16

O O
~ e
(0] (0]
JAN
“Si—
I\
Br O
Lo //
| ! ‘ \
[
L f I~ W y
0.89 1.09 0.83 1.00 3.13 8.69
(S| [
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
© N O VAW AN N~
P I deeoT 2 N Q8K 3 K5 ] ~
EE ¥ 288382 S REE & S 3 s
~| S A ~— ~
|
1
3C Spectrum of 2f
(0]
-
(0] (0]
JAN
Si—
/N
Br O
I, |
|
\J ! |
mu#m'u“-[w; ,‘”~‘ L “""Wv it A v‘n‘ 1l|“ r‘ ‘:Hv “vr v“”w‘m v‘v ‘W v‘m yl h'v:""v w“
T T T T T T T T T T T T T T T T T T T T T
150 100 50 0

Chemical Shift (ppm)

S 23



B8 KRESHHI 3 33 2
N~ N~ O WO LW [spap] o
ISR G SV g |/ \
|
'H Spectrum of 2g
O O
~0 o~
O....
Si
/
o
I
| [
| (- |
I ‘ Jl f Iy, JA‘
1.03 097 210  1.00 3.20 9.54
[y [
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
8% & 3 R8s o —© < ~ © @ ~
co ~ o E=E M~ Mnax - N = < N
s e 3 -2 8 NN 3 o8 3 S
~| [/ ~— - \
|
3C Spectrum of 2g
O O
‘H \O O/
O.
Si
/
o
| |
|
mewmw o Veanto WWWW MMWWWW Wwwm
T T T T T T T T T T T T T T T T T T T T T T T T
150 100 50 0

Chemical Shift (ppm)

S 24



—3.72
~3.60

M

M )i A

- —0.19

N

2.35 1.08 1.06 1.00 3.15 9.40
LLL HY
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
7 6 5 4 2 1 0
Chemical Shift (ppm)
N tToomwe ©
~ © ~RBHOoWYWY © 0 DT O © © o ~
- o ©O—ww©©Y N Ner~ o N ot =}
~ R OONNNN — O NNG © o ) =
- ESeeee- -~ o ~NNN O © 0 el T
- AR, \ \

3C Spectrum of 2h

T T T T T
100
Chemical Shift (ppm)

S 25



g g 238855 o8
N © < S [Sokee)
ALSLA o
'H Spectrum of 2i
O O
O.
Si—
/\
-

|
| ( /f ‘
! 5 [ B Aty By
0.73 0.91 6.00 240 3.35 8.77
[ [ [ | | | |
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 2 1 0
Chemical Shift (ppm)
™ w0 [}
AN — o N DM~ - [fe} N~ N~ o <
=< © ov NoN~ o = 0N S o~
N~ N~ ~— < NI~ © N~ N ~ oM 0 ™
- - — [} N~~~ L‘O e} (V‘) (V‘) ‘\_ ‘\_

L
L
\

3C Spectrum of 2i !

RSP —

- —0.19

T T T T
150 100
Chemical Shift (ppm)

50

S 26



S 27

© N o O) © D AN — O 0N 1O ™M AN © © ~—
3] 0 B R © & 0 0 ®© ® D o) &) © © -
N~ © < < < e T S i i el el [eNeNeNe] o
175 LSS 23S \
|
'H Spectrum of 2j
O O
~o o~
O...
Si
/
p
I
I
|
I
| | e JL A
0.85 1.00 6.25 1.05 3.70 9.24
L L (I
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
y 3 g 83K Q 5 88 89 S
< 2 o NN o o PN o o< S
~— ~ [} [ A S (o} oo™ ~—
== ~ S \
|

3C Spectrum of 2j

Wm«www WWWW»MWM oot i WWWMW
1 50 T 1 60 T T T T T T T T T 5‘0 T T T T T T 6 T 1
Chemical Shift (ppm)




R 33 8 3 3
NNNNNNNNN ©© < © o - @
(R W N IR S ] [~ \
|
'H Spectrum of 2k
O O
N ~
(@)
A (0]
“Si—
N\
CJ H
/
|‘\ | |
‘\
‘ | S ) |
2.10 0.87 1.00 3.12 6.51 8.94
LU ] L
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
88 3 gas 3 g 5858 23 5 3] 98 2
R g 8E8 € ~ RN Na @ ©F w0 i
- = - -~ - -~ o ~NN~ NN 0o S oo NN 7
~ ~ - == =N S
]
|
! 3C Spectrum of 2k
O O
A (0]
“Si—
N\
Nl
|
I
|
W wWwwMWwwwwwww (TRT——— —
T T T T T T T T T T T T T T T T T T T T T T T T T
150 100

Chemical Shift (ppm)

50

S 28



S 29

00— —

ys€
mm.m/

7]

18'6—

069
069
0c'.
1c'L
L2,
62,

mms\
ces ).
152
€5/
86/~
0087~

€18

'H Spectrum of 2l

i

18.23
-

2

I
8

Chemical Shift (ppm)

€L'0—

L6'vE—~
@N.mm\

mo.Nm
mo.NmV

1€°69
mm.mmW
1892
moNNW
Le'LL

0186
69'66—

Lg'eecl
clect
L0°9¢l
ov.mm_)w

vi'8cl
6€'8¢l
wv.ww_‘w.
ye6ct
yv'6clt
6lL°6EL-1
68'6E}
LLOVL—

0c'8rl
887l

9g'eLlL
mm.th

3C Spectrum of 21

..

50

100

150

Chemical Shift (ppm)



S 30

MO NS OO TN~ v« 00N [=NToNTe] 0 — — O
OINANANNN D © D D NN 0 o =2
NNNNNNNNNOGOO© 061619 © o co
R S i S P

" J

M
15.32 0.94 1.05 3.36 8.27
e i B =5}
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
— N NOSTSOMNMO—ONOLWLWM <
= CWORXINSON 00 =S NSeoeNy o N © ~
< ™ W<t O 00 0 W WO — o @ NoMN oW « « -
== IIIIIIIIIINAN =5 NN ) oS> <
| — Ny |~ 7 -
\‘\
3C Spectrum of 2m
F5;C
I
[
[
[
[ [
| oo ‘ I H I
\
S R ,Jlm.,“ 1 Y UORUTOURR | VUUPRED. W GRS N - -
T T T ‘ T T T T T ‘ T T T T T ‘ T T T T ‘
150 100 50 0

Chemical Shift (ppm)



S 31

Pho

vo.o%

b0~ _=

1o/

4
SLL
9L’

-

96°¢
96°¢
16°¢
16°¢
86°¢
66°¢
66°¢
Loy

¥9'G
¥9°S
[

Lv'9
Lv'9
259"
Vel
12/
L€L
€e'L
[ XA

PASWA
8¢'L
6€°L
6€°L

'H Spectrum of 2n

/3

e |

9.6610.66
[Ty

6.25
[

\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
4

1

10°09—

ow.%
96'69--
S 8L9/
S €0'LL+
6z’

p

(

8.°96
mo.an

Chemical Shift

€e8lLl
90°61 b
0z'9zZ)

Y0'LLL—

3C Spectrum of 2n

W

T

\
50

Chemical Shift (ppm)

I
100

I
150




S 32

800
mo.oP -

[ZA0)
9.0
120
G8°0

980
880/
oz’
67 1L
0g'l
ze'L
ve'L
6L
05'}
ge'z
98T
1€2

8¢¢C
0S¢
1G°¢
€5°C

8Y' e~
85'¢—

69'G—
96/

9C'L
62,
ve'L
LE°L
8¢,

ov'2
%.%
19°2
108/

[4%]

'H Spectrum of 20

0=

8.

3.74

1.738.88
HEe Y

1.10
Hd

14.30
H =

2.15
H

2

I
8

Chemical Shift (ppm)

Sv'olLlL
L9011
€cell
18°€l _./

18221
£0°€Tl
60921
Nm.@NLf
56°221
wm.&w
6£'82)
LE62L
6£°621
1O by b—
YOOl —
Srevl—+
poerL.

¢8'ELL—

3C Spectrum of 20

50

100

150

Chemical Shift (ppm)



S 33

N OO ITONDNOT O N~ © N~
COOUOLWLWMMNNNN N~ N~ N o
NNNNNNNNNNNO ™ © =)
Eninlthladiidiindng. \
|
'H Spectrum of 2p
-
| | o
L) J
S

~

2.012.20 3.38 0.95 320  3.00 9.29
[ S| [ L [ (S
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
8 7 5 4 3 2 1 0
Chemical Shift (ppm)

0 0 N~ COSTITOHOUOMON
[ce) N O NOOOOWOWMONM [o0) - < O <t O N o
9 S B NGB DN WG S & MNHS® NN 2 g
[*2] N~ © DO MOHONNNN — N~ <~~~ © N Yo} d
- - - R~ Il o O N~ N~ N [foNYe] ™ -~
~ R e N =~ \
|
3C Spectrum of 2p
|
|
|
|
|
Lo
|
[
‘wd‘ m , AN R ‘u’u_l " hwm-. 'w‘ A WL“H " 7’""""’""""’""“1"”‘ ‘ \T“uu'nxl'“" u‘ oo " . ‘wn“mmh_‘w‘u
‘ —— ‘ —— ‘ — ‘ — ‘ —
200 150 100 50 0

Chemical Shift (ppm)



_~3.70
—3.61

- —0.17

Chemical Shift (ppm)

O O
~ -
(@)
A (0]
\Si\/
T +
|
“‘/
I . J{
312 0.98 3.06 9.34
T U
T T 177 ‘ T T 17T ‘ T T T ‘ T T T T ‘ T T 17 ‘ T T T T ‘ T T 1T ‘ T T 1T ‘ T T T T ‘ T T T ‘ T T T ‘ T T T 7 ‘ T T T 7 ‘ T T T T ‘ T T 1T ‘ T T 1T ‘ T 17T ‘ T 17T ‘
8 6 5 4 3 2 1 0
Chemical Shift (ppm)
%S TH=2385385 N N DN DN~ © ~
o o LHONOTNS M o O NON N N g
ge SRENEINEE 8 SERRES o 5 3
= LS UL |
|
! 3C Spectrum of 2q
|
O O
~ o
AN O
\Si\/
S
|
| [
uL'J' ik, m‘um “"‘q‘y Iy w\n 'n- o Wyl‘"lﬂm Y. le Ahh"'lvunwmmn 'A ‘Lh " ‘,'l 4 W I.u nm l"AH. 'A"mvun';;ylw " ‘m”|¢ | Jd r_u | v Ar A”I WW MFA 4
‘ T ‘ T T T T ‘ T T T ‘ T T T T ‘ T T T ‘ T T ‘ T T ‘ T 1
150 100 50 0

S 34



