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Photolysis of 3e.—A solution of 70 mg of 3e in 50 ml of meth-
anol was irradiated for 0.5 hr. After evaporation of the solvent,
the resulting residue was recrystallized from methanol to give 80
mg of 8e as colorless crystals: mp 145.5-146°; ir (KBr) 1750,
1730, 1230, 1200 cm ~1; m/e 340 (parent), 118,

Anal. Caled for CoeHoQs:  C, 70.57; H, 5.92.
70.41; H, 5.74.

Photolysis of 3f —A solution of 75 mg of 3f in 50 m! of methanol
was irradiated for 0.5 hr. After evaporation of the solvent, the
resulting residue was subjected to silica gel chromatography and
then fractional crystallization from ether to give 50 mg of 8f and
25 mg of 8g.

For the first, 8f, the following was observed: mp 97-98°
(benzene-hexane); ir (KBr) 1730, 1660 1210, 1170 em™; m/e
312 (parent), 118.

Anal. Caled for CigHyoO4:
73.03; H, 6.44.

For the second, 8g, the following was observed: mp 212-214°
(petroleun ether); ir (KBr) 1730, 1110 em™; m/e 314 (parent),
118.

Anagl, Caled for CipHzpO4:
C,72.88; H,6.99.

Reaction of 2d with N-Phenylmaleimide.—A solution of 500
mg of 2d and 775 mg of N-phenylmaleimide in 30 ml of toluene
was refluxed for 9 hr. Evaporation of the solvent under the
reduced pressure gave a pale yellow residue which was recrystal-
lized from ethanol to give 560 mg of colorless solid. Glpe and
nmr analyses showed it to be a mixture of endo adduct 15 and
exo adduct in the ratio 2:1. Because of its low solubility, the
purification was very difficult and only major product 15 was
isolated as colorless crystals by fractional crystallization from
ethanol: mp 213-215°; ir (KBr) 3400, 1780, 1700, 1670, 1380
em™; nmr (CDCL;) $3.46 (d, 1 H, J = 7.5 Hz), 3.62 (d, 1 H,

Found: C,

C, 73.06; H, 6.45.

Found: C,

C, 72.59; H, 7.05. Found:
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J = 7.5 Hz), 4.10 (m, 1 H), 4.90 (s, 1 H, exchangeable by D,0),
6.0~6.3 (m, 3 H), 6.55 (t, 1 H, J = 9.0 Hz), 7.0-7.5 (m, 5 H);
m/e 295 (parent).

Anal. Caled for CyHi3ON: C, 69.14; H, 4.44; N, 4.74.
Found: C,69.01; H,4.63; N,4.75.

Photolysis of 14.—A solution of 106 mg of 14 in 50 ml of
methanol was irradiated for 2 hr under the same conditions as
above. The reaction mixture was analyzed by nmr and then
chromatographed on a silica gel column using chloroform. The
first fraction gave 10 mg of unconverted 14. The second fraction
gave 15 mg of photoproduct 16: mp 134-135° (ethanol); ir
(KBr) 3300, 1665, 1585 e ™1; m/e 198 (parent).

Anal. Caled for CsHiOs; C, 78.77; H, 5.09. Found: C,
78.54; H, 5.13. '

Photolysis of 15.—A suspension of 150 mg of 15 in 50 ml of
methanol was irradiated for 1 hr. After removal of the solvent,
the resulting residue was chromatographed using chloroform.
The first fraction gave 10 mg of unconverted 15 and the second
fraction gave 90 mg of diketone 17 as colorless crystals: mp
199-201° (benzene—ethanol); ir (KBr) 1780, 1740, 1710, 1695,
1500 em™; m/e 295 (parent).

Anal. Caled for CiyH1:O4N: C, 69.14; H, 4.44; N, 4.74.
Found: C,69.39; H,4.57; N,4.62.
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3e, 42150-85-6; 3f, 42150-86-7; 4c, 42150-87-8; 3¢, 42150-88-9;
Se, 42150-89-0; 5f, 42150-90-3; 6f, 42150-91-4; 8¢, 42150-92-5;
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The cycloaddition of methylchloroketene with methylenecyclohexane, methylenecyclobutane, ﬁ’.—pinen.e, and
5-methylene-2-norbornene to vield the corresponding spiro[3.5] and spiro(3.3] ketones has been investigated.
The cycloaddition of ethylchloroketene with methylenecyclobutane is also described. The spiro ketones are

all readily reduced to the corresponding spiro alcohols.

Some base-catalyzed rearrangement reactions are de-

scribed including ring contractions to spiro[5.2] compounds.

A number of reports have appeared in recent years
on the cycloaddition of ketenes and olefinic compounds.
The majority of these reports have been concerned
with the reactive cyclopentadiene and/or other acti-
vated olefins. Cycloadditions with methylenecyclo-
alkanes has received little attention and in the scattered
reports few details are given.?—*

We now report the cycloaddition of the reactive
alkylhaloketenes and methylenecycloalkanes to yield
[3.n] spiro ketones depending on the particular methy-
lenecycloalkane employed. The spiro ketones and
particularly the spiro alcohols undergo a base-cata-
lyzed ring contraction reaction to yield other spiro com-
pounds, thus providing an excellent general method
for a wide variety of spiro compounds.

The in situ cycloaddition of methylchloroketene
and methylenecyclohexane resulted in a 609, yield
of the spiro[5.3]nonanone I. The optimum conditions
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for effecting this cycloaddition are in refluxing hexane.
A slow addition of acid halide to the amine and olefin
in hexane are desirable to minimize the formation of the
a-halovinyl ester.5:

This ¢ situ cycloaddition also occurs with methy-
lenecyclobutane to yield the corresponding spiro[3.3]-
heptanones in 30 and 359, yields, respectively (II and
III). The yield is lower with this olefin because the
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boiling point of the olefin dictates a lower reaction tem-
perature. It was found desirable to isolate and distil
these cycloadducts as soon after cycloaddition as pos-
sible because of side reactions which reduced the amount
of eycloadducts isolated. The symmetrical nature of
these three spiro compounds dictates only one isomer
in each case.

The cycloadditions of methylchloroketene with 5-
methylene-2-norbornene and g-pinene produce the
following spiro[3.5] compounds in 659, yields (IV and
V, respectively).
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It is interesting to note that in the case of 5-methy-
lene-2-norbornene two double bonds are available for
eycloaddition with the ketene; yet cycloaddition oc-
curs exelusively at the exo double bond, even though
the strain is much greater in the internal double bond.
This is a further indication that ketene olefin cyclo-
additions are in fact sterically controlled.?

Fthylchloroketene also undergoes cycloaddition with
these two olefins; however, purification of the cyclo-
adducts was difficult because of decomposition which
ocecurs upon vacuum distillation.

The in situ cycloaddition of dimethylketene with 5-
methylene-2-norbornene in refluxing hexane was done
in an effort to quantitatively compare this ketene with
the alkylhaloketenes. The dimethylketene cycload-
duct was produced as evidenced by ir and nmr spectra
but in a yield of less than 109;. The cycloadduct was
predominantly the spiro ketone resulting from cyclo-
addition with the exo double bond with some evidence
of the other cycloadduct being present.

In an effort to effect a Favorskii-type ring contrac-
tion of I, this ketone was heated with aqueous base.
Only a small amount of the ring-contracted acid was
observed.’:*
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Treatment of I with NaOMe in methanol resulted
in an allylic substitution through the enolate rather
than ring contraction to produce the methoxy ketone

VII. This is further evidence that only those halo-
OMe
NaOMe
I —— 0O
MeOH
H Me

VII

genated ketene-olefin cycloadducts will undergo the
base-catalyzed ring contraction when the enol form
isretarded, 7.e., cyclopentadiene adducts.?®

The sodium borohydride reduction of the five eyclo-
adduct spiro ketones described above was effected in
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ethanol to give a quantitative or near-quantitative
yield of the corresponding alcohols (VIII-XII). Of

0
Me Me H
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the two possible isomeric alcohols, only one was de-
tected and this is believed to be the alcohol where the
chloro and hydroxy substituents are cis. This is con-
sistent with what Brook and Duke observed for the
reduction of the cycloadducts of methylchloro- and
chloroketene with cyclopentadiene.® The C-CI dipole
effect directs attack on the methyl side of the ketone,
thus producing the alcohol shown.
1-Chloro-1-methylspiro[3.5]-2-nonanol (VIII) upon
treatment with aqueous base underwent a ring con-
traction reaction in good yield to produce 1-methyl-

spiro[2.5]Joctane-1-carboxaldehyde (XIII). Reduction
Me
oH" CHO
VI —
XIII

of the spiro ketone to the alcohol eliminates the un-
desirable enolization such that the allylic substitution
reaction cannot occur and a smooth ring contraction
takes place. The other spiro alcohols were also sus-
ceptible to this ring-contraction reaction. The spiro
aldehydes produced are very sensitive to oxidation to
the corresponding acids.

The following conclusions are drawn from this study.

(1) The cycloaddition of alkylhaloketenes with methy-
lenecycloalkanes occurs in good yield under the appro-
priate conditions to yield spiro ketones. The halo-
genated ketenes appear to be much superior to alkyl-
ketenes in terms of yields of cycloadduct.

(2) These spiro ketones are not easily susceptible to
base-catalyzed ring contraction reactions as are the
cyclopentadiene adducts.

(3) Reduction of the spiro ketones to the correspond-
ing alcohols and subsequent base-catalyzed ring con-
traction occurs smoothly to the spiro aldehydes, al-
though these aldehydes are quite susceptible to oxida-
tion,

(4) These cycloaddition and ring-contraction reac-
tions represent an excellent general method for the prep-
aration of various types of spiro compounds.

Experimental Section

Proton nmr spectra were recorded on Jeolco Minimar 60-MHz
and Jeolco PS-100 nmr spectrometers employing tetramethyl-
silane as an internal standard and CCl, as the solvent. Vpc was
performed on a F & M Scientific Model 700 gas chromatograph
with a 10 ft X 0.25 in. column packed with 109, SE-30 on acid-
washed Chromosorb W (80-100). Hexane and triethylamine
were distilled from sodium and stored over Linde type 4-A
Molecular Sieve.

General Procedure for in Situ Alkylhaloketene-Methylene-
cycloalkane Cycloadditions.—To a stirred, refluxing solution of
1 mol of methylenecycloalkane and 1.5 mol of triethylamine in
hexane was slowly added 1 mol of a-chloropropionyl chloride.
After the addition was complete, the reaction mixture was stirred
for an additional 2 hr. The-amine salt was removed by filtration
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and the filtrate was concentrated on a rotatory evaporator and
vacuum distilled to yield the cycloadduct spiro ketones.
1-Chloro-1-methylspiro[3.5]-2-nonanone (I).—This cycload-
duect distilled at 67-70° (0.6 mm) (60%): ir 1785 cm ™ (C==0);
nmr § 1.5 (m, 13 H, singlet of methyl protons is meshed in this
multiplet with cyclohexane methylene protons) and 2.78 (s, 2 H).

Anal. Caled for CioHisClO: C, 64.34; H, 8.04. Found:
C, 64.21; H, 7.91.
1-Chloro-1-methylspiro[3.3]-2-heptanone (II).—This e¢yclo-

adduct distilled at 55° (0.8 mm) (309%,): ir 1800 cm ™! (C=0);
nmr § 1.58 (5, 3 H), 2.0 (m, 4 H), 2.5 (m, 2 H), and 3.25 (s,
2 H).

Anal. Caled for CsHyC O: C, 60.56; H, 6.94.
C, 60.32; H, 6.88.

Cycloadduct of Methylchloroketene and 3-Pinene (V).—This
cyeloadduct distilled at 95-98° (0.25 mm) (609;): ir 1785 ecm. ™!
(C=0); nmr § 0.98 (2,3 H), 1.25 (s, 3 H), 1.6 (5, 3 H), 2.0
(m, 8 H), and 3.0 (s, 2 H).

Anal. Caled for CHClO: C, 68.87; H, 8.39.
C, 68.73; H, 8.42.

Cycloadduct of Methylchloroketene and 5-Methylene-2-
norbornene (IV).—This cycloadduct distilled at 76-78° (0.5 mm)
(709%): ir 17853 cm ™ (C=0); nmr 6 1.5 (m, 7 H), 3.0 (m, 4 H),
and 6.45 (m, 2 H).

Anal. Caled for CHCIO: C, 67.17; H, 6.61.
C, 66.92; H, 6.53.

1-Chloro-1-ethylspiro{3.3]-2-heptanone (III).—Distillation oc-
curred at 60° (0.6 mm) (359): ir 1800 em~! (C=0); nmr &
1.05 (t, 3 H), 1.85 (q, 2 H), 2.2 (m, 6 H), and 3.18 (s, 2 H).

Anal. Caled for CyH3ClO: C, 62.60; H, 7.53. Found.
C, 62.42; H, 7.51.

Rearrangement of I (VI).—A 2.5-g (2.7 mmol) portion of I was
treated with 50 ml of 159 aqueous NaOH solution at 70° with
stirring for 2 hr. After acidification with dilute HCI, the mix-
ture was extracted with CCl, and dried over anhydrous CaCl,.
Vacuum distillation afforded a colorless oil at 90~100° (0.2 mm)
(109%): nmr 4 0.43 (d, 1 H), 0.8 (d, 1 H), 1.25 (s, 3 H), 1.5 (m,
10 H), and 11 (s, 1 H).

Anal. Caled for CiHyOs:
C, 71.59; H, 9.41.

Methoxy Substitution of I (VII).—A J3-g portion of I was
treated with an excess of sodium methoxide in about 50 ml of
methanol. An immediate precipitation of NaCl was observed.
After removal of the salt by filtration and the solvent by evapo-
ration, the substitution product was distilled at 60-62° (0.6 mm)
to yield 3.4 g (70%): ir 1785 em ™ (C==0); nmr 5 1.2 (d, 3 H),
1.5 (m, 10 H), 2.6 (m, 1 H), 3.4 (m, 3 H), and 4.05 (s 2, 1 H).

Anal. Caled for CuHi0.: C, 72.52; H, 9.89. Found:
C, 72.34; H, 9.73.

General Procedure for Reduction of Spiro Ketones.—To a
stirred solution of 0.1 mol of the spiro ketone in 100 ml of absolute
ethanol was slowly added at room temperature sodium boro-
hydride until all the eycloadduct had been reduced. The course
of the reduction was followed by vpc analysis. After the re-
duction was complete, the solvent was removed under reduced

Found:

Found:

Found:

C, 71.42; H, 9.52. Found:
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pressure and the residue was acidified and extracted with CCls.
Upon distillation, a quantitative yield of the corresponding
alcohol was obtained. Nmr and vpe analysis indicated that only
one isomer was produced.

1-Chloro-1-methylspire[3.5]-2-nonanol (VIII).—This spiro alco-
hol distilled at 62-63° (0.6 mam): ir 3500 em ™ (OH); nmr §
1.5 (m, 15 H; there is a singlet out of this multiplet at 1.6 which
corresponds to the methyl protons), 3.4 (s, 1 H), and 4.0 (t, 1 H).

1-Chloro-1-methylspiro[3.3]-2-heptanol (IX).—Distillation oe-
curred at 43-45° (0.6 mm): ir 3500 em ™! (OH); nmr & 1.45
(s, 3H), 1.8 (m, 8 H), 3.4 (s, 1 H), and 3.85 (t, 1 H).

Anal. Caled for CsHyClO: C, 59.81; H, 8.09.
C, 59.72; H, 8.12.

Reduction of III (X).—This alcohol distilled at 85-87° (0.25
mm): ir 3500 cm! (OH); nmr 6 2.88 (s, 1 H of OH), other
protons are in multiplet.

Reduction of IV (XI).—This spiro alcohol distilled at 70-72°
(0.6 mm): ir 3500 em~* (OH); nmr 5 2.88 (s, 1 H), 3.75 (m, 2
H), and 6.45 (m, 2 H).

1 Chloro-1-ethylspiro(3.3]-2-heptanol (XII).—Distillation oc-
curred at 51° (1.0 mm): ir 3500 cm~* (OH); nmr 6 1.0 (t, 3 H),
2.0 (m, 10 H), 2.84 (s, 1 H), and 2.6 (t, 1 H).

1-Methylspiro[2.5]octane-1-carboxaldehyde (XIII).—A 3-g
portion of the spiro alcohol VIII was treated with 50 ml of 159,
aqueous NaOH solution at 70° with stirring for 2-3 hr. The ring-
contracted product was extracted with CCL and the extract was
dried over anhydrous CaCl,. Vacuum distillation afforded 2.8 g
(709%,) of the spiro aldehyde at 52-55° (0.5 mm): ir 1705 em ™!
(C==0); nmr §0.65and 1.0 (2d, 2 H), 1.25 (5,3 H), 1.5 (m, 10
H), and 9.22 (s, 1 H).

This aldehyde was very susceptible to oxidation and did not
give an acceptable elemental analyses for this reason. Con-
sequently, the aldehyde was oxidized to the corresponding acid
as described below.

1-Methylspiro[2.5] octane-1-carboxylic Acid (XIV).—A 0.5-g
portion of XIII was suspended in 20 ml of dilute NaOH solution
and treated dropwise at room temperature with a saturated
aqueous potassium permanganate solution until the perman-
ganate color persisted. After acidification of the basic reaction
mixture, the acid was extracted with CCl;. The extract was
dried and the solvent was evaporated to yield an acid which was
identical with VI.

Found:
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