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The reaction of dichlorophenylvinylsilane with t泌butyllithium in hydrocarbon solvents at room temperature or below 
generated the Z and E-isomers of l-chloro-l-phenyl-2-neopentylsilene. The intermediates were trapped by cyclopenta
diene, anthracene and methoxytrimethylsilane to give a consistent 90/10 ratio for the Z-silene to £-silene adduct. 
This result was interpreted as an evidence for stereochemical induction in the silene generation reaction.

Introduction

The reaction of ^eit-butyllithium with chlorodimethylvinyl- 
siiane in hydrocarbon solvent at low temperatures gave rise 
to l,l-dimethyl-2-neopentylsilene which dimerized to the ty
pical 1,3'disilacyclobutane1 and trapped to [4+2] adducts 
in the presence of dienes.2 In extention of this work, the 
E- and Z-isomers of l-methyl-l-phenyl-2-neopentylsilene 
were generated from the reaction of ^-butyllithium with 
chloromethylphenylvinylsilane.3,4 A consistent 70 to 30 ratio 
for the E- to Z-silene adducts trapped by dienes was inter
preted as an evidence for stereochemical induction in the 
silene generation reaction.4

In this paper we report the generation of the E- and Z~ 
isomers of l-chloro-l-phenyl-2-neopentylsilene and the sub

stituent effects on the stereochemical induction favoring the 
formation of the Z-isomer.

Results and Discussion

When Z- and E-l-chlorol-phenyl-2-neopentylsilene, 1, were 
generated by the reaction of tert-butyllithium with dichlorophe
nylvinylsilane in hexane at low temperature in the presence 
of cyclopentadiene, GLC analysis of the reaction mixture in
dicated four volatile components comprising 74% of the pro
ducts. The fragmentation patterns of GC/MS spectra for the 
four components were identical to each other, which strongly 
suggested that the four components were considered to be 
the anticipated four isomeric 2-silanorbornenes, 2a-d. The 
isotopic molecular ion and other major peaks of the 
isomers in mass spectra were observed at m/e, 292 (20%), 
290 (58%), 169 (33%) and 167 (100%) respectively. These 
isomers were purified by a preparative ga옸 chromatography 
and subsequent spectral analyses in comparison with the 
spectral data of the similar structures3 led to the assignments
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Table 1. 13C-NMR Data for the 2-Silanorbornene, 2a-d

Carbons 2a 2b 2c 2d

1 34.06 32.06 34.15 34.66
3 20.60 20.66 25.09 24.14
4 50.04 49.54 47.22 47.31
7 42.14 42.25 42.55 43.44
8 44.27 44.48 44.48 43.57
9 31.55 31.55 31.55 31.42

10 29.35 29.64 29.35 29.76
aryl& vinyl a b c d

Figure 1. Carbon-13 chemical shifts for the isomers of 2-chloro- 
2-phenyl-3-neopentyl[5,6 : 7,8]dibenzo-2-silabicyclo[；2.2.2]octanef 
Z-3a and £-3b. The aryl carbons which appeared in the region 
12473-143.05 ppm are omitted for 이arity.

vely, along with a 5% yield of dimers.5

a, b and c: 127.73, 127.82, 128.03, 128.33. 130.34, 132.57, 133.78, 
134.00, 134.24, 134.72, 135.45, 135.89, 136.04, 136.70, 137.35, 
137,47; d: 128.13, 130.35, 133.54, 133.97, 134.23.

of the stereochemistry for the isomers as: 2a, 2-chloro-2-a:o- 
phenyl-3-exo-neopentyl-, 9%; 2b, 2-chloro-2-eMrfo-phenyl-3-£iro- 
neopentyl-, 45%; 2c, 2-chloro-2-endo-phenyl-3-^Mrfo-neopentyl- 
,4%： and 2d, 2-chloro-2-exo-phenyl-3-^n<io-neopentyl-2-silabi- 
cylo[2.2.1] hept-5-ene, 42%.

혀

t-BuU +
a

t-BuU + 
a

2a 2b 2c 2d

According to both 'H and 13C-NMR data, protons and car
bons of E-butyl group are more shielded when it is cis 
to phenyl group, as in 2a and c, than when it is trans, as 
in 2b and d. The structure assignments were primarily based 
on 13C-NMR chemical shift for 2a-e which are given in Table 
1. 2-Silanorbomene-carbon 7 is the most shielded when two 
bulky sub아ituents are exo, as in the exo-neopentyl-ero-phenyl- 
,2a, and less shielded when the two bulky substituents are 
endo, as in ^Mrfo-phenyl-^M(io-neopentyl-t 2c. The carbon 7 
in the ^xo-neopentyl-en(io-phenyl-, 2b, is more shielded than 
that in the eMrfo-neopentyl-6xo-phenyl-2-silanorbornenet 2d.

In the reaction mixture the ratio of 2b and 2d in which 
the neopentyl and phenyl silene substituents have an E-ste
reochemistry, to 2a and 2c in which these bulky substituents 
have a Z-relationship, was 89 to 13.

Trapping reaction of 1 with anthracene was carried out 
at room temperature by using benzene as the solvent due 
to the low solubility of anthracene in hexane. Analysis of 
the product mixture indicated that the [4+2] cycloadducts, Z- 
3a and E-3b, were produced in 68% and 7% yields, respecti-

The structural assignments were again based primarily 
on the carbon-13 NMR chemical shifts for Z-3a and E-3b 
which are given in Figure 1.

The carbon-13 NMR 사)emical shifts for the isomers are 
consistent with the bulk shielding, f*butyl and methylene
carbon of neopentyl group which have E-relation with respect 
to chlorine in E-3b are more shielded than Z-3a.

The 91/9 ratio of Z- to £-silene-anthracene cycloadducts 
is similar to the 87/13 of Z・ to £-adducts obtained with the 
cyclopentadiene.

Attempt to trap the silene, 1, was carried out in the prese
nce of methoxytrimethylsilane, which has been known to be 
an efficient regiospecific6 and stereospecific7 silene trap. 
When silene, lt was generated in the presense of methoxyt
rimethylsilane, diastereomeric isomers, l-chloro-4(4-dimethyI- 
l-methoxy-l-phenyl-2-trimethylsilyl-l-silapentanes, 4a and 4 
b, were obtained in 85% and 9% yield, respectively. Again, 
as with the cyclopentadiene and anthracene, the ratio of 
Z- to E-adducts, [(R R), (S, S)-4a to〈R, S), (S 7?)-4bl was 
90/10.

The results observed in trapping reactions indicated that 
the silene, 1, can be efficiently trapped its adducts by trapp
ing agents. Most striking was the consistent 90/10 ratio of 
Z-to £-cycloadducts which were obtaind with dienes, and 
(R, R) (S, S)-4a to (R S), (S, 2?)-4b which was obtained with
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Figure 2. Hypothetical mechanism for stereochemical linduction 
in the formation of silene.

methoxytrimethylsilane. It seems much more likely that the 
90/10 ratio observed in the trapped products represents the 
ratio of Z-to £-silence which was formed under our reaction 
conditions. Jones and Lee have observed the formation of 
the l-methyl-l-phenyl-2-neopentylsilene intermadiate which 
was trapped stereospecifically with methoxytrimethylsilane in
dicating that the silene is the configurationally stable up to 
300t.8

Therefore, it appears that the stereochemical ind니ction in 
the reaction of /^/-butyllithium with chloromethylphenylvi- 
nylsilane3,4 or dichlorophenylvinylsilane occurs favoring the forma
tion of trans form between neopentyl and phenyl group. The 
90/10 ratio of both geometric silene isomers observed from 
the reaction of dichlorophenylvinlysilane is larger than the 
70/30 ratio3,4 from using chloromethylphenylvinylsilane. This 
different ratio could be rationalized in terms of the mecha
nistic point of view for the silene formation. As shown in 
Figure 2, the initial interaction between the lithium reagent 
and vinylsilane almost certainly involves some sort of bridge 
association between lithium reagent 차nd dichlorine of the 
dichlorophenylvinylsilane, which is expected to be more fa
vorable to form the complex than the association between 
monochlorine and lithium reagent in the reaction of chloro
methylphenylvinylsilane.49 Based on the reported similar sy
stem, the conformation, A, which would tend to minimize 
the steric interaction between the phenyl group on silicon 
and the very bulky butyllithium aggreg간巳 could be drawn 
as shown in Figure 2. Such a complex could lead directly 
to the Z-silene 1 as a major by lithium chloride elimination 
reaction. E-Silene 1, was also generated from the conforma
tion B, which is expected to have more 마eric interaction 
between the bulky groups than that of the conformation A.

Experimental

The solvents, n-hexane, benzene, and tetrahydrofuran were 
dried by distillation from lithium aluminium hydride and 
sodium ketyl of benzophenone, respectively, prior to use. Di
chlorophenylvinylsilane was obtained from Petrarch Systems. 
All reaction were carried out in flame-dried glassware under 
an atmosphere of dry nitrogen. All air-sensitive liquids, and 
the dried solvents, were transferred by a standard syringe 
or double tipped needle techniques. The samples for charac
terization were purified by a preparative GLC using a Varian 
aerograph series 1400 gas chromatograph with thermal con
ductivity detector and a 4 m by 1/8 inch stainless steel co
lumn packed with 15% SE-30 or SE-54 with a Varian 3300 

gas chromatograph, flame ioniztion detector, and a Varian 
4290 integrator. Product yields were determined by GLC 
using w-docosane as the internal standard. Proton, carbon 
and 2D (proton-proton correlation) NMR spectra were obtain
ed on a Bruker AM 200-SY or a Varian Gem 300-spectrome- 
ter in chloroform-^ solvent and chemical shifts are reported 
in parts per million down-field from the internal standard 
tetramethylsilane. Mass spectra were obtained using a Hew
lett Pakard 5980 GC/MS. Elemental analyses were performed 
by the Chemical Analysis Laboratory of Korea Institute of 
Science and Technology. In this experimental section com
pounds are reported in the order that they eluted under 
these chromatographic conditions.

Trapping Reaction with Cyclopentadiene. To a so
lution of 4 g (19.7 mmole) of dichlorophenylvinylsilane (Pe
trarch), 13 g (200 mmol) of cyclopentadiene, and 100 mZ of 
dry hexane cooled to — 78t was slowly added 11.6 mZ (19.7 
mmol) of a solution of 1.7 M ^-butyllithium. The reaction 
mixture was allowed to warm slowly to room temperature 
and stirred overnight. The white precipitate which had form
ed filtered off. After the reaction mixture was concentrated 
by the evaporation of solvent, viscous yellow oil was obtained 
which GLC analysis indicated to be 74% silene adducts. GLC 
analysis of the mixture gave in order of elution 2-chloro-2- 
^xo-phenyl-3-exo-neopentyl-, 2a, 2-chloro-2-endo-phenyl-3-exo- 
neopentyl-, 2b, 2-chloro-2-eM^o-phenyl-3-eMz/o-neopentyl-, 크c, 
2-chloro-2-ero-phenyl-2-eM(io-neopentyl-2-silanorbornene. 2d, 
in 9, 45, 4 and 42% yields, respectively. Th은 samples for 
the characterization were purified by a preparative GLC.

2a;】H-NMR 8 0.79 (s, 9H, C(CH3)3), 1.02-1.50 (m, 4Hf over
lapping protons with those of 2b and 그c) (norbornene-CH2 
and neopentyl-CH2), 2.00 (m, 1H, SiCH), 2.45-2.51 (br. s, 1H) 
and 2.93-2.98 (br. s, 1H) (CH), 613-616 (br. d, 2H, vinyl-H), 
7.35-7.72 (m, 5H, aryl-H)

2b;】H-NMR 8 0.89 (s. 9H, C(CH3)3), L07-1.19 (br., 1H) 
(one proton of norbornene-CH2), 1.94 (dd, J—7, 14 Hz, 1H) 
(neopentyl-CH2), 1.99-2.08 (m, 2H, SiCH and other proton 
of norbomene-CH2), 2.38 (br. t, J—3 Hz, 1H, CH), 2.79 (br. 
s, 1H, CH), 5.83 (dd, J=3t 6 Hz, 1H) and 6.10 (dd, /=3, 
6 Hz, 1H) (vinyl-H), 7.35-7.72 (m, 5H, aryl-H)

2c; 'H-NMR 8 0.78 (s, 9H, C(CH3)3), 1.23-1.41 (m, 2H, neo- 
pentyl-CH2), 1.93 (m, 1H, overlapping proton with those of 
2a), 2.45-2.51 (br. s, 1H) and 2.99-3.03 (br. s, 1H) (CH), 6.08 
(dd,/=4, 6 Hz, 1H) and 6.31 (dd, J=3, 6 Hz, 1H) (vinyl- 
H), 7.35-7.72 (m, 5H, aryl-H)

2d; lH-NMR 6 0.90 (s, 9H, C(CH3)3), 1.24 (dd, J=4, 13 
Hz, 1H) and 1.38 (dd, 7=4, 7 Hz, 1H) (norbornene-CH2), 
1.43 (dd, J=7, 13 Hz, 1H) and 1.69 (br. d, J=U Hz, 1H) 
(neopentyl-CH2), 1.99 (dt, J=4, 11 Hz, 1H, CH), 2.49 and 
3.00 (br. s, 1H) (CH)t 6.14 (br. s, 2H, vinyl-H), 7.40-7.79 (m, 
5H, aryl-H)

The mass spectra for all four of the 2-silanorbomene iso
mers, 2a-e, were very similar; m/e (relative intensity) 290 
(20) and 290 (58) (M+), 233 (17), 225 (16), 224 (11), 206 
(12), 169 (33) and 167 (100) (PhClSiVi)+, 168 (13), 141 (23), 
63 (13); Anal. Calcd. for SiCv&Cl: C, 70.19; H, 7.97. Found 
for a mixture of the 2-silanorbornene isomers, 2a-d; C, 70.48; 
H, 7.98.

Trapping Reaction with Anthracene. To a mixture 
of 4 g (20 mmol) of dichlorophenylvinylsilane and 8 g (46 
mmol) of anthracene in 700 mZ of dry benzene at room tem
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perature was slowly added 12 m/ (20 mmol) of a solution 
of 1.7 M E-butyllithium in pentane. The mixture was allow
ed to room temperature and stirred overnight and benzene 
solvent was evaporated off. Then the reaction mixture was 
dissolved in hexane, lithium chloride and anthracene were 
filtered off. Procedure as described above was followed by 
GLC analysis which gave 75% yield of Z-, 3a, and £-2-chloro- 
2-phenyl-3-neopentylE5,6 : 7,8]dibenzo-2-silabicyclo[2.2.2]oc- 
tanes, 3b. The ratio 91/9 of Z-3a to E-3b was determined 
by 】H-NMR analysis for the sample which was purified by 
a preparative GLC. Cf5-configurational adduct, 3a was preci
pitated out from the reaction mixture in hexane at low tem
perature (ca. 0t). Recrystallization of this crude precipitate 
in hexane afforded the pure as-adducts (mp. 151-2t?, color
less crystal)

For Z-3a; 파LNMR 8 0.81 (s, 9H, (C(CH3)3), 1.28-1.45 (m, 
3H, CH and CH2), 4.13 (s, 1H), 4.32 (d,/그 2.1 Hz, 1H) (ben- 
zyl-H), 6.97-7.39 (m, 13H, aryl-H)

For £3b; 】H-NMR 8 0.74 (s, 9H, (C(CH3)3), 1.14-1.41 (m, 
3H, CH and CH2), 4.13 (s, 1H), and 4.27 (d,/=2.5 Hz, 1H) 
(benzyl-H), 7.11-7.59 (m, 13H, aryl-H); MS: m/e (relative in
tensity) 404 (3) and 402 (10) (M+), 179 (14), 178 (96) (anthra
cene^, 169 (34) and 167 (100) (PhClSiVi)\ 143 (10), 141 
(27), 63 (14); Anal. Calcd. for SiCzM^Cl: C, 77.48; H, 6.75. 
Found for a mixture of E-3a and Z-3b; C, 77.40 H, 6.78

Trapping Reaction with Methoxytrimethylsilane.
To a solution of 2.4 g (11.8 mmol) of dichlorophenylvinylsi- 
lane and 4.2 g (40 mmol) of methoxytrimethylsilane in 80 
ml of dry w-hexane cooled to — 7眩 was slowly added 7 
ml (11.8 mmol) of 1.7 M ^erf-butyllithium in pentane. The 
reaction mixture was allowed to warm slowly to room tempe
rature and stirred overnight. Lithium chloride which had 
formed removed by using centrifuge. After the reaction mix
ture was concentrated by the evaporation of solvent, colorless 
liquid was obtained which analysis inidicated to be 94% si- 
lene adducts. The samples for the characterization were pu
rified by a preparative GLC and the ratio 90/10 of 4a/4b 
was determined by 】H-NMR

For 4a(4b); 】H・NMR 8 0.10 (0.06) (s, 9H, Si(CH3)3)f 0.38 
(0.43) (ddj=2.8, 15.7 Hz (25, 6.1 Hz), (1H, SiCH), 0.70 (0.75) 
(s, 9H, C(CH3)3), 1.44 (1.41) (dd, /=2.8, 14.4 Hz (2.5, 14.3 
Hz), 1H) and 1.77 (1.70) (dd,/=5.7, 14.4 Hz (6.1, 14.3 Hz), 
1H) (CHQ, 3.50 (3.46) (s, 3H, OCH3), 7.38-7.70 (m, 5H, aryl- 
H); 13C-NMR 8 0.14 (-0.02) (Si(CH3)3), 10.57 (11.48) (CH), 
29.31 (29.31) (C(CH3)3, 31.56 (31.67) (C(CH3)3), 36.49 (31.67) 
(CH2), 51.10 (50.82) (OCH3), 12749, 12790, 128.18, 130.37, 
13387, 134.25, 134.57 (aryl-carbons); MS: m/e (Native inten
sity) 313 (20) and 315 (7) (M-15)\ 171 (10), 164 (14), 163 
(100), 141 (15), 137 (11), 121 (17), 107 (11), 91 (24), 73 (91), 
63 (13), 59 (56), 57 (45); Anal. Calcd. for SizC^H^OCl; C, 
58.41; H, 8.88. Found for a mixture of 4a and 4b: C, 58.63;
H, 8.90.
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Stainless Steel Surface Oxidized 
in Strong Oxidizing Solution
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Stainless steel 304 2B and BA are oxidized in 2.5 M CrO3/5.0 M H2SO4 solution, and elemental composition and 
oxidized state of the surface region is analyzed as a function of the surface depth using X-ray photoelectron spectro
scopy. It is found that Fe and Cr are preferentially oxidized and diffuse outward following the oxidation. Element 
Ni, the third major component of the steel is not oxidized and remains deep under the surface. It is also found 
that the oxidized Fe dissolves considerably into the solution thereby enriching the gas-oxide interface with Cr.

Introduction

Stainless steels are multi-component alloys, and their sur

face layers have a different elemental composition as a con
sequence of surface treatment given in the course of rolling 
the steel. The surface layer so formed protects the bulk from


