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The infrared spectrum of l,l,2,trimethylsilaethylene8 shows 
several interesting features. The olefinic C-H stretch (3020 
cm - 1 ) and the deformation modes (795, 645 cm - 1 ) are typical 
modes for a trisubstituted ethylene. It is not possible to assign 
a silicon-carbon double bond stretching vibration in the 
spectrum.8 Labeling studies will be necessary to make this 
assignment. The similarities between the infrared spectra of 
trimethylethylene and 1,1,2-trimethylsilaethylene stronglj 
suggest that the silaethylene is a planar molecule, i.e., that 
there is a significant barrier to rotation about the silicon-
carbon double bond. 
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Solid State Chemistry. Discrete Trimethylsilylmethylene 

Sir: 

Rearrangement and insertion reactions resulting upon py-
rolysis and photolysis of diazo compounds are frequently 
presumed to involve carbene intermediates.1 Although car-
benes have been generated at low temperatures in matrices and 

their ESR, electronic spectra, spin states, and geometry det
ermined,23 the relevance of this information to chemical re
activity, mechanism, and synthesis has yet to be fully estab
lished.215 We should now like to report the photochemical 
matrix conversion of trimethylsilyldiazomethane ( I ) 3 to (1) 
trimethylsilylmethylene (2),4 a ground state triplet, (2) 
/ra/«-l,2-bis(trimethylsilyl)ethylene (3),5 and (3) 2-methyl-
2-sila-2-butene (4).4 6 Matrix isolation coupled with ESR and 
IR techniques7 allow study of the intimate details of photolytic 
and thermal transformations of 1 to 2-4. 
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A dilute mixture of 1 and argon, matr ix isolated and cooled 
to 8 K, was irradiated with filtered light of wavelengths greater 
than 3600 A. 8 The IR bands of 1 (Figure 1) gradual ly disap
pear and are replaced by absorptions (Figure 2) assigned to 
trimethylsilyldiazirine (5).9 Continued irradiation through the 

(CH3)3Si N 

X 
H N 

same filter produces no further spectral changes. The ESR 
spectra of this matrix indicate the presence of a second species 
with Am = ±1 transitions typical of a ground state triplet 
carbene.10 '" The signals persist for at least 6 h at 4 0 C in the 
absence of light. The zero field splitting parameters, D and E,]' 
are 0.613 and 0.00145 cm - 1 , respectively. Hyperfine structure 
is observable for several of the transitions and A x is measured 
to be 25.0 G. 

The ESR spectra are interpreted to arise from triplet tri
methylsilylmethylene (2) in which the carbenic moiety is es
sentially linear (6, 9 = ~180°). The low E value indicates the 
high molecular symmetry of 6. The hyperfine splitting is 
demonstrated to be due to hydrogen bonded to the divalent 
carbon of 6 upon determination of the ESR spectrum of a-
deuteriotrimethylsilylmethylene (7) generated by irradiation 
of a-deuteriotrimethylsilyldiazomethane, (CHj)3SiCDN2 . 
Photolyses of dimethylsilyldiazomethane, (CH3)2SiHCHN2, 
and bis(trimethylsilyl)diazomethane, [(CH3)3Si]2CN2 , in 
matrix yield dimethylsilylmethylene (8; D = 0.628 cm - 1 , E 
= 0;A±aH = 24.8 G;A±PH = 11.9 G) and bis(trimethylsi-
lyl)methylene (9; D = 0.614 cm- ' , E = 0.002 52 cm"1) , re-
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spectively, for which the ESR parameters reveal to be linear 
ground state triplets. Preliminary study also indicates that 
there is a strong angular dependence on the hyperfine of triplet 
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Figure 1. Matrix infrared spectrum of 1. 
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Figure 2. Matrix infrared spectrum of 5. 

K » KB MO MO 400 300 200 

_.. 

— 
-L 

-
a-. 

— 

— 

i - -
I 

I 

j ! 

, 
S M 

3 

^-— 

^ 
~~| 

-

-

- ! • • 

X 33 

"•'" 

__J 

(^ 
fC 

-

- i -

_ -

-
OO 30 

1 :x 

._] .. 

--

OO 

--
21 

1 T T I - ' 

- H — 

4 

-T^J/ 
>J^T^\ 

- • • - [ -

W A W 4 0 T M » M 

4 

, 

-. . . i . ._L _• 

* 
T 

' [ " \ "• 

—— 

i I ! I i ' 
.'. j J , : I ; i . 

: 

•j 

' 

--
I 

_ 

4 -
II OO M 

i 

. .. 
M 3i 

-T 
— 
r 

W 23 OO K 

' • i 
-H - + - . J - - - ( - - - J 
I T • . I 

. I I . . . I . 

i 
i 
i 

I OO 1» OO 1» 

-___ 

X 17 

I 

X M 

-

OO 13 

TTTT 
1 

1^ 

\\t 
IrV 

r 
1 ' 1 j 

__J M 

j 1 

OO I4( 

"TiIf! 
I 
L_ 

Mri 

" ! I 

fit t 
i -

4" 

.. I .. 

— 

- -
K. U 

-

• 

rt 

-

..X 
I 

W 13 

L-
% 

4 

f 
1 T 

'in *i 

— 

M 

-

t 

N 
L - . 

V̂ 

L 

- — 

OO W 

f1 

i 

I l 
H 1 

l J-

X 
T 

-

— 

M 

— 

fOS 

I l 
T T 1 T - -

K M 

!MTi 
M 

1! 
!•ii 

lfl. 

M H 

» 
TTT 

* • 
n 

N 
ill 
« 
^ 

M 

I 

;.ij 
• 

• n H 
T l 

n 

_ ! 

«00 

M 
• - • , -

T" " 
\r 
V 
\ 
S 
» 

--

• • 

-

— 

— 

M 

— 

.I, 
Xk 

WAVENUMIEI CM*' 

Figure 3. Matrix infrared spectrum of 4. 

methylene (CH2) itself in that the coupling constants calcu- a-silylcarbenes are rationalizable on the basis of advantageous 
lated, A±, for 6 = 180 and 120° are 23.8 and 48.6 G, respec- overlap of the mutually perpendicular p orbitals of the carbenes 
tively.12 The linear stereochemistry and the stabilities of triplet with the vacant d orbitals of adjacent silicon as in 10. 
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Carbene 2 is thermal ly stable between 4 and 40 K. To de
termine the behavior of 2 at higher tempera tures , the matr ix 
was warmed slowly to room tempera tu re and the volatile 
product pumped away, t rapped in liquid nitrogen, and 
subjected to G L C mass spectral analysis. Ethylene 3 was iso
lated and there is no evidence for formation of 4 or the intra
molecular insertion product , 1,1 -dimethyl- 1-silacyclopro-
pane ( l l ) . 1 3 Si lyldiazomethane 1 is not altered even upon 
storage at > 2 5 0 C and thus 3 may be derived by capture of 2 
by 1 outside of the matrix photolysis zone o r / a n d by diazirine 
5 with evolution of ni t rogen. 1 4 

CH3 CH? 

Xl" 
CH, 

CH2 

11 

Photolysis of 1 or 5 at 4 0 C with light of shorter wavelengths 
(X >3000 A) results in rapid destruction of the IR bands of 1 
and/or 5 with formation of at least one set of new bands 
(Figure 3) assignable to silabutene 4.15 '16 The infrared spec
trum of the matrix product of photolysis of a-deuteriotri-
methylsilyldiazomethane, presumably 3-deuterio-2-methyl-
2-sila-2-butene, was determined in an attempt to assign the 
out-of-plane deformation for carbon-hydrogen in 4. The weak 
absorption above 3000 c m - 1 in 3-deuterio-2-methyl-2-sila-
2-butene is not changed from that of 4 and therefore is not due 
to the carbon-hydrogen stretch. The strong band at 641 cm - 1 

in Figure 3 is shifted to 510 cm - 1 in the spectrum of 3-deu-
terio-2-methyl-2-sila-2-butene and is thus assigned to the 
out-of-plane deformation for the lone hydrogen attached to the 
silicon-carbon double bond. Of significance is that the pho
tolysis products exhibit a sharp band of medium intensity at 
1377 cm - 1 presumably for a C-methyl group. Such absorption 
is absent in 1 or 5 and is indicative of a methyl shift from silicon 
to carbon. The photolysis product exhibits a weak band at 1466 
cm - 1 but there is no compelling reason to assign it to the 
stretch of the silicon carbon double bond.17 

To characterize silabutene 4 further, the matrix was slowly 
warmed to 20 0 C and the volatile products were isolated. Upon 

Scheme I 

, . MX>3600A) -
2 + 5 -* 1 
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14 

comparison with authentic samples, cis- and trans-
l,l,2,3,3,4-hexamethyl-l,3-disilacyclobutanes (13 and 14) 
were identified, as produced by dimerization of 4 upon de
struction of the matrix. If prior to warming the matrix meth
anol is introduced, dimerization of 4 is suppressed and the 
major product is ethyldimethylmethoxysilane (15). 

The present study of 1 as summarized in Scheme I illustrates 
the potential of solid state methods for investigating reactions 
of carbenes and for advantageous synthesis of highly reactive 
species. 
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Wavelength Dependent Carbonium Ion Formation by 
Photosolvolysis of Benzoates 

Sir: 

Benzyl alcohol 1 undergoes photochemical heterolytic C-O 
bond cleavage by a sequence of electron transfer processes 
initiated by transfer from the donor iV.TV-dimethylamino-
phenyl group (eq 1).' We report here on studies to relocate the 
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