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ratio of 25/24 was 17/83 after 15 min; the ratio did not change
after an additional 40 min at' ~100 °C. An additional 1.1 equiv of
n-butyllithium was added. After 15 min the above ratio was 75/16;
compound 26 was also detected. The mixture was continually
stirred at —100 °C; examination of aliquots showed that the
amount of 24 decreased while the amount of butylated products
(26 and 27) increased. The mixture was quenched with water after
a total of 4 h after the second addition of n-C4HgLi. The mixture
of products obtained contained phenylpropionitrile (25, 62%), «-
butyl-3-phenylpropionitrile (26, 19%), «-butyl-8-(p-butylphen-
yl)propionitrile (27, 13%), and an unidentified product. Products
were collected by preparative GLC.

a-Butyl-S-phenylpropionitrile (26): NMR (CDCl3) 6 0.9 (t, 3,
aliphatic H), 1.55 (m, 6, aliphatic H), 2.9 (m, 3, aliphatic H), 7.3
(m, 5, aromatic H).

Anal. Caled for Ci3Hy7N: C, 83.37, H, 9.15; N, 7.48. Found: C,
83.55; H, 9.05; N, 7.55.

a-Butyl-3-(p-butylphenyl)propionitrile (27): NMR (CDCls)
6 0.70-1.9 (m, 16, aliphatic H), 2.2 (m, 2, CHy), 2.85 (m, 3, aliphatic
H), 7.2 (m, 4, aromatic H).

Anal. Caled for Ci7HgsN: C, 83.89; H, 10.35. Found: C, 83.79; H,
10.60.

p-lodobenzylInitrile (28). Examination®* of an aliquot,
quenched with water taken after 15 min from reaction of 2827 with
1 equiv of n-C4HgLi at —100 °C, showed the ratio of benzylnitrile
to starting material (28) to be 80/20; starting material immediately
disappeared upon addition of an additional 0.5 equiv of n-CsHgLi.
Attempts to trap the anionic products from the reaction mixture
with cyclohexanone gave a multicomponent mixture (GLC) which
was not resolved.

Registry No.—1, 6952-59-6; 2, 100-47-0; 3, 57775-02-7; 4, 6136-
62-5; 5, 623-00-7; 6, 57808-43-2; 7, 1503-49-7; 8, 2042-37-7; 9,
57775-03-8; 10, 28873-85-0; 11, 57775-04-9; 12, 34446-14-5; 15,
1009-14-9; 16, 57775-05-0; 17a, 19472-74.3; 17b, 31938-07,5; 17¢,
16532-79-9; 20, 57775-06-1; 23, 57775-07-2; 24, 57775-08-3; 26,
54321-42-5; 27, 57775-09-4; 28, 51628-12-7; n-butyllithium, 109-
72-8; benzophenone, 119-61-9; methyl benzoate, 93-58-3; cyclo-
hexanone, 108-94-1; methyl acrylate, 96-33-3; phenyl isocyanate,
103-71-9; phenylacetonitrile, 140-29-4; n-butyl bromide, 109-65-9;
a-butylphenylacetonitrile, 3508-98-3; «,«-dibutylphenylacetoni-
trile, 3508-99-4; 2-(o-bromophenyl)propionitrile, 57775-10-7; 8-
(p-bromophenyl)propionamide, 57775-11-8; 3-(p-bromophen-
yl)propionic acid, 1643-30-7.
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The Grignard reagent (12) from 2-bromobicyclo[3.2.0]heptane undergdes a ring cleavage rearrangement to cy-
clopentenylethyl (13) and cycloheptenyl (14) Grignard reagents. Grignard 14 is slowly converted to 13. The rate of
rearrangement of 12 is thought to be somewhat retarded by geometric restrictions introduced by the bicyclic skel-
eton. The facility of the rearrangement of 12 — 14 may indicate that the preferred transition state for rearrange-
ment is nonplanar. Rearrangement of the Grignard reagent 25 from 3-chlorotricyclo[5.3.0.0%6]decane occurs in
analogous fashion. Grignard reagents 31 from 2-bromo-6-alkoxybicyclo[3.2.0]heptanes decompose with elimina-
tion of the alkoxy group and ring cleavage to 3-vinyleyclopentene and 1,4-cycloheptadiene.

The rearrangement of appropriate organomagnesium
compounds, either by cleavage of a strained ring or its re-
verse (intramolecular addition to a multiple bond), is well
established (eq 1):2

| /
C—C—MgX ~C=C
[ = . &
—_ /C<Mg X

|

Experimental results have been interpreted as being
most consistent with a synchronous four-center process for
this rearrangement.> In the present paper, we report Gri-
gnard cleavage studies in the bicyclo[3.2.0]heptyl and tricy-
clo[5.8.0.0%6]decyl systems. These studies were undertaken
to probe the effects of geometric constraints imposed on
the transition state by the bicyclic system, and to assess the
influence of a polar substituent, an alkoxy group.

Preparation of Halides. Bicyclo[3.2.0]heptan-2-o0l (1)
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was synthesized as reported by Winstein and Stafford.? Re-
action of the alcohol with thionyl chloride in pyridine
yielded a mixture containing exo-2-chlorobicyclo-
[3.2.0]heptane and 7-chloronorbornane in a ratio of about
1:2. Bromide formation with bromine and triphenylphos-
phine was more successful in producing product without
rearrangement. endo-2-Bromobicyclo[3.2.0Jheptane, exo-
2-bromobicyclo[3.2.0)heptane, and 7-bromonorbornane
were formed in a ratio of 5:2:1, respectively. The mixture
could be resolved by gas chromatography, but was used
without separation for the Grignard studies.

=

2a, X = Br
b, X = (]

O
3

5-Bromocycloheptene (3) was synthesized from the cor-
responding alcohol.® It also contained a small amount
(~10%) of 7-bromonorbornane, undoubtedly produced via
carbonium ion rearrangement in the reaction of the alcohol
with phosphorus tribromide.

The photochemical cycloaddition of cyclopentenone to
methyl or ethyl vinyl ether produced the corresponding 6-
alkoxybicyclo[3.2.0]heptan-2-ones 4, which were converted
to the respective bromides 6 (eq 2). Each of the compounds

0

hv LiAlH,
+ — O —_—
CH, ; §
I

OR
CHOR 4a, R = CH,
b, R = C,H;

Br,
H (CH).P Br
DMF
HO H
OR OR

4-6 was obtained as a mixture of two isomers present in
nearly equal amounts. These are epimers differing in con-
figuration at the alkoxy group, rather than a mixture of 6-
and 7-alkoxy derivatives, since either Wolff-Kishner re-
duction of ketones 4a or 4b or tri-n-butyltin hydride reduc-
tion of 6a led to a mixture of saturated bicyclic ethers,
rather than a single ether product. Hydrolysis of the Gri-
gnard reagent from 6a or 6b, or reduction of 6a with sodi-
um in alcohol, led to a mixture which contained unsatu-
rated components also, as a result of disproportionation
and/or elimination. The epimers of 4-6 were separated on a
small scale for spectroscopic characterization, but most of
the work was done with the mixture. Attempted prepara-
tion of the chloride corresponding to 6b (thionyl chloride~
pyridine) led to a mixture of products, including one lack-
ing the ethoxy group, and was not pursued further.

Tricyclo[5.3.0.02¢]decan-3-one (7), prepared by photocy-
cloaddition of cyclopentenone to cyclopentene,” was re-
duced and converted to the chloride 9 (eq 3).
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Stereochemical Considerations. From the results of
x-ray crystallographic® and electron diffraction® studies, it
appears that there is a pronounced tendency toward twist-
ing or folding of the five-membered ring of the bicyclo-
heptyl and tricyclodecyl systems. Folding of the four-mem-
bered ring is also likely. The precise manner of distortion
from planarity may depend upon substitution and unsatu-
ration present, as well as crystal forces in the x-ray studies.

NMR spectra provide further evidence for nonplanar ge-
ometry, and also for the configuration of substituents. In
the 2-substituted bicyclo[3.2.0heptanes, H-2n generally
appears as a doublet,!® with J5,_3, as the only coupling of
significant magnitude (see 10). In the present work, dou-

7 ¥ 60
1 7x

10

blet absorption was noted for alcohol 1 and halides exo-2a,
6, and 9 (J ~ 3-4 Hz). Small values for Jo,_1 and Ja,_34 are
found also in unsaturated analogues.!! These require a con-
formation in which carbon 2 is rotated in the exo direction
and carbon 3 endo, in order to obtain the implied dihedral
angles of about 90°. With an endo 2 substituent, coupling
of H-2x is more extensive. In the present work, spectra of
alcohols 5 and 8 showed absorption resembling a broad-
ened first order (1-3-3-1) quartet, suggesting coupling to
three hydrogens (1, 3x, 3n) with similar coupling constants
of 7-8 Hz. Similar results have been reported for some
more heavily substituted or unsaturated analogues,!0b11.12
though a different interpretation has also been given.1%2
The configurations of compounds in this study are con-
sistent with chemical expectations, as well as with the
NMR spectra. Thus, reaction of 1 with thionyl chloride
gives largely carbonium ion rearrangement to 7-chloronor-
bornane; most of the product of unrearranged structure ap-
pears to be exo isomer, formed with retention of configura-
tion. Reaction with triphenylphosphine dibromide gives
much less rearrangement, and most of the unrearranged
product is now formed with inversion (endo), as expected
from the greater tendency of this reagent to react by direct
displacement. Reaction of 1 with triphenylphosphine—car-
bon tetrachloride also gives unrearranged endo isomer, but
much more rearrangement.'% In the preparative sequence
of eq 2 and 3, hydride reduction of ketones occurs as ex-
pected from the exo direction to yield endo alcohol. Con-
version to halides without rearrangement was much more
successful, since displacement by halide ion can occur from
the less hindered exo side of the ring, and the C-C bond
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Table I. Rearrangement Rates of Bicyclo[S.Z.O]heptyl and Related Grighard Reagents in Ether

Grignard rearrangement Conen, M Temp, °C 108k, 571 kel (100 °C)
1213 0.16 87.6 4,68 £ 0.09 0.059 &
102.7 29.9 £ 0.7
114.6 104 + 4
0.23 79.6 1.9
91.8 16
106.6 53
0.65 112 ~50 .
12— 14 0.16 87.6 0.45 5% 10°3¢
102.7 2.4
114.6 7.3
14 - 13 0.16 114.6 : ~2 ~10-3
~1 110 ~0.3
, : 125 ~3.5
exo-31b — 32 + 33 0.4 80 ~80 ~2
endo-31la — 32 + 33 0.4 76 >800 >40
25 -+ 26 ~1 110 ~1 ~1073
16a 0.145 66-80 1.68¢
16b 0.06 66-94 (1.00)¢d:e

a Error limits where given are standard deviations from a least-squares correlation. Errors in other rates are probably about +10%, un-

less otherwise indicated as approximate. * AH* = 31.6 + 0.9 kcal/mol; AS? = 4.3 £ 1.5 eu. ¢ AH* =

7.¢ AH* = 31.9 % 0.7 keal/mol, AST =11+ 1 eu.

that would have to be involved in a rearrangement to a nor-
bornyl skeleton is no loriger situated anti to the departing
OH function. In NMR spectra of Grignard reagents pre-
pared in this study, H-2 gave a poorly resolved multiplet,
probably consistent with the anticipatéd mixture of exo
and endo configurations of the magnesium halide function.

The configuration at Cg (or C7) is less satisfactorily es-
tablished on the basis of coupling patterns of H-6n and
H-6x. There are differences in coupling constants apparént
in the spectra of unsaturated and more highly substituted
compounds,3 but the muiltiplets for compounds in eq 2 are
complex and poorly resolved, precludirig any really defini-
tive distinction from coupling patterns. On the other Hand,
there does appear to be a consistent chemical 8hift diffex-
ence, with either a hydrogen or methyl appearing at higher
field when in the endo position.1314 Interestingly, exo and
endo methoxy groups appear to have the same shift. 15 In
the present work, the isomers with endo methoxy or ethoxy
groups had shorter GC retention times. The methoxy de-
rivatives had more easily interpreted spectra.

The conformation of cycloheptenes has been discussed
by a number of workers.}® Although there is some disagree-
ment, it appears that both chair (11a) and boat (11b) forms
may be reasonably accessible energetically. The boat form
may undergo pseudorotation through the apparently high-

o o

er energy twist-boat (11e), but the chair form is more rigid.
NMR spectra of the 5-substituted cycloheptenes prepared
in the present work are of some interest. The Cs proton of
both the alcohol and its acetate appear as well-résolved
multiplets, showmg coupling to two sets of two, protons,
probably those cis and trans at C4 and Cg (apparent J =

3.8, 8.6 Hz in the alcohiol; 4.0, 8.0 Hz in the acetate). How-
ever, the bromide has only an unresolved multiplet of com-
parable width. The difference is probably & consequence of
virtual coupling to other ring hydrogens, rather than a dif-
ference in conformation; a two-proton multiplet (probably
at C4 and Cg), which appears at high field in the alcohol

28 keal/mol, AS* = =10 eu. ¢ Reference

and acetate, is deshielded in the bromide so as to fall with-
in the multiplet of other ring hydrogens. In the Grignard
reagent, the Cs proton is a pentuplet resulting from appar-
enitly equal coupling to four protons (J ~ 5.5 Hz). The dif-
ference could be attributed either to conformational differ-
ence, or to a “deceptively simple” situation. Unfortunately,
the coupling patterns do not allow a cledr choice among
conformations. Examination of models suggests that an
axial C; hydrogen in either the chair or boat conformation
should have one large and one quité small coupling con-
stant, while an equatorial Cs hidrogen in either conforma-
tion should have two rather small coupling constants. -

Preparation and Rearrangement of Grignard Re-
agents. Grignard reagents, prepared in ether or THF solu-
tion from halides 2, 3, 6, and 9, were heated in sealed tubes.
Products of reaction were determined by hydrolysis of the
reagent, followed by their separation with gas chromatogra-
phy. In some instances, NMR spectra of the intact Gri-
gnard reagent provided evidence of the reaction. By analyz-
ing products as a function of time, a measure of the rate of
reaction could be obtained. Kinetics results are listed in
Table I. This table also includes rough rate estimates made
by analysis of only one to three samples of heated Grignard
rather than the minimum of six to eight tubes used for the
better kinetics runs.

The 2-Bicyclo[3.2.0]Theptyl Grignard. Rearrangement
of the unsubstituted 2-bicyclo[3.2.0]heptyl Grignard re-
agent 12 in ether solution was studied at temperatures be-
tween 80 and 115 °C (eq 4). Cleavage to the primary cyclo-

; > : CH,MgX
12 \ Mgx B )

14

pentenylethyl Grignard 13 as the major pathway was indi-
cated by the appearance of a high-field CHsMg triplet in
the NMR spectrum of the heated Grignard. Gas chromato-
graphic analysis of the hydrocarbons formed by hydrolysis
showed that the secondary cycloheptenyl Grignard 14 was
a minor rearrangement product (6.7% at 114.6 °C to 9.6% at
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87.6 °C). At much longer heating times, it appeared that 14
was slowly converted to 13. This was confirmed by inde-
pendent preparation and rearrangement of 14. The conver-
sion of 14 to 13 presumably occurred via cyclization to 12,
although this intermediate did not reach sufficient concen-
tration to allow the detection of any bicyclo[3.2.0}heptane
on hydrolysis. Norbornane, resulting from minor amounts
of 7-bromonorbornane present in both starting bromides,
comprised a constant fraction of the hydrolysis products.
In a previous publication,'” it was pointed out that 2-bi-
cyclo[2.1.1}hexyl Grignard reagents 15 undergo ring cleav-
age reactions considerably more slowly than the monocyclic
analogue 16, despite a somewhat greater relief of ring strain

MgX —> XMgCH2—<j
15
<>—C|H—MgX

CH;
16a, X = Cl
b, X = Br

during cleavage of the bicyclic organomagnesium. The dif-
ference was attributed to the inability of the more rigid bi-
cyclic Grignard to attain optimum transition state geome-
try without energetically costly distortion.

The cleavage reaction of 12 to 13 may be retarded in a
similar fashion. As shown in Table I, 12 rearranges more
slowly than 16b by a factor of 0.059. A correction should be
made to allow for the fact that the bicyclic Grignard has a
cis 2-alkyl substituent on the cyclobutane ring. Since cis-17
cleaves to 18, with a rate about 0.3 that of cyclobutylmeth-

I\I/IgCl
CH,MgCl
218 CH, 7
— + 5
———CH—MgX
CH, CH,
17 18 CH,

19

ylmagnesium chloride,!® a corrected relative rate for the re-
arrangement 12 — 13 would be about 0.2. This decrease in
rate is found despite a probable increase in thermodynamic
driving force for the reaction (by release of ring strain). Un-
fortunately, heat of formation information is not available
for the bicyclo{3.2.0]heptyl ring system, so this conclusion
must be based on estimates of the strain energy.1%

Formation of the minor cycloheptenyl Grignard product
14 in significant amount warrants comment. In terms of
product stability alone, this is anticipated to be the lesser
of the two products, since a secondary Grignard is about
3-5 kcal/mol less stable than a primary one,25-27 and the
strain energies of cyclopentene and cycloheptene are simi-
lar.2! In the simpler cleavage reaction of eq 5, where the
choice is also between formation of primary (18) and secon-
dary (19) Grignards, the primary predominates by a factor
of close to 100. In the absence of additional factors, then, a
comparable ratio of ca. 100:1 might have been expected for
13:14 also. Such an additional factor may indeed exist. The
most obvious model for the previously supported four-cen-
ter transition state?3 is one in which the four atoms in-
volved are arranged in an approximately coplanar and rec-
tangular array:

Hill, Theissen, Cannon, Miller, Guthrie, and Chen

| | N

+
/ N
—C— e =C
(e~ 1 | G
/N AN VAN

Examination of models shows that such a configuration
can be attained for the cleavage to the cyclopentenylethyl
Grignard 13 with minimal bond bending, though probably
some increase in torsional strain. However, the distortion
necessary to pass through such a transition state en route
to 14 should be prohibitive. Yet, the rearrangement path to
secondary Grignard (12 — 14) competes more favorably in
the constrained bicycloheptyl Grignard than in the more
flexible case of 17 — 19. Furthermore, it appears that the
absolute rates of these two rearrangements yielding secon-
dary Grignard are similar.?® We must therefore conclude
that the reaction coordinate leading to 14 more closely re-
sembles the ideal geometry for this reaction than the one
leading to 13, and that the “coplanar rectangular” model is
a poor one for this transition state.

Additional insight into the reaction coordinate may be
drawn by viewing it in the reverse direction—as an intra-
molecular addition. The “coplanar-rectangular” transition
state corresponds to a parallel approach of the C-Mg bond
to one lobe of the C=C = orbital. In an alternative reaction
coordinate, the approach might be in perpendicular fash-
ion:

M ¥ l ‘
C—C\ = /C=\=C\ = R T (|3 M
M 5

R

A similar reaction coordinate has been proposed on other
grounds by Eisch for the addition of triphenylaluminum to
alkynes.?% This reaction path may have the additional vir-
tue of avoiding the unfavorable steric interactions illus-
trated in 20, which are present in any coplanar approach.
In the present instance, we might note that a substituent in
the axial 5 position of a boat cycloheptene (21) is held in a
location over the double bond, probably ideal for a “per-
pendicular” approach to the addition.2%»

R
R/g,&
c—M
/ X
R
" Ve
£ &
o’
VAN
20 21

A reaction coordinate involving this perpendicular ap-
proach would also fit well with the notion of a #-complex
intermediate in the addition. Intramolecular interaction of
the metal of an organometallic with olefinic = electrons has
been demonstrated for organolithium, -aluminum, and
-zinc compounds,39 and #-complex intermediates are wide-
ly considered in additions of organometallics to alkenes or
alkynes.?! Such a mechanism has been suggested for the
Grignard cyclization—cleavage process, though without firm
experimental support.2-*

A possible alternative to the logic above is that the reac-
tion proceeds by two concurrent mechanisms—a coplanar
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four-center cleavage to the cyclopenténylethyl Grignard 13,
and a competing radical cleavage to the cycloheptenyl Gri-
gnard (eq 6). However, additional experiments render this

XMg'—% — xug &
12
@--ng——» @—ng ®

14

—

explanation untenable. Reduction of either 2a or 3 with tri-
n-butyltin hydride in the absence of solvent led to the cor-
responding hydrocarbon as essentially the only product. In
0.02 M hydride solution, reduction of excess 2a gave sizable
amounts of 3-ethyleyclopentene, resulting from partial re-
arrangement of the intermediate radical 22. The absence of
cycloheptene in the product, and of significant amounts of
3-ethyleyclopentene from reduction of 3, indicate that in-
terconversion of radicals 22 and 23 is much slower than re-
arrangement of 22 to 24. Therefore, a radical mechanism
cannot explain the formation of 14.

/% Bu,Sn- % Bu;SnH %
ey —
Br
22
% \ (M

O o=
CH

N CH2 3

23
BuSSn/' Bu,SnH
24
O O
3

The 3-Tricyclo[5.3.0.026]decyl Grignard (25). With
the tricyclic Grignard reagent 25, rearrangement by either
of the two available bond cleavages would produce a secon-
dary Grignard reagent (eq 8). Since cleavage to the (secon-

H,0 Q__O
SO
29

— ClMg
\ 26

3\\ ®
2= 0
30
27

dary) cycloheptene was unexpectedly favorable in rear-
rangement of the bicyclic Grignard 12, it might have been
anticipated to compete even more strongly here. It was
found that 25 does rearrange slowly, but that hydrolysis
yielded only the hydrocarbons 28 and 29, corresponding to
unrearranged and the rearranged Grignard 26, respectively.
There was no evidence for the presence of 30, so cleavage to
27 must be unimportant. Examination of models suggests

ClMg

25

ngO

28
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that the rigidity imposed by the additional fused ring may
destabilize 27 relative to 26. The conformation with a chair
cycloheptene should be badly strained—the dihedral angle
between bonds in the cyclopentane ring would have to be
nearly 90°—and interconversion between boat conforma-
tions should also be quite hindered. It may be that the
added strain is severe enough to decrease the rate of cleav-
age by this pathway to a very small value. Alternatively, re-
cyclization of 27 to 25 may occur rapidly enough that the
concentration of the former never reaches a significant
level.

The 6-Alkoxybicyclo[3.2.0]Thept-2-y]l Grignard Re-
agents. A study of the alkoxy-substituted Grignard re-
agents 31 was initiated to investigate the possibility of con-
certed fragmentation processes, in which breaking of the
Ce—alkoxy bond occurs in the same step as Co—Mg cleavage.

y%*@

BrMg
(9
H;0
OR
3la, R = CH,

OR
34

Such processes would have as driving force the conversion
of a magnesium alkyl to a magnesium alkoxide. Examina-
tion of models suggests that in the transition states 35 and
36 for a concerted fragmentation, twisting and puckering of
the rings allows the cleaving bonds to approach an elec-
tronically favorable anti-coplanar orientation about each of
the forming double bonds (though all three bonds undergo-
ing cleavage cannot be mutually coplanar). Similarly in 37,
the two eliminations are syn and anti copolanar. Coordina-
tion between the departing magnesium and alkoxy func-
tions would provide further assistance to cleavage, as
shown in 38. However, close approach of the ether oxygen
to the magnesium requires twisting away from an anti-co-
planar orientation. In transition state 39, both eliminations
would be anti, but the product would be trans,trans-1,4-
cycloheptadiene. It is important to note that 35-38 are all
specific to elimination of an endo alkoxy group, but that
the exo epimer probably does not have a reasonable con-
certed pathway.

Alternatively, cleavage to yield the same products might
occur in stepwise fashion, as shown in eq 10.

/ - A
B\ P
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On heating, Grignard reagents 31 did cleave to yield the
dienes 3-vinyleyclopentene (32) and 1,4-cycloheptadiene
(33) as major and minor product, respectively. The Gri-
gnard solutions studied were mixtures of the epimers with
exo and endo alkoxy groups. It was apparent, from analysis
of solutions heated for different periods of time before hy-
drolysis, that the epimers showed quantitative differences

XMg
(10)
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in their behavior. The epimer with endo alkoxy decom-
posed substantially more rapidly. For example, although
endo-31b had rearranged nearly completely after 1 h at
80°, the exo-31b in the same solution disappeared with a
half-life of 2-8 h. Compared with the cleavage rearrange-
ment of Grignard reagent 12, the approximate relative
rates of endo- and exo-31 were about 103 and 30, respec-
tively. The products from the two epimers also differed.
Product formed in the later stages of the reaction, when
only exo-31 was reacting, had about 15-20% of the minor
cycloheptadiene product 33. Early in the reaction it was
present in smaller amounts, consistent with its formation
as 5-10% of the product from endo-31. A more accurate
comparison between epimers was precluded by sizable
amounts of disproportionation during formation of the Gri-
gnard.

The increased cleavage rates of both epimers are consis-
tent with the operation of an electron-withdrawing induc-
tive effect of the alkoxy group, which stabilizes the inter-
mediate structures in the stepwise mechanism of eq 10.32
The greater rate with endo alkoxy could be a consequence
of relief of steric repulsions present in the starting material.
Alternatively, it may be evidence for the importance of
concerted fragmentations such as 35-38, which are specific

MgX H

to this epimer. The product mixture observed may be more
difficult to rationalize with the concerted mechanism. The
relative amounts of cleavage to the seven-membered ring
products for both exo and endo alkoxy (15-20 and 5-10%,
respectively) are similar to that found in the cleavage of 12
(7-10%). It requires a rather remarkable coincidence for
endo-31, reacting by two or more concerted fragmentation
pathways which are specific to a single product, to yield
nearly the same mixture of five- and seven-membered rlng
products as exo-31 and 12.

Experimental Section

Spectra were run on Varian Associates A-60, T-60, and HA-100
NMR spectrometers, and Beckman IR-5 and IR-8 ir spectropho-
tometers. Gas chromatography was on Varian Aerograph A-90-P
chromatographs, using the following columns: A, 0.25 in. X 10 ft,
20% Carbowax 20M on Chromosorb P; B, 0.25 in. X 10 ft, 25%
Ucon polar on firebrick; C, 0.25 in. X 10 ft, 20% poly-m-phenyl
ether on Chromosorb P; D, 0.25 in. X 5 ft, Tide.

Preparation and Handling of Grignard Reagents. Grignard
reagents were prepared in a flask sealed to a condenser, with a side
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arm above the condenser for attachment to a nitrogen source or
vacuum line. The solvents used were distilled from lithium alumi-
numi hydride under a slow stream of nitrogen and transferred by
syringe. Magnesium was a sublimed grade.?* When necessary, a
small crystal of I or a very small amount of methy! iodide, ethyl
bromide, or ethylene chloride was used to help initiate the reac-
tion. Reactions were run under a slight positive pressure of dry ni-
trogen. In instances where hydrolysis or disproportionation prod-
ucts were sufficiently volatile, the solvent and any volatile compo- -
nents were pumped to a cold trap under high vacuum, and re-
placed by fresh solvent. Samples of Grignard (ca. 0.5-1 ml) were
sealed in ampules, and sometimes in an NMR tuhe. After heating,
the ampules were opened in an inert atmosphere “glove bag”, and
either hydrolyzed immediately or fitted to an adapter which al-
lowed volatiles to be pumped to a trap before hydrolysis. Hydro-
carbon products were analyzed by gas chromatography, on the as-
sumption of equal sensitivity of isomeric hydrocarbons. Rear-
rangement rates were determined from a plot of log ([unrear-
ranged]/[unrearranged] + [rearranged]) vs. time.
2-Halobicyclo[3.2.0]heptanes (2). exo-2-Bicyclo[3.2.0]hepta-
nol was prepared as reported by Winstein and Stafford:® bp 85-86
°C (20 mm); n?D 1.4850; NMR (CCly) 8 3.88 (d, 2, J = 3.0 Hz),
3.62 (s, 1, OH), and 10—30 ppm (m, 10). Reactlon of 1.0 g (8.9
mmol) of the alcohol with thionyl chloride (1.06 g, 8.9 mmol) and
pyridine (0.70 g, 8.9 mmol) yielded 0.30 g (26%) of product: bp 60
°C (20 mm); n?D 1.4857; NMR (CCly) 5 1.0-3.0 (m, 10), 3.89 (s,
broad, ca. % H), and 4.12 ppm (d, ca. % H, J = 3.7 Hz). This mix-
ture was not studied further.
" To a stirred solutlon of the alcohol (10.0 g, 0.089 mol) and tri-
phenylphosphine (24.5 g, 0.0935 mol) in dry dlmethylformamlde
(50 ml) at 50-57 °C, bromine (14.5 g, 0.089 mol) was added over a
period of 45 min. After an additional 1 h of heating at this temper-
ature, the mixture was distilled under vacuum (up to 80 °C at 1
mm). The distillate was diluted with 50 ml of saturated aqueous
sodium c¢hloride and extracted with petroleum ether. The extract
was washed with aqueous sodium chloride solution, distilled twice,
and chromatographed on alumina to yield 4.5 g (30%) of produet:
bp 69° (10 mm); n27D 1.5092; NMR (neat) § 3 9—4 45 (m 1, CHBr)
and 1.0-3.2 ppm (m, 10).

Anal. Caled for C;H1,Br: C, 48.02; H, 6.33. Found: C, 48.29; H,
6.43.

Gas chromatography on column A showed the presence of three
components in relative amounts (in order of increasing elution
time) of 12.5, 21.5, and 66%.

Grlgnard Reagent from 2-Bromobicyclo[3.2.0]heptane. Gri-
gnard reagents were prepared from the bromide and an excess of
sublimed magnesium in ether or tetrahydrofuran solution.

After completion of the reaction, the solvent and any volatile
materials present were pumped to a cold trap (at ca. 5 pressure),
and fresh solvent was ‘added. Gas chromatographic examination
(column B) of either the volatiles from the Grignard preparation or
the product of hydrolysis of the Grignard (with cold 3 N HCl)
showed two hydrocarbons. The first of these, present to the extent
of 10% in the volatiles from the Grignard preparation and 13-14%
in the hydrolysis product, had retention time and infrared and
NMR spectra identical with those of authentic norbornane. The
major component of the Grignard hydrolysis was identified as bi-
cyclo[3.2.0}heptane on the following basis: (a) mode of formation,
as major hydrolysis product from the starting halide; (b) ir spec-
trum, with major- peaks coinciding in position with those in an au-
thentic dilute solution spectrum kindly furnished to us by Profes-
sor W. G. Dauben; (¢c) NMR spectrum, which had complex absorp-
tion from §-1.0 to 2.4 ppm and a broadened singlet at 2.75 ppm in a
ratio of 10:2," but no olefinic proton absorption. The NMR spec-
trum of the Grignard in THF (ca. 0.8 M) had a broad, ill-defined
multiplet from about’'s 0.1 to —0.6 ppm, and no élefinic absorption.

When the Grignard solutions were heated for a number of hours
in sealed tubes in the vicinity of 100 °C, changes occurred both in
the NMR spectrum and in the hydrolysis products. In the NMR,
there appeared a prominent triplet at § —0.5 ppm (J = 8.5 Hz,
CHyMg) and olefinic absorption at 5.66 ppm (apparent AB quar-
tet, Jap = 5.5 Hz, with probable further triplet splitting of ca. 2
Hz). Hydrolysis yielded two new components, formed initially in a
ratio of about 10:1. The first of these was 1dent1fxed as 3-ethylcy-
clopentene: NMR(CCly) 6 0.91 (t, 3, J = 7 "Hz,'CHg), 1.0-2.8 (m,
7}, and 5.63 ppm (s, 2, olefinic); ir 1dent1cal wlth published spec-
trum.3® The second (minor) component was cycloheptene: NMR
(CCly) 6 1.85 (m, 6}, 2.13 (m, 4, allylic), and 5.72 ppm (apparent
triplet, 2, J = 3.5 Hgz, olefinic) and identical with an authentic
sample; ir identical with published spectrum3® and authentic sam-
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ple. At long heating time, the cycloheptene in the Grignard hydrol-
ysis product decreased relative to the 3-ethylcyclopentene.

At least two minor components having retention times similar to
bicyclo[3.2.0]heptane were detected, but not identified. First, the
NMR spectrum of the bicyclo[3.2.0]heptane in the volatiles
pumped from the Grignard preparation indicated the presence of
unsaturation (8 5.78 ppm, s). Integration of the spectrum would be
consistent with an approximately 1:1 mixture of bicyclo[3.2.0]hep-
tane and bicyclo[3.2.0}hept-2-ene. Second, at long heating times,
the GC peak corresponding in retention time to bicyclo[3.2.0]hep-
tane remained constant at about 5% of the total product. Unsatu-
ration was indicated by NMR (6 5.78 and 4.71 ppm) and infrared
spectra (3060 and 802 cm™1). A saturated component (NMR sin-
glets at 6 0.99 and 1.20 ppm) also appeared to be present. The ole-
finic NMR signals were not present in the hydrolysis product of
the unheated Grignard reagent.

In determining the kinetics of the rearrangement, the concentra-
tion of unrearranged hydrocarbon was decreased to allow for the

5% of nonrearranging material. The total rate of disappearance of -

starting material was determined, and apportioned between the
two rearrangement paths according to the average ratio of ethylcy-
clopentene to cycloheptene.

5-Bromocycloheptene. 4-Cycloheptenol was prepared by the
method of Cope:® bp 68.5-70.7 °C (8 mm) [lit.5 bp 83-84 °C (11
mm)]; NMR (CCly) 6 1.46 (m, 2), 1.7-2.5 (m, 6), 3.73 (triplet of
triplets, 1, J = 3.8, 8.6 Hz, CHOH), 4.30 (s, 1, OH), 5.69 ppm (m, 2,
olefinic).

Phosphorus tribromide (7.08 g, 26 mmol) was added dropwise to
a mixture of 4-cycloheptenol (7.9 g, 69 mmol) and pyridine (1.45 g,
18 mmol) in 15 ml of anhydrous ether cooled to 0 °C. The mixture
was allowed to warm to room temperature and stand overnight.
The ether was distilled at atmospheric pressure, and then the resi-
due was slowly heated under vacuum (~8 mm) to a maximum tem-
perature of 105 °C. Product distilled to a receiver. Redistillation
yielded 5.8 g: bp 62-64 °C (8 mm); NMR (CCly) 8 1.7-2.5 (m, 8),
4.39 (s, b, 1, CHBr), 5.76 ppm (m, 2, olefinic). Gas chromatography
(column B) showed the presence of a minor component (ca. 10%)
eluted just ahead of the major bromide.

Anal, Caled for C;H;Br: C, 48.02; H, 6.83. Found: C, 47.85; H,
6.28.

Grignard Reagent from 5-Bromocycloheptene. A Grignard
reagent was prepared from 5-bromocycloheptene and magnesium
in dried ether. Hydrolysis of the Grignard reagent yielded a mix-
ture of hydrocarbons’ consisting principally of cycloheptene (86%)
and norbornane (9%), as shown by GC analysis (column B). Two
minor components of longer retention time, both unsaturated,
were present. The solvent pumped from the Grignard preparation
had the same components, with the norbornane and cycloheptene
comprising about 50% of the total. The ir and NMR spectra of the
major longer retention time component were identical with those
of 1,4-cycloheptadiene (see below).

An NMR spectrum of the Grignard solution in ether showed ole-
finic absorption at § 5.7 ppm as an unsymmetrical complex multi-
plet, about 15 Hz wide. The CHMg resonance was obscured by the
solvent side bands in ether, but appeared at § 0.5 ppm in THF so-
lution. It was an apparent pentuplet, with J = 5.5 Hz. A weak
broad doublet absorption at § —~0.4 ppm was not identified.

The Grignard solution in ether was heated for 92 h at 130 °C.
Volatiles were removed under vacuum and the residual Grignard
was hydrolyzed. As before, the product contained cycloheptene
and norbornane, but the major component was identified as 3-eth-
ylcyclopentene. About 72% of the cycloheptenyl component had
undergone rearrangement. The volatiles pumped from the Gri-
gnard before hydrolysis contained the same components as pre-
viously, with cycloheptene comprising the major portion. The nor-
bornane appeared to have remained as a constant 8-10% of the
total products. A sample heated for 120 h at 110 °C showed a
smaller fraction of rearrangement (6-7%).

The NMR spectrum of the heated Grignard reagent showed ad-

ditional rather ill-defined olefinic absorption at 8 5.45-5.85, and a
sharp singlet at 5.33 ppm attributed to ethylene formed by attack
of Grignard on the ether solvent. A high-field CHoMg triplet ap-
peared at —0.50 ppm, with J = 8.5 Hz.
6-Alkoxybicyclo[3.2.0]heptan-2-ones (4a and 4b). An excess
of methyl vinyl ether (3-4 ml) was condensed into Pyrex ampules
of 1-cm diameter. 2-Cyclopenten-1-one (2 g) was added to each,
and the ampules were sealed under vacuum. The ampules were ex-
posed for 24 h to the output of a Hanovia 450-W mercury arc lamp,
while immersed in a bath of water at about 10 °C. After irradia-
tion, the ampules were opened and combined, and the mixture dis-
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tilled to yield 71% of 4a: bp 216, 110-112 °C (20 mm); ir (CCly)
1748, 1124 em~!; NMR (CCly) 6 4.1-3.4 (m, 1, CHO), 3.17 (s, 3,
OCHs), and 3.1-1.4 ppm (m, 8). Gas chromatography (columns C
and D) showed that the product was a mixture of two incompletely
separated components present in roughly equal amount,

Anal. Caled for CgH1204: C, 68.57, H, 8.57. Found: C, 68.28; H,
8.49. ’

A similar reaction of cyclopentenone (25 g, 0.30 ml) and ethyl
vinyl ether (50 ml) yielded a mixture of 4b: bp 62-65 °C (1 mm); ir
(CCly) 1742, 1120 ecm~1; NMR (CCly) 6 4.25-3.6 (m, 1, CHO), 3.32
(a, 2, J = 7 Hz, CH;0), 3.1-1.35 (m, 8), 1.4 ppm (t, 3, J = 7 Hz,
CHs). Gas chromatography (column C) again showed a mixture of
two partially separated components in approximately a 1:1 ratio.

Anal. Caled for CoH1409: C, 70.13; H, 9.09. Found: C, 70.02; H,
8.83.

6-Alkoxybicyeclo[3.2.0]heptanes (34a and 34b). A mixture of
methoxy ketone 4a (2.52 g, 0.018 mol), 85% hydrazine hydrate (20
ml), and diethylene glycol (20 ml) was heated at reflux for 45 min.
The mixture was cooled, potassium hydroxide (6.7 g, 0.12 mol) was
added, and the mixture was distilled slowly up to a pot tempera-
ture of 190 °C. The distillate was extracted with pentane, dried
(NaS0y), and distilled to yield 1.15 g (45%) of 34a, ir (CCl,) 1123
cm~L, The product was a mixture of two components present in
equal amount, which were separated by preparative GC {column
C, in order of increasing retention time): (1) endo methoxy, NMR
(CCly) 6 4.1-3.3 (m, 1, CHO), 3.10 (s, 3, OCHa), and 3.0-1.25 (m,
10); and (2) exo methoxy, NMR (CCly) 6 3.6-3.15 (m, 1, CHO), 3.10
(s, 3, OCHgy), 2.6 (s, b, 2, bridgehead), and 2.35-1.15 ppm (m, 8).

Anal. Caled for CgH140: C, 76.14, H, 11.18. Found: C, 76.23; H,
10.95.

A similar mixture was produced by reaction of bromide 6a (1 g)
with an equimolar quantity of tri-n-butyltin hydride in refluxing
benzene. Reduction of 6a (1 g) by addition as a solution in 2 ml of
ethanol to 0.25 g of molten sodium yielded a mixture of products
shown by NMR to contain some unsaturation. On GC column D,
the product was separated into two portions. The first of these
(18%) had ir (CCly) 1640 (C=C) and 1078 cm~}; NMR (CCly) § 5.7
(b, 2, =CH), 3.75-3.25 (m, 1, CHO), 3.15 (s, 3.0 CH3), and 3.1-1.9
ppm (m, 6), and was tentatively identified as endo-6-methoxybicy-
clo[3.2.0lhept-2-ene. The second appeared to contain mostly the
expected saturated reduction product, along with about 15-20% of
an olefinic component.

Wolff-Kishner reduction of the ethoxy ketone 4b was carried
out in similar fashion: ir (CCly) 1188 and 1108 ¢cm™1. The compo-
nents were separated by preparative gas chromatography on col-
umn C: (1) endo ethoxy, NMR (CCly) 6 3.82 (q, b, 1, J = 7.5 Hz,
CHO), 3.27 (q, 2, J = 6.8 Hz, CH0), 8.0-1.3 (m, 10), and 1.11 ppm
(t, 3, J = 6.8 Hz, CH3); (2) exo ethoxy, NMR (CCly) é 3.3 (q, super-
imposed on an unresolved multiplet, 3, Jquartet = 6.8 Hz, CHO and
CH.0), 2.6 (s, b, 2, bridgehead), 2.4-1.3 (m, 8), 1.11 (t, 3, J = 6.8,
CHjy).

6-Alkoxybicyclo[3.2.0]-heptan-endo-2-0ls (5a and 5b). A
suspension of methoxy ketone 4a (10.9 g, 0.072 mol) in 50 ml of 2
N sodium hydroxide was added in portions to a solution of sodium
borohydride (2.0 g, 0.072 mol) in 15 ml of 2 N sodium hydroxide.
The mixture was stirred and maintained at 35-40 °C by cooling
during the addition, then heated gradually to 90 °C over 2 h and
maintained at that temperature for 1.5 h. Anhydrous potassium
carbonate (9.6 g) was added, the organic layer was separated, and
the aqueous phase was extracted with ether. The organic solutions
were dried (NasSO,) and distilled to yield 7.5 g (68.5%) of 5a: bp
127-130° (20 mm); ir (CCly) 8457, 1207, 1120, and 1072 cm™!, The
product was found by GC to consist of two components which were
preparatively separated (column D) for spectroscopic characteriza-
tion: (1) endo methoxy, NMR (CCly) é 4.1-3.4 (m, 3, OH and
CHO), 3.13 (s, 3, OCH3), and 2.9-1.2 ppm (m, 8); (2) exo methoxy,
NMR (CCly) 6 4.2-3.7 (m, 2, OH and C:HO), 3.25 (m, 1, C¢gHO),
3.13 (s, 3, OCHgy), 2.5 (s, b, 2, bridgehead), and 2.5-1.3 (m, 6).

Anal. Caled for CgH1409: C, 87.60; H, 9.86. Found: C, 67.57; H,
9.88. . i
The ethoxy ketone 4b was reduced to 5b by addition of sodium
borohydride (2.5 g, 0.066 mol) in small portions to a solution of ke-
tone (20.9 g, 0.135 mol) in 100 m] of absolute ethanol. The mixture
was refluxed for 3 h, 100 g of 25% aqueous sodium hydroxide was
added, reflux was continued for 1 h, and 100 ml of water was
added. The product was extracted into ether, washed, dried, and
distilled to yield 18.7 g (90%): bp 77-81 °C (1 mm); ir (CCly) 3454,
1192, 1120, and 1070 em™!. The mixture had NMR absorption for
the ethoxy group at 3.28 and 1.13 ppm (J = 7 Hz) and multiplet
absorption in the region 4.4~-3.5 ppm attributable to the CHO pro-
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tons: Partial resolution could be obtained by gas chromatography
(column C), but spectra of the separated fractions were relatively
uninformative.

Anal. Caled for CgH1609: C, 69.20; H, 10.32. Found: C, 69.15; H,
10.49.

exo-2-Bromo-6-alkoxybicyclo[3.2.0Jheptanes (6a and 6b).
Bromine (7.2 g, 0.045 mol) was added dropwise over a period of 30
min to a stirred solution of 5a (6.4 g, 0.045 mol) and triphenylphos-
phine (11.8 g, 0.045 mol) in 80 ml of dry dimethylformamide,
maintained at 55 °C. After 2.5 h of additional heating at 55 °C, the
reaction mixture was distilled, up to a pot temperature of 90 °C (1
mm). The distillate was extracted with 3080 °C petroleum ether.
The extract was washed (aqueous NaCl), dried (CaCly), and dis-
tilled to give a 61% yield of 6a: bp 69-70 °C (1 mm); ir (CCly) 1207,
1120, and 1072 em™L. Analysis by gas chromatography (columns C
and D) showed the presence of two components, which were pre-
paratively separated for spectroscopic characterization: (1) endo
methoxy, NMR (CCly) 6 4.25 (d, 1, J ~ 3 Hz, CHBr), 4.0~3.5 (m, 1,
CHO), 3.14 (s, 3, OCHjy), and 3.1-1.0 ppm (m, 8); (2) exo methoxy,
NMR (CCly) 6 4.25 (d, 1, J ~ 3 Hz, CHBr), 3.3 (m, 1, CHO), 3.14
(s, 3, OCH3), and 3.1-1.0 ppm (m, 8).

Anal. Caled for CsH13BrO: C, 46.85; H, 6.34. Found: C, 46.88; H,
6.45.

In analogous fashion, 5b was converted to 6b in 53% yield: bp
90° (1 mm); ir (CCly) 2999, 1291, 1229, 1199, 1133, 1119, 898, 734,
and 711 em~1, The NMR spectrum had a total of four hydrogens
at low field (4.4-3.0 ppm), including a one-proton doublet at 4.20
ppm (J ~ 3 Hz, CHBz), a two-proton quartet at 3.27 ppm (J = 7
Hz, CH;0), and additional absorption totaling about one hydro-
gen, partially obscured by the ethoxy quartet, and partially ap-
pearing as an apparent quartet at 3.84 ppm (J ~ 7 Hz). Along with
complex absorption from 3.0 to 1.3 ppm, the methyl triplet ap-
peared at 1.12 ppm (J = 7 Hz). Gas chromatography (column C)
indicated a mixture of two components, present in approximately
equal amounts.

Grignard Reagents from 6a and 6b. Grignard reagents were
prepared from 0.5-2-g samples of 6a or 6b and an excess of sub-
limed magnesium in ether, following the general procedure. Con-
centrations were determined by acid titration and, in some cases,
by complexiometric titration for magnesium. In either case, hy-
drolysis yielded a similar mixture which was partially resolved by
gas chromatography (columns C and D). The major GC fraction
was a broadened peak which included both exo and endo isomers
of the appropriate 6-alkoxybicyclo[3.2.0]heptane, along with small
amounts of an unsaturated component tentatively assigned as the
exo-6-alkoxybicyclo[3.2.0]hept-2-ene. The probable endo isomer of
the latter was eluted shortly before the major peak. This portion of
the product closely resembled the product of sodium-ethanol re-
duction of 6a (see above). The unsaturated components, which are
presumed to have originated in a side reaction during Grignard re-
agent formation, comprised about 25-30% of the total product. On
heating for a period of hours in the vicinity of 80 °C two new com-
ponents appeared, which increased with time at the expense of the
major fraction. These were identified by comparison of ir and
NMR spectra and GC retention times with authentic samples of
3-vinylcyclopentene (32) and 1,4-cycloheptadiene (33) (in order of
retention time). In some cases, the Grignard reagent appeared to
have significant amounts of the former before heating. They were
formed in a ratio of 5 to 10:1. In addition, both Grignard reagents
contained a small amount (<1%) of an unidentified component
eluted between 14 and 15, which appeared saturated from its
NMR spectrum, and which did not vary with heating time.

3-Vinyleyclopentene was prepared by the reaction of a Gri-
gnard reagent from 2.0 g (0.019 mol) of vinyl bromide in THF with
2.0 g (0.02 mol) of 3-chlorocyclopentene. The reaction mixture was
hydrolyzed, dried (NagSQy), and distilled to yield 0.8 g (40%) of
product: bp 91-93 °C (lit.3” bp 93 °C); ir (CCly) 3100 and 1620
em~! (C=C); NMR (CCly) 6§ 5.45-6.20 (m, 3, =CH), 4.70-5.20 (m,
2,=CHy), 3.2 (m, 1), and 2.5-1.2 ppm (m, 4).

1,4-Cycloheptadiene was prepared by the method of Doering
and Roth.3® Components separated by GC and characterized by
NMR were cycloheptene, 1,4-cycloheptadiene, and unreacted
1,3,5-cycloheptatriene. The diene had NMR (CCly) 6 5.8 (m, 4, ole-
finic), 8.0 (m, 2, doubly allylic), and 2.4 (m, 4, allylic).

Tricyclo[5.3.0.026]decan-3-0} (8) was prepared by addition of
an ether solution of tricyclo[5.3.0.026]decan-3-one” (7, 5 g, 33
rmmol) to lithium aluminum hydride (0.63 g, 16.6 mmol) in ether.
Excess hydride was decomposed with ethyl acetate followed by
water. The product was obtained in 80% yield by evaporation of
the solvent and recrystallization from benzene and petroleum
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ether: mp 67-70 °C; NMR (CCly) 6 4.08 (broadened.q, 1, J ~ 7 Hz,
CHOH), 3.25 (s, 1, OH), 2.55 (broadened s, 1, bridgehead), and
2.2-1.3 ppm (m, 13); (pyridine) § 5.57 (s, 1, OH), 4.32 (q, 1,J = 7.5
Hz, CHOH), 2.87 (broadened s, 1, bridgehead), and 2.3-1.3 ppm
(m, 13).

Anal. Caled for C;oH;60: C, 78.89; H, 10.59. Found: C, 78.72; H,
10.66.

3-Chlorotricycloe[5.3.0.02%]decane (9). To 5 g (33 mmol) of 8
and 2.60 g (33 mmol) of pyridine cooled to 0 °C, 4.3 g (36 mmol) of
thionyl chloride was added dropwise. The temperature was raised
over 2 h to about 95 °C, and maintained at that temperature for
another 2 h. The reaction mixture was extracted with petroleum
ether. The solvent was evaporated and the product distilled to
yield 75% of product: bp 64-70 °C (0.45 mm); NMR (CCly) 6 4.15
(d, 1,J = 3.2 Hz, CHCl), 2.3-1.4 (m, 14).

Anal. Caled for CyoH;5Cl: C, 70.36; H, 8.85. Found: C, 70.55; H,
9.18.

Tricyclo[5.3.0.0%8]decane (28). A mixture of 3.25 g of 7, 15 ml
of diethylene glycol, and 15 ml of hydrazine hydrate was refluxed
for 15 min. Potassium hydroxide (5 g) was added, and product was
distilled from the reaction mixture. The product was taken up in
petroleum ether, dried, and distilled, bp 61 °C (25 mm) [lit.3® bp
52-53 °C (10 mm)].

Grignard Reagent from 3-Chlorotricyclo[5.3.0.02¢]decane.
A Grignard reagent was prepared from 1 g of the chloride and
0.172 g of sublimed magnesium in 5 ml of dry ether. Part of the so-
lution was hydrolyzed. Gas chromatography (column B) showed
two products in a ratio of 8.5:1. The first of these had GC retention
time, ir, and NMR spectra identical with those of authentic tricy-
clo[5.3.0.0%%]decane. The minor component had retention time, ir,
and NMR spectra identical with those of authentic 3-cyclopentylcy-
clopentene (see below). A Grignard reagent prepared in THF
vielded much less of the latter.

The solution was heated for 540 h at 110 °C and hydrolyzed.
The same two components were present, as shown by spectra of
isolated samples. The ratio was now 1:4.

3-Cyclopentylcyclopentene was prepared by reaction of 3-
chlorocyclopentene with cyclopentylmagnesium chloride.?® Gas
chromatography indicated a major component (ca. 80-85% of the
total) and several minor components: bp 59-65 °C (10 mm) [lit.4°
bp 63 °C (9 mm)}; NMR (CCly) § 59 (s, 2, olefinic) and 2.4-1.0
ppm (m, 14).

Reaction of 2a and 3 with Tri-n-butyltin Hydride. A solution
was prepared containing tri-n-butyltin hydride (0.020 M) in n-
decane which had been deoxygenated by passage of a stream of ni-
trogen. A 5-ml portion of this solution was heated to 80 °C with a
trace of azobisisobutyronitrile, and 0.060 g (3.4 X 1074 mol) of 2a
was added. The solution was heated for 1 h, and analyzed by gas
chromatography (column B). The major hydrocarbon products,
identified by GC retention times, were 3-ethylcyclopentene (29%)
and hicyclo[3.2.0]heptane (61%). Minor amounts of norbornane
and an unknown component were present. Cycloheptene was not
detected (<1%). A reaction carried out in the absence of solvent
gave only bicyclo[3.2.0]heptane. The total yield of hydrocarbon
products was 50%.

A gimilar reaction with 3 led mainly to cycloheptene (78%) and
several minor components, in a total yield of about 61%. Maximum
amounts of 3-ethylcyclopentene, norbornane, and bicyelo-
[3.2.0)heptane, based upon the areas of GC peaks of similar reten-

~ tion time, were 2, 4.5, and 4.5%, respectively. It is possible that

some of these may have resulted from reduction of the correspond-
ing bromide present as an impurity in 3.
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