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The reaction of chlorodimethylvinylsilane with tert-

butyllithium was investigated in the presence of several 

conjugated dienes. In all cases except with 2,5-dimethyl-

furan, [2+4] cycloadducts of a silene intermediate are ob-

tained in hydrocarbon solvents. The presence of THF in the 

reaction mixture suppresses the formation of cycloadducts 

in favor of 1,3-disilacyclobutanes. In the reaction of 

dimethylethoxyvinylsilane or dimethylmethoxyvinylsilane 

with tert-butyllithium the main product is the 1,1-dimethyl-

2-neopentyl-4-(dimethylalkoxysilyl)silacyclobutane. It is 

concluded that lithium chloride elimination to give silene 

intermediates occurs in hydrocarbon solvents. In the presence 

of strong Lewis bases or when the leaving group on silicon 

is an alkoxy group, the addition reaction giving a-lithio-

silanes occurs and products arising from their coupling 

reactions are obtained. 

A study was also made on the reaction of strong acids 

with 2,2-dimethyl-3-neopentyl-2-silanorborn-5-ene in carbon 

tetrachloride and DMSO to give 3-(3-cyclopenten-l-yl)-2,5,5-

trimethyl-2-silahex-2-yl- cleavage products. When the reaction 

is done with a sample enriched in one isomer of the 2-silanor-

bornene and followed by "'"H NMR, only the ring cleavage products 



are observed. Similar reactions using deuterosulfuric acid 

and analyzed by GC/MS result in deuterium incorporation in 

the product but not in the partially reacted 2-silanorbornene. 

It is concluded that the ring opening reaction occurs too 

quickly to allow loss of a proton from the cation intermediate 

formed in the first step of the reaction. 

In the final part of this investigation, evidence 

consistent with cr-u conjugation is obtained in the red shift 

of the type transition in the 2-silanorbornene relative 

13 
to some carbon analogs. C NMR indicates that the neopentyl 

group at C-3 causes some serious steric interactions with 

29 . 
C-5. Si NMR also shows that the proximity of the silicon 

atom to the carbon-carbon ir, the distortion of the ring due 

to the length of the silicon-carbon a bonds, and the neopentyl 

group at C-3 may cause effects which are at least as impor-

tant as a-Tr interactions in the 2-silanorbornene. 
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CHAPTER I 

INTRODUCTION TO SILENE CHEMISTRY 

Stable compounds containing multiple-7r bonds among 

second-row elements are well known. Their chemistry con-

stitutes the basis for organic chemistry in general. In 

contrast to this, IT bonds formed by elements of the second 

and subsequent rows are generally unstable or non-existent 

(1-4) , although some elements for which ir bonds have been 

found include phosphorus (5,6), arsenic, antimony, bismuth, 

selenium, silicon, germanium, etc. (7-13). This general 

reluctance of second and subsequent row elements to form 

ir bonds has been explained by the large size of atoms 

reducing the overlap of the p orbitals (14-22), or the 

diffuse nature (23,24) or the high energy (25) of np 

orbitals with n>2. 

Specifically, intermediates containing silicon-carbon 

TT bonds, silenes, have been postulated for many years. In 

1912, diphenylsilene was postulated as the major product 

in the reaction of silicon tetrachloride with phenylmag-

nesium bromide and methyl magnesium bromide followed by 

hydrolysis with water (26). Compound I did not react with 

bromine or aqueous permanganate, however, and was later 

found to be a mixture of dimethyldiphenylsilane, 



1)PhMgBr, MeMgBr 
SiCl, > MePh9SiOH > Ph0Si=CH9 

q 2)H20 ^ z 

Scheme 1 

diphenylmethylsilanol, and biphenyl (27). Other reports 

postulating stable compounds and intermediates containing 

silicon-carbon double bonds, silenes, continued to appear 

from time to time (28). Until recently, these earlier 

reports of silenes were generally proven incorrect. In 

1966, however, the pyrolysis of monosilacyclobutanes was 

reported to give ethylene and 1,3-disilacyclobutanes (29). 

2 R2^1_| £QIllc ^ R2Si1 I + 2 CH2=CH2 
—SIR2 

Scheme 2 

Kinetic data were gathered for this reaction and 

compared to those from the analagous reaction with a 

R2C 400 C R2CH=CH2 + CH2=CH2 

Scheme 3 
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substituted cyclobutane (30). The Arrhenius parameters 

obtained for the two reactions were very close and there-

fore suggested the same mechanism for the two reactions 

(31) . 

Me2si-j~| > [R2Si=CH2] CH2=CH2 

k (sec -1) = 1015 * 6exp (-62300/RT) 

Me2C • Me2C=CH2 + CH2=CH2 

k(sec 1) = lO1^"^8exp(-61000/RT) 

S cheme 4 

This was the first substantiated claim of a silene, 

although the highly reactive silene dimerized rapidly. 

Later, further evidence for silenes in this reaction was 

found by doing the pyrolysis in the presence of dienes 

(32) . The apparent Diels-Alder cycloaddvicts were formed 

as shown in Scheme 5. 



r\ \ 

Me0Si—I A 
2 L J > [Me SL=CH ] 

-(CH2=CH2) o-

S cheme 5 

At this point, interest in silenes increased, and a 

large number of reports of silenes have appeared to 

date (28). The majority of these reports have been of 

silenes formed by the high temperature thermolysis of 

silacyclobutanes (28,29-32) or other cyclic silicon 

compounds (33,34). Also, intermediates which behave as 

silenes have been photochemically generated (35-38). At 

least one other route to silenes has become important, 

however. 
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Organolithium compounds bearing negative charge a to 

a silyl substituent are known to be unusually stabilized 

(39-43). These a-lithiosilanes have been prepared by 

metallation (44-49), metal-halogen exchange (44,50-52), 

and the addition of organolithium reagents to vinylsilanes 

(44,53-55). For the most part, these reports have dealt 

with silanes bearing no functional groups on silicon, 

a-lithiosilanes which bear functionality on silicon have 

received relatively little attention. These intermediates 

are important because of the possibility of B-elimination 

of lithium halides to yield silenes. 

Seyferth and Lefferts reported the formation of the 

1,3-disilacyclobutane, II, from the reaction of bis(tri-

methylsilyl)bromolithium with chlorodimethylsilane at 

low temperature in mixed THF/ether solvent (50). Evidence 

(Me3Si)2CBrLi + Me2SiCl2 

Me„Sj 

(Me3Si)2 

SiMe3)2 

Scheme 6 
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was presented for the formation of II via the a-lithio-

silane, IV, produced by lithium-halogen exchange with the 

initial coupling product, III. As shown in Scheme 7, IV 

RLi^ Me^SnCl 
(Me0Si) 0C—SiMe0 (Me,Si)0C—SiMe0 > (Me^Si) 0C—SiMe-

3 2| | 2 ~Br, 3 2| | 2 3 2| I 
Br CI Li CI Me^Sn Cl 

III IV 

Scheme 7 

could be easily trapped with chlorotrimethylstannane. 

Therefore, the authors suggested a reaction path involving 

a series of sequential coupling, metallation reactions for 

the formation of II rather than the dimerization of a 

silene intermediate formed by loss of lithium chloride 

from IV. 

Rutherford and Seidewand reported the metallation of 

benzylchlorodiphenylsilane and benzyldiphenylmethoxysilane 

using tert-butyllithium in the presence of THF or TMEDA at 

-78°C (49). The resulting a-lithiosilanes were derivatized 

with chlorotrimethylsilane and the a-trimethylsilyl 

.R T, Me,SiCl 
PhCH0SiPh0X PhCH—SiPh0 > PhCH—SiPh0 

2 2 -78 C I I I I 
X=-C1 or -OMe Li X Me3Si X 

V 

Scheme 8 
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compounds were obtained in 75% yield. These reactions 

gave no evidence for the elimination of LiX from the a-

lithio intermediate, V, to give a silene of the type 

shown below. The most liklely form of evidence for the 

PhCH-SiPh2 - * - > [PhCH=SiPh2] > 

Ph 

Ph^Si 

SiPh 
2 

Ph 
Li X 

V VI VII 

Scheme 9 

formation of VI would have been the discovery of the 1,3-

disilacyclobutane, VII, in the reaction mixture. This 

compound was not identified; however, where X=C1 an 

unidentified higher boiling material was observed in 5% 

yield. 

Another study involving a-lithiosilanes with func-

tionality on silicon was reported by Wiberg and Preiner 

(51). They ran a lithium-halogen exchange reaction on the 

bromide, VIII, which contained various functional groups 

attached to silicon. They claimed that the initially 

formed a-lithiosilane, IX, underwent ^-elimination to give 

the silene, X, which dimerized to give the 1,3-disila-

cyclobutane, II. 



(Me3Si) 2C—SiMe2
 n B u L l > (Me3Si) 2C—SiMe2 ~ L l L > [ (Me3Si) 2C=SiMe2] 

Br L Li L 

VIII, L=Br, Ph2P02, IX X 

(Ph0)PhP02, (Ph0)2P02, ^ 

Ts II 

Scheme 10 

When this reaction was carried out using 2,3-dimethyl-

1,3-butadiene, bis(trimethylsilyl)diazene, and trimethyl-

silyl azide as trapping reagents, the respective apparent 

[2+4], [2+2], and [2+3] cycloadducts of the traps with the 

11 
(Me3Si)2 

(Me3Si)2 

, Me 0 S i—N=N—S iMe ̂  ^—SiMe,, 
[ (Me3Si) 2C=SiMe2] ;—̂  2-— > 3 I I 

x i Me3Si^
N NvSiMe3 

(Me3Si)2 SiMe, 

M e3 S i N3 . Y X « 2 

^ rfss./ S i M e3 
N 

Scheme 11 



silene, X, were obtained. These cycloadducts were not 

obtained when the same reactions were carried out in THF 

(52) . 

Barton and Banasiak have given evidence for the 

production of the transient 1-methylsilabenzene in a 3~ 

elimination reaction involving an a-lithiosilane (56). 

The reaction of lithium-bis(trimethylsilyl) amine with 

l-chloro-l-methyl-sila-2,4-hexadiene gave the transient 

silabenzene, XI, whose existence was supported by the 

apparent product of the trapping reaction with 1,4-per-

fluorobutyne, as shown below. 

Me CI 

LiN (SiMe3)2 a, 
Si 
/ \ , 

Me CI 

-LiCl 

F3C-C=C-CF3 

J C F i 
Me 3 

Scheme 12 

Finally, in one last report of an a-lithiosilane 

bearing functionality on silicon, Barton and Tully showed 
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that the a-lithiosilane, XXI, did not lose LiBr to form 

the dibenzosilafulvene, XIII, in THF (57). 

(tBu)„Si-Br 
Li 

D D 
XII 

-X-

XX 
• 

XIII 

+ LiBr 

Scheme 13 

So far, all of the reports cited of a-lithiosilanes 

bearing functionality on silicon have involved lithium-

halogen exchange or metallation as the route to the a-

lithiosilane. As stated above, several reports have been 

made on the formation of a-lithiosilanes via addition of 

an organolithium reagent to a vinylsilane. Only one of 

these involved the addition of an organolithium reagent 

to a vinylsilane bearing functionality on silicon (53). 

In this report, Cason and Brooks reacted excess phenyl-

lithium with trichlorovinylsilane in ether. Following the 

hydrolytic work-up, a 4% yield of g-phenethyltriphenyl-

silane was obtained. 

PhLi + CloSi'^\ 
H9O 

Ph =-> Ph3Si Ph 

Scheme 14 
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In 1977, Jones and Lim reported that the reaction of 

tert-butyllithium with chlorodimethylvinylsilane in hexane 

gave cis- and trans-2,4-dineopentyl-l,1,3,3-tetramethyl-

1,3-disilacyclobutane, XVIa and XVIb, in yields of greater 

than 80% (58). 

~ Li + 

CI 

V 
Me2Si 

Me0Si 
2I 
CI 

Me0Si x 
2| % 

Cl Li 

XIV 

Me2Si 
- r 

Np 

Np SiMe, 

[Me2Si=CHNp] 

XV 

XVI a=cis-

b=trans-

Scheme 15 

Attempts to trap XIV with excess chlorotrimethylsilane 

at -78°C in hexane were not successful. It was found that 

the coupling of XIV with chlorotrimethylsilane was slow 

in comparison to the production of XVI. In a subsequent 

report on the reaction, apparent cycloadducts of XV with 
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1,3-butadiene were obtained (59) . Chapter II deals with 

additional studies on the intermediates resulting from 

the addition of an organolithium reagent to a vinylsilane 

bearing functionality on silicon. Chapter II also contains 

a study of the control of the reaction which produces XV 

and the control of the reactions of XV itself. 
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CHAPTER II 

STUDIES ON THE PREPARATION AND PROPERTIES 

OF SILENES AND SILENOIDS 

In 1977, Jones and Lim reported that the reaction of 

tert-butyllithium with chlorodimethylvinylsilane gave the 

isomeric cis- and 'trans-1,1,3,3-tetramethyl-2,4-dineopen-

tyl-1,3-disilacyclobutanes, la and lb, in greater than 80% 

yield (1). In addition, a second report by Jones and Lim 

/ • 
/ i 

• Si^ + —J—Li 

CI 
1 

•k 

Si— 
\ 

I a=cis-

b=trans-

Scheme 1 

gave extensive evidence for the first step in the reaction 

being addition of the tert-butyllithium to the vinyl group 

of the silane to give the alpha-lithiochlorosilane, II (2), 

Furthermore, they suggested that the first step of the 

reaction was the same when using hexane, ether, or THF as 

the solvent. 

18 
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II 

Scheme 2 

At this point they recognized the fact that the reac-

tion could proceed to give the product, la and lb, by two 

Path A Path B 

Si=C 

J— 

Scheme 3 

different routes. In path A, II couples with chlorodi-

methylvinylsilane to give 3,3,6,6-tetramethyl-4-(chlorodi-

methylsilyl) -3-silahept-l-ene , III, which could react with 

tert-butyllithium to give I. In path B, loss of lithium 
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chloride from II gives rise to the silene intermediate, 

IV. Such intermediates are known to dimerize in a head-

to- tail fashion (3,4) , which could explain the formation 

of I. 

Path A requires that the coupling of chlorodimethyl-

vinylsilane with II must compete favorably with other 

possible reactions of II, viz., addition or coupling reac-

tions. On the other hand, path B requires that elimination 

of lithium chloride from II must compete favorably with 

the other possible reactions of II described above. In 

order to distinguish between the two pathways, a series of 

competition experiments was run (2). 

In the first experiment, tert-butyllithium was added 

to a hexane solution of equimolar quantities of chlorodi-

methylvinylsilane and chlorotrimethylsilane at -78°C. 

Only the disilacyclobutane, I, was obtained. In the second 

experiment, the solution resulting from the addition of 

one equivalent of chlorodimethylvinylsilane to tert-butyl-

lithium in hexane at -78°C was warmed to -40°C for 15 

minutes. The mixture was again cooled to -78°C and excess 

chlorotrimethylsilane in THF was added. Again, only the 

disilacyclobutane, I, was obtained. These seemed to indi-

cate that, in hydrocarbon solvent, the coupling of the 

alpha-lithiosilane, II, with other chlorosilanes is slower 

than the reactions leading to the disilacyclobutane. 
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Therefore, path A does not seem likely for disilacyclobu-

tane production in hexane. These results do not rule out 

the possibility that path A is responsible for the pro-

duction of I in THF, however. 

One further competition experiment was performed on 

the reaction of tert-butyllithium with chlorodimethyl-

vinylsilane and chlorotrimethylsilane at -78°C using THF 

as the solvent. Four products, V, VI, III, VII, in 

addition to the disilacyclobutanes, I, were obtained from 

this reaction. 

— S i - " ^ 

I 
CI 

Li 
A 
rsi-ci 

THF 

-78°C 
> I (19%) + 

III (4%) V (14%) 

VI (28%) VII (18%) 

S cheme 4 
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These products all could arise from coupling of II 

with the chlorosilane available in the reaction mixture. 

The isolation of III in the above reaction mixture was 

important because it could be tested directly as an inter-

mediate in path A. When a hexane solution of III was 

treated with one equivalent of tert-butyllithium, I was 

obtained in 65% yield. Formation of the accompanying 

lithium chloride precipitate seemed slow, however; so a 

competition experiment was run in which a mixture of 

chlorodimethylvinylsilane, I, III, and VII was treated 

with tert-butyllithium. GLC analysis of this reaction 

showed that only chlorodimethylvinylsilane was converted 

to I. Thus, it was established that III could not be a 

precursor to I in the reaction of tert-butyllithium with 

chlorodimethylvinylsilane in hexane because the overall 

rate of a series of reactions cannot exceed the rate of 

one of the steps. Therefore, path A, involving a 

sequential addition/coupling pathway in the formation of 

the disilacyclobutane, I, from chlorodimethylvinylsilane, 

can be ruled out in hydrocarbon solvent. 

When other alkyllithium reagents are used under the 

same conditions, products are obtained which are consistent 

with the above results. In THF, the main products are 

those arising from coupling and sequential addition/coup-

ling; while in hexane, polymeric material makes up the 
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bulk of the products (5). As was pointed out by the 

authors, the evidence supports path B but does not conclu-

sively show that path B is the route by which la and lb 

are formed in hexane. 

In considering the above evidence, it seems clear 

that the reaction shown earlier in Scheme 1 probably 

proceeds through path B as shown in Scheme 3. This neces-

sarily involves the intermediacy of a silene, IV. The key 

word in the above statement is "probably," for only evi-

dence against path A has been presented. In order to 

present positive evidence for path B and the intermediacy 

of IV, it must be shown that the silene, IV, can be trapped. 

It has been established that silenes, generated from the 

thermolysis of silacyclobutanes, will give apparent [2+2] 

cycloaddition products with alkenes (6) and [2+4] cyclo-

addition products with dienes (7,8,9). Therefore, experi-

ments using 1,3-butadiene (2) and isoprene (10) as 

trapping reagents for IV were performed on the reaction in 

question (Scheme 1) by Jones and Lim. 

The reactions were run by adding one equivalent of 

tert-butyllithium to a solution of one equivalent each of 

chlorodimethylvinylsilane and the diene in hexane at 

—78°C. These solutions were allowed to warm to room tem-

perature and were stirred overnight. Kydrolytic work-up 

gave the product mixtures which were then analyzed. 
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When 1,3-butadiene was used as the trapping reagent, 

the products and percent yields obtained are shown below 

in Scheme 5. Product XI presumably arises from addition 

\ 
Si^% 

CI 

VIII (18%) 

• L i
 h e x a n^> I, (44%) + 

-78°C 

IX (22%) X (7%) XI (11%) 

S cheme 5 

of tert-butyllithium to 1,3-butadiene followed by coupling 

with chlorodimethylvinylsilane. It was pointed out that 

products VIII, IX, and X could be formed either by addition 

of the alpha-lithiochlorosilane, II, to butadiene followed 

by ring closure (Scheme 6) or by cycloaddition of 1,3-

butadiene with IV. This pathway was ruled out on the basis 

of the formation of XIV which would be formed by a pre-

viously unobserved 2,1-addition of the alkyllithium rea-

gent to 1,3-butadiene (11). Furthermore, in similar 

systems, 1,2-additions leading to products corresponding 

to XIII are suppressed in favor of 1,4-addition which lead 

to analogs of XII (12). Therefore, path B was left as the 

only reasonable alternative in the formation of the 
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XIV 

"> (VIII) 

Scheme 6 

products I, VIII, IX, and X in this case. This conclusion 

was further supported by the observation of Jones and Lim 

that the ratio of [2+2] products, VIII and IX, to the 

[2+4] product, X, is consistent with cycloaddition of the 

highly reactive silene, IV, to the predominant s-trans 

conformer of 1,3-butadiene. 

When isoprene was used as the trapping reagent (10) 

under the same conditions, the products and percent yields 
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obtained are shown below in Scheme 7. Although all the 

products were not well characterized, it is clear that the 

\ 

CI 

L i h e x a n e > z ( 3 Q % ) + 

-78 C 

or 

XV (10%) 

Scheme 7 

results are consistent with the results obtained when 1,3-

butadiene was used as the trapping reagent. If the same 

line of reasoning is used to explain the origin of these 

products that was used to explain I, VIII, IX, and X in 

the preceeding example, it is safe to assume that products 

I and XV were formed via the silene intermediate, IV. The 

obvious difference in this example is that only products 

corresponding to [2+4] cycloaddition of the diene with IV 

are found in contrast to the apparent [2+2] and [2+4] 

cycloadducts obtained when 1,3-butadiene was used as the 

trapping reagent. Perhaps this can be explained due to 

the lowered rotational barrier about the internal C-C bond 

in isoprene as opposed to 1,3-butadiene. It has been 
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shown that the rotational barrier between the s-cis and 

the s-trans conformers in isoprene is about 1.9 kcal/mole 

less than the barrier for the corresponding rotation in 

1,3-butadiene (13). It also has been shown that the 

energy difference between the s-cis and the s-trans con-

formers of isoprene is less than that of the s-cis and 

s-trans conformers in 1,3-butadiene (13). In light of 

the above facts, it appears that in the reaction of the 

silene, IV, with 1,3-butadiene and isoprene, the [2+4] 

cycloaddition occurs faster than the [2+2] cycloaddition 

or that the activation energy appears to be less for the 

[2+4] cycloaddition than for the [2+2] cycloaddition. 

Furthermore, it is possible that the [2+2] cycloadducts 

were found only in the 1,3-butadiene case because the 

s-trans conformer was present in such large excess. 

With this background and these preliminary results, 

it was decided to further explore the possibilities of 

trapping the silene, IV, with other conjugated dienes; 

therefore, the following experiments were run. When 

2,3-dimethyl-l,3-butadiene was used as the trapping rea-

gent, three different experiments were performed (Exp. 3, 

4,5). The products from, these reactions are shown below 

and the yields are given in Table I. 
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TABLE I 

SUMMARY OF THE RESULTS WITH 
2,3-DIMETHYL-l,3-BUTADIENE 

Product Yields (%) 

Expt „ Solvent I VII XVI XVII XVIII 

a 
3 hexane 4 0 45 18 0 
b 

4 hexane 3 0 20 9 0 
c 

5 THF 9 70 0 0 18 

a) Addition of tert-butyllithium to chlorodimethylvinyl-
silane at -78°C then addition of the diene after three hours 

b) Addition of chlorodimethylvinylsilane to tert-butyl-
lithium at -78°C then addition of the diene after three 
hours. 

c) Addition of tert-butyllithium to a solution of 
chlorodimethylvinylsilane and the diene at -78°C. 
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It is interesting to note that in hexane only the 

[2+4] cycloadduct was found. None of the [2+2] cycloadduct 

was detected. This was consistent with t le results with 

1,3-butadiene and isoprene because 2,3-dimethyl-l,3-buta-

Dirt the s-trans to 

1 only [2+4] 

diene has a lower barrier for rotation fr 

the s-cis conformer than isoprene (14) an< 

cycloadduct was obtained with isoprene. product XVII, 

found in 18% yield, was formed by addition of tert-butyl-

lithium to 2,3-dimethyl-l,3-butadiene followed by hydroly 

sis. In THF (Exp. 6), no cycloadducts of any kind were 

Li 
Li+ 

H9O Z > 

Scheme 9 

found; however, two products were obtained which were not 

present when hexane was the solvent. The 

XVIII and VII, probably arise from addition of tert-

substitution butyllithium to chlorodimethylvinylsilane 

at silicon, and then hydrolysis (XVIII) o^ coupling of the 

alpha-lithiosilane, II (VII). 

W LiOH 

XVII 

major products, 
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coupling 

VII 

hydrolysis 

XVIII 

Scheme 10 

Another conjugated diene which was used as a trapping 

reagent for the silene, IV, was cyclopentadiene. Several 

experiments were performed in this system and the main 

products are shown below. Again, where hexane was used as 

\ 

•~i 
CI 

•Ll + O hexane or THF, 

-78°C 
> I + XVIII + VII + 

Ĉ L + 
XIX exo-XX endo-XX 

Scheme 11 
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the solvent, only the [2+4] cycloadducts were obtained; in 

this case, both the exo- and endo- isomers of the silanor-

bornene, XX, were obtained in a 55:45 ratio. 

These isomers were distinguished by 100 MHz NM.R, as 

shown on the following pages in which the methyl groups on 

silicon and the allylic proton, H-4, provided the clues to 

the identities. In exo-XX, the endo-methyl on silicon is 

shielded by the rear lobe of the TT bond, and the exo-methyl 

is shielded by the neopentyl group adjacent to it. These 

absorptions occur at 0.17 and 0.02 ppm, respectively. 

However, in endo-XX, the shielding of the two methyl groups 

on silicon differs more than in the exo- isomer. The exo-

methyl is no longer shielded by the neopentyl group, but 

the endo- methyl is shielded by both the neopentyl group 

and the rear lobe of the IT bond. The respective absorptions 

in this case are 0.24 and -0.03 ppm. Further, the allylic 

proton, H-4, also helped to differentiate between the two 

isomers. In exo-XX, H-4, shielded by the neopentyl group, 

is found at 2.60 ppm. In endo-XX, in which the neopentyl 

group is away from H-4, the absorption is at 2.83 ppm. 

These data are consistent with assignments made by Davis 

and VanAuken in a similar case (15). 

Several experiments were run in this system in which 

the time between the addition of tert-butyllithium and 

cyclopentadiene was varied (Exp. 6,7,8,9). This was done 
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in the belief that the addition of tert-butyllithium to 

the vinyl group of chlorodimethylvinylsilane was slow at 

-78°C. The results, as given in Table II, show no apparent 

dependence on this time. If this time was important, then 

TABLE II 

EFFECT OF TIME3 ON TRAPPING, REACTION 
WITH CYCLOPENTADIENE 

Product Yields (%) 

Exp. # 
Time 
(Hrs) I VII XVIII XIX XX 

6 0 9 0 8 36 16 

7 2.5 6 0 6 34 14 

8 4.5 16 0 17 29 33 

9 00
 

• o
 

0 0 6 24 14 

a) Refers to interval between addition of tert-butyl-
lithium and cyclopentadiene. 

b) All reactions were run in hexane at -78°C 

with longer times, more of product XX should be formed. 

This was not the case. Product XX was formed in greatest 

yield in experiment 8. 

It is interesting to note that product XIX remained 

essentially constant in all the reactions. This product 

presumably is formed by metallation of cyclopentadiene by 
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tert-butyllithium and coupling with chlorodimethylvinyl-

silane. It is possible that retaliation could occur via 

the alpha-lithiochlorosilane, II, or the intermediate, 

XXI, as shown below. The route leading to metallation of 

\ 
-Si 

CI Li 

II 

\ 
.Si-
I 
CI H 

or 

\ . 
"T 
CI X" 

H N 

Scheme 12 

cyclopentadiene via XXI was ruled out on the basis that no 

products resulting from the reaction could be detected. 

Because cyclopentadiene is readily rcetallated it is not 

unreasonable to suggest that II or XXI could have been 

involved in the process if they had been present. If II 
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or XXI were not present in the reaction mixture in appre-

ciable quantities, then it is possible that the reactive 

silene intermediate, IV, was formed by a concerted 

addition-elimination process as shown below. 

I 
CI 

Li 

% ^ 
IV 

LiCl 

Scheme 13 

Since metallation of cyclopentadiene, XIX, results in 

a decrease in the amount of tert-butyllithium available for 

the formation of IV, several reactions were run in order 

to increase the yields of products due to addition of 

tert-butyllithium to chlorodimethylvinylsilane relative to 

metallation products. First, an experiment was run in 

which a five-fold excess of cyclopentadiene was added to 

a solution of tert-butyllithium and chlorodimethylvinyl-

silane in hexane at -78°C (Exp. 10). Then, two experiments 

were run in which one equivalent of tert-butyllithium was 

added to a five-fold excess of chlorodimethylvinylsilane 
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and one equivalent of cyclopentadiene (Exp. 11,12). This 

was done so that the chances of tert-butyllithium reacting 

with the silane would be greater than the chances of it 

reacting with cyclopentadiene. The results are shown in 

Table III. As can be seen, the yield of XX was still not 

TABLE III 

OPTIMIZATION OF REACTION CONDITIONS IN THE 
TRAPPING REACTION WITH CYCLOPENTADIENE 

Exp. # Temp. (°C) 

Product Yields (%) 

Exp. # Temp. (°C) I VII XVIII XIX XX 

10 -78 0 0 5 18 10 

11 -78 18 0 2 15 19 

12 0 11 0 3 10 19 

high but the amount of metallation product, XIX, was 

decreased. In fact, the ratio of products arising from 

reaction of tert-butyllithium reagent with vinylsilanes 

to XIX increased from 0.8 to 3.3 as shown in Table IV. 

The change in temperature appeared to have little or no 

effect on the yield of XX. 
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TABLE IV 

RATIO OF SILENE PRODUCTS TO 
METALLATION PRODUCTS 

Exp. # Temp. (°C) 

Equivalents of 

Ratio 
I+XX+XVIII/XIX Exp. # Temp. (°C) Silane Diene 

Ratio 
I+XX+XVIII/XIX 

6 -78 1 1 0.9 

7 -78 1 1 0.8 

8 -78 1 1 2.3 

9 -78 1 1 0.8 

10 -78 1 5 0.9 

11 -78 5 1 2.6 

12 0 5 1 3.3 

The presence of XVIII in the reactions using hexane 

as solvent was at first alarming. Previously, this product 

was explained as coning from addition of tert-butyllithium 

to chlorodimethylvinylsilane, substitution at silicon, and 

then hydrolysis. However, XVIII could also be explained 

by addition of tert-butyllithium across the double bond 

of IV followed by hydrolysis. The two processes are 

illustrated below. 
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Scheme 14 

> XVIII 

The effect of THF on the reaction with cyclopentadiene 

is similar to that observed with 2,3-dimethyl-l,3-butadiene 

as shown below. No cycloadducts of any kind were found in 

either reaction. 

TABLE V 

COMPARISON OF THE RESULTS OF REACTIONS WITH 
2,3-DIMETHYL-l,3-BUTADIENE AND 

CYCLOPENTADIENE WHEN RUN 
IN THF 

Product Yields (%) 

[2+4] 
Exp. # Diene Cycloadduct I VII XVIII 

5 H 0 9 70 18 

13 O 0 45 17 16 
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With cyclopentadiene, a series of reactions was run 

to test the effect of THF on the trapping reaction (Exp. 

13,14,15,16). The results are given below. Again, only-

products which could arise from II were found. 

TABLE VI 

EFFECT OF THF ON THE TRAPPING REACTION 
WITH CYCLOPENTADIENE 

Exp. # 

Solvent Product Yields (%) 

Exp. # Hexane (%) THF (%) I VII XVIII XIX XX 

13 0 100 45 17 16 0 0 

14 80 20 48 23 12 0 0 

15 90 10 46 0 36 0 0 

16 96.8 2.3 a 32 0 8 0 0 

8 100 0 16 0 17 29 33 

a) This figure represents one equivalent of THF. 

It was found that as little as one equivalent of THF 

in the reaction mixture completely suppresses the formation 

of XIX and XX. The lack of formation of XIX could be 

explained by the fact that THF is known to promote the 

addition of alkyllithium reagents to olefins (16). This 

would result in increased affinity of tert-butyllithium 

for the vinylsilanes in relation to the cyclopentadiene. 
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The lack of any cycloadduct, XX, could be explained if no 

silene, IV, was produced. Thus, if only the alpha-lithio-

silane, II, was formed and elimination of lithium chloride 

did not occur, then the products in THF can be explained. 

The same argument applies to the case of 2,3-dimethyl-l, 

3-butadiene when THF was used as the solvent. 

A slightly different system had to be designed in 

order to trap IV with anthracene. The insolubility of 

anthracene in hexane or TKF forced the use of benzene as 

the solvent. In this system, tert-butyllithium was added 

dropwise to a heterogeneous mixture of chlorodimethyl-

vinylsilane and anthracene in benzene at room temperature 

to give the following results (Exp. 17,18,19). 

+ 

CI 

-Li 
benzene 

XXII 

Scheme 15 
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TABLE VII 

SUMMARY OF RESULTS WITH ANTHRACENE 

Exp. # Temp. (°C) Benzene (mL) 

Product Yields (%) 

Exp. # Temp. (°C) Benzene (mL) I XVIII XXII 

17 25 250 20 15 43 

18 80 250 80 10 0 

19 25 600 10 10 70 

When the reaction was carried out in sufficient 

benzene to dissolve all the anthracene (Exp. 19), the 

yield of XXII increased to 70% and the formation of the 

disilacyclobutane, I, was suppressed. The [2+4] cyclo-

adduct, XXII, was identified by its "'"H NMR spectrum which 

closely agreed with the spectrum of a similar compound 

recently reported by Sakurai (17). (The spectrum may be 

found on pages 89 and 90). 

Interestingly, when the reaction was carried out in 

refluxing benzene (Exp. 18), none of the cycloadduct, XXII, 

was obtained. The disilacyclobutanes, la and lb, were the 

only isolated products. It is possible that this was 

caused by the facile retro-Diels-Alder reaction at 80°C of 
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XXII to give anthracene and the silene, IV, which then 

dimerized to give I. 

XXII 
80°r.-

benzene 

2X » I 

Scheme 16 

To test this idea, the retro-Diels-Alder reaction was 

attempted by heating a benzene solution of XXII to reflux 

for two days (Exp. 20). Mo reaction occurred. A possible 

explanation is that high temperature inhibits the reaction 

of IV with anthracene, and thus the major product was I. 

. When attempts were made to trap the silene from the 

tert-butyllithium/chlorqdimethylvinylsilane reaction by 

(Exp. 21) or quadricyclane (18) 

:Jts were obtained. In both cases, 

the 1,3-disilacyclobutanes, I, were obtained in the usual 

70-80% yields. 

One of the most significant observations reported 

above is the complete suppression of cycloadducts of IV 

with the conjugated diene when 2,3-dimethyl-l,3-butadiene 

using 2,5-dimethylfuran 

(Exp. 22), no cycloadduc 
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or cyclopentadiene was used when THF was present in the 

system or when 2,5-dimethylfuran or quadricyclane were 

used in hydrocarbon solvent. This suggests that either 

the presence of a Lewis base inhibits the cycloaddition of 

the silene, IV, with conjugated dienes or that the silene, 

IV, is not found in THF. 

In the only other detailed study of the reactions of 

silenes produced from alpha-lithiosilanes with dienes, 

Preiner and Wiberg observed 20-78% yields of the [2+4] 

cycloadduct of the silene, XXIV, with 2,3-dimethyl-l,3-

butadiene in ether solvent (19). They also observed 

complete suppression of the cycloadduct, XXV, in favor of 

the dimer, XXVI, when the reaction was carried out in THF. 

In contrast to the above systems, Preiner and Wiberg 

showed that THF did not prevent the [2+4] cycloaddition of 

XXIV from a thermal source with 2,3-dimethyl-l,3-butadiene 

(19). Brook and co-workers have observed the cycloaddition 

of a silene produced by thermolysis with 2,3-dimethyl-l,3-

butadiene in THF (20) . Other silenes have been produced 

by photolysis in the presence of Lewis bases (21). Thus, 

the possibility that the presence of a Lewis base inhibits 

the cycloaddition of the silene with conjugated dienes can 

be eliminated. Therefore, it must be concluded that the 

silene, IV, is not formed in the reaction of tert-butyl-

lithium with chlorodimethylvinylsilane when THF or 2,5-

dimethylfuran are present. 
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These findings support the conclusion of Seyferth and 

Leffert that the disilacyclobutane, XXVI, formed from 

•Si—C—(SiMe0) „ 

I I 3 2 

E Li 

XXIII 

-LiE \ 
< Si: 
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XXVI 

XXIII, E=Br, in a dimethylether/THF solvent system was 

produced by sequential coupling rather than by silene 

dimerization (22) . The above results also have some 

bearing on the reported generation of silaben^ene by the 

dehydrochlorination of 1-chloro-l-methyl-l-silacyclohexa-

diene by using lithium bis(trimethylsilyl) amide (23). As 

Barton and co-workers noted in a subsequent report of an 
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unambiguous generation of silabenzene by a retroene 

reaction, the apparent adduct of silabenzene with 

perfluoro-2-butyne could have been produced by addition of 

an initially formed pentadienyl anion to the alkyne followed 

by an intramolecular displacement of chloride (24). The 

lack of any well characterized product from the reaction 

of sila-benzene with 1,3-butadiene and the presence of the 

Lewis base, hexamethyldisilazane, in their system seems 

to support our findings. Finally, in a more recent report, 

Barton and Tully reported their disappointment in the 

reluctance of XXVIII, formed by metallation of XXVII, to 

undergo LiBr elimination in THF (25) . They explained 

these results by suggesting that the stability of XXVIII 

was probably due to stabilization of the lithium cation by 

solvation by THF and steric inhibition to silene formation. 

Q • 
XXVII 

- X — > 

D D 
XXVIII 

Scheme 18 
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Based on our results, it is obvious that products 

which could only come from II (XVIII and VII) are formed 

only when THF is present. These kinds of products are 

never found in the hexane systems. Earlier attempts to 

trap II with chlorotrimethylsilane (described earlier) were 

only successful in THF. To date, no evidence has been 

obtained for the presence of the alpha-lithiosilane, II, 

in hexane. Indeed, when the reaction of tert-butyllithium 

and chlorodimethylvinylsilane is monitored by NMR, no 

peaks attributable to the alpha-lithiosilane are observed 

(1). There is no change in the spectrum until the temper-

ature reaches about -20°C, at which time peaks due to the 

starting materials decrease concomitantly with the appear-

ance of peaks due to the disilacyclobutanes, I. 

Based on these observations, it seems reasonable to 

suggest that silene formation occurs only in hydrocarbon 

solvents, perhaps by a concerted addition/elimination 

process similar to that illustrated below. The silene can 

then dimerize or react with any trap that might be present. 

The presence of THF or other strong Lewis bases (e.g., 

2,3-dimethylfuran) in the system promotes the addition 

reaction to give the alpha-lithiochlorosilane, II. Silene 

formation is suppressed in favor of coupling reactions of 

the alpha-lithiosilanes. This may well be due to the 

enhanced solvation of the lithium reagents in THF. In 
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hexane 
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the absence of appropriate traps, both pathways lead to 

the formation of high yields of the "apparent" silene 

dimers, the 1,3-disilacyclobutanes. 

The above discussion shows that there are few cases 

in which alpha-lithiosilanes bearing functionality (X) on 

silicon eliminate LiX to form silenes. It is also evident 

that in all the cases where the process does occur, the 

leaving group has a lability equal to or better than that 

of chloride ion (1,19-23). It, therefore, seemed 
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appropriate to study the effects of leaving groups of 

poorer lability than those in the reaction below. 

Si—c ~ L i X 

] I 
X Li 

[ s H 

X = CI, Br, (Ph0)2P02, 

(Ph0)PhP02, Ph2P02,Tos 

Scheme 20 

The reaction of two equivalents of dimethylethoxy-

vinylsilane or dimethylir.ethoxyvinylsilane with tert-butyl-

lithium in hexane at -78°C gave cis- and trans-1,1-dimethy1-

2-neopentyl-4-(dimethylethoxysilyl)silacyclobutane, XXXa, in 

86% yield or cis- and trans-1,l-dimethyl-2-neopentyl-

(dimethylmethoxysilyl)silacyclobutane, XXXb, in 88% yield, 

\ \ 
Si-% + - J - L i -78°C > ^ 

\ OR Si' 
/ 
OR 

XXIX a, R=-OEt XXX a, R=-OEt 

b, R=-OMe„ b, R=-OMe 
Scheme 21 
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respectively (Exp. 24,25). None of the disilacyclobutanes, 

I, the major product from the analogous reaction with 

chlorodimethylvinylsilane, could be detected in the 

reaction mixture. 

As shown in the original report (26) , the reaction 

appeared to be general for alkyllithium reagents that were 

soluble in hydrocarbons. Substitution at silicon resulted 

from the use of alkyllithium reagents which were hydro-

carbon insoluble. Also, when the reaction of tert-butyl-

lithium with two equivalents of dimethylethoxyvinylsilane 

was carried out in THF rather than hexane as the solvent, 

a complete change in products resulted (26). Instead of 

the silacyclobutanes, XXXa, compounds XXXI and XXXII were 

obtained. The yields are given in Table VIII. 

)si^ + _|_Li THF 

QEt 

OEt 

Scheme 22 
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TABLE VIII 

SUMMARY OF RESULTS WITH THE ALKOXYSILANES 

Exp. # R Solvent 

Product Yields (%) 

Exp. # R Solvent XXX XXXI XXXII 

24 Et hexane 86 0 0 

25 Me hexane 88 0 0 

26 Et THF 0 16 73 

The products obtained in these reactions (Schemes 21 

and 22) are all consistent with the following reaction 

pathway (Scheme 23). Reaction occurs by initial addition 

^Si N 

OR 

Li \ 
-Si 

I 

,0-*Li 

XXXIII 

\ 
Si-"% 

OR 
R' 

-LiOR XXX 

XXXIV 

Scheme 23 
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of tert-butyllithium to the vinyl group of the silane to 

give the alpha-lithiosilane, XXXIII, which then adds to 

another molecule of the vinylsilane to give intermediate, 

XXXIV. This intermediate can then undergo intramolecular 

coupling accompanied by elimination of LiOR to give the 

silacyclobutane, XXX. Apparently, increased solvation of 

XXXIV in THF is responsible for a difference in products 

in the two solvents, THF and hexane (26). The interme-

diates, XXXIII and XXXIV, are probably somewhat solvated 

by the lone pairs of electrons on oxygen; however, not to 

the extent seen when using THF as the solvent. When the 

findings presented earlier in which the better leaving 

groups were used in THF are coupled with the above results, 

there is no reason to believe that silenes of the type, IV, 

are being formed under the conditions in which these 

reactions were run. 

I 
RO 

XXIX 

4-Li 
hexane or THF 

\ 
.Si: 

IV 

Scheme 24 

The absence of the silene products in the alkoxy case 

can be explained by increased solvation of the lithium 
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compared to the chloro case where silenes are postulated 

to occur. This is supported by the fact that in the 

alkoxy systems, products corresponding to the alpha-lithio-

silanes, XXXIII and XXXIV, could be trapped in THF. Also 

consistent with the results is the fact that alkoxide 

anions are poorer leaving groups than chloride anions from 

silicon (27) . When considered together these two effects 

should both contribute to the stability of XXXIII and 

XXXIV (as does THF by solvation) and thus, other reactions 

occur rather than elimination of LiOR in XXXIII to give a 

silene. Of the two possible effects (in hydrocarbon 

solvent), leaving group lability is probably the more 

important. It should be noted that when X=(Ph0)2P02, 

(PhOjPhPC^, Pf^PC^, or Tos, all of which might stabilize 

XXXIII and XXXIV by the increased solvation of lithium due 

to the lone electron pairs on oxygen, but which are better 

leaving groups than -OEt or -OMe, silenes are postulated 

to occur (19). 

The leaving group effect can also be seen in the 

difference in the isomer distribution found for the dif-

ferent silacyclobutanes formed when dimethylethoxyvinyl-

silane and dimethylmethoxyvinylsilane are used as starting 

materials. The results are shown below in Table IX. In 

both cases, more of the cis- isomer is formed than trans-

isorner. 



TABLE IX 

EFFECT OF LEAVING GROUP ON 
ISOMER DISTRIBUTION 

OF XXX 

52 

XXX (%) 

RO Cis Trans 

EtO- 57 43 

MeO- 70 30 

The stereochemical preference for the cis- over the 

trans- isomer in the silacyclobutanes produced in the 

cyclization reactions is consistent with the reaction 

scheme proposed above. The stereochemistry of the 

R—0 

XXXIV 

» trans 

XXXIV 

Scheme 25 
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2,4-disubstituted silacyclobutane depends on the config-

uration at carbons 2 and 4 in the intermediate, XXXIV, 

when cyclization occurs. If both of these carbons have 

the same configuration, the cis- isomer will result. If 

the 2 and 4 carbons have opposite configurations, the 

trans- isomer will be produced in the cyclization. 

In the initial addition of the alkyllithium reagent to 

the vinylsilane, two achiral molecules, equal amounts of 

the R and S enantiomers of the alpha-lithiosilane inter-

mediate, XXXIII, should be produced. However, in the 

addition of XXXIII to a second mole of vinylsilane, the 

stereochemistry of the adducts is affected by the config-

uration of the chiral carbon in XXXIII. Examination of 

models of the compounds reveals that more effective coor-

dination of the lithium by the alkoxy group and fewer 

steric interactions develop during the addition it it 

occurs in the manner which produces the same configuration 

at carbons 2 and 4 in the intermediate, XXXIV. 

Simple, non-rigid secondary alkyllithium reagents are 

only configurationally stable at low temperatures and in 

the absence of electron donors (28). It seems reasonable 

that the coordinating effects of the alkoxy groups in 

XXXIV should be sufficient to permit inversion of config-

uration at carbon 4 in intermediate XXXIV. If this 

inversion is competing with cyclization in our systems, 
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the stereochemical results may be explained. Intermediate 

XXXIV; S,S or R,R; which leads to cis- product is formed 

more rapidly than XXXIV; S,R or R,S. With ethoxide as the 

leaving group, interconversion of the stereoisomers 

proceeds at a rate comparable to the cyclization leading 

to the 57/43 ratio of cis- to trans- product. It should 

be noted that steric interactions in XXXIV; S,R or R,S 

which leads to trans- product are greater than the steric 

interactions in XXXIV; S,S or R, R. When ethoxide is 

replaced with the better leaving group, methoxide, cycli-

zation occurs more rapidly than inversion and more of the 

cis- product is obtained. 

The results presented and discussed above can be 

summed up rather concisely. It has been shown that silene 

intermediates can be formed by the elimination of LiX 

from alpha-lithiosilanes bearing functionality on silicon 

and that they can be easily trapped by conjugated dienes. 

The only requirements on this reaction being that the 

leaving group on silicon be of equal or better lability 

than chloride anion and that strong Lewis bases be 

excluded from the reaction mixture. 

In addition, it was found that alpha-lithiosilanes 

bearing functionality on silicon could be prepared and 

reacted in various ways under the correct conditions. 

These conditions being the use of alkoxy groups as leaving 
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groups on silicon and/or the addition of a strong Lewis 

base (e.g., THF) into the reaction system. 

Therefore, it is possible to form alpha-lithiosilanes 

or silenes from the same precursors selectively by 

changing the reaction conditions and to further use the 

intermediates selectively in the synthesis of novel com-

pounds . 

Experimental 

Materials and Equipment 

The solvents, hexane and THF, were dried by distil-

lation from sodium-potassium alloy and lithium aluminum 

hydride, respectively. Benzene was washed with concen-

trated sulfuric acid, then water, and distilled prior to 

use. All experiments were carried out under an inert 

atmosphere. 

The glassware was either dried prior to use in the 

oven and assembled hot or assembled and then flamed while 

being flushed with dry nitrogen or argon. All air-

sensitive liquids, and the dried solvents, were trans-

ferred by standard syringe or double ended needle tech-

niques (29). Solutions of tert-butyllithium were obtained 

from Lithium Corporation of America and were standardized 

by using the method of Kofron (30). Chlorodimethylvinyl-

silane was obtained from Petrarch Systems or synthesized 
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by using an adaptation of the method of Okawara and 

Sakiyama (31) (Exp. 1). Dimethylethoxyvinylsilane was 

obtained from Petrarch Systems and dimethylmethoxyvinyl-

silane was synthesized using an adaptation of the method 

of Childs and Weber (32) (Exp. 23). Benzoyl chloride was 

obtained from Eastman and trimethylorthoformate from 

Aldrich. For GLC preparative work, 20 ft. X 3/8 in. 

stainless steel columns containing 10% SE-30 on 60-80 mesh 

Chromosorb AW—DCMS or 10% OV—17 on 80—100 mesh Supelcoport 

in a Varian Series 1800 gas chromatograph with thermal 

conductivity detectors was used. All yields were deter-

mined by GLC with n-butyl ether as the internal standard. 

For this work, 6 ft. X 1/8 in. stainless steel columns 

containing 3% SP-2100 on 100-120 mesh Supelcoport or 3% 

SP-2250 on 100-120 mesh Supelcoport was used in a Perkin-

Elmer Sigma-3 gas chromatograph with flame ionization 

detectors. Response factors and GLC conditions are given 

in Tables X and XI. "'"H NMR spectra were obtained on a 

Hitachi Perkin-Elmer R24B 60MHz spectrometer or a Jeol 

MH-100 100 MHz spectrometer using tetramethylsilane or 

chloroform as the internal standard and carbon tetra-

chloride as the solvent. Chemical shifts are given in 

parts per million (ppm) downfield from tetramethylsilane. 

Mass spectra were obtained by using a Hitachi Perkin-Elmer 
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RM.U-6E spectrometer and elemental analyses were performed 

by Galbraith Laboratories, Inc., Knoxville, Tennessee. 

Preparation of Chlorodimethylvinylsilane 

1. A 250-mL round bottom flask was fitted with a Vigreaux 

column with distillation head and thermometer. The appa-

ratus was flame dried while being flushed with dry nitrogen, 

Then, 0.30 mole (50 mL) of dimethylethoxyvinylsilane and 

0.90 mole (110 mL) of benzoyl chloride were added. The 

mixture was stirred and heated to reflux for 12 hours. 

Then, careful fractional distillation gave a 95% yield of 

chlorodimethylvinylsilane which was identified by compari-

son of boiling point, GLC retention time, and NMR with 

an authentic sample. 

General Procedure for the 
Trapping Experiments 

In all of the trapping reactions a solution of tert-

butyllithium, chlorodimethylvinylsilane, and a diene in 

either hexane or THF was prepared in a three-necked round 

bottom flask. The flask was fitted with a reflux conden-

ser/gas inlet and septum. All reactions were done under 

inert atmosphere. The amounts of the reagents used, the 

order in which they were added, and the initial tempera-

ture of the reaction mixture were varied. This information 

is listed under each specific experiment. In all cases, 
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the reaction mixture was allowed to warm to room tempera-

ture and was stirred overnight. The white precipitate 

which had formed when hexane was the solvent dissolved 

when the reaction was quenched with 10 mL of saturated 

ammonium chloride solution. The organic layer was 

separated and the aqueous layer extracted three times 

with hexane. When THF was used as the solvent, the 

aqueous layer was saturated with potassium carbonate prior 

to extraction. After the combined organic layers were 

dried with anhydrous magnesium sulfate, the solvent was 

removed using a rotary evaporator. GLC analysis was 

carried out on the residue. 

1,3-Butadiene and Isoprene as 
the Trapping Reagents 

2. These reactions and the characterization of the 

products I, VII, IX, X, XI, and XV have been described 

previously (1,2,10). 

2,3-Dimethyl-l,3-butadiene as 
the Trapping Reagent 

3. To a solution of 0.02 mole (2.72 mL) of chlorodimethyl-

vinylsilane and 50 mL of hexane at -78°C was added 0.02 

mole (21.7 mL solution in pentane) of tert-butyllithium. 

The solution was left at -78°C for three hours; then 0.02 

mole (2.26 mL) of 2,3-dimethyl-l,3-butadiene was added. 
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The usual work-up gave I, XVI, and XVII in 4, 45, and 

18% yields, respectively. 

4. To a solution of 0.02 mole (21.7 mL solution in pen— 

tane) of tert-butyllithium and 50 mL of hexane at -78°C 

was added 0.02 mole (2.72 mL) of chlorodimethylvinylsilane. 

The solution was left at -78°C for three hours; then 0.02 

mole (2.26 mL) of 2,3-dimethyl-l,3-butadiene was added. 

The usual work-up gave I, XVI, and XVII in 3, 20, and 9% 

yields, respectively. 

5. To a solution of 0.02 mole (2.72 mL) of chlorodimethyl-

vinylsilane, 0.02 mole (2.26 mL) of 2,3-dimethyl-l,3-

butadiene, and 50 mL of THF at -78°C was added 0.02 mole 

(19.23 mL solution in pentane) of tert-butyllithium. The 

usual work-up gave XVIII and VII in 18 and 70% yields, 

respectively. 

Cyclopentadiene as the 
Trapping Reagent 

6. To a solution of 0.02 mole (16.0 mL solution in pen-

tane) of tert-butyllithium, 0.02 mole (2.72 mL) of chloro-

dimethylvinylsilane, and 50 mL of hexane at -78°C was 

added 0.02 mole (1.65 mL) of cyclopentadiene. The solution 

was stirred and allowed to warm to room temperature over-

night. The usual work-up gave I, XVIII, XIX, and XX in 

9, 8, 36, and 16% yields, respectively. 
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7. To a solution of 0.02 mole (16.0 mL solution in pen-

tane) of tert-butyllithium and 50 mL of hexane at -78°C 

was added 0.02 mole (2.72 mL) of chlorodimethylvinylsilane. 

The mixture was stirred for 2.5 hours; then 0.02 mole 

(1.65 mL) of cyclopentadiene was added. This was stirred 

and allowed to warm to room temperature overnight. The 

usual work-up gave I, XVIII, XIX, and XX in 6, 6, 34, and 

14% yields, respectively. 

8. This experiment was run in the same manner as experi-

ment 7 except that the initial solution was stirred for 

4.5 hours before the cyclopentadiene was added. The 

isolated products were I, XVIII, XIX, and XX in 16, 17, 

29, and 33% yields, respectively. 

9. This experiment was run in the same manner as experi-

ments 7 and 8 except that the initial solution was stirred 

for 8.0 hours before the cyclopentadiene was added. The 

isolated products were XVIII, XIX, and XX in 6, 24, and 

14% yields, respectively. 

10. To a solution of 0.02 mole (16.0 mL solution in 

pentane) of tert-butyllithium and 50 mL of hexane at -78°C 

was added 0.02 mole (2.72 mL) of chlorodimethylvinylsilane. 

The solution was stirred for 4.5 hours at -78°C and then 

0.10 mole (8.24 mL) of cyclopentadiene was added. Work-up 

gave XVIII, XIX, and XX in 5, 18, and 10% yields, respec-

tively . 
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11. To a solution of 0.01 mole (6.90 mL solution in 

pentane) of tert-butyllithium, 0.05 mole (6.80 mL) of 

chlorodimethylvinylsilane, and 50 mL of hexane at -78°C 

was added 0.01 mole (0.82 mL) of cyclopentadiene. The 

mixture was stirred and allowed to warm to room tempera-

ture overnight. The usual work-up gave I, XVIII, XIX, 

and XX in 18, 2, 15, and 19% yields, respectively. 

12. To a solution of 0.05 mole (6.80 mL) of chlorodi-

methylvinylsilane, 0.01 mole (0.82 mL) of cyclopentadiene, 

and 50 mL of hexane at 0°C was added 0.01 mole (6.90 mL 

solution in pentane) of tert-butyllithium. This was 

stirred and allowed to warm to room temperature overnight. 

Work-up gave I, XVIII, XIX, and XX in 11, 3, 10, and 19% 

yields, respectively. 

13. To a solution of 0.02 mole (16.0 mL solution in 

pentane) of tert-butyllithium and 50 mL of THF at -78°C 

was added 0.02 mole (2.72 mL) of chlorodimethylvinylsilane. 

This was stirred for 3.0 hours; then 0.02 mole (1.65 mL) of 

cyclopentadiene was added and the mixture was allowed to 

warm to room temperature overnight. Work-up gave I, VII, 

and XVIII in 45, 17, and 16% yields, respectively. 

14. To a solution of 0.01 mole (6.90 mL solution in 

pentane) of tert-butyllithium, 0.01 mole (1.36 mL) of 

chlorodimethylvinylsilane, 40 mL of hexane, and 10 mL of 
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THF at -78°C was added 0.01 mole (0.83 mL) of cyclopenta-

diene. Work-up gave I, VII, and XVIII in 48, 23, and 12% 

yields, respectively. 

15. To a solution of 0.01 mole (6.90 mL solution in 

pentane) of tert-butyllithium, 45 mL of hexane, and 5 mL 

of THF at -78°C was added 0.01 mole (1.36 mL) of chloro-

dimethylvinylsilane. The mixture was stirred for 3.0 

hours and then 0.01 mole (0.83 mL) of cyclopentadiene was 

added. Work-up gave I and XVIII in 46 and 36% yields, 

respectively. 

16. This experiment was run in the same manner as experi-

ment 15 with the exception that 48.38 mL of hexane and 

1.62 mL of THF were used. The isolated products were I 

and XVIII in 32 and 8% yields, respectively. 

17. To a solution of 0.05 mole (6.80 mL) of chlorodi-

methylvinylsilane, 0.01 mole (1.78 g) of anthracene and 

250 mL of benzene at room temperature was added 0.01 mole 

(8.06 mL) of tert-butyllithium. Work-up gave I, XVIII, 

and XXII in 20, 15, and 43% yields, respectively. 

18. This experiment was carried out in the same manner as 

experiment 17 with the exception that the mixture was 

brought to reflux before the tert-butyllithium was added. 

The isolated products were I and XVIII in 80 and 10% 

yields, respectively. 
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19. This experiment was run in the same manner as experi-

ment 17 with the exception that 600 mL of benzene were used, 

The products were I, XVIII, and XXII in 10, 10, and 70% 

yields, respectively. 

Attempt at the Retro-DieIs-Aider 
Reaction of XXII 

20. A 25-mL three-necked flask was fitted with a gas 

inlet/condenser and septum and charged with 10 mL of 

benzene. Then, 50 L of XXII was added. The mixture was 

brought to reflux and stirred for 48 hours. GLC analysis 

was done periodically. Only starting material was 

recovered. 

2,5-DimethyIfuran as the 
Trapping Reagent 

21. To a solution of 0.02 mole (2.72 mL) of chlorodi-

methylvinylsilane and 50 mL of hexane at -78°C was added 

0.02 mole (13.79 mL solution in pentane) of tert-butyl-

lithium. After stirring for 3.0 hours, 0.02 mole (2.17 mL) 

of 2,5-dimethylfuran was added. Work-up gave 80% of I. 

Tetracyclo[3.2.0.0^'^.0^'heptane 
as the Trapping Reagent 

22. This experiment was run in the same manner as experi-

ment 21 with the exception that 0.01 mole (0.62 mL) of 
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tetracyclo[3.2.0.0 ' .0 ]heptane (quadricyclane) 

instead of 2,5-dimethylfuran was added to the reaction 

mixture. Work-up gave I in 83% yield. 

Preparation of Dime thy line thoxyviny 1 si lane (32) 

23. To 0.5 mole (64.5 mL) of chlorodimethylvinylsilane in 

a 250-inL three-necked flask fitted with a reflux condenser, 

septum, and gas inlet was slowly added 0.5 mole (51.5 mL) 

of trimethylorthoformate. The reaction mixture was allowed 

to react for three days and fractionally distilled to give 

51 g (87% yield) of dimethylmethoxyvinylsilane, bp 80-85°C. 

The NMR: 0.03 (s,6H), 3.2 (s,3H), 5.76 (m,3H) was consis-

tent with the desired structure (34). 

Reaction of Tert-butyllithium with 
Dimethylethoxyvinylsilane in 

Hexane and THF 

24. These reactions and the characterization of products 

XXXa, XXXI, and XXXII have been described previously (26). 

Reaction of Tert-butyllithium with 
Dime thylme thoxyviny1s i1ane 

in Hexane 

25. To a solution of 0.01 mole (6.90 mL solution in 

pentane) of tert-butyllithium in 50 mL of freshly dis-

tilled hexane at -78°C was slowly added 0.02 mole (3.0 mL) 

of dimethylmethoxyvinylsilane. The mixture was allowed 



65 

to warm to room temperature and stirred overnight. Analy-

sis after the usual hydrolytic work-up gave XXXb in 88% 

yield. 

Characterization of New Products 

VII. 3,3,5,5,6,6-hexamethyl-4-neopentyl-
3,5-disilahept-l-ene 

NMR: 0.16 (s,6H), 0.25 (s,6H), 0.36-0.81 (m,lH), 0.98 

(s,9H), 1.03 (s,9H), 1.57 (m,2H), 5.96 (m,3H). 

MS: m/e (M+) 284(5.6), 227(83.9), 157(77.4), 141(100.0 

Anal.: Calcd. for S i ^ g H ^ : C, 67.52; H, 12.75. 

Found: C, 67.41; H, 12.70. 

XVI. 1,1,3,4-tetramethyl-6-
neopentylsilacyclohex-3-ene 

NMR: 0.06 (s,3H), 0.10 (s,3H), 0.99 (s,9H), 1.26 

(m,3H), 1.74 (m,6H), 1.35-2.35 (m,4H). 

MS: m/e (M+) 224 (9.1), 167 (22.2), 125 (23.4), 85 (100.0) 

Anal.: Calcd. for C, 74.91; H, 12.57. 

Found: C, 72.11; H, 12.33. 

NMR: 

MS: 

Anal.: 

XVII. 2,3,5,5-tetramethyl-2-hexene (33) 

1.02 (s,9H), 1.75 (s,9H), 2.08 (s,2H). 

m/e (M+) 140(21.7), 124(7.9), 84(88.6), 57(100.0) 

Calcd. for C1QH2(): C, 85.63; H, 14.37. 

Found: C, 85.44; H, 14.31. 
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XVIII. 2,2,3,3,6,6-hexamethyl-3-silaheptane 

NMR: -0.03 (s,6H), 0.31-0.63 (m,2H), 0.89 (s,9H), 

0.90 (s,9H), 1.08-1.38 (m,2H). 

MS: m/e (M+) 200(10.0), 185 (12.9), 143(3.9), 73(100.0) 

Anal.: Calcd. for Si-jC-^H^: C, 71.89; H, 14.09. 

Found: C, 71.60; H, 14.00. 

XIX. Cyc1ope ntadi eny1dimethy1viny1s i1ane 

NMR: 0.04 (s,6H), 3.11 (m,lH), 5.60-6.40 (m,3H), 

6.64 (m,4H). 

MS: m/e (M+) 150(18.8), 135 (44.2), 123 (11.5), 85 (100.0) 

Anal.: Calcd. for Si-^CgH^: C, 71.91; H, 9.40. 

Found: C, 71.60; H, 9.10. 

XX. Exo-2,2-dimethyl-3-neopentyl-2-silanorborn-5-ene 

NMR: 0.02 (s,3H), 0.17 (s,3H), 0.46 (m,lH), 0.95 

(s,9H), 1.05-1.24 (m,2H), 1.60 (m,2H), 1.96 

(m,lH), 2.60 (m,lH), 5.85 (m,2H). 

MS: m/e (M+) 208(29.9), 151 (11.1, 123(8.8), 85 (100.0) 

Anal.: Calcd. for Si-iC'13H24: C, 74.91; H, 11.62. 

Found: C, 74.90; H, 11.55. 

Endo-XX. Endo-2,2-dimethyl-3-neopentyl-2-
silanorborn-5-ene 

NMR: -0.03 (s,3H), 0.24 (s,3H), 0.80-0.95 (m,lH), 

0.96 (s,9H), 1.18 (m,2H), 1.53 (m,2H), 2.05 

(m,1H), 2.83 (m,lH), 5.85 (m,2H). 
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MS: same as exo-XX. 

Anal.: same as exo-XX. 

XXII. 2,2- dime thy1-3-neopenty1-5,6,7,8-

d iben z o-2-s i1abi eye1o[2.2.2]octane 

NMR: -0.03 (s,3H), 0.07 (s,3H), 0.19-0.59 (m,lH), 

0.99-1.39 (m,2H), 1.14 (s,9H), 3.87 (s,lH), 

4.17 (d71H, J=2.4Hz), 7.10 (s,8H). 

MS: m/e (M+) 320(10.3), 263(2.3), 142(23.3), 85(100.0) 

Anal.: Calcd. for Si^^^I^g: C, 82.43; H, 8.80. 

Found: C, 82.68; H, 8.57. 

XXXb. Cis- and 'tr"ans-l,l-dimethyl-2-neop'entyl-

4-(dimethylmethoxysilyl)silacyclobutane 

NMR, cis-: -0.25 — 0.10 (m,lH), 0.1 (s,6H), 0.31 (s,3H), 

0.36 (s,3H), 0.89 (s,9H), 0.66-1,66 (m,5H), 

3.38 (s,3H). 

NMR, trans: -0.25 — 0.10 (m,lH), 0.14 (s,6H), 0.31 (s,3H), 

0.36 (s,3H), 0.89 (s,9H), 0.66-1.66 (m,5H), 

3.38 (s,3H). 

MS: m/e (M+) 258 

Anal.: Calcd. for Si2C12H3C)0: C, 60.39; H, 11.70. 

Found: C, 60.18: 11.60. 
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TABLE X 

GLC CONDITIONS 

Parameters Conditions Parameters 

A B 

Column 1/8 in. X 6 ft. 1/8 in. X 6 ft. 
SS 3% SP-2100 SS 3% SP-2250 

Initial Temp. 50 C 50 C 

Ramp Rate 5 /min. 5 /min. 

Final Temp. 250 °C 250 °C 

Initial Time 5 min. 5 min. 

Final Time 5 min. 5 min. 

Inj. Temp. 250 °C 250 °C 

Det. Temp. 250 °C 250 °C 

Chart 0.5 cm./min. 0.5 cm./min. 
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TABLE XI 

RESPONSE FACTORS ON PERKIN-ELMER SIGMA-3a 

Compound GLC Conditions Response Factor 

VII A 0.92 

XVI A 1.28 

XVIII A 0.93 

XIX B 0.98 

XX B 1.65 

XXII A 3.10 

XXXb A 0.72 

a) Response factors given in the units: 

2 

RF = *Std 

Si 

cm Si 

cm 
Std 

"Si 

"Std 

where Si is the known compound and Std is the standard, 
n-butyl ether. 
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TABLE XII 

CROSS REFERENCE OF EXPERIMENT NUMBERS 
AND NOTEBOOK NUMBERS3 

Exp. No. Notebook No. Exp. No. Notebook No. 

1. 185 • 
i—1 153 

2. (1,2,10) 15. 155 

3. 135 16. 157 

4. 137 17. 187 

5. 219 18. 205 

6. 101 19. 229 

7. 105 20. 231 

8. 133 21. 149 

9. 139 22. 171 

10. 131 23. 27 

11. 173 24. (26) 

12. 177 25. 31 

13. 123 

a) All notebook numbers refer to the first notebook, 
e.g., IRAP-185 = Experiment 1. 
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CHAPTER III 

REACTION OF STRONG ACIDS WITH 2,2-DIMETHYL-3-

NEOPENTYL-2-SILANORBORN-5-ENE 

Organosilanes often exhibit unusual reactivity towards 

electrophiles in comparison to their carbon analogs. In 

the most general manner, this reactivity arises from the 

electro-positive character of silicon with respect to 

carbon. According to Pauling electronegativities (Si-1.8, 

C-2.5, H-2.1), the silicon-carbon bond has 12% ionic char-

acter, while the ionic character of the carbon-hydrogen 

bond is but 4%. This reactivity of organosilanes can be 

taken advantage of, and therefore these organosilanes have 

found many applications in organic synthesis (1). 

One important characteristic of their unusual reac-

tivity is that a silicon-carbon a bond exerts a greater 

stabilizing effect on a carbonium ion 3 to the silicon than 

does a carbon-carbon or carbon-hydrogen a bond (2). Several 

instances of experimental evidence support this. 

In general, arylsilanes undergo aromatic electrophilic 

substitution by the following mechanism: 

74 
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rri + R3si-x 

Scheme 1 

Of course it is possible that a hydrogen could be substi-

tuted for rather than the silyl group. 

H E H 
+ 

siR-3 "* iR-, s SiR- + HX 6 s i " E 3 ^ U u 3 ̂ = — , || S 1 K3 

II 

Scheme 2 

It has been found that substitution of the silyl group 

is generally favored over substitution of hydrogen (Table 

XIII) . It is generally agreed that in these processes, 

the rate determining step is the attack of the electro-

phile to form the initial carbonium ion (e.g., I and II). 

Thus most electrophiles displace the silyl group because 

of the production of the more stable intermediate (I is 

stabilized relative to II because of the £ silicon-carbon 

a bond). Table XIII shows some of the preferred products 

in reactions of this type. 



TABLE XIII 

ELECTROPHILIC SUBSTITUTION OF 
ARYLTRIMETHYLSILANES 
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Electrophile Arylsilane Product3, Reference 

F3CCOOH p-ClC6H4SiMe3 PhCl 3 

Sr2 PhSiMe3 PhBr 4 

J2 PhSiMe3 Phi 4 

IC1 PhSiMe3 Phi 5 

N2°5 PhSiMe3 PhN02 6 

SO3/CCI4 m-MeCgH4SiMe3 m-MeC6H4S03H 7 

Hg(OAc)2/Ac0H p-MeC6H4SiMe3 p-MeCgH4H90Ac 8 

Pb(OCOCF3)4 p-ClCgH4SiMe3 p-ClC6H4Pb(OCOCF3) 3 9 

RCOCI/AICI3 PhSiMe3 PhCOCl 10 

Cl2/Fe PhSiMe3 PhCl(48%);o,m,p-
ClC6H4SiMe'3 (6%) 11a 

CcHcN0+ 6 5 2 o-H0C,H.SiMeo — 6 4 3 PhN=N-/oVS l M e 3 
— ^ OH 

lib 

Cu(N03)j 3H„0/ 
AcOH 

PhSiMe3 o,mfp-N02CfiH4SiMe-. 
(65%); PhN02(25%) 

11c 

a)When more than one product is listed, the number in 

parentheses represents the yield. 

In substituted arylsilanes, substitution does not always 

occur at the ipso-position. In these cases, the site of 

electrophilic substitution appears to depend on the relative 

ability of the silyl group and the other directing groups on 

the aryl ring to stabilize the intermediate (11). 
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Reaction of electrophiles with vinylsilanes can occur 

with two possible outcomes: addition or substitution as shown 

in Scheme 3. 

EX 

R'1' SiR-

- > 

R' \ R - " 

^ > R " > = < R ,
 + X S i R ^ 

Scheme 3 

In both cases, the first step of the reaction is attack on 

the carbon-carbon ir bond by the electrophile. As seen in 

Scheme 4, there are two possible intermediate carbonium ions 

R'l' ySiR_ 

II V I 

3 
E 

R' V „ SiP.3 E+ / R III R' 

R' * N R' \ R* 7 y SiR3 

IV R1 

Scheme 4 

from this reaction. In III, the cation is stabilized by the 

8 silicon-carbon a bond and in most cases is the principal 

intermediate (12). However, in cases where R1 has a larger 

stabilizing effect on the cation center in IV than the silicon-

carbon a bond has in III, IV is the more important intermediate 

(13) . 
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Alkynylsilanes undergo reactions with electrophiles 

in much the same way as vinylsilanes do. Initial addition 

of the electrophile seems to take place so as to form a 

carbonium ion which is stabilized by a silicon-carbon o 

bond B to it (14). In fact,the stabilizing effect of the 

silicon-carbon a bond in these intermediates has been taken 

advantage of to conduct regioselective syntheses (15). 

Allylic silanes undergo very facile reactions with 

electrophiles as in Scheme 5. This method of reaction pro-

duces an 

R3Si 
E + R„SlNu 

V 
Scheme 5 

intermediate, V, in which the cationic center is stabilized 

by the silicon-carbon a bond. Furthermore, this reaction 

appears to be quite general as allylsilanes react with proton 

electrophiles (16), heteroatom electrophiles (17), and carbon 

electrophiles (18). 

Electrophilic reactions with homoallylic silanes are 

not as common as with the silanes discussed above. At least 

one example is known in which an electrophilic substitution 

of a bicyclic homoallylsilane proceeds via the pathway in 

which the major product comes from a silicon-carbon a bond 

stabilized cationic intermediate, VI (19). It should be 



Me3Si 

Br, 

COOCH. 

Br Si Me Si Me 

Br2 

COOMe 

Scheme 6 

MeOOC 

VI 
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COOMe 

noted that in the above reaction, cyclodesilylation (as 

shown in Scheme 7) was not expected due to stereoelectronic 

and ring strain reasons. The cyclodesilylation reaction is 

Me^Si. 

Br 

COOMe 

Br Me3Si 

COOMe 

+ BrSiMe-

COOMe 

Scheme 7 

the predominant one in other homoallysilanes as shown in 

Scheme 8 (20). 

ROC1 
%e.Si*> TiCl 4 Me 

major product 

Scheme 8 

minor product 
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Likewise, cyclopropylcarbinylsilanes undergo electro-

philic substitution to give products which mainly arise from 

an intermediate carbonium ion which is stabilized by the 3 

silicon-carbon a bond (21). 

1 / 
Scheme 9 

Alkylsilanes also undergo electrophilic substitution 

and some studies of these reactions have led to some inter-

esting conclusions. When the reaction of 4-bromo-4,4-

didueterio-2,2-dimethyl-2-silabutane,VII, with 30% aqueous 

methanol was allowed to proceed to 50% completion, the re-

maining bromide contained 33% of the rearranged halide, X, 

(Scheme 10) (22). 

SiMe0 SiMe_ 
I 3+ _ + I 3 

Me3SiCH2CD2Br ; * CH2—CD2 + Br Br + CH2—CD2 

VII VIII „ IX 

CH2=CD2 *—- H2C— CD2 > BrCH2CD2SiMe3 

Scheme 10 x 

Since the analogous reaction with tert-butyl chloride was 

substantially slower than the solvolysis of VII, the inter-

mediate .XI was proposed to be important in the reaction. 

Therefore, it was concluded that there was evidence for some 

anchimeric assistance in the solvolysis of VII although the 
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other possibility, rearrangement of VIII to IX, was not 

eliminated. Similar conclusions about trimethylsilyl group 

participation were drawn in another instance (23). 

In all of the above electrophilic reactions of organo-

silanes, the main products arise from a pathway which involves 

an intermediate carbonium ion. All of these intermediate 

carbonium ions are arranged so that they are 3 to a silicon-

carbon a bond. Other possible pathways which involve other 

carbonium ions usually give rise to minor products. However, 

this is not true in cases where carbonium ions which are not 

3 to a silicon-carbon a bond are highly stabilized by other 

substituents on the charged carbon. Therefore, it seems 

reasonable to conclude that carbonium ions 3 to a silicon-

carbon a bond are stabilized. The mode of stabilization is 

not clear, however. 

In Chapter II the synthesis of exo- and endo-2,2-

dimethyl-3-neopentyl-2-silabicyclo[2.2.1]hept-5-ene, 

Xlla and Xllb was described. In a subsequent reaction of 

tert-butyllithium with chlorodimethylvinylsilane in the 

presence of cyclopentadiene to give Xlla and Xllb, a new 

product was observed (expt. 1). This product was at first 

considered to be a minor impurity but GLC analysis over a 

period of two days showed a decrease in the concentration 

of Xlla and Xllb with a concomitant increase of the new prod-

uct. This new product was identified as 3-(3-cyclopenten-l-

yl)-2,5,5-trimethyl-2-silahex-2-yl hydroxide, XIV. Further 
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experiments showed that XIV could not be prepared from XII 

by reaction with water (expt. 2) or with aqueous base 

(expt. 2). However, it was found that treatment of XII and 

with an aqueous solution of dilute hydrochloric acid gave 

XIV in good yield (expt. 3). In light of experimental 

evidence and the many examples of electrophilic reactions of 

other allylsilanes it seemed reasonable to suggest the 

mechanism shown in Scheme 11 for formation of XIV from XII. 

According to this idea, a proton would add to the carbon-

carbon tt bond of XII at C-5 to give a carbonium ion which 

would 

Xlla = exo- XIV ' 
b = endo- 0 H 

Scheme 11 

presumably be stabilized by being (3 to silicon. Attack on 

silicon by the hydroxide ion would then cleave the ring and 

form the double bond in XIV. The reaction could be very 

fast due to the stabilization of the carbonium ion by the 

silicon-carbon a bond and ring cleavage could occur quickly 

due to the attack of the hydroxide ion on the electro-

philic silicon atom. No products resulting from protonation 

at C-6 were found. This was probably due to the greater 

relative stability of the cation formed by protonation at 
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C-6, as shown in Scheme 12. 

Scheme 12 

A similar method was used for the preparation of 

3-(3-cyclopenten-l-yl)-2,5,5-trimethyl-2-silahex-2-yl 

methoxide, XVI. This compound could be easily prepared 

by bubbling dry HCL through a solution of XII in dry methanol 

(expt. 4). Work-up gave XVI in 75% yield. XVI was also 

obtained by the reaction of methanol with XVII (expt. 5), 

with XVIII (expts. 7, 8, and 9), and with XIX (expt. 12). 

Likewise, 3-(3-cyclopenten-l-yl)-2,5,5-trimethyl-2-

silahex-2-yl fluoride, XVII, could be formed by acid pro-

moted reactions. V was formed by reaction of XII with 

BF3«Et20 (expt. 17) and by reaction of XVIII with ammonium 

fluoride (expt. 18). 

3-(3-cyclopenten-l-yl)-2,5,5-trimethyl-2-silahex-

2-yl sulfate,XVIII, and 3-(3-cyclopenten-l-yl)-2,5,5-

trimethyl-2-silahex-2-yl trif luoromethy]sulfonate, XIX, were 

only formed in the -*-H NMR experiments by addition of sulfuric 

acid and trifluoromethylsulfonic acid, respectively, to XII. 

Table XIV and Scheme 13 summarize the results and methods of 

preparation for compounds XIV, XVI-XIX. 
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SUMMARY OF THE FORMATION 
OF PRODUCTS XIV,XVI-XIX 

Compound -X Experiment 

XIV -OH 3 

XVI -OMe 4,5,7-9 

XVII -F 17-19 

XVIII -0S03H 

I—1 
L—1 

XIX -OSO2CF3 12-16 

XIX <- HOSO2CF3 

MeOH 

XIV 

A 

H20 

XII dil. H2SQ4 

V 

HCl/MeOH 

XVI t-

Scheme 13 

MeOH 

nh4F 

MeOH 

XVIII 

v 

NH .F 4 

XVII 

According to the mechanism shown in Scheme 11 for the 

formation of ring-opened products XIV, XVI-XIX from XII, the 

first step in the reaction involves formation of a carbonium 
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ion center 3 to silicon. XIII is not the only intermediate 

capable of bearing a positive charge 3 to silicon. Re-

arrangement of XIII could lead to an equally stabilized 

cation, XX. Rearrangements of this type are well known in 

analogous carbon compounds. 

For instance, it has been shown that the addition of 

deuterium chloride to norbornene proceeds to give exo-

norbornyl chloride with 57% deuterium incorporation in the 

exo-3 position and 43% in the syn-7 position (24). The 

results are consistent with the 

DCl 

CI 

CI 

51\ 43? 

Scheme 14 

unsymmetrical rapidly equilibrating 2-norbornyl cations as 

shown in Scheme 14. Ring opening reactions as obtained with 

XII are not observed for norbornenes. 

Rearrangement of XIII to XX followed by loss of a proton 

from XX would result in isomerization if one commenced with 

a single isomer of XII. This isomerization would be the first 

example of migration of a silicon atom to an electron 
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deficient center. Because exo-endo isomerism is lost in 

the formation of XIV and XVI-XIX, the identity of the 

precursor XIII or XX cannot be differentiated. The overall 

mechanism of isomerization and ring opening is shown in 

Scheme 15. 

Xlla XHIa XX Xllb 

X 

XIV, XVI-XIX 

Scheme 15 

The problem was to determine if the isomerization of 

XIII to XX occurred to an appreciable extent. In our first 

observation of the ring opening reaction, it was impossible 

to determine if isomerization occurred. No change in the 

relative concentrations of Xlla and Xllb could be seen 

(initial; exo-:55%; endo-:45%). 

Because in this first case, the conjugate base (OH ) of 

the acid was rather strong (and therefore a good nucleophile), 

it was decided to use stronger acids. To observe the reaction 

of XII with the acids and possible isomerizations, "*"H NMR was 

used. The interconversion of the isomers could readily be 
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followed by monitoring the chemical shifts of the methyl 

groups attached to silicon. The methyl protons in the ring 

opened compounds also have distinctive shifts. The shifts 

are given in Table XV. 

TABLE XV 

1H NMR CHEMICAL SHIFTS 
FOR METHYL GROUPS ATTACHED 

TO SILICON IN COMPOUNDS XII, XIV, XVI, XVII-XIX. 

Compound 6(ppm) Compound 

cci4 DMSO 

Xlla 0.02,0.17 0.03,0.17 

XIIv 

C
N
 • 

O
 

00
 

o •
 

o 1 -0.03,0.24 

XIV 0.24 

XVI 0.22 0.12 

XVII 0.37 

XVIII 0.63 0.12 

XIX 0.77 0.12 

Formation of the ring opened compounds could be readily 

identified by observing the silicon-methyl chemical shift 

as explained above or by the chemical shift of the vinyl pro-

tons. On going from XII to any ring opened compound, the 

vinyl protons are shifted upfield and appear as a sharper 

peak consistent with the more symmetrical structure. Further-
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more, there is a shift in the allylic protons; especially 

that of C-l as it is a to silicon in XII but not in the 

ring opened compounds. For comparison, see the "̂H NMR 

spectra of Xlla, Xllb, and XVI shown on the following pages. 

The first acid tried was fuming sulfuric (H2SO4/SO3). 

Addition of XII enriched in the exo-isomer to an NMR tube 

containing chloroform and fuming sulfuric acid gave a dark 

colored solution (expt. 6). NMR of the resultant solution 

showed no peaks in the vinyl region, indicating complete 

reaction of any double bond with acid. Isomerization, 

therefore, could not be observed. The next attempt using 

fuming sulfuric acid was done by adding the acid dropwise 

to a solution of Xlla, chloroform, and carbon tetrachloride 

(expt. 8). After the first drop of acid was added, no 

change in the relative intensities of the silicon-methyl 

peaks was observed, but new peaks were obtained at 5.69, 

2.43, 1.05, and 0.63 ppm. These corresponded respectively 

to the vinyl, allylic, tert-butyl, and silicon-methyl protons 

of XVIII (2 5). Addition of another drop of acid gave complete 

disappearance of the vinyl peak of XII. The addition of three 

more drops of acid gave complete disappearance of the vinyl 

peak of XVIII. At this point, addition of two drops of 

methanol gave a peak at 0.22 ppm which could be attributed 

to the silicon-methyl protons when a methoxy group is at-

tached to silicon although the compound was not identified. 

Another experiment was run with fuming sulfuric acid 

in which one drop of acid was added to a solution of Xlla, 
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chloroform, and carbon tetrachloride (expt. 7). Immediately 

upon addition of the acid there was some change in the 

intensity of the silicon-methyl peaks of XII and new peaks 

developed which corresponded to XVIII as seen in the accompany-

ing NMR spectrum. There was no change in the ratio of 

the silicon-methyl peaks corresponding to Xlla and Xllb. 

This spectrum remained unchanged for two days at which time 

two drops of methanol were added and a spectrum identical to 

that of XVI was obtained as shown. 

A similar experiment was run in which two drops of 

fuming sulfuric acid was added to a solution of Xllb, chloro-

form, and carbon tetrachloride (expt. 9). The first drop 

of acid gave a decrease in intensity of the silicon-methyl 

peaks of Xllb and an increase in the peaks due to XVIII. 

Addition of the second drop of acid resulted in complete 

disappearance of all peaks belonging to Xllb. Subsequent 

addition of two drops of methanol gave a spectrum identical 

to that of XVI. 

In order to verify reaction of XVIII with fuming sul-

furic acid, acid was added to an NMR tube containing a solu-

tion of XVI, chloroform, and carbon tetrachloride (expt. 10). 

Addition of the acid immediately resulted in the formation 

of XVIII. After four drops of acid had been added, XVIII 

was present in about 80%. Addition of one drop of methanol 

to this solution resulted in complete conversion to XVI. The 

results of the above experiments using fuming sulfuric acid 
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are summarized in Table XVI below. 

TABLE XVI 

SUMMARY OF 1H NMR EXPERIMENTS 
USING H2S04/S03 IN 
CARBON TETRACHLORIDE 

Expt. Starting Results Products Expt. 
Material Isomeri zation Ring Opening 

6 Xlla no unknown unknown 

8 Xlla no unknown unknown 

7 Xlla no yes XVIII then 
XVI 

9 Xllb no yes XVIII then 
XVI 

10 XVI no yes XVIII then 
XVI 

Since none of the above experiments gave evidence for 

isomerization, trifluoromethylsulfonic acid was tried. Thus 

XII was added to an NMR tube containing a solution of tri-

fluoromethylsulfonic acid and chloroform (expt. 13). The 

solution turned dark and the "̂H NMR indicated the complete 

disappearance of any peaks in the vinyl region. Another 

experiment was run in which one drop of trifluoromethyl-

sulfonic acid was added to an NMR tube containing a solution 

of Xlla, chloroform, and carbon tetrachloride (expt. 14). 

The subsequent NMR indicated no change in the relative 
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intensities of the silicon-methyl peaks of XII but about 

50% XIX (26). Addition of one more drop of acid showed 

XII to be completely reacted with the exclusive formation of 

XIX. One more drop of acid caused the disappearance of 

any peaks in the vinyl region. 

In another similar experiment trifluoromethylsulfonic 

acid was added to an NMR tube containing Xllb, chloroform, 

and carbon tetrachloride until all peaks corresponding to 

Xllb disappeared (expt. 12). XIX was formed immediately. 

Addition of one drop of methanol gave XVI as shown in the 

accompanying spectra. Table XVII below contains a summary of 

experiments 13, 14, and 12. 

TABLE XVII 

SUMMARY OF 1H NMR EXPERIMENTS 
USING HOSO2CF3 IN CARBON TETRACHLORIDE 

Expt. Starting Results Products Expt. 
Material Isomerization Ring Opening 

13 Xlla no unknown unknown 

14 Xlla no yes XIX 

12 Xllb no yes XIX then 
XVI 

Thus, with two very strong acids (fuming sulfuric 

and trifluoromethylsulfonic) in a nonpolor solvent the 

isomerization of XII could not be observed although it might 

have occurred. If a more polar solvent were used, the 
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cations, XIII and XX, could perhaps be solvated and iso-

merization might be observed. Therefore, a series of 

NMR experiments similar to those above were run with DMSO 

as the solvent. 

First, four drops of fuming sulfuric acid were added 

sequentially to an NMR tube containing Xllb chloroform, 

and DMSO (expt. 11). New peaks appeared in the vinyl region 

and in the midst of the silicon-methyl peaks of XII. The 

peak in the vinyl region corresponded to a ring-opened 

structure, however the peak in the silicon-methyl region was 

not identified. The same results were obtained when an 

analogous reaction was run in which trif luoromethylailfonic 

acid was used (expt. 15). A similar experiment in which one 

drop of HOSO2CF3 was added to Xllb in DMSO gave the same 

"*"H NMR spectrum after 18 hours (expt. 16) . In order to check 

the approximate chemical shift of silicon-methyls with a 

sulfoxy group attached to silicon, another experiment was run. 

Fuming sulfuric acid was added to a sample of hexamethyl-

disiloxane in DMSO (expt. 22). This experiment indicated a 

large downfield shift of the silicon-methyls (apparently under 

the DMSO peak). The analogous reaction run with trifluoro-

methylsulfonic acid gave the same results (expt. 26). 

Obviously, the reaction of XII with fuming sulfuric 

acid and trifluoromethylsulfonic acid in DMSO did not give 

XVIII or XIX. Reaction with either acid gave the same result 

so therefore XVIII or XIX could not have been formed. Upon 
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running a H NMR of XVI in DMSO and chloroform, a peak at 

0.12 ppm was obtained. It is possible that this peak and 

those obtained in experiments 11, 15, and 16 were due to 

complexation of DMSO with the silane as in Scheme 16. 

Structures like XXI have been 

Si—0—SMe. 

XXI 

Scheme 16 

postulated in various reactions of silanes (27). The results 

of the above experiments are summarized in Table XVIII below. 

TABLE XVIII 

SUMMARY OF 1H NMR EXPERIMENTS IN DMSO 

Expt. Starting 
Material 

Results Products Expt. Starting 
Material Isomerization Ring-Opening 

Products 

11 Xllb no yes XXI 

15 Xlla no yes XXI 

16 Xllb no yes XXI 

As stated above, when similar experiments were carried 

out in CCI4 one must conclude that although isomerization was 

not observed, rearrangement of XIII to XX or vice versa could 
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have occurred. Therefore, migration of silicon to an 

electron deficient atom could not be observed by NMR. 

Another set of experiments was designed which it was 

hoped would answer the question of rearrangement as illus-

trated in Scheme 15. In these experiments a deuteron would 

be introduced into XII forming the cation, XXII. Scheme 17 

summarizes the four possible reactions of XXII: 1) the 

deuteron could be lost to give XII, 2) a proton could be 

lost to give XXV, 3) XXII could rearrange to XXIII, or 4) 

the sulfate, XXVI, could be formed. If rearrangement of 

XXII to XXIII were important, then XXIII could undergo at 

least three possible reactions: 1) rearrangement back to 

XXII, 2) loss of a proton to give XXIV, or 3) formation of 

the sulfate, XXVI. 

XII 

XXIV 

+ do3so 

qBu4NF 

oso3d 

Scheme 17 

XXVII 
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If the rearrangement of XXII to XXIII was important 

then XXIV would be found in the reaction mixture when the 

reaction was not taken to completion. Since the retention 

times of compounds XXV and XXIV were not expected to be 

significantly different from that of XII, GC/MS would be 

used to determine the presence of a deuterium in the peaks 

corresponding to XII. If the mass spectrum indicated the 

presence of deuterium in the starting material, then the 

position of the deuterium atom would have to be verified 

in order to distinguish between XXV and XXIV. Also, the 

mass spectrum of XXVI should show the presence of a 

deuterium atom but since XXVI could not survive the gas 

chromatographic conditions, the more stable fluoride, 

XXVII, was formed and the mass spectrum obtained for the 

peak corresponding to it. 

Therefore, two experiments were run using CCI4 (expt. 27) 

and DMSO (expt. 28) as solvents. In both cases, deutero-

sulfuric acid was added to XII until 1H NMR of the reaction 

mixture showed the starting material to be about 50% reacted. 

Then nBu4NF was added to the mixture and the sample submitted 

for GC/MS analysis. The mass spectral data for the mixtures 

were first obtained by scanning the full range of masses and 

then obtaining the data by scanning from 200 to 250 mass units, 

By scanning over the reduced mass range the parent peak for 

the starting material (208) and the parent peak (228) and 

P-Me peak (213) for the product were obtained with greater 
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sensitivity. The ratios and ^ could then be obtained 

and checked against calculated values for the non-deuterated 

starting materials and product. An abnormally large ratio 

would indicate the presence of deuterium in that substance. 

Table XXX gives the ratios obtained by scanning over 

the reduced mass range. The ratios for the other fragments 

were obtained and are given in Table XX for those fragments 

which were readily identified. 

The results shown in the two tables show that when carbon 

tetrachloride was used as the solvent, deuterium incorporation 

into the product was about 28% while about 8% deuterium was 

incorporated into the product when DMSO was the solvent. This 

was consistent with proton donation from DMSO. The low incor-

poration of deuterium into the product when carbon tetra-

chloride was the solvent seemed to indicate contamination of 

the acid with protons, perhaps from water. A rough estimate 

of the amount of deuterium in the acid was made by comparing 

the area of the proton peak to the area of the chloroform peak 

in a NMR sample containing known amounts of deuterosulfuric 

acid and chloroform. The sample was run with THF as the 

solvent. Using this method, the acid was estimated to con-

tain 80% deuterons and 20% protons. It should be noted that 

this was a crude method for analysis of the acid due in part 

to the incomplete solubility of deuterosulfuric acid in THF. 

It should also be noted that completely deuterated acid was 

not necessary for the succesful completion of the experiment. 
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MASS SPECTRAL RESULTS FOR 
P AND P-METHYL PEAKSa 
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E xpt. 27 Expt. 28 

Compound M Found Calcd. Compound M Found Calcd. 

Xlla 208 1.00 1.000 Xlla 208 •
 O
 

O
 

1.000 

209 0.19 0.195 209 0.19 0.195 

210 0.05 0.043 210 0.04 0.043 

XI lb 208 1.00 1.000 Xllb 208 1.00 1.000 

209 0.19 0.195 209 0.21 0.195 

210 0.05 0.043 210 0.05 0.043 

XXVII 228 1.00 1.000 XXVII 228 1.00 1.000 

229 0.57 0.195 229 0.25 0.195 

230 0.07 0.043 230 0.04 0.043 

213 1.00 1.000 213 1.00 1.000 

214 0.57 0.184 214 0.28 0.184 

215 0.09 0.941 215 0.05 0.041 

a) Results obtained by scanning the mass range 200-250 

The results presented in Tables XIX and XX also show 

that no deuterium was present in the starting material. As 

20 9 

can be seen the ratio ĝ'g in each case is very close to the 

calculated value. Therefore, one must conclude that while 
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the rearrangement of XXII to XXIII or vice versa could have 

taken place, loss of a proton from either of those inter-

mediates could not compete successfully with attack by the 

nucleophile to give the ring cleaved products, XXVI. 

In summary, "̂"H NMR experiments with strong acids were 

undertaken to study the possibility of a rearrangement in 

the silanorbornene, XII, as shown in Scheme 15. The 

isomerization which could have resulted from that rearrange-

ment was not observed. In order to further explore this 

possibility, the reactions were run with deuterosulfuric 

acid. The GC/MS analysis of these reaction mixtures showed 

no deuterium incorporation into the left-over starting 

material which likewise gave no evidence for isomerization or 

rearrangement. These results did demonstrate that under these 

conditions formation of the ring opened product was faster 

than loss of a proton from the cation intermediate. 

Experimental 

Materials and Equipment 

In all reactions where air-sensitive chemicals were 

used, the reagents and solvents were dried prior to use. 

Hexane was dried as described in Chapter II. Methanol was 

purified by distillation from magnesium turnings with chloro-

form as a catalyst (28). Dimethylsulfoxide (DMSO) was puri-

fied by vacuum distillation from barium oxide and boron tri-

fluoride etherate was vacuum distilled from calcium hydride. 
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For the reactions in which moisture sensitive materials 

were used, the glassware was prepared as described in Chapter 

II. In these cases, the experiments were carried out under 

inert atmosphere. 

2,2-dimethyl-3-neopentyl-2-silabicyclo[2,2,1Jhept-5-

ene was prepared as discussed in Chapter II (expts. 6-12). 

Deuterosulfuric acid, trifluoromethylsulfonic acid, ammonium 

fluoride, and deuterium oxide were obtained from Aldrich. 

GLC preparative and analytical work was done as described 

previously. 1H NMR spectra were obtained on a Hitachi Perkin-

Elmer R24B 60 MHz spectrometer using chloroform as the in-

ternal standard and carbon tetrachloride or DMSO as the sol-

vent. Mass spectra were obtained using a Hitachi Perkin-

Elmer RMU-6E Mass Spectrometer or a Finnegan 9500 Automated 

Gas Chromatography/Mass Spectra System. Elemental analyses 

were performed by Galbraith Laboratories, Inc., Nashville, TN. 

General Procedure for the Preparation 
of the Ring Cleavage Products 

All of the compounds of the type shown in Scheme 13 

were prepared either in NMR tubes or by normal synthetic 

methods. The synthetic methods vary in some ways; however, 

all of the NMR experiments were conducted in the same manner. 

In each ^H NMR experiment an acid was added to a substrate 

in a 5mm tube. In some cases the acid was used as the sol-

vent. In others, the acid was added dropwise, using a capillary 

tube as a pipette. In some cases, methanol was added drop-
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wise after the acid had been added. The acids, the amount 

of acid added, the substrate, and the solvents were varied. 

These conditions are all listed under each specific ex-

periment . 

Preparation of 3-(3-cyclopenten-l-yl)-2, 
5,5-tri-methyl-2-silahex-2-yl hydroxide,XIV 

1. 3-(3-cyclopenten-l-yl)-2,5,5-trimethyl-2-silahex-2-

yl hydroxide, XIV, was first found as a by product in the 

reaction of chlorodimethylvinylsilane with tert-butyllithium 

in the presence of cyclopentadiene. This particular reaction 

was run exactly the same as experiment 6, Chapter II. Pre-

sumably the product was formed by the acid promoted ring 

cleavage reaction of exo- and endo-2,2-dimethyl-3-neopentyl-

2-silabicyclo [2. 2 .1] hept-5-ene, Xlla and Xllb as described 

in the text. After two days there was nearly quantitative 

yield of the product. 

2. A three-necked 25-mL flask was charged with 2,5g 

0.012mol) of I and 10 mL of distilled water. The mixture was 

stirred vigorously and GLC of the organic layer after two 

hours of stirring showed no reaction. Further stirring over-

night produced no reaction. At this point the aqueous layer 

was separated from the organic layer and the organic layer 

was mixed with 10 mL of 0.01M sodium hydroxide solution. 

Stirring for three hours produced no reaction. 

3. A three-necked 25-mL flask was charged with 2.5g 

(0.012 mol) of I and 10 mL of diluted HC1. The mixture 

was stirred vigorously for two hours. The mixture was 
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washed with three 20-mL portions of ether. The combined 

organic layers were dried and filtered, and the excess 

solvent was stripped off. GLC of the residue indicated 

a 95% yield of XIV. 

Preparation of 3>- (3-cycTopenten-l-yl) -2, 5,5-tri-
methyl-2-silahex-2-yl methoxide, XVI 

4. A 100-mL three-necked flask was fitted with a gas inlet 

and septum, and flame dried while being flushed with dry 

nitrogen. Then, 50 mL of freshly distilled methanol and 

2.5 mL (0.01 mol) of XII were added. Dry hydrogen chloride 

gas was then added until pH paper showed the solution to be 

acidic. The solution became brown and gave off heat. The 

solution was washed with hexane and the hexane evaporated, 

leaving a residue containing the product, XVI, in 72% yield. 

XVI was prepared in experiments 7, 8, and 9 when 

methanol was used as a cjuenching reagent in some of the 

1H NMR experiments, 

5. In a dry 25-mL three-necked flask equipped with a 

reflux-condenser/gas inlet and septum were placed 0.5g 

(0.003 mol) XVII and 10 mL of dry methanol. The mixture 

was stirred vigorously for 24 hours but reaction was only 

about 15% complete. A single drop of con. HCl was added and 

the reaction went to completion, giving 92% of XVI. 

Preparation of 3_ 
5-tri-methyl'-2-a. 

6. To an NMR tube conta 

acid (H2S0^/S03) was add 

(3-cyclopenten-l-y1)-2,5, 
lahex-2-yl sulfate, XVIII 

.ining chloroform and fuming sulfuric 

.ed a sample of XII enriched in the 
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exo-isomer. The sample immediately turned dark and the 

spectrum showed the disappearance of any resonances in the 

vinyl region. After two days the spectrum was unchanged. 

7. To an NMR tube containing mostly Xlla, chloroform, 

and carbon tetrachloride was added one drop of fuming 

sulfuric acid. Upon addition of the acid, peaks appeared 

(as discussed in the text) which could be assigned to 

XVIII by comparison to the compound obtained in experiment 

20. After two days and no further change in the spectrum, 

one drop of methanol was added. Immediately peaks appeared 

which could be explained by XVI. Addition of one more drop 

of methanol after two hours resulted in complete formation 

of the methoxy adduct. 

8. To an NMR tube containing XIla, chloroform, and carbon 

tetrachloride was added sequentially five drops of fuming 

sulfuric acid. Following the second drop, it appeared that 

the starting material was completely reacted. After three 

more drops of the acid, the XVIII which had formed on ad-

dition of the first equivalent of acid appeared to be 

completely reacted. At this point, two drops of methanol 

were added which gave a product which appeared to have a 

methoxy group attached to the silicon but did not contain 

any vinyl protons. 

9. To an NMR tube containing mostly Xllb, chloroform, 

and carbon tetrachloride was added sequentially, two drops 

of fuming sulfuric acid. At this point there were no peaks 
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which corresponded to the starting material. Only peaks 

corresponding to XVIII were seen. Then two drops of methanol 

were added so that no peaks due to the sulfate, XVIII, 

remained. 

10. To an NMR tube containing XVI, chloroform, and 

carbon tetrachloride was added suquentially four drops of 

fuming sulfuric acid. It appeared that the methoxide, 

XVI, was still present in about 30%. Following the fourth 

drop of acid, one drop of methanol was added. The sample 

then appeared to contain 100% of the methoxide, XVI. 

11. Fuming sulfuric acid was added dropwise to an NMR 

tube containing mostly Xllb, chloroform, and DMSO. A 

single peak appeared at 0.12 ppm and a new peak appeared 

in the vinyl region. The peaks corresponding to Xllb were 

decreased in intensity. 

Preparation of 3-(3-cyclopenten-l-yl)-2,5,5-tri-
methy1-2-silahex-2-yl trifluoromethy1sulfonate, XIX 

12. To an NMR tube containing mostly Xllb, chloroform, 

and carbon tetrachloride was added one drop of trifluoro-

methylsulfonic acid. At this point, no peaks due to the 

original norbornene were detected. The new peaks could 

be assigned to XIX by comparison to the compound obtained 

in experiment 23. No change occurred in two hours. 

Finally, one drop of methanol was added and new peaks were 

obtained which were consistent with the methoxy compound, 

XVI, obtained previously. 
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13. To an NMR tube containing chloroform and trifluoro-

methylsulfonic acid was added a mixture of Xlla and Xllb. 

The mixture turned dark and the NMR spectrum showed the 

complete disappearance of any peaks in the vinyl region. 

No change occurred with time. 

14. To an NMR tube containing a mixture of Xlla and Xllb 

enriched in the Xlla, chloroform, and carbon tetrachloride 

were added successively three drops of trifluoromethylsulfonic 

acid. The NMR spectrum of the mixture after the first 

drop of acid had been added indicated that about 50% of the 

solution was the ring-opened compound, XIX. After one more 

drop, the original norbornene was completely gone and 

XIX was present in 100%. A third drop gave an NMR spectrum 

which indicated that XIX was completely reacted,as no 

resonance was found in the vinyl region. 

15. To an NMR tube containing an exo- enriched mixture of 

XII, chloroform, and DMSO were added sequentially four drops 

of trifluoromethylsulfonic acid. The NMR spectrum after 

each of the first three drops indicated a new vinyl 

group and a new peak in the silicon methyl region. After 

the fourth drop, no peaks corresponding to XII could be 

found. 

16. To an NMR sample enriched in the endo- isomer of XII 

and containing chloroform and DMSO was added one drop of 

trifluoromethylsulfonic acid. The NMR spectrum was run 

periodically. After 18 hours the starting material was 

completely reacted and the resulting spectrum matched that 
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obtained in experiment 15. 

Preparation of 3-(3-cyclopenten-l-yl)-2,5 ,5-
trimethy1-2-si1ahex-2-y1 fluoride, XVII 

17. Two 100-mL three-necked flasks were set up, fitted 

with gas inlets and septa, and flame dried while being flushed 

with dry nitrogen. Then 35 mL of freshly distilled hexane 

were added to each. Into one flask was added 1.5 mL of a 

mixture of XII enriched in the exo- isomer while 1.5 mL of 

a mixture of XII enriched in the endo-isomer was added to 

the other flask. Flask A contained 77% Xlla and 23% Xllb 

while flask B contained 19% Xlla and 81% Xllb. At this point, 

a single drop of boron trifluoride etherate was added to 

each mixture. The GLC of each mixture was run periodically 

and showed 40% of XVII after 24 hours. 

18. To a solution of 5g (0.024 mol) of XII in 25 mL of 

hexane were added dropwise 5 mL of concentrated sulfuric 

acid. Smoke and heat were given off and the mixture 

turned black. Then, 5.0g of ammonium fluoride was added 

followed by the addition of 5 mL of water. The mixture was 

stirred for five minutes and the aqueous layer was then 

extracted with ether. The organic layer was dried over 

sodium sulfate, filtered, and the solvent stripped 

away, leaving a residue which contained XVII in 80% yield. 

19. Two reaction vessels were set up as in experiment 

17. The first flask contained 75% Xlla and 25% Xllb, 

while the second flask contained 66% Xlla and 34% Xllb. 
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At this point, 10 mL of boron trifluoride etherate were 

added to each flask. The mixtures were monitored by GLC. 

After 18 hours no reaction had taken place. Further reflux 

overnight produced no reaction. 
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second drop of acid was added. 

24. To an NMR tube containing chloroform and tri-

fluoromethylsulfonic acid was added a sample of hex-

amethyldisiloxane. A new peak appeared at 0.72 ppm. 

25. To an NMR tube containing hexamethyldisiloxane, 

chloroform, and DMSO were added sequentially two drops 

of trifluoromethylsulfonic acid. 

Experiments Using Deuterosulfuric Acid 

Preparation of tetrabutylammonium fluoride (29) 

26. Dilute hydrofluoric acid was added to 10% tetra-

butylammonium hydroxide until the mixture was neutralized. 

The bulk of the water was removed and then the paste was 

dried overnight in a drying pistol with phosphorous 

pentoxide. The resulting tetrabutylammonium fluoride was 

stored under nitrogen. 

27. To an NMR tube containing 150 mL of XII, 250 mL 

of carbon tetrachloride, and 50 mL of chloroform were added 

3 mL of deuterosulfuric acid. Then, excess tetrabutyl-

ammonium fluoride was added and the entire sample submitted 

for GC/MS analysis. Results are given in Tables XIX and 

XX. 

28. To an NMR tube containing 150 mL of XII, 250 mL of 

DMSO, and 50 mL of chloroform was added 3 mL of deuterosulfuric 

acid. Then, excess tetrabutylammonium fluoride was added 

and the sample submitted for GC/MS analysis. Results are 

given in Tables XIX and XX. 



Characterization of New Products 

XIV. 3-(3-cyclopenten-l-yl)-2, 5,5-tri-
methyl-2-silahex-2-yl hydroxide 

NMR: 0.24 (s,6H), 1.03 (s,9H), 1.29-1.59 (m,4H), 

2.19-2.79 (m,5H), 5.69 (m,2H). 

MS: m/e (M+) 226 (5.4), 211 (7.4), 169 (32.1), 73 (100.0) 

IR: cm-1 3700-3100, 3050-2800, 1610, 1475, 1360, 

1250, 830. 

XVI. 3-(3-cyclopenten-l-yl)-2,5,5-trimethyl-
2-silahex-2-y1 methoxide 

NMR: 0.22 (s,6H), 1.00 (s,9H), 1.30-1.58 (m,4H), 

2.15-2.70 (m,4H), 3.44 (s,3H), 5.67 (m,2H). 

MS: m/e (M+) 240(9.2), 225(14.4), 208(14.7), 150(100.0). 

Anal.: Calcd, for SiC14H2gO: C,69.93; H,11.74. 

Found: C, 70.08; H, 11.54. 

XVII. 3-(3-cyclopenten-l-yl)-2,5,5-trimethy1-
2-siiahex-2-yl fluoride 

NMR: 0.37 (d,6H, J=7.2Hz), 1.05 (s,9H), 1.03-1.07 (m,4H), 

2.26-2.56 (m,4H), 5.69 (m,2H). 

MS: m/e (M+) 228(3.2), 171(70.9), 143(8.5), 77(100.0) 

XVIII. 3-(3-cyclopenten-l-yl)-2,5,5-tri-
methy 1-2 -si lahex-2-yl sulfate 

NMR: 0.63 (s,6H), 1.11 (s,9H), 1.24-1.70 (m,4H), 

2.19-2.91 (m,4H), 5.71 (m,2H). 

XIX. 3-(3-cyclopenten-l-yl)-2,5,5-trimethy1-2-
silahex-2-yl trifluoromethylsulfonate 

NMR: 0.77 (s,6H), 1.16 (s,9H), 1.34-1.75 (m,4H), 2.21-

2.95 (m,4H), 5.75 (m,2H). 

124 
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TABLE XXI 

CROSS REFERENCES OF EXPERIMENTAL NUMBERS AND 
NOTEBOOK NUMBERS 

Experiment 
Number 

Notebook 
Number 

Experiment 
Number 

Notebook 
Number 

1 IRAP-119 15 IRAP-245a 

2 IRAP-145 16 IRAP-245b 

3 IIRAP-51B 17 IRAP-213 

4 IRAP-211 18 IRAP-247 

5 IIRAP-43 19 IRAP-217 

6 IRAP-237 20 IRAP-241b 

7 IRAP-237C 21 IRAP-241d 

8 IRAP-237d 22 IRAP-241g 

9 IRAP-237e 23 IRAP-241C 

10 IRAP-237f 24 IRAP-241e 

11 IIRAP-49f 25 IIRAP-49d 

12 IRAP-239a 26 IIRAP-79 

13 IRAP-239b 27 IIRAP-95B 

14 IRAP-241f 28 IIRAP-95F 
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CHAPTER IV 

THE IMPORTANCE OF 0-7T CONJUGATION IN 2,2-DIMETHYL-

3-NEOPENTYL-2-SILANORBORN-5-ENE 

As is discussed in Chapter III and as evidenced by the 

experiments reported there, carbonium ions g to silicon are 

unusually stabilized. It is possible that the stabili-

zation is due to conjugation of the occupied p-type orbital 

of the silicon-carbon a bond with the empty p-orbital of 

the cationic carbon. An alternative possibility is that a 

non-classical type ion, II, might be responsible for the 

stabilization. Evidence for II has been obtained (1,2); 

however, the overwhelming evidence (presented below) is in 

favor of the a-ir conjugative model, I. 

C + 
R.Si 

R3 
Si / \ ' \ 

' 4 - * 

> L — < 

Scheme 1 

Evidence for this c-ir conjugation in neutral molecules 

is much less easily obtained than experimental evidence 

for the stabilization of cations by silicon-carbon a bonds. 

Several avenues of research have been pursued regarding 

a-TT conjugation in organosilanes. Recently, a+ constants 

130 
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have found a certain utility in the study of such reactions 

-f 

as those described above (3), a constants were first 

proposed by Brown for use in Hammett correlations in situ-

ations where substituents interact via resonance with a 

developing positive center in a reaction intermediate (4). 

K + 
log £ = o p 

o 

Several values for the c + constant for the trimethyl-

silylmethyl group (Me3SiCH2~) have been published, ranging 

from -0.234 (5) to -0.87 (6). A value of -0.54 (7), 

determined by the solvolysis of the p-substituted cumyl 

chloride in 90% aqueous acetone is considered to be very 

accurate. Most of the other values have been obtained via 

secondary methods. In an important paper by Traylor, et. 

al. (8), o+ constants were correlated with the charge-

transfer (CT) frequencies of substituted benzene-tetra-

cyanoethylene (TCNE) molecular complexes. This correlation 

is important because it measures the effect of the tri-

methylsilylmethyl group using a vertical electronic process, 

which occurs more rapidly than nuclear movements. Thus, 

the energy of a vertical process can be affected by elec-

tronic effects but not by other effects involving nuclear 

movements. With these criteria in mind, the a + values of 

several organometallic groups (R^MCI^-) were obtained via 
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the CT spectra. The values so obtained related closely to 

those obtained by reaction rates. Furthermore, it was 

suggested that the observed vertical stabilization was due 

to a conjugative effect rather than inductive effects 

because insertion of an additional methylene group between 

the substituent and the benzene ring completely destroyed 

the stabilizing effect. A later paper by Traylor et al. 

(9) explored the c-tt conjugative abilities of 

groups further. It has been shown that the interaction of 

a metal-carbon o bond and a p orbital on carbon varies 

directly as cos 0 where 0 is the angle through which the 

metal-carbon o bond and the carbon p orbital are twisted 

out of coplanarity (10). As a confirmation of this theory, 

Scheme 2 

Traylor observed a decrease in the CT frequency of 9300 cm 1 

when going from compound Ilia to compound IIIc (12). The 

same change in substitution on going from IVa to IVc 

resulted in only a 400 cm"1 change. This data represents 



TABLE XXII 

CHARGE-TRANSFER FREQUENCIES OF SOME 
ORGANOMETALLIC COMPOUNDS AND 

THEIR ANALOGS 

133 

X 

1—1 1 >
 

X PhCH2X (III) ( 0 1 ^ (IV) 

a H 24300 23600 

b SnMe^ 17500 23600 

c Hgc6Hll 15000 24000 

the difference in electronic effects found when comparing 

compounds where overlap as in Scheme 2 is possible (III) 

and compounds where that type of overlap is restricted (IV) 

Also, a theoretical study was made by Hoffmann et 

al., which indicated for XCH2-CH2 species where X is less 

electronegative than hydrogen, conformer A is preferred 

for cations while B is preferred for anions (11). 

V 

B 

Scheme 3 
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The opposite was found to be true for situations where X 

is more electronegative than hydrogen. This is illustrated 

in Table XXIII. 

TABLE XXIII 

CALCULATED BARRIERS, E(B)-E(A), 
FOR TWO XCH2-CH2 SPECIES 

Energy (kcal/mol) 

Compound Cation Radical Anion 

(BH2)CH2-CH2 +10.4 +0.3 -6.2 

FCH2CH2 - 8.4 0.0 +9.2 

Further studies by Traylor et al., suggested that 

the inductive effects of R^M groups are small. It was 

found that substitution of X in compound IV by the groups 

shown in Table XXII and others (-SiMe^,-HgCl) had negligible 

effects on the CT frequencies (12). 

More recently, Davis has suggested an internally 

consistent set of a+ values by which several groups can 

be compared (13). These values are given in Table XXIV 

below. 



TABLE XXIV 

DAVIS'S a VALUES (12) 
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+ a Group 
+ a 

Group a Group 0 

-CH2SiMe3 -0.54 - C H 2 P B M E 3 -1.03 

-CH(SiMe3) 2 -0.65 - C H 2 P B P H 3 -0.90 

-C(SiMe3) 3 

00 
KO • 

o 1 - C H 2 C H 2 P B P H 3 

00 
o • 
o 1 

-CH2SiPh3 -0.38 -H 

o o • 
o 1 

-CH2GeMe3 -0.63 - C H 2 P H -0.17 

-CH2SnMe3 -0.81 -Me 

1—1 
00 • 
o 1 

a) Calculated from a = 9.46 x 10_2Vtcne (kk)-2.466 

Since the difference in a+ values for the alkyl and 

phenyl substituted R3MCH2~ groups were constant, this dif-

ference was taken as an inductive effect. Therefore, the 

resonance portion of the a+ constant could be obtained as 

follows: 

a - " rr " 
R 

+ 0.28Ea. 

"a +" = a+ - 0.28£crT 
K. J-

Scheme 4 

where is the inductive effect of the R groups. Values 

obtained for "^•R
+" are shown in Table XXIV. 



TABLE XXV 

"c +" VALUESa 

X\ 
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Element 
V " 

C -0.29 

Si -0.49 

Ge -0.59 

Sn 

CO 
r-• 
o
 1 

Pb -0.99 

a) "o_ 11 contains the inductive effect for the 
K 

R group as a whole. 

As can be seen from the values in Table XXV, the 

metallo groups exhibit a progressively larger resonance 

portion of the a+ constant than does carbon. These "a*" 
R 

values were taken as a measurement of the group's ability 

to undergo a-rr conjugation. 

A model of G-TT conjugating ability was also proposed 

in the correlation of a+ constants from CT frequencies 

with bond polarizability. The correlation followed closely 

that obtained earlier. This evidence further suggested 

that C-TT conjugation was important in systems where a 

cation could be 6 to a carbon-metal o bond. 

In keeping with Davis's results, a similar paper 

appeared recently in which evidence for A-7T conjugation 
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was obtained for a series of benzylsilanes and germanes 

(14) . This evidence was obtained in the form of Hairmett 

substituent constants by using CT spectra. Values of 

which represents the set of conjugative and inductive 

substituent effects were obtained by IR. The actual values 

obtained are shown below in Table XXVI. 

TABLE XXVI 

\ND a + VAL1 p 
CONTAINING Bl-R SUBSTITUENTS 

CALCULATED 0° AND a + VALUES OF Si AND Ge 
R P 

R v CT Q
 o + 

a 
P 

CH2Si(CH2Ph) Me 19700 -0.24 -0.97 

CH2Si(CH2Ph)HMe 20000 -0.21 -0.91 

CH2SiHEt2 20200 -0.23 -0.87 

CH2Si(CH2Ph)HEt 20400 -0.22 -0.84 

CI^SiMe^ 20800 -0.17 -0.76 

CH2SiHtBu2 20900 -0.22 -0.74 

Cf^GeMe^ 19200 

C
O

 
CM

 • 

o
 1 

i—1 
o
 • 

rH
 1 

CH2GeH2Et 19300 -0.24 -1.05 

CH2Ge(CH2Ph)2H 19400 -0.24 -1.03 

CH2Ge(CH2Ph)H2 19800 -0.23 -0.95 

CH2Ge(CH2Ph)HEt 20000 -0.24 -0.91 

CH2Ge(OEt)3 22000 -0.24 -0.53 
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The authors concluded that relatively higher absolute 
O 

values of a R for the germanes were consistent with 

increased C T - T T interaction in the ground state due to higher 

bond polarizability (Ge-C) relative to the silanes (Si-C). 

It was also concluded that the higher negative values of 

for the germanes were consistent with increased C T - T T 

conjugation in the CT state as compared to the silanes. 

Other evidence consistent with C T - T T conjugation in 

organosilanes has been presented in some UV studies. Some 

years ago, Eaborn noted a red shift in the UV of benzyl-

silanes when compared to their carbon analogs and suggested 

C T - T T conjugation as the cause of the shift (15) . Later, 

the same reasoning was applied to a series of allylic 

silanes which also exhibited red shifts in relation to 

their carbon analogs (16). More recently, similar phenom-

ena in the UV have been explained by C T - T T conjugative 

effects (17-20). 

In each of the above cases, C T - T T conjugation was post-

ulated and could be used to explain the observed red 

shifts by the generally accepted argument given below. In 

allylic silicon compounds, the TT bonding orbital of the 

carbon-carbon double bond and the a bonding orbital of the 

silicon-carbon single bond are very close in energy. From 

ionization potentials the energy of the carbon-carbon IT 

bond is considered to be -10.51 (21) - -10.6 (22) while 
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that of the silicon-carbon o bond is probably about -10.0 

(23). This closeness in energies allows a ready overlap 

(mixing) of the two orbitals which results in a concomitant 

stabilization-destabilization of the resulting molecular 

orbitals. This mixing then allows a lower energy (red 

shifted) transition from the highest energy molecular or-

bital to the it* orbital. This explanation is consistent 

with the experimental results given. It can be argued that 

4-

2 _ * 
z 7T C-C 
0-

- 2 -

IP -4-

- 6 -

- 8 -

jr 

~~ 10 Tr O" . 
" n o ^ Sl-C c-c 

- 1 2 -

-14-
jr ... 

S cheme 5 

an interaction between the silicon d orbitals and the 

carbon-carbon it* antibonding orbital results in a lowering 

of the it* orbital energy (24) . With the more recent dis-

counting of this d orbital effect (25,26), it seems 
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reasonable that it is of little consequence compared to 

a-ir conjugation. Some typical UV data on representative 

Group IV compounds is given in Table XXVII. 

TABLE XXVII 

TYPICAL T T + T T * TYPE ABSORPTIONS FOR 
GROUP IV COMPOUNDSa (24) 

Compound X (nm) max e 

Me3C-CH2CH=CH2 179 11000 

Me3SiCH2CH=CH2 190 10000 

Me3GeCH2CH=CH2 195 11000 

Me3SnCH2CH=CH2 210 14000 

Cl3SiCH2CH=CH2 186 11000 

F3SiCH2CH=CH2 180 5000 

Cl_GeCH CH=CH_ J z ^ 
206 5000 

a) More values for different compounds can be obtained 
from a recent review article (27). 

Evidence obtained by NMR for o-ir interactions has 

19 

been limited. The use of F NMR has found great utility 

in this area as the chemical shifts of fluorine atoms 

attached to the benzene ring of benzylsilanes are appar-
19 

ently indicative of O-TT conjugation. The F chemical 

shifts of several aromatic compounds were reported by 

Eaborn et al. and Adcock et al. The values are listed 

in Table XXVIII. 
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19 

TABLE XXVIII 

F NMR CHEMICAL SHIFTS 

6 (ppm) 

Compound3 C C 14 Ref. 

F - # - H 0.00 28 

F — @ - C H 3 -5.34 28 

F _ ® ^SiMe3 

V£> 
o
 • 

I 28 

-7.47 28 
-

F (S iMe 2) 3 -6.93 28 

Compound Cyclchexane DMF Ref. 

-4.19 -5.64 29 

F-J©CS> -5.02 -6.69 29 

i—1 
LO • 
CO 1 -5.10 29 

F^o -3.95 -5.43 29 

-4.18 -5.53 29 

a) These shifts are relative to fluorobenzene. 

b) These shifts are relative to 1,1,2,2-tetrachloro-
3,3,4,4-tetrafluorocyclobutane. 

As can be readily seen from the data for the compounds 

19 

m which a-iT conjugation could be important, the F NMR 

shifts are upfield compared to the other compounds. This 
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shift is consistent with that expected if the resonance 

contributors associated with a-it conjugation are important. 

p _ \ \ 

+ +, 
SiMe, SiMe, _ /==\ SiMe., 

^ / \_ ^ p / \ 3 

Scheme 6 

Other investigations of cr-ir interactions have involved 

13 29 

C and Si NMR. In a recent paper by Panasenko et al., 

13 

the C values for the a, 3, and y atoms of several allyl-

silanes were reported (30). It was found that replacement 

of a carbon atom by a silicon atom in the -CR^ group 

always results in an upfield displacement of the carbon 

atoms by 24.6, 2.1, and 4.2 ppm for Ca, C$, and Cy, 

respectively. The a-TT interaction was suggested to be 

independent of the R group in -SiR^. Furthermore, the 

three carbon atoms of interest were found to have electron 

density in the order Ca>Cy >C3. This order is consistent 

with the expected resonance contributors shown in Scheme 7. 

SiMe_ SiMe, _ +SiMe0 

3 * — » y-^y 3 * _ / V 3 

S cheme 7 
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13 
At least two other reports on the C NMR of allyl-

silanes have been made. These also include reports of 

29 
Si chemical shifts. In a paper by Schraml et al., the 

13 

C shifts of several allylsilanes with various functional 

groups on silicon were compared (31) . Their results did 

not conclusively delineate the importance of c-tt conju-

gation in allylsilanes; however, they concluded that the 

a - T r interaction was more important in allylsilanes than a 

p-d interaction. In all of their compounds (open-chain 
2 

allylsilanes) the terminal sp carbon was more highly 
2 

shielded than the internal sp carbon. Likewise, in a 

study of methylallylsilanes by Delmulle and Van Der Kelen, 

13 
deviations of the C shifts in the silicon compounds from 

13 

the C shifts in analogous carbon compounds were attri-

buted to inductive, steric, and anisotropic effects (32). 
29 

Values of Si chemical shifts have also been obtained 

for a number of allylsilanes but no absolute conclusions 

about a-7r conjugation have been drawn (32,33). Some evi-

dence for a-iT conjugation has been claimed by utilizing 

the geminal coupling constant for the protons of the 

2 

terminal sp carbon of allyltrimethylsilane (2.26 Hz) as 

compared to that of the isostructural carbon compound 

(2.48 Hz) (32). 

Information on the importance of g-tt conjugation in 

allylsilanes has been obtained from photoelectron 
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spectroscopic studies. In a paper by Pitt, the ionization 

potentials of the TT system of a series of silyl and germyl 

substituted indanes were measured (making use of the 

dependence of the magnitude of the cr-ir interaction on the 

cosine of the dihedral angle, 8, between the two orbitals) 

(34). In the compounds used, when the M-C a bond was in 

correct orientation for overlap of the C-C IT bond the IP's 

were substantially lowered indicating CJ-TT conjugation. Two 

other reports have shown that the low first IP of allyl-

silanes can be attributed to a a-TT interaction of the 

double bond TT orbital and the Si-C a bond (35,36). More 

recently, the electron donor activity of benzyltrimethyl-

silane was defined as the difference between its IP and 

that of benzene. The difference, 1.205, was attributed to 

A-TT interaction (37) . 

So far, evidence for c r - T r conjugation in organosilicon 

compounds has been discussed in terms of 1) the unusual 

stability of cations 3 to silicon, 2) o + Hammett substit-

uent constants, 3) UV, 4) 1 9F NMR, 5) 1 3C NMR, 6) 2 9Si NMR, 

and 7) PES studies. Furthermore, the conformational 

requirement for this kind of A-TT interaction has been 

shown to be quite severe. A major problem in studies of 

this kind has been the lack of model compounds which meet 

this stringent conformational requirement for overlap of 

the Si-C a bond with the C-C TT bond. As discussed earlier, 
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the importance of interactions involving silicon-carbon a 

bonds and carbon-carbon tt bonds depends upon the cosine of 

6, the angle through which the silicon-carbon a bond and 

the p orbital of the 3 carbon atom are twisted out of 

coplanarity. Thus, when 0 is 0°, cos 0 would be one and 

a maximum o-ir interaction would be predicted. On the other 

hand, when 0 is 90°, cos 0 would be zero and a minimum 

a-tt interaction would be predicted. Therefore, a molecule 

which is fixed in a position such that the silicon-carbon 

a bond and the p orbital of the 3 carbon atom are coplanar 

or nearly so (cos 0 - 1 ) would be expected to exhibit the 

maximum O-TT conjugative effects. 

Open chain allylsilanes, having free rotation about 

2 

the a bond connecting the internal sp carbon and the 

allylic carbon, could be expected to be in a perfect orien-

tation for a-tt interaction only a portion of the time. 

Therefore, any effects due to a-ir interactions in these 

compounds would be attenuated from the maximum. Likewise, 

4-silacyclohexenes would not be expected to enter into 

maximum o-tt interactions, and the effects seen by any phy-

sical methods would also be attenuated. 

In Chapter II, the synthesis of exo- and endo-5,5-

dimethyl-6-neopentyl-5-silabicyclo[2.2.1]hept-2-ene, Va 

and Vb, was described. Comparison of molecular models of 

allyltrimethylsilane, 4,4-dimethyl-4-silacyclohexene, and 
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V show that 0 is smaller in V than in the silacyclohexene. 

For allyltrimethylsilane, 6 will be zero a certain portion 

of the time but the overall effect of a-ir conjugation would 

be expected to be less than in V. Scheme 8 illustrates the 

differences in 0 for the three compounds. Because V should 

o 
SiMe 

0=90° )=0' 

allyltrimehtylsilane 

0-35° 

0 
c, 
0-15° 

4,4-dimethyl-4-
silacyclohexene V 

Scheme 8 

be a good model for cr-it interactions, UV, 13C NMR, and 29Si 

NMR studies were undertaken to determine the importance of 

a-ir interactions in V. 

13 9 9 
In most cases where UV, C NMR, and Si NMR have been 

used to study the importance of o-ir interactions in organo-

silanes, the spectra of the organosilanes were compared to the 

spectra of the model carbon compounds. For similar comparisons 

in our system the obvious model was exo- and endo-5,5-dimethyl-

6-neopentylbicyclo[2.2.1]hept-2-ene, IXa and IXb. A reasonable 

alternative was exo- and endo-5,5-dimethyl-6-ethylbicyclo 

{2.2.1]hept-2-ene, Xlla and Xllb. The attempted methods of 

synthesis for these compounds are shown in the following 

schemes. 
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O * ̂  COOH 180 °<T 

OTs 

COOH 

VI 

v 

LiAlH. 

n 

IX VIII 

Scheme 9 

VII 

VI 1) LiH ^ 
2) tBuLi 

1) H M > I x 

2) tBuOK 

X 

Scheme 10 

1) LiH 

2) MeLi 

Scheme 11 

1 H a H N a » // 
2) tBuOK IL 
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The synthesis of IX as shown in Scheme 9 involved the 

formation of a primary but very hindered tosylate, VIII. 

The steps in the synthesis up until this point went very 

well although in low yield (Exp. 1,2). The preparation of 

the tosylate, VIII, was attempted by reacting VII with 

tosylchloride in the presence of pyridine (Exp. 3). GLC 

analysis indicated the presence of several by-products in 

the reaction. "̂H NMR of the reaction showed the presence 

of new peaks in the olefin region. This was consistent 

with the facile Wagner-Meerwin type rearrangement that 

occur in this system in the presence of acid. Therefore, 

acidic reagents and any synthetic steps involving acids 

were abandoned for the preparation of any of the necessary 

intermediates. The transformation of VII to VIII was 

again attempted using sodium hydride followed by addition 

of tosylchloride (Exp. 4). Again, VIII was not obtained. 

The final step shown in Scheme 9 was not done due to the 

failure to form VIII. 

At this point, the alternative synthesis of IX as 

shown in Scheme 10 was tried. The first step of the 

sequence worked beautifully to give X (Exp. 5). The first 

step of the Wolff-Kishner reduction of X, formation of the 

hydrazone, could not be forced to go (Exp. 6). Other 

methods of reduction of X to IX involved formation of an 

acid and were not tried. 
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Since failure to form the hydrazone of X was con-

sidered to be a steric problem an alternate synthesis was 

tried which would give a reasonable analog for V as shown 

in Scheme 11. Since compound XI is a methylketone rather 

than a tert-butyl ketone as in X, the hydrazone of XI was 

expected to be easier to form. Formation of XI from VI 

went well but again (Exp. 7), the hydrazone of XI could 

not be formed (Exp. 8) . 

The failure to form either of the desired model com-

pounds was unfortunate but compound VII and possibly XI 

could be used as models for V. Compounds VI and X were 

not used as models because of their failure to be sepa-

rated into isomers under GLC conditions. 

As discussed above, UV spectra have been used to study 

the importance of c-tt conjugation in allylsilanes. To do 

TABLE XXIX 

tt+TT* TYPE ABSORPTIONS FOR V AND SOME ANALOGS3 

Compound X (nm) max e Ref. 

V 212 1930 this work 

VII transparent above 200 this work 

norbornene 196 500 38 

-sŝ N̂ -SiMê  190 10000 24 

^ V C M e 3 179 11000 

a) Samples run in isooctane. 
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this same kind of study for V, the UV spectra of V and VII 

were obtained. The values for these compounds as well as 

those of some pertinent analogs are given in Table XXIX. 

As can be seen from Table XXIX, the silanorbornene, 

V, has a transition that is red shifted by 16 nm compared 

to the TT+TT* transition in norbornene. The transition in 

V is also red shifted by at least 12 nm as compared to 

compound VII. This red shift is consistent with the 

lowering of the energy of the transition of V due to 

a-Tr conjugation. The fact that the extinction coefficient, 

E, in V is larger than that in norbornene suggests that 

the transition in V is more allowed than that in norbornene. 

Also of interest as shown in Table XXIX, is that 

allyltrimethylsilane has a transition that is red shifted 

by 11 nm in relation to the transition in neopentylethylene. 

The fact that the silanorbornene, V, exhibits a larger red 

shift relative to its carbon analog than does the open 

chain allyltrimethylsilane is consistent with the argument 

presented earlier that cr-ir interactions should be more 

important in V than in allyltrimethylsilane. 

13 

As discussed above, C NMR studies of allylsilanes 

have been only marginally useful in the determination of 

the importance of o-ir interactions. One might expect that 

a study of this type for V would be more elucidating 

considering improved conformation of V over other 
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13, allylsilanes studied. The C spectra of V, VII, and IX 

were obtained and are shown at the end of the chapter. The 

chemical shifts are given below and in Table XXXV. 

Other model compounds were found in the literature 

and are shown in Scheme 13. A complete summary of their 

chemical shifts and origins is given in Table XXXV. 

44.6 47.0 

136.7 

135.9 

53.1 

(-0.4) 

139.0 

138.0 

139.8 

138.9 

47.9 

48.3 

57.0 

32.1 

41.5 

Vila 27.3 

,49.2 

63.3 

29.2 

44.3 

28.1 

133.7 

133.1 

137.4 

137.0 

138.2 

27.5 

136.9 ̂ -"35.7^5 j 

Vb -2.4 

46.2 

31.3 

39.3 
VI lb 

21.8 

49.1 

66.6 

45.4 

26.4 

XIa Xlb 

Scheme 12 
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45.1 

21.8 

137.0 
32.9 

136.1 
34.2 

50.6 

132.5 32.9 

19.6 

137.0 
43.5^ 35.0 

XHIa XHIb 

138.2 

133.2 

136.7 

136.7 

20.4 

43.0 

42.0 48.4 

18.8 

45.4 

41.9 

41.9 

XVa 

132.9 

137.1 

43.1 

30.0 42.3 

XVb 

29.8 

44.9 

41.6 

135.6 46.1 

135.6 
35.8 49.6 

14.1 

XVI 

Scheme 13 



153 

For the sake of discussion, the numbering system for 

the norbornenes was standardized and is as shown below. 

(a) 2 

(3)3 

Scheme 14 

Since only the shifts of C-2, C-3, and the methyls 

at Si or C-5 will be compared, only these assignments will 

be discussed. The structures of Va and Vb were already 

known by "̂H NMR as discussed in Chapter II. As in the "4i 

NMR, the assignments for the silicon-methyls was made by 

comparison between the exo- and endo- isomers. The endo-

methyl of Vb was expected to be most upfield while the 

exo- methyl of Vb was expected to be most downfield. This 

was expected due to the relatively large amount of steric 

bulk about the endo- methyl (n bond and neopentyl group) 

relative to the exo- methyl (C-7 bridging group) (39). 

Therefore, the silicon-methyls for Vb were assigned 

accordingly. On the other hand, the silicon-methyls of 

Va were expected to be similar due to the similar environ-

ments of each. The exo- methyl group would be shielded 
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by the neopentyl group but the endo- methyl would be 

shielded by the tt bond. For this reason, an unambiguous 

assignment cannot be made but the two methyl groups are 

not significantly different. 

The shifts of carbon atoms C-2 and C-3 were assigned 

by comparison with the carbon analogs. It was noted that 

changing the alkyl group on C-6 from the exo- to the 

endo- position caused an upfield shift in C-2 (exo- to 

endo-) and a downfield shift in C-3 (exo- to endo-). 

Therefore, for Vb, C-2 was expected to be more upfield 

than C-3 and the assignments were C-2:133.7 and C-3:136.9. 

For Vb, C-3 was expected to be more upfield than C-2 

because of the endo- methyl group on silicon. Thus for 

Vb, C-2 was assigned as 136.7 and C-3 as 135.9. This 

assignment is also consistent with that seen in other 

cyclic allylsilanes as shown in Table XXX. 

The assignments of the methyls at C-5 and carbons C-2 

and C-3 for VII and XI were made using the same arguments 

as for V. The other shifts that are listed for these com-

pounds were assigned on the basis of decoupling experiments 

and comparison to analogous compounds. 

In order to compare the steric effects of alkyl groups 

at C-6 on the chemical shift of C-2 in the absence of 

interaction with the C-C it bond and to observe the effect 

of the C-C it bond on the silicon-methyls, exo- and 
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endo-2,2-dimethyl-3-neopentyl-2-silabicyclo[2.2.1]heptane, 

13 

XVIIa and XVIIb were prepared (Exp. 9). The C spectra 

of XVIIa and XVIIb were obtained and are given below and 

in Table XXXV along with some carbon analogs found in the 

literature. For the sake of clarity in discussion, the 

numbering system used for these saturated compounds will 

be the same as that used for the compounds mentioned 

previously. 

38.6 

33.9^-

41.0 

26.0 

26.9 
47.0 

26.2*^29.4^ si _ 0 • 7 

XVIIb 
-3.7 

40.7 

42.1 ;43.7 22.8 
22.4 29.0 ,34.5 37.0 

17.5 
38.1 37.5 30.6 30.3 40.4 38.9 

35.. 4 

XVIIIa 

17.5 

38.9 

XVIIlb 
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35.4 37.4 

31.7 
48.1 44.9 21.6 

25.1 30.8, 
36.9 45.8 

27.3 38.8 43.0 44.6 28.7 21.6 47.2 
XIX XX 

16.1 
35.4 40.1 

38.6 38.5 OH 23.1 30.6 42.9 
45.2 

OH 
36.6 30.6 29.7 34.5 34.1 34.1 
XXIa XXIb 

36.9 40.6 

OOH 41.4 41.0 
29 25.3 46.3 

46.8 

COOH 
36.6 29.8 34.5 29.5 
XXIIa XXIIb 

41.1 

42.1 
24.5 

48.0 

23.2 35.9 

14.9 

COOH 

XXIII 

Scheme 15 
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The assignments for the silicon-methyls of XVIIa and 

XVIIb were made in the same manner as those for Va and Vb. 

The assignments for C-2 and C-3 required comparison of the 

shifts of analogous carbon compounds. First of all, in the 

13 

off-resonance decoupled C NMR spectra of XVIIa and XVIIb, 

there were four carbons which appeared as triplets. The 

methylene carbon of the neopentyl group would be expected 

to appear more downfield from the other triplets and peaks 

at 48.5 and 44.3 for XVIIa and XVIIb, respectively, could 

be assigned to this carbon. By analogy with the chemical 

shifts of C-7 for other norbornenes, the peaks at 38.6 and 

41.0 for XVIIa and XVIIb, respectively, could be assigned 

to C-7. The two unassigned peaks remaining, 33.9 and 26.0 

for XVIIa and 26.2 and 26.9 for XVIIb, could be assigned to 

C-2 and C-3, respectively, in a way similar to that used for 

the assignment of C-2 and C-3 in Va and Vb. 

If a-Tr interactions were important in V, then the 

chemical shift of C-2 should be shifted upfield compared 

Scheme 16 
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to C-2 in the case where ct-tt interactions are negligible 

by an amount indicative of the importance of the resonance 

contributors shown above. A shift of this type can be seen 

in a comparison of the olefinic shifts of allyltrimethyl-

silane (26) as compared to those of neopentylethylene (40). 

It could be argued that the increased shielding 

112.7 116.6 

134.6 ̂  135.9 - ^ SiMe0 uMe 
3 

Scheme 17 

2 

of the terminal sp carbon of the silane could be due to 

a larger steric interaction of that carbon with the bulkier 

trimethylsilyl group as compared to the carbon case. 

Likewise, the effect of increased shielding on the 

y carbon from silicon might be seen in a comparison of 

4,4-dimethyl-4-silacyclohexene (41) with cyclohexene (42). 

129.7 
127.4 

125.4 S i 

Scheme 18 
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The actual values are contrary to what was expected. The 

reasons for this observation are not clear but one could 

conclude that other interactions might be more important 

in this case than a-TT interactions. This is not too sur-

prising when one considers the difference in dihedral 

angles, 0, of allyltrimethylsilane and 4,4-dimethyl-4-sila-

cyclohexene as shown in Scheme 8. 

Finally, an even larger shift of this type might be 

expected for the silanorbornene. A summary of the chemical 

13 

TABLE XXX 

C NMR CHEMICAL SHIFTS OF C-2 AND C-3 
IN V AND SOME ANALOGS 

Exo-isomers Endo-isomers 

6 (ppm) 6 (ppm) 

Compd. C-2 C-3 Ref. Compd. C-2 C-3 Ref. 

Va 136.7 135.9 this 
work 

Vb 133.7 136.9 this 
work 

XHIa 137.0 136.1 43 XHIb 132.5 137.0 43 

XIV 138.2 133.2 43 XIV 138.2 133.2 43 

Vila 139.0 138.0 this 
work 

VI lb 133.1 137.4 this 
work 

XVa 136.7 136.7 43 XVb 

XVI 

132.9 

135.6 

137.1 

135.6 

43 

44 

Xla 139.8 138.9 this 
work 

Xlb 137.0 138.2 this 
work 
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shifts of C-2 and C-3 for V and some analogs is given in 

Table XXX. 

As can be seen from the Table, C-2 of the silanor-

bornene, Va, was shifted slightly upfield from C-2 of 

the exo- carbon analogs. The average of the shifts of 

C-2 for the exo- carbon compounds was 138.1. The differ-

ence between this average and the chemical shift of C-2 for 

Va was 1.4 ppm. The same kind of comparison for C-2 of 

the endo- silanorbornene, Vb, and C-2 of the endo- carbon 

compounds showed very little difference in shifts. The 

deviation in the shift of C-2 in Vb from the average value 

of C-2 for the endo- carbon compounds (133.4) was 0.3 ppm. 

The value for the shift of C-2 in Xlb was not included in 

this average because of the inconsistent effect of the 

endo- methylketo group as compared to the other endo-

alkyl groups. 

Since ct-tt interactions should not vary appreciably in 

exo- and endo- isomers of the same compound and different 

effects on C-2 were observed for Va and Vb when compared 

to the respective exo- and endo- carbon compounds, it must 

be concluded that other interactions might be important 

in V. 

One possible interaction might involve the neopentyl 

group on going from the exo- silanorbornene, Va to the 

endo- silanorbornene, Vb. To determine the extent of this 
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possible effect it is necessary to determine the effect on 

C-2 of the neopentyl group as compared to a methyl and 

hydroxymethyl group. Table XXX contains the chemical shifts 

of C-2 and C-3 for the unsaturated compounds used in this 

comparison while Table XXXI contains the chemical shifts of 

C-2 and C-3 for some saturated analogs of the compounds in 

Table IX. 

13 

TABLE XXXI 

C NMR CHEMICAL SHIFTS OF XVII AND 
SOME CARBON ANALOGS 

Exo - isomers Endo - isomers 

Compd. 

6 (ppm) 

Ref. Compd. 

6 (ppm) 

Ref. Compd. C-2 C-3 Ref. Compd. C-2 C-3 Ref. 

XVII a 33.9 26.0 this XVI lb 26.2 26.9 this 
work work 

XVIIIa 30.7 29.3 45 XVIIlb 22.3 30.6 45 

XX 30.8 21.6 43 XX 30.8 21.6 43 

XIX 25.1 28.7 43 

XXI a 30.6 29.7 45 XXIb 23.1 30.6 45 

XXIIa 29.1 29.8 45 XXI lb 25.3 29.5 45 

XXIII 24.5 23.2 45,46 
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By taking the difference, AS - S , , in the * -> ' exo endo 

chemical shift of C-2 for each pair of exo- and endo-

isomers, as shown below one can see that the effect of 

the neopentyl group is not very different from that of a 

methyl or hydroxymethyl group in the saturated compounds. 

Again, groups containing carbonyls gave inconsistent 

results and were not considered further. Therefore, one 

might expect the neopentyl group to have an effect on C-2 

TABLE XXXII 

DIFFERENCES, AS - 6 , , OF C-2 IN 
exo endo 

EXO-ENDO ISOMER PAIRS 

Isomer Pair Substituent AS - AS , (ppm) exo endo " 

V -CH2tBu 3.0 

XIII -Me 4.5 

XIV (C-2 - C-3) -Me 5.0 

VII -CH2OH 5.9 

XV -CH2OH 3.8 

XI -COMe 2.8 

XVII -CH2tBu 7.7 

XVIII -Me 8.4 

XX (C-2 - C-3) -Me 9.2 

XXI -CH2OH 7.5 

XXII -COOH 3.8 
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of the olefins similar to that of the methyl and hydroxy-

methyl groups. If this assumption is valid, then -
0 X O 

^endo ^ o r V should be about 4.8 ppm (the average ^6 e x o ~ 

6 , value for XIII, XIV, and VII) instead of the observed 
endo 

3.0 ppm value. This deviation from the observed value 

suggests that if o-it interactions are important in Va and 

cause the upfield shift of C-2 in Va relative to C-2 in 

the carbon analogs then C-2 of Vb should be shifted upfield 

by 4.8 ppm from C-2 of Va due to the endo- neopentyl group. 

The value of C-2 for Vb would be predicted to be 131.9 ppm 

by the calculation shown in Scheme 19. Since the observed 

6C-2Va - 4.8 = 6C-2Vb 

136.7 - 4.8 = 131.9 

Scheme 19 

value of C-2 for the endo-silanorbornene (133.7), Vb, is 

closer to that for the carbon analogs than to the predicted 

value of 131.9, one must conclude that either a- ir conju-

gation is not the sole interaction responsible for the 

observed upfield shift of C-2 in Va relative to the other 

exo- norbornenes or that the neopentyl group or some other 

factor results in the masking of the o-n interaction in the 

endo- isomer, Vb. 

If a- ir conjugation was important in the silanorbornene, 

V, then one might expect a downfield shift of the methyl 
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groups attached to silicon in V as compared to those in 

XVII where a-7r conjugation would not be important. This 

shift would be expected to be indicative of the resonance 

contributors shown in Scheme 16. Table XXXIII gives a summary 

of the chemical shifts of the silicon-methyl groups. 

13 

TABLE XXXIII 

C NMR CHEMICAL SHIFTS OF SILICON-METHYLS 
IN V AND XVII 

Compound 

6 (ppm) 

Compound Exo-methyl Endo-methyl 

Va (-0.4) (-0.5) 

XVII a -1.7 -1.7 

Vb 0.5 -2.4 

XVI lb 0.7 -3.7 

As can be seen from the table, the shifts in V are 

all downfield of those in XVII with the exception of the 

exo- methyl group in Vb. The reason for this discrepancy 

was not obvious but it seems clear that this inconsistency 

points to the need to consider multiple variables in the 

13 
study of C shifts for these bridged silicon compounds. 

29 

The Si NMR chemical shifts of V were expected to 

be shifted downfield of those in XVII if o-tt interactions 
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were important in V. These shifts are given in Table XXXXV 

below. 

TABLE XXXIV 

29 
SI NMR CHEMICAL SHIFTS IN V AND XVIII 

Compound 6Si 
(ppm) 

Va 8 .3 

Vb 8 .4 

XVIIa 17 .4 

XVIIb 10 .2 

Obviously this result was opposite that predicted. 

A possible explanation for this would be the proximity of 

the silicon atoms in V to the C-C it bond. The difference 

in XVIIa and XVIIb is probably due to the more free 

rotation of the neopentyl group when in the endo- position 

(XVIIb) as compared to the exo- case (XVIIa). Thus the 

endo- neopentyl group would exert a larger shielding effect 

on the silicon, causing an upfield shift relative to the 

exo- isomer (XVIIa). 

29 

The result obtained by Si NMR is enlightening in 

that it indicates there is a considerable interaction of 

the silicon atom with the C-C tt bond. This is one example 

of effects other than cr-u conjugation operating in the 

silanorbornenes. 
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In conclusion, evidence consistent with cr-ir conju-

gation was found in 1) the red shift of the type 

transition in V as compared to analogous carbon compounds, 

13 
2) the upfield C NMR shift of C-2 in Va relative to some 

13 

carbon analogs, and 3) the downfield C NMR shift of some 

of the silicon-methyls in V relative to XVII. On the other 

hand, inconsistencies were found in conclusions 2 and 3 

which seemed to indicate that other factors were important. 

Other possible factors are 1) steric interactions of the 

neopentyl group, 2) possible ring distortion due to the 

length of the silicon-carbon o bonds, 3) possible ring 

distortion on going from the exo- to the endo- isomer, and 

4) the proximity of the silicon atom to the C-C it bond. 

Due to the fact that these other factors may have varying 
13 29 

influences on the UV, C, and Si data gathered for the 

silanorbornenes, it seems advantageous to conclude that a 

positive statement about a - T r interactions in V cannot be 

made. 
Experimental 

Materials and Equipment 

In all reactions where air-sensitive chemicals were 

used, the reagents and solvents were dried prior to use. 

Ether was dried by distillation from lithium aluminum 
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hydride, toluene by distillation from sodium, and pyridine 

was dried by distillation from sodium hydroxide. 

For the reactions in which moisture sensitive mate-

rials were used, the glassware was prepared as described 

in Chapter IX. In these cases, the experiments were 

carried out under inert atmosphere. 

2,2-Dimethvl-3-neopentyl-2-silabicyclo[2.2.1]hept-5-

ene was prepared as discussed in Chapter II (Exp. 6-12). 

3,3-Dimethylacrylic acid, lithium aluminum hydride, lithium 

hydride, cyclopentadiene, hydrazine hydrate, and ammonium 

fluoride were obtained from Aldrich. Sodium was obtained 

from Baker and platinum oxide from the Goldsmith Brothers 

Division of the National Lead Company. Solutions of tert-

butyllithium and methyllithium were obtained from Lithium 

Corporation of America, Aldrich, or Alfa and were stan-

dardized as in Chapter II. 

GLC preparative and analytical work was done as 

described previously. 1H NMR spectra were obtained on a 

Hitachi Perkin-Elmer R24B 60 MHz spectrometer using tetra-

methylsilane or chloroform as the internal standard and 

13 

carbon tetrachloride as the solvent. C NMR spectra 

were obtained on a Jeol FX-60 60 MHz spectrometer (47) , a 

Jeol FX-100 100 MHz spectrometer (48), or a Jeol FX-90 

90 MHz spectrometer (49). Samples were run using CDCl^ as 

the solvent and internal standard or in capillary tubes 
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0 Q 
with external D20 as the lock solvent. Si NMR spectra 

were obtained on the Jeol FX-100 (48) under the same 

. 13 
conditions as the C samples. Mass spectra were obtained 

using a Hitachi Perkin-Elmer RMU-6E Mass Spectrometer or 

a Finnegan 9500 Automated Gas Chromatography/Mass Spectra 

System. 

Preparation of 5-carboxyl-6,6-dimethylbicyclo[2.2.1]-

hept-2-ene, VI (50) 

1. A one-neck 1-L round bottomed flask was fitted with 

two reflux condensers topped by a 250-mL addition funnel 

and charged with 200 g (2.0 mol) of 3,3-dimethylacrylic 

acid. This was warmed to 180°C and 616 mL (5.0 mol) of 

cyclopentadiene were added dropwise over a period of 24 

hours. The mixture was then allowed to reflux for another 

twelve hours. At this point the reaction mixture was 

vacuum distilled with the following cuts: dicyclopenta-

diene (40-50°/0.4 Torr) and 3,3-dimethylacrylic acid 

(60-80°/0.4 Torr). The pot residue was mixed with 100 mL 

of sodium carbonate solution and the aqueous layer sep-

arated from the organic layer. The aqueous layer was then 

acidified with dil. HC1 and extracted with three 100-mL 

portions of ether. The organic layers were combined and 

dried over sodium sulfate and filtered, and the ether was 

stripped off on the rotary evaporator. The resulting oil 

(49.8 g, 15% yield) had a NMR consistent with that of 

an authentic sample of VI. 
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Preparation of 5,5-dimethy1-6-hydroxymethyl-
bicyclo[2.2.1]hept-2-ene, VII (51) 

2. A 1000-mL three-necked flask was fitted with a reflux 

condenser/gas inlet, pressure-equalizing dropping funnel, 

septum, flame dried under N2, and charged with 3.4 g 

(0.09 mol) of lithium aluminum hydride and 25 mL of dry 

ether. This slurry was cooled to 0°C and 20 g (0.12 mol) 

of VI in 25 mL of ether were added dropwise via the dropping 

funnel. Gas was given off and the mixture warmed up. 

After the addition of VI was complete, the ice bath was 

removed and the mixture was refluxed for 24 hours. At 

this point, an excess of Na^C^'lOK^O was added. This 

mixture was suction filtered and the solid material washed 

with large portions of ether. The ether was then stripped 

away from the filtrate and 13.7 g of VII were obtained for 

a 75% yield. 

Attempted Preparation of 5,5-dimethy1-6-tosylmethyl-
bicyclo[2.2.1]hept-2-ene, VIII, via the 

Method of Edge11 and Parts (52) 

3. A 100-mL three-neck flask was fitted with a reflux 

condenser/gas inlet, dropping funnel, and septum, flame 

dried under nitrogen, and charged with 25 mL of dry ether. 

To this was added 3.1 g (0.02 mol) of VII and 1.61 mL 

(0.02 mol) of dry pyridine. Finally, 3.8 g (0.02 mol) of 

tosylchloride in 25 mL of dry ether was added dropwise to 

the pot. The mixture was brought to reflux and after 
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24 hours was worked up by adding 25 mL of water. The 

aqueous layer was extracted with three 50 mL portions of 

ehter, the organic layers combined, dried, and the excess 

ether stripped away. The expected tosylate, VIII, could 

not be found. 

Attempted Preparation of VIII 

4. A 100-mL three-necked flask was fitted with a reflux 

condenser/gas inlet, dropping funnel, and septum, flame 

dried under nitrogen, and charged with 30 mL of dry ether. 

To this was added 3.1 g (0.02 mol) of VII and 0.46 g 

(0.02 mol) of sodium metal. The mixture was stirred for 

five hours, after which time the mixture contained a fine 

precipitate. At this point, 3.8 g (0.02 mol) of tosyl-

chloride in 25 mL of dry ether was added dropwise. The 

resulting solution was stirred and heated to reflux for 

24 hours and then worked up as in the previous reaction. 

Only starting material, VII, could be found in the residue. 

Preparation of Exo- and Endo-5,5-dimethyl-6-tert-
butylketobicyclo[2.2.1]hept-2-ene, X, 

via the Method of House (53) 

5. A 250-mL round-bottomed three-necked flask was fitted 

with a reflux condenser, dropping funnel, and septum. This 

set-up was flame dried under nitrogen and charged with 

50 mL of dry ether and 0.28 g (0.035 mol) of lithium 

hydride. Then, 5.0 g (0.03 mol) of VI in 15 mL of dry 
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ether was added dropwise, This was then heated to reflux 

for five hours. At this point, 15.7 mL (0.03 mol) of tert-

butyllithium solution in pentane were added dropwise to the 

reaction mixture. The resulting mixture was heated to 

reflux for five hours. The mixture was then hydrolyzed by 

dripping the reaction mixture into a rapidly stirred 

saturated solution of sodium thiosulfate. The aqueous 

layer was extracted with three 50-mL portions of ether, 

the organic layers were combined and dried, and the excess 

solvent was stripped away. The residue contained 2.68 g, 

65% yield of X. 

Attempt at the Preparation of Exo- and Endo-5,5-
dimethyl-6-neopentylbicyclo[2.2.1]hept-2-ene, 
IX, via the Method of Grundon, et. al. (54) 

6. A 25-mL three-necked flask was equipped with a reflux 

condenser, dropping funnel, gas inlet, and septum. The 

glassware was flame dried under nitrogen and charged with 

10 mL of dry toluene and 4.13 g (0.02 mol) of X. Then, 

0.64 g (0.02 mol) of anhydrous hydrazine (55) was added to 

the pot dropwise and then the mixture was brought to reflux 

and stirred for 18 hours. There was no visible change at 

the end of this time and GLC indicated no reaction had 

taken place. Therefore, the reaction was repeated again 

using DMSO in place of toluene. Again no reaction occurred, 
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Preparation of Exo- and En do-5,5-dimethy1-6-
methyIketobicyclo[2.2.1]hept-2-ene, XI, 

by the Method of House (53) 

7. A 25-mL three-necked flask was fitted with a reflux 

condenser/gas inlet, dropping funnel, and septum, flame 

dried under nitrogen, and charged with 15 mL of dry ether. 

Then, 0.078 g (0.010 mol) of lithium hydride was added to 

the pot and 1.44 g (0.009 mol) of VI in 5 mL of dry ether 

were added dropwise. This mixture was refluxed for four 

hours and then 7.1 mL (0.010 mol) of methyl lithium 

solution in ether were added dropwise. This was then 

refluxed for twelve hours and the reaction worked up as in 

experiment 36 to give 1.15 g, 78% yield, of XI. 

Attempted Preparation of Exo- and Endo-5,5-dimethyl-
e thy lb icy c'lo' 12.2.1] hept-2-ene, XII, via the 

Method of Grundon, et. al. (54) 

8. This reaction was run in exactly the same manner as 

experiment 7, using the following amounts of reagents: 

XI, 3.65 g (0.022 mol); anhydrous hydrazine, 0.71 mL 

(0.022 mol); toluene, 25 mL. The mixture was refluxed for 

twelve hours but no reaction was noted. Only starting 

material could be found. 

Preparation of Exo- and Endo-2,2-dimethyl-3-ne'op'enty 1-
2-silabicyclo[2.2.1]heptane, XVII 

9. To a thick-walled hydrogenation bottle were added 4.2 g 

(0.02 mol) of V, 25 mL of ether and a pinch of platinum 

oxide. The mixture was placed on a Parr apparatus and 
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the bottle filled with hydrogen to a pressure of 55 psi. 

The mixture was shaken vigorously for one hour then 

removed from the apparatus, filtered and the excess ether 

stripped away. The residue contained a quantitative yield 

of XVII. 

Characterization of New Products 

Vila. Exo-5,5-dime thy1-6-hydroxymethy1-
bicycloI2.2.1]hept-2-ene 

NMR: 1.04 (s,3H), 1.19 (s,3H), 1.27-1.95 (m,3H), 

2.35 (m, 1H) , 2.82 (m,lH), 3.69 (m,2H), 

3.96 (s,1H), 6.07 (m,2H). 

MS: 123, b 83. 

IR: 3700-3100, 3050-2800, 1630, 1465, 1360, 

1020. 

Vllb. Endo-5,5-dimethyl-6-hydroxyitiethyl-
bicyclo[2.2.1]hept-2-ene 

NMR: 0.87 (s,3H), 1.29 (s,3H), 1.38-2.13 (ir,3H), 

2.36 (m,lH), 2.93 (m,lH), 3.20 (m,2H), 

4.00 (s,1H), 6.06 (m,2H). 

MS: same as Vila. 

IR: same as Vila. 

X. Exo- and Endo-5,5-dimethy1-6-tert-
butyIketobicycloI2.2.1]hept-2-ene 

MS: m/e (M+) 206, 141, b 83. 

IR: 3080-2880, 1720, 1490, 1390, 1285, 1050. 
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XIa. Exo- 5,5-dimethy1-6-methyIketo-
bicyclo[2.2.1]hept-2-ene 

NMR: 0.97 (s,3H), 1.03 (s,3H), 1.75 (m,lH), 

1.98 (s,3H), 2.17 (m,2H), 2.55-3.15 (m,2H), 

5.90 (m,2H). 

MS: m/e (M+M) 164, b 99. 

IR: 3060-2840, 1705-1620, 1355, 1170, 730. 

Xlb. Endo-5,5-dimethy1-6-me thyIketo-
b icy clo[2.2.1]hept-2-ene 

NMR: 0.90 (s,3H), 1.07 (s,3H), 1.78 (m,lH), 

1.96 (s,3H), 2.20 (m,2H), 2.50-3.21 (m,2H), 

5.87 (m,2H). 

MS: m/e (M+) 164, b 99. 

IR: Same as XIa. 

XVIIa. Exo-2,2-dimethyl-3-neopentyl-
2-silabicyclo[2.2.1]heptane 

NMR: 0.18 (s,3H), 0.24 (s,3H), 1.01 (s,9H), 

1.17-1.92 (m,9H), 2.00-2.27 (m,2H). 

MS: m/e (M+) 210, b 153. 

XVIIb. Endo-2,2-dimethyl-3-neopentyl-
2-silabicyclo[2.2.1]heptane 

NMR: 0.14 (s,3H), 0.17 (s,3H), 0.97 (s,9H), 

1.18-1.75 (m,9H), 2.22-2.48 (m,2H). 

MS: Same as XVIIa. 
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TABLE XXXVI 

CROSS REFERENCES OF EXPERIMENTAL NUMBERS 
AND NOTEBOOK NUMBERS 

1 8 5 

E x p e r i m e n t N o t e b o o k 
N u m b e r N u m b e r 

1 I I R A P - 1 3 

2 I I R A P - 1 5 

3 I R A P - 2 5 1 

4 I I R A P - 2 3 

5 I I R A P - 3 1 

6 I I R A P - 3 3 

7 I I R A P - 7 7 

8 I I R A P - 8 5 B 

9 I R A P - 2 6 7 
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