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nmr (CDCl3) T 4.52 (m, 1 H), 9.01 (s, 3 H); mass spec
trum (80 eV), m/e (relative intensity), 178 (M+ , 35), 163 
(20), 150 (18), 136 (25), 135 (56), 122 (100), 121 (60) ], in 
which vinyl migration had occurred, was formed in 35 % 
yield. 

We next treated the ethylidene compound 7 with cy
anogen azide. We again expected attack on the more 
accessible, exocyclic double bond to yield a methylated 
cycloheptenone, and, indeed, we isolated (60 %) a ring-
expanded product. Spectral analysis showed, how
ever, that we had obtained not the expected product 9, 
but rather the isomeric enone 8 as a mixture of epimers 
at the C3-methyl group [ir (neat) 1660, 1620 cm"1; uv 
A*'a°

H 243 ran (e 7500); nmr (CDCl3) T 4.35 (s, 1 H), 
8.79 and 8.81 (two singlets, 3 H total), 8.94 and 8.98 
(two doublets, J = J' = 7 Hz, 3 H total); mass spectrum 
(80 eV), m/e (relative intensity) 192 (M+ , 28), 178 (6), 
164 (9), 150 (16), 136 (60), 135 (47), 122 (50), 121 (34)]. 

8 is evidently formed by migration of the C3-alkyl 
group in preference to the Ci-vinyl group. Since vinyl 
is usually considered a better migrating group than 
alkyl,7 we are unable to explain the observed result. We 
however point out the synthetic utility of the result since 
no other method for performing this transformation ex
ists. 

Although the cyclohexanone -*• cycloheptanone trans
formation is not difficult to accomplish by known 
methods,8 it was nevertheless of interest to examine the 
behavior of simple exocyclic monoolefins with cyanogen 
azide. Thus when methylenecyclohexane was treated 
with 1.3 equiv of CNN3 in 1:1 CH3CN-CH3OH for 48 
hr and the product hydrolyzed, cycloheptanone (2,4-
DNP mp 147-148°, lit.9 148) was isolated in 80% yield. 
Similarly, when ethylidenecyclohexane was treated with 
CNN3, 2-methylcycloheptanone (2,4-DNP mp 121— 
122°, lit.10121-122) was obtained(80%). 

Because of the relative simplicity5 of this new ring-ex
pansion method, we feel that it should be of consid
erable utility, and we are continuing to explore its pos
sibilities. 
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nc-Cyclopropanediols from Lithium in Ammonia 
Reductions of Cyclic /3-Diketones 

Sir: 

Reductions of unsaturated carbonyl compounds by 
alkali metal in ammonia solutions generate reactive nu-
cleophilic intermediates which are capable of intra- and 
intermolecular attack on electrophilic functions.1-4 

In fact, even relatively reactive compounds such as cy-
clopropanols4 have been prepared by this kind of trans
formation. In this communication we report the for
mation of w'odihydroxycyclopropane derivatives by 
reduction of suitably oriented 1,3-diketones. 

Reduction of a dilute THF-ammonia solution of 2,2,-
4,4,6,6-hexamethylcyclohexane-l,3,5-trione (I)5 with an 
excess of lithium gave a 65-95% recovery of a rela
tively insoluble white powder, melting with decomposi
tion above 160°. Crystallization of this material from 
acetic acid or pyridine followed by sublimation did not 
improve the melting point or completely remove an im
purity absorbing at 1710 cm - 1 in the infrared, but 
achieved sufficient purification to permit a tentative 
identification of the major component as 2,2,4,4,6,6-
hexamethyl-l,3,5-trihydroxybicyclo[3.1.0]hexane (II). 
Oxidation of crude II with aqueous ferric chloride,6 

chromic oxide-pyridine complex, or oxygen yielded 
2,2,4,4,6,6-hexamethyl-5-hydroxycyclohexane-1,3 - dione 
(IV) (mp 66-67°; j&H

x°
u 1690 and 1720 cm - 1 ; nmr: 

3 H singlet at 5 1.27,9 H singlet at 1.21,6 H singlet at 1.19, 
1 H doublet at 3.69 (/ = 5 cps), 1 H doublet at 3.51 (/ = 
5 cps); in D2O the 5 3.69 doublet becomes a singlet and 
the 3.51 doublet vanishes). Treatment of IV with acetyl 
chloride (50° in acetic acid solution) gave the monoace-
tate derivative V (mp 78-80°; v™ 1730, 1720, 1690 
cm-1; nmr: 6 H singlet 6 1.10, 9 H singlet at 1.23, 3 H 
singlet at 1.28, 3 H singlet at 2.04, 1 H singlet at 5.02). 

Reduction of IV with lithium in THF-ammonia solu
tion produced pure II, free from the carbonyl-con-
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taining impurity mentioned earlier. The nmr spectrum 
of II in DMSO-J6 exhibited singlets at 5 0.90 (6 H), 0.94 
(6 H), 1.00 (3 H), 1.18 (3 H), and 4.48 (2 H) and doublets 
( / ~ 5 c p s ) a t 5 3 . 3 8 ( l H) and 4.33 (1 H). The signals 
at 5 4.33 and 4.48 vanish on exchange with D2O, while 
that at 6 3.38 becomes a singlet. A triacetate deriva
tive, III, mp 159-160.5°, was prepared by treatment of 
II with acetyl chloride. The infrared and nmr spectra 
of III are in complete accord with the structure assigned 
here. 

Reduction of I with 2 equiv of lithium gave 2,2,4,4,6,-
6 - hexamethyl -1,5 - dihydroxybicyclo[3.1.0]hexan - 3 - one 
(VI) in 55% yield (70% based on recovered I). This 
crystalline substance melted with decomposition above 
150° and exhibited infrared absorption at 1730 cm-1 

and nmr absorption (in pyridine) characterized by sin
glets at 6 1.15(3 H), 1.32(6H), 1.50 (6 H), and 1.56 (3 H). 
The corresponding diacetate derivative VII, prepared in 
80% yield by treatment of VI with acetyl chloride, was 
crystallized from methanol (mp 128-130°) and dis
played infrared absorption at 1750 and 1735 cm - 1 and 
nmr singlets at 5 1.17 (3 H), 1.27 (9 H), 1.43 (6 H), and 
2.14(6H). 

We find that solutions of VI are readily oxidized by 
the oxygen in air. An ethyl acetate solution of VI was 
stable under a blanket of nitrogen for a 24-hr period at 
25°. When air was admitted under the same condi
tions, only the triketone I was recovered. The crystal
line state of VI is apparently unaffected by exposure to 
air for longer periods longer than a month. 

Since the three-membered ring of cyclopropanols is 
known to be cleaved by the action of acids or bases,8 a 
corresponding reaction of the cyclopropanediols re
ported here would help to confirm our structural assign
ments. Treatment of VI (under nitrogen) with re-
fluxing methanolic potassium hydroxide for 8 hr gave 
IV in 62% yield. No reaction of VI was apparent after 
24 hr in methanolic hydrogen chloride, but more vig
orous acid treatment (e.g., concentrated H2SO4) gave 
rearrangement products that are currently being studied. 
A similar treatment of II with refluxing methanolic po
tassium hydroxide in the absence of oxygen gave a com
plex mixture of diastereoisomeric keto diols apparently 
contaminated with IV. 

When 2,2,5,5-tetramethyl- 1,3-cyclohexanedione 
(VIII) was reduced by lithium in ammonia solutions, an 
unstable colorless solid was obtained. This material 
was essentially transparent in the carbonyl stretching 
region of the infrared, but reverted to diketone VIII on 
standing overnight at room temperature. Acting on the 
assumption that this reduction product was the cyclo-
propanediol IX, we prepared a diacetate derivative (X), 
mp 87-89°, in the usual manner. The structure of X 
was confirmed by a strong carbonyl absorption at 1745 
cm - 1 in the infrared and an nmr spectrum (in CDCl3) 
displaying singlets at 8 0.92 (3 H), 0.96 (3 H), 1.16 (6 H), 
and 2.10 (6 H) and an AB quartet (4 H) at 5 1.65 and 
2.00(/~14cps). 
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Some of the cyclopropanediol derivatives reported 
here have been examined by mass spectrometry, but the 
spectra have not been very informative. Since the 
molecular ions could not be detected and since complex 
fragmentation patterns were observed, we decided to 
confirm the molecular weights of III and VII by vapor 
pressure osmometry (the rapid oxidation of dilute solu
tions of VI prevented us from including this compound 
as well). The observed molecular weights agreed well 
with the expected values: III, 347 ± 10 (calcd 340); VII, 
297 ± 6 (calcd 296). 

The timing of the three-membered ring formation in 
these reactions is defined in the following manner. The 
ground-state conformation of I is a twist boat,9 and the 
electronic spectrum of this compound shows no evi
dence of interaction between the carbonyl functions 
(XSf12 300 myu (e 80)). However, since reduction 
of I with a limited amount of lithium gave VI as the only 
reduction product, the radical anion A is apparently 
formed more rapidly than conventional reduction to IV 
(eq 1). A similar radical anion (B) was proposed in the 
Li-NH3 reduction of norbornenone to diastereoisomeric 
pinacols (eq 2).10 
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Cyclopropanediols have been proposed as interme
diates in the Clemmensen reduction of /3 diketones. "•'2 
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Benzocyclobutadiene Radical Anion 

Sir: 

We wish to report the preparation of a new radical 
anion which from all indications is the benzocyclobu
tadiene radical anion. Neutral benzocyclobutadiene 
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