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Cationic Cyclization of Allenes. 
Preferential Cyclization via Vinyl Cations 

Sir: 

An area of continuing interest in the development of cationic 
olefin cyclizations as a method for generating carbocyclic ring 
systems involves study of variations in the T: moiety partici­
pating in these cyclizations.1 We report herein the results of 
cyclization studies involving 7-allenyl cation systems (1) which 
differ markedly from results reported previously3 with 5-allenyl 
cation systems (2). 

Cyclizations involving 5-allenyl cations (or their equivalent) 
have been shown to result in attack on the central carbon of the 
allene to form products resulting from an allylic cation (2 —» 
3). Since the formation of five-membered rings in a similar 
fashion would be useful synthetically, we decided to examine 
some 7-allenyl cation systems to determine if reaction would 
lead to the allyl system 4 or the vinyl system 5.5'7 

X) 

to 
We chose allylic alcohol 10 as a substrate for our cyclization 

studies because of its ready availability and its expected ease 
of cyclization. The cyclization of the corresponding allenyl 
ketone 9 was also investigated. The substrates for cyclization 
were prepared as shown in Scheme I.8 Reaction of propar-
gylmagnesium bromide9 with the allylic halide 610 in ether 
gave the acetylene 8 in good yield." However, reaction in THF 
with added HMPA gave the allene 11 containing only ~20% 
acetylene.'3 Hydrolysis of the mixture and removal of acety-
lenic material by precipitation with silver nitrate in methanol 

2) AgNO, 

"XX) 
^ Y ^ 1 ^__ H<YY 

gave pure ketone 9. Reduction then gave alcohol 10. Hydrolysis 
and reduction of acetylene 8 led to the related acetylenic 
compounds 11 and 12. 

Treatment of alcohol 10 with anhydrous formic acid gave, 
after hydrolysis, a single (NMR, GC, TLC) product in 70% 
yield. The product was shown to be the m-octalone 13 by 
comparison (IR, NMR) with an authentic sample prepared 
by oxidation of alcohol 14.14 No evidence was obtained for an 
allylic alcohol product. The same ketone 13 was obtained (70% 
yield) from cyclization of acetylenic alcohol 12.'5 Alcohol 10 
did not undergo cyclization with trifluoroacetic acid under 
conditions used by Johnson and Hall.3a 

Preferential formation of a six-membered ring was also 
observed in the cyclization of ketone 9. Treatment of 9 with 
either acetic anhydride in acetic acid with perchloric acid ca­
talysis (66% yield)16 or with trifluoroacetic anhydride in tri­
fluoroacetic acid (74% yield)17 gave, after hydrolysis, the 
crystalline (mp 115-116 0C) cisdiketone 15. This material was 
identical (melting point, IR, NMR) with material prepared 
by cyclization of 4-(3-butenyl)-3-methyl-2-cyclohexenonel2J4 

with TFAA/TFA, followed by hydrolysis and Jones oxidation. 
Diketone 15 was also obtained in a 90% yield by TFAA/TFA 
cyclization of acetylenic ketone 11. 

Ctr CtT" XtT 
Thus these cyclizations of 7-allenyl systems gave only 

products derived from cationic attack on the terminus of the 
allene. No evidence for five-membered ring products was ob­
tained. This divergence from previous results with 5-allenyl 
cation systems3 where attack only on the central carbon of the 
allene was observed demonstrates that additional studies are 
necessary to define the factors controlling the course of cationic 
cyclizations involving an allene as the -K moiety. One potentially 
important difference between the 7- and 5-allenyl systems can 
be discerned by examination of molecular models. A 5-allenyl 
cation 2 readily interacts with the C-2,C-3 TT bond of the allene 
(2 —• 16). The orbital overlap in 16 is exactly analogous to the 
overlap found in cyclization of 5-alkenyl systems to form six-
membered rings. It has been demonstrated that, although 
electrophilic attack on an unsubstituted allene takes place 
preferentially at the terminal carbon, substitution with alkyl 
groups leads to increased attack at the central carbon.6'18 Thus 
the reaction of 2 through 16 to give 3 may be a result of alkyl 
substitution at C-3 of the allene. However, examination of a 
model of cation 1 shows that overlap with the C-2,C-3 w bond 
of the allene is much less favorable. In fact the orthogonal 
C-l,C-2 x bond appears to overlap very favorably (1 —• 17). 
Thus, a fundamental difference exists between 16 and 17. In 
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the case of 17 the terminal carbon is unsubstituted5 and thus 
conversion to the vinyl cation 5 is favored by electronic factors 
(and possibly geometric factors). This rationale is useful in that 
it suggests that substitution of a single methyl group at C-I in 
the allenyl cation 1 might lead to preferential formation of 
five-membered-ring products.'9 Studies to examine this hy­
pothesis are in progress.20 

(20) This research constitutes a portion of the Ph.D. requirements for J.L.C. and 
P.M.P. 
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Gas-Phase Reactions of Phenyltrimethylgermylcarbene. 
Evidence for Transient Formation of 
1, l-Dimethyl-2-phenylgermirane1 

Sir: 

The gas-phase chemistry of phenyl-/er?-butylcarbene and 
phenyltrimethylsilylcarbene is now reasonably well worked 
out.2 In the /ert-butylcarbene the normal 1,3-insertion reaction 
to give the major product, l,l-dimethyl-2-phenylcyclopropane 
(1) is accompanied by ~ 15% carbon-carbon insertion to pro­
duce trimethylstyrene (2).2 In the silicon case the carbene es-

O^ 
chews the usual reactions in favor of addition to the benzene 
ring to give, ultimately, the silaindan 3. Minor amounts of 
products analogous to 1 and 2 can be detected by trapping 
experiments in the case of the silene and through formation of 
styrene by extrusion of dimethylsilylene from the silirane.2 

Here we provide a preliminary account of the properties of the 
analogous germanium-containing carbene and evidence for 
the formation of a germirane. 

Qf*"* a, 
Phenyltrimethylgermyl ketone3 was converted to its tos-

ylhydrazone in good yield by standard procedures. Treatment 
with butyllithium gave a salt 4 that could be converted on 
gentle heating under vacuum into the orange diazo compound 

H 
,^N-Ts 

L l 
.,N-Ts 

Ph' Ph ^GeMe 3 

N 

VtiT ^ C e M e 3 

Flash vacuum pyrolysis of 4 or gas-phase decomposition of 
5 in either a vertical quartz tube packed with aged quartz chips 
or in a conventional Pyrex flow system led to the same set of 
products, although in slightly different ratios depending upon 
the method. The best yields were obtained from 4 pyrolyzed 
at 450 0C under high vacuum. Under these conditions the 
major product was germaindan 6 (45%) and significant minor 
products were styrene (15%) and «-methylstyrene (7.5%). 
Traces of benzyltrimethylgermane and other unidentified 
products were also found. 

/ 
O^ -O ^ 
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