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3-Cyclohexylidenetricyclo[3.2.1.02%]oct-6-ene (9). The above
general procedure was used (for a 25-mmol run) to afford 3.2 g
(69%) of 9: bp 75-80° (<1 mm); pmr 6.20 (t, 2, Hg and Hy,
see numbering in 9, eq 3}, 2.83 (m, 2, H; and Hs), 2.12 (m, 4,
allylic on the cyclohexylidene fragment), 1.51 (m, 6, aliphatic on
the cyclohexylidene fragment), 1.38 (d, 2, Hz and Hy), and 0.93
(m, 2, Hg). Further structure proof was based on the product ob-
tained from the thermal rearrangement and subsequent oxidation
to LeBel and Liesemer’s ketone.18

3-Isopropylidenetricyclo[3.2.1.04Joct-6-ene (11) was prepared
according to the general procedure (50-mmol run) except 5,5-di-
methyl-N-nitroscoxazolidone®® was used as the isopropylidene-
carbene precursor to afford 2.90 g (35%) of 11: bp 35° (<1 mm);
pmr 6.28 (t, 2, Hg and Hy), 2.88 (m, 2, Hy and Hs), 1.75 (t, 6, al-
lylic methyls), 1.40 (broad singlet, 2, Hp and H,), 0.98-0.88 (m, 2,
Hs); these data agree with those reported.t!

Thermal Treatment of 8. Heating 8 neat for 10 min or 1 hr
below 180° had no effect on the pmr spectrum. When 8 was heat-
ed at 195°, it quickly darkened. After 10 min the vinyl and allylic
signals in the pmr spectrum changed, the vinyls moved to ¢
5.95-5.80 and the allylic signals became very broad. Glpc indicat-
ed that a good portion of the material was no longer volatile and
the volatile material contained several components.

3-Cyclohexylidenetetracyclo[3.3.0.02-8,0¢:6]octane  (10). A
sample of 9 was heated for 20 min at 150° to afford 10 (quantita-
tive by glpc): bp 110-115° (1 mm); pmr 2.3 (m, 4), series of peaks
between 2.0 and 1.2 (14 H), no signals below 2.4; mass spectrum
m/e 186.

Anal. Caled for C14H3s: C, 90.3; H, 9.7. Found: C, 90.6; H, 9.5.

Tetracyclo[3.3.0.02-8,0¢-6Joctan-3-one (18). To a well-stirred
mixture of 186 mg (1 mmol) of 10 and 6 drops of Aliquat-3366 in 2
ml of benzene and 4 ml of water was added 634 mg (4 mmol) of
potassium permanganate. The suspension was stirred for 2 hr at
room temperature, excess sodium sulfite was added, and the sus-
pension was diluted with ether and vacuum filtered through Cel-
ite (analytical filter aid) to remove manganese dioxide. The or-
ganic layer was washed with water, saturated sodium chloride so-
lution, and filtered through a cone of anhydrous sodium sulfate.
Fractional distillation of the solvents afforded an oil which con-
tained 72 mg of 18 (60%) and cyclohexanone. The tetracyclic ke-
tone was shown to be identical with an authentic sample provid-
ed by Dr. LeBel: mp 68-70°; mmp 67-69°; ir (CCly) 1730 cm~?
(C==0); mass spectrum m/e 120 [lit. mp 69-71° ir (CCly) 1730
cm~1]; both ketones had identical fragmentation patterns in the
mass spectrum.

3-Isopropylidenetetracyclo[3.3.0.02-8.0-¢]octane (12). A sam-
ple of 11 was heated for 20 min at 150° to afford 12 (quantitative
by glpc): pmr 1.70 (s, 6, allylic methyls), series of multiplets from
2.09 to 1.35 (8 H), no absorption below é 2.10; these data compare
with those in the literature;'* mass spectrum m/e 146; the com-
pound decolorizes Brg in CCly.

Registry No.—1, 37150-64-4; 2, 542-92-7; 3, 628-41-1; 4, 121-
46-0; 5, 50277-68-4; 8, 50277-69-5; 9, 50277-70-8; 10, 50277-71-9; 11,
50277-72-0; 12, 42038-54-0; 18, 873-36-9; A, 20693-98-5; B, 26265-
75-8; 1-(N-acetylaminomethyl)cyclohexanol, 37150-63-3.
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Cycloaddition reactions of pentamethyleneketene to cyclopentadiene, dihydropyran, tetramethylallene, di-
isopropylcarbodiimide, N-tert-butylbenzylimine, and chloral have been investigated as routes to spiro com-
pounds. Pentamethyleneketene is formed in situ from the triethylamine dehydrochlorination of cyclohexanecar-
boxyl chloride and the zinc dehalogenation of a-bromocyclohexanecarboxyl chloride. Dimerization is a serious
competing reaction and reactive cycloaddition partners are necessary to successfully compete for the ketene.

The preparation and dimerization of pentamethylene-
ketene from cyclohexanecarboxyl chloride was reported

about 20 years ago.! The preparation of this ketene by
cracking cyclohexanecarboxylic acid anhydride and prop-
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erties of the ketene have recently been described.? There
have been several recent reports on the dimerization and
trimerization of this ketene and the chemistry of these oli-
gomers.3-® However, cycloaddition reactions of the ketene
have not received much attention. Wasserman and co-
workers have just recently described the cycloaddition of
pentamethyleneketene and ethoxyacetylene to yield a
thermally unstable cycloadduct.® The cycloaddition of
this ketene and sulfur dioxide has also been recently re-
ported.?

Pentamethyleneketene (I) is quite susceptible to dimer-
ization; e.g., the reaction of cyclohexanecarboxyl chloride
with triethylamine produces a good yield of the dimer,
dispiro[5.1.5.1]tetradecane-7,14-dione. Therefore, it seemed
desirable to effect in situ cycloadditions with reactive
unsaturated compounds to successfully compete with the
dimerization process. This is also the case with §,y-un-
saturated pentamethyleneketene.8

We now wish to report on some in situ cycloaddition
reactions of pentamethyleneketene to yield spiro[5.3]no-
nanes.

The dehydrochlorination of cyclohexanecarboxyl chlo-
ride with triethylamine in the presence of cyclopentadiene
resulted in a 65% yield of the spiro[5.3]nonane (II) accom-
panied by some ketene dimer. The optimum conditions
appear to be the dropwise addition of the acid halide to a
refluxing solution of triethylamine and cyclopentadiene in
benzene and continued refluxing for about 20 hr. A reac-
tion time of this length is necessary because the ketene is
slowly formed from the acid halide and amine under these

|
I

conditions. The use of chloroform as a solvent reduces the
reaction time to about 8 hr. Complete separation of this
cycloadduct from the dimer was not achieved. Conse-
quently, hydrogenation to the corresponding saturated ke-
tone, III, resulted in a compound which could be purified.
The cycloaddition of pentamethyleneketene with dihy-
dropyran occurred readily and the cycloadduct was isolat-
ed in 67% yield (IV). This adduct was also difficult to sep-
arate from the ketene dimer and was reduced with sodium
borohydride to the corresponding alcohol V, which was
easily separated from the ketene dimer and thus com-

0 OH
H NaBH,
I + < 0 — _—
0 ¢)
v \Y

pletely characterized. Although two regioisomers of this
cycloadduct are possible, only one was detected. The pres-
ence of the bridgehead protons in the nmr at 6 4.1 and 3.3
dictates that the isomer indicated is the one produced.?
This is quite consistent with numerous other ketene cy-
cloadditions where some charge separation in the transi-
tion state is indicated.

Tetramethylallene cycloadded to pentamethyleneketene
to yield an «,8-unsaturated spiro[5.3]nonane (VI) in 60%
yield which was easily purified by recrystallization. Only
one regioisomer was detected and this was the expected
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a,8-unsaturated adduct, which is the only regioisomer
that has been detected in these cycloadditions.10

We also investigated the cycloaddition of ethoxyacetyl-
ene with pentamethyleneketene and found that while the
cycloaddition occurred the cycloadduct was thermally un-
stable (decomposition occurred upon vacuum distillation)
as reported by Wasserman and coworkers.®

The in situ cycloaddition of pentamethyleneketene with
diisopropylcarbodiimide and N-tert-butylbenzylimine was
also effected. These reactive imino compounds yielded the
expected spiroimino-8-lactam in 51% yield (VII) and the
spiro-B-lactam in 48% yield (VIII).

I +

0 0
N-i-Pr ¥ N-¢-Bu
N--Pr Ph
VII VIIT

The dehydrochlorination of cyclohexanecarboxyl chlo-
ride in the presence of chloral did not produce the expect-
ed spiro 2-oxetanone. Triethylamine readily reacts with
chloral, which complicates this in situ cycloaddition, and
numerous attempts with simultaneous and various orders
of additions were unsuccessful. However, the zinc dehalo-
genation of a-bromocyclohexanecarboxyl chloride in the
presence of chloral produced a 45% yield of the spiro-2-
oxetanone (IX). This 2-oxetanone was quite resistant to
decarboxylation, as are other 4-trichloromethyl-2-oxeta-
nones.*? This method of generating pentamethyleneketene
offers the advantage of not having a reactant which reacts
with chloral, and also the by-product in this reaction, zinc
halide etherate, activates the carbonyl compound for cy-
cloaddition. The ketene dimer is also produced by this
method of generation.

0 0 0
I
In CCLCH >
o G 0
O
! cay,
IX

The attempted cycloaddition of cyclohexene with pen-
tamethyleneketene by both the dehydrohalogenation and
dehalogenation methods were unsuccessful. It should be
emphasized that all the successful cycloadditions de-
scribed above involve activated unsaturated compounds.
Pentamethyleneketene undergoes cycloaddition with acti-
vated unsaturated compounds readily but the reaction is
always accompanied with ketene dimer. Consequently, if
unactivated olefins such as cycloliexene are employed,
dimerization occurs completely at the expense of cycload-
dition with the olefin. Other unsaturated compounds
which were investigated with little or no success included
phenylacetylene, 5-methylene-2-norbornene, ethyl thioiso-
cyanate, quinone, p-chlorobenzaldehyde, and N-phenyl-
benzalaniline.

In summary, the generation of pentamethyleneketene
by the dehydrohalogenation and/or dehalogenation meth-
od in the presence of reactive unsaturated compounds
gives a good yield of the [2 + 2] cycloaddition product,
which is a spiro[5.3]nonane. All cycloadditions are accom-
panied by ketene dimer. Unactivated or less reactive cy-
cloaddition partners do not successfully compete with the
dimerization process.
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Experimental Section

Proton nmr spectra were recorded on Jeolco Minimar 60-MHz
and Jeolco PS-100 nmr spectrometers employing tetramethylsil-
ane as an internal standard and CCls as the solvent unless other-
wise noted. Solvents and triethylamine were distilled from sodi-
um and stored over Linde type 4-A molecular sieve. Tetramethyl-
allene was obtained by the AlCsz-catalyzed rearrangement of the
tetramethylcyclobutadione dimer of dimethylketene followed by
pyrolysis over a hot wire. N-tert-Butylbenzylimine was prepared
from benzaldehyde and tert-butylamine according to standard
procedure.

General Procedure for Preparation of Pentamethyleneketene
by the Dehydrohalogenation Method. A solution of 0.1 mol of
cyclohexanecarboxyl chloride in 50 ml of dry benzene was added
dropwise to a refluxing solution of 0.15 mol of triethylamine and
0.2-0.3 mol of an unsaturated compound in 150 ml of dry ben-
zene. After completion of the addition, refluxing was continued
for about 20 hr. The amine salt was removed by filtration and
washed with benzene. Concentration afforded the crude cycload-
duct. Vacuum distillation or recrystallization resulted in purifica-
tion of the pentamethyleneketene adduct.

Pentamethyleneketene Cyclopentadiene Adduct (II). This
adduct was obtained in 65% yield at 67-69° (0.1 mm): ir 1767
(C=0), and 1601 cm~1 (C=C); nmr 6 1.50 (m, 10 H), 2.42 (m, 2
H), 3.15 (m, 1 H), 3.75 (two t or three d, 1 H), and 5.70 (m, 2 H).

After two distillations, this adduct contained a small amount of
the ketene dimer as an impurity. Consequently, the cycloadduct
was hydrogenated in ethanol under 50 psi of hydrgoen employing
platinum oxide as a catalyst. An 80% yield of the saturated spiro
ketone (III) resulted at 57-58° (0.08 mm): nmr 6 1.7 (m, 16 H),
2.52 (twot orthree d, 1 H), and 3.65 (two t or three d, 1 H).

Anal. Caled for C13H150: C, 80.89; H, 10.11. Found: C, 80.63;
H, 9.75.

Pentamethyleneketene Dihydropyran Cycloadduct (IV).
This cycloadduct was produced in 67% yield at 90-92° (0.2 mm):
ir 1767 cm =1 (C=0); nmr 6 1.60 (m, 14 H), 3.30 (two d or three t,
2H), 3.80 (two t or three d, 1 H), and 4.10 (d, 1 H).

This compound was also contaminated with the ketene dimer
and was reduced with sodium borohydride in ethanol. The corre-
sponding alcohol (V) was recrystallized from ether: mp 53-55°; ir
3450 cm ~1 (OH); nmr 6 1.42 (m, 14 H), 2.1-2.6 (s, H of OH), 2.43
(m, 1 H), 3.30 (m, 1 H), and 3.80 (m, 3 H).

Anal. Caled for Ci2Hz0Q02: C, 73.46; H, 10.21. Found: C, 73.28;
H, 9.99.

Pentamethyleneketene Tetramethylallene Cycloadduct (VI).
A 60% yield of a crystalline solid which was recrystallized from
ethanol was obtained: mp 47-48°; ir 1725 (C=0) and 1639 ¢cm~1
(C==C); nmr ¢ 1.28 (s, 6 H), 1.84 (s, 3 H), 2.08 (s, 3 H), and
1.25-2.0 (m, 10 H); the three singlets are out of the multiplet at
1.25-2.0. The chemical shift values for the unequivalent methyl
protons attached to the vinyl linkage and the equivalent methyl
protons on the 8 carbon are in excellent agreement with other te-
tramethylallene ketene cycloadducts,10:11

Pentamethyleneketene Diisopropylcarbodiimide Cycload-
duct (VII). This adduct was prepared in 51% yield and was re-
crystallized from ether: mp 83-85°; ir 1818 (C=0) and 1686 cm -1
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(C=N); nmr 6 1.20 (d, 6 H), 1.48 (d, 6 H), 1.94 (m, 10 H), and
3.80 (m, 2H).

Anal. Caled for C14Hp4ONg: C, 71.19; H, 10.18; N, 11.86.
Found: C, 71.31; H, 10.56; N, 11.36. )

Pentamethyleneketene  N-tert-Butylbenzylimine Adduct
(VIID). The cycloadduct was obtained in 48% yield and was re-
crystallized from ether: mp 105-106°; ir 1748 ecm~! (C=0); nmr
(CDCls) 6 1.30 (s)and 1.60 (m) (accounts for 19 H), 4.35 (s, 1 H),
and 7.30 (s, 5 H).

Anal. Caled for C1sHasNO: C, 79.70; H, 9.22; N, 5.16. Found:
C, 80.00; H, 9.03; N, 5.08.

Pentamethyleneketene Chloral Adduct (IX). To a mixture of
0.3 mol of activated zinc and 0.2 mol of freshly distilled chioral in
100 ml of dry ether containing a trace of AlCls with vigorous stir-
ring was added dropwise a solution of 0.1 mol of a-bromocyclo-
hexanecarboxy! chloride in 15 ml of ether. After the addition was
complete, the reaction mixture was refluxed for 24 hr. The un-
reacted zinc was removed by filtration and the filtrate was con-
centrated on a rotatory evaporator. The residue was extracted
with three 50-ml portions of CCls to extract the cycloadduct from
the zinc halide etherate. The combined extracts were concentrat-
ed and distilled under vacuum. The condensate solidified and
was recrystallized from ethanol; mp 77~78°%; ir 1837 cm~1 (C==0);
nmr § 1.80 (m, 10 H) and 4.57 (s, 1 H).

Anal. Caled for CoHy1Cl302: C, 41.94; H, 4.27. Found: C, 41.78;
H, 3.93.
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