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room temperature under reduced pressure. The unreacted di- 
methyl fumarate was ~ ~ ~ m v e d  by fitration and the residue Placed 
under vacuum for 12 h 1x1 remove the unreaded enamine, leaving 
0.46 g of 3b as yellow oil. Attempts to further purify 3b resulted 
in isomerization to 3a: NMR (CDClJ 6 0.92 (8,  3 H), 1.30 (s, 3 
H), 2.7-3.2 (m, 8 H), 3.58 (a, 6 H); IR (thin film) 1737 cm-I. 
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Pyrolysis of bis(trimethylsily1)phenylmethanol gave (trimethylsily1)phenylcarbene by the elimination of 
trimethylsilanol and the products were compared with those of (trimethylsily1)phenyldiazomethane. Alkyl- 
silylcarbenes obtained from the pyrolyses of 1 ,l-bis(trimethylsily1)-1-alkanols afforded vinyltrimethylsilanes in 
high yields. (Trimethylsily1)phenylmethanols were found to be excellent precursors of phenylcarbenes and their 
intramolecular reactions were also studied. 

Introduction 
In recent years, interest in the chemistry of organo- 

metallic carbenes has remarkably increased? and detailed 
studies of silylcarbenes, (trimethylsilyl)(carboethoxy)- 
~ a r b e n e , ~ - ~  (trimethyl~ilyl)phenylcarbene,6-~ (trimethyl- 
~ilyl)carbene,'@'~ and bis(trimethyl~ily1)carbene'~ have 
been reported. The proposed intramolecular reaction of 
silylcarbenes to give silicon-carbon double bonds (silenes) 
has also attracted interest. Silylcarbenes are generally 
produced by the decomposition of silyl diazo compounds, 
but several steps are required to synthesize silyl diazo 
compounds, and care must be taken to avoid the explosion 
of such diazo compounds. Other routes to silylcarbenes 
reported so far involve the decomposition of organo- 
mercury reagents such as (Me3SiCC12)2Hg,'5J6 he-induced 
a-elimination of (hal~methyl)silane,'~-~ and an insertion 
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of atomic carbon into a silicon-hydrogen bond.21 How- 
ever, some of these processes are not suitable because of 
several side reactions. Since silicon has a strong affinity 
toward oxygen, 1,l-bis(trimethylsily1)-1-alkanols (1) are 
expected to produce silylcarbenes by the elimination of 
silanol. 
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We report here that compounds 1 are very convenient 
precursors of silylcarbenes and also demonstrate the in- 
tramolecular reactions of (alkylsily1)carbenes and substi- 

(21) Skell, P. S.; Owen, P. W. J.  Am.'Chem. SOC. 1972, 94, 1578. 
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Pyrolysis of 1-(Trimeithylsily1)-1-alkanols 

tuted phenylcarbenes generated by the pyrolyses of (tri- 
methylsily1)phenylmethanols. 

Results and Discussion 
The pyrolyses were carried out by passing bis(tri- 

methylsily1)-1-alkanols through a vertical Pyrex tube 
heated at  ca. 500 "C (nitrogen flow; ca. 11 mL/min) and 
then the pyrolysates were trapped in a receiver cooled by 
dry ice-acetone. Pyrolysis of bis(trimethylsily1)phenyl- 
methanol (2) at  ca. 5100 "C gave five products which were 
identified as hexamethyldisiloxane (3), benzyltrimethyl- 
silane (4, 2%), styrene (5, lo%), 1,l-dimethyl-1-silaindan 
(6, 27%), and siloxane (7, 29%) by gas chromatographic 
analyses. The structures of the products were confirmed 
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by NMR, IR, and mass spectra and comparisons with 
authentic samples. 

Next, we studied the pyrolysis of (trimethylsily1)- 
phenyldiazomethane [Me3SiC(NJPh] (ca. 500 "C, nitrogen 
flow system) which gave bis(trimethylsily1)stilbene (13%), 
benzyltrimethylsilane (2%), styrene (2%), and the sila- 
indan 6 (1570).~ Copyrolysis with methanol produced 
methoxysilane MeOSi(MeP)CHMePh (16%) together with 
the above products? The similarity in products suggests 
that the bis(trimethylsily1)methanol (2) produced (tri- 
methylsily1)phenylcarbene by the elimination of tri- 
methylsilanol under the reaction conditions (Scheme I). 

Benzyltrimethylsilane (4) is a hydrogen-abstraction 
product of (trimethylsily1)phenylcarbene and is a typical 
minor product of carbene reactions. The silaindan (6) 
arises from [o-(trimethylsilyl)phenyl]carbene via a carb- 
ene-carbene rearrangement of the (trimethylsily1)- 
phenyl~arbene .~ l~*~~ The styrene 5 is probably formed by 
the thermal decomposition of l,l-dimethyl-2-phenylsilirane 
(8) produced by the intramolecular C-H insertion of the 
(trimethylsily1)phenylcarbene. The siloxane (7) is the 
addition product of trimethylsilanol to 1,2,2-trimethyl-1- 
phenylsilene (9) and hexamethyldisiloxane (3) is produced 
by dehydration of trimethylsilanols. It appears that 1,l- 
bis(trimethylsily1)-1-alkanols are convenient sources of 
silylcarbenes. 

Pyrolysis of 1,l-bis(trimethylsily1)-1-decanol (10) a t  ca. 
500 "C gave 1-(trimethylsily1)-1-decene in 93% yield along 
with hexamethyldisiloxane and at  ca. 400 "C the vinyl- 
silane was obtained in 71% yield together with 27% yield 
of the recovered 10. The vinylsilane was collected by 
bulb-to-bulb distillation, and then the cis and trans isomers 
were separated by preparative gas chromatography. The 
cis to trans ratio of the vinylsilanes was almost unity by 
gas chromatographic analysis. The coupling constant of 
olefinic hydrogens was 19 Hz for the trans isomer and 14 
Hz for the cis isomer. The vinylsilane may be formed by 
a hydrogen migration to a carbenic carbon in nonyl(tri- 
methylsily1)carbene produced by the pyrolysis of the si- 
lylated alcohol (10). The nonstereospecific mixture of the 
vinylsilane was obtained because of the high temperature 

Table I. Pyrolysis of 
1,l-Bis(trimethylsily1 )l-alkanolsa 

% cis/ 
alkanol product yieldC transd 

W C H  2)s- 

Me( CH 216 - 
C(SiMe,),OH (10) 

C(SiMe,),OH ( 1 1 )  

C(SiMe,),OH ( 1 2 )  
PhCH,CH,- 

Me( CH,),CH= 
CHSiMe, 

Me(CH,),CH= 
CHSiMe, 

CHSiMe, 
PhCH,CH= 

93 

98 

94 

1 . 0  

1.0 

1.3 

Pyrolysis at ca. 500 "C. Products were collected by 
bulb-to-bulb distillation. Isolated yields. Determined 
by gas chromatographic analysis. 

of the reaction. No product from a silene reaction could 
be found. 

SiMe3 
500 ' C  a *  

N p  f l o w  
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R C H ~ - C - O H  - RCHz-C-SiMe3 f Me3SiOH 

RCH=CHSiMe3 RCH2k=SiMez 

It is observed that (alkylsily1)carbene prefers hydrogen 
migration to give vinylsilane rather than silyl methyl 
migration to give a silene intermediate. Pyrolyses of 
bis(trimethylsily1)alkanols 11 and 12 also produced vi- 
nylsilanes in high yields and their isomer ratios were almost 
unity (Table I). 

These results provide a new method for the synthesis 
of vinylsilanes via silylcarbene intermediates. Although 
the reaction conditions are relatively drastic, it seems to 
be a very convenient method for the preparation of vi- 
nylsilanes because 1,l-bis(trimethylsilyl)-l-alkanols are 
easily prepared from the corresponding ester and tri- 
methylchlorosilane in the presence of sodium.23 

Pyrolysis of bis(trimethylsily1)cyclohexylmethanol (13) 
afforded cyclohexylidene trimethylsilane (14) in 90% yield 
together with hexamethyldisiloxane. However, the reaction 
of bis(trimethylsilyl)cyclopentylmethanol(l5) was quite 
different from that of the cyclohexylmethanoll3 and gave 
allylsilane 16 along with exo- and endo-(trimethylsily1)- 
cyclopropanes 17 and 18. 

N p  t l o w  

1 4  

1 6  (48%) I 
S iMe3  

1 5  
H, Me3S) 

+ dH 
1 7  (26%) 18 (9%) 

The identifications of exo- and endo-(trimethylsily1)- 
cyclopropanes 17 and 18 were based on their NMFt spectra. 

(22) Jones, M., Jr. Acc. Chem. Res. 1974, 7, 415. 
(23) Kuwajima, I.; Minami, N.; Abe, T.; Sato, T. Bull. Chem. SOC. Jpn. 

1978,51, 2391. 
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carbenes are generally produced by the decomposition of 
either phenyldiazomethane or benzaldehyde tosyl- 
hydrazone salt. However, they are often unsuitable phe- 
nylcarbene precursors because of their instability or low 
solubility. (Trimethylsily1)phenylmethanols would be 
convenient sources of phenylcarbenes since they are readily 
available and can be easily handled. Pyrolysis of 1-(tri- 
methylsilyl)-l-phenylethano1(20) at 500 "C afforded sty- 
rene (5,91%) and hexamethyldisiloxane (3). Similar py- 
rolysis of 21 produced 2,3-dihydrobenzofuran (22, 28%) 
and 2,3-benzofuran (23, 16%). 

Me 
- 1  

Scheme I1 
Q H  

24, M = Si 
25, M = C .. / 

I \  

Me Me 27, M = Si 
28, M = C 6, M = Si 

2 6 . M = C  

The NMR spectrum of 17 showed the trimethylsilyl group 
at  6 -0.10 as singlet and the cyclopropyl methine proton 
attached to the trimethylsilyl group at  6 -0.65 as triplet 
(J = 5 Hz). In the compound 18, these resonances were 
observed at  6 0.07 (s) and -0.60 (t, J = 9 Hz). It is well- 
known that the magnitude of the cis coupling constant 
between vicinal protons in cyclopropanes is greater than 
that of the trans coupling c o n ~ t a n t . ~ ~ - ~ ~  exo- and 
endo-(trimethylsilyl)c,yclopropanes 17 and 18 are evidently 
direct intramolecular C-H insertion products in cyclo- 
pentyl(trimethylsily1)carbene. The formation of the cy- 
clopropanes provides strong support for the generation of 
the free silylcarbenezi. 

SiMe3 

-- * @\Me3 t Me3SiOH 

Allylsilane 16 may be formed from either thermal de- 
composition of the silylcyclopropanes or 1,3-shift of a 
hydrogen in cyclopentylidene trimethylsilane 19. Although 
the pyrolysis of exo-cyclopropane 17 did not give the al- 
lylsilane 16, endo-cyclopropane 18 produced the allylsilane 
16 (22%) together with exo-cylopropane 17 (32%) and 
unchanged cyclopropane 18 (46%) under the same con- 
ditions. 

The ring-size effect observed is quite similar to that 
observed in the reaction of cyclopentyl- and cyclohexyl- 
carbenes.27 As a Newman projection shows, the divalent 
carbon, the ring carbon to which it is attached, and the 
adjacent C-H bond are nearly coplanar, and the confor- 
mation required for insertion can be achieved. 

Our reactions were extended to the generation of phe- 
nylcarbenes by intramolecular elimination of trimethyl- 
silanol from (tr imet hylsily 1) phenylme thanol . Phenyl- 

(24) Graham, J. D.; Rogers, M. T. J. Am. Chem. SOC. 1962,84,2249. 
(25) Patel, D. J.; Howdem, M. E. H.; Roberts, J. D. J. Am. Chem. SOC. 

1963,85, 3218. 
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(27) Richey, H. G., Jr.; :Hill, E. A. J. Org. Chem. 1964, 29, 421. 
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These results seem to involve the formation of phe- 
nylcarbenes by the elimination of trimethylsilanol. The 
styrene may be produced by a hydrogen migration in 
methylphenylcarbene, and dihydrobenzofuran 22 by a 
direct intramolecular insertion of (o-methoxypheny1)- 
carbene into the C-H bonds of the methoxy group. Deh- 
ydrogenation of the dihydrobenzofuran 22 gives the ben- 
zofuran 23. 

Pyrolyses of (trimethylsilyl) lp- (trimethylsilyl) phenyl] - 
methanol (24) and (trimethylsilyl)(p-tert-butylphenyl)- 
methanol (25) gave 1,l-dimethyl-1-silaindan (6) and 1,l- 
dimethylindan (26) in 44 and 22% yields, respectively. 
These products arise from intramolecular insertion of 
o-(trimethylsily1)- and (0-tert-butylpheny1)carbenes into 
the C-H bonds of the o-trimethylsilyl and tert-butyl groups 
via carbene-carbene rearrangement of p-(trimethylsily1)- 
and (p-tert-butylphenyl)~arbenes~~~~~ (Scheme 11). 

The above results were compared with those of the py- 
rolyses of p-(trimethylsily1)benzaldehyde tosylhydrazone 
sodium salt (27) and p-tert-butylbenzaldehyde tosyl- 
hydrazone sodium salt (28). Silaindan 6 was obtained in 
15% yield when the sodium salt 27 was pyrolyzed at  500 
"C in vacuo. Indan 26 was also produced in 23% yield by 
the pyrolysis of the sodium salt 28 under the above reaction 
conditions. It is now clear that free phenylcarbenes are 
involved in the pyrolysis of (trimethylsily1)phenyl- 
methanols. 

Experimental Section 
The NMR and IR spectra were recorded on Varian EM 360A 

and Hitachi 260-50 spectrometers. Mass spectra were obtained 
by a Hitachi RMU-6M mass spectrometer at 20 eV. Gas chro- 
matographic analyses were done by a Hitachi gas chromatograph 
with a 5 mm X 3 m glass column of 10% SF-96 on Celite 545. 
Preparative gas chromatographic separations were carried out on 
an Ohkura gas chromatograph with a 7 mm X 2 m stainless steel 
column of 10% SF-96 on Celite 545 or with 7 mm X 3 m stainless 
steel column of 10% polyethylene glycol 20M on Celite 545. All 
boiling points and melting points were uncorrected. 

(28) Sekiguchi, A.; Ando, W. Bull. Chem. SOC. Jpn. 1977, 50, 3067. 
(29) Chambers, G. R.; Jones, M., Jr. Tetrahedron Lett. 1978, 5193. 

Chambers and Jones observed several very minor products together with 
indan derivatives in the reactions of @-tert-butylpheny1)carbene and 
[p~(trimethylsilyl)phenyl]carbene, but we did not observe these very 
minor products. 
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Table 11. Spectroscopic Data of New 1,l-Bis(trimethylsily1)-1-alkanols 

anal. I R  (neat), 
bP, "C % u(OH), 

alkanol (mmHg) yield NMR (Ccl,), s cm-' found calcd 

Me(CH,),C(SiMe,),O€I 165-169 (13) 43 0.06 (s, 18 H, SiCH,), 0.40 (br s, 1 H, OH), 3450 C, 63.76 63.49 
0.68-1.90 (m, 1 9  H, aliphatic CH) H, 12.59 12.65 

111-116 (3) 52 0.17 (s, 18 H, SiCH,), 0.63 (br s, 1 H, OH), 3470 C, 60.73 60.39 
0.87-2.00 (m, 11 H, aliphatic CH) H, 11.81 11.69 e : 5 ,  M e  j 23 t 83-86 (2 )  37 0.67 (s, 18 H, SiCH,), 0.78 (br s, 1 H, OH), 3480 C, 59.92 58.94 
1.07-2.33 (m, 9 H, aliphatic CH) H, 11.43 11.54 

j L /? - - t : s iMe3 :23 i i  

Table 111. Spectroscopic Data of (Trimethylsily1)phenylmethanols -______ 

anal. I R  (KBr), 

alkanol mp, "C NMR (CCl,), 6 cm-' found calcd 
v(OH), 

63-64 -0.05 (s, 9 H, SiCH,), 1.62 (s, 1 H, OH), 3.80 3325 C, 62.90 62.81 
(s, 3 H, OCH,), 4.85 (s, 1 H, CHSi), H, 8.57 8.62 
6.60-7.53 (m, 4 H, Ar H) 

- -  

3hAe 

77-78 -0.03 (s, 9 H, SiCH,), 0.30 (s, 9 H, SiCH,), 3525 C, 61.95 61.83 
1.95 (br s, 1 H, OH), 4.33 (s, 1 H, CHSi), H, 9.59 9.58 
7.05 and 7.37 (a pair of d ,  AA'BB', J =  8 
Hz, aromatic, 4 H) 

1.92 (s, 1 H, OH), 4.33 (s, 1 H, CHSi), 
7.07 and 7.33 (a pair of d,  AA'BB', 
J = 8 Hz, aromatic, 4 H) 

3k  

Firs I", 

Me3S I C )  /-? b C H  ' Ale, 
- /  

82-83 -0.05 (s, 9 H, SiCH,), 1.37 (s, 9 H, CMe,), 3525 C, 71.28 71.12 
H, 10.27 10.23 

- h  

Prepara t ion  of l,l-Bis(trimethylsilyl)-1-alkanols~3~30 
Bis(trimethylsily1)ph~mylmethanol (2),,O 1,l-bis(trimethy1- 
sily1)-1-octanol (11),23 and l,l-bis(trimethylsilyl)-3-phenyl-l- 
propanol (12)= were prepared by known procedures as referenced. 
1,l-Bis(trimethylsily1)- 1-decanol (lo), bis(trimethylsily1)cyclo- 
hexylmethanol(13), and bis(trimethylsily1)cyclopentylmethanol 
(15) were also prepared by similar methods. Spectroscopic data 
are given in Table 11. 

General Preparation of (Trimet hylsily1)phenylmethanols. 
1-(Trimethylsily1)-1-phenylethanol (20) was prepared by the re- 
action of benzoyltrimethylsilane with methylmagnesium iodide.30 
(Trimethylsilyl)(o-methoxypheny1)methanol (21), (trimethyl- 
silyl)[p-(trimethylsily1)phenyllmethanol (24), and (trimethyl- 
silyl)(p-tert-butylpheny1)methanol (25) were prepared by the 
hydrolysis of the corresponding a-bromobenzyltrimethylsilanes. 
For example, (trimethylsilyl) (p-tert-butylpheny1)methanol (25) 
was prepared as follows. a-Bromo(p-tert-buty1benzyl)tri- 
methylsilane (29.9 g, 0.1 mol) was dissolved in 100 mL of water 
and 500 mL of acetone. Silver acetate (16.7 g, 0.1 mol) was added 
to the mixture which wm stirred overnight in a flask. Precipitated 
silver bromide was filtered off and the filtrate was concentrated. 
The residue was extracted with ether and dried over anhydrous 
magnesium sulfate. Evaporation of the ether afforded the crude 
product which was recrystallyzed from hexane to give a white solid 
(11.4 g, 48%). Spectroscopic data are given in Table 111. 

General Pyrolysis Procedure. The pyrolysis apparatus 
consisted of a 28 X 1 cm Pyrex glass tube packed with Pyrex chips. 
The upper end of the tube was equipped with a rubber cap for 
a syringe introduction of the sample and a nitrogen gas inlet. The 
pyrolysis tube was maintained a t  ca. 500 "C and the nitrogen flow 
was ca. 11 mL/min. The sample was introduced drop by drop 
by using a 1-mL syringe. The pyrolysates were trapped in a 
receiver cooled by dry ice-acetone. 

Pyrolysis of Bis(trimethylsily1)phenylmethanol (2). 
Bis(trimethylsily1)pheniylmethanol (0.485 g) waa pyrolyzed at 500 
"C. An additional 1 mL of benzene was slowly passed through 
the pyrolysis tube as a wash. Separation of the product mixture 
by preparative gas chromatography gave hexamethyldisiloxane, 
benzyltrimethylsilane (2%), styrene (lo%), 1,l-dimethyl-1-sila- 
indan (27%), and the siloxane 7 (29%). Hexamethyldisiloxane, 
benzyltrimethyldane, styrene, and 1,l-dimethyl-1-sidans were 

identified by comparison of their NMR and IR spectra with those 
of authentic samples. The siloxane 7 was identified by ita NMR, 
IR, and mass spectra and elemental analysis: NMR (CCl,) 6 0.03 
(s, 15, H, Me3SiOSiMez), 1.38 (d, J = 7 Hz, 3 H, SiCMe), 2.17 
(q, J = 7 Hz, 1 H, SiCH), 6.80-7.37 (m, 5 H, Ar H); IR (neat) 1250 
(SiMe), 1060 cm-' ( S i C ) ;  mass spectrum, m/e 252 (M'). Anal. 
Calcd. for C13H240Si2: C, 61.83; H, 9.58. Found: C, 61.53; H, 
9.42. 

Pyrolysis of 1,l-Bis(trimethylsily1)-1-decanol (10). 1,l- 
Bis(trimethylsily1)-1-decanol (1.02 g) was pyrolyzed a t  500 OC. 
1 - (Trimethylsily1)- 1-decene (93 % ) was obtained by bulb-to- bulb 
distillation [150-160 "C (150 mmHg)]. The trans- and cis- 
vinylsilanes were separated by preparative gas chromatography 
and identified by their NMR, IR, and mass spectra and elemental 
analysis. 

trans-1-(Trimethylsily1)-1-decene: NMR (CCJ 6 0.03 (s ,9 H, 
SiCH,), 0.67-1.63 (m, 15 H, aliphatic CH), 1.78-2.28 (m, 2 H, 
C=CCHz), 5.50 (d, J = 19 Hz, 1 H, SiCH=C), 6.00 (d of t, J1 
= 19 Hz, J2 = 6 Hz, 1 H, SiC=CH); IR (neat) 1605 (C=C), 1240 
(SiMe), 980 cm-' (trans CH=CH); mass spectrum, m/e 212 (M'). 
cis-1-(Trimethylsily1)-1-decene: NMR (CCJ 6 0.10 (s, 9 H, 

SiCH,), 0.60-1.60 (m, 15 H, aliphatic CH), 1.77-2.33 (m, 2 H, 
C=CCH2), 5.40 (d, J = 14 Hz, 1 H, SiCH=C), 6.27 (d o f t ,  J1 
= 14 Hz, J2 = 7 Hz, 1 H, S i C 4 H ) ;  IR (neat) 1600 (C=C), 1240 
(SiMe), 750 cm-l (cis CH=CH); mass spectrum, m/e  212 (M'). 
Anal. Calcd. for C13HBSi (mixture of trans and cis): C, 73.49; 
H, 13.28. Found: C, 73.31; H, 13.30. 

Pyrolysis of 1,l-Bis(trimethylsily1)-1-octanol (11). 1,l- 
Bis(trimethylsilyl)-l-octanol(O.977 g) was pyrolyzed a t  500 "C. 
1-(Trimethyl)-1-octene (98%) was obtained by bulb-to-bulb 
distillation [105-110 "C (170 mmHg)]. The trans- and cis- 
vinylsilanes were separated by gas chromatography and identified 
by comparison with the reported spectral data.31 

Pyrolysis of l,l-Bia(trimethylsilyl)-3-phenyl-l-propanol 
(12). l,l-Bis(trimethylsilyl)-3-phenyl-l-propanol (1.11 g) was 
pyrolyzed at 500 "C. l-(Trimethylsily1)-3-phenyl-l-propene (94%) 
was obtainbed by bulb-to-bulb distillation [140-150 "C (115 
mmHg)]. The trans- and cis-vinylsilanes were separated by 
preparative gas chromatography and identified by comparison 
with the reported spectral data.31 

Pyrolysis of Bis(trimethylsilyl)cyclohexylmethanol(l3). 
Bis(trimethylsily1)cyclohexylmethanol (1.08 g) was pyrolyzed a t  

(30) Picard, J. P.; Calas, R.; DunoguBs, J.; Duffaut, N. J. Organomet. 
Chem. 1971, 26, 183. (31) Carey, F. A.; Toler, J. R. J. Org. Chem. 1976, 41, 1966. 
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500 "C. Cyclohexylidene (trimethylsily1)methane (90%) was ob- 
tained by bulb-to-bulb distillation [120-125 "C (75 mmHg)] and 
identified by comparison with the reported spectral data.32 

Pyrolysis of Bis(trimethylsilyl)cyclopentylmethanol(l5). 
Bis(trimethylsily1)cycloplentylmethanol (0.720 g) was pyrolyzed 
a t  500 "C. Separation of the product mixture by preparative gas 
chromatography gave allylsilane 16 (48%), em-(trimethylsily1)- 
cyclopropane 17 (26%), and endo-(trimethylsily1)cyclopropane 
18 (9%). Allylsilane 16 was identified by its NMR, IR, and mass 
spectra: NMR (CClJ b 0.07 (s, 9 H, SiCHJ, 1.33-2.00 (m, 4 H), 
2.W2.57 (m, 4 H), 5.37 (I, J = 2 Hz, 1 H, W H ) ;  IR (neat) 1615 
(C=C), 1240 cm-' (SiMe); mass spectrum, m/e 154 (M'). The 
allylsilane 16 was desily lated by p-toluenesulfonic acid to give 
1-methylcyclopentene. eno- and endo-(Trimethylsily1)cyclo- 
propanes 17 and 18 were identified by their NMR, IR, and mass 
spectra and elemental analyses. 

em-(Trimethylsily1)cqclopropane 17: NMR (CC14) 6 -0.65 (t, 
J = 5 Hz, 1 H, SiCH), -0.10 (s, 9 H, SiCH3), 0.85-1.92 (m, 8 H, 
aliphatic CH); IR (neat) 1240 cm-' (SiMe); mass spectrum, m/e 
154 (M'). Anal. Calcd for CgH,,Si: C, 70.04; H, 11.75. Found: 
C, 69.91; H, 11.68. 

endo-(Trimethylsilyl) cyclopropane 18: NMR (CC14) 6 -0.60 
(t, J = 9 Hz, SiCH), 0.07 (s, 9 H, SiCH3), 1.13-1.90 (m, 8 H, 
aliphatic CH); IR (neat) 1245 cm-' (SiMe); mass spectrum, m/e 
154 (M'). Anal. Calcd for CgHIBSi: C, 70.04; H, 11.75. Found: 
C, 70.30; H ,  11.91. 

Pyrolysis of 1-(Trimethylsily1)-1-phenylethanol (20). 
l-(Trimethylsilyl)-l-pher~ylethanol(l.20 g) was pyrolyzed at 500 
"C. To the pyrolysates was added 0.102 g of p-tert-butylphenol 
and distillation [95-105 "C (160 mmHg)] gave styrene (91%). 

Pyrolysis of (Trimethylsilyl)( o-methoxypheny1)methanol 
(21). A benzene solutiori of (trimethylsilyl)(o-methoxypheny1)- 
methanol (0.333 g) was pyrolyzed at  600 "C. Separation of the 
product mixture by preparative gas chromatography gave 2,3- 

(32) Martel, B.; Varachrl, M. J. Organomet. Chem. 1972, 40, C53. 

dihydrobenzofuran (28%) and 2,3-benzofuran (16%). Products 
were identified by comparison with the reported spectral data.%* 

Pyro lys i s  of (Trimethylsilyl)[p-(trimethylsily1)- 
phenyllmethanol (24). A benzene solution of (trimethyl- 
silyl) [p-(trimethylsilyl)phenyl]methanol (0.296 g) was pyrolyzed 
at  600 "C. Separation of the product mixture by preparative gas 
chromatography gave 1,l-dimethyl- 1-silaindan (44 % ) .9928 

Pyrolys is  of (Trimethylsilyl)(p-tert-butylphenyl)- 
methanol (25). A benzene solution of (trimethylsilyl)(p-tert- 
butylpheny1)methanol (0.729 g) was pyrolyzed a t  600 "C. Sep- 
aration of the product mixture by preparative gas chromatography 
gave 1,l-dimethylindan (22%). 1,l-Dimethylindan was identified 
by comparison of its NMR and IR spectra with those of authentic 
sample.2s 
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Ionization constants for substituted pyridinium ions are analyzed by using the dual substituent parameter 
equation suggested by Yukawa and Tsuno [log k / k o  = p 8  + p'(u+ - an)]. The results are compared with values 
obtained from analysis of the same data set by using the Taft equations (log k / k o  = pIuI + ~ R U R ) .  Approximate 
free-energy changes due to direct conjugative resonance, estimated by the Yukawa method, are found to be directly 
proportional to the values estimated by using the Taft equations. A similar direct proportionality is observed 
for free-energy changes for direct conjugative resonance in the rate and equilibrium benzaldehyde cyanohydrin 
reactions. The Taft analysis predicts a late, product-like transition state for this reaction. This is consistent 
with the transition-state structure obtained from the Yukawa analysis and from secondary deuterium isotope 
effect studies. Assumptions inherent in the simple Yukawa treatment are discussed. 

It is well recognized that the Hammett relationship, log 
k / k o  = up, is a result of the linear combination of effects 
arising from both polar and resonance contributions.'S2 
Several correlations have been proposed for the evaluation 
of these separate polar and resonance terms. The simplest 
of these is the modified Yukawa equation (eq 1),3-6 and 

perhaps the best known is the method described by Taft.'3 
For the Yukawa-Tsuno equation, the Gibbs free-energy 

changes arising from each of the interaction mechanisms 
can be expressed in the general terms of eq 1,5 where polar 

(1) Leffler, J. E.; Grunwald, E. "Rates &d Equilibria of Organic 
Reactions"; Wiley: New York, 1963; p 192. 
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Wiley: New York, Chapter 3. 
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