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3-5 undergo head to bead dimer zations st 185-195*

clopropane

mmmmvmmwzoumummmmmmu
‘4 undergoes cross cyclonddition reactions with near equimolar amounts of 3 and § to give about 50% of the
mmm7mmummozzmmmqwmm and? oré and 8.

and chloromethylenecyclopropane also undergo similar cross cycloaddition resctions with methylene-
cyclowopanewmtheﬁwodnmo[lou)ocmet but in relstively poor yields. At 190°, 4 reacts with
1.3cyclopentadiene, furan, and 1,3-cyclobexadiene to give the products of (2+4) cycloaddition 12-14. With
2,3dimethyl-1,3-butadienc at 190°, 4gives the unisual products 18-20in yields of 35%, 8% and 13%, respectively,
and with acrylonitrile 4 gives exclusively 21, the product of (2+2) cycloaddition. Relative reactivities of 4 with
furan, 2,3-dimethyl-1,3-butadicne, 1.3-cyclobexadiene, acrylonitrile and 13-cyclopentadiene were estimated as

1:25:2.5:4: and 50, respectively.

Thmhubeenoonsidaablcreeeminwestinthermny-
indueed cycloaddition reactions of methylenecyclo-

Although  dichloromethylenecyclopropane
undermheadtobenddmmuuonnadﬂymexodlem
yield at 100°,' heating of other methylenecyclopropanes
has been reported to give little or no dimer by way of
{2+ 2) cycloaddition. Methylenecyclopropane was found
to undergo only about 20% dimerization in 48 hr at 245°2
Biscyclopropylidenc formed the thermal (2+2) cyclo-
adduct 1 in 15% yield in 1hr at 210°; however, methy-
lenespiropentane 2, the product of isomerization, was

formed concurrently in 40% yield.?
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The results for cyclopropylidenecyclobutane are ap-
parently poor; the compound was reported to undergo
themal(2+2)cytlonddmn2w' but no yield was
given. There was apparently no dimerization observed
for cthylidenecyclopropane at temperatures up to 234°
and Dolbier et al. were unable to detect any thermal
(2+2) dimerization upon heating isopropylidenecyclo-
propane at 245° for OOIn" Benzylidenecyclopropane
undemnesnomcnonbelowlw sbove that tempera-
ture, it rearranges to l-phcn!!-:i A-dihydronapthalene
with no dimerization reported.® Interestingly, although
tetrafluoroethylene and other alkenes with a double bond
substituted by 2 fluorines readily undergo thermally-
indueed (2+2) dimerization, perfluoromethylene-
ogropnnedoesnotdnmemeonheahnzatl”’for
U br; ontheotherhudntudilyundcm(uo
cycloaddition reactions as well as a (2+2) cycloaddition

1From the Ph.D. Dissertation of L. J. Cabeal, University of
California, Davis (1975).

with icyclene.” Biscyclopropytidene also undergoes
mixed (2+2) cycloaddition reactions with 1,3-butadiene
andl}-cydoheudlenemdaa-ﬂlcyclo.ddmonmc-
tion with 13-cyclopentadiene,” and dichioro-
methylenecyclopropane undergoes afncile (2+42) cyclo-
addition reaction with 1,3-butadiene.”

We report here our study of cycloaddition reactions of
the mono-exo-substituted methylenecyclopropanes 3-5.
These compounds are relatively easy to prepare in quan-
tity and they appear to be useful intermediates for the
preparation of dispiro{2.0.2.2)octanes, dispiro{2.0.2.2Joct-
7-ene,’’ and spirof2.3Jbexancs, as well as other systems
that contain a spirocyclopropane.
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Following the procedure Kdster ef al,'? methylene-
cyclopropane was brominated at —75° to obtain !-bromo-
i-bromomethylcyclopropane in 90% yield. Treatment of
the dibromide with sodium amide in THF converted it in
90% yield to bromomethylenecyclopropane 3. Similarly,

methylenecyclopropanc was converted to 1-chloro-1-
chioromethyicyclopropane in 36% yield by chlorination
at —75°, and treatment of the dichloride with sodium
amide in THF gave an 80% yield (at 40% conversion) of
chicromethylenecyclopropane 4 When the dehydroch-
lorination was carried out with potassium hydroxide in
ethanol, the yiekd of 4 was 26%, and & 25% yield of
l-cblom-l-sthoxymethylcydopropane was also obtained.
, on treatment with sodium amide in
THF. gave a 90% yield of ethoxymethylenecyclopropane
s

On heating under autogenous pressure at 185-195° for
1.5 hr with a small amount of diphenyl ether as internal
standard, 3, 4 and 5 gave 67-80% conversions to mix-
tures of the ciz- and trans-head to head dimers, the
7.8-disubstituted dispiro{2.0.2.2Joctanes 6-8 (eqn 1). The

$: X=Br
4 X=Ci
8: X =0OCsHs
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to dispiro{2.0.2.2]oct-7-ene.'"’ The stereochemical
assignments to the dibromides 6 were based on their
relative thermal stabilities, the cis isomer being the less
stable, and their relative reactivities with LAH," the
trans isomer being the more reactive. The 'H NMR
spectra of the isomers are consistent with the assigned
stereochemistry. The cyclobutyl protons of the trans
isomer arc more shiclded (8 4.80 ppm) than those of the
cisuomet(asmm),whnchuvlmhsbeenobsa
ved for the a-protons of cis- and trans-1,2-dibromo-
cyclobutane.'’ Also, in more rigid 2,3-dihalonorbornanes
and §.6-dihalonorbornenes, it has been observed that
a-protons are shielded by an eclipsing bromine or
chlorine.'* The shorter GLPC retention time of trans-6
relative to that of cis-6 is also consistent with the assig-
ned stercochemistry.'® The structural assignment to 8
and the stereochemical assignments to cis- and trans-7
and 8 were made on the basis of their 'H NMR spectra,
mass spectra, and GLPC retention times.

H X X X
X

Ahatwunly,tbdmuhond&hnds.nvdl
as the other reactions studied that nve dnpmo-
[2.0.2.2]octanes (see below) occur in a stepwise fashion
and involve biscyclopropylcarbinyl diradicals.''” No
evidence was obtained from any of these reactions which
indicated that any of the corresponding head to tail dimer

was formed. Conversions of more than 1% to such
dmeuvouldnothve.oneundetected provided that
these dimers arc stable under the reaction conditions.
For the reactions leading to €, 7 and 8, the trans isomer
was favored slightly, and it made up 53-57% of the
dispiro{2.0.2.2Joctane.

Ethoxymethylenecyclopropane 5 gave the cleanest
reaction with less than 1% of it giving product other than
the dimer 8.

Compared with the thermal dimerization of the
bromide 3, the chloride 4 gave a clean reaction. After
1.5hr at ca. 190°, only 6% of the 4 was converted to
products other than the dimer 7; and the¢ product of
isomerization, 1-chioro-2-methylenecyclopropane, made
up sbout half of the side products. The other side
products were not investigated.

Bromomethylenecyclopropane 3 gave a number of side
products that accounted for 11% of the starting 3 after
1.5hr and >20% after 2.3hr. These side products
(Experimental) appear to arise from decomposition of
the starting material and/or products in part to hydrogen
bromide and subsequent reactions of hydrogen bromide
with 3 and other side products. Addition of Proton
Spooge  (18-bis(dimethylamino)naphthalene)  greatly
reduced the amount of side products. But because of
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both the slower reaction rate due to dilution of 3and the
slow decomposition of the 73-dibromodispiro-
[2.0.2.2]Joctanes 6, the modified reaction conditions did
not improve the yield of 6.

The most remarkable of the side products from the
dimerization of 3 was identified as $5,6-dibromo-4-
ethylspiro{2.3Jhex -4-enc 9 on the basis of its mass
spectrum and its particularly informative 'H NMR spec-
trum. The resonance due to the methylene protons of the
Et group at 8 1.95ppm is a quartet (J=7.0Hz) of
doublets (J = 1.5 Hz), the latter splitting due to across
the ring coupling'® with the proton at C¢ (8 4.78 ppm, t,
J=15Hz). What we believe to be the mechanism of
formation of 9 is shown as eqn (2) (see Ref. 19).

The fact that 9 survived the reaction conditions might
seem surprising until it is realized that (1) 3-
bromocyclobutenes are relatively slow to solvolyze,” and
(2) further cyclopropylcarbinyl - allyicarbinyl rear-
rangement of this seemingly doubly activated molecule
would lead to a cyclobutadiene.

Extensive heating of mixtures of cis- and trans-6
caused significant decreases in the cis:trans ratio and
extensive decomposition to a dark viscous material. On
beating samples of the pure isomers in the liquid phase at
190° or 300°, it was obeerved that cis-6 was isomerized to
trans-6. This isomerization as well as the decomposition
ofbothilommcouldcomcabombyeithufree-ndicd
pathways involving the first intermediate in eqn 2 or a
carbocation pathway such as is believed to account for
the isomerization of methykmycmopyiarbnyl
chloride to 3-methylenecyclobutyl chloride in diphenyl
cither at 217°' A third mechanism involving pertial
cycloreversion to biscyclopropyicarbinyl diradicals
scems unlikely because isomerization of cis-6 to trans-§
does not occur in the gas phase at 350°.

In order to estimate the relative reactivities of 3-8,
reactions of ca. 1:1 mixtures of 3 and 4 and of 4 and §
were investigated at 190-195°. In addition to0 6 and 7 and
7 and 8, these reactions gave, respectively, cis- and
trans-7-bromo-8-chlorodispiro[2.0.2.2}octane 10 and cis-
and trans-T-chloro-8-cthoxydispiro{2.0.2.2Joctane  11.
Structural and stereochemical assignments to 10 and 11
were made on the basis of their mass and 'H NMR
spectra. As with 6-8, the cyclobutyl protons of the trans
isomers were observed to be more shielded than those of
the cis isomers. The mixed dimer made up ca 50% of the
product from both reactions, which shows that 3, 4and §
react at similar rates in the thermally-induced reactions
at 190-195° leading to dispiro{2.0.2.2]Joctanes. 'Ihus.theii
different substitueats are about equally effective in
promoting the dimerizations. The implication from this is
thuthemnmmleadmtothea.aw
biscyclopropylcarbinyl-diradical intermediate is more
reactant-like than product-like. Otherwise, for example,
the greater ability of chlorine than bromine in stabilizing
an adjacent free-radical center™ would lead to
mﬂymnp‘dmcuonofsthntmmn
would have resulted in significantly less of the mixed

Br Br

[y
T

X

Br or Alkyl)



Some cycloaddition reactions of halomethylenecyclopropanes

dimer 10 than was observed from the reaction of the
equimolar mixture of 3 and 4.

Similar mixtures of bromomethylenecyclopropane 3
and methylenecyclopropane and of chloromethylene-
cyclopropanc 4 and methylenecyclopropane (initial mole
ratios: § to 4) on heating to 190-19S°for2hreachgave
$:1 mixtures of the 7.8-dihalodispiro-
[2.0.2.2loctanes and 7-halodisniro[2.0.2.2]octanes. No
evidence was obtained from these reactions which in-
dicated the concurrent formation of the unsubstituted
dispirodctane. These reactions, carried out with larger
methylenecyclopropane: 3 or 4 ratios, appear to be the
most convenient method of preparing the 7-halodispiro-
[2.0.2.2]octanes (see Ref. 11).

As chloromethylenecyclopropane 4 gave much cleaner
reactions than bromomethylenecyclopropane 3, thermal
cycloaddition reactions of 4 rather than the more ac-
cessible 3 were studied with & number of other reagents.

At 190°, chioromethylenecyclopropane undergoes (2+
4) cycloaddition reactions with 1,3-cyclopentadiene,
furan and 1,3-cyclohexadiene to give respectively, endo-
and exo-8chloro-4,7 - methanospiro{2.5}-oct-S-ene 12,
8-chloro-4,7-epoxyspiro{2.Sjoct - Sene 13, and 8 - chloro-

4,7-cthanospiro[2.5Joct-5-ene 14 (eqn 3).
) / + 4 —e L%
12: ¥Y=CHs; 13: Y= 0O
14: Y = CH:CH.

The structural and stereochemical assignments to 12-
14 were made on the basis of comparison of their 'H
NMR spectra with those of similarly constituted
compounds.'*® The low-field chemical shifts and sym-
metrical or pear symmetrical splitting patterns of the
vinyl protons (analyzable under modest resolution as the
AB part of an ABMN-pattern for 12 and 13; more
complex and less symmetrical for 14) are clearly consis-
tent with the assigned structures and inconsistent with
those of products that would be expected from an
alternate stepwise (2+2) cycloaddition, ™ i.e. 15-17.
msphmMsobservedfortheC.—protonsoflzandls
(]<5Hz) are also consistent with the assigned struc-
tures'* and inconsistent with that expected (=5 Hz)™
for the a-chloro protons of 18 and 16. The stereochemi-
cal assignments were based on the generalization that an
endo proton is more shielded than a similarly bonded exo
proton,'**™ and, for 12 and 13, that vicinal coupling of
thchndphndprotonwnhanexoptotonlswmm
with a similarly bonded endo proton.'* Interestingly,
although LeBel f al' found that spin-spin interaction
between endo protons and bridgehead protons was =0 in
& number of 56-dihalobicyclo[2.2.1]heptanes, we could
detect such a coupling (J 5 1.6 Hz) in endo-12 and 13.

In the absence of evidence that might be obtained
through the use of N,N-di-t-butyinitroxide to trap inter-
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16: Y=0;

18: Y = CHa:
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17: Y=CHCH;
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mediate diradicals,? reactions leading to 12-14 should be
looked upon as concerted cycloadditions.’® When a large
excess of cis-1,3-diene was not used in these reactions,
there was competing formation of cis- and trans - 7.8 -
dichlorodispiro{2.0.2.2Joctane 7. The reaction of 4 with
1,3-cyclohexadiene gave a minor (5%) unidentified
product that might be the cross (2+2) cycloaddition
product 17; 13-cyclopentadiene and furan gave no
detectable products (<l%) with 4 other than 12 and 13.
1,3-cyclopentadiene was the most reactive of the cis-1,3-
dienes toward 4, and furan was the least reactive. Use of
a starting 4: 1 volume ratio of cis-1,3-diene :4 gave molar
ratios of 98:2, 62:38 and 80:20 for 12:7, 13:7 and
14:7, respectively.

It was found that the relative amounts of endo- and
exo-12 obtained from 4 and 1,3-cyclopentadienc varied
with the length of time that the reaction mixture was
heated. After 10min, when the reaction was almost
complete, the endo-12: exo-12 ratio was 86: 14. This ratio
decreased steadily to 22:78 after heating for 5.5hr at
190°. We suspect that equilibration of endo- and exo-12
at 190° takes place by reversal of the (2+4) cycload-
dition, a pathway which has ample precedent.™

A 4:1 volume ratio of 2,3-dimethylbutadiene and
chloromethylenecyclopropane 4, on heating at 190" for
1 br, gave products identified as 4 - (2 - chloroethyl) - 1,2
- dimethyl - 1,4 - cyclohexadiene 18, 1 - chloro - 34 -
dimethylbicyclof4.2.0)oct - 3 - ene 19, and 1 -
chloromethyl - 1 - (2 - methylene - 3 - methylbut -3 -en -
1-yl)cyclopropane 28 in yields of 35%, 8%, and 13%,
respectively. These structural assignments followed from
mechanistic considerations and interpretation of the
straightforward 'H NMR spectra of the products. Thus,
products 18 and 19 are presumed to arise via the (2+4)
cycloaddition product 18a (eqn 4), which undergoes
cyclopm)ylurbmyl rearrangements under the reaction
conditions,™ andcomwundzolstheproductofan“ene
reaction.”” (This reaction was not studied at a lower
temperature, at which it might be possible to isolate 182.)
As no other products that might be formed by a stepwise
reaction involving diradicals were observed from the
reaction of 4 and 2,3-dimethylbutadiene, it scems | best to
regard 28 as the product of a concerted process.”’

The behavior of 4 and 2,3-dimethylbutadiene at 190°
differs markedly from that of exo-di-
chloromethylenecyclopropane and 1,3-butadiene at 80°,
which undergo exclusive (2+2) cycloaddition.' It
should be noted that the higher temperature of the
former reaction and the methyl substitution of the diene
system increase the relative population of the cis-oid
diene, which is required for the concerted (2+ 4) cyclo-
addition reaction,

On heating at 196° for 2hr, a 4:1 volume mixture of
acrylonitrile and chloromethylenecyclopropane 4 gave an
85% yield of a 5:4 mixture of frans- and cis - 4 - chioro -
5 - cyanospiro -[2.3]hexane 21. The remainder of the 4
had dimerized to 7. The mtio of 21:7 was aimost 7:1.
Noﬁethltntsthepmductthtmldbeexpectedtobe
the principal product on the basis of a stepwise
mechanism involving diradicals.”” None of the [2+2]
cycloaddition product with the alternate orientation, i.e.
22, was detected.

The structural and stereochesmical assignments to cis-
and strans-21 were made on the basis of their 'H NMR
spectra, which were incompatible with structure 22. The'

major diagnostic features as {0 structure were the doub-
lets, J r=7.1102Hz, observed for the C, protons at 3
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4.58 and 8 4.68 ppm, respectively, for cis- and trans-21.
The corresponding resonances of 22 are expected to be
more complex.'™ This expectation is strengthened by the
observed patterns of the Cy-protons of cis and trans-21,
which are strongly coupled to both vicinal methylene
protons. The absolute values of the geminal coupling
constants for the C¢ protons of cis- and frans-21, which
are expected to be S - 11 Hz,'"™ are apparently much
greater than the corresponding chemical shifts. This
simplifies the 60-MHz spectrum of cis-21 to an apparent
quartet at 8 3.74 ppm (Cs-H) and an apparent doublet at
& 2.57 ppm (Ce~H>). The smaller chemical shifts between
the Cy- and Co-protons of trans-21, which is the basis for
the stercochemical assignments,”* lead to slightly more
complex patterns for their resonances.

The result with acrylonitrile shows that 4 (and
presumably 3 and 5) can undergo a very efficient and
selective (2+2) cross cycloaddition reaction with a suit-
ably constituted alkene. However, when similar attempts
were made to bring about a thermal (2 + 2) cycloaddition
reaction of 4 with styrene or with cis-stilbenc, all
attempts were unsuccessful. It is possible that steric
hindrance, whwhsppmtoplayarolemmennng
cycloaddition reactions of methylenecyclopropanes
may have been the decisive factor in preventing cyclo-
additions of & with styrene and cis- and frans-stilbene.

An approximation was made of the relative reactivities
ofthecompoundswhnhundetwentmcycloaddm
reactions with chloromethylenecyclopropane 4. The
amount of cross cycloaddition product formed between
the particular reagent and 4 was compared with the
amount of dimer 7 formed in the competing reaction. The
relative ability of each reagent to compete with 4 for 4
was normalized so that the least reactive reagent, furan,
musianedarehﬁvereacﬁvityo!unity.lnﬂﬁsmy.
the relative reactivities of 2,3-dimethybutadiene, 13-
cyclohexadiene, acrylonitrile, and cyclopentadiene were
estimated to be 2.5, 2.5, 4 and 50, respectively.

EXPERIMENTAL

‘emps. are uncorrected, [R spectra were obtained with a
Wm@mmmmmm
frequencies are reported. NMR spectra were obtained at 60 MHz
with a Varian Associates A-60A system and at 100 MHz with &

A.T. Borront and L. J. CasraL
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Jeol INM-MN-100 system; NMR spectra of purified compounds
were taken of co. 10-20% solns in CCl, containing 1-29% TMS.
Routine low resolution mass spectra were determined with a
Consolidated Electrodynamics Corporation Type 21-104 Mass
Spectrometer by Mr. J L. Voth; high resolution mass spectral
analyses for exact mass determinations were obtained with a
Varian M-66 mass spectrometer by Mr. K. Miyano. Selected
values of mje are given; the complete mass spectrs are recorded
elsewbere. Elements! analyses were performed by Chemalytics,
Inc., Tempe, Arizona. GLPC work was done with & Varian
Aerograph Model %0-P gas Columns used were:
A—5' 10% SF96; B—10 20% FFAP; C—3 2% FFAP; D—§'
2% Carbowax 20M; columns were 3/8° O.D., and 30/60
Chromosorb W was used as the solid support. Preparative reac-
tions, other than thermal cycloadditions (see below), were run
under a positive N, atmosphere.

1-Chloro-1-chioromethylcyciopropane (cf Ref. 29). To a stirred
soln of 500m! HCCl; and 500 ml CCl, at —75° was added 467g
(8.65 mole) of methylenecy: 12 The reaction flask was
wrapped with Alfoil, and Cl; was bubbled slowly into the
mixture at -75* via a syringe needle until nearly all of the
methylenecyclopropane had reacted (2 days) The yields of 1-
chloro-1-chloromethylenecyclopropane,® 3<chloro - 2 -

ylptownc”"' and 123 - trichloco 2

chloromethylpropene,®™ as estimated by NMR specttowopy,
were 36%, 48% and 7%; about 9% of the methylenecyclopropane
was unreacted or unaccounted for. Preliminary distillation gave s
470-g fraction that was 70% 1 - chloro - 1 - chioromethyiene-
cyclopropane, b.p. 127-128°, and 30% 3 - chioro - 2 -
chioromethyipropane, b.p. 136-137 (tit*' b.p. 137-138"), which
was suitable for preparation of chioromethylenecyclopropane
using KOH in ethanot (see below).

Halomethylenecyclopropanes
(A) Dehydrohalogenation with sodium amide. To a magnetic-
ally stirred sturry of 4.0 (0.11 mole) of sodium amide (Ventron,
Alfalnorpm)andwmlofm!?(mdnﬂedfmmum'a
16.1390‘?513)0&) of 1 - bromo - 1 - bromomethyl-
32 The mixture was stired at room temp for 1
week.wbanl.PCamlysk(CdmnDnlmwodya
small amount of dibromide remaining. The mixture was added to
100ml pentane and 100ml ice water, and the phases were
separated. The aqueous layer was extracted with pentane (2
50ml). The pentane extracts were combined with the original
pentane soln, and this soln was washed with satd NaCl soln
{20 % 200 ml) to remove the THF, dried (MgSO), and distilled to
give 9.0g (50%) of 3, b.p. 106-108°, NMR 8 6.35 (p, J=20Hz,
1H), 1.20-1.40ppm (m, 4H); IR, 1790, 1740 cm™"; ms, m/e (rel
intensity) 138 (0.8), 134 (16), 133 (0.9, 132 (17), 53 (100) [Hit®
NMR 8 6.30-6.45 (1H), 1.25-1.45 ppm (4H)].
Esseatially the same procedure, but at 40°, with 1 - chloro - 1 -
chioromethylenecyclopropane gave ca. 80% yields of 4, based on
recovery of about half of the starting dichloride.
Chioromethylenecyciopropane. b.p. 82-84°, NMR 8 6.30 (p.
J-lez. 1H), 1.30ppm (spparent d, J-Zl{z 4H); IR 1800,
1750 cm™; ms, mje (rel intensity) 91 (0.5), 90 (9.4), 89 (1.7), 88
{29.3), 53 (mo). C, 54.14; H, 5.58; Cl, 40.05 (CH,Cl requires: C,
54.26; 5.63; Cl, 40.04).
(B) Dehkydrokalogenation with KOH in ethanol-preparation of
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1 - chioro - 1 - ethoxymeth ropase, A soln was prepared
from 250 g (3.76 mole) of 85% KOH and 750 ml of 95% EtOH and
cooled to room temp. To the stirred soln was added in portions
470g (3.7%mole) of 70% 1 - chioro - | - chioromethyl-
cyclopeopane: 30% 3 - chioro - 2 - chioromethylpropene. The
mixture was maintained at reffux for 3 br, 200g (3.00 mole) of
additional 85% KOH was added, and the stirred soln was main-
tained at gentle reflux overnight. The mixture was cooled and
added to 500 ml pentane and 500 ml ice water. The phases were
separated, andtheaqmmphnmemmdwnhpenm
(6% 125 ml), The pentane soins were combined, washed with ice
water (12x210), dried (MgSO,) and distilled. After removal of
most of the pentsne at stmospheric pressure, the residue was
distilied at reduced pressure, Redistillation gave $9.8 g (26%) of
chloromethylenecyclopropane, b.p. 82-84°, 90g (25%) of 1 -
chloro - 1 - ethoxymethylcyclopropane, b.p. 144-146°, and 3 -
ethoxy - 2 - ethoxymethylpropene, b.p. 160° (lit.>* b.p. 160°). The
chioroether and NMR & 3.55 (s, 2H), 3.50 (q, / = 7 Hz, 2H), 1.18
(t, J=THz, 3H), and 0.85-1.0ppm (m, 4H); ms, mie (rel in-
tensity) 136 (0.2), 134 (0.2), 108 (11), 106 (33), 80 (32), 78 (100). An
clemental analysis was not obtained.
Ethoxymethylenecyclopropane 5. Using the procedure
described for the preparation of bromomethylenecyciopropane,
28.7¢ (0.21 mole) of 1 - chloro - 1 - ethoxymethylcyclopropane
and 8.3g (0.21 mole) of sodium amide in 100 mi THF at room
temp. for 3 days gave 188g (90%) of cthoxymethylenecyclo-
propane, b.p. 96-98°, NMR 8 6.44 (p, J = 1.8 Hz, 1H), 3.90 (q,
J=70Hz, 2H), 1.22 (¢, J = 7.0 Hz, 3H), 0.80-1.45 ppm (m, 4H);
ms, mfe (rel intensity) 99 (1.7), 98 (18), 70 (30), 65 (63), 41 (100),
40 (26). C, 73.07; H, 10.21 (C¢H 140 requires: C, 73.43; H, 10.27).

Dimerization of substituted methylenecyclopropanes

Caution! Selected, well-annealed glass tubing should be used
for theze and other sealed-iube reactions described here, and each
sealed reaction mixture shosld be regarded as potemtially
explosive! None of the reactions described here was caried out in
tubes larger than S-mm O.D,

The following is represcatative. A S-mm O.D, Pyrex glass tube
was filled in part (one baif to two thirds) with bromomethy-
lenecyclopropane 3. The tube and its contents were cooled in
powdered dry ice and degassed at vacuum pump pressure via a
syringe needle inserted through the serum-capped top. While the
vacuum was maintained, the tube was sealed using s gas-oxygen
torch. The tube was placed in & wire holder and immersed in a
wax bath at 187+2* for 24r. The tube was allowed to cool to
room temp before openmg. The contents of several tubes were
combined and distilied in part at atmospheric pressure
short-path distillation apparatus to separate the unrencted 3and
more volatile side products from the dimeric products. The
components of the distillate were separated by prep GLPC
(Column B at 80°), and the following compounds were identified
by a combination of spectral methods: bromomethylene-
cyclopropane; 1 - bromo - 2 - methylenccyclopropane;™ cis- and
trans - 12 - dibromo - | - butene; cis- and trams - 12 -
dibromocyclobutane;'* 1.} . dibromocyclobutane,
dibromomethylcyclopropane; 1 - bromo - 1 - bromomethyl-
cyclopropane; 2.4 - dibromo - 1 - butene; 1,1-dibromo - 1 -
butene; and cis- or trans - 1,4 - dibromo - 1 - butene. Details of
the identifications are given elsewhere.® The distillation residue
consisted mainly of 2 compounds in a ratio of 1:0.9, which were
separated by prep GLPC (Column C at 150%). The major
compound, which had the shorter retention time, was identified
as trans-7 8-dibromodispiro{2.0.2.2Joctane: NMR 8 4.80 (s, 2H),
0.60-1.05 (m, 4H) and 0.15-0.60ppm (m, 4H); ms, mie (rel
intensity) 268 (0.3), 266 (0.6), 264 (0.3), 187 (2.6), 185 2.7), 159
(6.7), 157 (6.8), 106 (52), 105 (100), 79 (26), 78 (26), 77 (29). C,
36.19; H, 3.71 (C{H,4Br;, requires: C, 36.13; H, 3.79).

The other compound was cis-78-dibromodispiro-
[2.0.2.2]octane: NMR § 5.00 (s, 2H), 0.60-1.05 (m, 4H), 0.1%-
0.60 ppm (m, 4H); ms very similar to that of the trans isomer. C,
3632; H,3.76.

The residue also contained 2 minor side products which were
identified as 1,2,4-tribromo-1-butene INMR, § 6.00-6.05 (m, IH),
2.90-3.60 ppm (m, 4H); ms, mie (rel intensity) 296 (6.3), 294 (19),
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292 (20), 290 (6.9), 215 (41), 213 (85), 211 (44), 134 (9.2), 133 (36),
132 (11), 131 (40)) and $,6-dibromo-4-cthylspiro{2.3)hex-4-cac 9
INMR 3 478 (t, J = 1.5 Hz, 1H), 1.95 (q, d, J =7.0 and 1.5 Hz,
2H), 0.75-1.23 ppm (m with apparent t, J = 70 Hz, at 3 1.10 ppm,
THY; ms, mle (vel intensity) 268 (9.3), 266 (19), 264 (9.8), 187 (18),
185 (18), 107 (12), 106 (100), 105 (56), 91 (M4)].

A sealed mixtare of 0.162 g (1.22 mmole) of 3, 0.012 g diphenyl
ether, and 0.264 g (1.23 mmole) 1,8-bin(dimethylaminoapthalene
in & 5-mm O.D. tube was heated under its own pressure in a wax
buhatm:trforttoulof4k The tube was removed

y, cooled, and the course of the reaction was deter-
mined by 'H NMR analysis. The dimerization reaction was
observed to occur as before, but st a significantly slower rate.
For exxmple, about 30% of the 3 remained unreacted sfter 2.5 hr
as compared to about 10% in a typical dimerization reaction of
nest bromomethylenecyclopropane (3). The tube was broken,
and its contents were taken up in ether. GLPC analysis showed
that dimerization to cis- and trans-6 had occurred quite cleanly.
cis- and trans-1,2-dibromo-1-butene, which were prominent side
products from beating neat 3, were absent. Some 1-bromo-2-
methylenecyclopropane and a more volatile unidentified side
product were observed together with unreacted 3.

After 2 hr at 187189, chloromethylenecyclopropane 4 gave &
4% conversion to 1 - chloro - 2 - methylenecyclopropane and an
80% conversion to a 1:09 mixture of trans- and cis - 78 -
dichlorodispiro{2.0.2.2Joctane 7. The products were isolated by
prep GLPC (Column B at 130°).

1-Chioro-2-methylenecyciopropane. NMR § 5.70-5.90 (m, 1H),
5.50-5.70 (m, 1H), 3.30-3.60 {m, 1H), 1.15-1.95 ppth (m, 2H); ms,
mie (rel intensity) 91 (0.3}, 90 (5.1), 89 (1.0), 88 (16), 53 (100).

trans-7,8-Dicklorodispiro(2.0.2.2)octane. NMR 4.60 (s, 2H),
0.15-0.25 ppm (m, 8H); ms, mje (rel intensity) 180 (0.04), 178
(0.2), 176 (0.3), 143 (5.3), 141 (1T), 105 (100); C, 54.15; H, 5.61; C1,
40.04 (C,H (Cl, requires: C, 54.26; H, 5.69; Cl, 40.04).

cis-78-Dichlorodispiro[2.0.2.2]octane. NMR 8 4.70 (s, 2H),
0.20-1.05ppm (m, 8H); ms very similar to that of the trams
isomer. C, 54.01; H, 5.68; C}, 40.28.

In this and other beatinduced cycloadditions of
chloromethylenecyclopropane, the amount of other observable
side products formed during the 2-hr heating period accounted
for <4% of the starting material.

After 2hr at 191-193°, cthoxymethylenecyclopropane § gave
an 83% conversion to a 1:0.76 mixture of trns- and cis-8. Ca.
17% of § remained unreacted, and there was no detectable
amount of 1 - ethoxy - 2 - methylenecyclopropane present.
Observable side products accounted for <1% of the starting §.
The dimeric products were scparated by prep GLPC (Column B
at 1007,

trans-7.8-Diethoxydispiro{2.0.2.2]octane NMR 8 391 (s, 2H),
3.00-3.80 (m, 4H), 1.12 {t, J =7.0Hz, 6H) and ~0.15-0.90 ppm
(m, 8H); ms, m/e (rel intensity) 196 (0.3), 195 (1.6), 139 (32), 111
{36), 95 (51), 77 (30), 67 (36), 55 (43), 53 (33), 41 (42), ¥ (38), 9
(mg)r,) 27 (69), C, 73.28; H, 10.33 (C,HO, requires: C, 7343 H,
10.27).

cis-7.8-Diethaxydispiro[2.0.2.2]octane. NMR 8 4.02 (s, 2H),
3.10-3.90 (m, 4H), 1.14 (1, J = 7.0 Hz, 6H), —0.15-0.90 ppm (m,
$H); ms, indistinguishable from that of the frams isomer. C,
73.50; H, 1046,

The optimum reaction times for dimerizations of 3-5 at 185
190 were estimated by following the course of the reaction in the
presence of 15-20% by weight of diphenyl ether. The optimum
reaction time for 3 was 1.5hr. At that time 19% of 3 remained
unreacted, and the uncorrected yield of 6 was 67%. Extended
heating to 3.3 hr caused complete reaction of 3 but reduced the
yield of 6 to 53%. On extended heating the cis-6: trans-6 ratio
decreased: 091 at 0.67hr; 0.80 at 1.Shr; 0.64 at 3.3hr. The
uncorrected yield of 1 - bromo - 2 - methylenecyclopropane
ua;hadamx‘nnmof:&%amtl.oumddecﬁnedtonim
23hr.

mmummmm4m2.oh.‘mum 15%

8%, but the yield of 7 did not increase. The cis-7: trans-7 ratio
remained constant throughout at 0.90+0.02.
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The optimum reaction time for § was 2.0-3.0hr. At those
respective times, 17% and 129% of § remained unreacted, and the
rest had been quantitatively converted to 8.

Thermolysis of cis- and trans - 78 - dibromodispiro-
[2.0.2.2]octane (6). Five -ul aliquots of pure ciz-6 were sealod
under vacuum in capillary tubes. The tubes were placed in a wire
holder and immersed in # wax bath at 190+ 2°, From time to time
a capiliary tube was removed from the bath, cooled, and opened,
and the course and extent of reaction was determined by GLPC
analysis. After 30 min, a number of products were noted inclod-
ing 2 with retention times identical with those of fraxs-6 and 9.
After 2hr the ratio of cis- to trans-6 was estimated as 0.42.
Longer heating produced a dark viscous mass.

Five-ul aliquots of pure trans-6 were trested in the same
manver. After 2hr a trace of cis-§ could be detected together
with minor amounts of other products, including 9. After 4hr,
much ¢rans-6 remained unreacted, but only a trace of cis-6 was
detectable. After 5.5 hr, the mixture was a dark viscous mass.

Five-u| atiquots of pure cis-6 and of pure trans-6 were beated
at 300°+ 20° in a salt bath. Except for greatly increased reaction
rates, the observations were similar to those noted at 190°,

A 340x 26-mm quartz tube, inclined 10® from the horizontal,
was placed in a 750-watt furnace. The heated length of the tube
was 300 mm. The higher end of the tube was equipped with a
nitrogen inlet and a small serum-capped entry port. The lower
end of the tube was attached to 2 cylindrical traps in series,
which were cooled with dry ice-acetone. The nitrogen flow rate
was adjusted to 25 ml/min, and the tube was heated to 350+ 5*. A
solution of 50 ul of cis-6 in 3ml of dipbeny! ether was slowly
added over 15min by syringe through the entry port. It was
allowed to flow downward into the beated portion of the tube
where it immediately vaporized. All the liquid that condensed
was contained in the first trap. It was dark colored and contained
a fine black ppt. Analysis by GLPC indicated the presence of
cis-6 together with a trace of trans-6; oo other products were
detectable. A similar experiment was carried out with 50 ul of
trans-6 in 3 mi of diphenyt ether. The condensate was discolored
and contained a fine black precipitate. GLPC analysis indicated
that most of the trans-6 had passed through the hot tube un-
changed: no cis-6 or other product was detectable.

Cross cycloaddition reactions of methylenecyclopropanes.
Chioromethylenecyclopropane (300ul) and ca 400ul of
ethoxymethylenecyclopropane (equimolar amounts as deter-
mined by NMR analysis) were placed in a 5-mm O.D. glass tube.
The tube was sealed under vacuum as usual and placed in 2 wax
bath at 191-193°. At 30-min intervals the tube was removed from
the wax bath and cooled, and the course and extent of resction
was estimated by NMR analysis. After heating for a total of 2 hr,
the reaction mixture was analyzed by both GLPC and NMR,
which showed the presence of cis- and rrans-7, cis- and trans-8,
and 2 new products subsequently identified as cis- and trams-11.
The relative amounts of the dichloro-, diethboxy- and
chloroethoxydispirooctanes were 1:1:2. Appmxnnmly 8% of
the chloromethylenecyclopropane 5% of the
ethoxymethylenecyclopropane had not mmd. The new
products were isolated by prep GLPC (Column B at 135° then
100°).

¢cis - 7 - Chioro - 8 - ethoxydispiro[2.0.2.2]octane, 11. NMR 3
446 (d, J=52Hz, 1H), 4.24 (d, J = 52 Hz, 1H), 3.00-3.90 (m,
2H), 118 (t, 7 =7.0Hz, 3H), ~0.10-1.25 ppm (m, 8H); ms, m/e
(rel intensity) 188 (0.03), 187 (0.07), 186 (0.1), 185 (0.2), 130 (92),
105 (78), 91 (30), 79 (80}, 77 (84), 53 (45), 51 (58), 39 (88), 29 (100),
21 7). C, 63.91; H, 7.90; Cl, 19.03 (C1eH,:CIO requires: C, 64.34;
H, 8.10; C1,.18.99).

trans - 7 - Chioro - § - ethoxydispiro[2.0.2.2]octane, 11. NMR &
442 (d, J=46Hz, 1H), 418 (d, J = 4.6 Hz, 1H), 3.15-3.80 (m,
2!!).l.ﬁ(&l-?ﬁﬂz.!ﬂ),ﬁos—lﬁppn(m.sm.mm

from that of the ¢is isomer. C, 63.91; H, 7.90; Cl,
19.03.

Equimolar amounts of bromomethylenecyclopropane and
chloromethylenecyclopropane (ca. 300 ul of each) at 194-195*
for 2 under autogenons pressure gave & mixtwre of cis- and
trans-8, cis- and trans-7, and 2 new products subsequently
identified as ciz- and trans-16. The relative molar amounts of the
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dibromo-, dichloro, and tvomochiorodispirobctanes were 1:1:2.
About 80% of each of the halomethylenecyclopropanes were
converted to dispiroSctanes, and about 14% of eack remained
unreacted. The new products were isolated by prep GLPC
{Column B at 150).
cis - 7 - Bromo - 8 - chlorodispiro[2.0.2.2)octane, 10. NMR §
490 (d, 7 =6.2Hz, 1H), 472 (d, J = 6.2 Hz, 1H), 0.15-1.10 ppm
(m, 8H); ms, m/e (rel intenity) 224 (0.1), 222 (0.3), 220 (0.2), 187
(2.5), 185 (2.6), 143 (2.0), 141 (5.5), 105 (100), 79 (40), 77 (50), S1
(50). C, 43.24; H, 4.64; total halide as % Cl, 32.05 (CyH,BrCl
requires: C, 43.37; H, 4.55; total batide as % Cl, 32.01).
trans - 7 - Bromo - 8 - chlorodispiro[2.0.2.2}octane, 10. NMR 8
4,62 (s, 2H), 0.15-1.20ppm (m, 8H); ms indistinguishable from
that of the cis isomer. C, 43.07; H, 4.49; total halide as % CI
nA.
Chloromethylenecyclopropane (250 ul) and methylene-
cyclopropane (ca. 250 ul, initial mol ratio: 1:0.83) at 191-195° for
2br under autogenous pressure gave a mixture of cis- and
trans-7, | - chloro - 2 - methylenecyclopropane, and s new
product wbsequenﬂy identified as 7-chlaodnpno[2.0.2.2}ocane
The total conversion of chloromethylenccyclopropane to
wobcumwaﬂ%uemudhyNﬂRMGl}Cum
and the dichloro-:chlorodispiroSctane product ratic was 5:1.
About 5% of the chloromethylenecyclopropane was converted to
1 - chioro - 2 - methylenecyclopropane, and 179 had not reacted.
No dimer of methylenecyclopropane was detected in the mix-
u;;.)TbencwproductwilohledbyprepGLPC (Column B at
150°).
7-Chlorodispire{2.0.2.2)octane. NMR 8 4.55 (1, J ~ 6.6 Hz, 1H),
2.4-29 (AB part of ABM patiern: 8, 2.68, 83 2.54, Jop = 11.3Hz,
Jau = 70 Hz, J33¢= 6.2 Hz), and 0.05-1.15 ppm (m, 8H); ms, m/e
(rel intensity) 144 (0.6), 142 (1.9), 107 (19), 91 (60}, 79 (100), 77
(39), 51 (40). An elemental analysis was not obtained.
Bromomethylenecyclopropane (2004l) and methylene-
cyclopropane (ca. 200 i, initial mol ratio 1:0.77) at 191-195° for
1.5br under autogenoous pressure gave s mixture of cis- and
trans-§, 1 - bromo - 2 - methylenecyclopropane, and s new
product subsequently identified as 7-bromodispiro{2.0.2.2]Joctane.
The total conversion of bromomethylenecyclopropane to dis-
piroSctanes was 64% as estimated byNMRndGLPCamlysu,
and the dibromo-: bromodispiro3ctane ratic was 7:1. About 4%
of the bromomethylenecyclopropane was converted to 1 - bromo
- 2 - methylenecyclopropane, and 28% had not reacted. No dimer
of methylenecyclopropane was detected in the product mixture,
The new product was isolated by prep GLPC (Column B at
150°).
7-Bromodispiro[2.0.2.2}octane. NMR 8 4.65 (1, J ~ 6.6 Hz, tH),
2.4-3.0 (AB part of ABM pattern: 5, 2.81, 85 2.64, /oy = 123 Hz,
Jan=12Hz, Jay = 6.2 Hz), and 0.10-1.05 ppm (m, 8H); ms, m/e
(rel intensity) 188 (1.4), 186 (1.5), 107 (27), 91 (60), 79 (100), 77
(37, 51 (38): exact mass 186.0066 (Calc. for C;HyBr™: 186.0044).
C, 51.44; H, 5.89 (C¢HBr requires: C, 51.36; H, 593).

Other cycloaddition reactions of chioromethylemecyclopropane 4

(A) With 13-cyclopentadiene. A mixture of 4 {100 ul) and
400 ul of freshly cracked 1,3-cyclopentadiene was heated under
autogenous pressure at 192-198° for 1 hr and cooled. Comparison
by means of NMR and GLPC analysis of the reaction mixture
with one obtained by similar heating of neat 1,3-cyclopentadiene
showed that it contained, in addition to cyclopentadiene conden-
sation products, small amounts of cis- and traas-7 and 2 new
products, which were isolated by prep GLPC (Column B at 105%)
and identified as exdo- and exo0-12. The endo : exo ratio was, after
1 hr, 65:35, and the ratio of total 7 to total endo- and £x0-12 was
2:98. The combined conversion ot these products was >95%. A
similar experiment was carried out, but the reaction was inter-
rupted from time to time and the endofexo ratio was determined
by means of NMR analysis. The following data were obtained:
(Table 1).

endo - 8 - Chioro - 4,7 - methanospiro[2.5loct - § - ene, 12,
NMR & 5.95-6.35 (HC = CH, AB part of ABMN pattern, 8, 6.26,
83 6.10ppm, Jan = 5.6 Hz, Jay~ Ipn~ 28 Hz; 2H), 4.20 (Co-H,
J=35Hz, H), 3.15 (W;p=8Hz, 1H), 205 (W,;~6Hz, IH),
1.50-1.95 (m, 2H), and 0.25-0.90ppm ((m, 4H); ms, m/e (rel
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Table 1.
Time Time
(min) endolexo (min) endolexo
1 4.7 120 0.69
p. 34 180 0.40
k] 3.2 240 ca.0.3°

*The reaction appeared to be complete. *The viscosity of the
reaction mixture made precise NMR analysis difficult.

intensity) 157 (0.3), 156 (2.7), 155 (0.9), 154 (8.2), 119 (27), 92 (43).
91 (64), 66 (100); exact mass, 154.0526 (Cakc. for CoH,,C1¥:
154.0549). C, 69.93; H, 7.36; CL, 23.22 (CoHCl requires: C, 6990
H, 7.17; Cl, 22.93).

ex0 - 8 « Chloro - 4,7 - methanospiro[2.5)oct - § - ene, 12. NMR
8 5.85-6.35 (HC=CH, AB part of ABMN pattern, 8, 6.27, &
6.01 ppm, Jog ~ SAHZ, Jope~ 24 Hz, Jyn=3.0Hz, 2H), 3.50 (C
H d,J=16Hz 1H), 3.05 (W2 =8Hz), 1.66 (broad d, T~ 9 Hz,
thh fine structure, 1H), 0.20-1 40ppm (m, 4H); ms indis-

from that of the endo isomer; exact mass, 154.0536.
C,658.93; K, 7.23; C1, 23.06.

(B) With furan. A mixtore of 4 (100 sl) and 400 p! of furan
(freshly distilled from LAH) was heated under autogenous pres-
sore at 192-198° for 1 br and cooled. The mixture was taken up in
CCl and filtered using positive pressire to remove a white
gelatinous material, presumed to be polyfuran, which formed
during the reaction. Analysis of the CCl, soln by means of NMR
and GLPC showed the presence of cis- and trans-7 and 2 new
products, which were isolated by prep GLPC (Column B at 150"
and identified a5 endo- and exo-13. The endo:exo matio was
73:27; and the ratio of total dichlorodispirobctane to total
chlorospirodctane was 62:38. The combined conversion of 4 to
these products was >90%.

¢ndo - 8 - Chioro - 4,7 - epoxyspiro[2.5loct - § - ene, 13. NMR &
6.23-654 (HC=CH, AB part of ABMN pattern, 8, 642, &
6.33ppm, Jan =5.THz, Jaus yn™1.2Hz), 497 (CeH, d, J =
4.2 Hz, broadened, 1H); 4.11 and 4.08 (apparent broadened s and
sharp d, J = 4 Hz, respectively, 2H), and 0.25-1.10 ppm (m, 4H);
ms, mje (rel intensity) 158 (7.8), 156 (26), 127 (69), 121 (39), 91
(88), 77 (49), 68 (100); exact mass, 156.0356 (Calc. for C;H,CP*0:
156.0342). C, 61.32; H, 5.95; Cl 22.17 (C4H,CIO requires: C,
61.35; H, 5.79; Cl, 22.64).

¢xo - 8 - Chioro - 4,7 - epoxyspiro[25loct - § - ene, 13. NMR &
6.20-6.60 (HC=CH, AB part of ABMN pattern, 85 6.50, &
6.28ppm, Jaz = STHz, JaussJay™1.3 Hz), 4.87 (Cs-H, narrow
m, W= 3.5Hz, 1H), 411 (narrow m, W, = 2.5 Hz, 1H), 3.5§
(s, 1H), 0.20-1.40 ppm (m, 4H); ms very similar to that of the
endo isomer; exact mass: 156.036. An ciemental analysis was not
obtained.

(C) With 13-cyclohexadiene. A mixture of 4 (100 ul) and
400 ! of 1,3-cyclobexadiene was beated under autogenous pres-
sure at 192-198° for | hr and cooled. Comparison by means of
NMR and GLPC analysis of the reaction mixture with one
obtained by similar heating of nest 1,3-cyclohexadiene showed
that it contained cis- and trans-7 and 3 additional products, one
of which was formed in minor amounts and was not investigated
further. One of the 2 major products was isolated by prep GLPC
(Column B at 120°) and identified as exo-14. NMR 8 5.40-6.35
(m, 2H), 4.50 (d, J = 7.9 Hz, 1H), 2.95-3.60 (m, 1H), 2.30-2.90 (m,
1H), 1.85-2.30 (m, 2H), 1.20-1.60 (m, 2H), and 0.30-0.95 ppm (m,
4H); ms, m/e (rel intensity) 170 {0.9), 169 (0.4), 168 (2.8), 133 (31),
127 (76), 106 (69), 105 (53), 91 (100), 81 (74), 79 (92); exact mass,
168.0716 (Calc. for C,oH,;CI: 168.0706); C, 71.37, H, 8.01; Cl,
19.98 (CoH;;Cl requires: C, 71.21; H, 7.77; Cl, 21.04).

The other major product was not obtsined free of 1,3-cyclo-
hexadiene dimer. The NMR and mass spectra of the impure
material were completely consistent with the endo-14 structure.
If this structural assignment is correct, and the doublet, /=
5.5Hz, at 5 4.10 ppm is due 1o the proton a to the chiorine, then
the ratio of total 7 to total 14 was ca. 1:4, and the endo : €x0 ratio
(after 1 hr), was ca. 5:4. Only a trace of 4 remained unreacted,
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apd its conversion to the 4 major products was estimated as
>90%.

(D) With 23-dimethyl-13-butadiene. In each of 4-,5-mm O.D.
glass tubes was placed 100 i of 4 and 400 ! of 2.3-dimethyl-1,3-
butadicae. The tubes were sealed under vacunm as usgal, heated
at 188-192° for 1 br, cooled and opeaed. Compariton by means of
NMR and GLPC analysis of the reactior mixture with one
obtained by similar beating of aeat 2,3-dimethyi-1,3-butadiene
showed that it contained cis- and trans-7 (est. yield by GLPC:
24%) together with several mew products in substantially
different amounts. The 2 major products {est. yields by GLPC:
35% and 13%), subsequently identified as 18 and 20, were purified
by prep GLPC (Column B at 110° and at 135°). A smaller amount
of a third product (est. yield by GLPC: 8%) was isolated and
analyzed as a mixture with trams - 78 - dichlorodispiro-
{2.0.2.2loctane. The spectral data obtained by correcting the
spectra of the mixture for the presence of the dispiro compound
indicated that it was 19 [NMR 8 2.55-3.0 (m, 1H), 2.3-2.5 (m,
2H), 2.0-2.25 (m, 2H), 1.2-1.95 ppm (m, with s at § 1.75, 10H);
ms, mje (rel intensity) 173 (0.9), 172 (8.3), 171 (2.9), 170 (25), 135
(14), 107 (100},

At least 5 other minor products (total est. yield by GLPC:
<5%) were noted by GLPC, and at Jeast 2 of these were isolated
a3 s mixture with a very minor C,;H,, product. The C;.Hxy
product appears to be 1,2.5,6-tctramethyl-1,5-octadiene™ [NMR 3
2.22 and 1.58 ppm, singlets, intensity ratio 2:3; ms, mfe 165:164
intensity ratio 0.136:1.00]. The mass spectrum of this mixture
indicated the presence of at least 1 compound with the molecular
formula CoH sCL

About 15% of the chloromethylenecyclopropane remained un-

reacted.

4 - (2 - Chloroethyl) - 1,2 - dimethyl - 1 4 - cyciohexadiene 18.
NMR 8 541 (narrow unresolved m, W,,=5Hz, iH), 249 (t,
J =72 Hz, 2H), 2.38 and 2.50 (apparent ¢, J =7.2 Hz, and s, 6H),
and 1.60 ppm (s, 6H); ms, m/e (rel intensity) 173 (1.2), 172 (10),
171 (3.7, 170 (32); 135 (1.1), 119 (64), 107 (100), 91 (56); exact
mass, 170.0855 (Cak. for C,oH<CP*: 170.0862). An elemental
analysis was not obtained.

1 - Chioromethy! - 1 - (2 - methylene - 3 - methylbut -3 - en - 1
- yhcyclopropane 20. NMR 8 5.04-5.17 (m, 2H), 4.83-5.04 (m,
2H), 3.37 (s, 2H), 2.48 (s, 2H), 1.88 (s, 3H), and 0.53 ppm (s, 4H);
ms, mje (rel intensity) 172 (3.7, 170 (12), 135 (42), 107 (60), 105
(34), 93 (100), 91 (80), 77 (77, 65 (31), 53 (58), 51 (40), 41 (84), 39
(88), 27 (55). An elemental analysis was not obtained.

(E) With acrylonitrile. A mixture of 200 ul of 4, 800 ! of
acrylonitrile, and a trace of hydroquinone was beated under
autogenous pressure at 194-198° for 2 hr. Comparison by means
of NMR and GLPC analysis of the reaction mixture with ope
obtained by similar heating of neat acrylonitrile showed that it
contained cis- and frans-7 and 2 pew major products, which
were isolsted by prep GLPC (Column D at 145°) and
subsequently identified as cis- and trans-21. The ratio of cis to
trans cycloadduct after 2 hr was 0.8: 1.0, and the ratio of total 21
1o total 7 was 87:13. The total conversion to these products was
>80%, and 13% of 4 remained unreacted.

cis - 4 - Chioro - 5 - cyanospiro[2.3]hexane, 21. NMR (60 MHz)
8 4.58 (d, J = 7.1 Hz, 1H), 3.74 (apperent q, J = 7.1 Hz, 1H), 2.57
{apparent d, J = 7.0 Hz, 2H), 0,51-1.21 ppm (m, 4H); ms, m/e (rel
intensity) 143 (0.32), 142 (1.5), 141 (0.8), 140 (4.1), 106 (44), 108
(37), 88 (33), 79 (100), 78 (37, 77 (30}, 54 (61), 53 (53), 52 (36), 51
(39); exact mass of M-1, 1400281 (Cak. for C,G,NCP*:
140.0267). C, 59.09; H, 5.64; N, 9.66; Cl, 2555 (C/H,CIN
requires; C, 59.37; H, 5.69; N, 9.89; Cl, 25.04).

trans - 4 - Chloro - § - cyamospiro{2.3]kexane, 21. NMR
(60 MHz) 8 4.68 (d, J = 7.0 Hz, tH), 3.05-3.60 (7 Lines at 18S, 193,
195, 200, 203, 210 and 213Hz from TMS, 1H) 2.20-2.72 (3
principal lines at 144, 146 and 154 cps from TMS, rel intensities
1:1.1:29, ZH), and 0.35-1.20 ppm (m, 4H); ms indistinguishable
from that of the cis isomer; exact mass of M-1, 140.0286; C,
59.50; H, 5.62; N, 9.50; Cl, 24.66.

reactions of 4 with cis- and frans-stilbene, styrene, isocrotyl
bromide, and isocrotyl chloride at ca. 190° gave no observ-
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able cycloaddition products. Details of these attempts are given
clsewhere.®
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