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a-Diazo-a-(trialkylsilyl)alkanones 6 have been prepared by sily- 
lation of primary a-diazo ketones 4 with trialkylsilyl triflates 5. 
Diazo compounds 6 are decomposed in boiling benzene to give 
l-oxa-2-sila-4-cyclopentenes 7 and 9. Evidence is presented that 
this transformation proceeds via alkylidenecarbenes 17 which 
undergo 1,5-cyelization by carbcne insertion into a Sic-  H bond. 

The synthetic potential of a-diazocarbonyl compounds rests to 
a marked extent on their lability towards UV light, elevated tem- 
perature, and certain transition metals, which makes them a con- 
venient and easily accessiblc source of carbenes or carbenoids”. 
However, there is an obvious lack of information concerning the 
chemistry of a-(silyldiazomethyl)arbonyl compounds. Silylated 
diazo esters ( la) and some r*-(silyldiazomethyl) ketones of type 1 b 
represent the exceptions; the prime interest in their chemistry was 
directed towards the eventual formation of silenes from silylated 
ketocarbenes derived from 1 a, b2’. As the sole “simple” silylated 
diazo ketone, 1 -diazo-1 -(triethylsilyl)-2-propanone has been pre- 
pared, and its thermal decomposition in the presence of copper has 
been studied 31. 
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Recently, we have reported that (aroyldiazomethy1)silanes 1 c eas- 
ily sulTer thermal dediazoniation with transformation into siloxy- 
alkynes 34! Siloxyalkylidene carbenes 2 are considered the imme- 
diate precursors of the alkynes. The 1,2-aryl migration which brings 
about the transformation 2+3 has precedent in earlier work of 
Stangs’, Gilbert ”, and their coworkers who have shown that in 
alkylidenecarbenes [Ar(R)C=C:, R = alkyl, aryl] the aryl shift is 
usually faster than any other intra- or intermolecular trapping re- 
action of this carbene. On the other hand, an alkyl group is not 
prone to a facile 1,2-migration to the vinylidene carbon, as several 
successful intermolecular trapping rcactions of alkylidenecarbenes 
bearing Balky1 groups indicate“”. We have therefore synthesized 
(alkanoyldiazomcthyl)silanes 6 which, by thermal decomposition, 
should give access to alkylidenecarbenes analogous to 2. Since B 
aryl groups were no longer present. the way seemed to be paved 
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Thermische Zersetzung yon a-Diazoa-(trialkylsilyl)aIkanonen - 
lntramolekulare C/H-Insertion von Siloxyalkylidencarben-Zwi- 
schenstufen 

Die a-Diazo-a-(tria1kyIsilyl)alkanone 6 wurden durch Silylierung 
der primaren a-Diazoketone 4 mit Trialkylsilyltriflaten 5 herge- 
stellt. Die Diazoverbindungen 6 gehen beim Erhitzen in sieden- 
dem Benzol in die l-Oxa-2-sila-4-cyclopentene 7 und 9 uber. 
Diese Umwandlung verlluft vermutlich uber die Alkylidencar- 
bene 17, die durch Carben-Insertion in eine SIC- H-Bindung 1,5- 
Cyclisierung eingehen. 

for other intra- or intermolecular reactions of these reactive inter- 
mediates. 

Synthesis of u-Diazo-a-(trialkylsilyl)alkanones 6 

The silylated adiazo ketones 6 are obtained under mild 
conditions in satisfactory to good yields by an electrophilic 
diazoalkane substitution at primary a-diazo ketones 4 with 
highly electrophilic trialkylsilyl triflates 5 as silylating re- 
agents. This method had been used before for C-silylation 
of diazomethane*), ethyl diazoacetate**”, (diazomethy1)phos- 
phoryl compounds”’, and diazo ketones ArCOCHN;’. 
Other approaches to silylated a-diazo ketones are given by 
acylation of lithio(pentamethyldisilanyl)diazomethane’l) 
and by the reaction between bis(triethylsily1)mercury and 
mercury-bis(diazo ketones), Hg[C(N2)COR];’; the latter re- 
action made diazo ketone 6aA available3’. As in the case of 
(aroyldiazomethy1)silanes 1 c4), the high lability of the 
C(N2)- Si bond towards hydrolytic cleavage has to be taken 
into account for the work-up procedure. Despite of careful 
working, this hydrolysis which produces the original diazo 
ketone 4 as well as a trialkylsilanol (or the corresponding 
disiloxane) could not be avoided completely in some in- 
stances (see Experimental). Protiodesilylation of diazo ke- 
tones 6 by the trialkylammonium salt present in the reaction 
mixture could also account for the occurrence of seemingly 
unreacted diazo ketone 4. The hydrolytic lability of the 
C(N,) - Si bond in diazo ketones appears to be diminished 
by bulky substituents on the silicon atom; conversely, sev- 
eral efforts ”J*)  to isolate (trimethylsilyl)diazomethyl ketones 
met with failure so far. [We have been able to prepare 
tBuCOC(N2)SiMe3 from 4 b and trimethylsilyl triflate ac- 
cording to the general procedure described in the Experi- 
mental Part, but the compound could not be purified with- 
out desilylation.] This steric effect is in agreement with an 
SN2 process at silicon being responsible for Si - C bond 
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cleavage. Such a mechanism is also operating in the acid- 
catalyzed hydrolysis of r-silyldiazoacetic esters ? 

The silylated diazo ketones 6a -d are characterized by a 
V(CN2) IR vibration at 2058-2064 cm-', whereas the a- 
diazo ketones 4a-d absorb at 2100-2110 cm-'. The bis- 
(diazo ketone) 6eC shows the diazo stretching vibration at 
2045 cm-', this value being about 75 cm-' lower than in 
the nonsilylated diazo ketone 4e. This shift to lower wave- 
numbers is a general phenomeno~ of a-silylated diazocar- 
bony1 compounds'3h'. 
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a) Not determined.- b, Not obtained purely. 
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Thermolysis of a-Diazoa-(trialkylsilyl)alkanones 6 
Contrary to (aroyldiazomethy1)silanes 1 c (R = aryl) 

which are slowly transformed into siloxyalkynes 3 already 
at room temperature", the (alkanoyldiazomethy1)silanes 6 
are thermally stable under these conditions. When heated 
in refluxing benzene, however, they split off dinitrogen as 
well; 1 -oxa-2-sila-4-cyclopntenes 7 are isolated as the sole 
reaction products. Diazo ketone 6aB made an exception, 
since it suffered hydrolysis by traces of moisture faster than 
thermotysis, so that only 1 ,3-di-tert-butyl-l ,1,3,3-tetrame- 
thyldisiloxane was obtained. Similarly, biqdiazo ketone) 
6eC underwent partial hydrolysis at one C(N2) - Si bond; 
thermal reaction then occurred only at the silylated diazo- 
carbonyl unit to give compound 9. Siloxyacetylenes 8 were 
not found even in trace amounts; because of the generally 
very strong v(C=C) absorption of this class of com- 
pound~'*'~', their presence in the reaction mixtures would 
have been detected by IR spectroscopy. 

The cons~itution of the heterocycles 7 and 9 follows from spec- 
troscopic data. The IR spectrum is  void of an absorption in the 
v(C=O) region; instead a medium-strong absorption at 
1617-1645 cm-' is observed which is assigned to the v(C=C) 
vibration of the cyclic enol ether moiety. Another characteristic 

feature is a strong band at 1079 f 6 (7bA,bB,cB,bC), 1121 & 1 
(7aC,dC,eC, 9), or 1140 cm-' (7aA) which is not present in the 
precursors 6. This absorption may be tentatively assigned to the 
Si -0 -C vibration"'? 
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Thermal Decomposition of ~-Diazo-a-(trialkylsilyl)alkanones 

In the 'H-NMR spectrum, the presence of one vinylic proton 
(6  = 4.40-4.74) and of additional signals in the aliphatic region 
(as compared to diazo ketones 6) corroborate the structural as- 
signment of the heterocycles. "C-NMR signals in the olefinic range 
constitute another hint to the silyl enol ether moiety [7aC: S(C- 
4) = 114.41, 6(C-5) = 152.121. Finally, the mass spectrum of 7bC 
contains a fragment which corrcsponds to a loss of OSi(CHMe2)2 
from the molecule. 

All cyclic silyl enol ethers 7 and 9 are readily cleaved by 
protic nucleophiles. The hydrolysis products 1Oa-d and 13 
as well as the methoxysilanes 11 and 12 resulting from sol- 
volysis by methanol have been synthesized in preparative 
runs. They were fully characterized by their spectroscopic 
data (see Experimental), which need no further discussion 
here. 

Mechanism of the Transformation 6 + 7 
Two pathways may be conceived for the formation of sila- 

heterocycles 7 (Scheme I). Pathway A corresponds to the 
usual reactivity of a-diazo ketones which split off dinitrogen 
on thermal impact, thereby yielding a keto carbene 14. For- 
mation of 7 from 14 would require P-C/H insertionl6I yield- 
ing acylsilirane 15 which would furnish 7 by ring expansion. 

This mechanistic proposal has at least two weak points. 
Firstly, according to the experience with a-silyl diazo esters 
1 a 10,17J and disilanyldiazomethyl ketones 1 b"), all of which 
are rather stable thermally, it is not expected that silylated 
diazo ketones 6 will furnish keto carbenes by thermal loss 
of N, under the conditions chosen in this study (80"C, 3 h). 
We have used this argument already in the case of (aroyl- 
diazomethy1)silanes 1 c, some of which decompose with loss 
of N2 even at room temperature4'. Secondly, Wolff rear- 
rangement is expected to be the preferred reaction mode of 
keto carbenes 14. Even in simple keto carbenes, a P-C/H 
insertion into a Si-C-H bond seems to occur rarely or 
not at In fact, Wolff rearrangement to the corre- 
sponding (trialkylsi1yl)ketene is the dominating process if 
diazo ketones 6 are decomposed either photochemically or 
by transition-metal catalysis "). This leads to the conclusion 
that keto carbenes are not involved in the thermal decom- 
position of diazo ketones 6*''. 

In this context, it should be mentioned that for the transforma- 
tion 6aA+7aA in the presence of copper powder in boiling cyclo- 
hexane, the mechanistic pathway A has been proposed, and it has 
been assumed that the keto carbene in this case was generated by 
copper catalysis'! We challenge this proposal, since we have shown 
that this transformation occurs under purely thermal conditions 
(i.e. in the absence of copper powder) and that the copper(1) triflate- 
catalyzed decomposition of 6aA a t  room temperature produces 
methyI(triethy1silyl)ketene rather than 7 aAI9'. 

We propose to describe the transformation 6 + 7  by path- 
way B (Scheme 1). The reaction sequence is opened by a 
thermally induced 1,3-C -+ 0 silyl shift which yields diazo- 
ethene 16. Such silyl group migrations usually occur at tem- 
peratures above 150°C in (acylmethyl)silanes2'). The en- 
hanced tendency of silylated diazo ketones 6 to undergo this 
rearrangement is certainly due to the contribution of a di- 
azonium eiiolate resonance structure to the bond state of 6, 
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creating a higher electron density on the carbonyl oxygen 
than in ordinary (acylmethy1)silanes. 

Diazoethenes have not been isolated up to now. Despite 
of two successful trapping experiments by intermolecular 
[3 + 21 cycloaddition reactions22', they must be regarded as 
thermally extremely unstable compounds which furnish al- 
kylidenecarbenes by loss of N2 (16- 17)7d,7',23). Cyclization 
of carbene 17 to a five-membered ring by C/H insertion has 
ample precedent in alkylidenecarbenes with an all-carbon 
chain7b,24 15'; also, a few such cyclizations by insertion into 
an XC - H bond (X = 026,27), N 26,28)) have been realized. Our 
results constitute the first example for intramolecular alky- 
lidenecarbene insertion into a S ic  - H bond which can be 
a primary, secondary, or tertiary one. 

Schenic 1 

6 
H 
I , rearr. -> R'-C-C Si ---+ R1-C-C-C, 

- N2 
. .-o A 

II 
0 

7 

I -  I 

16 17 

The selectivity of C/H insertion by alkylidenecarbenes 
was found to be 1" < 2" aliphatic < 2' benzylic < 3" 24a,25b.29'. 

Concerning the insertion process 17- 7, the substitution 
pattern on silicon (SiEt,, SiiPr3, SiMe2tBu) does not allow 
to verify such a reactivity ranking. However, the possibility 
of competing C/H insertion pathways is given in the carbene 
intermediates 17cB and 17dC (Scheme 2): Insertion into a 
C-H bond of the alkyl chain would yield cyclopentenes 18, 
but such products were not detected. This means that in 
alkylidenecarbenes 17 insertion into a secondary C - H 
bond cannot compete with insertion into a primary SIC - H 
bond (17cB), and the same holds true for benzylic C - H vs. 
tertiary SIC-H bond (17dC). Gilbert has argued that het- 
eroatom activation favors carbene insertion into a XC - H 
bond because of reduced bond dissociation energies of such 
bonds"'; this correlation uses the assumption that the tran- 
sition state is radical-like. Whereas the argument seems jus- 
tified for OC - H and NC - H bonds, which have bond dis- 
sociation energies about 9 - 10 kcal/mol-' lower than alkyl 
C- H bonds2*), is is not so evident in the case of the Sic  - H 
bond. The only known bond dissociation energy of such a 
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bond appears to be that of tetramethylsilane which turned 
out to be only 0.5 kcal mol-' lower than that of a C-H 
bond in neopentane'"'. With respect to these data. a truly 
competitive situation could have been expected in the case 
of 17cB (CHI vs. %CHI) and 17dC (PhCH: vs. SiCH<). The 
fact that this was not the case points to a dominating influ- 
ence of entropy factors on the energy of the transition state. 
The greater bond lengths of Si - 0 and Si - C as compared 
to C - C as well as the greater variability of the C - 0 - C 
angle as compared to the tetrahedral angle of C - C - C may 
contribute to the relief of steric strain in the cyclic transition 
state of the C-H insertion process. 

Me SiMe2tBu Me tBu H 

Ph SiiPc, i P r  i P r  Me 

1 7  

PR 0' 18 

6, 7 ,  17, 18 1 R @ R2 R3 R4 

So far all our effoits h'ike failed to trap the alkylidene- 
carbenes 17 i~zte~wzo2ecular 2) Neither a [2  + 11 cycloaddi- 
tion to cyclohexene (v,ith 6aC) or cyclooctens (with 6bC) 
nor an insertion into the Si - H bond of triethylsilane (with 
6bC) could be realized although both reaction modes are 
hell knov,n in alkllidenecarbene chemistry '-I. This is not 
surprising in \ieR of the fact that fakorable intramolecular 
processes tend to suppress an! intermolecular reaction 
mode We have found comparable results in such dlkylide- 
necarbenes related to 17, M here appropriate substituents al- 
IovYed 1.7-aryl migration to the carbenic center') or intra- 
molecular cqclopropanation of an aromatic nucleus"' 

This Lvork MLS supported b \  the Deursc he For scIzuiigsgernrtri- 
achafr and the Foridc d o  Chrrnihchiri I r iduur ie  

Experimental 
Melting points: Mettlcr FP 5. - Elementai analyses: Perkin-El- 

mer Analyzer 240. - I R spectra: Perkin-Elmer Spectrometer 
397. - NMR spectra: L'arian EM 390 (90 MHz, ' H  NMR) and 
Brukcr WP 200 (50.28 MHL,  'C NMRj, solvent CDCl1. TMS as 
internal srandard. ~ bl pectra: Varian MAT 311 .  

The folloii ing diazo kcroncs were prepared accarding to litera- 
ture procedures: 4a"'. 4b:". 4e'-  '": 4c'" was obtained by the same 
iecipe as 4b"'. The trialkylsilyl trifluoromethanesulfonates 5 4 -C 
were purchased from Fluka AG INcu-Ulm). All sqntheses of coni- 
pounds 6 and 7 Liere carried out in anhydrous, distilled solvents 
under argon. Column chromatography was usually carried out on 

Lobar columns (Merck. Lichroprep Si 60. 40-63 pm) with anhy- 
drous and distilled solvents. Elemental analyses of compounds 6 
and 7, in some cases. were not fully satisfactory because of their 
high hydrolytic lability and or the difficulty to completely purifq 
them. 

f -Diu-o-5-phen! . / -2-penr~~r~~~ne (4d): The solution of 4-phenylbu- 
tanoyl chloride (6.40 g. 0.035 mol) in 10 ml of ether is added drop- 
wise at 0 C to an ethereal solution (400 ml) of diazomethane [pre- 
pared from 35 g (0.34 mol) of ~ ~ ~ - m e t h y l - . ~ - n i t r ~ s o u r e a ' ~ ' ] .  The mix- 
ture is allowed to assume room temperature, stirred for another 
hour and filtered. After evaporation of the solvent at 14 Torr 25 C. 
5.96 g (90Oh) of crude 4d is left as a yellou oil. which decomposes 
on attempted distillation. - TR (film): 2100 cm-'  (CN?), 1630 
(C=O).  - ' H  NMR: 6 = 1.95 (m. 2H), 2.30 (t. 2H).  2.65 It. 2H). 
5.13 (s. l H ) ,  7.06-7.34 lni. 5H). 

C I I H I I h 2 0  (188.2) Calcd. C 70.19 H 6.43 N 14.88 
Found C 69.0 H 6.56 N 14.3 

x-Dimi-x- (rriu/kj.lsi/j,/ ~a/kanories 6: General Procedure 
The solution of %-diazo ketone 4a-d (10 mmol) and 1.74 in1 

(10 mmol) of ethyldiisopropylamine in 60 ml of anhqdrous ether is 
chilled to 0 -C under argon. and trialk>lsilyl trifluormethanesul- 
fonate 5 A - C  (10 mmol) in 5 ml of ether is added dropuise. The 
mixture is brought to room temp. and stirred for another 4 h. The 
precipitated ethyldiisopropq lammonium tritluoromethanesulfonate 
is filtered off xith suction and washed with some ether. The com- 
bined ethereal solutions are concentrated at 14 Torr#25 C. and the 
remaining oil is purified bq Lobar chromatography (eluent chloro- 
form pentane 7 :  3). Because of their thermal labilitq, none of diazo 
ketones 6 was distilled. 

f -Diuzo- I - /  rrierhylsiljl, -2-plopanone (6aA): Red oil, Ivhich kvas 
not subjected to Lobar chromatography because of its proneness 
to desilylation. - IR (film): 2062 cm-'  (CN?). 1638 ( C = O )  (ref." 
2060. 1650 cm-'). - 'H NMR: 6 = 0.54. 1.10 im. l5H).  2.23 (s. 
3 H). 

f - (  terr-Birt! , / i l irizerh!.(si /! , /~-I-[~i~[;~-2-pr~paiio?ie (6aB) was ob- 
tained as a red oil which was not anal) tically pure according to 'H 
NMR (impurities in the aliphatic region) and IR (impurity at 
1719 cm - ' ) .  - 1R lfilm): 2060 c n - ~ '  ICN:). 1640 ( C = O ) .  - ' H  
NMR: 6 = 0.22 (s, 6H). 0.98 (s. 9H) .  2.28 (s. 3H) .  

Thermolysis of crude 6aB (refluxing benzene. 3 h )  followed b) 
Kugelrohr distillation gave ~ , 3 - ~ ~ i - r e ~ r - ~ ~ i [ r ~ , / - / ,  /.3.3-reri.ai,zerii!.(disil- 
oxnne as a colorless liquid. b.p. 100 C'0.01 Torr, in a 6400 yield 
based on 4a. - IR (film): 1465!1458 cni- ' (m). 1250(s). 1075-1045 
(br, s). - ' H  NMR: 6 = 0.02 (5. 12H). 0.82 (5, 18H). 

C,2H300Si2 (246.5) Calcd. C 58.46 H 12.27 
Found C 58.4 H 12.18 

I-Diazo- I -  lrri isoplop)/ ,si /~' l~-I '-prop'i , ionr (6aC): Yeilow oil, 76% 
yield. - I R  (film): 2060 cm-'  (CN?),  1632 (C=O).  - ' H  NMR: 
6 = 1.00- 1.42 (ni, 21 HI, 2.27 (s, 3H). 

Ct2H2$!?OSi (240.4) Calcd. C 59.95 H 10.06 N 11.65 
Found C 60.2 H 10.08 N 11.4 

i-Diu;o-3,3-diinet~iyi-I-(rrie~lrpl.~iiyi/-2-huti~no~ie (6bA): Yellow 
oil, 87% yield. - IR (film): 2060 cm ' (CN,), 1623/161? (C=Oj. - 
'H NLIR: 6 = 0.49-1.12 (m, I j H j ,  1.24 ($, 9Hj. The compound 
contains traces of the parent diazo ketone 4b.  

(6bB): Yellow oil, 81% yield. - IR (film): 2058 cni ' ICN,), 1622 
I - ( t er t - Bu tjsiditizct i z  j j  i. 1 )  - / -d iicz 0- 3 , j -d  iiii  e t /i ji i- 2- hit t a no ii 8 

(C=O).  - ' H  NMR: 6 = 0.22 (s, 6H), 0.91 (s. 9H), 1.25 (s, 9H). 

CIIH?4N-OSi (240.4) Calcd. C 59.95 H 10.06 N 11.6s 
Found C 59.8 H 9.95 N 11.4 
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Thermal Decomposition of a-Diazo-a-(trialkylsily1)alkanones 639 

I-Diazo-3,3-dimethyl-f -( trirsopropylsilyl)-2-butnnone (6bC): Yel- 
low oil, 68% yield. - IR (film): 2059 cm-' (CN,), 1623 (C=O). - 
'H NMR: 6 = ca. 1.0-1.2 (m, 21 H, iPr), 1.29 (s, 9H, tBu). 

C15H30N20Si (282.5) Calcd. C 63.78 H 10.70 N 9.92 

and thermolyzed without purification for 6 h. Kugelrohr distillation 
at 8O0C/O.l Torr gave 0.74 g (28%) of 7cB. - IR (film): 3030 cm-' 
(=CH), 1616 (C=C), 1985-1055. - 'H NMR: 6 = 0.28 (s, SiMe), 
0.95-1.00 (m, 12H, SitBu, [CH,],Me), 1.28-1.68 (m, CH2CH2- 
CH,Me and 2 3-H), 1.99-2.38 (m, 5-CH,), 4.74 (t, ' J  = 3.5 Hz, 4- Found C 63.9 H 10.69 N 10.0 

l-(tert-Butyldimethylsilyl)-l-diazo-2-hexanone (6cB): Red oil 
(2.05 g), which could not be purified completely. - IR (film): 
2060 cm-' (CN,), 1635/1626 (C=O). - 'H NMR: 6 = 0.21 (s, 6H), 
0.91 (s, 9H), 1.18 - 1.82 (m, CH3CH2CH,), 2.55 (t, COCH,). 'H NMR 
signals of impurity at 6 = 0.86 (intensity 33% of tBu signal of 6cB) 
and 6 = 3.96. 

I-Diazo-5-phenyl-1- (triisopropylsilyl)-2-pentanone (6dC): Yellow 
oil, 85% yield. - IR (film): 2058 cm-' (CN,), 1622 (C=O). - 'H 
NMR: 6 = 1.01-1.40 (m, 21H, iPr), 2.00 (q, 2H, CH2CH2CH2), 
2.53 (t, 2H), 2.64 (t, 2H), 7.25 (m, 5H). The compound contains 
traces of parent diazo ketone 4d. 

f,7-Bis(diazo)-1,7-his(tr~isopropy/silyl)-2,6-heptanedione (6eC): 
The mixture of 1.80 g (10 mmol) of 4e and 3.50 ml (20 mmol) of 
ethyldiisopropylamine in 80 ml of anhydrous ether is chilled to 0°C 
under argon, and the solution of 5.38 ml (20 mmol) of triisopro- 
pylsilyl trifluoromethanesulfonate (5C) in 10 ml of ether is added 
dropwise. Stirring is continued for 2 h at room temp., and the pre- 
cipitated ammonium salt is filtered off with suction. After evapo- 
ration of the solvent, an orange-red oil is left which crystallizes on 
standing. After recrystallization from pentane at -78"C, 2.32 g 
(47%) of light-yellow 6eC is obtained, m.p. 54-55°C. - IR (KBr): 
2045 cm-' (CN,), 1630 (C=O). - 'H NMR: 6 = 1.05-1.62 (m, 

HI. C12H240Si (212.4) Calcd. C 67.86 H 11.39 
Found C 66.6 H 11.22 

2,2-Diisopropyl-3,3,5-trirnethyl- l-oxa-2-sila-4-cyclopentene (7 aC): 
From 1.40 g (5.8 mmol) of 6aC, 4 h, b. p. 6O0C/O.08 Torr. Yield: 
0.74 g (60%). - IR (film): 3010 cm-' (=CH), 1641 (C=C), 1122, 
1009. - 'H NMR: 6 = 0.99-1.21 (m, iPr, 3-Me), 1.78 (s, 5-Me), 
4.41 (s, 4-H). - I3C NMR: 6 = 12.13 (Si-CHMe2), 17.60 and 17.67 
(diastereotopic, SiCHMe2), 17.88 (5-Me), 25.89 (3-Me), 57.1 8 (C-3), 

C12H240Si (212.4) Calcd. C 67.86 H 11.39 
Found C 67.8 H 11.20 

114.41 (C-4), 152.12 (C-5). 

5-tert-Butyl-2.2-diisopropyl-3,3-dimethyl- l-oxa-2-siEa-4-cyclopen- 
tene (7bC): From 2.00 g (7.1 mmol) 6bC, 5 h, b.p. 10OGC/0.O05 
Torr. Yield: 1.02 g (57%). - IR (film): 3030 cm-' (=CH), 1623 
(C=C), 1076. - 'H NMR: 6 = 1.03-1.13 (m, iPr), 1.10 (s, tBu), 
4.40(s, 4-H). - '3C NMR: 6 = 12.13 (Si-CHMe2), 17.66 and 17.75 
(Si - CHMe,), 26.27 (3-Me), 27.90 (CMe3), 34.14 (CMe3), 50.7 (C-3), 
109.96 (C-4), 128.34 (C-5). - MS (70 eV): m/z (%) = 254 (12, M+), 
239 (100, M - CH?), 197 (9, M - C4H9), 169 (12, M - 2C3H7), 
153 (9), 141 [7, M - SiO(C,H,),]. 

CI5H3,,0Si (254.5) Calcd. C 70.79 H 11.88 
Found C 70.3 H 11.75 

2,2-Diisopropyl-3,3-dimethyl-5-(3-phenyIpropyl)-l-oxa-2-sila-4- 
CdhxN402Si2 (492.9) Calcd. 60.93 9.82 lI.37 cyclopentene (7dC): From 3.44 g (10.0 mmol) of 6dC, 12 h, b.p. 

170"C/0.15 Torr. Yield: 2.08 g (65%) of a very moisture-sensitive 

42H, 1.98 (m, 2H), 2.64 (t, 4H, COCH,). 

Found C 60.5 H 9.68 N 11.4 

I-Oxa-2-sila-4-cyclopentenes 7 
General Procedure: A solution of a diazo ketone 6 in 60 ml of 

anhydrous benzene is heated at reflux temperature for a time in- 
terval specified below. The solvent is evaporated and the residue is 
subjected to Kugelrohr distillation (oven temperatures are given 
below). 

2,2-Diethyl-3,5-dimethyl-l-oxu-2-sila-4-cyclopentene (7aA): The 
crude diazo ketone 6aA, obtained from 0.84 g (10 mmol) of 4a by 
silylation with 5A (see above), was used without purification. Re- 
action time 2.5 h, b. p. 50"C/0.2 Torr, yield 0.62 g (37%, based on 
4a). The compound is very labile to hydrolysis. - IR and 'H-NMR 
data correspond to  literature data3). 

colorless oil which was only characterized spectroscopically: IR 
(film): 3015 cm-' (=CH), 1632 (C=C), 1118, 1005. - 'H N M R  
6 = 1.02-1.15 (m, SiiPr, 3-Me), 1.78-1.98 (m, 2H), 2.02-2.20(m, 
2H), 2.53-2.70 (t, 2H), 4.48 (s, 4-H), 7.12-7.30 (m, 5H). Further 
characterization of 7dC is given by its hydrolysis (see below). 

5,5'- (1.3- Propanediyl)his(2,2-diisopropyl-3,3-dimethyl-l-oxa-2- 
sila-4-cyclopentene) (7eC) and I-Diazo-5-(2,2-diisopropyl-3,3-di- 
methyl-l-oxa-2-sila-4-cyclopenten-5-yl)-2-pentunone (9): The solu- 
tion of 1.72 g (3.5 mmol) of 6eC in 50 ml of anhydrous benzene is 
refluxed for 15 h. The brownish-red oil which remains after evap- 
oration of the solvent is fractionated by column chromatography 
with chloroform/ether (1 : 1): 

a) 1.21 g (79%) of 7eC as a colorless oil. - IR (film): 3010 cm-' 
(=CH), 1635 (C=C), 1120, 1008. - 'H NMR: 6 = 0.95-1.23 (m, 
iPr, Me), 1.70-2.20 (m, [CH2I3), 4.43 (s, 4-H). 

C2SH4802Si2 (436.8) Calcd. C 68.74 H 11.08 
Found C 68.9 H 11.21 

5-tert-Butyl-2,2-diethyl-3-methyl-l-oxa-2-sila-4-cyclopentene 
(7bA): From 1.20 g (5.00 mmol) of 6bA, 3 h, b.p. 55"C/0.03 Torr. 
Yield: 0.59 g (56%). - IR (film): 3042 cm-' (=CH), 1621 (C=C), 
1083. - 'H NMR: 6 = ca. 0.5-1.25 (m, Et and CHMe), 1.06 (s, 
tBu), 1.60-1.88 (m, CHMe), 4.65 (m, 4-H). 

CI2H2,OSi (212.4) Calcd. C 67.86 H 11.39 
Found C 66.6 H 11.36 

b) 20 mg (2%) of 9 as a yellow oil. - I R  (film): 2098 cm-' (CN2j, 
1630 (C=O-r=C),  1120, 1005. - 'H NMR: 6 = 1.03-1.27 (m, 
iPr, Me), 1.87 (m, 2H), 2.06 (m, 2H), 2.35 (t, 2H), 4.50 (s, 4-H), 5.20 
(s, HCN,). The compound was further characterized by its hydro- 
lysis (see below). 

2S-Di-tert-butyl-2-methyl- l-oxa-2-sila-4-cyclopentene (7 bB): 
From 1.20 g (5.00 mmol) of 6bB, 3 h, b.p. 6O0C/Od3 Torr. Yield: 
0.61 g(58%). - IR(fi1m): 3058 cm-'(=CH), 1621 (C=C), 1073. - 
'H NMR: 6 = 0.21 (s, SiMe), 0.91 (s, SitBu), 1.08 (s, 5-tBuj, 1.24 In a second run, 65% of 7eC and 10% of 9 were obtained. 

Solvolyses of l-Oxa-2-sila-4-cyclopentenes 7 
4-(Diethylhydroxysityl)-2-pentanone (1Oa): The solution of 0.21 g 

(1.2 mmol) of 7aA in acetonitrile (20 ml) and water (1 ml) is refluxed 
for 1 h. After cooling, chloroform (60 ml) is added and the mixture 

and 1.33 (AB part of ABX system), 4.73 (X part of ABX, 3JAx = 

'Jnx = 3 Hz, 4-H). 
C12H240Si (212.4) Calcd. C 67.86 H 11.39 

Found C 66.7 H 11.46 

5-Butyl-2-tert-butyl-2-m~thyl-f -0xa-2-sila-4-cyclopenfene (7 cB): 
Diazo ketone 6cB was synthesized from 10 mmol of 4c (see above) 

is freed from water by stirring over MgS04. After filtering, the 
solvent is evaporated and the residual oil is subjected to Kugelrohr 
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distillation. At 180°C (oven tempcrature)/0.4 Torr 0.14 g (62%) of 
10a is collected. - 1R (film): 3420 cm I (SO-H), 1705 (C=O), 

ca. 1.13-1.47 (m, CH), 2.15 (s, COMe), 2.57 (,,t", diastereotopic 
>C-CH,), 2.83 (broad s, OH). 

CpHzo02Si (188.3) Calcd. C 57.39 H 10.70 
Found C 57.1 H 10.52 

[C(2)=0]. - 'H NMR: 6 = 1.0-1.3 (m, 20H, iPr and Me), 1.86 
(t, 2H), 2.16- ca. 2.50 (m, 4H), 2.57 (s, Si-C-CH2), ca. 3.65 (br, 

C16H30N203Si (326.5) Calcd. C 58.86 H 9.26 N 8.58 
1070, 1015. - 'H NMR: 6 = 0.63 (t, CH2CHj), 0.94 (q, CH~CHS), OH), 5.20 (s, HCN2). 

Found C 58.4 H 9.27 N 7.8 

CAS Registry Numbers 

4e: 21415-07-6 / 5A: 79271-56-0 / 5B: 69739-34-0 / 5C: 80522- 

6bA: 106435-60-3 / 6bB: 106435-61-4 / 6bC: 106435-62-5 / 6cB: 
106435-63-6 / 6dC: 106435-64-7 / 6eC: 106435-65-8 / 7aA: 65275- 
08-3 / 7bA: 106435-66-9 / 7bB: 106435-67-0 / 7aC: 106435-69-2 / 
7bC: 106435-70-5 / 7cB: 106435-68-1 7dC: 106435-71-6 1 7eC: 
106435-72-7 9: 106435-73-8 / 10a: 106435-74-9 / lob: 106435- 
75-0 / 10~: 106435-76-1 / 10d: 106435-77-2 / 11: 106435-78-3 / 12: 
106435-79-4 / 13: 106435-80-7 / 1,3-di-tert-butyl-l,1,3,3-tetra- 
methyldisiloxane: 67875-55-2 / 4-phenylbutanoyl chloride: 18496- 
54-3 

4-(Hydroxydiisopropylsilyl)-4-rne~hyl-2-pen~anone (10 b): From 
7 a ~  (0.35 g, 1.65 mmol) by a procedure analogous to the synthesis 4s: 2684-62-0 / 4b: 6832-15-1 / 4C: 58964-65-1 / 4d: 105962-58-1 / 
of 10a; reaction time 3.5 h. Yield: 0.24 g (63%), b . ~ .  90°C (oven 42-5 6aA: 61861-17-4 6aB: 106435-58-9 6aC: 106435-59-0 
temp.)/O.l Torr. - 1R (film): 3440 cm ' (SO-HI, 1695 (C=o),  
1010. - 'H NMR: 6 = 0.95- 1.07 (m, 20H), 2.10 (s, COMe), 2.56 
(s, CH~) ,  - MS (70 ev): m/z  ((yo) = 230 (0.8, ~ t ) ,  235 (22, 
M - Me), 187 (100, M - C3H7 or CH3CO), 173 (4, M - 

Cl2HzhO2Si (230.4) Calcd. C 62.55 H 11.37 
Found C 62.8 H 11.30 

CH3COCH2), 145 (13), 131 (13, SiiPr20H). 

5- (Hydroxydiisoprop~:lsilyl) -2.2,5-trimethyl-3-he.xanone (1 0 c): 
From 7bC (0.42 g, 1.65 mmol) by a procedure analogous to the 
synthesis Of M a .  Yield: 0.31 g (69%), b. p. 9 0 T  (oven temp.)/0.02 1) 18) D. S. Wulfman, G. Linstrumelle, c. F. Cooper in The Chem- 
Torr. - IR (film): 3460 cm I (SO-H), 1695 (C=O), 1065, istry of Diazonium and Diazo Groups ( S .  Patai, Ed.), Part 2, 
1010. - 'H NMR: 6 = 1.02-1.23 (29H, [Bu, ipr, Me), 2.60 (s, Chapter 18, Wiley, New York 1978. - l b )  W. Ando in ref.Ia), 

Part 1,  Chapter 9. - '') D. S .  Wulfman, B. Poling in Reactive 
CH2)' ClSH32O2Si (272.5) Calcd. C 66.1 1 H 11.84 Intermediates (R. A. Abramovitch, Ed.), Vol. 1, p. 321 f., Plenum, 

Found C 65.3 H 11.65 New York 1980. - Id)  M. Regitz, G. Maas, Aliphatic Diazo Com- 
pounds - Properties and Synthesis, Academic Press, Orlando, 
1986. - le) G. Maas, Top. Curr. Chem. 137 (1987) 75. 

2, 2n) w. Ando, A. Sekiguchi, T. Hagiwara, W. Migita, V. Chow- 
dhry, F. H. Westheimer, S .  L. Kammula, M. Green, M. Jones 
j,, J.  Am. Chem. sot. lol (1979) 6393. - 2b) A. Seki uchi, w. 
Ando, K. Honda, Tetrahedron Lett. 26 (1985) 2337. - $1 A. Sek- 
iguchi, W. Ando, J.  Am. Chem. SOC. 106 (1984) 1486. 

3, 0. A. Kruglaya, I. B. Fedot'eva, B. V. Fedot'ev, I. D. Kalikhman, 
E. I. Brodskaya, N. S .  Vyazankin, J .  Organornet. Chem. 142 
(1977) 155. 

4, G. Maas, R. Bruckmann, J .  Org. Chem. 50 (1985) 2801. 
5, P. J.  Stang, M. G. Mangum, D. P. Fox, P. Haak, J.  Am. Chem. 

Sac. 96 (1974) 4562. 
6, J. C. Gilbert, U. Weerasooriya, J .  Org. Chem. 44 (1979) 4997; 47 

7, ') P. J. Stang, Acc. Chem. Res. 11 (1978) 107. - 7b) P. J. Stang, 
(-hem. R ~ ~ .  78 (1978) 383. - 7 4  J .  c, Gilbert, U. weerasooriya, 
G. Giamalva, Tetrahedron Lett. 1979, 4619. - 7d) J. C. Gilbert, 
U. Weerasooriya, J.  Org. Chem. 48 (1983) 448. - 7e)  D. P. Fox, 
J. A. Bjork, P. J. Stang, J.  Org. Chem. 48 (1983) 3994. -. 70 J. c. 
Gilbert, D. H. Giamalva, J .  Org. Chem. 50 (1985) 2586. - 7g) D. 
p. FOX, p. J. Stang, Y. Apeloig, M. Karni, J.  Am. Chem. SOC. 108 
(1986) 750. 

2- (Hydroxydiisopropylsilyl) -2-methyl-7-phenyl-4-heptanone 
(10d): From 7dC (1.00 g, 3.2 mmol) by a procedure analogous to 
the synthcsis of 10a. The product obtained after Kugclrohr distil- 
lation at 1 2 0 ~ / 0 . 0 1  Torr was further purified by Lobar column 
chromatography with chloroform as eluent; yield: 0.40 g (38%). - 
I R  (film): 3440 cm-' (SiO- H), 1690 (c =o), 1010/1005. - 'H 
NMR: 6 = 0.98-1.06 (m, iPr and CMe2), 1.86 (q, 2H), 2.29-2.69 
(m, 4H), 2.50 (s, Si-<:-CHd 3.70 (broad, OH), 7.08-7.20 (m, 

CZ0Hj4O2Si (334.6) Calcd. C 71.80 H 10.24 
Found C 71.1 H 10.03 

l-(tert-Butylmethoxym~tkylsily6)-4,4-dimethyl-3-pentanone (11): 837. 
Compound 7bB (0.21 g. 1.0 mmol) is dissolved in 15 ml of metha- 
nol. After 3 h, the solvent is evaporated and the residual oil is 
subjected to Kugelrohr distillation. At 80°C (oven temp.)/0.05 Torr, 
0.17 g (69%) of 11 is obtained as a colorless oil. - IR (film): 
1702 cm-' (C=O), 1095 (SiO-C). - 'H NMR: 8 = 0.09 (S, SiMe), 
0.82- ca. 0.90 (m, SiCH2), 0.90 (s, SitBu), 1.10 (s, COtBu), 2.52 [m, 
COCH2), 3.46 (s, OMe). 

CI3HZRO2Si (244.4) Calcd. C 63.87 H 11.54 
*) M. Martin, Synth. Commun. 13 (1983) 809. 
9, H. Emde, G. Simchen, Liebigs Ann. Chem. 1983, 816. 
lo) T. Allspach, H. Giimbel, M. Regitz, J. Organomet. Chem. 290 

' I )  A. Sekiguchi, T. Sato, W. Ando, Chea. Lett. 1983, 1083. 
12) T. A ~ ~ ~ ~ ~ ,  T. Shioiri Tetrahedrun Lett ,  z1 (1980) 4461, 

IW Ref.'d), P. 139f. - 13b) Ref.'d), Chapter 1. 
14) P. J. Stang, K. A. Roberts, J.  Am. Chern. SOC. 108 (1986) 7125. 
'"The v(Si0-C) vibration in acyclic alkoxysilanes occurs at 

1075-1100 cm-': A. L. Smith, Spectrochim. Acta 16 (1960) 87. 
Since it is known that the sio-c and the c-o- absorptions 
appear in the same spectral range, it may be noted t.hat 2,3- 
dihydro-5-methylfuran has strong absorptions at 1153, 1010 and 
1002 cm-' (The Aldrich Library of Infrared Spectra, edition 111, 
p. 141). 

la) Such a P-C/H insertion may be involved to a minor extent in 
the thermal chemistry of phenyl(trimethylsi1yl)carbene: W. Ando, 
A. Sekiguchi, A. J. Rothschild, R. R. Gallucci, M. Jones jr., T. J. 
Barton, J. A. Kilgour, J.  A ~ ,  Chem. sot. 99 (1977) 6995. 

17) 17*) U. Schollkopf, D. Hqy,pe, N. Rieber, V. Jacobi, Liebigs Ann. 
Chem. 730 (1969) 1. - w. Ando, A. Sekiguchi, T. %to9 J.  
Am. Chem. SOC. 104 (1982) 6830. 

18) Bis(trimethy]silyl)carbene, at 4000c, does not furnish any prod- 

Found C 63.6 H 11.52 (1985) 33. 
2, IO-Bis(diisopropylmethoxysilyl)-2,lO-dimethyl-4.8-undecane- 

dione (12): The solution of 1.20 g (2.7 mmol) of 7eC in 5 ml of 
anhydrous methanol is refluxed for 2.5 h. After evaporation of the 
solvent, a yellow oil is obtained which is subjected to Kugelrohr 
distillation: 0.86 g (64%) of 12, yellow oil, b. p. 240°C (oven temp.)/ 
0.03 - IR (film): 1695 cm ' ( c = o ) ,  1097 (Si0-c). - 'H 
NMR: 6 = 1.0-1.3 (m, 40H, iPr and Me), 1.80 (m, 2H), 2.10 (m, 
2H), 2.37-2.56 (m, 2H), 2.47 (s, Si-C-CH2), 3.57 (s, OMe). 

C27HS604Si2 (500.9) Calcd. C 64.73 H 11.27 
Found C 64.8 H 11.11 

1-Diazo-8- (h~drux~diiso~ro~~lsilyl~-8-meth~l-2,6-nonanedione 
(13): The solution of crude diazo ketone 9 (0.14 g, 0.50 mmol) in 
wet chloroform is stirred for 2 h. The solvent is evaporated and the 
residue is chromatographed on silica gel with chloroform (400 ml) 
as eluent. 0.10 g (60%) Of 13 iS obtained as a yellow Oil. - I R  (film): 
3460 cm-' (SO-H), 2098 (CN?), 1690 [C(6)=0], 1640 J.  Am. Chem. SOC. 102 (1980) 1584. 

ucts of such an insertion process: T, J, Barton, s. K. Hoekman, 
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Thermal Dccomposition of a-Diazo-a-(trialkyIsily1)alkanones 641 

G.  Maas, R. Bruckmann, K. Schneider, to be published. 
It is known that the reactivity of a ketocarbenoid formed by 
transition-metal catalyzed decompositionof a diazo kctone may 
be significantly different from that of a "free" carbenc. Since both 
the photochemical and the transition-metal catalyzed decom- 
position of compounds 6 produce similar results, the statement 
made in the text seems justified. 
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