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Abstract—Thermal cyclization of cyclooctene-4-yl-carboxylic acid chioride (S) and cycloheptene-4-yl-carboxylic
acid chloride (16) yielded mixtures of mainly endo and exo 2-chlorobicycio{3.3.1jnonane-9-one (7 and 8), and
mixtures of endo and exo Zchluobicydo[n.lhcw (12 and 13), respectively. AlCl-catalyzed cyclization

of 10 gave the same

as the uncatalyzed reaction. In the AICl,-catalyzed cyclization of §

product composition
coasiderable amounts of bicyclo{3..1}non-2-cn-9-one (6) and exo 3-chlorobicyclo{3.3.1]nonane-9-one (9) were

obtained in addition to 7 and 8.

During the past 15 years the stereochemlslry of the
Friedel-Crafts acytmon of double bonds' has been m-
vestigated using sevenal cbc com’pounds
Stereoselective intramolecular cis md trans” additions
as well as formation of epimers has been observed,
depending on the reaction conditions. ** In certain cases,
intramolecular Friedel-Crafts acylation may compete
with ketene cycloaddition.” Despite the fuct that this
reaction seems to be a very useful method for the
preparation of bicyclic derivatives, particularly in the
bicyclo{3.3.1}nonane series,*® systematic studies on
catalysis and solvent effects on various model com-
pounds have not been reported. Consequently, important
questions remain to be answered regarding the overall
mechanism of this reaction

We have been interested for some time in the syn-
thesis and fragmentation of functionalized bicyclic
compounds, particularly those of the bridged bicyclo-
octanyl and bicyclononany! type. 19 In order to get more
detailed information concerning reaction intermediates
such as 2 and 3 we initiated a comprehensive study on
cyclization reactions of monocyclic unsaturated acid
chilorides under different reaction conditions. The con-
ceivable intermediary bicyclic cations can be generated
citber by solvolyzing bicyclic ketotosylates'':'* (1=22523)
or by an intramolecular electrophilic reaction of an acid
balide to a double bond (4523522).>*
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As described carlier'' the solvolytic reactivity of
bicyclo{3.2.1Joctane and bicyclo{3.3.1lnonane tosylates is
low corresponding to 1. Product analyses showed more
than 80% of unrearranged starting material and 20% of

tNew address: Laboratoire de Stéréochimie, Faculté St. Jérdme,
F 13013 Marseilie. France.

$New address: Lehrstubl fOr Organische Chemie der Uni-
versitit Hobenbeim, D-7000 Stuttgart 70. Germany. Correspon-
dence should be sent to this author.
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isomeric reaction products. In the presence of water,
norbornane and bicyclo{3.2.1Joctane derivatives undergo
ring opening'*"** to give the corresponding unsaturated
monocyclic carboxylic acids. whereas in the case of
bicyclof3.3. llnonlne 9 - one - 2 - yl tosylate no frag-
mentation is observed,” other processes probably
depend upon strain factors in the bridging carbonyl. The
marked difference in reactivity between bicyclooctanone
and bicyclononanone compounds, however, may be due
to some important variations in stability of possible ionic
intermediates in these two systems. The serious com-
plications in the interpretation of the mechanism of the
solvolytic generation of conceivable intermediates such
as 2 or 3 lead us to study the intramolecular addition of
acid chlorides to C=C double bonds. Erman and
Kretschmar ** found that cyclooct - 4 - cis - ene - 1 -
carboxylic acid chloride (5) can be cyclised to give the
epimeric chlorides 7 and 8 of bicyclof3.3.1lnonane - 9 -
one. Detailed investigations on the mechanism of this
reaction carried out in our laboratory which include the
extension of the reaction to cycloheptene acid chloride (10)
has yielded considerable new information which we now

report.

RESULTS
1. Cyclization reactions. Cyclooct - 4 - cis -ene - | -
carboxylic acid chloride (5) can be easily cyclised
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under different reaction conditions (Table 1). Al
products have been isolated and purified by column
chromatography on silica gel. Refluxing of § in CCL, and
working up by simple evaporation of the solvent (entry
1) lead within 10 days to a mixture of endo and exo 2 -
chloro - bicyclo{3.3.1]nonane - 9 - one (7 and 8) in a 3:2
ratio accompanied by small amounts of bicyclo{3.3.1)jnon
-3 -ene-9- one (6). The course of the reaction was
monitored by NMR spectroscopy, which was facilitated
because of good separation of the olefinic protons in §
and the CHX-protons in 7 and 8, as well as by the fact
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that only small amounts of 6 were formed. When carbon
tetrachloride (b.p. 77 was replaced by 1.2-di-
chioroethane (b.p. 83-84") the reaction time decreased
dramatically from 10 days to 12 hr or less (entry 2). The
mixture showed nearly the same product ratio and the
endo chloride (7) remained as the predominant product.
In contrast to cyclization in CCL, the crude mixture must
be purified by sublimation after evaporating of the di-
chlorethane solvent in order to get a resolved and
interpretable NMR spectrum.

Quite different results were observed when the cycl-
ization was carried out with stoichiometric amounts of
anhydrous AICl, in CCl, 7 remained as the main
product, when the reaction was stopped after a short
time (5 min to 1 or 2 hr, entry 3 and 4) but in addition to 6
and 8 AIC!, caused the formation of a new compound,
namely 9. This compound predominated after 25 hr time,
while 7 disappeared nearly completely (entry $). The
formation of olefin (6) increased with increasing amounts
of added AICI, (entry 6). These results may be compared
with those obtained by Erman and Kretschmar*® which
have been included in Table 1 (entry 7-9). The different
product ratios described in entry 2 compared to entry 7
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Table 1. Cyclization of cyclooct-4-cis-ene-1-carboxylic acid chloride ()
Total Reaction products (%)
Eatry Solveat  Catalyst Time Temp. yield Isolation [ 7 L ] L
1 CCl, - 10days refux quant. Column 8 58 M [
(=TT chromatogr. 7 s8 33 —[d)
r dichloro- - 12 refux 80-90% Sublimed 17 59 U -4
ethane (=839
3 CCl, (All(;;, S min s 80-90% [ 3 25 57 3 Sfel
o)
4 CCl, AICH 2 10- 80-90% gic 1l 4 17 16{¢c}
(1.05 3
mole)
5 CCl, AICl, Biv 15 80-90% Column U 2 20 53¢
12 chromatogr
mole)
6 CCl, AICl, 20h 2% 0% Sublimed 48 1 14 27c)
21
mole)
d dichloro- - T2he  reflux ? Distilled S 16 41 -
ethane
 d diglyme AKCY, 16br 100 ? Distilled 18-19 20-26 6-8 -
cat.
9 dislyme BFE0 27 100° 25% [ 53 3 ] -
*This work.
*Results of Erman and Kretschmar, Ref. 4°.
Ptodulnnoduectdbydc(i-mk 1, 7=peak 2,8 = peak 4, 9 = peak 3).
“Product ratio detected by NMR.
are probably due to differeat working up procedures. The
coct AICl,-catalyzed reaction (traces of AICl) in diglyme
O — + -] (entry 8) may be rationalized as a thermal cyclization not
completed after a 16 hr time. In our experiments we were
c not able to find any reaction leading to the exo-chloride
7 (8) as the main product.
S 6 Markedly different results were obtained with cyclo-

hept - 4 - cis - ene - | - carboxylic acid chloride (10): No
difference in the product ratio could be detected between
thethemllmcnonmdtheteacnonmthmohrqm
tities of AICl,. Both reactions gave high yields of mix-
tures consisting of 93% emdo 2 - chloro - bicy-
clo{3.2.1Joctane - 8 - one (12) and 7% exo-chloride (13)."
At best traces of bicyclo{3.2.1Joct - 2 - ene - 8 - one (11)
were detectable, and a reaction time of 24 hr did not alter
the product ratio in the AlClycatalyzed reaction (Table
2).

O of - 5f - &

2. Identification of reaction products. Compounds 6, 7
and 8 have been described and well characterized by
Erman.*® Additionally 7 and 8 are available by reaction
of POCI, with a mixture of the corresponding epimeric
alcobols 14 in anhydrous pyridine.'* The structure of 9 as
a 3 - chioro - bicyclo{3.3.1lnonane - 9 - one was derived
from chemical and spectroscopical properties. Treatment
of 9 with 109% NaOH in methanol gave bicyclo{3.3.1]non

o
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Table 2. Cyclization of cyclohept-4-cis-ene-1-carboxylic acid chloride (10)

Total yield Reaction ptoducu (%)
Solvet Catalyst Time Temp (%) Isolation 12°
cCL, - 2days  reflux 100 Sublimation 93 7
)

cQa, AICl, 1hr 25 80-90 Sublimation 9 7

(1.1 mol)
CCl, AXCl, Ubr 15-20° 80-90 Sublimation 93 7

(1.1 mol)
*Product ratio detected by gic.

-2-ene-9-one (6). A rather complex signal for the
CHCl-proton of 9 in the '"H-NMR spectrum with a band
width of 40-45Hz (W, 18Hz) at 493 ppm might be
resolved as an asymmetric nine line pattern, correspond-
ing to an A,B,X or AA'BB’X spectrum. Furthermore the
symmetric structure of 9 is supported by six ’C absorp-
tions in the ’C-NMR spectrum (Table 3).'* These data
are in accordance with a C,, symmetry of the bicy-
clo{3.3.1]nonane skeleton indicating that the chlorine
atom is attached to C,. At present we cannot establish
the stereochemistry of 9 unequivocally without having
both possible isomers at hand. Because of the short
distance between C, and C, in an ideal chair-chair con-
formation'” emdo 3-substituted derivatives of bicy-
clo{3.3.1]nonane show a chair-boat equilibrium (cf.
b=9c; 15a==150)." Parker' has estimated that endo
bicyclo[3.3.1]nonane-3-ol (18) exists predominantly (86%)
as a chair-boat form 15b in the conformation equilibrium
15a==2150. The "bow sprit flagpole™ interaction operating
in 18D, is relieved in structure 9¢ which bears a CO group
at C, instead of CH,. Therefore we should find 9 an endo
isomer in the boat-chair form 9¢ as the exclusive con-
former. This fact implies that the multiplicity of the
'HMR signal for H, in 9a should nearly be the same as in
9¢. L. 92 and 9¢ cannot be distinguished from each other

by ‘H-NMR.'***
c-%

{endo) |

N)G1

9a/ewo) L 1]

150

A somewhat better description is available from the
BC.NMR spectra.'® The y-effect is supposed to be a
sensitive indicator for stereochemical effects,™ and in
the case at hand it involves the chlorine atom at C,;, of
—1.8ppm (Table 3). This value indicates litthe steric
interaction between C,-Cl and C,-H(Cs-H). For this as
well as for an electronically influenced (W-type) inter-
action both molecules % and % show little or no dif-
ferences. The signal for C, at 20.9 ppm, however, and the
small difference to the corresponding signal in bicy-
clo{3.3.1]nonane - 9 - one of 0.5 ppm, lead us to assume

Table 3. '*C-shifts from compound 9°

Cn Cu G Cu G G
b} 46 45 552 M1 209 a6
) -18 93 328 -01 05 -40

“In CDCl,, values based on CIXII, signal, and trans-
formed relative 10 TMS using equUAtion 8pyg™
ocw, 77.1ppm; a negative sign denotes a highfield

’thnve to TMS.

“Relative 10 bicyclo{3.).1}nonane-3-0one,” the values
are caused by the a-effect (C,y), S-effect (Cy) and
y-cffect (C,,), resp., of the chlorine substituent.

the structure corresponding to a sterically less hindered
exo isomer 9a.'

%9_'312. 12 013
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Cyclization products of cyclohept - 4 - cis -ene - | -
carboxylic acid chloride (10) have been characterized by
NMR using double resonance and chemical reactions.
Base cleavage of the endo chloride (12) with methanolic
KOH gave cyclohept - 4 - cis - ene carboxylic acid (cf.
Ref. 3). Exo chloride (13) is stable under these con-
ditions, but conversion to bicyclo{3.2.1Joct - 2 - enc - 8 -
one(ll)”occmuun;mdmuccondlm The
NMR pattern of CHCI of both the reaction mixture of
10, containing mainly 12 (endo), and of the isolated com-
pound 13 are shown in Fig. 1. Since 13 was formed to
the extent of up to 7% during cyclization reactions
(Table 2), 12 and 13 were prepared by treatment of an
exo/endo mixture of the corresponding alcohols 16 with
POCly/pyridine in high yield. Both isomers are readily
sepanated on silicagel.

Two mechanisms have been proposed by Erman and
Kretschmar*® for the cyclization of cyclooct - 4 - cis - 1 -
carboxylic acid chloride (5): Based on the product ratio
(Table 1) and the difference between the thermal (mainly
cis-addition) and the AICl,-catalyzed (traces of AICl,)
reaction (mainly trans-addition) the ion pairs 17, 18 or a
free ion 19 are suggested as reaction intermediates.

In the first case the product ratio depends on the rate
ratio for rearrangement 17+ 18 and the collapse of 17-+8
(exo product) after kinetically controlled formation of 17.
The presence of AICI, causes more rapid dissociation
and rearrangement of exo chloride ion pair 17 to endo
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Fig. 1. '"H-NMR spectrum (60 MHz) of CHCI pattern of 12 and 13. A: Mixture of cyclization products 12 (93%) and
13 (7%) {rom 10: B: 13, isolated from A by fragmentation procedure.

A

17 oe-c1 B en-a
chloride (7) through ion pair 18. In contrast the absence
of catalyst favours the rapid collapse of 17 to exo
product 8. A second possible mechanism involves a free
carbenium ion 19 which is substituted much casier from
the exo side during thermal cyclization, while AIC, in
complexation with the CO group reverses the attack of
CI” or AICL,™ towards the endo side.

Our results on the reactions of S permit us to conclude
that the mechanistic pattern proposed by Erman should
be modified in some respects. As may be seen from
Table 1 it scems reasonable to consider separately two
kinds of reactions. Thus there is a pure thermal reaction
proceeding as a trans addition in the short time AICl,-
reaction yielding mainly endo chloride (7).” On the other
hand the longer time AICl;-reaction causes the formation
of 3 - chioro - bicyclof3.3.1]nonane - 9 - one (9), (probe-
blycxo)u deuctdenvedfmmhydndeshmmlhe

This stands in contrast to the results of
Brmnudl(nuchmu“whodonolnpoﬂ!ua
product. Accordingly any mechanism for the ovenll
ptowumwnhoukemucompoundmtocmnon
Specifically, the difference in products between the
thermal and AIC],-reaction is not reported* only in

stereochemistry at C, but formation of an isomer namely
9. Therefore we conclude that a hydride shift is im-
portant in the process and should be included in the
mechanistic description.

Since the total amount of exo chioride (8) and bicy-
clof3.3.1]non - 2 - ene - 9 - one (6) is nearly constant in all
experiments, and 6 is casily derived from 8, then 9
seems to be formed to the expense of 7. In order to
learn something more about the stability of the reaction
products under cyclization conditions, compounds 6, 7, §
and 9 were treated with AICl,. The results which are
summarized in Table 4 show clearly that all chlorinated
cyclization products are interconvertible. Endo chloride
(7) is found to have the lowest tendency to isomerize. 8
and 9 yield predominantly the elimination product 6. This
low teadency to undergo structural change indicates, as

Table 4. Reaction of 6, 7, 8 and 9 with AKCl,*

Startiag Time Inubn m’ (“)

material M) 6 others
6+HClgas 6 “ -_— L ] n -—
7 p ] 26 56 ] 13 —
] /) o4 2 1 3 —_—
9 u 75 5! 6 16 2-3

*Reaction conditions: AICl,, 1.1 ool in CCl,, 25° (Refluxing &
reaction mixture of 6, 7, § and 9 with catalytic amounts of AICl,
in CCl, during two days did not alter the original ratio).

*Ratio detected by gic.
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was discussed by Erman,‘* that 7 and 8 are primary
cyclization products. In contrast 9 arises from a rear-
ranged intermediate by intramoleculsr hydride shift.
Since there must be a difference in the pathway for the
first intermediate in the thermal and AICl,-catalyzed
cyclizations, we propose the following mechanism: In
thethumalcyclmnonaddmonolthewddﬂonde
function to the C=C double bond of § gives a “free”
carbenium ion 19, which undergoes substitution to give 7
and 8 in a ratio reflecting their relative thermodynamic
stabilities. 6 may arise either directly from 19 or by
elimination of HC| from 8. The slightly favoured for-
mation of endo isomer 7 over § could be rationalized in
terms of nonclassical ion 24 and subsequent stereo-

specific attack by chiloride ion.
-5
—
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However, absence of any derivatives of bicy-
clo{4.2.1Joonane as well as the extensive hydride shift
(19-9) in the presence of AICl, is hardly consistent with
this cooception. Although 7 seems to be very stable
towards AICl,, and to rearrange only to 9 up to 13%, the
amount of 7 decreases from over 50% to nearly zero
during the cyclization procedure within the 24 hr reaction
time. This may reflect the fact that 24 is involved as an
intermediate in the reaction to a greater extent than 13%.
Disappearance of nearly all of 7 during the formation of
9 might be a consequence of the following: In the
presence of molar amounts of AICl, the acid chloride §
cyclizes to structure 20 bearing the aluminium moiety in
the syn position because of the clectrostatic attractive
forces between the negative charge and the cationic
center. From 20 the products 6, 7, 8 and 9 are formed
through different intermediates 21, 22 and 23: transfer of
chloride ion to C-2 gives exo-chloride 21; the inter-
mediate 23 results from endo attack of AICL,™ ion to 20.
Reversible transformation of 21 to 23, bowever, cannot
be ruled out completely. In contrast to these kinetically
controlled pathways the formation of 22 from 20 by
hydride shift seems to be favoured during longer reaction
times because of the higher thermodynamic stability of
22 compared to 21 and 23. The nearly complete disap-
pearance of 7 during the 25 hr cyclization time, with the
amount of 8 remaining almost constant, as well as the
increasing formation of ¢ in this reaction, may be due to
the lower stability of intermediate 23 relative to 21.
Intermediate 23 cannot be formed from 7 by reaction
with AICl, alone, and therefore it is understandable that
7 is less affected than 8 in this reaction (Tabie 4).

As anticipated above the cyclization of acid chloride §
proceeds in a manner very similar to the solvolysis of

cyclooct - cis - 4 - ene - 1 - yl carbinyl tosylate 25. In fact
previous investigations render it very unlikely that a
nonclassical ion is involved in the cyclization of 28 as the
sole intermediate because of the little stereoselectivity in
product formation. The suggestion that classical ions
must be involved also in the reaction of 282 is now
supported by the results which we obtained in cyclizing §

or rearranging 7, 8 or 9.
OCN,O&
2

OCMY.

A still more striking feature is to be found in the
analogy between the cyclization behaviour of cyclobept -
cis - 4 - epe - 1 - yl carbinyl brosylate (26)°* and
cyclobept - 4 - cis - ene - 1 - carboxylic acid chloride
(10). Both reactions gave predominantly the endo isomer
M)anmntwnhamhnmlmﬂu
proposed by Fickes and Kemp.® The nearly quantitative
stereoselectivity in product formation, and the absence
of any hydride shift during the longer time (24 hr) AIC,-
reaction offer additional arguments for the involvement
of 27. However, this ion cannot be the only reaction
intermediate, because of a 7% formation of exo chloride
13 which can only be formed through classical ion 28.

..,_.,:%Q,zanﬁ’d

EXPERIMENTAL

IR spectra were recorded on a Perkin Elmer Model 21. NMR
spectra were obtained on a Varian A-60 A (60 MHz) and Bruker
HFX 90 (0MHz 'H-NMR and 23 MHz ''C-NMR) spec-
trometers. Al chemical shifts m CCl, (CDC)y) solution are
reported in perts per million (ppm) dowalield from internal TMS.
Mass spectra were recorded on a LKB 9000 Gas Chromatograpb-
Mass Spectrometer.

Columa chromatography was carried out on silicagel 60
(Merck Darmstadt 70-230 mesh) using light petroleum (30-
SO)ether mixtures as solvest with incressing proportions of
cther. Normally product ratios were detormined by gic analysis
ons F & M. Model 810 gaschromatograph equipped with a 6t
(1/8), packed column, 10% OV17 on Anachrom 90-100 AS. Al
solvents used in this study were dried by passing them through
AL, W 200 basic (M. Woelm, Eschwege) activity grade super 1.

Cyclooct-4-cis-ene-1-carboxylic acid chioride (5) was prepared
by the method of Erman.*,

Cyclohept-4-cis-ene-1-carboxylic acid chloride (10) was pre-
pared in an analogous manaer as $ from cyclobept - 4 - cis - ene -
1 - carboxytic acid, yield 82%, b.p. 77-79" (11 mm), NMR (CC1)
8 5.75 (2H, narrow m, C,. C, protons), 2.98 (1H, seven line m, C,
protom), 1.35-2.63 (8H, large m, C;. C. C¢. Cy protons). Acid amide
|.p. 175-176". Caled. for CuHiyNO: C, 69.03; H, 9.41; N, 10.06.
Found: C, 69.58; H, 9.57; N, 9.41%.

Cyclization of ecid chiorides withom cetalyst. Acid chloride
(1-10 mmol) was refluxed in CCl, or dichlorocthane ($5-50 ml)
uotil no more starting matorial was detectable in the NMR. After
evaporation of the solvest the solid, slightly yellow (CCl) or
brown (CICH-CHLCD product was purified by sublimation in
saceo (60-30°/12 am). In the case of CCl, as the solvent, the
products could be observed directly in the mixture by NMR
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spectroscopy. after evaporation 10 an appropriate concentration.
Yields and product ratios are summarized in Tables | and 2.

Cyclization of acid chlorides in presence of AIC),

General procedure. Acid chloride (10 mmol) in CCL, (2 ml) was
added dropwise 10 a rapidly (magnetically) stirred shury of
anhydrous AICI, (11 mmol) in $-10ml CCL,.

All the time the flask was kept on the desired temp. and stirring
was continued. After the reaction time (Tables 1 and 2) the
complex was destroyed by adding 10-20 ml (5%) ice cold HCI,
and the products isolated by ether extraction of the aqueous
phase. The combined organic layers were wasbed successively
with NaHCO, aq and brine, dried over MgSO,. and the solvent
was evaporated without heating.

Reaction products derived from S (Tabie 1). All compounds
demedlm&couldbeuohledmlodcbyoohmuchmm-
tography and preparative gic. Additionally considerable amounts
of exo chioride (8) were separated from the mixture of isomers
by fractional cristallization from petroleum ether (50/70). Com-
pounds 6, 7 and 8 were identical with authentic samples.*
3-Chiorobicyclo{3.3.1Jnonane - 9 - one (9): (Caled. for C,H,,CIO:
C.62.61; H,7.59: Cl, 20.53. Found: C, 62.58: H, 7.48; Cl, 20.50%).
Colourless fine needles m.p. 74-75°. IR (CCL) 1730 (strong) 1700
(medium, C=0) cm™'. '"H-NMR (CCL,) 84.56-5.30 (1H. m, C, pro-
ton), 1.5-3.0 (m, large peak at 2.5, 6H, C,, C,, C,. C, protons and
large peak at 2.12 6H, C,. C,, C, protons); "*C-NMR Table 3;
mass spectrum (80 eV) m/e 67 (100), 172 (32), 174 (11).

HCl-Elimination from 9. 200 mg (1.16 mmol) of 9 were refluxed
in 10% methanotic NaOH (10 ml) under N, for 12 hr. MeOH was
evaporated without heating, the residue taken up with water
(20 mi). the aqueous layer was extracted with four 20 ml portions
of ether, the combined etheral phases washed with brine, dried
(MgSO,) and concentrated in vecwo. The volatide crystals
(120 mg = 76% yield) obtained by this procedure were found to
be identical to 6.

Reaction of 6.7, 8 and 9 with AICl,. Chioroketone 7, 8 or 9
(1-2 mmol) were dissolved in | m CCl, and added dropwise to a
stirred slurry of AICH, (1.1 mmol) in 2-4ml CCl,. After the
desired reaction time, the mixture was worked up as it is des-
cribed for the cyclization of acid chlorides in the presence of
AICly. In the case of &, a slow stream of HC! gas was bubbled
through the mixture. The results are summarized in Table 4.

Reaction products from 10 (Table 2). The ratio of 93% (12) and
7% 13 in the mixture induced some problems during the
separation of both isomers. 12 can be isolated in about 50% by
careful vacuum sublimation (25-30°/12 mm). The amount of the
crude product of 13 in the residue is thus increased to about 20%.
13 can be obtained almost pure, contaminated by small amounts
of 11 by treating the sublimation residue with $% methanolic
KOH (see below). 12 gave cyclobept - 4 - cis - ene - | -
carboxylic acid in the reaction,’ while after a 24 hr time oaly
small quantities of 13 underwent elimination of HCl. Compound
13: (Caled. for CH,,CI0: C, 60.57; H. 6.99; Cl, 22.35. Found: C,
60.41: H. 6.41: C], 21.95%). colouriess crystals, purified by sub-
limation (70°/15 mm); m.p. 108-110". IR (CCL) 1785 (week) 1762
(strong) 1742 (shoulder C=0) cm™': NMR (CDCl,) 4.48 (1H. m.
half band width 9 Hz, C, endo proton); 1.5-2.6 (10H, structurated
m, C,, C;, C,, Cy, Cq. C, protons); mass spectrum (80eV) m/e 95
(100). 158 (31). 160 (10). Compound 12:* Colouriess soft crystals,
m.p. 45-46°. IR (CCL) 1750 (C=0) cm™'; 'H-NMR (CDCl,) 4.25
(IH, m, half band width 19.5 Hz. octet. J, =3 Hz, J,=6Hz,
Jy = 10Hz, C-2 exo proton); 2.56 (1H. m, J, = SHz, ), =1Hz,C,
woloa); 1.4-2.45 m‘. m, C,. C.. Cg. C1 m): mass m
(80eV) m/e 95 (100), 158 (18); 160 (6).

Treatment of 12 and 13 with 5% methanolic KOH. The
mixtare of 10 (1.5g 9.4mmol) was dissolved in 70ml 5%
methanolic KOH aq and refluxed for 24 ke. The soln was cooled,
and most of the MeOH evaporated without heating. The residue
was taken up in water (100 ml) and extracted 4 times with ether.
The combined etheral layers were washed with brine, dried
(MgSO,) and the solvent evaporated to yield 120 mg of 13, which
contained various amounts (5-10%) of 10. The aqueous layer was
neutnlized by adding diluted HC!, and extracted several times
with ether, the etheral phases washed with brine, dried (MgSO,)

and the solvent evaporated to afford 1.1 gof cyclohept - 4 - cis - ene
- 1 - carboxylic acid. m.p. 70-71% (50% EtOH) (Ref. 28 75.5").
Reaction of exo and endo 2-hydroxybicycio{3.).1)nonane - 9 -
one (14) and 2-hydroxybicycio[3.2.1)octane - 8 - ome (16) with
POChL. 22ml of POCl, was added dropwise to a stirred, ice
cooled mixture of the alcobo! (10 mmol) in 75 mi of dry pyridine.
After ooe day at room temp. the soln was worked up by very
slow sddition of water (caution!) untl mo more POCI, was
preseat. mmhwmexmudtwﬁmwhhm.

the etheral phases neutralized with NaHCO, aq. washed with
brine, and lhew!mtﬂwmnmmmmm
separated by column y. The compounds isolated

vedtobendenhalwith?uﬂlinthebicyclomnemia
and with 12 and 13 in the case of bicyclooctane derivatives, in all
spectroscopic and chemical properties. As a function of temp.
variable amounts of the unsaturated ketones § and 11 were found
in the mixtures.

Bicyclo{3.2.1]oct-2-ene-8-ome  (11). 4.2g benzoylchloride
(33 mmol) were added to 3 g (21.4 mmol) of 16 in 4 ml pyridine
and the mixture was beated to 120° for 1 hr. After standing for
2 hr at room temp.. the mixture was quenched with ice (50-70g)
and extracted with four SOml portions of ether. The combined
ether extracts were washed with NaHCO, aq and brine, dried
(MgSO,) and the solvent evaporated. The remaining crude ben-
zoate (6 g, 829% yield) was heated in a distillation apparatus with
a free flame to eflect slow distillation at 240-290°. The product,
that remained mainly in the condenser, was taken up in ether, the
etheral soln washed with diluted NaOHaq and brine, dried
(MgSO,) and concentrated in vecuo. The liquid residue (1.9 g).
which was nearly pure to gic was distilled to yield 1 g (33%) of
11, b.p. 72-73° (12 mm) (Ref. 22a 130°/2S mm). 11 darkened on
s&@haﬁmobvaw&nydecompmm&r

tion.
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