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Abstract-Reactions of I-halocycloheptenes with KO-t-Bu in DMSO and THF were studied. The 
principal products obtained could be accounted for on the basis of two competing dehydrohalogenation 
mechanisms. These are: dehydrohalogenation across the C,-C, bond to give cycloheptyne; and 
dehydrohalogenation across the C,-C, bond to give I ,2-cycloheptadiene. One or both of these inler- 
mediates react with KO-1-Bu to give I-Gbutoxycycloheptene in poor yield. The principal product from 
the three I-halocycloheptenes in both solvents is tricyclo[7.5.O.O**~tetradeca-2,14-diene (4), the dimer 
of 1.2~cycloheptadiene. Also formed are 5, the Z(8), 14diene isomer of 4, presumably by cycloaddition 
of I ,2-cycloheptadiene and cycloheptyne, and 6, the 2, I3-diene isomer of 4, by rearrangement of 4 
effected by KO-1-Bu. 

Also studied were rections of 1 chloro- and I-iodocycloheptene with sodium pyrrolidide (Na- 
NC,H,) in THF. These reactions give I-(I-pyrrolidino)cycloheptene in fair yield together with 
smaller amounts of the 14-carbon hydrocarbons. Reactions of I-chlorocycloheptene-1-W and 
4-chloro- and 4-iodobicyclo[K I .O]oct-3-ene leading to (I-pyrro1idino)cycloheptenes were found fo 
occur viu both the corresponding cycloheptyne and I ,2-cycloheptadiene. 

Montgomery and Applegate’ found that l-chloro- 
cycloheptene (la) reacts with PhLi to give I-phenyl- 
cycloheptene predominantly and probably exclus- 
ively via the intermediacy of cycloheptyne (2). In 
contrast, Ball and Landor* treated la with sodamide 
in liquid ammonia and obtained a 32% yield of 
tricyc10[7.5.0.02~8]tetradeca-2,14-diene (4), which 
they rationalized as being formed by dimerization 
of the intermediate 1,2-cycloheptadiene (3). It 
should also be noted that Wittig and Meske- 
Schiiller3 obtained a 69% yield of a mixture of two 

0” PhLi , @” PhLi l () 

la 2 

la 
NaNH’b o--00 

3 4 

In order to understand better the behavior of l- 
halocycloheptenes when treated with strong base, 
we undertook a study of reactions of l-halocyclo- 
heptenes with KO-t-Bu and sodium pyrrolidide 
(NaNC,H8), which we describe here. 

isomeric 14-carbon hydrocarbons from the reac- 1 -Chlorocycloheptene (la) was converted 
tion of I-bromocycloheptene with KO-t-Bu in smoothly to I-lithiocycloheptene by reaction with 
DMSO, and the major product was identified as 4. lithium in ether, and reaction of the organolithium 
Also, they were able to trap an intermediate, which reagent with bromine in pentane gave l-bromo- 
they presumed to be 3, with 1,3_diphenylisobenzo- cycloheptene (lb) in 60% yield. The organoIithium 
furan. Further, when 1,2dibromocycloheptene reagent also reacted smoothly with iodine in THF 
was treated with KO-t-Bu in DMSO in the pres- solution to give a 42% yield of I -iodocycloheptene 
ence of 1,3_diphenylisobenzofuran, two trapped UC). 

products were isolated and their formation was 
rationalized as having occurred cia 1-bromo- 1,2- 
cycloheptadiene. 

A study of reactions of 1-halocyclohexenes with 
KO-t-Bu in DMSO and THF was completed 
recently in our laboratory.’ This study revealed 
that I-halocyclohexenes react with KO-t-Bu by 
three dehydrohalogenation mechanisms: (a) uiu 
cyclohexyne (b) uiu 1,2-cyclohexadiene, and (c) uiu 
prototropic rearrangement to 3-halocyclohexene 
followed by elimination to 1,3-cyclohexadiene; and 
the direction of the reaction is a sensitive function 
of the halide and the solvent. Both strained inter- 
mediates react with KO-t-Bu to give l-k-butoxy- 
cyclohexene. In addition, 1,2-cyclohexadiene 
undergoes cycloaddition with either 1,2- or 1,3- 
cyclohexadiene to give an array of 12-carbon 
hydrocarbons. 
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la: X=Cl 
lb: X=Br 
lc: x = I 
Id: X = 0-t-Bu 
le: X=NC,& 

Reaction of the I-halocycloheptenes with KO-t- 
Bu in DMSO and THF gave mainly 14-carbon 
hydrocarbons together with small amounts of l-t- 
butoxycycloheptene (Id). Traces of 7-carbon hy- 
drocarbons were detected, and these were identi- 
fied tentatively as cycloheptene and 1,3-cycle 
heptadiene by comparison of VPC retention times. 
Products and yields from these reactions are sum- 
marized in Table 1. 

nm assigned to 4,p the spectrum showed an absorp 
tion at 250 nm, 6 = 14,500. The isomer, therefore, 
must be conjugated. Comparison of the WV absorp 
tion of 1-methylene-3-methylcyclobutene (X,,, 
224 run, E = 15.QO8)’ with that of 1,2~me~ylene- 
cyclobutane (A,, 246 MI, E = 11 ,000)8 shows that 
the shift of A, to the blue and the greater extinc- 
tion c&Iicient are consistent with the assignment 
of the methylenecyclobutene structure. This com- 
pound could not be isolated pure because it could 
either not survive the detector conditions or ex- 
posure to air. Roberts and coworkers7a reported 
that ~-me~ylene-~me~y~cyclobutene decomposes 
rapidly in air. 

When tricyclo[7.5.0.0P~Bjtetradeca-2,lCdiene (4) 
was treated with 0.2 equivalents of KO-t-Bu in 
DMSO it rearranged rapidly to give a 30% yield 
of two isomeric compounds fmle 188) in a ratio of 

Table 1. Products and yields from reactions of I-h~yct~eptenes with KO-t-Bu” 

Yields, % 

Halocycloheptene Solvent ‘Ee’ Id m m m ResidueD 

4 5 6 

:., THF THF : : 54 
z 

16 - - 35 
lc THF 2 5 IO 47 
18 DMSO I 0.3 47 - 21 10 
lc DMSO 1 trace 43 - - 29 

*All reactions were performed under nitrogen at 65” with 2-2 equiv of KO-t-Bu in THF and 
1. I equiv of KO-t-Bu : t-BuOH complex in DMSO. 

bResidue yield was based on complete dehydrohabgenation. 

The structure of 1 -t-butoxycycloheptene (la) 
was established by its spectral properties, its acid 
hydrolysis to cycloheptanoneP and its elemental 
analysis. The structure of the principal dimeric 
product, t~cyclor7.5.O.O**~te~de~-2,l~iene 
(4), was determined by Ball and Landor* and con- 
firmed by Wittig and Meske-Schiiller,s and its 
stereochemistry was established as trans by 
Criegee and Reinhardt.6 The structural assignment 
of ~cycio~.S.O.O**~te~de~-2(8),l~~ene (5) 
was based on ex~ination of spectra of mixtures of 
it and 4, which were obtained as distillation frac- 
tions from the reaction of I-bromo- or 1 -iodocyclo- 
heptene with KO-t-Bu in THF. VPC analysis 
established that there were two compounds in 
these fractions in the ratio of ca 2 : 1, and the main 
compound was 4. The mass spectrum showed only 
peaks up to a parent ion of mle 188, and the NMR 
spectrum showed a vinyl-to-alkyl-proton ratio of 
1: 12. The latter suggested the presence of an 
isomer with only one vinyl hydrogen. The UV 
spectrum provided the best evidence for the posi- 
tion of the double bonds in the second substance. 
In addition to those absorptions at A 269 and 259 

> 2: 1. Only a trace amount of the starting diene 
remained unchanged. The NMR spectrum of the 
marranged mixture indicated a vinyl:alkyl proton 
ratio of 3: 17. By analogy with the behavior of tri- 
cyclo[6.4.~.0z.~d~e~-2,12-~ene when treated 
with KO-t-Bu in DMSO,’ the rearranged products 
are assigned diastereomeric tricyclo[7.S.0.02*Bj- 
tetradeca-2,13diene (6) structures. 

4 

6 

The reaction of I-chlorocycloheptene (la) with 
KO-t-Bu in THF gave a small amount (3%) of l-t- 
bu~xyclclo~pte~ [la) and a good yield (54%) 
of pure 4. When the reaction of the chloride was 
carried out in DMSO, a 0.3% yield of Id was ob- 
tained together with a 68% yield of dimeric material. 
The dimeric material was a 70: 30 mixture of the 
tricyclo~.S.0.0z*B]tetradeca-2,14diene (4) and its 
2,13-diene (6) isomer. When 1 -iodocycloheptene 
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was treated with KO-t-Bu in the same solvent, only 
a trace (< 0.1%) of substitution product was ob- 
tained together with a 43% yield of pure 4. The 
fact that the iodide in DMSO gave pure 4 whereas 
the chloride gave 30% rearranged 2,13-diene (6) 
together with the 2,14diene (4) indicated that 
KO-t-Bu must react with the iodide much more 
readily than with 4 so that all the base is consumed 
before it can effect r earrangement of 4. Also, the 
reactivity of KO-t-Bu with the chloride must be 
only slightly greater than with the initially formed 
dimer 4. 

By analogy with the behavior of the I -halocyclo- 
hexenes, it appears that the most important initial 
reaction with KO-t-Bu of the 1 -halocycloheptenes 
in DMSO and I-chiorocycloheptene in THF is 
dehy~~ogenation to 1 ,Zcycloheptadiene (3). 
The strained cyclic allene then dimerizes to give 4 
or, at a slower rate, reacts with KO-t-Bu to give 
1 -t-butoxycycloheptene (la). 

KO-t-Bu because the concentration of these highly 
strained intermediates must be very low throughout 
the reaction. 

Low yields of I-t-butoxycycloheptene were 
obtained from ah reactions of the I-halocyclo- 
heptenes with KO-t-Bu. Yields were slightly 
greater in THF, and this appears to parallel the 
increase in importance of the cycloheptyne mech- 
anism. Significantly, Caubere and Brunete found 
that 1-~hlo~cyciohexene gives a larger mount of 
substitution product tie cyclohexyne when treated 
with an alkali metal amide than when treated with 
KO-t-Bu in tetrahydrofuran (THF). 

Reactions of 1 -chloro- and I-iodocycloheptene 
with NaNCIHe in THF were carried out to see if 
yields of substitution products would be increased 
over those obtained with KO-t-Bu. The results 
are s~rn~ed in Table 2. 

Table 2. Products and yields from reactions of l-halo- 
cycioheptenes with NaNC,H8 in THF” 

Mll0- 
- Id+ t-BuO- 
1 muOH 

l r-Butt- l 

-x-.tboH 0 I ‘1 - 

3 134 
The reactions of 1-bromo- and l-iodocyclohep- 

tene with KO-t-Bu in THF are of particular inter- 
est because they gave evidence of cycloheptyne 
involvement. The reaction of the iodide gave a 5% 
yield of I-t-butoxycycloheptene together with a 
33% yield of dimeric material that consisted of 70% 
4 and 30% tricyclo[7.S.0.0z~8]tetradeca-2(8), 
Wdiene (5). The bromide gave a lower yield (3%) 
of ether and a higher yield of dimeric product, but 
the composition of the dimeric fraction was much 
the same. 

As 5 does not appear as a product from the base- 
induced isomerization of 4, it must be formed by 
another mechanism. An attractive alternative is 
1 ,Zcycloaddition of 1 ,Zcycioheptadiene and 
cycloheptyne. 

2 3 5 

Change of solvent from DMSO to THF results 
in a greater amount of cyclohexyne formation in 
reactions of the I-halocyclohexenes with KO-t-Bu, 
and it appears that this solvent change has similar 
consequences with the 1-halocycloheptenes. As 
with the reaction of two molecules of l,Zcyclo- 
heptadiene (3) that forms 4, the reaction of the 1,2- 
diene with cycloheptyne must have a much huger 
rate constant than that for the reaction of 3 with 

Yields, % 
Halocycloheptene It 4 5 6 Residue* 

:s E f z 2. ii 
OReactions were gerformed with 2.2 equiv of NaNC4Hs 

under nitrogen at 65 . 
*Residue yield was based on complete dehydrohalogena- 

tion. 

Comparison of Tables 1 and 2 shows that use of 
NaNC,H, in place of KO-t-Bu results in significant 
increases in yield of substitution product and sub- 
stantial reductions in yield of l4-carbon hydro- 
carbons. Interestingly, the major dimer obtained 
is that formed apparently by dimerization of 1,2- 
~y~lohep~~ene. With NaNCJH,, I-iodocyclo- 
heptene gave a small amount of the 1 .ZcycIohepta- 
diene-cycioheptyne addition product 5, and l- 
chlorocydoheptene gave a low yield of 6, the re- 
arrangement product from 4. 

fn an attempt to determine the relative import- 
ance of the 1,2-cy&heptadiene and cycloheptyne 
pathways in the su~titution reaction of la with 
NaNC+H,, we prepared I-c~orocyclohepte~- 
1-W and converted it to l-(I-pyrrolidino)-cyclo- 
heptene-x-W (le~-~Ic). By analogy with the be- 
havior of the ii-membered ring homologs, cyclo- 
heptyne-1-W can be expected to give equal 
amounts of le-1-W and 1*2-W, whereas 1,2- 
cyclo~p~ne-2-‘~ can be expected to give only 
Ii?- 1-W. 

Acid hydrolysis of le-X-V gave cycloheptanone- 
X-W, which was subjected to the conditions used 
by Roberts et al1° to degrade cyclohexanone to 
1,5diaminopentane and carbon dioxide. The pro- 
cedure gave poor (< 10%) yields of Wdiamino- 
hexane and carbon dioxide. U~xpi~~ly, the 
carbon dioxide, which should be formed from C, of 
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\* 0 NaNC,H. 
1 - lrl-“C 

le-x-‘T, had a specific activity equal to only 5- 
10% that of the cycloheptanone-x-‘4C. However, 
the specific activity of the diamine, which shoufd 
contain C,-C, of le-x-“Cc, was 35 + 2% that of the 
cycloheptanone-x-l%. Although this latter result 
indicated that 70+4% of the radioactive le was 
formed via cycfoheptyne and 30 _+ 4% was formed 
oia 1,2-cycfoheptadiene, the poor material bafance 
of radioactivity cast serious doubt on its reliability. 

As a further effort to determine the relative im- 
portance of the two elimination-addition mechan- 
isms in the conversion of I-chforocycfoheptene to 
l-( I-pyrrofidino)-cycloheptene, we prepared 4- 
chforobicycfo[5.1 .O]octanone (7a) from Cbicyclo- 
[5.f.O]octanone and treated it with NaNGH,, in 
THF. Note that if 78 reacts in the same manner as 
its 6-membered ring analogs, the corresponding 
cycfoheptyne will give equal amounts of 3- and 
4-( 1 -py~olidino)bi~ycfo[5.1 .O]oct-3-ene, whereas 
the corresponding cyclic affene will give only the 
fatter substitution product. 

d tx 
w 

7a: X = Cf 7bz x=1 

The mixture of pyrrofidinobicyclo[5.1 .O]oct- 
3-enes obtained from 7a was converted to the cor- 
responding mixture of ketones by acid hydrolysis. 
Anafysis by vpc showed that the ketone mixture 
consisted of 66% 4-bicycfo[5. I .O]octanone and 
34% 3-bicycfo[5.1 .O]octanone, which confirmed 
the result obtained with la-f -rC. 

We also prepared 4-iodobicycfo[5.1 .O]oct-3-ene 
(7b) and investigated its reaction with NaNC4H8 
in THF. Acid hydrolysis of the resulting pyrrofi- 
dinobicyclof5.1 .O]oct-3-enes gave a 65 : 35 mixture 
of 4- and 3-bicycfo[5.l.O]octanones. Tfms, as with 
the chforocycloheptenes, 70% of the substitution 
reaction of the iodocycloheptene 7a with NaNCaHn 
in THF occurs via the cycloheptyne, and the re- 
mainder occurs uia the 1 ,2-cycloheptadiene. 

In summary, reactions of I-frafocycloheptenes 
with KO-t-Bu are similar to those of the l-hafo- 
cycfohexenes’ in that they appear to take place 
mainly by initial dehydrohafogenation to the cor- 
responding cycfoafkyne and 1 ,Zcycfoafkadiene. 
Compared with their 6-membered ring homofogs, 
these intermediates yield relatively little substitu- 
tion product, i.e., I-t-butoxycycfoafkene. 1,2- 

Cycfoheptadiene dimerfzes to tricyc10~7.5.0.0*~‘9 
tetradeca-2,f4-diene (4) and reacts witfi cyclo- 
heptyne to yield 5, the 2(8), 14diene isomer of 4. 
In addition, 4 is remnged under the reaction con- 
ditions to 6, the 2,13-isomer of 4. Reactions similar 
to those leading to 4 and 6 also take place on reac- 
tion of the I-hafocycfoftexenes; however, the 
homolog of 5 was not observed, presumably be- 
cause of its lesser stability. Unlike the l-hafo- 
cycfohexenes with KO-t-Bu, ~cul~y in DMSO, 
the I-hafocycloheptenes undergo very little proto- 
tropic rearrangement to the corresponding 3-hafo- 
cycloafkene and subsequent dehydrohafogenation 
to the 1,3-cy~I~k~iene. Reactions of l-chloro- 
and I-iodocycloheptenes with NaNCIHs in THF 
give somewhat better yields of substitution product, 
and cycloheptyne and 1,2-cycfoheptadiene are both 
impost inte~e~ates in these reaction. 

EXPERIMENTAL 

SubI~~ KO-t-Bu was obtained from MSA Research 
Corp. and resubliied before use. Ail DMSO used had 
been passed throuah a cofumn of basic alumina, activity 
grade-one, and di&lled from 3 A molecular sieves at r& 
duced pressure. THF was distilled from LAH before 
use. Ai the l-halocydoheptenes decompose slowly on 
standing, they were redistilled at reduced pressure 
immediately before use. 

Temps are uncorrected. IR spectra were obtained with 
either a Beckman IR-8 or Perkin Eimer 237B spectro- 
photometer. NMR spectra were obtained at 60 MHz with 
a Varian Associates A6OA spectrometeror 100 MHz with 
a Jeclco Minimar. Unless noted otherwise, spectra were 
taken of l&20% solns in Ccl,. and resonance frequen- 
cies in NMR spectra were determined relative to internal 
TMS. UV spectra were obtained with a Cary Model 14 
recording spectrophotometer. Mass spectra were deter- 
mined with a Cons~i~ted E~~~~yn~ics Corp. Type 
21- 104 mass spectrometer; an ionizing voltage of 70 eV 
was used. Gas chromatograms were obtained with an 
Aerograph Model 600-D, an Aerogtaph Model A-700, a 
Varian-Aerograph Model 90-P, or an F. and M. Model 
810. ‘Cc assays were made using a Nuclear-Chicago Corp. 
Model GWI ‘4c alassware svstem and an Aodied Phvsics 
Corp. Gary 3 1 ribrating rekd electromete;.‘Sample~ for 
radioassay were weighed with a Cabn Electrobalanoe 
Model M-$0. Elemental analyses were carried out by 
the Microanalytical Laboratory, University of California, 
Berkeley, or Chemalytics, Inc. Tempe, Arizona. 

I-Bromocycluheptene. To a vigorously stirred suspen- 
sion of 7-638 {I’ I mole) of Li wire in 1 1. of ether under 
Nz was added dropwise 65-28 (0*55mole) of I-chioro- 
cycloheptene.2 The mixture was stirred overnight. cooled 
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with a dry ice-acetone bath, and 66 g (0.825 mole) Brt in 
200ml pentane was added dropwise. The mixture was 
allowed to come slowly to room temp, and 125 ml water 
was added dropwise to destroy the unreacted Li. The 
mixture was added to 300 ml water, and the phases were 
separated. The aqueous phase was extracted with ether 
(2X lOOmI), and the organic solns were combined, 
washed successively with sat sodium thiosulfate soln 
(2 X 250 ml) and water (2 X 200 ml), dried, and distilled to 
give 45 g (60%) I-bromocycloheptene: b.p. 80-81” (20 
mm); n”D 1.5151 [lit.3 b.p. ?6-77”(20mm):n”D 1.51501; 
IR 1675 cm-* (C=C): NMR 6 6.17 (1. 1, J = 6Hz. 
Cfl=CBr), 2.6j(m, 2,.&BrCI-J,), 2-l (A, 2, CI-I,CH=) 
and 1.65ppm (m, 6, -CH,[CH,]&H,-); ms, m/e (rel 
intensity) 176( 12), 174( 12), 96(S), 95(100), 79(10), 77(g), 
67(27), 66(7), 65(10), 55(17), 54(15), 53(31), 52(6), 
51(11),41(25),39(29). 

I-lodocycloheprene. As described for the preparation 
of I-bromocycloheptene, I-lithiocycloheptene was pre- 
pared from 1.42g (0.24 mole) of Li wire and 13.3 g (0.103 
mole) freshly distilled I-chlorocycloheptene. It (29 g, 
0-I 14mole) in 60ml THF was added dropwise, and the 
mixture was allowed to come slowly to room temp. 
Work-up similar to that described for the preparation of 
I -bromocycloheptene gave 9.7 g (42%) I Godocycloheg 
tene: b.p. 79-80” (7 mm), n=D 1.5611; IR 1625 cm-’ 
(C=C); NMR 8 6.45 (t, 1, J = 7 Hz, CI-J=CI), 2.75 
(m, 2, =CIC&), 2.1 (m, 2, C&CH=), and 1.65ppm 
(m. 6. -CH&CHI,I&HZ-); ms, m/e (rel intensity) 
222(55), 128(4). 127(16), %(8), 95(100), 93(7). 79(10), 
77(12), 67(47), 66(11), 65(12), 55(36), 54(7), 53(35). 
52(g), 51(14), 41(47), 40(7), 39(39). (Found: C, 37.82; 
H, 4.72; 1, 56.98. C,HJ requires: C, 37.86: H, 4.99; 
I, 57.15.) 

4-Chlorobicyclo[S.l.O]ocr-3-ene (7a). A soln of 19*8g 
(O-159 mole) bicyclo[S. 1 .Ojoctan-Gone” dissolved in 50 
ml ether was added dropwise to a stirred slurry of 66.5 g 
(O-318 mole) PCI, in 300 ml ether. When the addition was 
complete, the mixture was heated under reflux for 5 hr. 
cooled, and added cautiously to 5OOg crushed ice. The 
phases were separated, and the aqueous phase was ex- 
tracted with ether. The ether solns were combined, 
washed successively with sat. NaHCO, aq (2 X 200 ml) 
and sat NaCl au (2 X 200 ml), dried (MRSOJ, and dis- 
tilled lo give 16.2 g (72%) 4-&orobicycjo[j. 1 .d]&t-3ene: 
b.p. IOO-103”(35 mm); n”D 1.5071; IR 1640 cm-‘(C=C); 
NMR 8 5.88 (m, 1, C=CIj), 26-0.02ppm (multiplets, 
* 100 lines, IO); ms (in part). m/e (rel intensity) 144(8), 
142(25). 114(21), 113(19), 107(71), 101(38), 91(59), 
88(24), 80(14), 79(100), 78(23), 77(49), 67(50), 65(82), 
54(96). 53(5 I), 52(23), 5 1(54), 50(29). (Found: .C, 67.46; 
H. 7.78: Cl. 25.08. CJ-lH,,C1 reuuires: C. 67.37: H. 7.77: 
Ci, 24.8651). ” . . - 

4-hfobicyc/o[S. l.O]oct-3-ene (7b). A procedure simi- 
lar to that used to prepare I-iodocycloheptene was used. 
From IO.08 (0.070mole) 7a, 097g (0.14mole) Li. and 
17.8 g (0.070 mole) It was obtained 3*4g (20%) Ciodobi- 
cyclo[5.1.0]oct-3cne: b.p. 109-lll”(12 mm); nUD 1.5817; 
IR 1618 cm-’ (C=C); 6 6.20 (m. 1, C=CH_), 2.80 (m, 2, 
=CI-CI&-_). 244-0.52 (mukiplets. 6. C&- 
I I 

CH-Cu-CH_& O-17-O.Oppm (m, 2, cyclopropane 
C&); ms, m/e (rel intensity) 235(3), 234(30), 127(21), 
107(84), 105(11), 92(12). 91(53), 79(100), 78(16), 77(32), 
67(26). 66(30), 65(24), 54(15), 53(67), 52(16), 51(30), 
50(19). (Found: C41.23; H, 4.58; I, 54.12. C,,H,,I re- 
quires: C, 41.05; H, 4.74; I, 54.21%). Also obtained were 

0.87 g (12%) bicyclo[5.1 .O]oct-3-ene, b.p. 6~6-673 identi- 
cal with an authentic sample,” and l-3 g (13%) of recov- 
ered la. b.p. 75-79” (12 mm). 

Reactions ofhobcyclohepplenes with KO-t-Bu 
(A) In TfiF. The follow&g is representative. To a stirred 

soln of 18-9~ (0.168 mole) KO-t-Bu in lOOmI THF at 
65” under N; was added-dropwise lO.Og (O+l766mole) 
I-chlorocycloheptene. After 2 hr, the mixture was cooled 
and quenched with 30 ml sat K&O, aq. The mixture was 
poured into 200 ml water and extracted with ether (3 x 
lOOmI). The ether extract was washed with K&O, aq 
(2 X 100 ml). dried (K&O& and distilled to give two frac- 
tions. The first fraction was 0.35g (2.7%) of l-t-butoxy- 
cycloheptene: b.p. 80-84” (14 mm); n% 14684; IR 1650 
(C=C) and Il40-I 170 cm-’ (C-O--C); NMR 8 5-O 
(t, I, J = 7 Hz, CH_=COR), 2*45-1.85 (I$ 4, --C&C= 
CC&). 1.8-1.45 (m. 6, -CH,[C&l,CH,-) and 1.22 
PPm (s, 9, -C[CH&; ms. m/e (rel intensity) 168(2-5), 
113(8). 112(94), I 1 l(8), 97(50). 95(20), 94(19), 84(64), 
83(541. 81(S). 79(11). 77(61. 70(281. 69121). 68(31). 
67if4j; 59ciOj. 58i2fj, 57i6j), 58(30), ssisij, 54iioj; 
53(2o). 51(g), 43(28). 42(22), 41(100), 40(11), 39(56). 
(Found: C, 78.68; H, 11.88. C,,H,,O requires: C. 78;51; 
H, 11.98%). The second fraction was 3+9g (54%) 4: 
b.p. 123-137” (4 mm) [lit. p.J b.p. 95” (0.5mm)l; m.p. ca 
- 20”. UV (2,2&trimethylpentane), A 269(sh). A,,, 259 
(E = 10,500), and A 251 nm (sh); IR 1630cm-’ (C=C); 
NMR. 6 5.63 (t. m. 1, J = 5 Hz, RCI-J=CR’R”), 2.55- 
I.05 ppm (m, 9, other H); ms (in part). m/e (rel intensity) 
ISS(ii). 188(68). 92(s), 91(1&J). Yields.of prod&s 
from this and other reactions are summarized in Table I. 

(B) In DMSO. The following is representative. To a 
stirred soln of 9.49g (0.0845 mole) of KO-t-Bu and 6.25 g 
(0@845 mole) of t-B;OH in 100 ml of DMSO al 65”undei 
NP was added dropwise 10.0~ (0.0768mole) I-chlorc+ 
cycloheptene. After 1 hr. when QPC analysis (5 ft SE 
30. 1504 of an aliquot indicated that the reaction was 
complete, the mixture was cooled and poured into 400 ml 
water, and the mixture that resulted was extracted con- 
tinuously overnight with 200 ml of ether. The ether extract 
was washed with saturated potassium carbonate solution 
(2 X IOOml). dried (K,CO,), and distilled to give two frac- 
tions. The first fraction. b.p. 77-84” (9 mm), weighed 
0.21 g and consisted of 46% t-BuOH, 14% l-t-butoxy- 
cycloheptene. and 40% dimeric material as determined 
by VPC and NMR analysis. The second fraction, b.p. 
118-123” (4mm). weighed 4.79g. VPC analysis (5 ft 
SE 20, 1253 indicated that the fraction was 70% 4 and 
30% of two other products in a ratio of 2 : 1. The NMR 
consisted of 8 6.c5.4 (m. 1, vinyl HJ and 2.8-l.Oppm 
(m, 7.9, other I-J), which, together with the other data, 
indicated that the by-products were isomers of the dieoe 
and contained 3 vinyl hydrogens per molecule. Yields 
from this and other reactions are summarized in Table 1. 

Reaction of r~icyc/o[7.5.0.0g~B]retradeca-2,1ediene( 
with KO-t-Bu in DMSO. To a stirred soln of 0.116 g ( I.04 
mmoles) KO-t-Bu in 20 ml DMSO at 65” under N, was 
added dropwise l*Og (5032mmoIes) of 4. The mixture 
darkened &mediately, and VPC &dysis (5ft SE 30, 
1259 aBer 1.25 hr and 2.5 hr showed two new products in 
the ratio of ca 2 : I ; only a small amount. of ihe sting 
diene remained. Approximately O-5 g of KO-t-Bu in 2 ml 
of DMSO was added after 3 hr. This caused no further 
change in the product mix. The reaction was cooled, pour- 
ed into 75ml water. and the mixture that resulted was 
extracted continuously with ether overnight. The ether 
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extract was washed with water (2 X 50 ml), dried (MgSOI), 
and distilled to give a 0.3@g fraction (30%): b.p. 1 l&12@ 

(9%) of barium carbonate and 75mg (7%) 1,6diamin@ 
hexane dibenzenesulfonamide-x-“C: m.p. 151-153” 

(3 mm): IR 1670 cm-’ (C=C): NMR 6 5.63 (m, 3. vinyl 
a) and 2-9-1.0 (m, 17, othe; II); ms (in par& m/e (&I 

(ethanol-water) (lit.zo m.p. 1543. ‘C-Assays of cycle- 
heptanone-x-‘C (as the semicarbazone) and its dcgrada- 

intensity) 189(7.2), 188(47), 92(46), 91(100). The residue tion products were made by the method of N eville. * f The 
weighed 0.4 g. results are summarized in Table 3. 

Reacrions of 1 -halocycloheptenes with NaNC,HB. The 
following is representative. To a slurry of &amide pre- 
pared from 4.4017 (0.192mole) Na and lOOmI liquid 
&monia under N< was added i2-Og (0.168 mole) of pyr- 
rolidine ffreshlv distilled from NaOH). THF (lOOmI) 
was addeb, and-the mixture was allowed to warm io room 
temp, then heated under reflux for 1 hr. To the stirred mix- 
ture at reflux was added dropwise lO*Og (0.0766 mole) 
I-chlorocycloheptene. The reaction was very exothermic. 
After 1 hr. the mixture was cooled and filtered under N, 
in a dry box. The ppt was washed with ether, and the 
organic solns were combined and distilled to give two 
fractions. The first fraction weighed 3-53 g (28%rand was 
le: b.o. IOS-108” (7 mm). nYD 1.5226 nit.13 b.v. 100-102” 
(5 m&, nfsD 1.51951; IR’1630cm-’ (C&C); N’MR (C&) 
8 4.68 (1. 1. J = 7 Hz, CB=CNR,), 2.9 (m, 4 -C&- 
N(R)C&), 2.33 (m, 4 C&C=CCJ&), and 1.9-1.4 (m, 
10, other 8); ms, m/e (rel intensity) 165(49). 150(57), 
136(100), 95(24), 70(36). The second fraction. b.p. 87-94” 
(O-5 mm), weighed 0.61 g (I 1%). and NM1 and VPC 
analysis indicated that it consisted of 70% 4 and 30% of 
the isomeric 2,13dienes. The residue weighed l-43 g 
(22% based on comnlete dehvdrohaloaenation). Yields 
of products from reactions of i-chlore-and I-i&locycl& 
heptene with NaNC,Hs are given in Table 2. 

Treatment of 7.85g (O-055 mole) of 7a and 3.3 g (0.014 
mole) of 7b with NaNC,H, in THF gave, respectively, 
0.9lg (10%) and 0*25g (12%) of mixed 3- and C(l-pyr- 
rolidino)bicvclo[S. 1 .Oloct-3-enes: b.p. 56-68” (0. I5 mm): 
IR 1618 cm-l (&Cj; NMR (C,H,$ (in part), 8 4.0 (m, 
C=CH of Cisomer), 3*8ppm (broad s, C=CH of 3- 
isomer). The mixtures, which were contaminated with 
the corresponding bicyclo[S. 1 .O]octanones, were anal- 
yzed as described below. 

l-ChorocvcloheDlene-1°C. By use of the procedure of 
Gilman and Blat+ for the pr&aration of &&icyano 
comoounds. 61.2 P (0.942 mole) KCN -‘C (0.5 mclmole. 

I 

ob&ed from New England ‘Nuclear Co& was con- 
verted to 36.8 g (69%) of “C-labelled 1,6-dicyanohexane: 
b.p. 116-120” (0*5mm), n&D 14416 [lit.lJ b.p. 128” (0.8 
mm), n% 144371. The procedure used by Allinger et alIE 
for the preparation of cis-bicyclo[5.2.0]nonan-4-one was 
modified appropriately to convert 7.0 g (0.05 1 mole) of the 
labelled dicyanide to 4.81 g (84%) of cyclohepfanone- 
I-*‘c, and the procedure of Mousseron and Jacquier’*” 
was used to prepare 23.37 R I-chlorocvcloheptene-I-L’C 
(sp act O-08 &&ole) in 67% yield f&m 29:85 g cyclo- 
heptanone-l-l<=. The final product had b.p. 68-70” (30 
mm), n*‘D 14852 @it.’ b.p. 52-53” (11 mm)]. 

Degradation of l-( l-pyrrolidino)cycloheprene-X-W. A 
soln premed from 2.8 R (O-0170 mole) l-( I-pyrrolidinot 
cycldheptene-x-“‘C, b.i iO5-107” (5_mm), i+D 1.5226. 
and 20 ml of ether was shaken vigorously with three IO-ml 
portions O-2 N HCI. dried (MgSO,), and distilled to give 
148 g (78%) cycloheptanone-x-“CC, b.p. 82-84” (30 mm); 
II”D I-4590 flit.” b.p. It?@, n”D 14604); semicarbazone, 
m.p. 163-164” (ht.lB m.p. 163”). Cycloheptanone-x-“C 
was degraded using the method described by Roberts el 
al lo for the degradation of cyclohexanone to 1.5~di- 
aminohexane and au-bon dioxide; details are given by 
Frost.‘@ From 1 *O g labelled ketone was obtained 50.5 mg 

Table 3. W distribution data for l-( 1 -Pyrrolidino)cyclo- 
heptene-X-IT from I-chlorocycloheptene-f-“Ca 

Compound 

Specific 
Activity, 

wt, Activity, X l[rmv 

mg mv set-a set-‘mole-’ 

Cycloheptanone 
semicarbazone 

5970 1.343 
s-663 1.296 ;:: 
5.402 1.215 3.80 

averaee ( 10%) 3.82 ? O-03 
- 1,6-Diaminohexane 4.708 Ci.l58j I.34 

dibenzenesulfonamide 4.630 0.1560 I-37 
4.753 O-1600 1.34 
average(35&2%) l-35*0-01 

“All barium carbonate determinations were between 5 
and 10%. 

Analysis of mixrures of 3- and 4-bicycfot5. I.O]octan- 
ones. Mixtures containing 24-49% 3-bicycloI5.1.OE 
octanone” and Sl-76% 4_bcyclo[5. I.O]oc&o& we; 
prepared, taken up in ether, and analyzed by VPC using 
a 500&X 0.03in. stainless steel column (Carbowax 
20 M). A IOO-pl aliquot of the product mixture from the 
reaction of 7a with NaNC& was taken up in a small 
amount of ether and treated with 1.5 N HCl. Comparison 
of the chromatogmrns with those of the standards showed 
that the ketone mixture was 35% 3-bicyclo[S.I.O]oc- 
tanone and 65% 4-bicyclo[S. I.O]octanone. The product 
mixture from 7b and NaNC& was treated and analyzed 
in the same way; the hydrolyzate was a 34: 66 mixture of 
3- and 4-bicyclo[5.1 .O]octanone. 
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