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CHAPTER I

THE REACTION OF BENZENESULFONYL AZIDE
WITH BRIDGED BICYCLIC ALKENES

A. Histerical and Intredustion

Over fifty years ago phenyl azide was reported to react with
acetylene to give l-phenyltriazole, on heating the reactants in an
acetone solution in a sealed tube at 100° for 20 hr.l ILater it was
found that bicyclo(2.2.1)~2~heptene (I) and its derivatives reacted
with phenyl azide in the cold to form triazolines which usually
crystallized from the solution after only a few minuteaoz Since only
strained alkenes were found to react readily with phenyl azide, the
reaction soon became a diagnostic test for angular strain in double
bonds. A classic example of this is the preferential reactien of
phenyl aﬁj.de with the double bend in the bicyclic ring of dicycle-
pentadiene (II) to give triazeline III. Recently, Huisgen and his
associates’ have found that the azide-alkene reactionl is enly emne
member of a large group of reactions which they refer to as "L,3-
dipela.r cycloadditions.” The additien of the 1,3=-dipole to the

3 wiich usually
354

alkene occurs by a simultanecus mlticenter process
involves only slight charge imbalance in the transition state.
The azide-alkene reactien has-- received considerable attention
from a number of investigators. This interest stems, in part, from
the potential use of the triazeline products in the synthesis of
3



substituted aziridines via loss of molecular nitmgenos Under the
conditions necessary for the addition of alkyl and aryl azides to
alkenes possessing a high degree of angular strain, the triazoline
adduct is usually isolated. However; as has recently become apparent,

when azides containing strong electron-withdrawing greups such as

pieryl,’ benzey1,’

the products obtained at room temperature or below are usually net

or p—toluenesulfonyls react with bicyclic alkenes
triazelines but rather correspond to 1:1 adducts minus molecular
nitrogen. At the‘ inception of this work the only report of the
reaction of an azide containing a strong electron-withdrawing group
with bicyclic alkenes was that of Bnmeroa He feund that p~toluene-
sulfonyl azide reacted at room temperature with both I and II and with
the bicyclic anhydrides IV and V at higher temperatures to give
products which in each case gave analyses corresponding to the addition
of a mole of the azide to one mole of the alkene fellowed by the loss
of a mole of nitrogen from the adduct. He, however, provided no
chemical ayid_mg to suppert structures for any of the aforementicned
products, but suggested that the dicyclopentadiene derivative possessed
the sulfonimide (CgHsSON=G¢ ) structure.

d dyechy

A 3

During the course of work in our laboratory, H'aisgen7 reported

that the reaction of benzoyl azide and p-toluenesulfonyl azide with
I led to products possessing the aziridine structure, but he provided



no supporting chemical evidence.

In conjunction with the present investigaticn, other work in
this laboratory has shown that benzenesulfonyl azide reacts with
bicyclo(2.2.1)~5~heptene-endo-cis-2,3~dicarboxylic anhydride (V)
in refluxing carbon tetrachloride £o give predominantly the ende

aziridine VII.9
: N,
CeHsSO,N;  + _a_-)
c¢0
VI . c,\o
O/
v VII

The present investigation was undertaken in order te: 1) study
the course of the reaction of benzenesulfonyl azide (VI) with bicyclic
alkenes; 2) establish the structure of the addition products; 3) study
the reactions of the addition preducts.

The alkenes chosen for this study were bicyclo(2.2.1)-2~heptene
(I), bicyelo(2.2.1)-2,5-heptadiene (VIII), dicyclopentadiene (II),
bieyelo(2.2.2)~2-cctene (IX); bicyclo(2.2.1)*5-heptene-gxg-gis~2,3~
-dicarboxylic anhydride (IV), and its endo isomer V. Each of these
(except IX) possesses the bieyclo(2.2.1)heptane nucleus and they vary
only in the electronic and steric factors surrounding positions 5 and
6 of the carbon skeleton. Because of the rigid geometny of the
bicyclo(2.2.1)heptane ring system, each olefinic linkage possesses
very nearly the same amcunt of angular strain and one is afforded an
opportunity to study the directive effects of 5,6 substitution on the
course of the azide addition reaction without the serious complication

of confornational effects.



When benzenesulfenyl azide was added to bicyclo(2.2.1)-2~heptene
(I) in benzene or petroleum ether at roem temperature, an exothermic
reaction occurred with evolution of nitrogen, and the product, which
could be isolated in quantitative yield, began to crystallize from the
solution almost immediately. Thé infrared and n.m.r. spectra of the
product of the reactien, X, showed that it contained the benzenesulfon-
amido group, but no N-H band appeared to be present. The three
structures JF[, XII, and XIII are consistent with the elemental and
spectral data and may be expected on mecha_nistic and steric grounds.
Structure XII, however, could be eliminated by examination of the n.m.r.

=~ 7
2 CeHsSON 3

XI XII XIII

spectrum of the product; X, which shewed two protons on carben attached
to the nitrogen of the benzenesulfenamido group.
In order to determine which of the remaining structures (XI or

XIIT) was correct, a model compound was synthesized for direct n.m.r.



comparison. The triazoline adduct (XIV) of I and benzyl azide was
prepared by the usual method and its n.m.r. spectrum was essentially
identical to that of the known phenyl azide adduct of I (XV). In

XIV the Cz and C3 protons appeared as a pair of doublets (J = 9.8 c.p.s.)
at 8§ 2.98 and § 4.25 respectively. The n.m.r. spectwum of XV gave a
similar AB quartet (J = 9.5 c.p.s.) with the C, proton centered at

8 3.54 and the C; proten at § 4.42. Such large AB coupling constants
are expected for a 2,3-attachment of the triazeline rings in XIV and

XV but are clearly not consistent with the altem&.tive 2,7—arrangmnt.1°
)}fiditianal support for the structure of XIV was providéd by its
conversion (by G. A. Cabat) to gis-1,3~cyclopentanedicarbexylic acid

by hydrogenation in the presence of Raney nickel followed by basic
permanganate oxidation. Ultravielet photolysis of XIV at room
temperature in hexane gave mé No molecular rearrangement would be
expected in the senversion of XIV to XVI because of the known resist-

N %"N & G@Hsc 2
CeHsCHo N, CeHs '
. 2 =
b Xv XvVI

2
XIV

ance of 3-norbermyl free radicals tw__rearran.genentou The N.MeTo
spectrum of the bicyclic aziridine XVI showed a sharp singlet for the
protons on carben attached to mitrogen at § 1.40, whereas in X the
correspondihg signals appeared as a sharp singlet at § 2.84. If the
correct structure of X were XIII; then it would be suprising that the
Cz and Cy protons were equivalent and that the gnde C> proten was not
split by the gnde Cs proten. In XVI the Cy protens appeared as a pair



of doublets (J = 9 c.p.s.) centered at § 0.63 and 1.63. An examination
_of the n.m.r. spectrum of X did indeed reveal a possibility of an AB
type aplitting similar to that cbserved above for the Cy pmtbps of XVI
and this was the following: a doublet (J = 10 c.pos.) centered at § 0,70
could be ﬁasmed to arise from oné of the protens at Cy of XI, and the
second doublet arising .fro.ﬁ the other Cy proten, since it was not
obvious, could be assumed to be hidden in the complex group of peaks

at § 1.2-1.6. The signal at & an'?o in the spectrum aiﬂl_‘x may arise
from one ef:,t.ha Ca protens of XIII; h@wet‘er, this p@s;ibﬂity would be
expected to lead to a more complex pattern. Although the n.m.r.
spectrum of X did not allow an unambiguous decision betweep structures

XT and XIIT,

the similarity of the n.m.r. spectrum of X and XVI
strongly favored the assignment of structure XI to X.

In order to distinguish chemically between structures XI and XIII,
cleavage of the nitrogen-containing ring to give a benzenesulfonamido
derivative seemed appropiate. Structure XI would lead to a 2-amido
derivative; whereas the 7-amido derivative would be expected from
XIII, since displacement would occur at Cp rather than at Cp.®
Brun.er8 reported that the adduct formed between disyclopentadiene and
p-toluenesulfonyl azide was unchanged by alccholic potassium hydrexide
and hot gla.eial acetic acid, whereas strong mineral acids gave un-
identifiable products. The nitr@gmwntainilng ring of X was readily
opened with hydrogen bremide and hydrogen ¢hloride in carben tetra-
chJ:oride, with acetic acid and with neutral; acidic, and alkaline
aqueous solutions. Opening of the nitrogen-comtaiming ring of X under

acidic conditions does not provide suitable evidence for use in



distinguishing between structures XI and XIII, since under carbonium-
ion _cond.itions both structures could lead to the same 7-amido deriv-

atives, as shown belew.

XI — e——

H+
B} oa?
XIII —ﬁf‘% ey

~When the nitrogen-centaining ring of X was opened by neutral and

e

alkaline aqueous solutign, the major product was the same alsshol

XVII B, mop. 142-1ik°, as isclated in the acid-catalyzed ring opening.
This alcchol was alsc obtained by treating X w:i.th acetic acid fellowed
by sapenifiscation. In additien, a second alecohol (XVI1Ia) was obtained
in the nen;atral, acid,- and alkaline hydrolysis but only to a minor extent,
except in the acid hydrolysis. Both N-H and O-H bands were clearly
visible in the infrared spectrum of XVII B. Oxidation of XVII B with
chromic anhydride in acetic acid gave ketome XVIII., The latter

ketone was alse ebtained from the bremide XXI; itself obtained by
treating X with hydrogen bromide; by hydrolysis in aqueous lithium
carbonate selution fellowed by oxidation with chremic anhydride.
Compound XVIIT showed an N-H band at 3130 cm.* and a carbenyl band at
1725 cn“.’l in its infrared spectrum indicating that the carbenyl f,unction_



was in a six-membered ring. Welff-Kishner reduction of ketone XVIII
gave T-benzenesulfonamidobicyclo(2.2.1)heptane (XXII). That the
benzenesulfonamido group was attached at Cy was shown as follows.

Both 2-exp and 2-gpde-aminobicyclo(2.2.1)heptane were prepared by

known procedures and converted inte their N-benzenesulfenyl derivatives.
Melting peint comparisons of the N-benzenesulfonyl derivatives were

not found useful. However, thin layer chromatography showed that XXII
was not identical with either 2-gndo~benzenesulfonamidebicyclo(2.2.1)=
heptane (XXXIII) or 2-gxp-benzenesulfonamidobicyclo(2.2.1)heptane
(XXIX) and was less polar than either of these two isomers. Sulfonamide
XXII was hydrolyzed with aqueous hydrochloric acid by heating at

15¢ =175° in a sealed tube for 12 hr. The amine XXIII thus obtained
was converted inte its N-acetyl derivative XXII, @ch was compared
with 2-gxp-acetamidobicyclo(2.2.1)heptane (XXVII) a.r;d 2-gndo-acetamido-
bicycle(2.2.1)heptane (XXXI) by melting point and gas chremategraphy.
Again melting peint comparisons were not conclusive, but gas chromate-
graphic analysis showed that XXIV was less polar than either the 2-gxp
or 2-egndo isomer.

The N-chlorcacetyl derivatives of 2-gxo~, 2-gnde-, and 7-amino-
bicyclo(2.2.1)heptane had been reported to have significantly different
melting points; therefore this derivative was also pmepared in each
case. The melting peint of the k-'-chl@r@ac_etyl derivative of XXIII
(XXV) checked closely with that reported for the 7-amino derivative.
Mixture melting peints with the 2-gxp and 2-gndo isomers again;, although
slightly depressed; were not conclusive. Thin layer chromatography
showed that XXV was not idemtical with exg-(XXVIII) or ende-N-2-



CeHsS0N;3

Vi

XXITI, R = H
XXIV, R = CHsCO
XXV, R = C1CH,CO

B
R-§

|
sl

XXVI, R=H

XXVII,.R = CHsCO
XXVITI, R = C10HRCO
XXIX, R = CgHgS0,

XVIII
|
ROY
' CgHgSOLN —
[ [Ej
XXI

g N

XXX, R=H

KT, B ='CEsCO0
XSXIT, R = GLCHRCO
XXXIIT, R = CgHsSOp



10

~chlorcacetylaminobicyclo(2.2.1)heptane (XXXII). This evidence con-
clusively established that the nitrogen-contaiming moiety of XXII and
its derivatives was not attached at positions 2, 3, 5, or 6 of the
bicycle(2.2.1)heptane nucleuq; this leaves only positions 7 and the
bridgehead positions as possibilities. Mechanistically, attachment at
the bridgehead position seems unlikely although one can visualize a 1-
-aminobicyclo(2.2.1)heptane derivative arising from structure XII as

follows.

CeHsSON~T CeHzSO0N
: 3 15 —d E

H
Qb“csﬂs ~Cells
(“’1)

That XXII was not represented by structure XXXIV was shown by its
n.m.r. spectrum which clearly indicated that the nitrogen-containing
moiety was attached to a carbon bearing one proton. This proton appeared
as a doublet (J = 5 c.p.s.) centered at § 3.0l, splitting arising from
the hydrogen attached te nitrogen which itself appeared as a doublet
(J =5 ¢cpos.) at & 5.93. Upon the addition of deuterium cxide the
former signal collapsed to a singlet and the latter disappeared from the
spectrum.

These data can be interpreted in two ways. First, one can assume

that the correct structure of X is XI and that in neutral and even in



alkaline solution the aziridine ring slowly opens in an SN]' reaction
with skeletal rearrangement to give XVII. In such a case the hydroxyl
group of XVII may be either gxo or ende. If the correct structure of

X is XI, the ring opening to yield XVII should not be base catalyzed
(S{) since this would lead not to XVII, but to 2-gxe-benzenesulfonamido-
-3~endo~hydroxybicyclo(2.2.1)heptane. The second interpretation is that
the correct structure of X is XIII, and the azetidine ring is opened
either by Syl or Sy2 solvolysis to yield XVII. In an Syl solvolysis the
hydroxyl group in XVII might be either exo or endo, but in an Sy2
solvolysis it would be gndg.

In order to test these two possibilities it was necessary first to
examine carefully product XVII obtained in the hydrolytic ring opening
of X. The alcoholic products obtained in the newtral, acidic, and
alkaline hydrolyses were campared by thin layer chromatography. In each
case mixtures were obtained, but in neutral and alkaline solutions one
product. XVII B8, was by far predominant. As mentioned earlier; basic
hydrolysis of XIX gave XVII . The n.m.r. spectrum ot XIX showed the
hydrogen at C» as a triplet (J = 5 ¢.p.8.) at § 4.70. A similar triplet
(J = 6 c.pos.) is observed for the 2-gndp proton of XXXV, strongly
suggesting che acetoxy group in XIX possesses the gxp configuration;
therefore XVII g must possess a 2-gxp~hydroxyl group. A second isomeric
alcohol, XVII q, obtained to only a minor extent in the neutral and
alkaline solvolyses, was present in somewhat larger amounts in the acid
hydrolysis product. Oxidation of XVII a likewise gave XVIII. The
structures of XVII g and XVII « smst, therefore, be 2-gxp- and 2-endo-

~hydrexy-7-gyu-benzenesul fonamidobieyclo(2.2.1)heptane, respectively.



Base catalysis was indicated in the ring opening reaction by measuring
the extinction of the N-H peak in product XVII by infrared spectroscopy,
using various base concentrations and water. The ring opening was found
to be faster in more concentrated base; but the concomitant formatien
of XVII B suggested slow Syl ring opening of XI accelerated in more
concentrated base owing to the increased ionic stremgth of the solvelytic
medium (salt effect). Although these data do not allow an unambiguous
assignment the total weight of evidence strongly suggests that the
correct structure of X is the aziridine XI.

Conclusive proof that X is represented by structure XI has recently
been obtained in this laboratory by chemical correlation of X with XVI,
Thus, reduction of XXXVI, prepared as previously deacribad,7 with
1ithium aluminum hydride, using inverse addition of the latter, afforded
XXXVII which was converted into XI, XVI, and XXXVI by treatment with the
appropriate chloride in p,yr:i.c’l:i.neal3

More recently, additiomal chemical evidence for the aziridine
structure has been obtained by Sy2 cleavage of the nitrogem-containing
ring by potassium thiophencxide to yield 2-gpndo-thiophencxy-3-gxo-
~benzenesulfonamidebicyclo(2.2.1)heptane (XXXVIII), %

- ?:b

= Caﬂsco 05}155
XXXV mvn, a-=

A second product; formed in small amounts when the reaction of
benzenesulfonyl azide (VI) and I was conducted at slightly higher
temperatures (ga.40°), was identified as XIT by its ready hydrolysis
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to bicyclo(2.2.1)-2-heptanone and benzeénesul fonamide, ™

A recent kinetic study of substituent effects by Scheiner and
cmrkoraa has shown that the additiom of substituted phenyl azides to
bicyclo(2.2.1)-2-heptene proceeds by a multicenter mechanism involving
a transition state (XXXIX) in which considerable negative charge may
reside on the a-azido nitrogen. In this respect it is noteworthy that

b
N

XXXIX

+
&

X—CgHy— T
the addition of p-nitrophenyl azide proceeds much faster than expected
from a simple Hammett treatment, suggesting that this substituent stablizes
the transition state in an exceptional mamner. In a similar manner,
the strongly electron-withdrawing picryl; benzoyl, and benzenesulfonyl
groups would be expected to stabilfl.ze guch a transition state. Onme is
then faced with the faet that azides comtaining these strong electron-
withdrawin’g groups react with I without giving the expected triazeline
even at room temperature.

It has been posl:.ulatedn"

that the additiom of benzenesulfeonyl azide
to I does not proceed by a ]:,,BZ-dipmlar addition (i.e., a triazeline
intermediate) but rather involves an epoxide-type transitiom state.
The recent reports of the detection of XL in the reaction of ethyl
azidoformate with I, coupled with its reported thermal inmstability
(1t decomposes at 70°C) compared to aryl-substituted triazeline addusts
of I (which decompose in me@ of 150%) ; pointa strongly to a decrease

in stability of l-substituted AZ-1,2,3-triagzoline as the l-substituent



becomes more electronegative.

0 }{’
SN
C3Hs0—
XLI

A similar decrease in stability of l-substituted A>-1,2,3-triazoline
is seen in the reaction of substituted aryl azides with em.ram:lnmnul6
Thus while XLI, formed upon addition of p-nitrophenyl azide te XLII,
mst be heated above 150° to give XLIII, the additien of 2 4=dinitro~-

phenyl azide or p~toluenesulfonyl azide te XLII at room temperature gave

XLIV and XLV directlyalé
N /\)
...ﬂ\ N\ C=N—-R
g R=MNy s R |
N AW
) W )
0 s o 0

XLITI, R = p~NO,CgHa
XLII XLI, R = p-NOCgH, XLIV, R = 2,4(NO; )CeHs
XLV, R = p~CH3CgHySUz
These data indicate that nitrogen evelution, upon the addition of
azides possessing strong electrom-withdrawing groups te I, is not due to
a change in the mechanism of addition but to instability of the inter-
mediate l-substituted triazoline. A ¢lue te the reasem for this instability
may lie in the mode of rearrangement of XLI to XLIII. This rearrangement
has been pestnlatedl p to prosceed through the diazonium betaine XLVI,
Support for this mode of rearrangement comes from the isolation (via
esterification of benzoic acid) of the diazomethane arising from the

decomposition of the triazeline intermediate XLVII formed upon the



15

16
addition of p-toluenesulfonyl azide to Z-merpholinc-3-methyl-l-butene.

XLI — XLIII + N»

( js-ggpacﬂsc@m E j

GHS
H—-GUN Gﬂmcﬂg—mc N
A
CHy @1 fo?” o gog
1 . # \J | + (WGH_@@@H@)
-+
XLVIII CHp—N=N

The decomposition of elefiniec azides containing umsaturatiom 2, 3,
4y, and 5 bonds away from the azide gﬂ*@_@p has been recently r;smedom
In these cases ‘i\;heb a%id@ fun@%izi@m .addS intramelecularly te the deuble
bend to give‘ a tﬁa%@lﬁme. which opens in the rate d@termining step,
presumablyw ¥ia a diazomium betaine intermsdiate te glve bvelutiom of
nitrogen and imine and gziridine predusts.

It appears (see apove) that although azides comtaiming strong

electron-withdrawing groups may react with I at enhanced rates owing

to delocalization of the negative charge on the a-azide mitrogen in

the transitiom state , the ability of a substituent %o extensivel
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localize such a charge at N~1 of the ircipient triazoline may also
result in its decomposition with simultanecus loss of nitrogen.

A priori, it would seem that formation of a diazenium betaine in
the case of the l-benzoyl-(XLVIII) and l-benzenesulfonyl-(XLIX) tri-
azolines of I would be favored by the delocalization of the electronic
charge on N~1 by these electronegative groups as alwun below. The bel'lta.ine

N + .
4 ’i \H 0_
! N\H c H5g'—- s Cgﬁsd::

XLVIII L LI
3 + ﬁt
CeHzS0,—N —> CgHsS0; e c,ﬂ,b N
1 R
XLIX LITI LIIX

L would be expected to give azirddine XXXVI, while oxazoline LIV can be
visualized as arising from resonance form LI. Indeed both HIVII and

LIV are formed during the addition of benzoyl azide to I at room temperature;
conditions which preclude the thermally induced rearrangement of XXXVI

to I.IT°7 The absence of rearranged products such as azetidines (e.g.

XIII) is, ipso facto, indication that no participation ef the Cs, Cs

bends of L -=LIII is invelved in the desomposition process. Studies of
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the decomposition of aliphatic diazonium ionsl9 and closely related
diazo es‘t.ersls show that neither salvent nor neighboring group participa-
tion play much role in the breaking of C“N3+ bonds. The fate of the
"high-energy" carbonium ions devel;pod during these reactions is deter-
mined by the relative proximity of the various neighbering groups and
solvent molecnlea.19 In the betaines in question the residual nitrogen
is ideally suited both electronically and sterically for closure to
XXXVI and XI respectively.

The formation of XII from LIT requires a 2,3 hydride shift. The
fact that a hydride shift occurs under such mild conditions is also
reason to suspect a highly reactive cationic type intermediate during
the reaction. This is apparently analogous to the formation of XLIV
upon treatment of XLIT with 2,4=dinitrophenyl azide under similar
conditiens, .

Acid-catalyzed decomposition of aryltriazolines derived from I to
amino alcchol derivativaazo probably involves an intermediate similar
to those discussed above. The acid-catalyzed decompesition of XIV would
be particularly suitable for study in that the proposed intermediate

LV could be generated by diazotization of LVI, which has been prepared13

+
N HoN
CgHsCH,N CeHsCHaN
H H

v LVI

from XIV by hydrogenation in the presence of Raney nickel catalyst.
Since both the acid-catalyzed decomposition of XIV and the diazotiza-
tion of LVI could be done under similar conditions a correlation of the



products obtained in each case would provide information useful in the
evaluation of LV as an intermediate in the acid decomposition of XIV.

The reaction of benzenesulfonyl azide with bicyclo(2.2,1)-2,5-heptadiene
(VIII) was recently reported by Franz and Onw:h.zl On the basis of the
infrared and n.m.r. spectra of the product LVII, they suggested structures
LVIII and LIX but provided no definitive chemical evidence to support

either structure.

7

: r S02C¢Hs : @3 CGHSSOZ% :
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LVIII LIX IX

The present invesﬁ.gationzz has shown that benzenesulfonyl azide
reacts with excess VIII to yield initially the aziridine , LX. The
nitrogen insertion product (LVII) of Franz and Osuch has been shmm to
arise by rearrangement of IX and the structure of LVII has been establish-
ed.

When a solution ef benzenesulfonyl azide (VI) and bicysle(2.2.1)-
=2,5-heptadiene (VIII) in deuterochloreform (1% tetramethylsilane)
was allowed to stand at room temperature, nitrogen was immediately
evelved. Periedic analysis of the reactiom mixture by n.m.r. showed
that IX was formed initially and as time pregressed in@rggsing amounts
of LVII appeared as LX decreased. The n.m.r. spestrum showed the follow-
ing signals arising from IX: an AB quartet (J = 8.5 c.p.=.) at § 1.07
and 1,66 arising from the C; protoms, a broad multiplet cemtered at
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8 2.96 due to the bridgehead protons, a sharp singlet at § 3.18 for the
Cz and C3 protoms, and a triplet (J = 1.5 c.p.s.) centered at & 6.35
arising from the Cs and Cg¢ protoms. After three days, rearrangement
to LVII was complete and the infrared and n.m.r. spectra were identical
to those reportadz" for this preduct.

Hydrogenation of the reaction mixture after the rearrangement
was approximately 50% complete afforded a 1:1 mixture of aziridine XI
and a second product IXI (formulated by Iothersal as either IXII or IXIII)
which were separated by chromatography en alumina. Hydrogenation of
LVII also gave LXI.

~

|
S02C¢Hs
LXII IXIII

The n.m.r. spectrum of the rearrangement product LVII indicated
the presence of four nonequivalent olefinic protons and two nonequivalent
bridgehead protons. Altheugh both structures LVIII and LIX satisfy
these requirements, the remaining features of the n.m.r. spectrum support
the assignment of structure LVIII te the molecule. The n.m.r. spectrum
of LVII (reproduced in Flate I) revealed @nly two protons at high field
and these appeared as an AB quartet. One proten of the quartet gave a
simple doublet (J = 10 c¢.p.s.); however, the ether proton gave a pair of
triplets (J = 4 c.p.s.) having center signals 10 c.p.s. apart, i. &.;
the second proton is coupled in an equivalent manner with two vicinal
protons. These signals could arise either frem the protens attached te
Cs of LVIII or Cg of LXIX, Molecular models (warped Dreiding models)



indicate that in IXIX the dihedral angles between both protems on Cg
and the adjacent protons on Cs and C; are essentially the same (ga.
55-60°). On the basis of the dependence of the coupling constant
vicinal protons on the dihedral angle>> cne would expect both protons
at Cg of ILXIX to couple with protons at Cs and Cy in a similar manmer.
Models of LVIII indicate the dihedral angle between the gyp Cg proton
(syn te nitrogen) and the bridgehead protons to be ga. 800, so that
coupling of the gyn Cs proton with the bridgehead protons would be
small. However, the anti Cg proton shows an angle of ga. 55-60° with
the bridgehead protons and a coupling constant of 4 c.p.s. is therefore
compatible with this orientation. Thus the high-field deoublet and
sextet of LVII probably arise from the gynm and anti Cs protons of LVIII
respectively.

The infrared spectrum of dihydre-~LVII (LXI) shewed, in addition
to the usual bensenesulfonamido absorptions, a band at 1625 em -
suggestive of an enamine-~type structure. The n.m.r. spectrum eof IXI
(reproduced in Plate II) indicated two nonequivalent clefinmic protens
with a splitting pattern that could be interpreted equally well in terms
of either LXII or IXIII and the remaining portiem of the spectrum provid
no basis of distinction between these two structures.

Chemical proof that LVII is correctly represented by structure
LVIII was provided by the degradatien of LXI to 3-methylcyclopentanone.
Ozonolysis of IXI gave LXIV which decarbexylated upen Tollens exidatien
to give IXV, Hydrolytic removal of the N-formyl group of IXIV during
reduction under Wolff-Kishner conditioms gave a mixture of gig and
trans=§-(3-methylcyclopentyl)benzenesulfonamide (IXVI). Reduction of
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ed



LXVI with sedium in alcohol gave gis and ftrang-3-methyleyclopentylamine
which on nitrous acid deamination gave a mixture of 3-methylcyclopentancl
(62%) and olefins (29%). Chromic acid exidation of the deamination
mixture gave as the only ketonic product 3~methylcyclopentanone (IXVII)
which was identified by gas chromatography and mixed memliting point of

dene derivative with an authsntic sample.  Rearrangement

iﬁl the deamination reaction te yield 3-methylcyclopentancl is ruled out
since both ¢is and irapns-2-methylcyclepentylamine are known not to

yield 3-methylcyclopentancl on deamination under idemtical conditionsozs
The nitrogen-containing moiety in LXIV must therefore be y to the
aldehyde group as required by structure LVIII. These results are clearly

not compatible with structure LIX.

SOgbsH:

S0.CgH CH
N\ 2 6 5 3
0 = “g“ \@

LXIV LXVI LXVII

\

H
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N
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As mentioned earlier, it has been suggested that the mechanism
of aziridine formation in the reaction of benzenesulfenyl azide with
bicyclo(2.2.1)-2-heptene (I) parallels that of epoxidation. In this



regard it is noteworthy that no detectable amount of IXVIII was formed
during the reaction of benzenesulfonyl azide with bicycle(2.2.1)=2,5=
~heptadiene (VIII), whereas the epuﬂ.datim%a of VIII gives an appreciable
quantity of the corresponding gnde moncepoxide. It is also interesting

to note that IXVIII is quite stable, as is the corresponding endo

epoxide, suggesting that the rearrangement of IX is facilitated by
bagk~side participation of the 5,6~double bond as in the recently

"26a,b
reported rearrangement of IXIX to IXX during the epoxidation of VIII. ;

\ S02CeHs ’
0,C<H N
- 2CsHs LR

e g e IVIEL
6

LXIX IXX LXXIT

The formation of LVIII from an intermediate such as LXXI is analogous
to the formation of bicyeclo(3.2.1)-2,6~vctadiene (IXXII) during the

Wittig reaction of m,m

Dicyclopentadiene (II) reacted smoothly with benzenesulfenyl azide
(VI) in chloroform solution at room temperature to give a erystalline
product which gave an elemental analysis (C;gHyyNOzS) indicating that one
mole of azide had reacted with one mole of the dieme. The infrared and



n.m.r. spectra of the product showed the presence of a double bond and
a benzenesulfonamido group but the absence of N-H absorption. The
structures IXXIII, IXXIV, LXXV, and LXXVI are consistent with the

7
CeHsS0,!
*ﬁ CgHgSO2N
LXXIIT LXXTIV LXXV

7
CeHsSO0

S CeHsS0z TXEVILT

elemental and spectral data and may be expected on mechanistic and/or
steric grounds. The n.m.r. spectrum of the product showed two protons
on carbon bearing the nitrogen of the benzenesulfonamido group. This
observation eliminates the sulfonimide structure LXXV which had been
suggested for the product of the reaction of disyclopentadiene and
p~toluenesulfonyl azide by earlier w@rkersoa The signals arising from
the protons on carbon attached to nitrogen appeared as an AB quartet
(J = 5.5 ¢.pos.) centered at § 2.62 and 2.88, Catalytic hydrogenation
of the reaction product gave a dihydro derivative (LXXVII), the n.m.r.
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spectrum of which showed that the protons on carbem sttached to nitrogen

were now equivalent and appeared as a sharp singlet at § 2.90. These
observations are clearly not consistent with structure LXXVI but may be

interpreted in terms of ILXXIII or LXXIV,

Although structure LXXIV might be elimimated on the basis of steric
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arguments, the n.m.r. spectra of the product and its dihydro derivative
provide a clear basis for distinction between LXXIII and LXXIV. The
n.m.r. spectrum of the addition product showed an AB quartet at high
field (J = 9.5 c.p.8.) centered at & 0.88 and 1.55 due to the protons
at C7., An examination of the n.m.r. spectrum of the dihydro product
(LXXVII) also revealed an AB splitting of the C; protons; a doublet
(J =9.5 c.p.s.) centered at § 0.92 constituted half of the quartet,
while the second doublet, since it is not obvious, may be buried in the
methylene envelope: An examination of Table I reveals that the n.m.r.
spectra of bicyclo(2.2.1)heptane derivatives possessing aziridine or
epoxide rings exhibit an AB splitting pattern for the C, protons. It
is of particular interest that the n.m.r. spectra of compounds containing
an exo aziridine ring (e.g. XI, XIV, and XCII) show the doublet signal
for the anti C; proton at very high field (4 < 1) whereas the corresponding
signal in the spectra of compounds centaining an ende aziridine ring
(g.g. LXXVIII, LXXXVII, and the dimethyl ester from XCVI) appears at
much lower field (6§ ) 1.5). This observation clearly indicates LXXIII
and not IXXIV as the correct structure of the addition product. The
nonequivalénce of the C; and C3; protons in LXXIII is due to the shielding
effect of the 8,9=double bond of the gndo cyclopentene ring on the
endo proton at Cz.

L. The Reaction of Benzenesulfonyl Azide with Bicycle(2.2.2)-
=2=octepe

In order to¢ study the effect of decreasing angular strain in the
olefinic linkage on the course of the azide reaction with bicylic

alkenes, bicyclo(2.2.2)+2-octene (IX) was treated with benzenesulfonyl
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azide (VI).

Under conditions where benzenesulfonyl azide reacts with I, II,
and VIII in a vigorous exothermic reactiom with evelution of nitrogena.
no detectable reaction of evelution of nitrogen could be observed with
IX. In refluxing benzene, however, benzenesulfonyl azide reacted with
bicyclo(2.2.2)-2-octene to give a mixture of twe compounds. The presence
of (ga. 30%) IXXIX was established by the appearance in the infrared

CeH&SO
Cﬁﬂlss{)gﬂ
LXXTX

LXXX LXXXT
spectrum of the reaction mixture of an intense absorption band at
1612 em. ™ (-C = §-) and by the facile hydrolysis of LXKIX to bicyclo-
(2.2.2)=2~octanone and benzenesulfomamide. The infrared spectrum of the
second product (ga. 50%) showed the presence of a benzenesulfonamido
group and the absence of N~H absorption. The n.m.r. spectrum of this
product revealed signals arising from two protons on carbon attached to
nitrogen of the benzenesulfonamido group as a multiplet cemtered at
6 2.88. These data are consistent with both the expected aziridine
IXXX and the azetidine LXXXI.,

When the nitregem—containing ring of the second product was cleaved
under snz conditions in refluxing tert-butyl alcohol containing potassium
thiophenoxide, LXXXIT was obtained. Chemical confirmation of the
skeletal structure of IXXXII was provided by its reduction to 2-benzene-
sulfonamidobicyclo(2.2.2)octane, which was synthesized by an independent
route.
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Structure LXXXI is incompatible with the above observation and
additional evidence was provided to show that LXXXII possessed the
trans stereochemistry expected of an smz cleavage of the nitrogen—
containing ring of IXXX, This evidence was obtained by examination of
the n.m.r. spectrum of ILXXXIT in dilute trifluorcacetic acid solution.
Under these conditions the C;, C3; protons were coupled to give a quartet
with a coupling of 6.5 c¢.p.s. That this coupling reflects a frans
relationship ef the C;, C3; protons may be seen from the following

28,29
examples.
il
. CHaC04C CH3CO02C ¢
3 34
H 2 ‘lll
NGl e 2 &
CH3C0,C CH3C02C
d293 — 10 0.p.5. J293 = 6 c-paao J2’3 ol 5 c“p’s"

These data clearly eliminate structure LXXXI and indicate the correct-
ness of the assignment of structure LXXX,

Cleavage of the nitrogen—containing ring of LXXX by hydregen bromide
in carbon tetrachloride soclution gave a separable mixture of IXXXIII
and LXXXIV, The n.m.r. spectrum of LXXXIII in dilute trifluorcacetic
acid solution was very similar te that of LXXXII in the methylene envelope

region and revealed a quartet splitting for the Cz, C; protons with a



coupling of 5 c.p.s. Comparison of this value with the above examples
again indicates that the substituents in LXXXIIT on C, and C3 are irans.
Structure LXXXIV is assigned to the other cleavage product on the
basis of mechanistic considerations and its n.m.r. spectrum. Assuming
protonation of the nitrogen of the benzenesul fonamido group to be the
initial step in the cleavage process, one could envision the formation
of IXXXIII from LXXX by direct attack’ at Cs. The formation of LXXXIV
would involve a Wagner—-Meerwein shift with displacement by bromide at
C4. That the benzenesulfonamido group of the second cleavage product is
syn at Cg of a bicyclo(3.2.1)octane ring system is substantiated by the
following n.m.r. spectral comparisons. The n.m.r. spectrum, in dilute
trifluoroacetic acid solution, of the compound in question revealed the
proton attached to carbon bearing the nitrogen of the benzenesulfonamide
group as a triplet (J = 4 c.p.s.) and the proton attached to carbon
bearing the bromine atom as a more complicated mmltiplet. The n.m.r.

spectrum, under identical conditions, of the isomeric LXXXV, the pre-
H

CeHsS0z
H Br
CeHsSON
LXXTV

8 Br. 8
CeHsSO li
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paration of which is described later in this thesis, revealed the proton
at C2; as a similar mmltiplet to that described above and the anti proton
at Cg as a triplet (J = 4 c.p.s.). A similar triplet (J = 4 c.p.s.)

has been report.odjo for the anti Cg proton in epdo~8-bromobicyclo(3.2.1)=
~2~octene (LEXXVI).

~-heptene-gndo-gis-2,3-dicarbexylic Anhydride and Bicyclo(2.2.1)-5-heptene-

exo-cjs~dicarboxylic Anhydride

Recent work from this laboratory has shown that benzenesulfonyl azide
reacts with bicyclo(2.2.1)-5~heptene-endo-¢ig-2,3~-dicarboxylic anhydride
(V) in refluxing carbon tetrachloride to give predominantly the endo
aziridine, VII.9 The present reinvestigation has revealed that smaller
amounts of a second aziridine are also formed in this reaction.

When a solution of benzenesulfonyl azide and V in carbon tetra-
chloride solution was refluxed for 48 hrs. a gummy solid precipitated
from the solution. Crystallization of this gum from benzene-acetone
yielded (ga.30%) VII. Esterification of the mother liquors with
methanolic diazomethane followed by chromatography on alumina gave
(ca. 30%) IXXXVIT and (ca. 19%) another isomer (LXXXVIII) along with
minor amounts of unreacted starting materials.

The infrared spectrum of the second product (ILXXXVIII) showed the
presence of ester and benzenesulfonamido functions but the absence of
N-H and )C = N-absorptions. The n.m.r. spectrum of LXXXVIII confirmed
the absence of & sulfonimide linkage (CgHsSO-N = C{) in that it showed
two protons on carbon attached te the nitrogen of the benzenesulfonamido

group. The endc aziridine LXXXVII showed signals for the protons at Cs



and Cg as a triplet (J = 2 c.p.s.) centered at § 2.63, whereas in

LXXXVIII the corresponding signal appeared as a sharp singlet at § 3.13.

An examination of the n.m.r. spectrum of LXXXIX alse revealed the protons
attached to carbon at Cs and Cg as a sharp singlet. The equivalence of the
protons at Cs and Cg of LXXXVIII clearly eliminates structures such as

7

COOCH;
00CH3

LXXXIX

XC and XCI which might be expected on mechanistic and steric grounds.
It is noteworthy that in the n.m.r. spectrum of LXXXVII the C, protons

appeared as an AB quartet with one doublet at § 1.54 and the other at

CgHgSO CeHsS03: 5 00CHs
3
= 0OCH3
6 6
00CH3
XCI

XC

1.98; a similar situation was observed in the n.m.r. spectra of LXXXIX
and the isomer in question (IXXXVIII). However, in the latter two cases
a larger difference in chemical shift was observed for the Cy; protons.
Thus, the n.m.r. spectrum of LXXXIX showed a pair of doublets for the Cs,
protons at § 0.80 and 1.50 and the n.m.r. spectrum of ILXXXVIII showed
similar signals at § 0.90 and 1.70. The larger difference in chemical
shift of the Cy protons in the n.m.r. spectrum of LXXXIX compared with
that observed in the m.m.r. spectrum of LXXXVII, is due, vide infra, to
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the proximity of the gxp oxygen to the C, protons. The similarly large
difference in chemical shifts exhibited by the C, protons in LXXXVIII
clearly indicates that LXXXVIII possesses an gxo moiety which is in close
proximity to the C; protons.

The aziridine structure XCII rather than XCIII is suggested for
IXXXVIII because of the similarity of its n.m.r. spectrum to that of

CeHsS0Z COOCH3

COOCH3 |
COOCH 5 CeHsSON COOCH3

XCGIr XCIII

ILXXXTX. The endo-cis configuration is assigned to the diester function
since the mild conditions under which this product was isolated would
preclude the oﬁ_servad difficult isomerization of the ester groups of
IXXXVIT and similar compounds. In support of this conclusion is the
observation that the n.m.r. spectrum of LXXXVIII shows a single signal
for the twe methyl ester protons. The assignment of the exp configuration
to the aziridine ring follows from the above and the assumption that a
certain amount of the benzenesulfonamido intermediate would be expected
to react from the less hindered exo side of the double bond of V.

If the correct structure of IXXXVIII were XC, XCI, or XCIII then
it would be surprising that the n.m.r. spectrum of this compound revealed
both protons at C> and C; as equivalent, both protons at Gy and C,4
as equivalent, and both protons at Cs and Cg as equivalent and as a
sharp singlet. A similar equivalence of corresponding protons was exhibited
in the n.m.r, spectrum of LXXXTX.



31

The reaction of benzenmesulfonyl azide with bieyclo(2.2.1)-5-heptene
sxo-gis-2,3~dicarboxylic anhydride (IV) in refluxing carbon tetrachloride
also led to the formation of two isomeric preducts which could be
isolated in a manner similar to that described above for VII and XCII,
The predominant isomer (XCIV, ga. 74%), which crystallized from the
reaction mixture in benzene, is that for which structure XCV had been
suggeated.9 The exp configuration was assigned to the aziridine ring
since the electrophilic benzenesulfonamido intermediate would be expected
to react with IV from the less hindered gxo side in the absence of
electronic effects of the gndo anhydride ring which is present in the
isomer V.

The n.m.r. spectrum of the dimethyl ester from XCIV showed striking
similarity to that of LXXXVII. The n.m.r. spectrum of each isomer showed
an AB quartet for the Cy protons; a narrow multiplet for the bridgehead
protons, and a similar miltiplet for the protons on carben at Cz; and C3.
The signals arising from the protons on carbon attached to the nitrogen
atom of the benzenesulfonamido group in both isomers appeared as a triplet
(J = 2 €.p.s.), whereas in the gxp aziridines XCII, XI, and XVI the
corresponding signal appeared as a sharp singlet. If XCV is the correct
structure of XCIV then it is surprising that the Cs and Cg protons in
the dimethyl ester from XCIV appear as triplet instead of a singlet,
in its n.m.r. spectrum. The multiplet structure of the signals arising
from the pretons at Cs and Cg in the dimethyl ester from XCIV strongly
indicates that the aziridime ring in XCIV possesses the endo configuration
and thus is correctly represented in structure XCVI.

In order to distinguish chemically between struetures XCV and XCVI
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elimination of the carboxylic anhydride moiety of XUCIV seemed appropriate.
Structure XCV would lead to the known gxp aziridine XI whereas the endo
aziridine LXXVIII would be expected from XCVI. The anhydride group of
XCIV was readily opened in boiling water to give the gis dicarbexylic
acid XCVII the dimethyl ester of which was identical with that obtained
by treatment of XCIV with methanolic diazomethane. Oxidative bisde-
carbaxylation of XCVII with lead tetraacetate in pyridine gave the
unsaturated aziridine ILXVIII which upen catalytic hydrogenation gave
IXXVIII. Chemie¢al confirmation of the structure of LXXVIII was provided
by cleavage of the nitrogen-containing ring by potassium thiophenoxide
to give XCVIII followed by reductive removal of the thiophenoxy group te

give 2-gndo-benzenesulfenamidobicyclo(2.2.1)heptane (XXXIII).

CgHsSO

CgHsSO2NH CeHsSOoNH
XXXITT XCVIIT LXXVIIT
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These data can be interpreted in two ways. First, one can assume
that the correct structure of XCIV is XCVI and that degradation to XXXIII
involves no skeletal rearrangement. If such is the case, the carbons
in positions 2 and 3 of XCVI will be in positions 5 and 6 of LXVIII
(see below). The second interpretation is that the correct structure
is XCV and that degradation to XXXIII involves a molecular rearrange-
mnt._ Since rearrangement during the conversion of IXVIII to XXXIIT is -
excluded (sﬂz reaction), skeletal rearrangement, if it oeccurs at all,
must occur during the decarboxylation of XCVII. In this respect, it
should be pointed out that recent investigatibns by a number of workerasl
have demonstrated that cationic intermediates are generated during

oxidative bisdecarboxylations using lead tetraacetate. The ability

of the bicyclo(2.2.1)heptane ring system to rearrange during reactions
in which a nuclear cationic charge is generated is well known. ¥ If
skeletal rearrangement should occur during the decarboxylation the

carbons at positions 2 and 3 of XCV might be expected to be found at

positions 1 and 7 of IXVIII as shown below.
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In order to test these two possibilities it was necessary to
label the 2 and 3 positions of XCIV. This was done by synthesizing
XCIV with deuterium (ga. 70%) in the Cz, C3 positions. Hydrolysis of
ICI?-z,}-dloh to IGVII-z,B-dLh was carried out in 80% deuterium
oxide, so as to preclude any loss of deuterium due to ecxchange on the
carbons attached to the carboxyl moieties of XCIW=2,3-d, L Lead
tetraacetate bisdecar:bozquation of ICVII-z,B-dL L gave LXVIII which,
by n.m.r. analysis, was found to contain deuterium (ga. 70%) at the 5
and 6 positions. Thus no skeletal rearrangement occurred during the

decarboxylation and XCVI must be the correct structure of XCIV.

7 7
0. s [\& 3 FOOCHs CeHsSOzN 5 _\% 5, CO0CH;
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The n.m.r. spectrum of the dimethyl ester of the minor isomer
(ca. 22%) from reaction of benzenesulfonyl azide with IV revealed
the presence of only one methylene group and this appeared as an AB
quartet (J = 11 c.p.s.) with doublets centered at 8 1.47 and 1.75;
the remaining protons were much further downfield. The protons at Ci,
Cz, C3, and C, appeared as a narrow signal at 6§ 2.82 and the two protons

on carbon attached to the nitrogen of the benzenesulfonamido group
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appeared as a sharp singlet at 6§ 3.03. An examination of the n.m.r.
spectrum of XCIX revealed a nearly identical situation; thus, the
spectrum of XCIX a;aowed an AB quartet for the C; protens (J = 10.5
C.p.S.) with doublets centered at & 1.33 and § 1l.64, a single multiplet
at § 2.80 for the protons at Cy, C2, C3, and C4 and a sharp singlet for
the protons at C5 and Cg. On the basis of this spectral correspondence
and since some of the benzenesulfonamido intermediate would be expected
to attack IV from the gxp side structure C is suggested for this compound.
Under conditions in which I, II, and VIII reacted readily with
benzenesulfonyl azide no appreciable reaction with IV or V occurred.
It has been mggeated9 that under the conditions necessary for benzene-
sulfonyl azide to rea.ct with IV and V the azide slowly decomposes to
yield the benzenesulfonylnitrene which then adds to the double bonds
of 1V and V. The explanation offered for the predominance of gndo
attack in the case of V was based on the reported electrophilic be-
havior of this nitrene in aromatic substitution rea::*t..’u:n.-.s.,33 It was
postula.ted9 that the "electron—rich" oxygen atoms of the endo anhydride
group attract the "electron-deficient™ nitrene to the gndo side of
the double bond of V. '
The electronic effects of the gxp 2,3~amhydride group of IV can
be considered to have a negligible effect on the electronic environment
in the gnde portion of the molecule. Addition of the benzenesulfonyl-
nitrene from the exp side (presumably the least hindered) would then
be expected since other electrophilic reagents invariably add from this

35
side. 3 If one assumes that a nitrene intermediate is involved

36,37
and that it behaves in the manner proposed fer singlet carbenes, 3



bonding in the transition state would originate from simultaneous

overlap of both p orbitals on the carbon atoms of the double bond with

the sp® orbital of the mitrene., Such overlap should be maximized if

the nitrene lies over the olefin in a plane parallel to the plane of

the double bond. In order for this criterion to be fulfilled a nitrene

approaching from the gxg side would encounter nonbonded repulsions .

between the lone—pair on nitrogen and the gyp~7-hydrogen. As the

transition state passes on to the aziridine the repulsions between the

lone~pair on nitrogen and the gyn-7-hydrogen should decrease slightly

oxdip Lo Elia ohanie 1n Rydrddisation ut Oy il Cy Toem 85" to sp; on

the other hand, the bond-tightening process would have an opposite

effect. The gyn-7-hydrogen and the lone-pair on nitrogen in N-sub-

stituted gxp aziridines occupy the flagpole positions of what amounts

to a rigidly fused 'boa.t-form piperidine ring. Although conformational

studies reveal the lone~pair en piperidines is small compared to hydrogen?s

the close proximity of the nitrogen to the gym-7-hydrogen in gxo

aziridines is revealed by the deshielding effect exerted by the aziridine

ring on the proton in question in the n.m.r. spectra of these compounds

(See Table I, and compare e.g., bicyclo(2.2.1)heptane with XI Qr XvVI).
Attack of the nitreme from the endo side should also occur in

a plane parallel to that of the W Jsrbital of the double bond. Approach

from this direction would product strong nonbonded interactions between

the gndo-2,3-hydrogens and the lone-pair on nitrogen. As in the case

of gxp attack, rehybridization of the Cs and Cg carbons during the latter

stages ef bond formation would relieve these repulsions and the resultant

bend tightening would have an opposite effect. In the case of the
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ende aziridines the lone-pair on the nitrogen appears from melecular
models to occupy a somewhat less crowded position in space than its

exp counterpart. This is substantiated (see below) by the fact that

the endo—~5,6~hydrogens of IXXVIII are not deshielded by the gndo
nitrogen moiety. The predominance of endo aziridine would therefore
imply that the repulsions present in the gxo aziridine more than
compensate for the bond-tightening process and that although the initial
transition state arising from m attack may be more hindered the
bond-tightening process is more than sufficient to overcome any nonbonded
repulsions remaining in the endo aziridine. Thus a valid question
arises: why should I, II, and VIII yield gxo addition products with
benzenesulfonyl azide (and for that matter epoxidizing agents) if a
more strained product results?

The formation of XI from I and benzenesulfonyl azide most likely
involves decomposition of an unstable triazoline intermediate. Examina-
tion of the molecular models of triazolines XIV and XV reveals no
interactions between the gyp~7-hydrogen and any nitrogen of the tri-
azoline moieties. This is confirmed (see below) by the fact that in
the n.m.r. spectra of these compounds the signals arising from the Cy
protons appear in the usual methylene regien. Ii is readily apparent
from the course of additions to the double bond of 132 that exp sub-
stituents at C; and C; are considerably less hindered than their gndo
counterpart. This is also true in the case of gxo (vs ende) Cz, Cs
bonded triazolines. However, the decompositien of an gxp triazoline
intermediate would give rise to a sterically more hindered gxp aziridine.
Similar reasoning may be extended to other gxo additions in this



ring system. Thus, if a group approaches the m-arbital of the double
bond closer to one olefinic carbon than to the other, the sterically
more favorable approach parallel to the 1 cloud is from the gxo side.
The formation of an gxp epoxide, for example, would by this reasoning
arise from a transition state in which one bond is formed to an appreci-
able extent before the other one is. The gxp attack of dichlorocarbene

on I to give the highly strained dichlorocyclopropane CI has been

attribut od39

to such an unsymmetrical addition process.

As has been inferred above and elaewhera}h the n.m.r. spectra of
%y epaxides and exp @ziridines of bicyclo(2.2.1)heptane and its
durivatives possess common distinctive characteristics. The most
apparent of these is the divergence of the chemical shifts of th? Ceo
protons of tﬁese derivatives as compared to those observed in .the
parent conlpound.l‘!”hoa Tori, et. ﬂl'h.Oa have recently reported that
the introduction of an gxp epoxy group into the norbornane system
caused marked shielding of the apti C; proton but slight deshielding
of the gyn Cy proton. The shielding effect was ascribed to an epoxide
ring current, while the deshielding of the gyn C; proton was attributed
to a nonbonded interaction between the oxygen lone-pair electrons and
this proton. The assignments of the gyn and gnti protons at Cy; in
Table I are by analogy with this work. This explanation differs

somewhat from that offered by Moore and coﬂmar!ef:erss9 to account for
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similar shielding of the anti Cas proton and the deshielding of the
syn Cg proton in CI. Moore reasoned that the severe repulsions of the
syn C; chlorine atom and the gyn Cg proton would cause bond distortion
in such a manner that the Cg bridge would be bent toward Cg and Cy.
This would have the effect of pushing the anti Cg proton inteo the
molecule and thus this proton would become more highly shielded. The
deshielding of the gyn Cg proton of CI was attributed to interaction
of this proton with the chlorine atom. However, both of these inter-
pretations point to the close proximity of the gyn methylene bridge
proton to an gxo substituent bonded simultaneously to Cz and C3 of the
bicyelo(2.2.1)heptane nucleus. The fact that the n.m.r. spectra of
8xp aziridines of bicyclo(2.2.1)heptane and its derivatives in Table I
show the apti C» proton to be highly shielded wh:iie the gyn Cy proton
is slightly deshielded indicates some nonbonded interaction exists
between the nitregen lone-pair and the gyn proton.

At this time the exact origin of the shielding of the Cy anii
proton in the above cases is open to question; however, similar dia-
magnetic shifts in closely related systems are most easily interpreted
in terms of the ring current effect. Of particular interest is the
diamagnetic shift (0.49 p.p.m.) exhibited by the vinyl protons of
LXVIII with respect to IX (Table I). Since the vinylic proton: of
LXVIII lie in the cone circumscribed by the nitrogen-containing ring
and perpendicular te this ring it appears this effect may be attributed
to a ring current effect. The diamagnetic shift of the vinylic protens
of CII with respect to CIII (0,60 p.p.m.) and of CIV with respect to I

(0,30 p.pom.) have been explained by others in terms of a ring current
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CII CIII CIv

effect.hl Of greater in‘t,ere.s:t is the diamagnetic shift (ga. 0,69 p.p.m.)
of the Cy proton of tri@y@l@(&zolo0395)°2=heptan@n: (€V) with respect
to CVI. This has also been explainedhl in terms of a ring current effect.
The position of the C; proton with respect to the cyclopropane ring in
CV parallels that of the gnti C+ proton in the gxo aziridines in question

cv VT

to the nitrogen—eceontaining ring. In beth cases the relevant proten
is in the come circumscribed by the three-membered rimg and perpendicular

to the plane ef the ring as shown below.




TABLE I

THE CHEMICAL SHIFTS OF Cy VINYLIC PROTONS OF CGMPOUNDS
CONTAINING EPCXIDE OR AZIRIDINE RINGS '

Compound . 5%  Solvent Compound - 8% Solvent

1.20(s) CDClgl"Ob | L.44(s) GeH@u’"
1.20(a) 0.43(a)

1.35(s) cDCL,*%2

0.70(a)
1,18(s) cpc1:®® CGeHsS0a 1.66(s) CDCls
1.33(a) 1.07(a) ,
5.98(v) . | 6.35(v)
T X
CsHs502 1.38(s) CgHg™ 1.25(s) €S,
0.43(a) ¥ 1.25(a)
1.2-  CDCls N
1.6(s) CoH5S0z
X1 0-70(a) LIXVIII
' CoHsCH, B
: 1.63(s) CSz 1.76(s) CDC1ls
0.63(a) - 1.76(a)
) hlr 5.86(v)
CeHz50,

VI IXVIII



TABIE I (Continued)

. — ‘ EE—
Compound ] Solvent Compound a,a. Selvert
1.50 ; CHOLs CofsSLN, '1.70(-; BCl;
0.8 0.90(s)
COOCH;
00CH; CollsSON
J00CH, Lo &(achGl; | )} _ 8
1.33(a) _ | 3 1.47(a
XCIX . e | ,
CeHsS0s 0655393 \
lohé(s)CGL,
0.87(a) ' 1 7(8)
0.92(a)
00CH;
9% *
l.53(s§ CBCl, COOCH3 1.92(8)CDC1s
i 2.00(a . 2.32(a)
: COOCH3 -
CaHsSO,N _ N
() 00001!3 ‘ csﬂssqu
LXXVIT . dimethyl ester from
' L xcv1

In molecules containing epoﬁ.de or aziridine rdings syn (s) and m
(a) refer to these rings and v = vinyldc protons. *The assignment of
signals to gyn and anti protons in these cases 48 based on the observed
long range splitting of the 8 1.92 aignal in the dimethyl ester from XCVI
which i8 assumed to arise by coupling with the endo C; and 03 protons as .
observed by othersh0 in similar cases.
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C. Experimental

Melting points were taken on a Fisher-Johns apparatus and are
uncorrected. Infrared spectra were recorded with a Beckman IR=-5
spectrophotometer; n.m.r. spectra were obtained with the Varian A-60
n.m.r. spectrometer, using tetramethylsilane (TMS) as an internal
standard (6 0). Carbon and hydrogen analyses were performed by Midwest
Microlabs, Inc., Indianapolis, Ind., and nitrogen analyses were per-
formed by a previously described procedure.hz All thin layer chromato-

grams were developed in iodine vapor unless otherwise stated.

Benzenesulfonyl azide (VI) was prepared as previously described,
but with the modification that the liquid benzenesulfonyl chloride was
added directly to the ethanolic sodium azide solution. When the
benzenesulfonyl chloride was dissolved in ethanel before addition to the
ethanolic sodium azide solution, as done by previous workers,BBb
appreciable amounts (up to 25%) of ethyl benzenesulfonate were formed
as shown by the presence of the characteristic ethyl group signals in
the n.m.r. spectrum.

Bicyelo(2.2.1)-2-heptene (I) was prepared by a well established
;:u'm:ecdm:'e‘.z"3

Benzenesulfonyi gzide (VI, 4.7 g.) was added to a solution of
5 g of I in benzene or petroleum ether at room temperature with

stirring. The evolution of nitrogen, which began immediately, ceased



after 1.5 hr. The crystalline product, which precipitated in quanti-
tative yield as the exothermic reaction proceeded, was filtered out and
recrystallized three times from 95% ethanol to give 5.3 g. (79%) of

-1
X, m.p. 105°; v XBr 1310, 1155, 1090, 975, 910, 720, and 690 cm. ;

max
n.m.r. (in CCly), 8 2.42 (protons at Cy and C4), 2.84 (protons at
Cz and C3), 7.3-8.0 (5 aromatic protons).
Anal. Caled. for Cy3HysNO2S: €, 62.62; Hy, 6.05; N, 5.62. Found:

C, 62.96; H, 6.05; N, 5.41.

A solution of 2.6 g. of benzyl azide and 1.9 g. I were stirred
in 15 ec. of petroleum ether at 50o for 12 hr. Removal of the solvent
in vacuo gave 91% of IV, m.p. 70-T1°. The analytical sample, prepared
by recrystallization from petreleum ether, had m.p. 72—730; ) ﬁ:;
1455, 1352, 1091, 948, 742 and 700 em.™™; nom.r. (in CCly) 8 0.9-1.5
(6 protons), 2.08 (proton at Cs), 2.57 (proten at C;), 2.98 (proten
at Cz, doublet, J = 9.8 c.p.s.). 4.25 (proton at C;, doublet J = 9.8
CoPoSe)y hoT2 (benzylié protons, doublet, J = 4 €.p.s.) and 7.30
(5 aromatic protoms)oﬁ

Mnal. Caled. for CyuHysNa: C, 73.97; H, 7.5k, Found:_C, Th.29;
Hy, 7.70.

The preparation of XV was carried eut using the same procedurs.
After recrystallization from petroleum ether XV had m.p. 103-105°
(lit.h m.p. 101=1029).

. The n.m.r. spectrum of XV in CS; showed the following signals:
8 1=1.6 (6 pretons), 2.57 (pretons at C; and C,, broad multiplet),

3.54 (proton at C3, doublet, J = 9.5 e.paso); h.42 (proton at Cz,
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doublet, J = 9.5 ¢.p.s.), and 6.83-7.34 (5 aromatic protons).

2X0
Preparation of n—benzyl—B-azatrieyclo(&Z.l.lz’B_ octane

(XyD)

A solution of 3.45 g. of XIV in 350 cc. of hexane was irradiated

for 5 hrs. at 25—L0° with a 200-watt Hanovia mercury lamp using a
quartz filter. Evaporation of the solvent gave an oil which was
fractionally distilled under reduced pressure to give 1.29 g. of XVI
(b.p.().3 i 115-120") and 0.610 g. of an unidentified o0il (b.p. St
150-160°).

Anal. Caled. for Cy4HyyN: C, 84.37; H, 8.60. Found: C, 84.95;
H, 8.61.

The n.m.r. spectrum of XVI in CS; revealed the following signals:
8 0.63 (apti proton at C;, doublet, J =10 c.p.s.), 1.0~1.2 (4 protons),
1.40 (protons at C; and C3), 1.63 (gyn proton at Cy, doublet, J =
9 c.p.sS.), 2.25 (protons at C; and Cy), 3.19 (benzylic protons),
and 7.23 (5 aromatic protons).

Preparation of 2-egxo-Hydroxy-7-gyn-benzenesulfonamidebicyclo—

A solution prepared by adding 0.92 g. of X to 10 cc. of water
containing 10 drops of concentrated hydrochloric acid was refluxed for
15 min., The selution was evaporated to yield an oil which was taken
up in ether. After drying over anhydrous magnesium sulfate, the ether
was evaporated to yield 0.92 g. of eil (XVII) which partially crystallized
after two distillatiens (b.Peg gn oo 160%) and standing in the re-

frigerator for 2 weeks. Three reerystallizations from ethanol gave
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XVII B, m.p. L42-L44°; v E; 3450 (OH), 3116 (NH), 1310, 1163, 767,
721, and 691 em. T,

Anal. Calecd. for Cy3H;7NO3S: N, 5.24. Found: N, 5.22.

Preparative thin layer chromatography on Silica Gel-G in chloro-
form-ethyl acetate (3:1) was used to separate a small amount of the
oily acid-catalyzed hydrolysis product inte alcohols XVII os and XVII 8.
Oxidation of these aleohols with chromic anhydride in acetic acid gave
the aam ketone XVIII, as detected by thin layer chromatography (de-
tection by 2,4~dinitrophenylhydrazone).

B. Hvdration of X

A suspension of 3 g. of X in 25 cc. of water was refluxed for
24 hr. and the solution was extracted with ether. The ether extract
was dried over anhydrous magnesium sulfate, decolorized with Norit and
evaporated to give 2.8 g. of an o0il, identical in infrared spectrum
with the preoduct obtained by the acid-catalyzed hydrolysis of X. This
sample of alcohol, on oxidation, gave the same crystalline ketone
XVIII as obtained by the oxidation of alcohol prepared by procedure A.

C. Alkaline Hvdrolyvsis of X

To a solution of 3.94 g. of XI in 10 cec. of 50% aqueous potassium
hydroxide was added 10 cc. of ethanol and the entire solution was re-
fluxed for 2 days. After extraction with ether, the remaining agueous
solution was acidified with dilute hydrechloric acid, then extracted
again with ether. This latter ether extract was washed with an aqueous
sodium carbonate solution, dried over anhydrous magnesium sulfate, and
evaporated to yield 0.8l g. of an oil which after oxidation gave cry-
stalline ketone XVIII identical in all respects with ketone XVIII
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prepared from the alcohol as obtained by procedure A. On evaporation,
the ether extract of the alkaline solutien gave 2.35 g. of unchanged X.

Basic catalysis in the conversion of X to XVII was demonstrated
as follows. Four 20~cc. ethanolic solutions each containing 0.8132 g.
of X were prepared. To one was added 10 ce. of 1.0 N sodium hydroxide,
to a second was added 10 cc. of 0.10 N sodium hydrexide, teo a third
was added 10 cc. of 0,01 N sodium hydroxide, and to the fourth 10 cc.
of water was added. The four solutions were refluxed under identical
conditions for 4 days and at intervals of 6 to 12 hours, 1 cc. aliquots
were removed from each solution, diluted to 4 cc. with water, and
carefully neutralized, in the cold, with dilute hydrechloric acid.
The aqueous solutions were extracted twice with 5 ce. portions of
benzene; the benzene solutions were dried over anhydrous magnesium
sulfate and evaporated in vague to yield an oily residue of 25t 5 mg.
in each case. After drying overnight under reduced pressure, each sample
was weighed and diluted to 0,20 ¢c. with dry chloroform. The infrared
spectrum was then obtained in a 0.96-cm. cell in the region 2.5~3.5 p.
Using weighed reference samples of X and XVII B, the extinction of the
N-H absorption in the variocus samples was determined, and the percent
conversion in each sample was determined. A plot of concentration in
moles/liter of X vs. hours of reaction time gave the following times
for 50% conversion of X: 0.3 N sodium hydroxide, disregarded because
of precipitate formation during reaction; 0.03 N sodium hydroxide,
27 hr.; 0,003 N sodium hydroxide, 32 hr.; water, 45 hr.

The various samples from the kinetiec runs were compared by thin
layer chromatography, and all. showed the same spots but increasing



amounts of XVII were present with increasing reflux time and with
increasing basic strength. The unused solutions from the kinetic runs
were combined and after working up as described previously, the
residues were chromatographed on Merck acid-washed alumina. Crystalline
IVIL p (mop. 143-144") was sbtained from the slumt,

Thin layer chromatographic comparisons of the acid, alkaline, and
neutral hydrolysis products gave the comparisons shown in Table II.

TABLE II

DISTRIBUTION OF PRODUCTS FROM HYDROLYSIS OF X

Relative intensities and

conditions
o B S A
f
Benzenesulfonamide 0,10 1
Unknown .20 1 1 1
Unknown 22 % : 8 1
XVII B 40 b 4 L
XVITIoe 057 1 1 3
X 63 2 1 3

2A11 thin layer chromatograms were run on Silica Gel-G in 3:1
chloroform-ethyl acetate, allowing the selvent front to advance 15 cm.
bA, 96 hr. refluxing water; B, 96 hr. refluxing 0.03 N sodium hydroxide;
C, 30 min. refluxing dilute hydrochloric acid. Intensities were de-
termined by visually estimating the darkness of the iodine-developed
spots: darkest spot, 4; lightest, 1.
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Preparation of 2-Keto-7-gsyn-benzenesulfonamidobicyclo(2.2.1)-

heptane (XVIII)

To a solution containing 0.63 g. of oily XVII in 31 cc. of glacial
acetic acid was added a mixture of 0.17 g. of chromic anhydride, 5 cc.
of acetic acid, and 2 cc. of water. After stirring at room temperature
for 48 hr., methanol was added to destroy excess chromic anhydride and
the solution was diluted with 200 cc. of water. The aqueocus solution
was extracted with ether, and the extract washed with sodium carbonate
solution, dried over anhydrous magnesium sulfate, and evaporated to
yield 0.54 g. of ketone XVIII as an oil which crystallized from ether

to give m.p. L47-148°; v Sor 3130 (N-H), 1725 (C=0), 1335, 1163,

1090, 887, 773, 761, 719, and 691 em.” L.

Anal., Caled. for Cy3H;9NO3S: C, 58.85; H, 5.70. Found: C, 58.80;
H, 5.62.

The 2,4~dinitrophenylhydrazone readily formed upon the addition
of acidified, methanolic 2,4~dinitrophenylhydrazine solution to the
ketone. Recrystallization from 95% ethanol gave m.p. 240-242°.

Anal. Caled. for Cy9HygN50¢S: C, 51.25; H, 4.27. Found: C,
51.12; H, 4.73.

Alcoholic mixture XVII was also oxidized as follows. To a solution
containing 0.36 g. of XVII in 10 cc. of acetone was added 2 cc. of Jones
rea.gentM (1 cc, =0,004 mole of aleohol) After standing at room
temperature for 1 hr., the solution was diluted with excess 10% sodium
carbonate solution and extracted with ether. The ether extract, after
drying over anhydreus magnesium sulfate, was evaporated to yield 0.34 g.
of oil which after crystallization from ether gave 0.19 g. of XVIII,
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o o
m.p. 146~147 (2,4~dinitrophenylhydrazone, m.p. 242 ), identical in all
respects with XVIII prepared as previously described.

Preparation of 2-gxp-Acetoxy-7-gyn-benzenesulfonamidobicyclo—

{2.2.1)heptane (XIX)
A solution containing 2.16 g. of X in 10 cc. of glacial acetic

acid was heated on a steam bath for 0.5 hr. The solution was then
poured on ice and extracted with ether. The ether extract was washed
with aqueous sodium carbonate solution, dried over amhydrous magnesium
sulfate, and evaporated to give 2.37 g. of an oil which distilled at
134-135° at 0.07 mm. The distilled oil was crystallized from ethanol-
water and had m.p. 135-1360 HR") ﬁzrx 3200 (N-H), 1700 (C=0), 1260,
1160, 1088, 1052, 900, 853, 760, 723, and 689 cm.-l; n.m.r. (in CHCl3)
8 0.9-2.2 (8 protons), 2.04 (acetate methyl protons), 3.44 (proton at
Cy, doublet, J = 8 c.p.5.), 4.74 (proton at Cz, triplet, J = 5 c.p.s.),
5.42 (N-H, doublet, J = 8 c.p.s.), and 7.5-8.1 (5 aromatic protons).

Anal. Caled. for CysH;9O04NS: C, 58.23; H, 6.19; N, 4.53. Found:
C, 58.15; H, 6.30; N, 4.56.

Hydrolysis of XIX

A solution of 4.42 g. of XIX in 30 ce. of ethanol and 10 cc. of
20% aqueous potassium hydroxide was heated on the steam bath for 2 hr.
After cooling to room temperature, the solution was diluted with 50 cc.
of water and carefully neutralized with 5% hydrochloric acid. The
neutral agqueous solution was extracted with ether, which after drying
over anhydrous magnesium sulfate was evaporated to yield 3.42 g. of
crude alcohol from which erystalline XVII B, m.p. 142-143°, was obtained
as previously described.



Preparation of 2-Chloro-7-gyn-benzenesulfonamidobicyclo(2.2.1)-

heptane (XX)
Dry hydrogen chloride gas was passed through a refluxing solution

of 0.46 g. of X in 25 cc. of dry carbon tetrachloride for 1.5 hr. The

solvent was removed under reduced pressure and the residue distilled

[}
to give 0.48 g. of oil, b.p.o o7 m 160 . Crystallization of the oil
- L ] f
from ethanol at 0° gave 0.37 g. (70%) of XX, m.p. 1L4-115"; v T--"3300

(N-H), 1450, 1320, 1162, 890, 758, 720, 690, and 1092 cm. .

Anal. Caled. for Cy3H;gClNO;S: C, 54.63; H, 5.64; N, 4.90.
Found: C, 54.45; H, 5.83; N, 4.96.

Preparation of 2-Bromo-7-gyn-benzenesulfonamidobicyeclo(2.2.1)-

heptane (XXI)
Dry hydrogen bromide was passed through a solution of 2.2 g.

of X in 15 ce. of carbon tetrachloride at room temperature for 1.5 hr.
The solution was then swept with nitrogen and the solvent evaporated
to yield 2.3 g. of oil from which 1.2 g. of crystalline material
precipitated after standing at 0° for 1 week. The analytical sample
XXI was prepared by recrystallization from ethanol, m.p. 99—100°;
v SB 3200 (N-H), 1485, 1445, 1325, 1160, 1100, 918, 760, 720, and
691 cm.-l.

Anal. Caled. for Cy3HygBrNO,S: C, 47.28; H, 4.88. Found: C,
47.50; H, 4.82.

Conversion of XXI to XVII

A solution prepared by adding 2.3 g. of XXI and 1 g. of lithium
carbonate to 5 cc. of methanol and 25 cc. of water was refluxed for

3 days. The aqueous solution was extracted with ether. The ether

51



52

extract was dried over anhydrous magnesium sulfate and evaporated to
yield an oily residue. Distillation of the residue gave 0.98 g. of a
liquid, bePeq 05 m, 160°, the infrared spectrum of which showed the
presence of N-H (3300 cm.”Y) and O-H (3520 cm. ).

Jones md.dationM of 371 mg. of this alcohol gave 220 mg. of
XVIII, m.p. 1&6—11..70, identical in all respects with ketone XVIII
prepared as previously described.

Ireatment of XXI with Pyridine

A solution containing 0,18 g. of XXI in 2 cc. of dry pyridine
was refluxed for 48 hr. After the pyridine was removed in vacuo
the residue was analyzed by thin layer chromatography (Silica Gel-G,
chloroform) and found to contain starting material (Rf 0.50), benzene-
sulfonamide (R, 0.06), and a new product (Rf 0.43). Chromatography
on alumina gave the new product as an oil the n.m.r. spectrum of which
indicated the presence of an alkene, the product is presumably 7-syn-
benzenesul fonamidobicyclo(2.2,1)~2~heptene; n.m.r. (in CSz) & 5.85
(triplet with J = 2 ¢.p.S., two protons). Under similar conditions
the olefinic protons of bicyelo(2.2.1)~2-heptene appeared at § 5.85
(triplet with J = 2 ¢.p.8.).

Ketone XVIII (1.77 g.) was added to a solution of 3.5 g. of

potassium hydroxide in 2.6 g. of 95 % hydrazine and 15 cc. of ethylene
glyeol, and the reaction mixture was refluxed for 3 hr. The excess
hydrazine and water were removed by distillation until the pot tempera-
ture reached 185@ , and the sclution was then refluxed an additional

17 hr. After cooling to room temperature, 50 cc. of water was added and
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the solution neutralized with 5% hydrochloric acid. The neutral solution
was extracted with ether, and the extract dried over anhydrous magnesium
sulfate and evaporated to yleld 1.16 g. of XXII, which, after recry-
stallization from ethanol-water, had m.p. 104-105"; v i; 3028 (N-H),
1450, 1438, 1341, 1325, 1160, 1095, 905, 751, 719, and 688 cm.-l; n.m.r.
(in CS3), & 0.8-1.8 (10 protons), 3.10 (proton at Cy, doublet, J =

5 ¢.p.s.), 5.93 (N-H, doublet, J = 5 c.p.s.), and 7.2-8.0 (5 aromatic

protons).

Analo ca]-cdo fOI' C|3H|7NOzS: c’ 62.12; H, 6.820 Fonnd: C,
62.53; H, 7.13.

A suspension of 0.59 g. of XXII in 2 cc. of 10% hydrochloric acid
was heated in a sealed tube at 150-1'?‘5° for 12 hr. Concentrated
hydrochloric acid (10 cc.) was added to the solution after the tube
was opened, and the solution was extracted with ether. The remaining
aqueous solution was made basic with 20% sedium hydroxide and extracted
with ether. The latter ether extract was dried and evaporated to
yield 0.12 g. of 7-aminobicyelo(2.2.1)heptane which was converted
into the N-acetyl derivative by heating a few minutes with excess
acetic anhydride. The excess acetic anhydride and acetic acid were
removed by distillation under reduced pressure. The residue was
crystallized from hexm:w three times to give 7-acetamidobicyclo(2.2.1)-
heptane (XXIV), m.p. 130-131°; v o 3280, 2925, 1620, 1540, 1315,
1300, and 1290 cm._l. The crystalline derivative and the hexane-free
mother liquor from which it was obtained were found te giv: & single

identical peak when anaiyzed by gas chrowatography
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and to differ from the corresponding 2-endo and 2-exp isomers by gas
chromatography.

Anal. Caled. for CoH;sNO: C, 70.55; H, 9.87. Found: C, 70.49;
H, 9.98.

The N-chloroacetyl derivative (XXV) was prepared by heating the
amine with chlorcacetyl chloride in pyridine~benzene and had m.p.
b5 m.po 8&-859).
Preparation of 2-gndo-Aminobicyclo(2.2.1)heptane (XXX)

80° after recrystallization from petroleum ether (lit.

A suspension of 30 g. of I in 75 cc. of cold 60% sulfuric acid
was shaken with occasional coeoling until the solution became homo~
geneous., After neutralization, the aqueous solution was extracted
with ether which in turn was dried and evaporated to yield 18 g. of
bicyelo(2.2.1)~2-heptanel. oad

The bicyclo(2.2.1)-2-heptanol was oxidized to give bieyecle(2.2.1)-

~2-heptanone (CVI) as previously deacribed.”

The bieyclo(2.2.1)-2-
~heptanone (CVI) was comverted into 2-gpdy aminobicycle(2.2.1)heptane
by preparatien of the cxime and subsequent catalytic reduction as
described by Alder and Ste:ln.w' The N-acetyl derivative which had

el MoPo 131-*1329) was prepared by the usual methed

mp. 130-132° (1it.
and was found by gas chromatography (see later section) to be uncentami-
nated by the exo isomer.

When bieyclo(2.2.1)-2-heptanone oxime was reduced with sodium in
ethancl, the resviting amine was the gndo amine contaminated with exo
isomer, as shown by gas chromatographic analysis of the acetylated
amiae.

The benzenesulfony)l derivative of 2-epde-aminobicyclo(2.2.1)-



55

heptane was prepared using benzenesulfonyl chloride in pyridine. The
analytical sample was obtained by three recrystallizations from methanol
and had m.p. 105-106°,

Anal. Caled. for CysH;oNOsS: C, 62.12; H, 6.82. Found: C,
62.63; H, 6.76.

The chloroacetyl derivative was prepared as previously described

4

and had m.p. 104=105> (1it.*’105-106°).

Preparation of 2-gxo-~Aminobicyelo(2.2.1)heptane (XXVI)

A mixture of endo- and exp-2-cyanbicyclo(2.2.1)~5-heptene was
prepared by the Diels-Alder reaction of acrylonitrile and cyclopentadiene
as previously descri 29 exo~2~Carbamylbicyclo(2.2.1)-5~heptene was
prepared from the mixture of cyanides by the action of sodium amide in
liquid ammondia as described by Boehme, gf 51.51 Hydrogenation of the
unsaturated amide with platinum oxide catalyst in ethanol gave the

previously repm'todsl 2

saturated amide, m.p. 192° (lit.”” m.p. 192.5-
193.5"), which was converted into 2-exm-aminobicyelo(2.2.1)heptane by
the Hofmann reaction according to the procedure of Berson and Ben-
Efzr':!.am.‘"9 The N-acetyl derivative, prepared with acetic anhydride, had
Mo Po 132~1336 (lit.hg o Po 1&0*1&30), The gas chromatogram of this
derivative indicated a slight cantaninatién with the endo isomer.

The benzenesulfonyl derivative of the gxp amine was prepared by
treating the amine in pyridine with benzenesulfonyl chloride. The
analytical sample was obtained after four reerystallizations from
aqueous methanol and had m.p. 89-91°.

Anal. Caled. for CqsHy9NOsS: €, 62.12; H, 6.82. Found: C,

62-5&; Hs 7.20,
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The N-chloroacetyl derivative, prepared as described previously,

A3 m.p. 126—1270).

(0]
had m.p. 120-121 (lit.

A1l gas chromatographic analyses were performed on a 0.25-in.
x 10-ft. Craig polyester column at 2.100 using a helium flow rate of
59 cc. per min. The following retention times were observed: 7-
~acetamidobicyclo(2.2.1)heptane (XXIV), 12 min.; 2-gnde-acetamidobicyclo-
(2.2.1)heptane (XXXI), 13.3 min.; 2-gxo~acetamidobicyelo(2.2.1)heptane
(XXVII), 14.0 min.

Thin layer chromatograms were obtained by ascending (15 cm.)
chromatography on glass plates coated with a 50 y thick layer of
Silica Gel G. The reported R. values shown in Table III are for

leading edges.

TABLE III

THIN LAYER CHROMATOGRAPHIC COMPARISONS OF
AMINOBICYCLO(2,2.1)HEPTANE DERIVATIVES

Re
N-Benzenesulfonamido N-Chloreacetamido
Selvent
2-gnde 2-exp 7 2-gndo 2-exe 7
XVIIT XIX VIII XVII XIv X1
Chloroform 0.25 0.20 0.32 0.16 0.14 0.24

1:1 Chioroform-
benzene .29 023 032
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Infrared Spectral Comparisons of N-Chloroacetyl Derivatives of

Lsomeric Amines

In the 1500-4000 c:l.-l region of the infrared spectrum all three
N~chloroacetyl derivatives (XXV, XXVIII, and XXXII) exhibited essentially
identical bands at 3330, 2790, 1800, and 1600 cm. .

The following differences were noticed in the infrared spectra
of the three isomers. In the 900-1500 en.—l region, the 2-exp isomer
showed a soderately strong band at 1107 om. - which was shifted te 1320
and 1235 cm.-l in the 7-isomer; a moderately intense band at 1200 cm.
in the spectrum of the 7-isomer was not present in the spectra of the
2-exo0 and 2-ende isomers. In the 750-900 cn.-l region a moderately
intense band at 878 cm.—l in the 2-gxp isomer was shifted to 888 cm.ﬁl
in the 2-epdo isomer, and the 7-isomer showed a weak doublet at 873
and 890 cm._l; the 7-isomer showed a moderately intense doublet at 805
and 788 cm.-l, whereas in the 2-gxp isomer, a single band appeared at

-1 -
788 em. with a very weak band at 813 cm. 1.

A1l mixture melting points, indicated by numbers at peints of
lines joining two melting points as shown below, were determined after
mixing, melting, and allowing the selid mixture to reselidify.



TABLE IV
MELTING POINT COMPARISONS OF AMINOBICYCLO(2.2.1)HEPTANE DERIVATIVES

58

Amine Melting Points ef Perivatives
N-Acetyl
2-gxo(XXVII) , 132-133°\
. N
2-endo(XXXT) 124-125° 128-129° \/
7 (XXIV) | 127-128°
130-131°
N-Chloroacetyl
2 exo(XXVITT) 120-121°
2-endo(OXII)  86-89° | 104~105"
7 (XXV) 83-86°
et
‘ N-Benzenesulfonyl
2~ex0(¥XIX) 89-91«
/ l>a89@
2-endo(XXXIII) 86~87.5° losnl%é'/

\\\\ \ @
95-98
A

7(XXII) 104~105°
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Preparation of N-Benzenesulfonyl-2-azabicyecle(3.2.1)~3,6~octadiene

=
]

A solution of 22 g. of benzenesulfonyl azide (VI) and 32 g. VIII
in 200 cc. of benzene was stirred overmight at room temperature. The

benzene was removed in

20 and the residue ghmmat@graphed on 750 g.

of Merck acid-washed alumina. Elution with 2 1. of benzene gave 18.3 g.
of LVII as an oil which decomposed on standing. Elution with 2 1. of
ethyl ether gave 5.7 g. of a mixture of several unidentified polar
components which showed N-H, O-H, and carbonyl absoerption in the infrared
spect.ﬁ:m. An analytical sample of LVII, was prepared by distillation

at 100(3 and 0,03 mm.; n.m.r. (in CHClz) 6 1.23 (gyn Cs proton, doublet,

J =10 c.p.8.), 1.70 (anti G-grpr@ten, sextet, J

8-antl, 8-gyn
CoPeBey Je_mi’ 1,4 4 CoPas.)s 2.65 (proton at Oz, quintet) 4.80

= 10

(proten at Cj), 5.27 (protens at Cs and Cg), 6.15 (proton at Cq,
quartet, J’hl = 2.9 €.PeBoy J%é = 5,7 €oPeS.), 6.35 (proton at Cs,
quartet; J, , = 7.5 ¢.Pe8e; J3 5 = 1.5 €opes.), and 7.46~8.03 (5

' 39‘& 4

aromatic protons). See Plate I.

Anal. Caled. for Cy3HysNG:S: €, 63.13; H, 5.30. Found: G,
63.6h; B, 5.53.

A solution of 0.244 g. VIII and 0.24,0 g. benzenesulfonyl azide
(VI) in 1 ee. deuterochloroform (1% tetramethylsilane) was placed in

an n.m.r. tube at 26° and the spectrum recordes periodicsliy. Based
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on the integration of total aromatic protons in the mixture and selected
non—aromatic protons in IX and LVII, the percentage (¥ 2%) of each
component at a given time after mixing is shown in Table V

TABLE V
REARRANGEMENT OF ILX TO LVIII

Time (hrs.) IX LVIII
2 53% 13%
4o5 50% 25%
8.5 54% 31%

19 43% L5%
48 21% 60%
72 (1% 81%

The following signals in the n.m.r. spectrum at 2 hr., were
attributed to IX: An AB quartet (J = 8.5 ¢.p.s.) at § 1.07 and 1.66
arising from the C, protons, a broad multiplet centered at § 2.96 due
to the bridgehead protons, a sharp singlet at 6§ 3.18 for the Cz and Cs3

protons and a triplet (J = 1.5 c.p.s.) centered at § 6.35 arising from

the Cs and Cg protons.

2 .1012’3-.&)_

A solution of 32 g. of VIII and 21.4 g. of benzenesulfonyl azide
(VI) in 300 cc. of benzene was stirred overnight. Removal of the
benzene in vacup left 28.7 g. of an oil which n.m.r. analysis showed
to contain 33t 2% IX and 4Of 2% LVII. A solution of 5.8 g. of this
mixture in 50 cc. of ethyl acetate was hydrogenated in the presence of
0.7 g. platinum axide. After the uptake of hydrogen ceased, the catalyst
was removed by filtration and the solvent evaporated te give 5.9 g.
of an eil. Analysis of the hydrogenated mixture by n.m.r. showed the
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presence of 33t 2% XI and 42t 2% IXI. The hydrogenated mixture was
chromatographed“directly en 700 g. Merck acid~washed alumina. Elution
with 1 1. of benzéhe gave 1.232 g. of IXI, m.p. 47-51°. Mixture
melting point with an authentic sample of XI (m.p. 104~105%) was

undepressed.

Preparation of N-Benzenesulfonyl-2-azabicyclo(3.2.1)-3~octene

A solution of 18 g. of LVII in 250 cc. methanol was stirred for
24 hr. under hydrogen at atmospheric pressure in the presence of 2 g.
of 5% palladium on charcoal. After hydrogen uptake ceased, the reaction
mixture was filtered and the methanol was removed from the filtrate
in vacue. The hydrogenated.product was chromatographed on 750 g. of
Merck acid~washed alumina.. Elution_with 2 1. of benzene gave 15.3 g.
of IXI which erystallized and had m.p. h7—51°. This material showed
only one spat (Rf 0.45) upon thin layer chromatography on Silica Gel-G
(20 em.) in chloroform. The analytical sample was prepared by sub-
limation thrice at 50° at 0,03 mm. and had m.p. 51-52° (1it°21’ m.p.
50-53%); v Ezit 1625, 1318, 1165, 1100, 968, and 726 e Y; nom.r.
(in CHCl3) & 0.93-2.0 (6 protons), 2.29 (proten at Cs), 4.48 (proton
at €y), 5.25 (proton at C4, sextet, Jh,3 = To2 GoPoSoy th95 =1.5 €oPoBa),
6.47 (proton at C3, quartet, JB,A = To2 €oPoSoy JB,S = 1.5 €.Po8.),
and 7.49-7.99 (5 aromatic protons). See Plate II.

Anal. Caled. for Cy3HysNO:S: €, 62.62; H, 6.06. Found: C,

63.01; H, 6.30,

A stream of oxygen containing ozone was passed through a selution
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of 15 g. of IXI in 50 c¢. of methylene chloride maintained at -700.
After the uptake of ozone ceased (ga.2 hr.), the solution was poured
into 50 ce. of 50% acetic acid containing approximately 2 g. of zine
dust and the slurry stirred overnight. The acidic aqueous layer was
neutralized with sodium carbonate and’the organic layer was decanted.
The aqueous layer was extracted with additional methylene chloride.
The methylene chloride extracts were combined, dried over anhydrous
magnesium sulfate, and concentrated in vacue. Chromategraphy of the
concentrate on 500 g. Merck acid-washed aluming yielded 7.1 g. of
LXIV as an 0il eluted with benzene-ether (9:1). v ;iié 2775, 1725,
1365, 1230, 1177, and 1100 em.”Y; nom.r. (in CDCls) & 1.40-2.74 (7
protons), 4.34 (proton at C3), 7.59-8.09 (5 aromatic protons), 9.22

(N~-formyl proton), and 9.71 (aldehydie proton, doublet, J = 1.5 €.p.8S.).

A stream of oxygen containing ozone was passed through a solution
of 9.7 g. IXI in 20 ec. of methylene chloride maintained at =70 .
After the uptake of ozone ceased (ga.l hr.) the selution was treated
with 25 ec. of 307 hydrogen peroxide and stirred for 4 hr. The excess
peroxide was than destroyed by the addition of platinum oxide and the
methylene chloride solution was treated direetly with excess Tellens
reagent (16 g. AgNO3 in 320 cc. of water mixed with 160 ce. of 10%
NaOH and 160 c¢. dilute NH,OH just before use), After 24 hr. the excess
Tellens reagent was destroyed by additiom of fermaldehyde. The agueous
basic seolution was washed with ether and agidified. The acidic agueous

solution was extracted with ether whieh; after drying over anhydrous
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magnesium sulfate, was evaporated to give 8.2 g. of LXV as an oiio
Crystallization of LXV from ether in the cold gave m.p. ll7~119°;
v BoT 3280 (N-H) and 1715 (C = 0) em. ™%,

Anal. Caled. for C;2HysNO,S: C, 53.31; H, 5.97. Found: C,
53.20; H, 5.56.

The methyl ester was prepared by treatment of LXV with excess
ethereal diazomethane., Thin layer chromatography of the methyl ester
prepared from unpurified LXV, on Silica Gel-G (15 em.) in chloroform-
<3¢ 3250, 1730,

1320, and 1160 cm,-l; n.m.r. (in CHCls) & 1.47-2.15 (6 protoms),

acetone (9:1) showed a major component (Rf 0.45). v

2.45~3.12 (proton at Cy), 3.65 (4 protons, methyl ester protons super-
imposed on proten at C3), 5.95 (N-H, doublet, J = 8 c.p.s.), and
7.55-8,10 (5 aromatic protoms).

Conversion of IXIV to N-3-(methylcyclopentyl)-benzenesulfonamide

{1XVI)

To a solution of 3.9 g. of IXIV in 45 cc. of ethylene glycol wefe
added 10.5 g. potassium hydrexide and 5 ce. of 95 % hydrazine. The
reaction mixture was refluxed for 4 hr., then the temperature was
raised to 210° by distillation of water and excess hydrazine. More
hydrazine (5 ce.) was added and the solution refluxed at 190° for
an additional .18 hr.. The reaction mixture was cocled, poured onto
100 ¢c. water, neutralized with dilute sulfuric acid, and extracted
with ether. The ether extract was washed twice with 100-cc. portions
of water and then dried over anhydreus magnesium sulfate. Evdgporation
of the ether gave an oil which was chromatographed om 250 g. of Merck

acid-washed alumina. Elution with 1 1. of benzene-ether (9:1) gave



2.0 g. of IXVI as an oil. Thin layer chromatography of the eluate on
Silica Gel-G (15 cm.) in chloroform showed that successive chromato-
graphic fractions contained two poorly resolved components (R; 0.40,
0.42). An analytical sample of IXVI was pr-epared by distillation of
the eluate at 150-1600 and 0.05 mm.; n.m.r. (in CDCl;) & 0.78-1.0
(3 protons, methyl protons as 2 overlapping doublets), 1.0-2.0 (7
protons), 3.64 (proton at C,,'aex:het), 6.01L (N-H, doublet, J = 7.5
C.P.S.), and 7.44~-8.17 (5 aromatic protons).

Anal. Caled. for Cy2Hy9NO2S: C, 60.22; H, 7.16. Found: C, 60.31;

H, 7.13.

To a solution of 1.5 g. of LXVI in 20 cc. of geg~butyl alcohol was
added 2 g. of metallic sodium over a period of 15 min. The solution
was refluxed overnight, cooled, diluted with water, and acidified with
dilute hydrechloric acid. The reaction mixture was then concentrated
in vacup to remove the alcohol and then extracted several times with
chloroform. The aqueous portion was rendered basic and extracted with
ether. The ether extract, after drying over anhydrous magnesium sulfate,
was slowly evaporated through a Vigreux column to give 450 mg. of the
amine as a foul-smelling oil. The amine was converted into its HCl salt
by the addition of excess dilute hydrechloric acid followed by evapora-
tion in vacuo of the excess hydrogen chloride and water. The HCl salt
thus prepared was used without further purification.

A solution of 405 mg. of the HCl salt of the amine prepared above

in 2 cc. of water was heated at 60° for 4 hr. with 0.32 g. of sodium
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nitrite and seven drops of glacial acetic acid. After this time the
solution was nemtralized with agueous sodium carbonate solution and
steam distilled. The steam distillate was extracted with éther which,
after drying over anhydrous magnesium sulfate, was slowly evaporated
through a Vigreux colum leaving 200 mg. of a mixture of 3-methyl~
cyclopentanol and olefins. . Gas chromatography of the mixture on a
0,25~in. x 10-ft. DEGS column at 120° using a helium flow-rate of

115 cc. per min. showed the follewing peaks: 0.5 min. (29%, olefins),
1.75 min. (6%), 4 min. (3%), and 6.5 min. (62%, 3-methylcyclopentanel).
Gyclopgntaﬁel had a retentim..time..pf 5.5 min. under these conditions.

A

A.vport.i‘@n (160 mg,) of the deamination mixt : e from above was
stirred for 2!.. hr. with 300 mg. of chromic anhy_dride in 3 ¢c. of

90% a.ce_tié acid. The reaction mixture was diluted with 5 cc. of water
and neutralized with sodium carbonate. The neutral solution was ex-
tracted with ether. The ether extract was dried ovefanhydus magnesium
sulfate and evaporated slowly through a Vigreux ecolumn teo give 1 mg. |
of IXVII, Gas chromatography of the exidatien mixbuie using’ the same
conditions desecribed above except f@r a flow rate of 86 cc./ nﬁno showed
IXVII as the major component (T, = 6.5 min.), identical with an authentic
sample of IXVIIL,)‘!’ which under these conditions had a retention time

of 5.5 min. The dibenzylidens derivative of IXVII had m.p. 156‘=157Oo
after recxysta.llizé.tion from methanel and showed no depressien upen

\ 2]
mixture melting point with.an authentic samplem' which had m.p. 156-1570..




A solution of 4.3 g. of dicyclopentadiene (II) and 7.0 g. benzene~
sulfonyl azide (VI) in 10 cc. of chloroform was stirred at room temper—
ature for 3 hrs. During this time nitrogen was smoothly evolved and
'a white solid precipitated from the reaction solution. The solid was

recrystallized from benzene-petroleum ether (1:1) to give 9.49 g.
KBr
¥V max

n.m.r. (in CCL,) & 0.88 (anti C; proton, doublet, J = 9.5 c.p.s.),

1310, 1160, 1090, 885, and 750 cm.

of IXXIII, m.p. 138°;
1.55 (syn C; proton, doublet, J = 9.5 eoposo); 2.62 (proton at Cz,
doublet, J = 5.5 c.p.so),‘ 2.88 (proton at C3, doublet, J = 5.5 ¢.p.s.),
2.2-3.2 (6 protons, broad\mltiplet), 5.4-5.9 (2 vinylic protons),.é:nd
7.4=7.9 (5 aromatic protons).

fnal, Calod. for CyeHy7NOzS: C, 67.37; H, 5.96; N, 4.91. Found:
c, 67.27; ﬁ; 5.92; N, 4.68.

A solution of 0.560 g. of IXXIII in 20 gc. of 95% ethanol was
hydrogenated in a Parr hydrogenation apparatus with 0.5 g. @i‘b Raney Ni
(wet weight) under an initial pressure of 40 p.s.i.g. After ‘48 hr.
the solution was filtered and the hydrogenated product was precipitated

(0.526 g.) from the alcoholic filtrate by the adding of water. The

KBr
max

1310, 1160, and 878 em. ;

product, IXXVII, had m.p. ].Mwl,hjo; v
n.m.r. (in CS;) & 0.92 (anti C» proton, doublet, J = 9.5 ¢.p.s.),
1.35~1.72 (9 protons), 2.21-2.40 (protons at Cy, Cs, C5, and Cg),
2.90 (protons at Cz and C3) and 7.23-7.82 (5 aromatic protons).
Anal. Caled. for CygHioNO2S: C, 66.4.,0; H, 6.62. Found: C,

66.5L; H, 6.66.

66
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A solution of 12.4 g. of benzenesulfonyl azide (VI) and 7.3 g.
of bicyelo(2.2.2)-2-octene (IX) in 30 cc. benzene was heated on a
steam bath for 3 days. Analysis of the reaction mixture by infrared
spectroscopy at 24 hr. intervals showed an increase in absorption at
1612 cm‘.":L as the azide absorption at 2108 oL deoreaned in intensity
(no absorption for N~H was observed). Removal of the benzene under
vacuum left 18.5 g. of semisolid residue.

The infrared spectrum of a portion of the reaction residue exposed
to moist air overnight showed N-H absorption in the 3300 cm.”t region
and a carbonyl absorption at 1730 cm.” but no absorption at 1612 em.”t.

A 2,05 g. portion of the reaction mixture was finely ground and
exposed to moist air overnight. Chromatography of this portion on
100 g. of silica gel gave l.41 g. of solid upon elution with 0.8 1.
of benzene-petroleum ether (1:1). Thin layer chromatography of the
solid on Silica Gel-G (10 cm) in benzene-petroleum ether (1:1) showed
this eluate to be a mixture of IXXX and bicyclo(2.2.2)-2-octanone.
These two components were separated by addition of excess acidic,
ethanolic, 2,4~dinitrophenylhydrazine followed by fractional recrystall-
ization. The 2,4~dinitrophenylhydrazone derivative and LXXX were
separated by repeatedly adding water to ethanelic solutions of the
mixture; the hydrazone precipitated immediately and the aziridine only
upon standing. In this manner 0.685 g. of bicyelo(2.2.2)-2-octanone
2,4~dinitrophenylhydrazone, m.p. 165-1660 (lit.3 9 m.p. 165-166°), and

1.102 g. (54%) of LXXX, m.p. 88-90%, were obtained. The analytical

KBr

stk 1308, 1160, 1092, and 990 cm.—l; n.Mm.r.

sample of LXXX gave v
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(in €Sz) & 1.13 (2 protons at Cy; and Cg, doublet, J = 9.5 ¢.p.s.),
1.53 (6 protons as broad mltiplet), 1.82-2.05 (protons at Cy; and Cs),
2.88 (protons at C; and C3, multiplet), and 7.47-7.84 (5 aromatie
protons).

Anal. Caled. for Cy4Hy9N02S: C, 63.89; H, 6.51. Found: €,
63.95; H, 6.90.

Elution of the silica gel columm with 150 cc. of 95% ethanol gave
0.8 g. of brown solid from which 0.4 g. (33%) of benzenesulfonamide,
mp. 150-152°, was sublimed; mixture melting point with an authentic
sample was undepressed.

Preparation of irans-2-Thiophenoxy-3-benzenesulfonamidobicyclo-

A solution of 1.7 g. of IXXX and 1.3 g. of thiophenol in 13 g. of
tert-butyl alecohol (0.1 N in potassium tert-butoxide) was refluxed for
12 hr. The reaction mixture was diluted with water and carefully
neutralized with dilute hydrochleoric acid. The mixture was extracted

with ether which was then dried over anhydrous magnesium sulfate and
evaporated to give 2.17 g. (89%) of ILXXXII, m.p. 135-1.3560;‘ n.M.T.

(in CHC1l3) 6§ 1.29-1.82 (10 protems), 3.10 (2 protens, maltiplet;
sharpened to AB gquartet upon addition of CF3;CO0H with doublets centered
at 8§ 2.82 and 3.02, J2,3 = 6.5 €.p.S.), and 6.08 (N-H, doublet, J =
5.5 ¢.p.S.; disappears upon addition of CF3CO0H). An analytical sample
was prepared by recryétallizatign from ether and had m.p. 135-{1360,

Anal. Caled. for CpoHz3NO2Sz: C, 64.31; H, 6.21. Found: C,
64.11; H, 6.35.




A suspension of 12 g. of Raney nickel in 25 cc. of isopropyl
alcohol containing 1.7 g. of LXXXII was refluxed for 12 hr.lh The
reaction mixture was then filtered and the nickel washed several times
with isopropyl alcohol. Evaporation of the filtrate gave 1 g. of
2-benzenesulfonamidobicyclo(2.2.2)octane, m.p. 95-96°. An analytical
sample was prepared by recrystallization from ether and had m.p.
97-98"; v nor 3282, 1330, and 1165 cm. .

Anal. Caled. for Cq4HygNO2S: C, 63.36; H, 7.22. Found: C,
63.72; H, 7.37.

An authentic sample of 2-benzenesulfonamidobicyclo(2.2.2)octane
was prepared from bicyclo(2.2.2)-2~octanone oxime, m.p. 113-116°,

52 m.p. llh-]J.So) by catalytic reduction with Raney nickel in

(14t
methanol to the amine and subsequent treatment of the amine with
benzenesulfonyl chloride. The sample prepared in this manner had m.p.
of 96—97° and mixture melting point with that prepared from LXXXII

was undepressed.

Dry hydrogen bromide was passed through a solution of 4.7 g. of
LXXX dissolved in 25 cc. of carbon tetrachloride at room temperature
for 1 hr. The solution was allowed to stir overnight and then swept

with nitrogen and washed with aqueous sodium carbonate solution. The
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carbon tetrachloride solution was dried over anhydrous magnesium sulfate

and evaporated. The residue was chromatographed directly on 300 g.

of Merck acid-washed alumina. Elution with benzene~chloroform mixtures

gave initial eluate (1.6 g.) containing two components (thin layer

chromatography) from which LXXXIV crystallized from petroleum ether—
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ether solution, m.p. 129-130°%; v :'; 3300, 1318, 1170 and 1097 cm.
n.m.r. (in CHCl;) & 1.10~2.31 (10 protons), 3.49 (proton at Cg multiplet;
sharpened to a triplet, J = 4 c.p.s., upon addition of CF3COOH), 4.28
(proton at C;, mltiplet), and 6.09 (N~H, doublet, J = 9 c.p.s.;
disappeared upon addition of CF3COOH).

Continued elution with benzene-chloroform mixtures of increasing
polarity gave 2.3 g. of LXXXIII, m.p. 136-137%; v non 3230, 1310,
1160, and 1080 cm.”Y; n.m.r. (in CHC13=CFsCOOH) § 1.27-2.0 (10 protons),
3.70 (proton at Cz, doublet, J = 5 c.p.s.), 3.96 (proton at C3, doublet,

J =5 ¢.p.s.), and 7.50-8.15 (5 arematic protons).

Anal. Caled. for Cy4H;gBrNOzS: C, 48.84; H, 5.27. Found: C,
49.18; H, 5.35.

A solution of V (4.4 g., 26.8 mmole) and benzenesulfonyl azide
(V) (6.0 go, 32.8 mmole) in 65 cc. carbon tetrachloride was refluxed
for 48 hr. The solvent was removed in vacuo and VII (4.132 g., 13.0
mmole) crystallized from benzene-acetone to give m.p. 206-210". The
crystalline product had m.p. 215—2160 (li‘t..9 m.p. 215-216. 5°) after
recrystallization from acetone. The mother liquers were combined
and concentrated. The concentrate was treated with excess diazomethane
in ether-methanol. The esterified mixture was concentrated and chromato~-
graphed directly on 250 g. of Merck acid-washed alumina. Elution with
0.5 1. of benzene gave 0,714 g. of benzenesulfonyl azide. Elution with

1 1. of benzene-chloroform (9:1) gave the dimethyl ester from V (0.252 g.,
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1.2 mwole). Elution with 1 1. (8:2), 0.5 1. (7:3), and 0.7 1. benzene~
chloroform (6:4) gave LXXXVIII (1.76 g., 4.8 mmole). The analytical
sample, prepared by crystallization from methanol, had m.p. 113-114°;

v 2‘; 1740, 1325, 1200, 1160, and 880 em.  ; n.m.r. (in CDCl3) 6

0.90 (anti Cy proton, doublet, J = 10.5 c.p.s.), 1.70 (gyn C» proton,
doublet, J = 10.5 ¢.p.s.), 2.83 (protons at Cy and C4), 3.13 (protons
at Cz and C3), 3.53 (protons at Cs and Cg), 3.67 (6 protons of dimethyl
ester), and 7.5-8.1 (5 aromatic protons).

Anal. Caled. for Cy7H;9OsNS: C, 55.88; H, 5.24. Found: C,
56.22; H, 5.45.

Continued elution with 0.4 1. of benzene-chloroform (6:4) gave
LXXXVII (0.858 g., 2.4 mmole) which had m.p. 129-130  after recrystalliza-
tien frem stliar (15t.7 myp. 130-191"). Elutien with 2 1. of chisrefera
gave 0,771 g. of an unidentified oil containing N-H absorption in the
infrared and whose n.m.r. spectrum showed several methoxyl signals.

Thin layer chromatographic analysis showed this material to be a mixture

of several very polar components.

-exo-¢is-2,3~dicarboxylic Anhydride:

Preparation of XCIV (XCIV=XCVI) and C

A solution of IV (4.77 g., 29 mmole) and benzenesulfonyl azide
(5.95 g.) in 62 cc. of carbon tetrachloride was refluxed for 48 hr.
during which time a gummy solid precipitated. The solvent was stripped
in vacuo and the precipitate partially crystallized from benzene to
give XCIV (4.18 g., 13.1 mmole), m.p. 167-8°, (lit.9 168-168.5°).

The mother liquors were concentrated and treated with excess diazomethane
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in ether-methanol. The esterified mixture was chromatographed on

500 g. of Merck acid-washed alumina. Elution with 0.5 1. benzene gave
0.69 g. of benzenesulfonyl azide. Continued elution with 1.5 1. of
benzene gave 0.65 g. (3.1 mmole) of the dimethyl ester from IV. Elution
with 1 1. (9:1), 1 1. (8:2), and 1 1. (7:3) benzene-chloroform gave
0.245 g. of a mixture which was shown by n.m.r. analysis to contain
1.51 mmole of the dimethyl ester from IV and 0.6 mnmole of the dimethyl
ester from XCIV. Elution with 1 1. (6:4) benzene-chloroform gave

2.937 g. of a mixture of 4.3 mmole of the dimethyl ester from XCIV and
3.7 mmole of C. Elution with 1 1. (1:1) benzene-chloroform gave 1.12 g.
of a mixture of 1.05 mmole XCIV dimethyl ester and 2.05 mmole C.
Crystallization of the last mentioned eluate from ether gave 0.347 g.

of C, m.p. L48-149"; v g; 1740, 1365, 1322, 1220, and 1160 cm. —;
n.m.r. (in CDC1ls) & 1.47 (anti C, proton, doublet, J = 1l c.p.s.),

1.75 (gyn C, proton, doublet, J = 11 c.p.s.), 2.82 (protons at Cy,

C2, C3 and C4), 3.03 (protons at Cs and Cg), 3.68 (6 protons of dimethyl
ester), and 7.5-8.0 (5 aromatic protons).

Anal. Caled. for Cy7H;90¢NS: C, 55.88; H, 5.24. Found: C,
56.11; H, 5,07,

Elution with 1 1. (1:9) benzene-chloroform gave 0.347 g. of an
unidentified oil which showed N~H absorption in the infrared and several
methoxyl signals in the n.m.r. spectrum. Thin layer chromatographic
analysis showed this to be a mixture of several polar components.

Decarboxylation of XICVII: Preparation of N-Benzenesulfonyl-8-

:a.za.n:imlg.(z..a-lolz’B 8nd0y L5-gotene (LXVIII)
Aziridine XCIV (2.37 g.) was dissolved in 100 cc. of hot water over
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a period of 20 min. Upon cooling 2.08 g. of azirjdine diacid XCVII
precipitated and had m.p. 180-132°, The dimethyl ester of XCVII was
prepared using diazomethane and after crystallization from petroleum

? m.p. 102-103°).

ether had m.p. 102-103° (lit.

The aziridine diacid XCVII (1.487 g.) was dissolved in 50 cc. dry
pyridine at 50° under nitrogen. Lead tetradcetate (4.33 g.) was added
and the temperature was raised to 80° over a period of 20 min., The
reaction mixture was cooled and the pyridine evaporated under vacuum.
The residue remaining was taken up in 50 cc. of chloroform which was
washed with 30 ce. of dilute hydrochloric acid and filtered. The
chloroform portion was decanted, dried over anhydrous magnesium sulfate,
and evaporated to give ga. 0.9 g. of a dark oil. Thin layer chromato-
graphy ¢n Silica Gel-G (15 em.) in chloroform gave three small spots
below R. 0,25 and one large spot at R, C.60. Chromatography of this
residue on 29 g. of Merck acid-washed alumina gave 0.667 g. (58%) of
IXVIII, m.p. 90~92 , eluted in benszene. The anslytical sample of LXVIIT
was prepared by recrystallization from ethanol and had m.p. 92-93.5°;
v ﬁ 1305, 1155, and 715 cm."l; n.m.r. (in CDCl3) & 1.76 (2 protons
at Cy), 2.87 (protons at C; and Cy), 3.55 (protons at Cz and Cs,
triplet, J = 1.8 c.p.s.), 5.86 (protons at Cs and Cg, triplet, J =
1.5 c.p.s.), and 7.3~8.1 (5 aromatic protons).

Anal. Caled. for Cy3Hy3NOzS: C, 63.13; H, 5,30, Found: C,
63.04; H, 5.29.

Preparation of N-Bensenesulfonyl-S-asatricyelo(2.2.1.1-> i)

octane (IXXVIII)
The unsaturated aziridine LXVIII (0.227 g.) was hydrogenated in
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the presence of 0.2 g. of 10% palladium-on-charceal catalyst in 50 cc.

of methanol under hydrogen at atmospheric pressure. The theoretical
volume of hydrogen was absorbed in 15 min. Removal of the catalyst

by filtration followed by evaporation of the methanol gave 0.2l g. of
LAVIIL, bupeg o o 15065% v film 1310, 1160, and 910 em.™; nom.r.
(in €Sz) & 1.2-1.5 (5 protens), 1.83 (1 proton, doublet, J = 9.5 c.p.s.),
2.31 (protons at C; and C4), 3.29 (protons at C; and C3, triplet,

J=2 ¢c.p.s.) and 7.4-8.0 (5 aromatic protons).

Preparation of 2-gxo—-Thiophenoxy-3~endo-benzenesulfonamidobicyclo~

(2.2.1)heptane (XCVIII)
A solution of 0.83 g. of LXXVIII and thiophenol (0.70 g.) in

7 ce. of 0.1 N potassium tert-butoxide in tert—~butyl alcohol was
refluxed overnight. The reaction mixture was poured onto water and
neutralized with 5% hydrochloric acid. The aqueous solution was ex-
tracted with ether which was then dried over anhydrous magnesium sulfate.
Evaporation of the ether extract gave 1.15 g. of XCVIII which, after
washing with petroleum ether, had m.p. 114-115°; n.m.r. (in nitro-
benzene containing CF3COOH); & 1.1-1.9 (6 protons), 2.08 (proton at
Cy, broad mltiplet), 2.25 (proton at Cs, broad miltiplet), 2.98 (proton
at Cz, quartet, J2,3 =4 c.pese, Jp poanty = 2 c.p.s.), and 3.54
(proton at Cs, triplet, J2’3 = JB,JJ- =) CoPeSs)e

Anal. Caled. for CygH2yNO2Sz: C, 63.48; H, 5.89. Found: C,
63.37; H, 6.05.

Conversion of XCVIII to 2-gndo~Benzenesulfonamidebicyclo(2.2.1)-

heptane (XXXIII)
The thiophenol addition preduct XCVIII (0.705 g.) was refluxed
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for 15 hr. with a slurry of 6 g. of Raney nickel (W-2) in 15 cec. of
isopropyl alcohol. The solution was filtered and the catalyst was

washed several times with ethanol. Evaporation of the alcohol filtrate
gave 0,175 g. of XXXIII, m.p. 104-105°. Mixture melting point with
authentic XXXIIT which had m.p. 104-105", prepared as described previously,
was undepressed. Mixture melting point with 7-benzenesulfonamidobicyclo-
(2.2.1)heptane (XXII), m.p. 103—1(.'&.’, prepared as described earlier,

gave m.p. 90-93°, Authentic 2-gxo-benzenesul fonamidobicyclo(2.2.1)-
heptane (XXIX) gave m.p. 89-910, well below that of the isomer pre-

pared from XCVIII,

2,3 endo

Preparation of N-Benzenesulfonyl-8-azatrieyclo(2.2.1.1 )-

octane-5,6-endo-dideuterio-5,6~exo~-dicarboxylic Anhydride (XCIV-2,3-

-dloh &= ICVI-2,3—d1.k )

A mixture (3.9 g.) of 2,3-exo-dideuterio~2,3~endo-dicarboxybicyclo~
(2.2.1)=5-heptene anhydride and the protio species V were prepared by
the reaction of maleic anhydride-maleic anhydride-d, and cyclopentadiene
according to the procedure of Van Sickle and Rodin.53 Analysis of the
mixture by n.m.r. showed 7005% deuterium in the 2,3 positions.

Heating 3.3 g. V-2,3-d, , in an open flask at 200° for 2 hr. gave
a mixture of F—2,3—d1.h and IV—2,3—dLh from which 0.715 g. of IV-2,-
B-dL L crystallized in bmene.sh Gas chromatography using a 0.25-in.
x 10~-ft. column of 5% SE-30 on acid-washed ChromosorblW at 180° with
helium flow rate of 80 cc. per min. showed IY-2,3-11.L. L to be uncon-
taminated with V. Analysis by n.m.r. showed I‘V—2,3—d1‘h to contain

7112% deuterium in the 2,3 positions.
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A solution of 0.648 g. IV—2,3—dl. L and 0.59 g. benzenesulfonyl
azide in 10 cc. of carbon tetrachloride was refluxed 36 hr. The carbon
tetrachloride was decanted and the residue was crystallized thrice
from benzene to give 0.4 g. of IGI‘F-2,3—d1°k s WsPo 167—168°. Analysis
by n.m.r. showed 7112% deuterium at Cs and Cg.

2,3 endo

Preparation of N-Benzenesulfonyl-8-azatricyclo(2.2.1.1 )=5,6~

-dideuterio~5-octene (IXVIII-5,6-d; ,)

Aziridine XCIV-2,3-d; , (0.4 g.) was dissolved in 15 cc. of hot

80% D20 over a period of 30 min. Evaporation of the aqueous portion

in vacuo gave 0.406 g. of XC?II—Z,B—dl A After drying over phosphorus

KB -
pentoxide for 12 hr. XCVII-2,3—d1°h had m.p. 181—183°; v na; 1750 em. l.

The aziridine diacid XCVII-2 34, L (0.406 g.) was dissolved in
13 cc, dry pyridine under nitrogen at 50° and 1,19 g. of lead tetra-
acetate was added. The reaction mixture was stirred at '750 for 20 min.
and then worked up by the usual procedure. Chromatography of the
reaction mixture directly on Merck acid-washed alumina gave 35 mg. of
II?III—5,6—¢L_I-'h, M. P 90-910, eluted in benzene. Analysis of LXVIII-5,6-

-CL.L.L by n.m.r. showed 7212% deuterium on Cs and Cg;



CHAPTER II

THE REACTION OF N,N-DIBROMOBENZENESULFONAMIDE
WITH BRIDGED BICYCLIC ALKENES

A. Historical and Introduction

The reaction of N-halo imides and N-hglo amides with alkenes to
produce allylic substitution and addition of halogen is well lmown.ss
Likewise the use of N-halo compounds as a source of positive halogen
in polar solvents is well documentad.56 Although the literature
contains a number of examples in which addition of N-halo imides and
N-halo amides to alkenes has been observed, this reaction has not been
extensively studied. The extent to which addition competes with
halogenation and the direction of addition vary with seemingly subtle
changes in the structure of the N-halo compound and the alkene. For
example, both F-bromotrichloroacetamide and F-bromotrifluoroacetamide
are reported to give addition products with cyclohexene, but the
unsubstituted, monochloro, and dichloro N-bromoacetamides give only
allylic substitution and addition of bromine. This was attributed to
the increased positive character of the N-bromine in the trichloro
and trifluomcotauidoa.57 Dihydropyran has been reported to add N-
-bromophthalimide in carbon tetrachloride solvent but in a reverse
direction to that observed with N-bromosuccinimide (NBS).58 In sub-
stituted dihydropyrans, the position of the substituent appears to

influence the type of products produced with NBS. Although NBS has

77
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been used extensively as an allylic brominating agent under free-radical
conditions it reacts abnormally with bicyclo(2.2.1)heptene and its
derivatives in which the only allylic hydrogen atoms are at bridgehead
positions. This was first reported by Roberts and coworkers, who
studied the reaction of NBS with camphene (CVII)6O and bicyclo(2.2.1)-
~2-heptene (I).61 Under free radical conditions, 8-bromocamphene
Q‘J

Br 0 :

“ v \& o L
e, CHBr N

CVII CVIII CIX L SRS o

(CVIII) was formed from CII and 2——bromotricyclo(2.2.1.03’5)heptane
(CIX) was formed from I. Recently bicyclo(2.2.2)-2~octene (IX) was
found to react with NBS to give endo-8-bromobicyclo(3.2.1)-2-octene
(xxxv1).2% A1l of the bromo compounds CVIII, CIX, and LXXXVI were
produced under conditions identical with those used in normal allylic
brominations with NBS. More recent work in this laboratory has shown
that under free-radical conditions NBS adds to V to give the ¢is adduct
CX.62 In view of the unusual results obtained in the reaction of NBS
with bicyclic alkenes under free-radical conditions, the present
investigation was undertaken to study the course of ionic additions

of N-bromo compounds to bicyclo(2.2.1)-2-heptene (I) and bicyclo(2.2.2)-
~2-octene (IX). Kharasch and Priestly63 found that N,N-dibromoarene—
sulfonamides (CXI) gave addition products (CXII) with unsymetrical
alkenes such as styrene, in which the bromine atom assumed the position
expected in an ionic process. The second active bromine atom of the

N,N-dibromoarenesulfonamide simultaneously brominated a second mole of



the alkene giving a vinyl bromide (CXIII). In contrast, N-bromo-N-
~methylarenesulfonamides (CXIV) gave addition products (CXV) in which
the bromine atom assumed the position expected for a radical process.
Because of the reported ionic mode of additien of N,N-dibromoarene-
sulfonamides (CXI) to alkenes it was decided to investigate the reaction
of ¥ N-dibromobenzenesulfonamide with I and IX.

2RCH === CH, + ArSO;NBr —» R —CH—CHzBr + RCzHyBr
r

HNSO, Ar
CXI CXII CXIII
Br CH3
RCH —= CHz + ArSO,NCHz — R — CHBr—- CHpNSOzAr
CXIV CXV

The course of ionic additions to I is well knmm.éh The ionic
addition of N;N-dibromobenzenesulfonamide to I is seemingly analogous
to the addition of bromine to this alkene which yields CIX, CXVI, and

65
XXXV, Likewise the addition of hypobromous acid to I yields CIX,

66
CXVII, and CXVIII.

;b b b

XXXV CXVII CXVIII

The ionic addition of bromine to bicyeclo(2.2.2)=2-octene (IX)
also gives rearranged products. In this case the principal monobromide
0
formed is LXXXVI, and the dibromides formed are CXIX and C}CJL,3 The

aforementioned ionic additions to I and IX all involve initial formation
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B
Br
Br
CXIX CXX
(Cﬁz)n_-l 2
Br Br (§21,2
) 3
\" ___+
2 2
CXXITI CXXIV
l attack at Cy l attack at C,
(CHz)p=y 2 (CHz)pn=1,2
Br
S’E“J ﬁ
o~ =
{ 2 CHZ)IT"I 2

of a bromonium ion (CXXIII) which under the conditions of the reaction
may be cleaved by displacement at C; or C3; to give trans Cz, C; products
or rearrange to the carbon-bridged ion (CXXIV) which itself can undergo
displacement at C; to give gis C>, C3 products or at Cy; to give rearranged
products as shown. The formation of the monobromo products CIX and
LXXXVI arise from loss of Cg and a Cy proton from CXXIV reapectively.é’h
Concurrently with the investigations reported in this chapter an
investigation was made concerning the reaction of N,N-dibromobenzene-
sulfonamide with V. The addition of N,N-dibromobenzenesulfonamide
to V in refluxing carbon tetrachloride solution leads to the formation

of CXXV .67 This is analogous to the formation of CXXVI in the bromina-
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tion of V68 and may involve front-side cleavage of the gxp Cs, Cg
bromonium ion initially formed.

Br
censsozgi— Br
i C\"’O \ lC =0
£—0 % 0
CXXV ] exxvr @7

B. Resulis and Discussion
The Reaction of N,N-Dibromobenzenesulfonamide with Bieyclo(2.2.1)-

=2=heplene

When N,N-dibromobenzenesulfonamide was added to I in benzene at
room temperature, an exothermic reactien occurred and benzenesulfon-
amide began to precipitate from the sclution almost immediately. 4
Chromatography of the benzene-soluble portion of the reaction mixture
on alumina yielded three major fractions. The first fraction (65%
based on I consumed), eluted in petroleum ether, consisted of 8613%
CIX and the remainder dibromobicyclo(2.2.1)heptane, (probably CXVI
and XXXV). The second fraction (19.5%) eluted in benzene-chloroform
yielded a erystalline product (CXXVII) the infrared and n.m.r. spectra
of which indicated the presence of a secondary bromine and a secondary
benzenesulfonamido group. The third fraction (8.5%) eluted in chloroform
yielded a second crystalline product (CXXVILII) having infrared and
n.m.r. spectra very similar to those of CXXVII.

By analogy with the additien of ‘::rc*mn:tma66 and hypobromous acid67
to I, structures CXXIX, CXXX; and possibly CXXXI would be expected

and are consistent with the elemental and spectral data.
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Br_7 r 5
CeHsSO2N 1 Br,
H 3
CeHsSO0,
™
3 2 2

CeHsSO,NH

CXXIX CXXX CXXXI

The n.m.r. spectrum of CXXVII showed a proton on carbon attached
to the nitrogen atom of the benzenesulfonamido group as a multiplet.
Upon addition of trifluorcacetic acid the multiplet sharpened to a
triplet (J = 6.7 c.p.s.) indicating that the benzenesulfonamido group
was located on one of the ethyleneic carbons. The n.m.r. spectrum of
XXXV showed a similar triplet (J = 6.0 c.p.s.) at § 3.92 for the
2-gndo proton. The nom.r. spectrum of CXXVII also revealed unresolved
coupling in the signal due to the proton on carbon attached to the
bromine atom. Iv is noteworthy that the width of this signal is only
4.0 copo8. at half-height, On the basis of known vicinal coupling
constants in bieyclo(2.2.1)heptane systmlo and the similarity in
_/ o 4.0 e.p.8.) to the signal of the anti Cy proton in
XXXV, this signal was considered indicative of the presence of Cy

width (

bromine atem,

The p¢ sition and stereochemistry of the benzenesulfonamido group
in CXXVII were shown by reduction with sodium in alcohol to a known
aminobicyelo(2.2.1)heptane. The amine thus obtained was converted
into its N-acetyl derivative, which was shown to be identical with
2-gxo-acetamidobicycle(2.2.1)heptane (XXVII) and different from 2-endo-
-~acetamidobicyclo(2.2.1)heptane (XXXI) by melting point comparisons
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and gas chromatography. The possibility that CXXVII originally contained
a 2-gndo-benzenesulfonamido group, which underwent epimerization during
the sodium~alcohol reduction to the thermodynamically more stable exo
isomer, was excluded in the following manner. Reduction of 2-epde-
~benzenesulfonamidobicyclo(2.2.1)heptane (XXXIII) with sodium in alcohol
under conditions identical to those used for the reduction of CXXVII
yielded a single amine. This amine was shown to be 2-endo-aminobicyclo-
(2.2.1)heptane (XXX) by gas chromatographic analysis and melting point
of its N-acetyl derivative (XXXI). In order to establish the position
and stereochemistry of the bromine atom in CXXVII hydrolysis of the
benzenesulfonamido group seemed appropriate. The sulfonamide linkage
was hydrolyzed by heating CXXVII with aqueous hydrochleric acid in a
sealed tube at 175° for 24 hr. The bromo amine (CXXXII) thus obtained
was oxidized by a known procedure70 to T-gyn-bromobicyclo(2.2.1)-2~
~heptanone (cxxnm,e'é’&?l This establishes the structure of CXXVII
as CXXIX,

The n.m.r. spectrum of CXXVIII also shewed a proton on carbon
attached to the nitrogen of the benzenesulfonamido group as a multiplet.

Upon addition of trifluorcacetic acid the multiplet sharpened to a

quartet (Jl = 3,9 CoPoBoy Jz

sulfonamide group in CXXVIII was alse at C;. The protem on carbon

= 8,1 ¢op.8.) indicating that the benzene-

attached to the bromine atom showed unresolved couplings and W1/2 =
b.0 c.p.8., again indicative of a C; bromine atom.

Reduction of CXXVIII with sodium in alecoheol gave an amine which
gave an N-acetyl derivative idemtical to XXVII and different from XXXI
by melting point and gas chromatography. This establishes the position
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and stereochemistry of the benzenesulfonamide group as 2-egxp and allows
assignment of Jl as the coupling of the 2,3~irans protons and J2 as
the coupling of the 2,3-gis pmtona.lo Hydrolysis of the sulfonamido
linkage of CXXVIII was accomplished by heating in an aqueous hydrochloric
acid selution in a sealed tube at 175° for 48 hr. The resulting bromo
amine, CXXXIV, was oxidized to 7-anti-bromobicyclo(2.2.1)~2-heptanone
(CXXXV) which was synthesized by an unambiguous procedure as described
below.

Kwart and Miller have reported the reactiomn of 2,4~dinitrosulfenyl

bromide and I te yield CIXI‘VI.72

Treatment of an acetic acid slurry
of CXXXVI with gaseous chlorine led to a mixture of CIX, CXXXVII, and
CXXXVIII, which were separated by fractional distillation at reduced
pressure.72 Reduction of CXXXVIII with lithium aluminum hydride afforded
2-gxo-hydroxy-7-anti-bromobicyclo(2.2.1)heptane (CXXXIX), Jones
oxidation of CXXXIX gave CXXXV identical in all respects with that
obtained by exidation of CXXVIII and different from CXXXIII, CXL, and
CXIl by gas chromatography. These data establish the structure of
CXXVIII as CXLII,

It is interesting that the 2-epdo proton in CXXIX gives rise to
a triplet in the n.m.r. spectrum, whereas the corresponding signal in
CXLII gives a quartet. As pointed out in Chapter I nonbonded repulsions
between 2(3)-gxp substituents and 7-gyn hydrogens in bicyclo(2.2.1)-
heptanes appears to be meglible. This evidently is not the case for a
2(3)-exp substituent and a 7-gyn bromine atom. The fact that the
2-gndo proton in CXXIX gives rise to a triplet points strongly to a
nonbonded repulsion between the 2-gxo-benzenesulfonamido group and the
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7-syn bromine atom. Such a repulsion would be relieved by rocking
of C, about the Cp, C3 bond as shown. This would have the effect of

increasing the dihedral angle between the 2,3-trans protons. On the

basis of the dependence of vicinal coupling constants on dihedral
angles one would expect this type of distortion to result in a decrease
in the coupling constant between the 2,3-cis protons and an increase
in coupling constant betweeen the 2,3-trans protons.lo The n.m.r.
spectrum of CXLII reveals a 2,3-cis coupling of 8.1 c.p.s. and a 2,3~
-trans coupling of 3.9 c.p.s. whereas in the n.m.r. spectrum of CXXIX
both couplings are 6.0 c.p.s. This type of deformation also accounts
for the triplet signal given by the 2-endo proton in XIX and XXXV.

The formation of CXLII and the apparent* absence of any appreciable

amount of 2,3-trans product of structure CXXX in the reaction of

*Thin layer chromatography of the crude reaction mixture did reveal
a third addition product in the reaction. This isomer and CXLII were
poorly resolved (TLC) and it was not isolated. The amount of this
third isomer could not have exceeded 6% since 94% of I consumed was
accounted for.
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N,N-dibromobenzenesulfonamide with I is of particular interest.
Mechanistically, the formation of CXXIX and CXLII can be visualized

as occurring as outlined below:

&
; 7
?//ﬂ CXLIV ;QN
Br
-+ C6H5303NBI'2 ! : Br 1 —> C.HSO
I § cﬁufné G
g gl
/ I
CIX =
/ 3 Br
CeHs5S0,N
1,6~H H
CXLIII CXXIX
r O
H
CaHssozN TsO
1
CXLIT CXLVII CXLVI

It is postulated that the carbon-bridged cation CXLIII is the
reactive intermediate formed rather than the halogen-bridged cation
CXLIV since the latter would be expected to lead to product CXXX.
Attack of CXLIII at C; would lead to CXXIX and 1,6-hydride shift of

CXLITT would lead to intermediate CXLV which by attack at Cg would give
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CXLII. The lack of reactivity of CXLIII and CXLV at C; would arise
from the unfavorable influence of the adjacent C3; halogen dipole.
The apparently inconsequential formation of Cp, C3 substituted products
from the corresponding chlorine-substituted cations generated during

the solvelysis of CXLVI has been rationalized on the basis that nucleo~
philic attack would occur preferentially at C; since the C; position
would have but slight cationic character because of the proximity of

the adjacent carbon-halogen dipole at 03.,73 Intermediate CXLVII would
likewise satisfactorily account for products CXXIX and CXLII, but if

it were the sole product-forming intermediate it would be difficult

to explais the almest 2:1 yield ratie ef CIXIX te ren s i Although
1,6~hydride shifts, as required in the formation of CXLII, are well
established in selvelysis reactions they are virtually unkmown during
addition reactions of I, especially under the xion—polar conditions used
in this rem‘:t'.'.i:m‘,32 (For an example of how reactions conditions

affect the course of additions to CVII see Ref. 7&)0 An explanation for
the 1,6~hydride shift may be found in the relative sluggishness of the
nucleophile (C,,HSS();%' ) involved which would allow the 810"73 hydride
shift to occur before attack on the cation.

As pointed out earlier the addition of reagents containing positive
halogen (i.e. Brp) to I is believed to proceed via the halogen-bridged
ion CXLIV. That both CXVI and XXXV are formed in appreciable amounts
during the bromination of 1 has been construed by others to indicate
that CXLIIT and CXLIV are of comparable stability. More specifically
they have proposed that an equilibrium exists between these two 10115..61‘

An equally attractive explanation would be that the relative amounts



of Cz, C3 and Cz, Cy products formed from these intermediates is a
function, not of the equilibrium concentrations of CXLIII and CXLIV
(as is implied above), but of the rate of attack of the nucleophile
(Br~, OH ,%502051{5 etc.) at C3 on CXLIV compared to its conversion
into CXLIII. At this time there appears to be no data available which
would permit a differentiation of these two explanations. In any
event, the cation CXLIV does not appear to be a major product-forming
intermediate in the present instance.

The possibility of endo attack by a bromonium species should not
be overlooked, especially since it is possible that both bromine atoms
are attached to the benzenesulfonamido moiety when addition occurs.
This situation could presumably allow electrophilic attack from both
sides as shown below in CXLVIII. The formation of CXXIX and CXLII
would then occur by attack of the benzenesulfonamido group at C; of
CXLVIIIa and CXLVIIIb respectively with concomitant skeletal rearrange-
ment. Because the nitrogen function must attack C; through the exo
bromonium ion in CXLVIII a and because the formation of CXLII from
CXLVIIIb involves front-side cleavage of the endo bromonium ion,
this mechanism is presently considered the less likely of the two

to represent the true sequence of events.

Br
CXXIX<— CaHsSOzﬁ —% CgHsSON — CGXLII
e —- ‘\

i
/
A

Br
CXLVIIIa CXLVIIIb
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The point at which the second bromine atom in N,N-dibromobenzene-
sulfonamide is lost is not clear at present. Kharasch and Prieatley63
first pointed out that N,N-dibromobenzenesulfonamide reacted with two
moles of an alkene in an ionic manner to give the vicinal bromo-benzene-
sulfonamide derivative and a vinyl bromide in relatively equal amounts.
In the present case CIX is formed rather than an unsaturated bromide
and its much larger yield as compared to that of the addition preducts
(CXXIX and CXLII) indicates that it is formed, at least partly, independ-
ently of CXXIX and CXLII presumably via intermediates CXLIII and CXLV.

When CXLII was refluxed for 25 hr. in an aqueous methanolic solution
containing excess sodium carbonate, there was obtained 2-hydroxy-7-
-gyn-benzenesul fonamidobicyclo(2.2.1)heptane (XVII) as the minor product
and 3~cyclopentenylacetaldehyde (CXLIX) as the major pmduct.75

The formation of XVII can be visualized as occurring by back-side
displacement of the 7-mi bromine by the 2-exo~benzenesulfonamido
group to give the intermediate azetidine (XIII) which under the reaction
conditions is ring-opened by hydroxide ion to give XVII. Participation
of a suitable 2-gxo group in the solvolysis of 7-anti substituents
might be expected in view of the known pronounced acceleration of
solvolysis shown in 7-anti-bicyclo(2.2.1)heptenyl systm.sz However,
the 2-methylene substituent was ineffective in this regard.’ Chemical
confirmation of the structure of XVII was provided by its conversion
to the known XVIII upon Jones oxldation.u

The major product CXLIX undoubtedly arises by hydrolysis of CL,
the latter presumably being formed by cleavage of the Cy, C; bond as

depicted, or from intermediate XIII, which may suffer collapse of the
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7 P CeHsSO ¥
CeHsS0, s
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CXLII XIII
H v
CeHsSON CeHsS0,
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strained azetidine ring under the reaction conditions. The former

path is analogous to solvolytic fragmentation reactions of B-bromo
amines recently studied by Grob.77 Aldehyde CXLIX was identified by
melting point78 and elemental analysis of its 2,3~dinitrophenylhydrazone
derivative. The n.m.r. spectrum of this derivative showed six methylene
protons (§ 1.2-2.6), one methine proton (§ 3.0), two olefinic protons

(8 5.75), and one aldehydic proton (8§ 8.84).

7 \-Br

CeHsSORN, A\, o H

H“"" sy CsHsSOzN:L

CXLII CL
/

csnssozg, ; ' ] \

XIII CXLIX




Formal cleavage of a bicyclo(2.2.1)heptane has been reported in
32,79

only a few cases | and this is believed to be the first example in
which cleavage occurs by displacement at C; giving a double bond at |
the Cy, C7 position of the original skeleton. The reported conversion80
of a~pinene oxide (CLI) to campholenic aldehyde (CLII) is somewhat
analogous, but involves displacement at Cg. Intermal dispiacement at

Cy has been observéd in the hydrolysis of CLIII to yield CLIV.81

In the latter case, the formation of a stabilized intermediate allylic

carbonium ion provides a strong driving force for the ring cleavage.

;;i%::;;: —_ , —3» Z;;%%EL?HO

CLI1

B
V4

s < e
i

OH
CLIII . CLIV

In contrast to the solvolysis of CXLII, as described above, the
isomeric CXXIX was quantitatively recovered unchanged after refluxing
in 5% aqueous alcoholic sodium hydroxide for 60 hr.; thﬁs it is apparent
that partiéipation by the benzenesulfonamido group must occur in the
cleavage of the C-Br bond in CXLII.

2. The Reaction of N,N-Dibromobenzenesulfonamide with Bicyclo-

(2.2.2)-2-0octene

The reaction of N,N-dibromobenzenesulfonamide with IX in benzene
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at room temperature also led to the formation of bromination and addition
products. The bromination products consisted primarily of LXXXVI,
although minor amounts of dibromobicyclooctanes (probably CXIX and CXX)
were detected by gas chromatography. Thin layer chromatography of the
crude reaction mixture revealed the presence of four addition products,
three of which were isolated by repeated chromategraphy of the reaction
mixture on alumina. The infrared and n.m.r. spectra of the three
addition products isolated indicated that they each possessed a secondary
bromine and a secondary benzenesulfonamido group.

By analogy with the addition of bromine to IX,30 structures
LXXXTIT and LXXXV would be expected and are consistent with the elemental

and spectral data.

Br
Br: ﬁ CeHsSO0LNH Ié ' ,
CeHsSOLNH |
LXXXV

LXXXIIT
The n.m.r. spectrum of the least polar addition product (CLV)

showed a triplet (J = 4 c.p.s.) for the proton on carbon bearing the
bromine atom, suggestive of an 8-syn-bromobicyclo(3.2.1)octane derivative
(See Chapter I). The skeletal structure of CLV was established by its
reduction with sodium in alcohol to a 2-aminobicyclo(3.2.1)octane

(CLVI) which upon oxidation gave the known82 biecyelo(3.2.1)-2~octanone
(CILVII). The stereochemistry of the nitrogen function in CLVI was
deduced in the following manner. Acetylation of CLVI gave CLVIII

which was different from the 2-acetamidobicyclo(3.2.1)octane (CLIX)
obtained upon acetylation of the amine (CIX) derived from lithium
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aluminum hydride reduction of CLXI. Since reduction of CLVII with
lithium aluminum hydride yields the equatorial alcohol GLXII,S:2 the
2-acetamidobicyclo(3.2.1)octane (CLIX) derived from CLXI can be assumed
to be the isomer. This requires CLVIII to be the gxial

isomer,
o HoN cnscon
CLV — %CHB N
| CLVI CLVIII
P - s @5 ——»fb
CLVII

That the bromine atom in CLV was indeed at Cg and gyn to the
trimethylene bridge was shown as follows. Treatment of CLV with aqueous
hydrochloric acid in a sealed tube at l’75° for 2i hr. gave a bromo
amine which was converted into the dimethylamine oxide, CILXIIT.

Pyrolysis of the latter at 135° under partial vacuum gave the previously

30 30

reported LXXXVI, Earlier workers” had established the skeleton of

IXXXVI by chemical means, but the position of the bromine atom in
IXXXVI was determined indirectly by n.m.r. and dipole moment studies.

In order to firmly establish the position of the bromine atom in ILXXXVI
its synthesis from I was t:tnder*t-,a.l':er-i..66

Treatment of I with hypobromous acid gave CXVIII as the major

product. Roberts, Johnsen, and Ga.rboni83 had previously shown that
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hypochlorous acid adds to I to give the corresponding chlorc analog

71
of CXVIII and more recently Sauers and Hawthorne have confirmed the

bl

correctness of the structure of CXVIII. Jones ' oxidation of CXVIII

Br

(CHg‘)}

CLV _— -
CLXIII
Br . Br Br
HOCH CH

33 — "Bﬁ -
IXXXVI CLXVI CLXV

B Br.
I — — ” CHs ‘. + Ho

CXXXIII CLXIVa CIXIVb

gave ketone CXXXIII which on treatment with methylmagnesium iedide

gave a mixture of CIXIVa and its C, isomer CIXIVb. The n.m.r. spectrum
of CIXIVa showed a signal at § 1.23 for the C, methyl group, whereas

in the n.m.r. speétrum of CLXIVb the corresponding signal appeared at

& 1.55. The mixture of alcohols GiXIV was distilled in the. presence

of iodine to give the bromoolefin CLXV which on hydreboratienek gave

a mixture of 7-gyn-bromobicyclo(2.2,1)heptane~2-methanols, CLXVI.

Heating of mixture CLXVI in the presence of phosphorous acid gave
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LXXXVI, identical in all respects with that previously reported-° and
that derived from CLV. This firmly establishes the position of the
bromine atom in CLV and the correct structure of this compound must
therefore be LXXXV.

A second addition product formed upon the reaction of N,N-dibromo-—
benzenesulfonamide with IX was identified as LXXXIII by comparison to
that obtained from the cleavage of the aziridine ILXXX with hydrogen
bromide. Chemical confirmation of the skeletal structure of LXXXIII
was provided by its reduction with sodium in alcohol to 2-aminobicyclo—
(2.2.2)octane, which was identified by gas chromatography of its N-acetyl
derivative.

Structure CLXVII is suggested for the third addition product iselated
from the reaction of N,N-dibromobenzenesulfonamide with IX. This
product undoubtedly arises from the reaction of N,N-dibromobenzenesulfon-
amide with bicyclo(3.2.1)-2-octene (CIXVIII) which is formed from IX
under the Diels-Alder conditions necessary to produce IX from ethylene
and 1,3—cyclohexadiene.30

Repeated attempts to analyze the starting alkene IX for CLXVIII
contaminant by gas chromatography failed, but it is estimated (See
ref. 30) that CLXVIII does not account for more than 5-10% of the
olefinic starting material. Since CILXVII was not a major product, it
may safely be assumed to arise from CLXVIII,

Reduction of CLXVII with sodium in alcohol gave an amine which
upon oxidation gave a ketone. The ketone thus obtained was identified
as bicyclo(3.2.1)-3~octanone (CLXIX) by gas chromatography comparison

and by melting point of its 2,4-dinitrophenylhydrazone derivative.B 9
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Bj ?E !5 \f Br |E
1+
H r
NS0CeHs

CLXVII CLXVIII CLXIX CLXX

The stereochemistry of the benzenesulfonamido group and the position
of the bromine atom in CILXVII are assigned on the assumption that initial
attack of CILXVIII occurs from the less hindered gxo side to give CLXX;
attack of CIXX at C3; would give the irans bromo sulfonamide CLXVII.

The formation of IXXXIII and LXXXV is postulated occurring through

ionic intermediates CLXXI and CLXXII as shown below.

Br,
A
i CsHsSOzNBI‘z —_— 1| f—
l?
g 1 s
i 5 4 Br CLXXT

B
Br; {? CeHs5502
0
NHS02CeHs LXXXV CLXXII
LXXXITI

Attack of CLXXI at Cz would lead to LXXXIII and attack of CLXXII at C,
would give LXXXV, ILoss of a C; proton from CIXXII would preduce LXXXVI.
The formation of LXXXIIT, LXXXV, and LXXXVI in the reaction of N,N-

~dibromobenzenesulfonamide with IX is exactly analogous to the formation
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of CXIX, CXX, and LXXAVI upon the addition of bromine te IX. The
observation that LIXXV possesses an axial benzenemlfbnamido group
at C; is evidence against CLXXIII as a product~-forming intermediate

since this would be expected to be attacked from the leas hindered

equatorigl side.
Br

CLXXTII

To a solution of 20 g. (0.213 mele) of I in 80 ec. of dry benzene

was slowly added 39.2 g. (0.124 mole) of H,ﬂ-dibmm@benzenesulfonamideoss
The additi of the N,N-dibromo compound was continued until aliquots
withdrawn from the reaction did not decolorize bromine in carbon tetra-
chloride. After the exothermic reaction subsided (15 min.) the benzene-
sulfonamide which had precipitated was removed by filtration and washed
with benzene (9:1 g., 0.058 m., m.p. 151-152%? The combined benzene
filtrate and wash was removed through a Vigreux columm and the residue
chromatographed on 500 g. of Merck acid-washed alumina.

Flution with 700 cc. of petroleum ether (b.p. 50-70°) gave 25 g.

of bromobicyclo(2.2.1)heptanes. The mixture of bromides was analyzed
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by gas chromatography with a 0.25-in. x 9-ft. column containing 10%
Silicone 550 on acid-washed firebrick at 150o using a helium flow rate
of 63 cc. per min, The mixture contained 8613% CIX (0.12470.004 mole),
identified by mixed injection, and 15133 dibromobleyclo(2.2.1)- -
heptanes(0.0lthwOOB mole). The bunuone removed from the reaction
contained another 1~2 g. of CIX as detected by gas chromalography.

Flution with 2 1. of benzene and 0.3 1. (19:1), 0.9 1. (9:1), and
0.6 1. (1:1) benzene-chloroform gave 13.4 g. (0.041 mole) of CXXVII which
erystallized from ethanol and had m.p. 92-93%; v hov 3225, 1315, 1160,
and 1090 cm._l; n.m.r. (in CDC1l3) & 1.0-2.0 (4 protons), 2.11 (proton at
Cy4), 2.30 (proton at Cy), 3.42 (proton at Cp, multiplet; sharpened to
a triplet, J = 6.7 c.p.s, upon addition of CF3COOH), 3.80 (proton at
C7), 5.38 (N-H, doublet, J = 10.5 e.p.s.; vanished upon addition of
CF3CO0H), and 7.6~8.1 (5 aromatic protoms).

Anal. Calcd. for Cy3H;gBrNCeS: C, 47.28; H, 4.83. Found: C,
L7.33; H, 5.44.

Elution with 0.6 1. of chloroform gave 2.29 g. (0.007 mole) of
an 0il which thin layer chromatography (10 c¢m. on Silica Gel-=G in
chloroform) showed to be a mixture of CXXVII and CXXVIII. Continuad

elution with 0.4 1. of chloroform gave 6.1 g. (0.018 mole) of CXXVIII

as an oil which crystallized from aquecus methanol and had m.p. 90—910;
KBr

v 5B 3300, 1332, 1160, and 1090 cm.™ ; n.m.r. (in CHOL) § 1.0-2.5

(6 protons), & 3.22 (proton at Cp, multiplet; sharpened to a quartet,

= 8,1 ¢c.p.s., = 3,9 ¢.p.8.), 4.16 (proton at Cy),

J2,3 cis J2,3 trans
and 5.96 (N-H, doublet, J = 7 ¢.p.s.; vanished upon addition of CF3COOH.).

Anal., Calecd. for Cy3H;BrNO3S: C, 47.28; H, 4.88, Found: C,
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4T7.52; Hy, 5.02,
The mixture melting point of CXXVII (m.p. 92~93 ) and CXXVIII
(m.p. 96-91°) was 75-80".
Conversion of CXXVII to 2-gxg~Acetamidobicyclo(2.2.1)heptane (XXVII)

A solution of 1.376 g. of CXXVII in 25 cc. of dry sec~butyl alcohel
was treated with 2 g. of metallic sedium over a period of 15 min. The
reaction mixture was heated to 110° over a peried of 2 hr. and then
stirred at 110° for 6 hr. The solution was then cooled, acidified with
10% hydrochloric acid, and washed with ether., The acidic aqueous solution
was then rendered basic by addition of sodium hydrexide solution and
extracted with ether. The ether extract, after drying over amhydrous
magnesium sulfate, was evaporated to give 0.21 g. (45%) of XXVI. The
E-acetyl derivative (XXVII) was prepared by treatment of the amine with
acetyl chloride in pyridine and had m.p. 138-140° after crystallization
from hexane,

Analysis of the acetyl derivative by gas chromategraphy was per—
formed a 0.25=-in., x 10-ft. Craig polyester ecclumm at 200° using a
helium flow rate of 56 e¢c. per min. The mixed injection of the 2-exo-
-gcetamidobicyelo(2.2.1)heptane obtained from CXAVII and the 2-exo~
-~acetamidobieyelo(2.2.1)heptane prepared by known procedures (See
Experimental section of Chapter I) gave a single peak. Mixed injection
of 2-endo-acetamidobicyslo{2.2.1)heptane (XXXI) and the 2-gxo acetyl
derivative obtained from CXXVII gave twe peaks at 18.0 min. and 18.75
min, respectively.

- Preparatien of 2-endo~Acetamidebicyclo(2.2.1)heptane (XXXI) from

Benzenesulfonamidobicyclo(2.2.1)heptane (XXXIII)

2=ende
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Sulfonamide XXXIII was refluxed 6 hr. in 25 cc. of dry gec~butyl
alcohol containing l.4 g. of metallic sodium. The amine was isolated
by the procedure described above and the M-acetyl derivative was prepared
with acetic anhydride. The crude acetamidobicyclo(2.2.1)heptane thus
prepared was shown to be the 2-gndo isomer, XXXI, and to be free of
2~,§maacetamid®bi§yclo(2o2ol)heptane (XXVII) by gas chromatography.
Crystallization of XXXI prepared from XXXIII from hexane gave m.p.
129-130°.

Conversion of CXXVII to 7-sypn-Bromo-2-gxe-~aminobicyclo(2.2.1)-

A suspension of 2,0L0 g. of CXXVII in 15 ce. of 10% hydrochloric
acid was heated in a sealed tube at 1752 for 24 hr. The reaction
mixture was cooled and washed with ether. The ether extract was de—-
colorized with charceal, dried ever anhydrous magnesium sulfate, and
evaporated to give 1.127 g. of CXXVII. Evaperation of the acidic
agueous reaction selution gave oil which e¢rystallized in methanol-
ether to give a 46% yield of the hydrochloride of CXXXII. The amine
CXXXII was liberated by additiom of dilute agueous sedium hydroxide to
an agueocus @@lﬁti@n of the hydrochloride. The basic solution was ex-
tracted with éther which; after drying ever anhydrous magnesium sulfate,
was evaperated to give CXXXII as an eil.

Preparatien of 7-gyn-Bremobicyelo(2.2.1)-2-heptanone (CXXXIIT)

To 215 mg. (l.14 mmole) of CXXXIT and 11 mg. (0.0 mmole) of
NaaMoly ° 2Hz0 in 1 ec. of water and 1 cc. of 30% hydrogen peroxide

was added enough methansel to make the nﬁxbure' h@mgme@usove The
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solution was stirred overnight, acidified, diluted with 15 cc. of
water, and extrasted with ether. Additien of acidic, methanolie,
2 ghadinitr@phenylhydrazineb solution to the ether extract gave a fine
erystalline preeipitate upon standing. After recrystallization ef the
derivative thrige from petroleum ether it hadbmop., 203-=2®3¢5@° Mixture
melting point with the 2,4-dinitrophenylhydrazone of authentic66’7l
(see below) T-zym-bremobicyclo(2.2.1)-2~heptanone (CXXXIII) was un-
depressed and the two derivatives gave identical infrared spectra. The
twe bromobicycle(2.2.1)heptanones were also identical by gas chromato-
graphy.

Conversion of CXXVIII to 2-gxo-Acetamidebicyclo(2.2.1)heptane

3

B

"I'hg bread:m‘ti@m of CXXVIII with sedium in alecohol was carried eut

in 50% ﬁeld in the manner des&ribéd above for the reductien of CXXVII.
The amine prepared in this mamner frem CXXVIII gave an N-~acetyl derivative
(mopo 138-140%) which was shewn by gas chromategraphy, as described

above 9 to be identiecal to the 2-gxo isomer, XXVIL, and different frem

the 2-endo isemer, XXXI.

G@n%rer@i@n of CXXVIIT to 7-anti-Bromo-2-exp-aminebicyele(2.2.1)-

A suspension of 2,009 g. of GIOI{VIII in 15 ec. of 10%¢ hydrochloeric
a@id was heated at 31,75© for 48 hr. in a sealed tube., EThe regcti@n was
worked up by the procedure desgcribed abeve fer the hydrolysis eof CXXVII.
Ne CXXVIIY was re@@éered and the yleld of CXXXIV hydrechleride was
12.6% after rescrystallization from agueous meﬁhm@l (m;po 235-92!;.5@j

with dec.). The amine CXXXIV wae Liberated by addition of dilute aqueous
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base to® an agqueous selution of the hydrochloride. The aqueous basic
solution was extracted with ether whﬁ.ch, after drying over anhydrous
magnesium sulfate, was evaporated to give CXXXIV as an oil.

~Bromobicyele(2.2.1)~2~heptanone from CXXXIV

Preparation of 7-ant:

Oxidatioen of 745 mg. of CXXXIV ‘by the procedure described above
for CXXXII gave about 50 mg. of erude bromo ketone. A portion of the
crude product was treated with excess acidic methaneliec 2,4~dinitro-
phenylhydrazine solution. The 2 ,Aad:initmpheﬁylhydramne prepared in
this manner was purified by chromatography on Merck acid-washed alumina
using benzene as the eluent followed by preparative thin layer chreomato-
graphy on Silica Gel-G (19 e¢m.) in benzene. Finally, the derivative was
erystallized from petroleum ether to give a solid which melted at 116.5~
117,57 which selidified and remelted again at 151.5-152.5 . Mixture
melting peint with the 2,4~dinitrophenylhydrazone of authentic 7-anti-~
~bremobicyclo(2.2.1)~2~heptanone s prepared as described below, was
151,5-152,5°, The bremsbicyclo(2.2.1)heptancnes prepared by these two

procedures were also idemtical by gas chromatography.

The reactioen of 2,4~dinitrebenzenesulfenyl bromide with I to give
CXXXVI (‘mop. 171-173°, litﬂg M. Po 173,8=17h..8:) was carried out in
87% yield acceording te the procedure of Kwart and I‘Ii!llerom The n.m.r.
spectrum of CXXXVI in nitrobenzene showed the proten on carbon bearing
the bromine at § 4.14 a3 a triplet (J = ie,;l €ePoS.) and the proton on

carbon bearing the sulfur at § 3.42 as a quartet ( = Lol CaPeBo;

J
2,3 Lrans

Iy ende, 7 smtd 2,0 CopoSo)e

Chleorine gas was passed through a slurry of 80 g. of CXXXVI in
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72

261 cc. of 96% acetic acid for 1 hr. The mixture was stirred overnight

and unreacted CXXXVI (about 15 g.) was removed by filtration. The
filtrate was diluted with 250 cc. of ice water and extracted with
petroleum ether. The petroleum ether extract was washed with aqueous
sodiym carbonate solution, dﬁed over anhydrous magnesium sulfate, and
evaporated. The residue was fractionally distilled under vacuum to give

2.1 g OTK (0epe o o o0 35-40"), 10.5 g. CXXXVII (b.p. 0.7 mm. 50-52°,

1it. 72 b.p. 40-42°), 10.2 g. of a mixture of CXXXVII and CXXXVIII
955 m. . 72

2O .. .
("b.,p.o. - 52-70°), and 4.8 g. of CKXXVIII (b.p.o.,? .

b.p.O 6 61—670). The n.m.r. spectrum of CXXXVII in CS; showed the
L3 m.

signal for the 2-endo proton at 4 3.86 as a quartet (J2,3 trans =43

= 7.5 e¢.p.s.) and the 7-syn proton appeared as a tall

70-72°, 1it.

CoPeSay J2,3 cis
narrow miltiplet. The n.m.r. spectrum-of CXXXVIII in CS, showed the

signal for 2-endo proton at 64.15 as a quartet (J = 3.0 c.p.S.,

2,3 itrans

Jp 3 g1g = +5 ©-P-8.) and the T-syn proton appeared as a tall narrow
2 ———

miltiplet.

Preparation of 2-exo-Hydroxy-T7-anti-bromobicyelo(2.2.1)heptane
(CXXXIX) from CXXXVIIT

A solution of 1.5 g. of CXXXVIII and 0.15 g. of lithium aluminum
hydride in 25 cc. of dry ether was refluxed for 4 hr. The solution was
diluted with wet ether, acidified with aqueous 10% hydrochloric acid,
and finally extracted with ether. The ether extract, after drying over
anhydrous magnesium sulfate, was evaporated to give an oil. The oil
was distilled under vacuum to give 1.1 g. of CXXXIX, b.p. 75-800;

0.7 mm.

J2,3 t.ra,ns= 2.9 ¢.p.s.,

= 7.1 e.p.s.), 3.76 (0-H, vanished upon addition of Dz0), and

n.anr. (in CSz) 6 3.68 (proton at Cpz, quartet,

2,3 eis
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b.1k {proton at Cy, triplet, = 1.4 C.P.S. ).

Jd
7,9 l—h,
Preparation of 7-anti-Bromobicyclo(2.2.1)-2-heptanone (CXXXV) from

CEXXIX

A solution of 806 mg. of CXXXIX in 8 cc. of dry acetone was treated
with a 0.5 molar excess of Jones reagent.u' The solution was allowed
to stir 4 hr. after which time it was diluted with 40 cc. of water and
eit,racted several times with petroleum ether. The petroleum ether extract,
after dming over anhydrous magnesium sulfate, was evaporated to give
450 mg. of CXXXV; n.m.r. (in CSz) & 4.19 (proton at Cy, triplet,

J% 1-g = 1.4 ¢.p.s.). The 2,4-dinitrophenylhydrazone was prepared by
addition of excess acidic, methanolic 2,4-dinitrophenylhydrazine solution
to CXXXV. The derivative was purified by chromatography on Merck acid-
washed alumina using benzene as the elusnt followed by preparative thin
layer chromatography (19 cm. on Silica Gel-G in benzene). The 2,4-
=dinitrophenylhydrazone of CXXXV prepared in this manner crystallized
from petroleum ether and had m.p. 116.,5-117.50., The analytical sample
was prepared by crystallization from ether and had m.p. 152-153‘),

Apsl. Caled. for Cy3HysNiO4Br: €, 42.29; H, 3.55. Found: G,
b2.96, 43.3L; Hy 3.91, 3.72.

Preparation of CXI. and CXLT

Bieyelo(2.2.1)-2~heptanone (CVI) was brominated according to the
procedure of Woods and Roberbs.gé The brome ketones cbtainsd were
fractionally distilled under vacuum using a 0.25-im. x 10~in. tantalum
spiral column to give pure 3-ezc-bromobicyclo(2.2.1)-2-heptancne (CXL),

m.pe 25, bope g0-82° (11.%° m.p. 30°, L3 S 126.5-128.5°);

1 mm,
nomozmg? (neat) 6 3.86 (proton at Cs, doublet, 93 7 anti = 3 C.pP.5. ).
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Heating CXL with 10 g. of glacial acetic acid containing 10 g. of
potassium acetate for 24 hr. according to the procedure of Kr:i.ege:i:'88
gave a 1l:1 mixture of CXL and CXLI.

Gas Chromatographic Comparisons of Bromobicyclo(2.2.1)heptanones

CXXXTIIT, CXXXV, CXL., and GXLT

All gas chromatographic analyses were performed on a 0.25-in. x
10-ft. Silicone 550 column at 165o using a helium flow-rate of 120 cec.
per min. The following retention times were observed: 7-anti-bromo-
bleyclo(2.2.1)-2-heptanone (CXXXV), 15.0 min.; 7-syn-bromobicyclo(2.2.1)-

-2-heptanone (CXXXIII) and 3-endo-bromobicyclo(2.2.1)-2-heptanone (CXLI),

20.8 min.; and 3-exo-bromobicyclo(2.2.1)-2-heptanone (CXI), 18.5 min.

Hydrolysis of CXLIT

A solution of 603 mg. of CXLII in 12 cc. of aqueons 80% methanol,
containing an excess of sodium carbonate, was refluxed for 25 hr. The
solution was dilubted with 15 cc. of water and extracted with chloroform.
The ehloroform extract was evaporated under vacuum into a dry ice trap
to which aeidic, methanolic 2,4-dinitrophenylhydrazine solution was added.

The residue left by evaporation of the chloroform contained a
precipitate of 24 mg. of benzenesulfonamide (m.p. l5l-152°)9 which was
collected by filtration. The precipitate was washed with benzene and
the latler was returned to the residue. The residue was concentrated
and analyzed by thin layer chromatography on Silica Gel-G (15 em.)
in ehloroform. Major spots were found at R£°s of 0.053 (benzenesulfon-
amide ), 0.30, 0.53, and 0.60. The above mixture was oxidized by the
Jones pr@@@d‘eyr@% without further purifiecatiomn. The oxidized mixture

was chromatographed by preparative thin layer chromatography on Silica
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Gel-G (15 em.) in 3:1 chloroform-ethyl acetate. Spots were evident at
Rpeg 0.10, 0.30, and 0.60.

The major spot (Rp 0.20-0.35) was removed and the Silica Gel-G
eluted with chloroform. Evaporation of the chloroform eluent and
recrystallization of the eluate from ether gave 51 mg. of 2-keto-7-
~-gyn-benzenesulfonamidobicyclo(2.2.1)heptane (XVIII), m.p. 146-147°.
Mixture meliing point with an anthentic sample (See Chapter I) was
undepressed.

The contents of the dry ice trap were concentrated and the con-
ecentrate chromatographed directly on Merck acid-washed alumina. Elution
with benzene gave the 2,4~dinitrophenylhydrazone of CXLIX. Crystalliza-
tion of the eluate from hexane gave 215 mg. of the 2,4-DNP, m.p. 100-1010
(11t.7% 98-99°); n.m.r. (in CSz) & 1.17-2.13 (2 protoms), 2.13-2.58
{k protons), 2.83-3.22 (1 proton), 4.05 (2 protoms), 7.42-8.33 (3
protons), 8.88 (1 proton, doublet, J = 2 ¢.p.s.), and 10.97 (1 proton).

Anal. Caled. for Cy3H;4Ni04: G, 53.79; H, 4.86. Found: C,
53.9h; Hy 5.3h.

Attempted Alkaline Hydrolysis of CXXTX

A solution of 2.103 g. of CXXIX in 20 ec. of 5% NaOH and 5 cc. of
95% ethanol was refluxed for 60 hr. The reaction mixture was acidified
with dilute hydrochlorie acid and extracted with ether. The ether
extract, after drying over anhydrous magnesium sulfate, was evaporated
to give back 2.010 g. of CXXIX (m.p. 90-91°).

2. Reaction of N,N-Dibromobenzenesulfonamide with Bicyelo(2.2.2)-

-2~gatene

Preparation of IXXXVI, CLV (CLVEIXXXV), LXXXITI, and CLXVII
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To 30 g. of IX in 300 ce. of dry benzene were slowly added 44 g.
of N,N-dibromobenzenesulfonamide. The solution was stirred overnight
and the benzene carefully removed through a Vigreux column. The reaction
mixture was chramatographed directly on 750 g. of Merck acid-washed
alumina. Elution with benzene-petroleum ether (1:1) gave 21 g. of
endo-8-bromobicyslo(3.2.1)-2~octene (IXXXVI) bap.5 . 65—700 (about
95% pure by gas chromatography). Elution with benzene and benzene-
chloroform mixtures gave 47 g. of a mixture of adducts. Thin layer
chromatography of this mixture on Silica Gel-G in chloroform showed
spots at Rf 0.40, 0.30, 0.27, and 0.17. Elution with 9:1 chloroform-
methanol gave 7.1 g. benzenesulfonamide (m.p. 151-1520). The crude
mixture of adducts obtained above was chromatographed repeatedly on
alumina varying the polarity of the eluent from petroleum ether to
benzene to chloroform. The benzene eluates were oils from which CLV
(JEif 0.40) erystallized from cold ether and had m.p. 99-100°; vn%;
3230, 1325, 1160, 753, 721, and 792 em.™; n.m.r. (in CHClz) & 3.45
{proton at Cp, multiplet), 4.08 (prdton at Cg, triplet J =4 c¢.p.s.)
and 6.32 (N-H, doublet, J = 5.4 c.p.s.).

Anal., Caled. for Cy,H;gBrNO,S: C, 48.84; H, 5.27. Found: G,
L9.1h; B, 5.67.

Thin layer chromatography of the benzene-chloroform eluates on
Silica Gel-G in chloroform showed LXXXIII (Rg 0.30) and CLXVII (Rf 0.27)
poorly resolved. Fractions consisting mestly of LXXXIII were combined
and upon standing in the cold LXXXIII crystallized from ethanol. After
sewrsral r@@rfy'stallizations IXXXITIT had m.p. 135—136° and mixed melting

point with a sample of irans-2-bromo-3-benzenesulfonamidobicycle(2.2.2)-
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octans (m.p. 136-137°) prepared as described earlier (See Chapter I)
was undepressed. The third isomer CLXVII (Rf 0.27) erystallized from
fractions rich in CLXVII wupon standing in the cold in ethancl. Re-
crystallization thrice fram ethanol gave CLXVIT, m.p. 189-190°; v ow
3270, 1910, 1160, 1080, 970, 753, 725, and 688 cm.”~; n.m.r. (in CHCLs)
6 1.42-2.50 (10 protons), 3.25 (proton at C3, multiplet; sharpened to
triplet, J = 6.5 c.p.s., upon addition of CF3COOH), 3.98 (proton at Cp,
multiplet) and 5.62 (N-H, déublet, J =5 ¢.p.s., disappeared upon
addition of CF3COCH).

Anal. Caled. for Cy4H;aBrNO,S: €, 48.84; H, 5.27. Found: C,
49.29; H, 5.39.

The chloroform eluates gave mixtures of ILXXXIIT, CLXVII, and a
third minor component (R g 0.17) which could not be separated by chromato-
graphy or crystallization.

Conversion of CLV to axisl-2-Acetamidobicycle(3.2.1)octane (CLVILI)

A solution of 1.42 g. CLV in 30 ce. of dry sec~butyl aleochel was
treated with 3 g. of metallie sodium over a periocd of 0.5 hr. The
reaction mixture was refluxed for 4 hr. and worked up in the usual mamner
o yield 452 mg. of ;ai_d.;g;;-zmauﬁ.nobicyelo(izol)oc‘tane (CLVI) as a waxy
sclid. 'The N-acebyl derivative, CLVIII, was prepared with acetic anhydride

and after crystallization from ether-pestroleum ether had m.p. 122-123°.

KBr

Repesated recrystallizatibns dld not raise the melting point; v max

3280, 1645, 1565, 1195, and 1040 L,
Ansl., Caled. for CyoH;sNO: C, 71.81; H, 10.24. Found: C, 71.6k;
H, 10.43.

Preparation of egquatorial-2-Acstamidobicyelo(3.2.1)octane (CLIX)
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A suspension of 0.4 g. of lithium aluminum hydride in 4O cec. of
ether containing 0.8 g. of bicyclo(3.2.1)-2-octanone oxime (CLXI),
prepared by a known procedure, was stirred overnight. After the excess
hydride was destroyed, the solution was made acidie¢ with dilute hydro-
chloric acid. The acidic agueous solution was washed with ether, then
made basic and extracted with ether. The ether extract, after drying
over anhydrous magnesium sulfate, was evaporated to give 271 mg. of
equatorial~2-aminobicyclo(3.2.1)octane (CLX) as a waxy solid. The
N-acetyl derivative, prepared with acetic anhydride, after crystalliza-

tion from ether-hexane CLIX had m.p. 137-1380. Repeated recrystalliza-

KBr

mos 3280, 1646, 1550, 1122,

tions did not raise the melting point; v

1085, 944, and 910 an.”r. The infrared spectra of CLVIII and CLIX

were different, The mixture melting point of CLVIII and CLIX was 128—1310.
Gas chromatography of CLVIII and CLIX on an ECNSS~S, 0.02-in. x

150-ft. column and a 0.25-in. x 10-ft. Craig polyester column showed

single peaks for both CLVIII and CLIX but failed to resolve a mixture

of the two.

Preparation of Bicyelo(3.2.1)-2-octanone (CLVIT) from CLVI

Oxidation of 10/, mg. of CLVI by the procedure described earlier

gave a low yield of crude ketone. A portion of the crude product was
treated with excess acidic, methanolic 2,4-dinitrophenylhydrazine solution.
The derivative was purified by chromatography on Merck acid-washed

alumina using benzene as the eluent. The hydrazone crystallized from
ether and had m.p. 137-138°. Mixture melting point with the 2,4-dinitro-

89

phenylhydrazone of authentic CLVII (m.p. 139-140°, 1lit. 137.5—1390),

prepared by an established procedure,89 was 138-139°.
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Degradation of CLV to endo-8-Bromobicyelo(3.2.1 )-2-octene (IXXXVI)

A suspension of 2.05 g. of CLV in 15 cc. of 10% hydrochloric acid
was heated at 1.'750 in a sealed tube for 24 hr. The reaction mixture was
cooled and the acidic solution washed twice with chloroform. ZEvaporabion
of the acidic agueous sclution gave 125 mg. of bromo amine hydrochloride.
The bromo amine was isclated by treatment of the hydrochloride salt
with dilute aqusous base followed by ether extraction of the basic
aqueous solution. The ether extract, after drylng over anhydrous
magnesium sulfate, was carefully evaporated to give 105 mg. of bromo
amine which was used without further purification. The bromo amine
(105 mg.) was stirred with 120 mg. 90% formic acid and 90 mg. of 40%
formaldehyde for 2 hr. &t room temperature and then for 2 hr. on a
90

steam bath. Dilute hydrochloriec acid was added to the solution and
the excess formic acid and formaldehyde were removed by distillation.
The concentrate was diluted with 5 ce. of water and washed with several
portions of chloroferm. The acldic aqueous solution was made basic and
the aqueous sodim hydroxide sclution was extracted with ether. The-
gther extract, after drying over anhydrous magnesium sulfate, was
evaporated to give 53 mg. of N,N-dimethyl bromoamine as a Iight brown
oil. The erude N,N-dimethyl bromoamine was treated with 1 ec. of 30%
hydrogen psroxide in 1 ec. of methanol for 12 hr. at room temperaturs.
The excess peroxide was destroyed by treatment of the aleoholic solution
with a small amount of 5% platinum on charceal. The ecatalyst was removed
by filtration and evaporation of the filtrate in vacuo gave 39 mg. of
CLXIII as a viseous oil.

The NyN-dimethylamine oxide, CLXIIL, (39 mg.) was hested over a
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period of 0.75 hr. to 135° and maintained at that temperature for 0.5 hr.
under 30-40 mm. pressure, during which time 12 mg. of an oil distilled.
Gas chromatographic analysis of the distillate on a 0.25-in. x 10-f%.
Craig polyester column at 1350 using a helium flow rate of 74 c¢c. per min.
showed endo-8-bromobicyclo(3.2.1)-2-octene (IXXXVI) as the major component
(95%), identified by mixed injection with authentic smnpleago Analysis
on a 0.125~-in. x 10-ft. Silicone Rubber column at 80° using a nitrogen
flow-rate of 40 cc. per min. also showed LXXXVI as the major component
by mixed injection.

Preparation of CXVIIT

“N-Bramosuccinimide (140 g.) was added to 60 g. of I dissolved in
1.2 1. of 1 X sulfuric acid and 800 cc. of tert-butyl alcohol. After
stirring at room temperature overnight, the solution was diluted with
5 1. of water and exhaustively extracted with petroleum ether. The
extract was washed with sodium ‘earbpna‘he solution, dried over é.nhyd.rous
magnesium sulfate, and concentrated. Fractionation of the residue
gave 18.1 g. of CIX (b.p.,QD,7 — h5-556) and 55.8 g. of the bromonor-
borneol fraction which solidified on stending. Gas chromatographic
analysis of the latter fraction on a 0.25-in. x 10-ft. 10% Siliecone 550
on firebrick column at 190° with a helium flow-rate of 55 cec. per min.
gshowed that it contained two components in a ratio of 3:1. The component
in larger amount was identified as CXVIII and the minor component as
CXVII by n.m.r. The bromonorbornsol fm@‘@ian had n.p. 50-43° after two
sublimations and was used without further “separation for the next step.

Preparation of 7-gyn-Bromobicyelo(2.2.1)-2-heptanone (CXXXIII) from

GXVIIT
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The above mentioned bremonorbermesl fraction was oxidized in dry
acetone using a molar equivalent of Jones magent.&& The reaction mixture
was diluted with water, then extracted with g—i-hexaneo The hexans extract,
after washing with sodiwm carbonate solution, was dried over anhydrous
magnesium sulfate and concentrated. The residue was fractionally

distilled to yield 72% of CIXXITI, b.p. 68-70% v EHm 3750 en, Y,

8.4 mm.
n.m.r. (in CS3) 6 4.4 (Cy proton, quartetf J=1c¢.p.s.). The gas
chromatogram (same conditions as above) ’shmd 5% impurities. The 2,4~
~dinitrophenylhydrazone was preparsed by the addition of an acidie,
methanolic 2,4-dinitrophenylhydrazine solution and after chromatography
on alumina and recrystallization from pstrolsum ether had m.p. 201.5-202.5°.
Preparation of CLXIV _
A solution of ketons CXZXIII (0.185 mols) in ether was slowly added
%o 0,190 mole of methylmagnesium fodide in 250 ee. dry ether. After
stirring for 3 hr., aqueous ammoniwm sulfate was added, and the solution
was extracted with ether. The ether extract was dried over anhydrous
magnesiun sulfate andl evaporated to yield 37 g. of r@sﬁdﬁ@ the n.m.r.
spectrum of which indicated the presence of about 30% of unreacted CXXXIIT
about 50% CLXIVa and about 20% CLXIVb. A pure sample of CIXIVb was
obtained after chromatography on Mesrck acid-washed alumina and had

M. Po %-750 after three reerystallizaticns frem petroleum sther; v ggi

5320, 1188, and 930 a2,
Ansl. Caled. for CgHys0Br: C, 46.85; H, 6.39., Found: C, L7.07;
Hg 60629

Preparation of 7-gyn-Bromo-z2-methylenebicycle(2.2.1 heptane (CLXV)

The crude product (24 g.) from the above mentioned Grignard reaction
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was slowly distilled at 85-1100 ‘(20-55 mm. ) in the presence of a few
crystals of iodine. The distillate was fractionally distilled to give
11.4 g. of 7—m—bromo—2—methylenebicyclo(é.2.1)hepténe (detected-
by n.m.r.) and 9.23 g. of a fraction containing ke"con‘e G)ﬁC{iII .(unreacted,
from Grignard reaction) and olefin CIXV. The latter fraction was separated
into 2.8 g. of CIXVind 4.8 g. of CXXXIII by use of Girard's T reagent.
The analytical sample of CLXV was obtained by preparative gas chromato-
graphy on a 3/8-in. x 20-ft. Silicone nitrile column. v ;i']xm 3090, 1630,
and 882 em.™; n.m.r. (in CS;) & 3.87 (G, proton, doublet, J = 1.5
c.p.s.), and 4.85 (vinylic protons, doublet, J = 10 ¢.p.s.).

Angl. Caled. for CgHy4Br: €, 51.36; H, 5.93. Found: C, 51.29; °
H, 5.96.
Conversion of CIXV into endo-8-Bromobicyclo(3.2.1)-2-octene (LXXXVI)

A solution of sodium borohydride (0.37 g.) and boron trifluoride-
etherate (2.5 cc.) in 10 ce. of tetrahydrofuran was added to 2.3 g. of
CLXV in 20 cc. dry tetrahydrofuran and the solution stirred at 60° for
3.5 hr.8k After destroying the excess borohydride, 17.3 ce. of BME sodium
hydroxide and 1.3 cc. of 30% hydrogen peroxide were cautiously added
and after stirring at 50° for 1 hr. the solution was diluted with 150 cc.
of water. Extraction with ether and removal of the ether gave an oily
residue which on distillation gave 1.3 g. of the isomeric 7-syn-bromo-
bicyclo(z.2.1)hep£ane-2—methanols (CIXVI) in a ratico of 3:1 (gas chromato-
graphy on Silicone 550 column). The isomeric mixture (1.3 g.) was heated
at 1600 with 85% phosphoric acidgo (0.5 g.) for 30 min. at 50 mm., during
which period water and a dark-colorsed orgenic liquid distilled from the
reaction mixture. The residue and distillate were cambined, diluted with



15

water, and extracted with petroleum ether. After washing and drying the
extract was conecentrated to give 352 mg. of residue. Gas chramatogtaphic
analysis (Silicone 550 column) indicated that this residue contained
25% of the desired bromo olefin LXXXVI. A sample of LHXVI was obtained
by preparative gas chromatography (Silicone 550 columm) and the sample
80 obtained was identical in infrared and nuclear magnetic resonance
spectra with a sample of LXXXVI prepared as previously described 30
and that which was prepared from CLV. |

Reduction of LXXXTTT with Sodiwm in Alcohol

A solution of 2.1 g. of LXXXTIT in 42 cc. dry sec-butyl alcohol was
slowly treated with 3.4 g. of metallic sodium. The reaction mixture was
heated to 110° and refluxed for 6 hr. After cooling, the reaction mixture
was acidified with 10% hydrochloric acid and washed with ether. The
é,cidic aqueous solution was made basic and the product extracted with ether.
The ether extract, after drying over anhydrous magnesium sulfate, was
evaporated to give a mixture of amines. The amine mixture was treated
with acetic anhydride and the amine acetates (mixture) isolated in the
usual manner. The n.m.r. spectrum of the crude .‘acetylated mixture
showed that 7 90% of the acetylated product possessed a secondary halogen
function. Gas chromatography of the crude acetylated mixture on a -;25«:1110
x 10-ft. Silicone nitrile column at 220° using a helium flow-rate of
10@ cc. per min. showed only a single peak with a retention time less than
25 min. Under these conditions 2-acetamidobicyelo(2.2.2)octane (See
Chapter I for preparation of the corresponding amine) had a retention time
jdentical to the acetyl compound deﬁ,ved frém LXXXIII. Neither CLVIII nor

CLIX were separated from 2-acetamidobicyclo(2.2.2)octane or the acetyl
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compound derived fram LXXXTTT under these conditions. The 3-acetamido-
bicyclo(3.2.1)octane derived from CLXVII and the 8-acetamidobicyclo(3.2. l)-
octane derived from IXXXIV were separated from 2-acetamidobicyclo(2,2,.2)-
octane and the acetyl derivative derived from IXXXIIT under the above
conditions. A mmber of different polyester and Silicone columns under
varied conditions failed to separate the acetyl compound derived from
LXXXIII from 2-aeetamidobicyclq(2.2.2)oetax;e, CLVIII or CLIX.

Reduction of 430 mg. of CLAVII with sodium in alecohol by the usuzal
procedure gave 102 mg. of amine as a wexy solid. The amine thus obtained
was oxidized with 30% hydrogen peroxide in the presence of NazMoOy °
2Hz0 in aqueous methanol. After acidification of the axidation réa_@t:@qn
solution with dilute hydrochloric acid the aquecus sclution was extracted
with ether. The ether extract, after drying over anhydrous magnesium
sulfate, was evaporated to give 15 mg. of CLXIX. Geas chrcmato_graphie‘ N
analysis of the crude ketone on a 0.02-in. x 150-f¢. ENSS-3 column showed
one major component (about 95%). Mixed injection of a mixture of CLVII
and CLXTX prepared by hydroboration of CLXVITI * showed the ketone
derived from CLXVIT to be identical with CLXIX and different from CLVII.
The ketone derived from CLIVII was also identical to CLXIX and dif:_tféréﬁt
from bieyclo(2.2.2)-2~octanone by mixed injection on a 0;25—111. x 10-ft.
Silicone nitrile column at 220° using a heliwm flow-rate of 115 cc. per
min.

The 2,4-dinitrophenylhydrazone of CLXIX derived from CLXVII had
m.p. 163-164° (11t.%7 165-166.2°). .



Plate I

Nuclear Magnetic Resonance Spectrum of N-Benzenesulfonyl-2-azablcyclo(3.2.1)-3,6-octadlene (LVIIT)
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