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Abstract - Chiral norbornane-type alcohols of high optical purity were
prepared via enzymatic resolution of their racemic esters using lipases from
Candida cylindracea and Pseudomonas sp. This method presents a short and
efficient access to a number of chiral building blocks on a molar scale for
the synthesis of optically active cyclopentane systems.

INTRODUCTION

Compounds possessing the norbornane-type framework have gained increasing
interest due to their occurrence as natural substances and as starting
material for the synthesis of numerous compounds. During the past decade they
were employed in the synthesis of prostaglandinsla, terpeneslb, steroidslc,
alkaloids'd 1£-11

Whereas the majority of bicyclol 2.2.1] heptane derivatives was used as

, insect deterrentsle, and carbocyclic nucleoside analogues

racemates, only recently methods for the preparation of enantiomerically pure
material were developedza-d. Among them, the particularly attractive
bicyclo[ 2.2.1] hept-5-en-2-one (1) so far has been prepared in an optically
pure form only on a small scaleza'c. Using enzymatic methods3 which permit an
easy scaleup of preparative procedures we present now a novel access to a
number of enantiomerically pure building blocks possessing the

norbornane-skeleton.

RESULTS AND DISCUSSION

In our ongoing study on the use of enzymes and microorganisms in organic

syntheses4a'd

we recently developed a short and efficient access to (+)- and
(-)-endo-norborn-5-en-2-o0l (25*, ent-2¢')4b’sa. Here we present a more
detailed investigation in scope and limitations of this method.

In order to obtain norbornane-type compounds of selected substitutional
pattern it was ne: cessary to investigate the steric influence of substrates in
the course of the enzymatic hydrolysis. By modification of the double bond in
compounds of type A and B we synthesized a number of substrates showing two
types of structure (C+D and B+F,resp., see scheme I) which were subjected to
enzymatic resolution.
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SCHEME I: Types of compounds hydrolysed enzymatically.

R' x R' R'
R’ X : !
A, B c, D

A, C, E: endo-esters R = n R? - O-Q-R
B, D, F: exo-esters NI R -
R = CHy, n-CiH, x =1, A, T

5a

1) S8ynthesis of Racemic Substrates

For the synthesis of compounds of type A and C endo-norborn-5-en-2-ol (2a)
was best suited as starting material.

5 o NaBH; /MeCH
/ -10°C / OH
1

2a

By modifying methods hitherto employedsa’b it was shown that the reduction
of norborn-5-en-2-one (1) using sodium borohydride in methanol2a proceeds
highly stereoselective providing a cheap and efficient access to molar amounts
of endo-norborn-5-en-2-ol (2a).

SCHEME II: Synthesis of compounds of type A—Dsa.
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Enzymatic resolution of norbornane-type esters

i) for 2b,c and 7b,c: acid anhydride/Py/DMAP, CHzCls; for 2d: octanoic acid/
DCC/Py/DMAP, CHxCla. ii) MCPBA, CHzCla. ifi) H=/Pd-C, EtOH. iv) 080¢/N-
methylmorpholine-N-oxide'H20, acetone. v) for 6b,c and 1llec: 2,2-dimethoxypro-
pane/H .

Esters of endo-norborn-5-en-2-ol 2b,c were prepared according to standard
procedures7. In case of 2d we used the DCC methods. Catalytic hydrogenation9
furnished norbornanes 4a-c. Electrophilic attack of the double bond of 2a-c

either by m-chloroperbenzoic acid10 or osmium tetroxidellgave exclusively the
corresponding exo-derivativeslg’lz 3a-c and 5b,c (homogeneous by
GLC-analysis), the exo-configuration of which was confirmed by ly_nuR
spectroscopyla. Protection of the vicinal diol of 5b by transacetalisation

using 2,2-dimethoxypropane led to dioxolanes 6b,c. Transesterification of the
latter gave the alcohol 6a.

Substrates of type B and D (see scheme I) were synthesized by the following
sequence: exo-norbornenol (7a), free of its endo-isomer 2a, was obtained by
hydroboration of norbornadiene according to Brown et al.l4 and subsequent
careful medium pressure liquid chromatography. Catalytic hydrogenation of the
unsaturated derivativesg 7a-c gave rise to norbornanes 9a-c. Epoxidationlo_and
dihydroxylation11 of 7a-c, as expected, exclusively led to the formation of
exo-functionalised norbornane systens 8a,c and 10c, respectively.
Transacetalisation, as mentioned above, gave access to the dioxolane
derivative llc. Alcohol lla and acetate 1lb were obtained by the seqguence
llc -»1la -»1l1lb using standard procedures.

SCHEME III: Synthesis of compounds of type E and F.

OH

i 11
- - :f ::; —_ .
[] [}
OH o0

12 13 14a-c

OH ;

06 O,
1\ 16a \/\15

14, 16 | a b c

R [ w -CO-CH;  -CO-n-C,H,

i) 2,2-Dimethoxypropane/}l*. ii) a: B*He, THF; b: Hr
iv) NaBH¢, MeOH. v) Acao/DMAp/p)y. ! P bt WOU/RaOH. 1il) PRC,  CHCl:.

3933



3934 TH. OBERHAUSER ef al.

For the synthesis of substrates possessing the endo-dioxolane moiety (type
B and F, see scheme I) diol 12 seemed to be suited best as starting material.
Diels-Alder reaction of cyclopentadiene and vinylene carbonate followed by
alkaline hydrolysis15 led to a 93:7 mixture of 12 and its exo-isomer.
Purification of the former was accomplished by conventional chromatography
furnishing 12 as the more polar fraction. Protection of the vicinal diol gave
dioxolane 13. As expected the bulkiness of the dioxolane moiety led to an
exclusive formation of the exo-alcohol 14a upon hydroborationz6 of 13.
Inversion of the alcoholic center to yield the corresponding
endo-endo-derivative 16a was performed by two successive steps: Oxidation 6 of
l4a led to ketone 15 which in turn was stereoselectively reduced by sodium
borohydride to give alcohol 16a. In contrast to the esterification procedure
mentioned above, more drastic reaction conditions were necessary (60°C with

pyridine as solvent) to obtain substrate 16b.

2) ENZYMATIC HDROLYSES

As published in a preliminary communication4b, among the group of
hydrolytic enzymes, particularly 1lipases as compared to esterases and
proteases have shown to be suited best for our purposes. In an initial
screening the following commercially available lipases were tested for their
hydrolytic ability on our substrates (all enzymes were obtained in a crude
form and were used without purification):

Lipase from Candida cylindracea17'18, from Pseudomonas sp.lg,from
Aspergillus sp.lg, and lipase from porcine pancreaszo. Whereas both of the
former enzymes exhibited good to excellent activity, both of the latter were
not able to hydrolyse esters of our type.

The results of a more detailed screening on a milligram scale using both of
the more active lipases are depicted in table I.

TABLE I: Screening of enzymes.

Substrate Lipase from Substrate Lipase from
Candide Pseudomonas Candida Pgeudomonas
cylindracea sp. ecylindracea 8p.

2b ++ ++ 7b - -
2c ++ + 7c ++ -
2d ++ + 8b - -
3b - - 8c ++ -
3c ++ - 9b ++ -
4b ++ - 9c ++ -
4c ++ - 11b + -
6b - - 11e ++ -
é6c ++ - 14b - -

14c ++ -

16b - -
key: ++ fast conversion, + conversion, - marginal or no conversion.

All substrate-enzyme combinations showing fast conversion oxr conversion
required a detailed investigation on a preparative scale regarding the optical
purity of the products.
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At first the course of conversion versus time was examined for the
enzymatic hydrolysis of substrates 2b and 7b, showing a characteristic
behaviour:

FIGURE I: Enzymatic hydrolysis of 2b and 7b using Candida cylindracea lipase.

Conversion

A

o ) U

L\°]

The reaction rate of substrate 2b slowed down significantly when a
conversion of about 50% was reached, indicating an enantioselection of the
enzyme. On the other hand no noticeable change was observed with substrate 7b.
Hence no substantial optical purity of products was expected in this case.

21 on the relation between

According to a theoretical study of Sih et al.
the enantiomeric excess of products and the conversion of an enzymatic
resolution the optimum in both chemical and optical yield for the faster
hydrolysed enantiomer is to be expected near 40% conversion, and for - the
remaining slower hydrolysed enantiomer around 60% conversion.

Therefore, the following strategy was applied: The racemic ester was
subjected to enzymatic hydrolysis until 40% conversion was accomplished
(determined by the consumption of sodium hydroxide solution from an
autoburettezz). Then the alcohol formed and the remaining ester were extracted
from the aqueous phase and were separated by chromatography. This remaining
ester was further hydrolysed until an additional 20%conversion (i.e. 60% in
total from start) was obtained. Again, by chromatography, the yet unhydrolysed
ester was isolated and the alcohol was recycled, since it pro ved to be almost
racemic. The alcohol from the first hydrolytic step and the ester from the
second step were investigated on their optical purities.
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TABLE II: Enzymatic hydrolyses of substrates of type A and C (see scheme II).

Conversion 40% Conversien 60%
sotrae® | oot | ezatae e e e o | Tatte T [ ey o
2 2a° R, 2R, 4R 90t +d-¢ 92! ent-2v" | 15, 25, 45 »977-9 62"
2¢ 2a" R, 2R, 4R g5+ " »97f ent-2c” |15, 25, as go' 877
24 28" IR, 2R, 4R gs’ 97§ ent-2d" | 15, 25, 68 78" 87"
3 32" R, 2R, 45, 56, 6R | 947 - ent-3ct | 15, 25, 4R, sS, 65 | 979 -
ab 4" 15, 2R, 4R 7590 — ent-ab” | IR, 28, 48 52" -
ac 4" 15, 2R, 4R 59¢ — ent-ac’ | 1R, 25, 45 72" -
6 6a R, 2R, 65, 75, BR | 85°( — ent-6c” | 15, 25, cR, 75, 85 | 839 -
2c* 2a 1R, 2R, 4R - »w7' ent-2¢” | 15, 25, 45 97719 -

® See note 5a. bdNumbering see sgheme II. ® Determined by *H-NMR spegtroscopy
bsing Eu(hfc)s. Determined by = F-NMR spectroscopy of thp, MTPA-ester .

Determined by GLC-analysis of camphanic acid esters . Determined by
gomparison of optical rotation with enantiomerically pure material.

Determined by H-NMR gpectroscopy using Eu(hfc)® after hydrolysis to its
corresponding alcohol. Determined by =~ F-NMR spectrgoscopy of the MTPA-ester
after hydrolysis to its corresponding alcohol. Alteration of enzyme
(Tandem-experiment), see: 3) Preparative Aspects.

The absolute configuration of products was determined as follows:
22" was correlated with (+)-(1R,4R)-norborn-5-en-2-one (1*), the absolute

2a-c,4b,24b  4,* .14 6a” were both

configuration of which is well established
correlated by comparison of their behaviour in 1H—NMR spectroscopy using
Eu(hfc)3 and the optisal rotation value with au&hentical material synthesized
independently from 2a . The configuration of 4a was determined by comparison
of the sense of optical rotation with material obtained by hydrogenation of
2a*. All esters from table II were hydrolysed to their corresponding alcohols
for determination of absolute configuration.

While lipase from Candida cylindracea showed sufficient activity on all
substrates listed in table I1I, Pseudomonas sp. lipase exhibited a satisfying
speed of conversion only on substrates 2b-d. By variation of the acyl chain
length of the esters of alcohol 2a both lipases showed an increase of the
hydrolytic rate from acetate 2b slower than butanocate 2c¢ being equal to
octanoate 2d. To accomplish the desired degree of conversion within a few
hours it was found that hydrolyses using Pseudomonas sp. lipase required an
equal weight amount of enzyme versus substrate, whereas lipase from Candida
cylindracea could be employed in quantities of 5-10% of substrate weight.
Regarding the enantiomeric excess of products an interesting pattern was
observed: Upon hydrolyses with substrates 2b-d up to 40% conversion
Pseudomonas sp. lipase showed a better enantioselectivity than lipase from
Candida cylindracea. This behaviour was reversed if the recovered ester was
further hydrolysed until 60% conversion (in total) was accomplished. Epoxide
3c and dioxolane 6c as well were both enzymatically resolved with good to
excellent enantiomeric excess. A lower enantioselection was observed, however,
with norbornane systems 4b,c. It is interesting to note that on substrates of
type A and C invariably esters possessing an R-configurated alcoholic center
were preferably cleaved by both of the lipases.
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TABLE III: Enzymatic hydrolyses of substrates of type B,D, and F (see schemes
I1 and III) by Candida cylindracea lipase.

Conversion 40% Conversion 60%

Substrate® product? | Absolute Conhguratmnb e.e.t Product? | Absalute [Znnhgurationb e.e.d
7c Ta —_— 0 7c — 0
8c 8a" 1R, 2R, 4S, 55, 65 13 ent-8c" 15, 25, 4R, 55, 6R 14
9 9a" | 15, 25, 4R 17 ent-9b" | 1R, 2R, 4S 10
9¢ 9" | 15, 25, 4R 16 ent-9c” | 1R, 2R, 45 22
11b 118" | 1S, 25, R, 7R, BR $1 ent-11b" | 1R, 2R, 65, 7R, 8BS 72
11c 119. 15, 25, 6R, 7R, B8R 39 ent-ﬂc. 1R, 2R, 6S, 7R, 85 64
14c 14a" 1S, 2R, 6S, 7R, 8R 22 ent-1ac" | 1R, 25, 6R, 7R, 85 1%

e Seg table II, footnote a. ® Numbering seg sghemes III and 1Y ¢ Determined
by F-NMR spectroscopy of the MTPA-esters . Determined by = F-NMR spec-
troscopy of the MTPA-esters after hydrolysis to its corresponding alcohol.

The absolute configuration of products listed in table III was determined
as follows:

SCHEME IV

1 0
/
~/OH ~/oH
2a 3a
e.e. B6%
ii
OH
o 11 . o o]
* *
8a 17
e.e. 13% [a]§0+50.5°t, e.e. 13%

[a]§°+321°, e.e. BE%

i) MCPBA, CH2Cl2. ii) PDC, CHz2Clz2.

*
8a (e.e.13%) was oxidized to give ketone 17* which in turn was
independently synthesized from 2a" (e.e.86%) in two steps. Sense and value of
optical rotation of both samples of 17. were in excellent agreement. 95* was

correlated with literature dataZ%2-C,
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SCHEME V
i-ivi "|'° iv -1'0
/ ——— o —_— o (o]
OAc OH
* * *
2b 6a 18
e.e. 86% [a][2)0+86.0", e.e. B6%
—t—o iv -1—0
———
o) o
OH
1a" ent-18" O
e.e. 39%

[a)20-41.00, e.e. 39%

i) 0sO¢/N-methylmorpholine-N-oxide'Hz0, acetone. ii) 2,2-Dimethoxypropane/ﬂ’.
iii) NaOMe/MeOH. iv) PDC, CH2Cl2.

The absolute configuration of lla* was determined by chemical synthesis of
ketone 18' and ent-lG* either starting from Zb* or 11a* as depicted in scheme
V. Evaluation of the configuration of 14a* was accomplished by 19F-NHR
spectroscopy of the MTPA-ester with addition of Eu(fod)325. Esters 1listed in
table III were hydrolysed to their corresponding alcohols for determination of
absolute configuration.

As shown in table I, only Candida cylindracea lipase was able to hydrolyse
esters possessing exo-configurated alcoholic centers and, in general, only low
to moderate enantiomeric excess was found in the enzymatic resolution of
substrates of type B, D and F. While the enantioselection was lost completely
for substrate 7c, the only enantiomeric excess greater than 50% was observed
for dioxolanes 11b and 1llc.

It is interesting to note that Candida cylindracea lipase looses its clear
preference for the cleavage of R-configurated ester groups (observed in
substrates possessing endo-configuration, substrates of type A and C) 1if
exo-esters (type B, D and F) are hydrolysed:

Depending on the steric properties of additional substituents present in
substrates of type B, D and F both R- and S-esters may be cleaved
preferentially coming along with a general decline in enantioselection.
Obviously an endo configuration at the alcoholic center is required for a high
enantioselection as may be deduced from tables II and III.

3) PREPARATIVE ASPECTS

Upon examination of the enzymatic resolution of substrate 2c (see table II)
it was found that best results in conversions up to 40% were obtained with
lipase from Pseudomonas sp. (23* from 2¢ or 2d, e.e.>97%) whereas Candida
cylindracea lipase exhibited a better enantioselection during the second
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hydrolytic step (ent-Zb' from 2b, e.e.>97%). From these observations we
concluded that changing the enzyme between the hydrolytic steps should lead to
the highest optical purities of alcohol and ent-ester in a single trial.

This Tandem-enzyme experiment (last entry of table II) was performed as
follows: Hydrolysis of 2c using Pseudomonas sp. lipase (40% conversion) gave
alcohol 2a* in >97% optical purity. Further conversion of the remaining ester
up to 60% by lipase from Candida cylindracea led to ent-!c. in >97%
enantiomeric excess as well. By means of this alteration of enzymes both of
the enantiomers were obtained in a single run in excellent optical purity.

Upon upscaling the enzymatic resolution of endo-norborn-5-en-2-ol (2a) to
batches of one mole two problems had to be solved:

a) In contrast to its esters 2b-d, endo-norborn-5-en-2-ol (2a) exhibited a
remarkable volatility.
b) Large runs requiring equal amounts of enzyme versus substrate weight

(particularly with Pseudomonas sp. lipase) tended to form emulsions

during extractive workup.

Hence upscaling only was performed with 1lipase from Candida cylindracea
where 5% of enzyme versus substrate weight were sufficient for a reasonable
rate of conversion. Taking into account the high volatility of 2a the
following procedure was elaborated:

One mole of endo-norborn-5-en-2-yl butyrate (2c) was hydrolysed using
Candida cylindracea lipase (5% of weight). At a conversion of 40% the mixture
of 2a" and 9nt-2a* was extracted with methylene chloride. The alcohol 22" was
directly acetylated with acetic anhydride . The mixture of acetate 2b* and
butyrate ent—2c' thus obtained was separated by distillation using a
split-tube column avoiding the loss-causing chromatographic separation. By
means of this procedure even larger batches may be handled in practice.

While our method of preparing chiral bicyclic alcohols and esters has been
already employed in the synthesis of enantiomerically pure carbocyclic
nucleoside annlogueali, the likewise obtained ketones 1*, 17* and 18* are of
considerable importance for preparative purposes:

Brefeldin A may be synthesized from norbornenone 1'2d.Since racemic ketone
18 only recently has been used as starting material for the synthesis of
carbocyclic nucleoside analogueslg, the access to enantiomerically pure
derivatives is now opened with 18*.

CONCLUSIONS

We have shown that both enantiomers of a number of bicyclic chiral
alcohols, esters and ketones of considerable synthetic importance may be
obtained in amounts sufficient for multistep syntheses of enantiomerically
pure compounds by enzymatic resolution of racemic esters.
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EXPERIMENTAL

Melting points are uncorrected. Optical rotations were measured on a Perkin
Elmer 141 polarimeter in CHCls solution. H-NMR spectra were recorded in CDCls
on a Bruker WH 30 or a Varian XL 200 spectrometer. Chemical shifts are
reported in é from TMS as interna}, standard. s=singlet, d=dublet, t=triplet,
m=multiplet and br=broad signal. F-NMR measurements were performed on a
Bruker WH 90 spectrometer in CDCla using CC1sF as internal standard. Reactions
were monitored by TLC using silica gel Merck 60 F28¢ plates, compounds were
visualized by spraying with vanilline/sulfuric acid. For column chromatography
silica gel Merck 60 was used. Extractive workup denotes washing with N HC1,
sat. NaHCO® and brine unless otherwise stated. Elemental analyses (C, H, N)
for all novel compounds were within 0.4% of calculated values. GLC analyses
were performed on a Hewlett Packard 7620 A (2.2m packed column, 3% OV 225 on
Supelcoport 100/120) or a Dani 8500 chromatograph (25m capillary column,
CP-wax-52 CB), both equipped with FID.

General preparation7 of esters 2b, 2¢, 7b, 7¢, 1l1lb, 14b and 1l4c

A solution of the corresponding alcohol (20mmol) in CH2Cl2 (50ml), acid
anhydride (26mmol), pyridine (5ml) and DMAP (0.05g) was stirred at room
temperature until conversion was complete (TLC, 2~16 hours).Excess anhydride
was quenched by addition of MeOH (5ml) and the mixture was subjected to
extractive workup. After removal of the solvent, the esters were distilled in
vacuo.

(185,2RS,4RS5)-Bicyclol 2.2.1] hept-5-en-2-yl acetate (2b): yield 90%, bp
72°C/l4mm. H-NMR: 0.87 (dt, J=12 and 4Hz, 1H), 1.25-1.40 (m, 3H), 1.93 (s,
3H), 2.0-2.3 (m, 1H), 2.8 (br s, 1lH), 3.15 (br s, 1H), 5.02 (m, 1H), 5.9 (m,
1H), 6.3 (m, 1H).

(1RS,2RS,4RS)-pPicyclol 2.2.1] hept-5-en-2-yl butyrate (2c): yield 91%, bp
112-3°C/23mm. H-NMR: 0.75-1.05 (m, 4H), 1.25-1.85 (m, 4H), 2.00-2.25 (m, 3H),
2.85 (br s, 1H), 3.15 (br s, 1H), 5.32 (dt, J=8 and 3Hz, 1H), 5.97 (m, 1H),
6.36 (m, 1lH).

(LRS42SR,4RS)-Bicyclol 2.2.1] hept-5-en-2-yl acetate (7b): yield 89%, bp
85-7 C/23mm. "H-NMR: 1.2-1.8 (m, 4H), 2.03 (s, 3H), 2.84 (m, 2H), 4.62 (m,
1H), 5.92 (m, 1H), 6.18 (m, 1H).

(1R§,25R,4RS)-Bicyclol 2.2.1] hept-5-en~2-yl butyrate (7c): yield 878, bp
115 C/25mm. H-NMR: 0.95 (t, J=7Hz, 3H), 1.31 (m, 1H), 1.37-1.88 (m, SH), 2.27
(t, J=7Hz, 2H), 2.86 (m, 2H), 4.68 (m, 1H), 5.98 (m, 1lH), 6'556§m' 1H).
(1RS,2RS,65R,TRS,85R)~4,4~-Dimethyl-3, 5-diogatyicyclol 5.2.1.0°’"] dec-8-yl
acetate (1llb): yield 80%, bp 120-30 C/12mm™ . H-NMR: 1.28 (s, 3H), 1.44 (s,
3H), 1.35-1.95 (m, 4H), 2.04(s, 3H), 2.18-2.44 (br s, 2H), 4.02 (br s, 2H),
4.53 (m, 1H). 2.6
(1RS,25R,6RS,7SR,85R)~4 ,4~Dimethy}-3,5-dioxptricyclol 5.2.1.0°/"] dec-8-yl
acetate (14b): yield 87%, bp 82-5 C/0.015mm . H-NMR: 1.33 (s, 3H), 1.52 (s,
3H), 1.54-1.77 (m, 2H), 1.87-1.97 (m, 1H), 2.05 (s, 3H), 2.25-2.67 (m, 3H),
4.33-4.50 (m, 2H), 5.11 (m, 1H). 2.6
(1RS,28R,6RS,7RS,8SR)~4,4-Dimethyl-3,5-dioxatricyclol 5.2.1.0°’"] dec-8-yl
butyrgte (ldc):s The esterification mixture was refluxed for 24h. Yield 90%, bp
102-4 C/0.04mm. H-NMR: 0.95 (t, J=7Hz, 3H), 1.1-1.9 (m, 6H), 1.32 (s, 3H),
1.52 (s, 3H), 2.25 (t, J=7 Hz, 2H), 2.25-2.6 (m, 2H), 4.42-4.55 (m, 2H), 5.14
(m, 1H).

Preparation of esters 6b and llc

The corresponding ester (20mmol) in MeOH (20ml) was added to a solution of
sodium (0.23g, 0.0lmol) in MeOH (80ml). After stirring overnight at room
temperature the solvent was removed in vacuo and the residue was taken up in
CH2Cl2. Extractive workup, drying and evaporation gave the alcohols 6a and
lla, respectively, as crystalline solids. Analytical samples were purified by
sublimation. 2.6
{1RS,2RS,65R, 7SR, 8RS)-4,4-Dipethyl-3,5-dioxatricyclo[ 5.2.1.0°’"] decan-8-0l
(6a)s 93% yield, mp 58-9 C. H-NMR: 0.8 (dt, J=12 and 4 Hz, 1H), 1.05-2.05 (m,
S5H), 1.30 (s, 3H), 1.47 (s, 3H), 1.60 (s, 1lH, DzO-exchangeable), 4.14 (d, J=7
Hz, 1H), 4.30 (m, 1H), 4.69 (d, J=7 Hz, 1lH). 2.6
(1RS,2RS,6SR,7SR,8RS)~-4,4-Dimethyl-3,5-dioxatricyclol 5.2.1.0°’") decan-8-0l
(1l1a): 91% yield, mp 52-4°C. ‘H-NMR: 1.0-1.8 (m, 4H), 1.27 (s, 3H), 1.44 (8,
3H), 1.76 (s, lH, D20-exchangeable), 2.27 (br s, 2H), 3.72 (m, 1H), 3.94 (br
8, 2H).
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General procedure for the preparation of epoxides 3a-c and B8a-c

To a cooled (4°C) solution of the corresponding alcohol or ester (20 mmol)
in CH2Clz (5ml) m-chloroperbenzoic acid (4.2g, 85%, 2lmmol) dissolved in
CH2Cl2z (60ml) was added. When the starting material was consumed (TLC) the
solids were filtered off and the solution was subjected to extractive workup.
Purification by chromatography and subsequent distillation or sublimation gave
the oxiranes. 2.4
(1RS,2RS,4SR,5SR, 68S)-3-Oxatricyclol 3.2.1,0“’"] octan-6~0} (3a): yield 40%, mp
170-2"C (1it.160-2C ), homogeneous by GLC analysis and H-NMR. H-NMR: 0.87
(d, J=10 Hz, 1H), 1.05 (dt, J=12 and 3Hz, 1H), 1.26 (d, J=~10 Hz, lH), 1.66 (br
s, lH, D20-exchangeable), 2.03, (m, 1H), 2.45 (br s, 1H), 2.61 (br s, 1H),
3.30 (d, J=4 Hz, 1H), 3.45 (d, J=4 Hz, 1H), 54,40 (m, 1H).

(1RS,2RS,4 SR 5RS, 6RS)-3-0xatricyclol 3.2,.1.0°’"] oct-6-yl acetate (3b): yield
76%, mp 53-4°C, bp 121 C/16mm. H-NMR: 0.7-1.5 (m, 3H), 1.9-2.8 (m, 3H), 2.20
(d, J=4Hz, 1H), 2.34 (d, J=4 Hz, 138, 2.70 (84 3H), 5.04 (m, 1H).
(1RS,2RS,45R,5RS,6RS)-3-Oxatricyclol 3.2.1.0%" "] oct~6-yl butyrate (3c): vyield
87%, bp 80 C/0.1lmm. H-NMR: 0.7-1.85 (m, B8H), 1.95-2.4 (m, 3H), 2.44 (br s,
1H), 2.78 (br s, 1H), 3.23 (d, J=4 Hz, 1H), 3.32 (d, J=4 Hz, 1H), 5.05 (m,
1H

(le,aRS,§SR,SSR,GSR)-3-0xatr1cyclo[3.2.1.02’4]octan-6-ol (8a): yield 50%, mp
157-9°C. "H-NMR: 1.05-2.0 (m, 4H), 2.1 (br s, 1lH, D20-exchangeable), 2.5 (br
s, 2H), 3.01 (d, J=4 Hz, 1H), 3.1 (d, J=4 Hg, ,1H), 4.0 (m, IH).
(1Rs,2RS,4SR,5§R,GSR)ip-Qxatricyclo[3.2.1.0 ’"} oct-6-yl acetate (Bb): yield
88%, bp 105~15 C/14mm . H-NMR: 1.0-2.0 (m, 4H), 2.02 (s, 3H), 2.45-2.65 (m,
2H) 3.08 (br s, 2H), 4.66 (m, 1lH). 2.4
(1RS,2RS,45R,585,65R)-3-0xatricyclol 3.2.1.0°’"]) oct-6-yl butyrate (8c): yield
89%, bp 115-25C/1.5mm . H-NMR: 0.94 (t, J=7 Hz, 3H), 1.08-2.25 (m, 8H),
2.4-2.65 (m, 2H), 3.08 (br s, 2H), 4.68 (m, 1H).

General procedure for the cis-dihydroxylation and transacetalisation

To a solution of the corresponding alkene (50mmol) in acetone (50ml) were
added N-methylmorpholine-N-oxide-H20 (14.8g, 110mmol) and OsOs (25mg). After
stirring at room temperature for 24 h NaHSOs (1g) was added and the mixture
was filtered trough Celite. The solvent was evaporated, the residue taken up
in CH2Clz and extracted with N HCl. The aqueous layer was saturated with NaCl
and extracted again. After drying of the combined organic layers (Na2SO¢) the
volatiles were removed in vacuo to give the crude diols as oils. Analytical
samples were obtained by chromatography. The crude material was taken up in
2,2-dimethoxypropane (50ml) and p-toluenesulfonic acid-HaQ (0.1g) was added.
When conversion was complete (TLC) the solution was evaporated, the residue
taken up in CH2Cl2 and subjected to extractive workup. The organic layer was
taken to dryness and the remaining products were purified by distillation.
(1RZ,2RG,35R,4SR,5RS)-2,3-Dihydroxybicyclofl 2.2.1] hept-5-yl acetate (5b): yield
80% . H-NMR: 0.8 (dt, J=12 and 4 Hz, 1H), 1.1-1.25 (m, SH), 3.15 (m, 2H,
Dz0-exchangeable), 3.80 (d, J=7 Hz, 1lH), 4.23 (d, J=7 Hz, 1lH), 4.90 (m, 1lH).
(1RS,2RS, 38R, 4SR,5RS)=-2,3-Dihydroxybicyclol 2.2.1] hept-5-yl  butyrate (5¢)s
yield 95% . H-NMR: 0.73-1.05 (m, 4H), 1.1-2.1 (m, 4H), 2.15-2.55 (m, S5H),
3.44 (br d, 1H, D20-exchangeable), 3.61 (br d, 1H, D20-exchangeable), 3.80 (t,
J=7 Hz, 1H), 4.22 (t, J=7 Hz, 1H), 4.95 (m, 1H). 2.6
(1RS,2RS,65R, 1SR, 8RS)-4,4-Dimethyl-3,5-dioxgtricyclol 5.2.1.0“’"] dec-8-yl
acetate (6b): yield 70% , bp 84 C/0.04mm. H-NMR: 0.83 (dt, J=12 and 4 Hz
1H), 1.1-2.5 (m, S5H), 1.40 (s, 3H), 1.45 (s, 3H), 2.05 (8, 3H), 4.14 (d, J=
Hz, 1H), 4.50 (d, J=7 Rz, 1lH), 5.0 (m, 1H). 2.6
(1Rs,2Rs,SSR,7Rs,8RS)-4,4-2&pethyl-3,§;dioxatricyqlo[5.2.1.0 "] dec-8-yl
butyrate (6c): yield 79% , bp 94 C/0.04mm. H-NMR: 0.8-0.95 (m, 4H),
1.5-1.85 (m, 3H), 1.45 (s, 3H), 1.9-2.40 (m, 4H), 2.55 (br d, J=6 Hz, 1H),
4.14 (d, J=6 Hz, 1H), 4.48 (d, J=6 Hz, 1H), 4.98 (m, 1H).
(1RS,2RS,3SR,4SR,55R)-2,3-Dihydroxybicyclol 2.2.1] hept-5-yl butyrate (10c)s
yield 87% . "H-NMR: 0.92 (t, J=7 Hz, 1H), 1.2-2.0 (m, 6H), 2.2~2.95 (m, 4H)
3.4-3.6 (m, 2H, D20-exchangeable), 3.68 (s, 2H), 4.57 (m, IHEI 6
(1RS,2RS,6$R,7Rs,GSR)-4,4£R}methyl-3,Szpioxatriqyclo[5.2.1.0 ’"] dec-8-yl
butyrate (llc): yield 75%° , bp 99-101 C/25mm. H-NMR: 0.92 (t, J=7 Hz, 3H),
1.25 (s, 3H), 1.45 (s, 3H), 1.35-2.0 (m, 6H), 2.20-2.35 (m, 4H), 4.0 (br s,
2H), 4.53 (m, 1H).

Catalytic hydrogenation of butyrates 4c and 9c

Hydrogenation of 4b and 9c was accomplished with Hz2/Pd-C (5%) in MeOH. °
(1RS,2RS,4RS)-Bicyclol 2.2.1) hept-2-yl butyrate (4c): 90% yield, bp 108-10 C
/16mm. "H-NMR: 0.95 (m, 4H), 1.13-2.56 (m, 14H), 4.95 (m, 1H). °
(1RS,25R,4RS)-Bicyclol 2.2.1] hept-2-yl butyrate (9c): 83% yield, bp 110-12 C/
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17mm. ‘H-NMR: 0.75 (t, J=7 Hz, 3H), 1.05-1.9 (m, 10H), 2.1-2.4 (m, 4H), 4.60
(m, 1H).

endo-Bicyclol 2.2.1] hept-5~en-2-0l (2a) 2d

To a cooled solution (-10 C) of norborn-5-en-2-one (1) (108g, 1.0mol) 4in
MeOH (11) was added NaBH¢ (13.3g, 0.35mol) in small portions at -10 to -7 C
internal temperature. After addition was complete, the mixture was quenched
with N HC1 (800ml), saturated with NaCl and extracted with CHz2Cl® (3x400ml).
The organic layer was separated and washgd with saturated NaHCOs solution (300
ml), dried over Na2SO¢ and evaporated (60 C, 12mm) to give 92.5-97.0g (84-88%)
of 2a. No exo-alcohol could be detected by GLC-analysis.

(1RS,2RS,4RS)-Bicyclol 2.2.1] hept-5-en-2-yl octanocate (2d)

A mixture of 2a (4.19g, 38mmol) in CHaClz (100ml), octancic acid (1l2.1g,
84mmol), pyridine (6ml), DCC (15.7g, 76mmol) and DMAP (0.05g) was stirred at
room temperature for 2 h. N HCl (50ml) was added and stirring was continued
for 30 min. The precipitate was filtered, the organic layer was subjected to
extractive workup and dried (Na2SO+). Evaporation of the solution gave an oil
which was purified by column chromatography, }n-hexane{ethyl acetate 19:1).
Distillation gave 8.1g (90%) of 2d (bp 106-8 C/0.5mm). H-NMR: 0.73-1.06 (m,
4H), 1.15-1.80 (m, 12H), 2.0-2.6 (m, 3H), 2.83 (br s, 1H), 3.15 (br s, 1H).
5.29 (dt, J=8 and 3Hz, 1H), 5.97 (m, 1lH), 6.32 (m, 1lH).

(1Rs,2Rs,GSR,7SR)-4,4-Dimethy1-3,5-g}oxatr1cyclo[5.2.1.02'51dec-e-ene (13)

To a stirred solution of diol 12 (15g, 0.12mmol) in 2,2-dimethoxypropane
(75ml), HBF¢ (1.75ml, 54% in ether) was added. After stirring for 30 min at
room temperature the reaction was quenched by addition of excess Na2COs. Then
the solids were removed by filtration and washed once with ether. The combined
organic solvents were evapgrated and the crude product was distilled to yield
17.7g (90%) of 13, bp 64-8 C/llmm. H-NMR: 1.27 (s, 3H), 1.33 (s, 3H), 1.54
(dd, J=18 and 8 Hez, 2H), 2.98 (br s, 2H), 4.73 (br s, 2H), 6.13 (br s, 2H).

(RS, 2SR, 6RS, 7SR, 8SR) -4 , 4~Dimethyl-3,5-dioxatricyclol 5.2.1.0276] decan-8-o01
(l4a

D%oxolane 13 (1f,6g, 0.1lmol) was hydroborated in THF (100ml) following the
standard procedure which includes in situ generation of BsHs from dimethyl
sulfate (7.6g, 60mmol) and sodium borohydride (2.3g, 60mmol). Oxidative workup
(H202, NaOH) afforded the crystalline alcghol ,14a (17.5g, 95%). An analytical
sample was prepared by sublimation, mp 76 C. H-NMR: 1.30 (s, 3H), 1.46 (s,
3H), 1.54-1.96 (m, 4H), 2.23-2.50 (m, 3H), 4.18-4.50 (m, 3H).

(1RS,2SR,6Rs,7SR)-4,4-Dimechy1-3,5-dioxatricyclo[5.2.1.02’6]decan-e-one (15)

As described for ketone 18 alcohol 14a (7.20g, 39mmo}) wps oxidized with
PDC (25g, 66mmol) to give ketone 15 (5.0g, 70%), mp 59 C. H~NMR: 1.30 (s,
3H), 1.40 (s, 3H), 1.8-2.9 (m, 6H), 4.70 (m, 2H).

(1RS, 2SR, 6RS, 1SR, 8RS) -4 , 4-Dimethyl-3,5-dioxatricyclol 5.2.1.02/6] decan-8-01
(l6a)

Ketone 15 (3.81g, 2lmmol) was reduced in MeOH (40ml) with NaBH¢, (0.53g, 15
mmol) as described for 2a to furnish l6a (3.57g, 93%), mp 41-42 C. H-NMR:
1.35 (s, 3H), 1.5-2.0 (m, 4H), 1.65 (s, 3H), 2.25-2.4 (m, 2H), 4.2-4.8 (m,
3H), 4.35 (s, 1H, D20-exchangeable).

(1RS,2SR,SRS,7SR,8RS)-4,4-Dimethy1-3,5-dioxatricyclo[5.2.1.02'6]dec-8-y1
acetate (16b)

To a solution of alcohol 16a (2.50g, 13.6mmol) in pyridine (15ml) were
added acetic anhydridg (2.65g, 29mmol) and DMAP (1g). After keeping the
mixture for 48h at 60 C, the solvent was removed in vacuo and the residue was
subjected to extractive workup. The organic phase was evaporated and the
remaining oil was filtered through gilica gel, (n-hexane/ethyl acetate 2:1) and
distilled. Yield 2.60g (85%), bp 80 C/0.lmm. H-NMR: 1.33 (s, 3H), 1.54 (s,
3H), 1.5-2.1 (m, SH), 2.04 (s, 3H), 2.4 (br m, 1H), 2.8 (br m, 1H), 3.5 (m,
2H), 5.0 (m, 1H).

(1RS,2RS,4SR,SSR)-S-Oxatricyclo[3.2.1.02’4]octan-6-one (17)

A mixture of alcohol 3a (0.40g, 3.2mmol) and finely powdered PDC (2.4g,
6.4mmol) in CHsClt (20ml) was stirred at room temperature for 18 h. The
solution was filtered through silica gel, subjected to extractive workup and
dried (Na2g0¢). Evaporation gave a solid which was purified Rhy,, subljmation
(0.15mm/60 C). Yield 0.33g (84%), mp 138-40 C. (lit. 139-40C ). H-NMR3
1.1-1.37 (m, 1H), 1.6-2.1 (m, 3H), 2.8-2.9 (br m, 2H), 3.27 (d, J=5 Hz, 1H),
3.46 (d, J=5 Hz, 1lH).



Enzymatic resolution of norbornane-type esters

(1RS, 2RS, 6SR, TSR) -4 , 4-Dimethyl-3,5-dioxatricyclol 5.2.1.02/%] decan-8-cne (18).

As described above ketone 18 was prepared from alcohol 6a (4.23g, 23mmol)
and PDC (15.05g, 40mmol) in CHzC)2 (100ml). ‘§qglim§tion (0.10mm/50 C) gave
4.0g (96%) of ketone 18, mp 74-6 C (lit. 74-5C"). H-NMR: 1.32 (s, 3H), 1.50
(s, 3H), 1.6-2.3 (m, 4H), 2.7 (br s, 2H), 4.3 (m, 2H).

General procedure for the screening of enzymes

To a solution of lipase (10mg) in phosphate buffer (0.1M, 2ml, pH 7.5) the
ester (10mg) was added. The mixture was then agitated on a rotary shaker at
about 200 rpm. Analytical samples were periodically withdrawn and directly
applied on TLC plates for analysis.

Por a general procedure of enzymatic resolutions for batches of 1-10g of
substrate see reference 4b.

Preparation of (+) and (-)-endo-norborn-5-en-2-ol on a molar scale

In a 101 Quickfit vessel equipped with an efficient mechanical stirrer
NaHePO<¢-H20 (11.6g) was dissolved in 41 of distilled water. The pH was then
adjusted to 7.2 by addition of K gpdium hydroxide solution from a burette.
Lipase from Candida cylindracea '’ (9.0g, 5% of substrate weight) was added
with stirring and the mixture was allowed to equilibrate for about 15 min
while the pH was maintained at 7.2. Then endo-norborn-5-en-2-yl butyrate (2c,
1.0mol) was,padded in one portion. By means of N sodium hydroxide solution from
the burette the pH was kept at 7.2 with vigorous stirring. When a conversion
of 40% was accomplished (400ml of N NaOH consumed) the reaction was stopped by
addition of CH2Cla (21). Stirring was discontinued and the phases were
separated (occasionally appearing emulsions were broken by centrifugation at
1000-3000g). After repeated extraction of the agueous phase with CHzClz (3xll)
the combined organic phase was dried (Na2SO¢, then mol sieve 4A for 18 h). To
this solution were added Ac20 (76ml, 0.78mol), pyridine (100ml) and DMAP (2g).
After stirring for 24 h at room temperature excess acid anhydride was
destroyed by addition of MeOH (100ml) and stirring was continued for 1 h. The
mixture was then subjected to extractive workup, dried (Na2SO¢) and the
volatiles were evaporated. By distillation using a split tube column (70
theoretical plates) there was obtained: -

(1R,2R,4R}zBicyclo[ 2.2.1) hept-5-en-2-yl acetate (2b ): bp 72-5°C/13mm, 47g,
77%, [a)Jo~ +108.8 (c 1.69, CHCls), e.e. 85%. . o
(1S,25,4S)~Bicyclol 2.2.1] hept-5-en-2-yl butyrate (ent-2c )s bp 96-8 C/13mm,
92g, 85%.

The latter material was subjected to repeated hydrolysis as described above
until an additional 20% conversion was accomplished. Esterification and
distillation gave:

Acetate 2b: 12.fg, 81l%, e.e. verxolow. °
Butyrate ent-2c ¢ 76g, 83%, [alDp ~ -109.5 (c 2.11, CHCls), e.e. 89%.

TABLE IV: Optical rotation values in CHCls solution.

Compound [a]0® [°] cl g/100ml1] e.e. [ %] notes
22" +162 19 >97 a,b
ent-2b, -129 4.6 >97 a,b
ent-2c, -120 3.2 >97 a
ent-2d -86.5 3.6 87 a
a +46.5 1.9 94 a
ent-3c -13.4 4.2 >97 a
4a +1.7 2.8 75 a
ent-4b, -<1 3.1 52 a
ent-4c¢ ~<1 3.0 72 a
6a +5.4 6.4 85 a
ent-§c +6.6 3.6 83 a
8a, +3.2 6.1 13 c
Sa, ~<1 5.7 17 c,d
lla +3.1 3.9 51 c
ent-1lb, +1.2 2.1 22 c
ent-llc +6.1 3.6 64 c
14p +1.8 6.3 22 e
17, +321 2.1 86 £
18 +86.0 3.4 86 g

a) See scheme II and table II. b) See ref. 4b. c) See scheme II and table III.
d) See ref. 24c. @) See schgme III and tpble III. f) See scheme IV. g) Schenme
V. ent-8c , ent-%b , ent-9¢c and ent-14c had very low values.

3943



3944

ROT X I Q0 aaUvo

oo

[ Ul o]

29%a

TH. OBERHAUSER ef al.

REFERENCES AND NOTES

or leading references see:

.F.Newton in: New Synthetic Routes to Prostaglandins and Thromboxanes,
.M.Roberts and F.Scheinmann Ed., p. 61 ff., Academic Press NY, 1982.
.C.Arndt and C.Rajani, Tetrahetron Lett. 2365, 1982.

.Kreiser, Nachr.Chem.Tech.Lab. 29, 706 (1981).

.Blechert, Nachr.Chem.Tech.Lab. 28, 724 (1980).

.Takano, S.Hatakeyama and K.Ogasawara, Tetrahedron Lett. 2519, 1978.
.Takano, Y.Takahashi, S.Hatakeyama and K.Ogasawara, Heterocycles 12, 765
(1979).

S.V.Ley, D.Santafianos, W.M.Blaney and M.S.J.Simmonds, Tetrahedron Lett.
221, 1987.

V.E.Marquez and M.-I.Lim, Med.Res.Rev. 6, 1 (1986).

R.C.Cookson, P.J.Dudfield and D.I.C.Scopes, J.Chem.Soc.Perkin Trans.I 393,
1986.

M.Bodenteich and H.Griengl, Tetrahedron Lett. 4291, 1986.

M.Bodenteich, K.Faber, G.Penn and H.Griengl, Nucleosides & Nucleotides
1987, in press.

L.J.J.Hronowski and W.A.Szarek, Can.J.Chem. 63, 2787 (1985).
L.J.J.Hronowskl and W.A.Szarek, Can.J.Chem. 64, 1620 (1986).

W.Oppolzer, C.Chapuis, D.Dupuis and M.Guo, Helv.Chim.Acta 68, 2100

(1985).

C.Maignan and R.A.Raphael, Tetrahedron 3%, 3245 (1983).

C.R.Johnson and J.R.Zeller, Tetrahedron 40, 1225 (1984).

C.Le Drian and A.E.Greene, J.Am.Chem.Soc 104, 5473 (1982).

J.B.Jones, Tetrahedron 42, 3351 (1986).
G
G

nnnIT TNy

.Eichberger, X.Faber and H.Griengl, Monatsh.Chem. 116, 1233 (1985).
.Eichberger, G.Penn, K.Faber and H.Griengl, Tetrahedron Lett. 2843,
1986.
B.I.Gldnzer, K.Faber and H.Griengl, Tetrahedron Lett. 4293, 1986.
B.I.Gldnzer, K.Faber and H.Griengl, Tetrahedron 43, 771 (1987).
Throughout this paper all enantiomerically enriched compounds are
designated with an asterisk (*), the other enantiomer is indicated by the
prefix ent. Compounds without are racemic. The absolute configuration of
the enantiomer drawn ip schemes,I-III correspongs to the stgrred
series, except for 11 and 14 , where ent-11 and ent-14 are shown.
The following abbreviations are used throughout this paper: Py=pyridine,
DMAP=4-dimethylaminopyridine, DCC=N,N‘-dicyclohexylcarbodiimide, MCPBA=
3-chloroperbenzoic acid, MTPA=2-methoxy-2-trifluoromethylphenyl acetic
acid, PDC=pyridinium dichromate, Eu(hfc)®=Tris[ 3-(heptafluaropropyl-
hydroxymethylene)-d-camphorato] ~europium(III).
W.Fischer, C.A.Grob, G.von Sprecher and A.Waldner, Helv.Chim.Acta 63, 816
(1980).
D.J.Sandman and K.Mislow, J.Org.Chem. 33, 2924 (1968).
G.H%fle, W.Steglich and H.Vorbrtiggen, Angew.Chem. 90, 602 (1978);
Int.Ed.Engl. 17, 569 (1978).
B.Neises and W.Steglich, Angew.Chem. 90, 556 (1978); Int.Ed.Engl. 17, 522
(1978).
.Alder and H.F.Rickert, Liebigs Ann.Chem. 543, 1 (1839).
.S.Rao, S.K. Paknikar and J.G.Kirtane, Tetrahedron 39, 2323 (1983).
.Schr¥der, Chem.Rev. 80, 187 (1980).
.B.Henbest and B.Nicholls, J.Chem.Soc. 221, 1959.
.C.pavis Jr. and T.V.Van Auken, J.Am.Chem.Soc. 87, 3900 (1965).
.Zweifel, K.Nagase and H.C.Brown, J.Am.Chem.Soc. 84, 183 (1962).
.S.Newman and R.W.Addor, J.Am.Chem.Soc. 77, 3789 (1955).
.J.Corey and G.Schmidt, Tetrahedron Lett. 399, 1979.
Lipase MY, 30,000 u/g, obtained from Meito Sangyo Co.Ltd.
Obtained from Sigma Chem.Co., type VII.
Lipase P, 31,000 u/g, obtained from Amano Pharm.Co.Ltd.
Obtained from Sigma Chem.Co., type II.
C.-S.Chen, Y.Fujimoto, G.Girdaukas and C.J.Sih, J.Am.Chem.Soc. 104, 7294
(1982).
J.B.Jones and Y.Y.Lin, Can.J.Chem. 50, 2053 (1972).
J.A.Dale, D.L.Dull and H.S.Mosher, J.Org.Chem. 34, 2543 (1969).
S.Winstein and D.Trifan, J.Am.Chem.Soc. 74, 1154 (1952).
K.Mislow and J.G.Berger, J.Am.Chem.Soc. 84, 1956 (1962).
A.J.Irwin and J.B.Jones, J.Am.Chem.Soc. 98, 8476 (1976).
N.Kalyanam and D.A.Lightner, Tetrahedron Lett. 415, 1979.
H.C.Brown, K.J.Murray, L.J.Murray, J.A.Snover and G.Zweifel,
J.Am.Chem.Soc. 82, 4233 (1960).
J.Meinwald and B.C.Cadoff, J.Org.Chem. 27, 1539 (1962).
Kugelrohr distillation.
Yield of crude product.
Overall yield from olefin to dioxolane.

mE QS DX PN



