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Addition of benzenesulfenyl chloride to quadricyclenedicarboxylic acid (1a) and to the corresponding dimethyl
ester (1b) gave adducts [exo-5-chloro-endo-3-phenylthiotricyclo[2.2.1.0%6}heptane-2,exo-3-dicarboxylic acid (3a)
and the C-3 epimer (4a) from 1a and the corresponding dimethyl esters from 1b, 3b:4b, ca. 1:1]; these are the re-
sult of electrophilic cleavage of a cyclopropane ring in this system by retention and inversion processes (in nearly
equal amounts). The addition of toluenesulfenyl chloride to b gives analogous results. All such results demon-
strate the lack of bridged sulfonium ions (e.g., 2) as the sole product precursors and indicate that corner-attached
electrophilic addition intermediates, relative to the corresponding edge-attached species, may have a far greater
importance than previously suspected. The stereochemistry of the adducts was confirmed by spectral (largely
proton magnetic resonance) and chemical (lactone formation) studies.

Although the ionic cleavage of cyclopropanes has been
the subject of a large amount of research,! the stereochemi-
cal role of the electrophile has not been totally established.
The vast majority of studies show that cyclopropane ring
cleavages by nucleophile have occurred by inversion,!?
whereas electrophilic ring cleavage stereochemistry has
been reported to involve each of retention,!3* inversion,
and mixed retention-inversion processes.l'®® Completion
of our work® on the ionic cleavage of a cyclopropane in qua-
dricyclenedicarboxylic acid with hydrogen chloride implied
that the stereochemistry of new proton position in our final
adduct was not a result of direct cyclopropane ring cleav-
age. We thus decided to investigate the arenesulfenyl chlo-
ride cyclopropane ring cleavage of quadricyclenedicarboxy-
lic acid (1a, tetracyclo[3.2.0.027.0*€]heptane-1,5-dicarboxy-
lic acid) and ultimately its dimethyl ester (1b). This combi-
nation seemed ideal because of the known propensity for
Cs-Cg (C1—C7) bond cleavage in this system®7 and the great
driving force for sulfenyl halides to add via a bridged sulfo-
nium ion.® We felt that the possibility of the latter would
enhance the chances of direct electrophilic attack on the
carbon atoms of the cyclopropane ring skeleton, perhaps to
the exclusive formation of ion 2, which should result in the
exclusive formation of 3.° The work described below shows
that such an exclusive pathway is not the case, but that
one, in all cases, obtains quantities of 4 essentially equiva-
lent to the amount of 3 formed. This implies, as far as com-
parisons can be made between theoretical considerations of
protonated cyclopropanes and cyclopropane cleavage inter-
mediates involving other electrophiles, that the balance

may lie much more heavily toward corner-attached species
(as opposed to edge-attached species) than previously sus-
pected.!1011
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The preparation of the quadricyclene diacid (la) was
carried out as has been described earlier.512 Treatment of
diacid la (in dioxane at room temperature) with benzene-
sulfeny! chloride!® resulted in quantitative yields of ad-
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ducts (3a—4a) after 5 min. The sample quantitatively ana-
lyzed (see Experimental Section) for a 1:1 adduct and dis-
played an NMR spectrum characteristic of a nortricyclene
skeleton. The NMR spectrum showed two signals in the re-
gion consistent for protons « to chlorine (6 4.1, 0.5 H; 4.9,
0.5 H) implicating the existence of (at least) two adduct
isomers.® Previous studies®® imply that the isomer pair
would be the C-3 epimers: exo-5-chloro-endo-3-phenyl-
thiotricyclo[2.2.1.028)-heptane-2,exo0-3-dicarboxylic  acid
(3a), and the exo-3-thiophenyl-endo-3-carboxyl isomer
(4a). Arguments have been outlined earlier® that speak

against the other two epimers (endo chlorine) possible. The.

chemical and spectral evidence described below confirm
the structures and rule out other regioisomers.?

The diacid adduct (3a—4a) mixture (from above) was
treated under conditions expected to give rise to lactone.’
The resulting solids led to a characterizable product (mp
189-190°), the infrared of which showed a band at 5.5 um
(1818 cm™1) consistent with lactone formation (5a).57
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The NMR spectrum of the isolated sample is very simi-
lar to that of the diacid precursors.(3a—4a) except that the
8 4.10 signal had disappeared and the signal at § 4.85 inte-
grated for one proton. This implies a Ba-3a mixture with
superimposition of the 5-H signal of 5a upon the 5-H signal
of 3a. Quantitative elemental analysis is consistent with a
5a-3a mixture (see Experimental Section). Formation of
lactone 5a confirms the identity of adduct 4a%7 and the
NMR spectra of the mixtures and known general ring

opening routes! argue for concurrent formation of adduct

3a.

In view of the known mechanism for hydrogen chloride
opening of 1a,% a possible mechanism for the benzenesul-
fenyl chloride ring opening of la was (a) formation of hy-
drogen chloride from the reaction of benzenesulfenyl chlo-
ride with the dicarboxylic acid followed by (b) cleavage of
la with hydrogen chloride to form enediol 6; the nearly
equally available faces of the C==C unit in 6 would predict
that (c) the addition to 6 of benzenesulfenyl chloride,® fol-

‘lowed by deprotonation, should give a nearly 50:50 ratio of
3a—4a. Thus further addition reactions were carried out on
quadricyclene diacid dimethyl ester (1b) to preclude such
possibilities.

Although the preparation of quadricyclenedicarboxylic
acid dimethyl ester (1b) has been reported,'? we have pre-
pared our diester by a different method.!* Thus treatment
of diacid 1a with an acetone solution of dimethyl sulfate
and potassium carbonate resulted in 1b.

Treatment of diester 1b with benzenesulfenyl chloride!3
in methylene chloride at room temperature for 2 days re-
sults in formation of adduct (3b + 4b, see below); after iso-
lation by dry column chromatography,'® an 82% yield of
adduct (3b-4b, see below) was realized. The NMR spec-
trum (CDCl3) of the product mixture was very similar to
that we had observed (above) for the (diacid) adducts from
1 (3a—4a); the observation of signals at 4 3.91 and 4.95, each
integrating for ca. 0.5 H, was especially significant and
strongly implied a 50:50 mixture of 3b and 4b. The nortri-
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cyclene skeleton was confirmed by observation of a near-
infrared band!7? at 1.663 um. Repeated dry column chroma-
tography!® lead to separation of the two adducts (3b-4b);
this separation was confirmed by NMR since one sample
displayed a & 3.91 signal® and the other a § 4.95 signal (1
H).18 Saponification of the 3b and 4b samples (individually
and mixed) gave rise to diacids 3a and lactone 5a; the ester
sample with the NMR signal (CDCl3) at 6 3.91 (1 H) gave
rise to lactone 5a; the ester sample with the signal at 6 4.95
gave rise to diacid with the signal at § 4.95. Lactone charac-
terization procedures are well described®7 (ir shows high-
energy C=0 stretch; see Experimental Section). It has
been clearly established that such lactone formation re-
quires exo (C-5) chlorine and endo (C-3) carboxyl groups!®
and thus the § 4.00 diacid sample is 4a, the § 3.91 diester
sample is 4b, the & 4.95 diacid sample is 3a, and the 6 4.95
diester sample is 3b. In view of the known?® deshielding ef-
fect of COsR groups (R = alkyl) when endo at C-3 (or C-5)
upon endo protons at C-5 (or C-3), the preceding assign-
ment was surprising. We can only speculate that the phen-
ylthio group imposes an unusual conformational orienta-
tion upon the geminal carbomethoxy or carboxyl group
such that the proton o to chlorine is thrust into the
shielding cone of the endo carbonyl group of 4a and 4b.

In view of the varied stereochemical results that predict-
ably depend upon the nature of the sulfenyl halide adden-
dum 32! we felt that the addition of p-toluenesulfeny! chlo-
ride to 1b offered a better possibility for reaction solely via
bridged ion 2d (and thus production of product 3d only).
That this is not the case is shown in the Experimental Sec-
tion and discussed here. Addition of p-toluenesulfenyl
chloride to 1b proceeded smoothly, in substantial yield, to
give adduct which was identified as a mixture of 3d-4d (ca.
1:1) by the same investigational procedure described above
for the 3b-4b mixture. Briefly, 3d-4d displayed an NMR
spectrum (generally similar to the spectrum of the 3b-4b
mixture) with chemical shifts at 6 3.87 (0.5 H) and at § 4.96
(0.5 H), assigned (based on arguments above and evidence
below) to the proton « to Cl in 4d and 3d, respectively.
These isomers were separable by fractional crystallization;
saponification of the separated esters lead to diacid 3e
(from 3d) and lactone 5¢ (from 4d). Saponification of these
isomers also showed that the ester with the more downfield
NMR signal for the proton « to chlorine (3d) corresponded
to the acid (3¢) with the more downfield NMR signal for
the proton « to chlorine; acid 4¢ was never isolated. Kinetic
control is supported since the adducts (4d and 3d), when
treated under addition reaction conditions, did not inter-
convert. Thus ionic cleavage of the cyclopropane ring with
p-toluenesulfenyl chloride, as well as with benzenesulfenyl
chloride, resulted in electrophilic cleavage of the ring with
retention (3 type products) and inversion (4 type products)
processes’ and with nearly equal amounts of the two pro-
cesses occurring in each of the two addition reactions.

The results observed here can be interpreted in the light
of previous discussions.)? In view of the two highly elec-
tron-withdrawing carbomethoxy (or carboxyl) groups, the
substantially stabilized carbocation apparently neces-
sary!-3 for nucleophilic cleavage retention product (endo
C-5-chlorine) is not available; previous nucleophile cleav-
age studies on the same carbon skeleton experimentally
support this idea.? Cleavage of the 5-6 (or 1-7) bond in 1 (a
or b} is not surprising in view of the approximately 40 kcal/
mol in stability gained by loss of ring strain.2?

The approximately 1:1 (3:4) product ratios clearly pre-
clude 2 type precursors as the sole stereochemistry-deter-
mining intermediates; this was somewhat surprising in view
of the known excellent bridging ability of vicinal sul-
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fur.820.21,23 The reaction has shunned the edge-attached (2
intermediate) pathway for a pathway that likely involves
corner-attached species such as 7 and 8 (formed in nearly

COR CO,R
COR SAr
+ +
SAr CO.R
7 8
S—Ar
N4 COR
QY
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9

equal amounts). These intermediates likely are an order of
magnitude?? more stable than previously anticipated.!-10.11
Based upon experimental results, we cannot rule out edge-
attached species (2 and 9) as transition states leading to the
corner-attached intermediates (7 and 8, respectively), but
there does not seem to be any clear reason to retain both
types. Finally, we should also consider polarized interac-
tions (e.g., 10) analogous to the proposed® precursors to the
enediol intermediates (e.g., 6). Such interaction would be
consistent® with the nucleophile cleavage process (inver-
sion) reported herein but the refuisite analog to the enedi-
ol (6)® intermediate, 11, seerns very unlikely. Thus, our re-
sults are most easily interpreted in terms of intermediates
such as 7 or 8 (or 10).5:24 ‘ ~
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Experimental Section

Infrared spectra were obtained on a Perkin-Elmer 257 instru-
ment. Proton magnetic resonance (!H NMR) spectra were ob-
tained on a Perkin-Elmer R-20 (60 MHz) instrument. Chemical
shifts are expressed as parts per million relative to MesSi (6 0.00).
Mass spectra were obtained from a Perkin-Elmer RMU-6E instru-
ment. Microanalyses were done by Baron Consulting, Orange,
Conn. NMR notations: s, singlet; d, doublet; t, triplet; brs, broad-
ened singlet. :

The preparations of diacid 1a and diester 1b are modifications
of known procedures.}?2

Preparation of the Dimethyl Ester of Quadricyclenedicar-
boxylic Acid (1b). The methyl sulfate (dimethyl sulfate) to be
used in this preparation should be carefully purified by both of the
procedures described by Vogel.?6 A solution of 4.0 g (0.020 mol) of
quadricyclenedicarboxylic acid (1a) and 8.4 g (0.060 mol) of anhy-
“drous potassium carbonate, suspended in 180 ml of anhydrous ace-
tone, was prepared. To this stirred mixture was added 4.8 ml
(0.050 mol) of the purified dimethyl sulfate. This solution was al-
lowed to reflux for 14 hr. To this warm solution was added 0.4 ml
{0.010 mol) of concentrated ammonium hydroxide and the reflux
procedure was continued for an additional 10 min. The solution
was evaporated to dryness (rotary evaporator) and the resulting
materials were dissolved in 25 ml of water. This aqueous solution
was extracted with 8 X 75 ml of chloroform. Any solids that re-
sulted from this work-up were filtered off and washed with chloro-
form and the chloroform washings were added to the chloroform

extracts. The combined chloroform solutions were extracted with 2

X 250 ml of saturated sodium chloride and once with water (250
ml) and dried over magnesium sulfate. Filtration and solvent re-
moval (rotary evaporator) resulted in a yellow oil. Distillation at
110-115° (0.45 Torr) resulted in pure (79% yield) quadricyclene
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diester (1b); the pot temperature must not be allowed to exceed
135°. Use of a Rinco Kugelrohr (horizontal) distillation apparatus
allows vacuum distillation that does not require severe pot temper-
atures. Multiple distillations often lead to samples that sponta-
neously crystallize (various melting points in the area of 52-58°,
some ranges as harrow as 3°). Liquid samples resulted in accurate
quantitative elemental (C, H) analyses (C, 63.18; H, 5.98; caled C,
63.45; H, 5.81) and were used for spectral analyses: ir (thin liquid
film) 3080, 2990, 2950, 2860 (C-H stretch), 1715 (C=0 stretch),
1440 (3,4CH3), 1383 (5;CHj), 1300 (ring skeleton C-H bend), 1230
[C(CO)-O “C-0” stretch], 1108 em~! (O-CHj stretch): NMR
(CDCl3) m, 6 2.2-2.55 (6 H, ring skeleton); s, § 3.68 (6 H, CO.CHj);
n?D 1.4995 (lit.2 n?°p 1.5022, n?*D 1.5022).

Addition of Benzenesulfenyl Chloride to Dimethyl Ester of
Quadricyclenedicarboxylic Acid (1b). To a solution of 1.11 g
(6.3 mmol) of the dimethyl ester of quadricyclenedicarboxylic acid
(1b) in 40 ml of dry methylene chloride at room temperature, the
freshly distilled benzenesulfenyl chloride!? (0.763 g, 5.3 mmol) was
added dropwise. The first and second drops of red benzenesulfenyl
chloride added to the reaction flask were decolorized immediately.
The red color of the reagent upon mixing changed to yellow during
the remaining addition. By the end of the addition, the reaction
temperature had risen from 29° to 45°, The mixture was stirred for
another 8 hr at room temperature, resulting in a slightly yellow so-
lution. The solvent was then removed (rotary evaporator) to yield
a pale, yellow, viscous liquid (mixture of isomers 3b, 4b), 1.8 g
(100% crude yield). NMR data (solvent CDClg): m, § 1.4-2.8, 5 H,
nortricyclene skeleton protons; s, 6 3.64, 3 H, CO;CHa; s, 6 3.70, 3
H, COo,CHg; brs, § 3.91, 0.5 H, H « to Cl in 4b; brs, § 4.95, 0.5 H, «
to Clin 3b; m, § 7.2-7.8, 5 H, aromatic protons.

The reaction product was fractionated (see below) by dry col-
umn chromatography!® (silica gel) to yield 1.53 g (82%) of two lig-
uid isomers, 3b and 4b, in the ratio of 50:50 as demonstrated by
NMR. One (isomer 3b) is a colorless, viscous liquid, n2°D 1.5617,
while the other (isomer 4b) crystallized spontaneously (mp 110-
113°). The ester adducts (3b, 4b) gave a negative test for chlorine
upon reaction with alcoholic silver nitrate while a positive chlorine
test was obtained from a sodium fusion test.

Anal. Caled for C17H17048Cl: C, 57.86; H, 4.85; O, 18.13; Cl,
10.05; 8, 9.08. Found: C, 57.58; H, 4.57; 0, 18.9; Cl, 10.15; S, 8.80.

NMR data of solid isomer (4b) (solvent CDCls): m, 6 2.1-2.8, 5
H, nortricyclene skeleton protons; s, 6 3.64, 3 H, CO,CHgy; s, 6 3.7, 3
H, CO;CHjg; brs 6 3.92, 1 H, H « to Cl; m, 4 7.2-7.8, 5 H, aromatic
protons.

NMR data of liquid isomer (3b) (solvent CDCl3): m, 6 1.6-2.4, 5
H, nortricyclene skeleton protons; s, § 3.64, 3 H, CO,CHg; s, 6 3.7, 3
H, CO.CHs; brs, 6 4.95,1 H, H o to Cl; m, § 7.2-7.8, 5 H, aromatic
protons. ‘

Near-infrared of each isomer (3b, 4b) (solvent CCly), instrument
Beckman DK-2A, tungsten lamp, 0.5 M) each showed a peak at
1.663 um indicative of a nortricyclene structure.!”

A mass spectrum of a 3c-4e (1:1) mixture showed a molecular
ion (m/e 352) of intensity 49% (base peak, m/e 211, 100%). Defin-
ing the molecular ion as 100% results in m/e 353 (M + 1) and 354
(M + 2) peaks of, respectively, 20.9 and 40.4% (calecd for
C17H3704SCLI: M + 1, 19.8; M + 2, 39.6).

Separation of the Isomeric exo-3-chloro-exo- (4b) and
endo- (3b) -3-phenylthio-2,3-exo- (and endo-) dicarbome-
thoxytricyclo[2.2.1.02¢Jheptanes by Dry Column Chromatog-
raphy.!6 A nylon dry column with 2-in. diameter and 16-in. length
was used for the mixture of 2.3 g of isomers 3b and 4b. The column
was sealed and packed with silica gel.® The liquid mixture of ester
adducts 3b and 4b was dissolved in 20 ml of anhydrous ether and
11.5 g of silica gel (five times the weight of the mixture) was added
to the solution. The solvent was then removed (rotary evaporatot)
at 30-40°. The dry compound-silica gel mixture was deposited on
the top of the column which then was covered with a layer (0.5 in.)
of sand. A mixture of 20% ether and 80% petroleum ether (deter-
mined by TLC as a suitable developing solvent) was allowed to
drop from a separatory funnel to the column under a constant lig-
uid head of 5.0 cm. When the solvent reached the bottom of the
colump, the only band (located by ultraviolet light) present on the
column was sliced into five segments. Each segment was extracted
with anhydrous ether. The first three segments (top site) yielded
1.195 g of the colorless liquid (isomer 3b), the fourth segment gave
0.895 g of the mixture of two isomers, whereas 0.387 g of isomer 4b
was obtained from the last segment (total yield was 84%).

Saponification of Diester 3b. To a solution of 0.376 (1 mmol)
of liquid ester adduct 3b in 20 ml of 100% ethanol, 1.8 g of 85% po-
tassiumn hydroxide in water was added. The mixture was stirred at
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room temperature for 2.5 days. An orange solution with a white
precipitate was obtained at the end of this period. To this mixture,
200 ml of water was added which dissolved the precipitate. The so-
lution was acidified (Congo Red indicator paper) with 5% hydro-
chloric acid and was left at room temperature for 1 day (a light
brown solid precipitated). The crude product was recrystallized
from anhydrous ether and decolorized with charcoal to give 0.121 g
of white, solid, diacid product (3a). In addition, 0.210 g of white
solid was obtained from extraction of the aqueous solution with
anhydrous ether, decolorization with charcoal, and drying over
magnesium sulfate, followed by evaporation of solvent (rotary
evaporator) (95% total yield). This solid melted (with foaming) at
234-238° and stopped foaming and turned brown at 241°. NMR
data (solvent, polysol-d): m, § 1.1-2.4, 5 H, nortricyclene skeleton
protons; s, 6 4.87, 1 H, H a to Cl; m, § 7.2-7.8, 5 H, aromatic pro-
tons; s, § 10.0, 2 H, COOH. Ir (Nujol): 5.82 and 6.15 ym (1718 and
1626 ecm™1) (C=0 stretch). Anal. Caled for C;5H1304CIS: C, 55.46;
H, 4.03; 0, 19.70; Cl, 10.91; S, 9.87. Found: C, 55.65; H, 4.15; O,
19.87; Cl, 10.67;' S, 9.66.

Attempted Lactonization of exo-5-Chloro-endo-3-phenyl-
thiotricyclo[2.2.1,026]heptane-2,exo-3-Dicarboxylic Acid (3a).
This is a modification of the procedure of Cristol and La-
Londe.!? A suspension of 0.20 g of acid adduct 3a in 200 ml of
water was allowed to reflux for 2 hr. During this time the solid dis-
solved. The water was then removed (rotary evaporator) and the
resulting solid was vacuum dried to give 0.20 g (100% yield) of
starting material (3a). The melting point, infrared, and NMR (in-
cluding proton « to Cl at § 4.95, polysol-d solvent) spectra of the
resulting solid were exactly the same as of the acid adduct 3a.
There was no lactone absorption!2 in the infrared spectrum.

Saponification of exo-5-Chlore-exo-3-phenylthiotricyclo-
[2.2.1.0>¢Theptane-2,endo-3-dicarboxylie Acid Dimethyl Ester
(4b). To a solution of 1.54 g (4 mmol) of solid ester adduct 4b in 50
ml of 100% ethanol, 4.4 g of 85% potassium hydroxide in water was
added. The mixture was stirred at room temperature for 2.5 days.
Atthe end of this period, the orange solution with a white precipi-
tate was obtained. To this saponification mixture, 250 ml of water
was added to dissolve the precipitate. The solution was acidified
(Congo Red indicator paper) with 5% hydrochloric acid and was
left at room temperature for 1 day. A 0.285-g precipitate of mixed
dark brown and white solids formed. The crude precipitate was re-
crystallized from water (reflux) and decolorized with charcoal to
give 0.18 g of white solid of the lactone 5a, mp 198-200°. An addi-
tional 0.677 g of white solid was obtained from extraction of the
aqueous layer with ether, decolorization with charcoal, drying over

" magnesium sulfate, evaporation of solvent, and recrystallization in
water (76% total yield). The NMR spectra taken before and after
purification were the same.

NMR (solvent polysol-d): m, 6 1.7-2.7, 5 H, nortricyclene skele-
ton protons; brs, 6 4.87, 1 H, HCO of lactone; m, § 7.2-7.7, 5 H, aro-
matic proton; brs, 8 8.85, 1 H, COOH. Ir (Nujol): 5.62 um (1779

em™Y) (C=0 stretch of lactone),” 5.92 um (1689 cm™!) (C=0

stretch of COOH group).

Anal. Caled for C15H1204S: C, 62.48; H, 4.20; O, 27.20; S, 11.12.
Found: C, 62.30; H, 4.34; O, 22.44; S, 10.92.

Preparation of p-Toluenesulfenyl Chloride. To a three-
necked flask, equipped with a condenser (topped by a CaCly
drying tube), a thermometer, and a magnetic stirrer, was added
3.46 g (1.54 mmol) of p-tolyl disulfide (Aldrich). The solid disul-
fide was dissolved in 9.0 ml of methylene chloride (freshly distilled
from calcium chloride); to this stirred, aluminum foil jacketed, yel-
low-green solution was added 1.14 ml (1.40 mmol) of freshly dis-
tilled (bp 69-70°) sulfuryl chloride (Eastman). Stirring this solu-
tion for 2 days at room temperature resulted in an orange solution,;
solvent removal (rotary evaporator) yielded a reddish-yellow solid
and a red liquid. The red liquid was decanted and passed through
a glass sintered funnel into a vacuum distillation apparatus. Red
liquid fractions (combined yield 44%) boiling at ca. 55° (0.45 Torr)
were stored (refrigerator) and used for analysis and preparative
purposes. NMR (CDCls): 6 2.36, s, 3 H, CHg; § 7.20, apparent dou-
blet, 2 H; 6 7.60, apparent doublet, 2 H, aromatic AA’'BB’ system;
ir (thin film) 3000 (aromatic C-H stretch), 2895, 2830 (aliphatic
C-H stretch); 1582, 1478 (aromastic C==C stretch); 1388, 1366
(methyl C-H bend); 791 (aromatic C-H bend); 640 (C-S stretch);
500 em ™! (S-Cl stretch). The methyl group (NMR) of the disulfide
precursor (6 2.29, CDCl;) was undetected in these samples.

Addition of p-Toluenesulfenyl Chloride to Diester 1b. A so-
lution of 4.80 g (0.023 mol) of diester 1b in 80 ml of methylene
chloride was placed in the same type of apparatus as used in the
preceding experiment. To this pale yellow solution, 3.64 g (0.023
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mol) of p-toluenesulfenyl chloride was added dropwise over a peri-
od of 5 min. This red-orange solution was stirred at room tempera-
ture for 3 hr, whereupon the color had returned to pale yellow.
Stirring was continued for 48 hr (rocom temperature); solvent re-
moval (rotary evaporator) resulted in 8.5 g (ca. 100% crude yield)
of an amorphous substance. The NMR spectrum of this substance
indicated that it was primarily 4d and 3d (in nearly equal
amounts). Treatment of the amorphous material with several
small (ca. 2 ml) portions of anhydrous ether resulted in a fine,
powdery, white precipitate (4d, mp 122.5-127.5°) which was re-
moved with a glass-sintered filter; the remaining solution yielded a
rigid, brown powder (3d, mp 53-62°) upon solvent removal. Com-
pound 4d could be recrystallized from ether: mp 130-133°; ir (KBr
pellet) 3070 (cyclopropane C-H stretch); 3010, 2990 (aromatic
C-H stretch); 2945, 2908 (aliphatic C-H stretch); 1712 (broad)
(C==0 stretch); 1593 (C=2C stretch); 1484, § CHg; 1428, 8,5 CHg;
1367, 8; CHs; multiple complex bands 1260-1150 (C-O “alcohol”
stretch of esters); 1127, 1105 (C(C==0)0 stretch of esters); 797
(“nortricyclene” band);27 840, 777 (out-of-plane, aromatic C-H
bend); 690 cm~* (C-Cl and/or C-8 stretch). Ir of 3d (KBr pellet):
3067 (cyclopropane C-H stretch), 3008 (aromatic C-H stretch);
2950, 2930, 2880, 2860 (aliphatic C-H stretch); 1491, § CHy; 1438,
8qs CHa; 1374, 6, CHg; multiple, complex bands 1260-1150 (C-O
“alcohol” stretch of ester); 1163, 1130, 1112 (C(C=0)0 stretch);
842, 809, 750 (out-of-plane, aromatic C-H bend); 772 (“nortriey-
clene” band);3° 705, 692 cm™! (C-Cl and C-S stretch). NMR spec-
trum of 4d (CDCls): § 2.08-2.79, m, 5 H, nortricyclene ring skele-
ton; & 2.34, s, 3 H, ArCHj; 6 3.67, s, 3 H, CO;CHg; 6 3.73, s, 3 H,
CO4CHsg; 6 3.89, brs, 1 H, CHCI; 6 7.07-7.37, apparent doublet, 2 H,
benzenoid, ortho to CHj group; 6 7.37-7.59, apparent doublet, 2 H,
benzenoid, ortho to SR group. NMR spectrum of 8d (CDCls): &
1.83-2.57, m, 5 H, nortricyclene ring skeleton; 6 2.33, s, 3 H,
ArCHa; 6 3.66, s, 3 H, CO.CH3; 6 3.71, s, 3 H, CO;CHzy; 6 4.96, brs, 1
H, CHCI; é 7.00-7.36, distorted apparent doublet, 2 H, benzenoid,
ortho to CHs group, apparent doublet, 2 H, benzenoid, ortho to SR
group. The NMR spectrum of this sample of 3d showed a trace
amount of the CHCl signal of 4d, indicating a small amount of con-
tamination by 4d.

Saponification of Diester Adduct 4d (Leading to Lactone
5e). A charge of 5.6 g of reagent grade (Baker) potassium hydrox-
ide was added (with magnetic stirring) to a solution of 1.6 ¢ of ad-
duct 4d in 50 ml of (Fisher reagent) methanol; this procedure was
carried out in the 500-ml round-bottom flagk portion of a standard
reflux apparatus. Continual stirring for 2 days (room temperature)
did not result’'in a homogeneous solution; homogenization was ef-
fected by reflux for 15 min. Since color formation implied substan-
tial reaction, the solution was acidified (to litmus) with aqueous
hydrogen chloride. This solution was allowed to reflux for 2 days;
methanol removal (rotary evaporator) afforded 0.15 g of a tan pow-
der (presumably lactone 5¢) which precipitated from the aqueous
system. Acetone was added to effect dissolution resulting in pre-
cipitation of a new white solid (assumedly potassium chloride);
after removal of the solid, the solution was extracted with 4 X 150
ml of ether. Solvent removal gave 0.90 g of yellow powder (com-
bined, crude yield 1.05 g, 85%). The combined solids were recrys-
tallized from ether to give 0.80 g of lactone 3¢, mp 213-215°, 68.5%
yield; ir (KBr pellet) 3650-2400 (max at 3422) (O-H stretch of
CO3H), 1787 (C==0 stretch of lactone),® 1693 ecm~1 (C==0 stretch
of COgH); NMR (dimethyl sulfoxide-dg) 6 1.89-2.76, ca. 5 H, m,
ring skeleton protons plus CDaSOCDoH; 6 2.30, s, 3 H, ArCH3; 8
4.60, brs, 1 H, CO2H (and/or water); 6 4.93, 1 H, brs, CHO- of lac-
tone moiety;’ 8 7.06~7.56, 4 H, pair of apparent doublets, aromatic
protons, AA’'BB’; system.

Saponification of Diester Adduct 3d (Leading to Diacid
Formation). Exactly the same procedure was used here as for the
isomer 4d above, up to the point of ether solvent removal; this af-
forded a tan powder (0.70 g, 56% yield, mp 203.5-207°). This tan
powder was spectrally consistent with one of the two half-esters of
3d; ir spectrum (KBr pellet) 3600-2300 (O-H stretch of COzH),
1789 em~! [C==0 stretch of ester group, overlaps with 1712 (C=0
stretch of carboxylic acid group)]; NMR spectrum (dimethyl sulf-
oxide-dg) & 1.25-2.60, ca. 7 H, m, ring skeleton protons plus
CDySOCDoH; § 3.66, 5, 3 H, CO.CHjy; 6 4.96, 1 H, brs, CHCL; 5
7.10-7.72, 4 H, pair of apparent doublets, aromatic protons,
AA’BB’ system.

Virtually all of this sample of tan powder was placed under the
same type of experimental conditions as above, except that it was
subjected to 0.50 g (2.84 mmol, 2 equiv) of potassium hydroxide;
this solution was stirred for 1.5 weeks (room temperature). The so-
lution was then heated (steam bath) to reflux for 0.5 hr. Neutral-



3036 J. Org. Chem., Vol. 40, No. 21, 1975

ization (as above) was followed by solvent removal (rotary evapo-
rator). The resulting tan precipitate was filtered off and dissolved
in ether and the new solution was dried (magnesium sulfate). Sol-
vent removal (rotary evaporator) afforded a semiamorphous, tan
powder (0.43 g, 31% crude yield). The NMR spectrum (dimethyl
sulfoxide-dg) showed no signal at 6 3.66 and was consistent with di-
acid 3¢: § 1.54-2.68, m, ca. 5 H, ring skeleton protons plus solvent
impurities, § 2.33, 3 H, s, ArCHj; § 4.88, brs, 1 H, CHC]; 6 7.10-
7.71, 4 H, pair of apparent doublets, aromatic protons, AA’BB’ sys-
tem.

This sample (presumably diacid adduct 3¢) was allowed to re-
flux in water for 8 hr. Ether extraction (3 X 100 ml) and solvent re-
moval (rotary evaporator) afforded 100% yield of a semiamor-
phous, brown solid that had NMR (CDCl3) and infrared signals at-
tributable to diacid 3¢ only.

Kinetic Control Determinations on Diester Adducts 4d and
3d. A solution of 0.15 g (0.41 mmol) of adduct 4d and 0.060 g of p-
toluenesulfenyl chloride in 15 ml of methylene chloride was al-
lowed to stir for 4 days in a system protected from light (aluminum
foil on outer surface of flask) and from water (calcium chloride
drying tube), NMR analysis (CDClg) of the sample (obtained upon
solvent removal did not reveal the presence of 3d (no signal near &
4.90); only signals attributable to the reagents and/or p-toluene di-
sulfide were observed. An experiment that was nearly identical
with the preceding (except that 3.69 mmol of each of 3d and the
arenesulfenyl halide were combined in 25 ml of methylene chloride
for 2.5 days) was carried out. Solvent removal afforded a sample
which demonstrated (NMR, CDCls) that no change (within experi-
mental error estimated at +10%) had occurred in the minor pro-
portion (ca. 20%) of isomer 4d (6 3.90 signal) in this sample of ad-
duct 3d (8 4.98 signal).
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