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~ ADDITIONS TO BICYCLIC OLEFINS—X

STEREOCHEMISTRY OF THE OXYMERCURATION-DEMERCURATION
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Abstract—The stereochemislry of the oxymercuration—demercurauon (OM—DM) of olefins. related to the cis-
chycno{S 36}00[8!1@ anu enaa-;,a-mmemylenenomomane siruciures was uetermmen lll me case OI as DlCY'
clo[3.3.0Joct-2-ene, hydration occurs preferentially at the less hindered 3-position, with little preference shown for

exo vs endo. The more hindered 2-proddct shows a 11:1 preference for the exo-product. The presence of Me

oroune at nogitions 2- or 3., ragults in the formation of the tartiarv alechole with annravimatalv a 4:1 favarine of
£roups at positions Z- Or 2-, résuils In (ne Iormation Of (n¢ Wruary aicone:s with approximately a £:1 favernng of

the exo-isomer. (The oxymercuranon intermediate exhibits a rapid equilibration with time. Consequently, the 4:1
ratios may not represent the true limit for the isomer distribution in the initial kinetic product.) Similarly,
2-methylenebicyclo[3.3.0loctane reveals an 8:1 preferential formation of the exe-alcohol. In the case of endo-
trimethylene-norborn-8-ene, the oxymercuration stage is extraordinarily slow and the results do not fit this pattern.
Possibly the very slow oxymercuration stage permits equilibration of the initial reaction product. On the other
hand, the reaction is fast with 8-methylene-endo-trimethylenenorbornane and the product is 100% of the tertiary
exo-alcohol. The same behavior is observed for 2-methylenenorbornane. Surprisingly, 2-methylene-endo-trimethy-
lenenorbornane fails to undergo oxymercuration. Consequently, both endo-trimethylenenorborn-8-ene and 2-
methylene-endo-trimethylenenorbornane exhibit an exceptional inertness toward oxymercuration, presumably
reiated to the highly rigid U-shaped struciure of the parent system.

The oxymercuration—-demercuration sequence (OM-DM)
in aqueous tetrahydrofuran with mercuric acetate is a

mtld ~smvantant oa thad far afanting tha Maskavailoae,
mikd, convenient method ior ansiuilg Luv MIATKOVIIEOY

hydration of olefins in very high yields.* Rearrangements
which normally occur in the reactions of olefins with
other elecirophiles are generally not observed.

The stereochemistry of the oxymercuration of olefins
has received much attention in attempts to define the
factors which control the mode of addition.*"' The
cis-bicyclo{3.3.0Joctyl (1), norbornyl (2) and endo-tri-
methylene norbornyl (3) skeletons are U-shaped and
contain various degrees of steric hindrance. These
systems have been proven very effective in revealing the
effects of increasing steric hindrance on several reactions
which proceed by different mechanisms.™

Consequently, it was of interest to undertake a syste-
matic study of the oxymercuration-demercuration of
several olefinic structures related to' 1, 2 and 3 to deter-
mine the effects of increasing steric hindrance in these
systems on the stereochemistry of hydration.

DAY A
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RESULTS
cis-Bicyclof3.3.0loct-2-ene (4) undergoes rapid oxy-
mercuration under the standard conditions (T, 5.5 min).
After a total reaction time of 1hr, in situ reduction by

sodium. borohydride gave a 90% overall yield of four.

alcohols. Hydration occurred preferentially at the more

remote, less hindered 3-position, giving equal amounts of
the exo and endo alcohols. Hydration at the more

hindasad D amcibiom sormaoade caooo o olo ot

eIt  4-posititn  procecas swrcusc:c(.uvcly to ihe

exo-alcohol (Scheme 1).

HO On
3% 33%
@""OH - @ or
33% 31%

Scheme 1.

The introduction of Me groups at the 3-(5) or 2-
positions (6) reduces the number of isomeric alcohols
produced in the reaction to two, the tertiary derivatives.
In each case the initial product contains exo-alcohol
predominating over the endo-epimer by a factor of ap-
proximately 4:1 (Schemes 2 and 3).

The ylelds of alcohols in these cases were low, in the
range of 40-50%. Moreover, the isomeric distribution of

the alcohols changed rapidly to produce more of the

endo-epimer (Table 1). andently, the initial oxymer-
curation stage is both incomplete and rapidly reversible,

resultine in a chanee from the avo-OH derivative to the
change TV the
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At first sight, it appears puzzling that equilibration
should increase the formation of the more hindered,
more strained endo-alcohol. However, it should be
recalled that the equilibration involves the oxymercurial
and we are not in a position to speculate as to the
relative thermodynamic stabilities of the four possible
diastereomers involved in the oxymercuration inter-
mediate. It is regretable that the objectives of the present
study did not permit establishing the stereochemistry of
the mercurial moiety.

In the case of 2-methylenebicyclo[3.3.0]octane (7), the
oxymercuration reaction proceeds rapidly to completion
(T,, 15sec). The product, in essentially quantitative
yield, is predominantly the exo-tertiary alcohol (Scheme
4).
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Scheme 4.

- In this case, there is no evidence for equilibration of
the oxymercurial derivative under the reaction condi-
tions.

For comparison, we examined the behavior of 2-
methylenenorbornane (8). This also reacted rapidly (T,
20sec) and completely (yield essentially quantitative).
The product consisted of 99.5% of 2-methyl-exo-
norbornanol and 0.5% of 2-methyl-endo-norbornanol.

Although we did not test endo-trimethylenenorbornene
9), it would evidently react normally, yielding the exo-
alcohol.

2.0M

Surprisingly, endo-dicyclopentadiene (10) undergoes
oxymercuration cleanly at the norbornene double bond
to give the alcohol in a yield of 89%."

5

Table 1. Oxymercuration-demercuration of 5§ and 6

Yield of -— Isomers, % —
Olefin T,s min® T,, min®  alcohols, % ezo endo
5 5 42 84 16
15 48 66 34
45 54 42 58
6 CHy 180 56 26 74
5 5 78 22
) 15 65 35
3 180 15 85
5

%Time required for the yellow color to disappear, bTime before the

addition of 3 ¥ sodium hydroxide,



Additions to bicyclic olefins—X

There was no evidence for any attack on the double
bond in the S-membered ring. Traylor has obtained
similar results with a mercuric chloride-~mercuric oxide
mixture in aqueous acetone.

In accordance with this remarkable selectivity, the
corresponding monoene (11), containing the double bond
at the 8-position, proved to be extraordinarily inert.

] —M » Very siow (3)

Even after 7.5 days under standard conditions, reduc-
tion produced only a 36% overall yield of the four
alcohols. Since intermediate organomercmials are known
to undergo facile isomerization in less time than required
for the oxymercuration stage in this exceptionally slug-
gish reaction, one can have no confidence that the
products correspond to the Kinetic species desired.

\\\Z

J .OMlZ. oM

HO*
8% 7% H
+
39% Ez 36% OH
HO

Scheme 5.
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Consequently, the observation that the reaction exhibits
none of the stereoselectivity observed for 4, 5, 6 and 7
suggests that the products (Scheme 5) indeed arise from
a concurrent oxymercuration-equilibration.

In an attempt to improve the yield of alcohols obtained
from 11, and if possible, to achieve the identification of
the kinetic products, the effects of several strong acids
were investigated. The addition of one equivalent of
either of the following acids, p-toluenesulfonic,
methanesulfonic, perchloric, nitric and trifluoroacetic, to
the mixture resulted in faster reactions with overall
yields of ca. 50-70% of the four alcohols in 20 hr. Longer
reaction times of up to 40 hr proved detrimental in some
cases (Table 2). The utilization of mercuric
triffuoroacetate in place of mercuric acetate resulted in a
62% overall yield of the alcohols in just 3 hr (Scheme 6).

OM 2.0M
°/= 10% OH
g : ‘ 2 IOH
31% HO 50%
Scheme 6.

However, the products still failed to reveal the high
regio- and stereoselectivity anticipated for a U-shaped
structure of high rigidity. It is probable that these
modifications in the oxymercuration procedure facilitates
both the oxymercuration and the equilibration (demer-
curation) steps to an equivalent extent, thereby causing
the product to reflect only the thermodynamic properties
of the oxymercuration intermediate.

Table 2. Effect of strong acids on the oxymercuration-demercuration of 11

Acid “Time, hr? Yield of alcohols,?
p-TsOM 20 6€
40 61
CHyS04H . 20 66
‘ 40 56
HC10, 20 68
40 61
HKO, 20 63
40 52
CF4C0,H 20 59
40 61

2gefore addition of 3 ¥ sodium hydroxide. bVPc analysis.,
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8-Methylene-endo-trimethylenenorbornane (12) does
exhibit the anticipated effect of the rigid U-shaped
structure. Oxymercuration-demercuration of this olefin
proceeded rapidly to give within 5 min a virtually quan-
titative yield of tertiary alcohols (Scheme 7).

In this case, the product must be the kinetic species—
no evidence for equilibration was observed under the
reaction conditions.

On the other hand, 2-methylene-endo-
trimethylenenorbornane (13) failed to updergo oxymer-
curation under the standard reaction conditions.

H,C

Hq(OAc!z 1 NeoH
THF, H0 Tz NoBHy
Hq(OAc)

7 cH,on
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It should be recalled that 2-methylenenorborane
undergoes  oxymercuration-demercuration  without
difficulty. In this case, the steric requirements of the rigid
bicyclic structure evidently prevents completion of the
reaction.

DISCUSSION

In simple cyclic systems (14), oxymercuration involves
a trans addition to the double bond.

\\\\\HQOAC
J —
. OAc

In norbornene (15), the reaction proceeds with a cis
addition to the double bond.

QAcC

In a less rigid bicyclic, bicyclo[2.2.2]oct-2-ene (16), the
addition proceeds to give both isomers.5>**
HgOAC

00— -

Bach and Richter have studied the oxymercurations of
several bicyclic olefins. In the case of bicyclo[4.2.0Joct-7-
ene (17), they established that the oxymercuration can

ww

90%

HgOAc

89%

II%

Hli(OAc)z
17 HgOAc
HgOAc

89%

Scheme 8.

5%

+ %,Hgmc

5Ac
6%



Additions to bicyclic olefins—X

occur either cis or trans. The results varied with
solvent.® Their results indicate the effects of steric
hindrance result in predominantly exo attack by solvent
and an even greater predominance for exo attack by
mercury.

The oxymercuration—demercuration of bicy-
clo[3.2.1]oct-2-ene (18) with mercuric acetate in agueous

LAV el 2 USRI ANGRT (& R4 INCITCRIIC acliale 11 aQueoss

tetrahydrofuran gives a mixture of three alcohols: 73%
exo-2-0l; 20% endo-3-ol; 7% exo-3-0l.%

P
A2

2
-

Their studies on the oxymercuration of bicy-
clof2.2. 2]oct-4-eﬁe ciearly reveal the effecis of differeni
mercuric salts, solvents, added nucleophiles, and even
concentrations on the nature of the products and the
stereospecificity.*** An expianation of the siereoche-
mistry of addition to this and other olefins has been
offered in terms of twist strain® and perturbation of the
double bond by the mercury electrophile.*

Regretably, there has been no work done on defining
the stereochemistry of the addition of the mercurial
‘moiety to the olefins derived from the bicyclooctane
structure (1) or the endo-trimethylenenorbornane struc-
ture (3).. Consequently, we must restrict ourselves to
considering the effect of structure on the stereochemistry
for the addition of water to the initial intermediate,
whatever that may be.”

It is evident from the results with 4-6 that there is a
modest preference for addition of solvent from the exo
direction.

It would be anticipated that the effect would be even
larger with 11. However, the results indicate little
stereoselectivity. This olefin reveals exceptional inert-
ness. As discussed earlier, the reaction is so slow that
equilibration of the oxymercnration product may well be
competitive. Consequently, it is not possible to say
whether the observed products are the true kinetic s, &e
cies. Inamoto et al.'® reported that tricyclo[5.2.2.0.
undec-3-ene (19), which differs from 11 by only one f‘

atom in the brndge, underwent oxymercuratlon with
mercuric acetate in aqueous tetrahydrofuran at a rate

'S
)

19
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comparabie to i1 and exhibited a simiilar regioselectivity.
Regretably, the stereochemistry of only two of the four
alcohols was determined Consequently, because of this
and the possibility of equilibration of the mercuriais, a
comparison of their results with our is not possible.

The methylene derivatives provide a far better test of
the proposal that the ‘addition of solvent to the oxymer-
curation intermediate is sterically controlled to give
preferential addition from the exo direction.

Such steric controi wouid be expected to increase
from 7 to 8 to 12. Indeed, the resuits conform to the
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expected pattern. The extremely rapid reaction of 7, 8
and 12 compared to 5 and 6 is consistent with a previous
study on the relative reactivities of -olefins in the oxy-
mercuration reaction'” and also with the thermodynamic
stabilities of endocyclic and exocyclic double bonds.'
As mentioned previously, the unreactivity of 13 must be
attributable solely to steric hindrance manifested by the

rigid U-shaped skeleton. Similar conclusions about the
effects of steric hindrance were obtained in previous

studies on the rates and starpnr-lmmmtﬂl of the axvmer.
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curation of norbornenes.>** ,
The unusually low yield of products obtained from §

and € ic nuz7line and we hava no avnarimantally tactad
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explanation for this unusual behavior at the present time.

"~ EXPERIMENTAL

B.pts are corrected. NMR spectra were taken on a Varian A-60
spectrometer using TMS as the reference.

Materials. All of the olefins were prepared by procedures
described below THF (Mallmckrodt Chemical Co. and J. T.
Baker Chemicai Co.) and mercuric aceiaie (Mallinckrodi and J.
T. Baker) were used as obtained. Mercuric trifluoroacetate was
generously supplied by Dr. M.-H. Rei.

Genoral oxvmarcuration-demercuration vrocedurs, 10 mmol
eneral oxymercuralion—gemercuralion procegyre. 19 MG

(3.19 ) of mercuric acetate was dissolved in 10 ml water. 5 ml of
THF was added which produced a yellow suspension. 10 mmol
of the olefin dissolved in Sml THF was rapidly added and the
time for the yellow suspension to disappear was recorded as T,.
After stirring for the appropriate time, 10 ml of 3N NaOH was
added, followed by 10ml of 0.5 M NaBH, in 3N NaOH. An
appropriate internal standard was added and the mixture was
saturated with N iCl. The organic layer was dried over MgSO,
and was then analyzed by gas chromatography. The same pro-
cedure was foliowed when mercuric irifiuoroaceiaie was used.
Acid catalyzed oxymercuration-demercuration procedure. The
reaction was carried out as described above, except that 10 mmol

of the anid wae added nrinr ta tha additian of tha alafin Tn all
Ci in¢ &ClG WaSs aGaoC pIioT 10 wid AGGIICH Of 4 O:Chn. Al an

cases, with the exception of p-toluenesulfonic acid, the addition

-of the acid produced a clear colorless soln. Addition of p-TsOH

resulted in a white suspension.

Gas chromatographic analyses. Analyses for isomer distribu-
tion were carried out on a Perkin Elmer Model 226 instrument
fitted with a 150ftx0.01 in Golay column containing 20%
Quadrol and a Perkin Elmer Mode! 154 Vapor Fractometer using
20% Quadrol or 20% Carbowax 20M column. Peak areas were
determined by a planimeter (Keuffel and Esser Co.). Isomeric
aicohois were identified on the basis of comparison with authen-
tic compounds whose preparation and characterization are
described below.

ote_Dinunlal?2 20Vant D smas A acendifoction of Qoo an
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Kleinschmidt’s procedure®® was used. 2 mol (216 g) of 1,3-cyclo-
octadiene® was refluxed with 0.2mol (7.8 g) of K under N, for
7 hr. The mixture was cooled to ° and the K was destroved by
the cautious addition of abs MeOH. After stirring overnight to
insure destruction of all of the catalyst, water and diethyl ether
were added and the layers separated. The organic layer was
washed with NaCl aq and then dried over MgSQ,. The solvent
was removed by distillation and the product was distilled through
an 18 in Vigreux column. The distillate was then fractionated
through a Todd column resulting in a yield of 114 g (53%), b.p.
130.5-131° (746 mm); n%,“ 1.4746 {lit.:>' b.p. 132-133°, n¥ 1.4750;
lit.:® b.p. 131-133°; n¥ 1.4760].%

A ALaslid do Biacnl dd 2N os D oo o, P R Ty
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acid was added to. 0.3mol (42g) of 2-methyl-cis-bicy-
clo[3.3.0)Joctan-endo-2-ol in a 50 ml round bottom flask fitted with
a distillation head, The mixture was heated to 160° and the olefin
codistilled with water. Pentane was added to the distillate and the
layers were separated. The organic layer was dried over MgSO‘
Distillation gave 29.4g (80% yield); b.p. 153° (748 mm); n
14742 NMR (neat) 8 5.15 (broad 8, 1H), 0.8-3.2 (m, 13H) [ut
IlD 1 4802]
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J-Me"lyl'clS'DleClO[JJU]OCI'L-CIIC. ﬂ proceaure smmar io
the one used for the preparation of the 2-Me derivative was
followed. From 231mmol (28.1g) of 3-methyl-cis-bicy-

olal? 2 Olantan_anda 1 al wae ahtainad 21 1o (730% viald) of thae
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olefin, b.p. 150° (752 mm); n% 1.4723 [Lit.:* b.p. 153°, n¥ 1.4712).

2-Methylene-cis-bicyclo[3.3.0loctane. A 300-ml, 3-necked,
round bottom flask fitted with a mechanical stirrer, reflux
condenser with a drying tube and a pressure equalizing dropping
funnel was flame dried under a slow stream of N, Methyl-
triphenyl phosphonium bromide (23 g, 64.5 mmol, Aldrich Chem-
ical Co., Inc.) and 80 ml of dry THF was added. n-BuLi (42 ml of
15% by weight in hexane, 64.5 mmol) was added dropwise (exo-
thermic). The dropping funnel was charged with 50 mmol (6.2 g)
of cis-bicycio{3.3.0Joctan-2-one in 25 mi of dry THF while the
Wittig reagent was heated to 70°. The ketone soln was added
dropwise and the reaction was refluxed for 17 hr. After cooling,

water was added to destroy the excess ylide. Anhyd-MgSO, was

added. The mixture was cooled to 0° and filtered. The solvent
was removed by distillation through a short Vigreux column.
20 ml pentane was added; the mixture was cooled to —70° and
filtered immediately. Distillation gave 2.4g of olefin, b.p. 161°.
The olefin was prepped out on a 10 in Carbowax 20M column at
100° to remove trace impurities, n}y 1.4798; IR (neat) u 3.2, 3.4,
6.03, and 11.4; NMR (CCl) é 4.7 (m, 2H), 0.9-3.0 (m, 12H).
(CH)C, H

8-Methylene-endo-trimethylenenorbomane. A procedure
similar to the one above was employed. The olefin was isoiated
by preparative gas chromatography (3 ft 10% Neopentyl Glycol
Adipate on Firebrick at 187°C), n® 1.5098; IR (neat) u 3.2, 3.35,

£07 £1€ £0 £0€ @€ 11 4. NMD /A1
6.03, 6.75, 6.9, 6.95, 8.5, 11.4; NMR (CCL) & 4.83 (¢, 1H), 464 (¢,

1H), 1.0-3.0 (m, 14H). (C"ng) C, H.

endo-Trimethylene-8-norbornene. The procedure of Brown et
al. was nsed.!® Thus from 1.24mmol (164g) of endo-dicy-
clopentadiene was obtained 136 g of olefin (82%), b.p. 182-187°
(735 mm). Recrystallization from MeOH gave a solid, m.p. 49-50°
[Lit.:* m.p. 50-51°1.

OM-DM Products from cis-bicyclo[3.3.0Joct-2-ene 4. A
hydroboration—chromic acid oxidation sequence” was carried
out on 4 to give a mixture of 2- and 3-cis-bicyclof3.3.0]octanones
which were separated by the preferential formation of the
bisulfite addition compound of the 3-ketone. The emdo-2- and
-3-ols and the exo-3-0oi were prepared by Copes procedure
irom tnese ketones. The exo-2-ol was prepared by Rosenblum’s
procedure.”

cis-Bicyclof3.3.0octan-2-ome and cis-bicyclo[3.3.0}octan-3-
one. Following Brown and Garg’s procedure,” 1.05 mol (113.8 2
of 4 gave the 3-one in 31% yield, b.p. 90° (13. Smm),
[lit.:*® b.p. 78° (10 mm), 15 1.4811] and the 2-one in 33% yreld
b.p. 84° (14mm); n} 14762 [it.:* b.p. 50° (2.3 mm); n} 14766]
cis-Bicyclo[3.3. 0]octan-endo-2-ol Cope’s procedure was
followed with the exception that LAH was used in place of
NaBH,. Thus to 10 mmol LAH in dry THF was added 2.5 mmol
of cis-bicyclo[3.3.0octan-2-one in 5 mi dry THF. After 1hr stir-
ring at room temp., 1 ml of water was cautiously added and the
soln was saturated with sodrum potasslum tartrate. The layers
were sepa.rawﬂ and the orgnmc rayer was dried over MgSO,. The
product was isolated by preparative VPC (4ft 20% Carbowax

20M on Chromosorb W at 125°). The phenyl urethane derivative
Imdomp 87.5-8%° [lit, ﬂmn 87°1.

cis-Bicyclo[3.3. O]octan-endo-3 ol. The above procedure was
followed except that t-BuOH was added to LAH. Preparative
VPC isolation (same conditions) gave the product. Phenyl
urethane derivative, m.p. 115.5-116° after recrystallization from
aqueous MeOH. [lit.:*2 m.p. 116°].

cis-Bicyclo{3.3.0)octan-exo-3-ol.. Cope’s procedure was
followed.® Thus, cis-bicyclo[3.3.0octan-endo-3-0l was con-
verted to its p-toluenesulfonate derivative in 37% yield, m.p.
295—305 (C,,H,,so,)c H.

Tha tocedota PP, a Al A o4 1.

1€ 1W0Sy1ailc was then converied to ihe desired alcohot lll ‘MW
yield. Phenylurethane derivative, m.p. 74-75°. (C{sH;NO,) C, H.

cis-Bicyclo[3.3.0]octan-exo-2-ol. 25 ml of EtOH and 1ml of
02M ethanolic platinum chloride soln (Englehard Industries,

Inc.) and 1g of Darco KB decolorizing carbon was added to a
125-mi hydrogenation flask. The flask was connected to a Brown™

H. C. BrowN and W. J. HAMMAR

hydrogenator.*3* The apparatus was purged with H, by adding
1

10ml of a 1M ethanolic NaBH, soln to the H, generator flask.
S5ml of 1M ethanolic NaBH, soln was rapidly added to the

hvdrocenation flagk. After 1 min 4ml of g!agrnl AcOH wag

ayQerogenaion allel 2 mnE, o O ACT

added. The flask was then charged with 40 mmol (4.96g) of
cis-bicyclo[3.3.0]oct-2-en-exo-3-ol dissolved in abs. EtOH. The
buret was then filled with 1M ethanolic NaBH, soln. The reac-
tion required 9ml of this soln. The platinum and carbon were
removed by filtration. Distillation gave 3.70 g (74%), b.p. 84-86°
(16 mm); n® 1.4792 {lit.:® b.p. 7% (5mm); n¥ 1.4883); IR in-
dicated the presence of a CO containing impurity. VPC analysis
showed 7% cis-bicyclo[3.3.0Joctan-2-one. Phenylurethane
derivative, m.p. 74.8-75.2° [lit:® m.p. 75.0-75.2°].
cis-Bicyclo{3.3.0Joci-2-en-ex0-3-0l. Rosenblum’s procedure
was followed.” Thus, 50 mmol of 4 (16.2g) yielded 6.67 g (36%)
of the desired alcohol, b.p. 98-99° (17.5 mm); nf? 1.5008; NMR

(CCLY 8 888 (e om A3 (hroad s 1H) 38 (hroad ¢, 1H) 2128 {m,

g U D00 \S,y axajfy B \UL10aG 5, 2d1), 2.0 (OIUGG 5y axly, cuad
73 \! ] il AS

1H), 2.7 (m, 1H), 1. 5 (m, 6H). (CsH,0) C, H.
p-Nitrobenzoate derivative, m.p. 83.5-84.5°. (C;sHNO,) C, H,

OM-DM Products of 2-methyl-cis-bicyclo[3.3.0]oct-2-ene and
2-methylene-cis-bicyclo[3.3.0)octane. The endo alcohols were
prepared by the addition of MeMgl to the corresponding ketone.
The exo alcohols were prepared from olefin 6 by an epoxidation
reduction sequence.

2-Methyl-cis-bicyclo[3.3.0octan-endo-2-o0l. 1.6 mol of MeMgl
was prepared and to it was added 0.8moi of cis-bicy-
clo[3.3.0]octan-2-one dissolved in 200 mi of diethyl ether at 0°.
After 15 min of refluxing, the mixture was poured into a soln of

84g NHCl in 200 m! water. The aqueous phase was extracted

with ether and the combined extracts were washed with cold 5%
H,SO, (2% 150ml), satd NaHCO, (2x 100 ml) and with water.
The ether extracts were dried over MgSO,. Distillation gave
93.1g (84%) of the product, b.p. 90° (14mm), n3 1.4848;. IR
(neat) p 2.95, 3.4, 3.5, 6.9, 7.3, 7.7, 8.7 and 10.8; NMR (CDCl;) &
1.26 (s), 1.1-2.7 (m). (C4H,s0) C, H.
2-Methyl-cis-bicyclo[3.3.0)octan-exo-2-0l. To a soln of
238 mmol (29.0 g) of 6 in 350 m! CHCl; was added dropwise at 0°
a soln of 238 mmol (53g) of 80% m-chloroperbenzoic acid in
500 mi CHCI;. After stirring for 30 min, 10% NaHCO;aq was
added until the mixture gave a negative starch iodide paper test.
The mixture was filtered at 0°, and the ﬁltrate was washed with

~ald L _ad W ey ar ond doIo3 oo i
cold satd NaHCO, aq, sat NaCl aq, and dried over MgS0,. VPC

analysis (3 ft 20% Quadrol on Chromosorb W) showed a mixture

of two epoxides (18:83). The solvent was removed on a rotary
evaporator and the residue was dissolved in 100 m! of dry THF,

Thrs soln was added dropwise to a mixture of 9.03 g LAH in
250 ml dry THF at 0°. After stirring for 1 hr, water was cautiously
added to destroy the excess hydride. The mixture was washed
with sat sodium potassium tartrate (2 x 100 ml). The organic layer
was dried over MgSO;. VPC analysis showed a 83:17 mixture of
alcohols. After removal of the solvent, a solid was obtained and
after two recrystallizations (pentane), 12.6 g of VPC pure alcohol
was obtained, m.p. 79.0-79.5%; IR (CCly) u 2.9, 3.4, 6.85, 7.25, 9.0,
9.6 and 10.9; NMR (CDClg) 8 1.26 (s),08—29(m)

OM-DM Producis from 3-methyi-cis-bicycioi3.3.0joct-2-ene.
The endo-tertiary alcohol was prepared by a methyl Grignard
addition to the ketone and the exo-tertiary alcohol was prepared

bv an engxidation of 7 fallawad hy hvdrida raduation
Ty il ypUAIBRLUL Ui 7 a0RUwVG Uy uyuliav ICGucuon.

3-Methyl-cis-bicyclo[3.3.0]endo-3-ol. The previously described
procedure for the Grignard addition was followed. Thus, from
37.2 g of ketone, 30.9g (73%) of product was obtained, b.p. 88°
(9mm); m.p. 37.5-38.0°; IR (melt) x 3.0, 3.4, 3.5, 6.8, 6.9, 7.27,
7.7, 8.0, 8.7 and 10.55; NMR (CDCly) & 1.25 (s), 1.1-2.7 (m).
(CH,50) C, H.

3-Methyl-cis-bicyclo[3.3.0)ex0-3-0l. The previously described
procedure for the epoxidation-reduction sequence was followed.
Thus from 21. lg of 7 was obtained 7.24 g (30%) of recrystalhzed

o £2, TH

prodici, m.p. 78-78.5%; IR (Nujol) 4 3.0, 3.4, 6.9, 7.3, 8.1, 9.6 and

1L.1; NMR (CDCl;) & 2 70 (m, 2H), 1.3 (s) and 0.8-2.2 (m, 14H).
(CH,0) C, H.

OM-DM Products from endo-trimethylene8-norbornene. The

UM -1002 Pogucts SHGU LN G R YiERC-U-ROTOOIMERE. 1

alcohols were kindly provided by Dr. 1. Rothberg.
OM-DM Products from 8-methylene-endo-trimethylenenor-
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bomane. The alcohols were kindly provided by Dr. D. L. Vander
Jagt.
OM-DM Products from 2-methylenenorbornane. The alcohols
were obtained by a previously reported preparation.’’ Data
obtained for the OM-DM of 2-methylenenorbornane was
obtained by Dr. S. Ikegami.
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