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ether extract was washed with water, dried, and evaporated
under vacuum to yield 0.18 g of white solid, which nmr spectros-
copy indicated to consist of ca. 42% 5¢; 29% 2c, and 29% 10.
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A study of the dehydration of 3a-deuterio-5-hydroxytetrahydro-exo-dicyclopentadiene with acid suggests that
the formation of 5,6-dihydro-exo-dicyclopentadiene proceeds through 2,3-dihydro-exo-dicyclopentadiene or the
equilibrating ions formed from the latter by protonation followed by a 1,3-hydride shift, a 1,2-hydride shift, and

proton loss.

Some years ago it was conclusively shown by Schleyer
and Donaldson? and simultaneously by Wilder and
Youngblood? that the dehydration product of 5-exo-hy-
droxytetrahydro-exo-dicyclopentadiene? (1) with 85% phos-
phoric acid was not the previously suggested? 2,3-dihydro-
exo-dicyclopentadiene (3) but 5,6-dihydro-exo-dicyclopen-

tadiene (2).
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We sought to gain some understanding of the course of
this remarkable and deep-seated rearrangement by a
study of the dehydration of samples of 1 suitably substi-
tuted by deuterium, and chose the corresponding 3a-deu-
terio compound 5 as likely to be illuminating. This sub-
stance should be readily available by the w-route solvoly-
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sis® of a trans-2-(3’-cyclopentenyl)cyclopentanol sulfonate
(4) bearing deuterium at the 1 position.

Several approaches to the formation of 2-(3’-cyclopen-
tenyl)cyclopentanone (6), from which 4 could easily be
made, were explored. The most efficient proved to be the
alkylation by 3-cyclopentenyl tosylate of the magnesium
salt of the Schiff base formed from cyclohexylamine and
cyclopentanone, the procedure of Stork;”. neither 2-car-
bethoxycyclopentanone nor the pyrolidine enamine of cy-
clopentanone could be alkylated successfully with 3-cyclo-
pentenyl tosylate.
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Reduction of ketone 6 with lithium aluminum hydride
in refluxing ether gave a 1:1 mixture of the two epimeric
alcohols, and this ratio was not altered by refluxing the
epimeric mixture with aluminum isopropoxide in isopro-
pyl alcohol, a procedure we had hoped would maximize
the trans isomer. It was found, however, that by conduct-
ing the reaction at low temperatures the trans isomer
could be made to predominate, and in tetrahydrofuran at
—70° the reduction of 6 with lithium aluminum hydride
yields an epimeric mixture with a trans/cis ratio of 5.7:1.
In contrast, hydrogenation of 6 over platinum yields a
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mixture of saturated epimeric alcohols in which the cis
isomer predominates (2.2:1).8

Treatment of mixtures of epimeric alcohols so produced
with p-nitrobenzenesulfonyl chloride in pyridine at low
temperatures gave an unstable, crystalline, sharply melt-
ing p-nitrobenzenesulfonate, and solvolysis of this sub-
stance at 50° in 97% formic acid containing a small
amount of sodium formate followed by treatment with
lithium aluminum hydride gave 1 in 29% yi¢ld along with
both cis ‘and trans isomers of 2-(3’-cyclopentenyl)cyclo-
pentanol, and traces (1-5% estimated) of 5,6-dihydro-exo-
dicyclopentadiene (2) and 5-hydroxytetrahydro-endo-dicy-
clopentadiene (8), the endo isomer of 1. The cis- and
trans-2-(3’-cyclopentenyl)cyclopentanocls reflect the extert

of nonassisted solvolysis? and the high ratio of exo isomer-

to endo isomer 8 is in accord with the observations of
Schleyer and Donaldson 10:11
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Repetition of this sequence on ketone 6 but using lithi-
um aluminum deuteride for its reduction gave successive-
ly a mixture of epimeric alcohols in which 7b predominat-
ed, the p-nitrobenzenesulfonate 4, and finally 5. A sample
of 5, prepared from 4 containing 98.2% of one deuterium
atom per molecule by analysis,12 also contained 98.2% of
one deuterium. ,

The dehydration of 1 as originally carried out by Bruson
gives only moderate amounts of 2; we found after much
experimentation that a much more satisfactory yield is
obtained by passing vaporized 1 over a column of glass hel-
ices coated with 85% phosphoric acid heated to 180°.
Under these conditions three major products, separable by
preparative glpc, are formed in ratio of 20:4:1. The major
component was 2, the minor tetrahydro-endo-dicyclopen-
tadiene. The remaining component was not identified, but
was shown not to be either tetrahydro-exo-dicyclopenta-
diene or adamantane. Yields of purified 2 ranged between
20 and 45%. Under less vigorous conditions appreciable
amounts of 3 are formed.

When another sample of monodeuterated alcohol 5
(98.7% of one deuterium, characteristic C-D absorption at
2150 cm-1) was dehydrated in the same way, the olefin 2
obtained had 91.3% of one deuterium per molecule and

exhibited infrared absorption at 2178 cm~1 with a shoul-.

der at 2152 cm~—1,13 Although the 60-MHz nmr spectra of
the product and of undeuterated 2 are poorly resolved; it
is possible to infer from a comparison’ of the two plus
some mechanistic assumptions that the product contains
38% of 2a and 52% of 2b.

/

D D
2a 2b

Thus the spectrum of undeuterated 2 exhibits signals
centered at é 5.35 (2 H, olefinic protons), 3.30-1.8 (5.87 H,
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allylic and methine protons), and 1.8-0.7 (6.23 H, methy-
lene protons), total 14.10 H, whereas 2 produced from 5
(monodeuterated) showed signals in the same ranges whose
relative integrations were 2:5.35:5.85, total 13.2 H, respec-
tively. The reduction in absorption in the region § 1.8-0.7
indicates that 0.38 (6.23 ~ 5.85) of one deuterium atom
occurs in the methylene region and that 0.52 (5.87 — 5.35)
of one deuterium occurs in the methine region. Further-
more, within the methylene envelope, the integrated ab-
sorption from 6 1.8 to 1.35 is substantially unchanged
(2.05 H ps. 2.13 H), and it is in this region that Nickon?3
has shown the exo protons of norbornane to absorb (5 1.4).
The reduction in methylene protons thus occurs in the re-.
gion associated either with the endo 5 (or 6) protons or the
bridge methylene protons on carbon 8. A rational set of
Wagner-Meerwein rearrangements and hydride shifts will
not give rise to deuterium substitution at C¢ or Cg of 2
and we therefore conclude that this deuterium is endo at
Cs.

The conclusion that dehydration of 5 gives rise to a
mixture of 2a and 2b is supported by degradative studies
on the dehydration product. On oxidation with permanga-
nate, olefin 2 yields the diacid 9, readily convertible into
the corresponding dimethyl ester 10, diol 11, and, fol-
lowing oxidative decarboxylation with lead tetraacetate,
into the lactone 12. This series of reactions, when applied
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to the dehydration product of 5, gave diacid 9 containing
86.8% of one deuterium?¢ and diester 10 showing C-D
stretching absorption at 2183-2188 cm~! with an apparent
molar extinetion coefficient of 7.3.15 The absence of an
appreciable absorption at 2200 cm—1, the observedi® C-D
absorption of 1-deuterionorbornane, strongly suggests that
there is no deuterium at the bridgehead positions. The
corresponding diol 11 contained 87.4% of one deuterium
and absorbed at 2174 cm-1 with an apparent molar ex-
tinction coefficient of 8.0. Since there is no significant in-
crease in C-D absorption in going from the diester 10 to
the diol 11, deuterium cannot be located « to either of the
carbonyl grounds of 10 and hence not at either 1 or 3a of
2, since Jones!? has shown that deuterium substituted «
to an ester carbonyl function does not absorb.in the region
2100-2200 cm=-21, That deuterium cannot be at 3a of 2 is
also clear from the nmr spectrum of lactone 12 from the
deuterated series, which showed absorption corresponding
to one proton as a broadened doublet centered at ¢ 4.1
and thus must have hydrogen at this position. This spec-
trum, when compared with that of undeuterated lactone
12, allows the further conclusion that 43%1% of one deute-
rium is present in the group of atoms responsible for ab-
sorption between § 3.82 and 1.70 (the two protons « to the
carbonyl and the methine protons) and 32% of one deute-
rium atom is present in the group responsible for absorp-
tion between 6 1.70 and 0.6 (the methylene protons). By
elimination, the deuterium in the former group can be as-
signed to the position 8 to the carbonyl, since the infrared
and nmr evidence adduced earlier has shown that deuteri-
um cannot be a to the carbonyl or at the bridgeheads.
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Thus lactone 12 derived from deuterated 2 appears to be a

mixture of 12a and 12b.
0
0 0
0]
D D .
b

12a 12

By nmr integration, the ratio of 12a to 12b is 1:1.34 and
that of 2a to 2b is 1:1.37; in view of the uncertainties as-
sociated with these nmr integrations, the agreement is
perhaps fortuitous.

These data can be accommodated by a reaction course
involving a 1,3-hydride shift from position 3a to 5 in the
catbonium ions derived from 1, followed by a 1,2-hydride
shift, the final product arising by proton loss.
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To the extent that the observed ratio of 2b to 3a (1.37)
can be relied on, it is consistent with a small positive iso-
tope effect. This value is much smaller than the maxi-
mum effect.132.0 It may indicate the extent of this hydride
transfer in the transition state, although any formation of
olefin 2 directly from ion 13a without equilibration to ion
13b or conversion to olefin 3a would lower the ratio of 2b
and 2a and thus produce an apparent reduction in isotope
effect.

A measure of the extent of conversion of 13 directly to
olefin 2 without the intermediacy of olefin 3 or equilibra-
tion of ions 13a and 13b could in principle be obtained by
using optically active alcohol 1. Alcohol 2 derived directly
from 1 though ion 13 should retain activity, whereas 2 de-
rived from olefin 3 or subsequent to the equilibration of 13a
and 13b would, of course, be racemic.

Experimental Section

2-(3'-Cyclopentenyl)cyclopentamone (6). A solution of ethyl-
magnesium bromide prepared from 27.0 g (0,26 mol) of ethy] bro-
mide and 6.6 g (0,275 mol) of magnesium turnings in 140 ml of
dry tetrahydrofuran was added dropwise to 41.4 g (0.25 mol) of
the cyclohexylimine of cyclopentanonel® over a period of 1.5 hr.
The reaction mixture was refluxed for 1 hr, cooled to room tem-
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perature, and added dropwise over a period of 5 hr to a solution of
62.3 g (0.26 mol) of A3-cyclopentenyl tosylate2? in 300 ml of dry
tetrahydrofuran. The reaction mixture was then refluxed for 18
hr, at which time the pH of the heterogeneous solution was 8-9.
The cooled solution was treated with 0.5 equiv of 10% sulfuric
acid, refluxed for an additional 3 hr, cooled to room temperature,
and extracted with 2 1. of ether. The ethereal solution was washed
with 10% hydrogen chloride, 5% sodium bicarbonate, and brine,
and dried over anhydrous sodium sulfate. The ethereal extracts,
on concentration, afforded a deep-red, viscous liquid, which was
distilled under reduced pressure to give 10 g (27%) of a light-yel-
low liquid, bp 54° (0.5 mm). The pot residue was polymeric.

The uv spectrum of this distillate indicated the presence of cy-
clopentylidenecyclopentanone. Andlysis by glpe (20 ft X 0.375 in.
25% UCON Polar or Anakrom, column temperature 165°, flow rate
100 cc/min) showed two major components with retention times
of 32 and 53 min. The two components were collected and exam-
ined by infrared analysis. The first component had absorptions
characteristic of a cyclopentanone, of a double bond, and of un-
saturation in a strainless five-membered ring (1740, 3044, and
16256 cm~—1, respectively), while the second component had char-
acteristic absorption frequencies at 1710 and 1640 cm~? which
were assinged to the «,8-unsaturated cyclopentylidenecyclopenta-
none system. ) .

The first component yielded a semicarbazone, mp 180-181° dec..

Anal. Caled for C11H17N30: C, 63.77; H, 8.21. Found: C, 63.50;
H, 8.25. ,

2-(3’-Cyclopentenyl)cyclopentanol (7a). A solution of 200 mg
(1.33 mmol) of 2-(3’-cyclopentenyl)cyclopentanone in 20 ml of an-
hydrous ether was added to a threefold excess of lithium alumi-
num hydride in 20 ml of anhydrous ether at such a rate as to
maintain gentle refluxing. Following the addition, the heterogene-
ous reaction mixture was refluxed for an additional 6 hr. The cold
reaction mixture was taken up in additional ether and carefully
washed with 5% sodium hydroxide and water. The solution was
dried over magnesium sulfate, filtered, and concentrated to give
182 mg of a light-yellow liquid (90%). A thin film infrared analy-
sis indicated the presence of an unsaturated alcohol and the ab-
sence of any ketone. This material was shown by glpc (10 ft X
0.125 in. 20% UCON Polar, column temperature 165°, flow rate 26
cc/min) to consist of two major components in equal amounts
(retention times 24 and 27.5 min), presumed to be the cis and
trans isomers. A 1.46-g sample of a similar mixture was dissolved
in 6 ml of isopropyl alcohol containing 13 mg of starting ketone 6
and 0.93 g of freshly distilled aluminum isopropoxide. Refluxing
for a period of 1 week. failed to change the isomeric ratio as indi-
cated by glpc. The components were identified as cis (retention
time 24 min) and trans (27.5 min) by the following observation. A
200-mg neat sample of ketone 6 was shaken with 100 mg of plati-
num oxide under 2.7 atm of hydrogen for 17 hr. The filtered reac-
tion mixture gave 190 mg of a light-yellow oil, which was shown
by infrared analysis to contdin ketonic as well as alcoholic mate-
rial. Three components were present with retention times of 17,
20.5, and 23.5 min (glpc conditions as already described). The
first component had the same retention time as the dihydro de-
rivative of ketone 6. The ratio of the latter two components to one
another was 2.2:1. Since these reduction conditions in other in-
stances® have given rise to a greater amount of -cis product, we
assign the cis configuration to the component with the retention
time of 20.5 min.

An ethanolic solution. of 100 mg of the cis and trans alcohols re-
sulting from the lithium aluminum hydride reduction of ketone 6
was quantitatively reduced over platinum oxide in 5 min at 760
mm. The solution. was filtered and concentrated to give 95 mg of
a saturated alcoholic mixture as indicated by infrared analysis.
Glpc analysis under identical conditions as those previously de-
scribed showed two components to be present in equal amounts
with retention times of 20.5 (cis) and 23.5 min (trans).

Table I indicates the stereospecificity obtained by varying the
lithium aluminum hydride reduction conditions. ‘

2-(3'-Cyclopentenyl)cyclopentyl p-Nitrobenzenesulfonate. A
17.7-g (0.115 mol) solution of 2-(3’-eyclopentenyl)cyclopentanol,
whose trans to cis ratio was 4:1, in 40 ml of anhydrous pyridine
was cooled to —24° and treated with three 8.5-g (0.115 mol) por-
tions of recrystallized p-nitrobenzenesulfonyl chloride over a peri-
od of 1 hr. The reaction was maintained at —24° for 48 hr, taken
up in ether, and washed successively with cold 10% hydrogen
chloride, 5% sodium bicarbonate, and water. The ethereal extract
was dried over magnesium sulfate at low temperatures, filtered,
and concentrated in vacuo to give 37.5 g of a red oil. The oil was
triturated with petroleum ether (bp 30-60°) and a small amount
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of anhydrous ether to give a murky, heterogeneous solution. From
this solution 30 g of a light-yellow powder, mp 58.5-60°, was iso-
lated after cooling to —70°. Further recrystallizations failed to
alter the melting point of a small sample. An infrared spectrum
showed Amax (CHCl3) 3050, 1375-1350, 1180, and 680 cm-1. An
analysis for this compound was not obtained owing to its facile
decomposition at room temperature. Many attempts to prepare
the above mentioned solid p-nitrobenzenesulfonate fail when
higher reaction temperatures were employed. Furthermore, a
crystalline tosylate could not be obtained by this procedure.

5-Hydroxytetrahydro-exo-dicyclopentadiene (1). A. A solu-
tion of 50 g (0.27 mol) of 5-formoxydihydro-exo-dicyclopenta-
diene2?! in 250 ml of absolute ethyl alcohol was shaken with 100
mg of platinum dioxide under 2.7 atm of hydrogen for 12 hr. The
solution was treated with Norit, filtered through a cake of Celite,
diluted with enough ethy! alcohol to bring the total volume to 400
ml, and added to 200 ml of water containing 60 g of sodium hy-
droxide. This heterogeneous mixture was refluxed for 2 hr, salted
with a large volume of saturated sodium chloride, and extracted
with ether. The ethereal extracts were washed with saturated so-
dium chloride and dried over magnesium sulfate. The light-yellow
liquid, 39.0 g, obtained from the dried ethereal extracts, was dis-
tilled at 71° (0.3 mm) to give 32 g of a colorless, viscous liquid.
Two recrystallizations from nitromethane gave 25 g (61%) of a
colorless solid, mp 53-55° (reported?? mp 53-54°). Its phenylure-
thane melted at 105-106° (reported22 mp 107-108°).

B. A 1.1-g sample of an oily mixture containing 80% by weight
of 2-(8’-cyclopentenyl)cyclopentyl p-nitrobenzenesulfonate and
20% of the corresponding alcohol was dissolved in 145 ml of 0.04
M sodium formate in 97% formic acid, which had been preheated
to 50 £ 2°, The reaction mixture was stirred for 20 hr at this tem-
perature, cooled, and extracted with technical pentane. The pen-
tane extracts were washed with 10% sodium carbonate and water.
The sodium sulfate dried extracts yielded 0.681 g of a sweet-
smelling yellow oil containing formates and alcohols, Amax (neat)
1735 and 3350 cm—1, respectively, which was reduced with 0.250 g
of lithium aluminum hydride in 25 ml of anhydrous ether to give
0.394 g of neutral material. Glpc analysis showed this reaction
mixture to contain alcohol 1 (retention time 30 min) as 41%
(0.163 g) of the total mixture (10 ft X 0.125 in. UCON Polar on An-

“akrom, column temperature 165°, flow rate 26 cc/min). The re-
tention time of authentic alcohol 1 was 30 min under these condi-
tions. Trace amounts of 5,6-dihydro-exo-dicyclopentadiene (2)
and 5-hydroxytetrahydro-endo-dicyclopentadiene (8) were detect-
ed by comparison with the retention times of authentic samples
of each.2-3:28 In that the sulfonate used in this solvolysis was pre-
pared from a 0.549-g mixture of cis- and trans-2-(A3-cyclopenten-
yl)eyclopentanol containing 60% trans by weight, and that com-
plete esterification of the trans alcohol seemed to be a reasonable
assumption, the theoretical yield of alcohol 1 was 0.329 g. The ob-
served yield of alcohol 1 was 29% overall or 49% based on trans
alcohol.

A 0.380-g sample of the reduced solvolysis reaction mixture in
benzene was chromatographed on 38 g of commercial Fischer alu-
mina, monitoring the eluted material by glpc. When such analy-
sis showed 85% of alcohol 1 to be present in a respective fraction,
the column was washed with 9:1 ether-methanol, which gave
0.100 g of a light-yellow oil. Its phenylurethane melted at 105-
106°, undepressed on mixture with the phenylurethane of au-
thentic alcohol 1, mp 106-107.5°. The infrared spectra of the two
urethanes were identical. However, it was impossible to crystal-
lize the ether-methanol eluted material.

5,6-Dihydro-exo-dicyclopentadiene (2). A slow stream. of ni-
trogen was passed into a 10-ml pear-shaped two-neck flask
charged with 5.0 g of 5-hydroxytetrahydro-exo-dicyclopentadiene
(1). The flask was in turn connected to a hot (180 % 5°) 8 X 0.5
in. horizontal column packed with glass helices, which had pre-
viously been coated with 85% phosphoric acid. The column in
turn was connected to two traps maintained at 0°.

The charged flask was heated by means of an infrared lamp
such that the sample was vaporized over a period of 3 hr. Nitro-
gen was swept through the system for an additional 2 hr, the
trapped material was taken into ether, and the ethereal solution
was washed with 5% sodium bicarbonate and water. The magne-
sium sulfate dried solution afforded 4 g of a colorless liquid, which
was chromatographed on 80 g of No. I Woelm alumina to give 3.9
g of petroleum ether eluted material (86% of theoretical), n2ip
1.5020 (reported?¢ n25p 1.4990). This sample, which was analyzed
by glpc on a 150-ft UCON Polar Golay column at 90°, consisted of
three major components in the ratio of 20:4:1 (retention times 27,

30, and 33 min). The reaction mixture was separated by prepara-
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Table 1
Effect of Temperature on the Isomeric
Ratio of Cis and Trans Alcohols from
Reduction of Ketone 6

Medium Temp, °C Trans:cis
LiAlH~Et,0 Reflux 50:50
LiAlH-THF 25 78:22
LiAl(#-BuO);H,-THF 25 65:35
LiAlH,~THF 0 80:20
LiAlH,~THF —70 85:15

tive glpe (20 ft- X 0.375 in. 20% Apiezon L, column temperature
130°, injector temperature 180°, flow rate 100 cc/min, retention
times 37, 40.4, and 48 min). The retention time of authentic 5,6-
dihydro-exo-dicyclopentadiene under these conditions was 37
min. The infrared spectrum of authentic material was identical
with that of the material collected.

Anal. Caled for C1oHyg: C, 89.55; H, 10.45. Found: C, 89.27; H,
10.33.

. For several runs the overall yield of purified olefin was 20-45%.

The material corresponding to the retention time of 48 min was
identified as tetrahydro-endo-dicyclopentadiene by comparison
with authentic material (retention time 48.5 min) prepared by
total hydrogenation of commercial dicyclopentadiene over plati-
num oxide. The infrared spectra of the two samples were essen-
tially ‘identical. The authentic material melted at 79-81°, while
the material collected from the reaction mixture melted at 80-
82°, and an admixture melted at 77-80°.

The remaining component was shown not to have a retention
time that corresponded with that of authentic samples of tetrahy-
dro-exo-dicylopentadiene or adamantane. Because of the poor

“separation of this component and olefin 2, a sample was not ob-

tained in a sufficiently pure state to permit its positive identifica-
tion. Although the retention time of 40.4 min corresponds most
closely with that.of 5,6-dihydro-endo-dicyclopentadiene, the nmr
spectrum suggests the absence of a bridged system inasmuch as
there is only a small contribution to the spectrum at § 2.
5-endo-Hydroxydihydro-exo-dicyclopentadiene. A solution
containing 4.04 g -(0.028 mol) of 5-ketodihydro-exo-dicyclopenta-
diene?? in 100 ml of anhydrous ether was added with external
cooling to 0.685 g (0.018 mol) of lithium aluminum hydride in 23
ml of anhydrous ether at such a rate as to maintain the reaction
temperature at 0 = 3°. Following the addition the stirred solution
was allowed to come to room temperature and stand for a period
of 12 hr. An infrared spectrum of the recovered reduced material
(4.10 g) indicated the presence of an alcohol and the absence of
starting ketone. A 200-mg sample was further purified by a short-
path distillation, bp 75° (1 mm), yielding 190 mg of a colorless
liquid. The nmr spectrum (deuteriochloroform with deuterium
oxide) showed absorptions at § 5.58 (2 H), 4.2 (0.85 H), 3.8
(0.15H), .and 3.0-0.7 (10 H). A 100-mg (0.66 mmol) sample of the
alcoholic distillate was mixed with 80 mg (0.68 mmol) of distillat-

-ed phenyl isocyanate and heated to 85° for 1 hr. The semisolid"

reaction mixture was cooled and triturated with petroleum ether
to give 130 mg of a colorless solid, mp 85-105°. Two recrystalliza-
tions from ethyl alcohol gave 100 mg (60%) of a phenylurethane,
mp 118-119.5°.

HAnal. Calcd for C17H1sNO2: C, 75.84; H, 7.06. Found: C, 75.65;

, 7.20.

The nmr spectrum of the endo urethane showed absorptions at
4 7.6-6.6 (6 H), 5.562 (2 H), and 3.4-0.7 (10 H).

‘A 1.5-g (6 mmol) sample of the endo urethane was refluxed
with 400 mg of lithium aluminum hydride in 20 ml of dry te-
trahydrofuran for 18 hr. The dried neutral ethereal extracts af-
forded 890 mg (99% crude) of a light yellow oil, Amax (neat) 3400
(s), 3050, and 1700 cm—1 (w).

3-Hydroxy-2-norbornaneacetic Acid Lactone (12). A solution
containing 0.300 g (1.5 mmol) of 3-carboxy-2-norbornaneacetic
acid (9),2 0.24 g (3.0 mmol) of dry pyridine, and 0.800 g (1.8
mmol) of lead tetraacetate in 10 ml of dry benzene was gently re-
fluxed for 1.5 hr, cooled, filtered, and: washed successively with
5% sodium carbonate, 10% hydrogen chloride, and water. The so-
dium sulfate dried extracts afforded 0.131 g (57%) of a slightly
yellow oil, Amax (neat) 1765-1760 ¢cm~-? with a small shoulder at
1740 cm ~1, Glpc analysis on a 150-ft UCON Polar Golay column at
170° indicated that the reaction mixture was at least 95% pure
(retention time 2 hr). An analytical sample was prepared by pre-
parative glpc (5 ft X 0.25 in. 20% UCON Polar, column tempera-
ture 170°, flow rate 60 cc/min, retention time 15 min).
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Anal. Caled for CoH120,: C, 71.03; H, 7.95. Found: C, 71.49; H,
8.31.

The nmr spectrum showed a poorly resolved quartet centered
at 6 4.43 (1 H), and complex absorptions at § 2.60-0.7 (11.14 H).

2-(3’-Cyclopentenyl)-1-deuteriocyclopentyl p-Nitrobenzene-
sulfonate (4). A 47-g sample of 2-(3’cyclopentenyl)-1-deuterio-
cyclopentyl p-nitrobenzenesulfonate, mp 59-60°, was prepared
from 40 g of 2-(3’-cyclopentenyl)cyclopentanone by using those
procedures already outlined in the hydrogen series. Thus, the ke-
tone in 2 1. of tetrahydrofuran was reduced with 3.5 g of lithium
aluminum deuteride and the resulting 41 g of isomeric alcohols
was converted into the sulfonate at ~24°,

The 3,5-dinitrobenzoate of the corresponding alcohol was pre-
pared, mp 86°, and analyzed for deuterium by combustion tech-
niques,2%

Anal. Caled for C17H17N206D: D, 5.55 atom %. Found: D, 5.45
atom %.

3a-Deuterio-5-hydroxytetrahydro-exo-dicyclopentadiene (5).
A. A mixture of 1.5 1. of 97% formic acid and 19 g (0.28 mol) of
sodium formate was preheated to 50 £ 2° and treated with 47 g
(0.14 mol) of 2-(3’-cyclopentenyl)-1-deuteriocyclopentyl p-nitro-
benzenesulfonate. The resultant black reaction mixture was stirred
at 50 + 2° for 9 hr, diluted with water, and extracted with petro-
leum ether. The extracts were washed with 10% sodium carbon-
ate and water. The magnesium sulfate dried solution afforded
22.3 g of a red oil, which was refluxed for 4 hr with 4.8 g of lithi-
um aluminum hydride in 300 ml of anhydrous ether. The reduc-
tion mixture gave 20 g of a red oil, which was distilled to give 6.5
g of material, bp 48-68° (0.5 mm). This was shown by glpc analy-
sis to contain approximately 83% of 5 relative to the isomeric al-
cohols present. This 6.5 g of distillate was triturated with nitro-
ethane to give 2 g of alcohol 5, mp 50-53°. The mother liquors af-
forded 4.2 g of a colorless liquid which was chromatographed in
benzene on 300 g of Fischer alumina. The column was washed
with 7 pints of benzene, giving only trace amounts of eluted ma-
terial, and was then eluted with 9:1 benzene ether. The course of
the chromatography was followed by glpc. When the ratio of alco-
hol 5 to isomeric alcohols was shown to be 5:1; the column was
washed with 9:1 ether-methanol to give 2.8 g of a colorless oil.
This oil afforded 1 g of alcohol 5, mp 51-53°, from nitroethane.
This represents a yield of 7.4% based on ketone 6.

An 80-mg sample was recrystallized from 100 mg of nitroethane
and sublimed at 30-33° (0.1 mm) to give 55 mg of alcohol 5, mp
54.2-55° (reversibly), Amax (CCly) 2150 cm—1,

Anal. Caled for C10H;50D: D, 6.25 atom %. Found: D, 6.14
atom %.

B. A 30-g sample of 2-(3'-cyclopentenyl)-1-deuteriocyclopentyl
p-nitrobenzenesulfonate was added to 750 ml of dry glacial acetic
acid preheated to 50 + 2°. The solid containing reaction mixture
after 8 hr was worked up in the manner above. An 800-mg sample
of alcohol 5, mp 50-54°, was obtained.

Dehydration of 3a-Deuterio-5-hydroxytetrahydro-exo-dicy-
clopentadiene (5). The samples of alcohol 5 obtained in the for-
molysis and acetolysis reactions described in the preceding sec-
tion were combined and recrystallized from nitroethane to give
3.1 g of a colorless solid, mp 52-55°. A 100-mg sample was recrys-
tallized and sublimed at 35° (0.1 mm), mp 53-54°.

Anal. Caled for C10H150D: D, 6.25 atom %. Found: D, 6.17
atom %.

The remaining 3.0-g sample was dehydrated by passing it
through a column of glass helices at 180° coated with 85% phor-
phoric acid, as described in the preparation of olefin 2. The in-
frared spectrum of a sample of the 723 mg (27%) of preparative
glpe purified deuterated olefin 2 showed C-D absorption at 2178
cm~1 with a shoulder at 2150 cm—1 (carbon tetrachloride). The
neat nmr spectrum integrated to 13.19 protons with absorptions
at 6 5.55 (2 H, reference), 3.3-1.8 (5.35 H), 1.8-1.35 (2.05 H), and
1.35-0.7 (3.8 H).

Anal. Caled for C1oHy3D: D, 7.14 atom %. Found: D, 6.52 atom
%.

5-endo-Deuteriodihydro-exo-dicyclopentadiene. To 0.336 g
(0.008 mol) of lithium aluminum deuteride in 15 ml of dry te-
trahydrofuran was added 1.58 g of crude 5-exo-dihydro-exo-dicy-
clopentadienyl p-toluenesulfonate in 10 ml of -dry tetrahydrofur-
an. The reaction mixture was refluxed for 17 hr and worked up to
give 836 mg of a colorless oil. This was chromatographed on 20 g
of No. I Woelm alumina, affording 390 mg of petroleum ether
eluted material. Further purification by glpe (15 ft X 0.25 in.
SF-96, column temperature 90°, flow rate 52 cc/min) gave 250 mg
of deuterio olefin, retention time 25 min. This 250-mg sample was
distilled at 40° (21 mm) to give 200 mg of a colorless olefin, Amax
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(CCly) 2184 cm~—?* with a shoulder at 2160 cm—1 (reported2? endo
“C-D” stretch 2185 cm~1, shoulder at 2160 cm-1). The nmr
showed absorptions at § 5.6 (2 H), 3.0-1.84 (5.45 H), and 1.84-0.7
(4.78 H).

5-exo-Deuteriodihydro-exo-dicyclopentadiene. A solution of
1.83 g of 5-endo-dihydro-exo-dicyclopentadieny! p-toluenesulfon-
ate in 50 ml of dry tetrahydrofuran was refluxed with 0.390 g of
lithium aluminum deuteride for 48 hr. The isolated 937 mg of yel-
low oil was chromatographed on 25 g of No. I Woelm alumina to
give 150 mg of petroleum ether eluted olefin. Glpc analysis (15 ft
X 0.25 in, SF-96, column temperature 100°, flow rate 50 cc/min)
indicated that 72% of the mixture was olefin, retention time 12
min. Without further purification the crude olefin ws submitted
to an infrared analysis. The spectrum (carbon tetrachloride)
showed C-D stretch at 2174 cm-1 (reported!3 exo C-D stretch
2170 cm—1 for endo-deuterionorbornane).

Oxidation of Deuterated Olefin 2 Prepared from Alcohol 5.
A 560-mg (4.17 mmol) sample of deuterated 5,6-dihydro-exo-dicy-
clopentadiene (2) prepared from alcohol 5 in 15 ml of A.R. Ace-
tone was stirred with 1.85 g (11.7 mmol) of potassium permanga-
nate and 0.100 g (5.57 mmol) of water for 18 hr. After recrystalli-
zation from water, 400 mg of deuterated 1,3-diacid 9 was isolated,
mp 163-163.5° (reported? mp 165°).

Anal. Caled for C10H1304D: D, 7.14 atom %. Found: D, 6.20
atom % with 1% residue.

Esterification of Deuterated Diacid 9. An 80-mg (0.4 mmol)
sample of deuterated diacid 9 in 10 ml of anhydrous ether was
treated with enough ethereal diazomethane, generated from Dia-
zald, to give a permanent (15 min) yellow solution. This solution
was concentrated in vecuo to give 91 mg of a colorless liquid
which was chromatographed on 10 g of Fischer alumina, A 71-mg
(78%) sample of a colorless benzene-eluted liquid was isolated,
homogeneous to glpc analysis (15 ft X 0.25 in, 20% UCON Polar at
190°, flow rate 100 cc/min, retention time 57 min). A 52.7-mg
sample in 0.265 ml of carbon tetrachloride showed C~D absorp-
tion at 2188-2184 cm~! with an apparent molecular extinction
coefficient of 7.3.

A 71-mg sample of this deuterated dimethyl ester was refluxed
with 100 mg of lithium aluminum hydride in 20 ml of anhydrous
ether for 12 hr to give 756 mg of an extremely viscous oil, which
was chromatographed on 1 g of Fischer alumina. The 40 mg of
purified viscous diol showed C-D absorption at 2174 cm-1 with
an apparent molecular extinction coefficient of 8.

Anal. Caled for CyoHy704D: D, 5.55 atom %. Found: D, 4.85
atom %.

Deuterated Lactone 12. A 300-mg sample of deuterated
diacid 9 was converted into 126 mg of crude deuterated lactone 12
according to the procedure described for the formation of lactone
12. This 126 mg of yellow liquid was chromatographed on 2.5 g of
Fischer alumina to give 66.2 mg of deuterated lactone 12 contain-
ing silicone grease.

A sample of this mixture containing 46.6 mg of the lactone and
a 73.1-mg sample of naphthalene was dissolved in carbon tetra-
chloride. The nmr spectrum showed absorptions for the lactone at
5 4.32-3.82 (0.95 H), 3.82-1.7 (4.57 H), and 1.70-0.6 (5.80 H). The
presence of silicone grease was evident from its characteristic ab-
sorption at § 0.1. This mixture was chromatographed to give a
sample of lactone, which showed C~D absorption at 2187 cm -1,

Anal. Caled for CoH110:D: D, 8.33 atom %. Found: D, 6.90
atom %.

Infrared spectra were recorded on a Perkin-Elmer 421 spectro-
photometer. Aerograph Models A-700, 600, and A-90-P were used
for glpc analyses. All nmr spectra were recorded on a Varian A-60
nuclear magnetic resonance spectrometer. Boiling and melting
points are uncorrected.

Registry No. 1, 10271-44-0; 2, 3129-29-1; 2a, 42913.47-3; 2b,
42913-48-4; 4, 42913-49-5; 5, 42913-50-8; 6, 42908-41-8; 6 semicar-
bazone, 42908-42-9; cis-Ta, 43027-55-0; trans-7a, 43000-59-5; 9,
43000-60-8; 9-d, 42912-45-8; 10-d, 42912-46-9; 12, 33045-15-7;
12a, 42913-35-9; 12b, 42913-36-0; ethyl bromide, 74-96-4; cyclohex-
ylimine cyclopentanone, 42908-34-9; 2-(3’-cyclopentyl)cyclopenty!
p-nitrobenzenesulfonate, 42908-35-0; 5-formyloxydihydro-exo-di-
cyclopentadiene, 42913-37-1; 5-endo-hydroxydihydro-exo-dicyclo-
pentadiene, 42913-38-2; 5-ketodihydro-exo-dicyclopentadiene,
42913-39-3; 5-endo-hydroxydihydro-exo-dicyclopentadiene phenyl-
urethane, 42913-40-6; 5-exo-dihydro-exo-dicyclopentadiene p-tol-
uenesulfonate, 42913-41-7; 5-exo-deuteriodihydro-exo-dicyclopen-
tadiene, 42913-42-8; 5-endo-dihydro-exo-dicyclopentadienyl p-tol-
uenesulfonate, 42913-43-9; trans-2-(3’-cyclopentenyl)-1-deuterio-
cyclopentyl 3,5-dinitrobenzoate, 42913-44-0.
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