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Abstract - But 
t 
rates of 

heptan-2-016, 
endo-bicyclo[2.2.2]octanols and 

he latter bearing su_bs_tituents_ of different 

Technology, 

endo-bicyclo12.2.11 
size at C-7, were 

;~~;;l$~ed.enzymatically using Candida c;;intdhr,dcea.lipase. Steric factors were 
influence enantioselection: blcyclo[2.2.l]heptane series 

substrates havin 
f 

small substituents on C-7 were resolved with 
kezt:r enantiose ection 

general1 
(70 to >SO% e.e.) than those with bul ones (30-60X 

for-the 
This method gives access to enantlomerically enriched uilding blocks 
synthesis of cyclopentane and -hexane systems. 

INTRODUCTION 

In previous Etudieslm3 we showed that enzymatic resolution of 

norbornane-type esters is a valuable too1 for an access to a number of 

optically active bicyclic building blocks useful for homochiral syntheses. To 

increase the applicability of this method by extending it to structurally 

different substrates and to 

between substrate structure 

we initiated this study 

bridge-region of bicyclic 

cylindracea lipase. Thus, a 

bearing substituents on C-7 

gain more information about the relationship 

and enantioselectivity of the enzymatic reaction 4 

on the influence of steric factors in the 

esters on the enantioselection of Candida 
number of butyrates of bicyclo[2.2.l]heptanols 

differing in size and substrates possessing the 

bicyclo[2.2.2]octane framework (a formal exchange of the methylene bridge by a 

CH2-CH2 unit) were subjected to enzymatic resolution. 

Compounds of both of these types have frequently been used as starting 

material for the synthesis of monocyclic target molecules: 

regioselective ring fission reactions 5 Or photochemical By meanE :' rearrangement , 
cyclopentanoid systems can be obtained from bicyclo[2.2.l]heptanes 7 and with 

bicyclo[2.2.2]octanes access is provided for cyclohexane derivativeE8. 

Furthermore, the majority of substrates used in this study has successfully 

been used for the synthesis of natural products'-1' such as alkaloidE8, 

prostaglandins, terpenes and EteroidE12. Among the methods for the resolution 

of these types of compounds hitherto employed13p14, microbial transformations 

via biohydroxylation15 or enantioselective reduction of ketones 16,17 recently 

have gained increasing interest. Since all of them are impeded by either being 
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laborious13,14, giving PO'/; yields15$17 or leading to products with 
undetermined optical purity , the use of enzymatic methodsl' which 
handling of molar quantitiesl' 

permit a 
seemed to be an attractive aIternative. 

1) 

8) Bicyclog2.2.l]heptane 8 stems 
Since it has been shown s that only endc-configurated esters possessing the 

bicyclo[2.2.l]heptane framework in contrast to their corresponding exe-isomers 
were resolved by lipases with a high degree of enantioselection, only 
substrates of the former type were considered in this sjtudy. 

RBSULTS AND DISCUSSION 

SYNTHESIS OF RACBMIC SUBSTRATES" 

SCHBME I: Syntheeie of bicyclo[2.2.l]heptane esters2' 

l-6 

c 

70."lla 
ii 

7b-13b 

01 X - H b, X - CO-n-C& c 12a iif 
130 

i) NaBHI, MeOH, -loo; 
C, EtOH. 

ii) Butyric anhydride/DMAP/Py, CNaClr; iii) Ha/!% Pd on 

Compound 
1 

RL R2 R3 R4 

1, 7a,b H Br CO2Me H 

2, Sa,b H l-l CO2Me N 

3, 9a,b H H co2 -t-&l H 
4, lOa,b bond CO2Me H 

St lLa,b H l-l 0-CH2Ph H 

lZa,b band OMe OMe 

6, 13a,b H H OMe OMe 

Entry to compounds bearing a2;arboxylic ester on C-7 (l-4, 7a,b-10a.b) was 

accomplished via Prins reaction starting from norbornadiene: 1 and 4 were 

prepared as described21*22, esters 223 
corresponding acida a% 235 were 

synthesized from the 
by stand;;d procedures ’ . Ketone 526 was obtained from 

anti-7-benzyloxynorborn-2-ene in two steps: Hydroboration" and subsequent 
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oxidation" of the mixture of endo/exo alcohols gave 3 in 65 % overall yield. 

As expected2, reduction of ketones 1-3 at low temperature proceeded in >98 % 

stereoselectivity (GLC-analysis) yielding the desired endo-alcohols 7a-lla. 

Catalytic hydrogenation2 of the unsaturated 7,7-dimethoxy derivative 12all,30 

gave 13a31 almost quantitatively. To achieve reasonable rates of conversion in 

enzymatic hydrolyses of esters, alcohols 7a-13a were transformed into their 

butyrates 7b-13b by a standard method32. 

b) Bicyclo[l.l.l]octane Syateme 

Due to the low stereoselectivity in the reduction of bicyclo[2.2.2] 

act-5-en-2-one' (endo/exo alcohols 5:2) the most convenient way for the 

preparation of substrates 14b and 16b was as follows: 

Diels Alder reaction of 1,3-cyclohexadiene with vinyl acetate33 gave an 4:l 

endo/exo-mixture of bicyclic acetates, from which after transesterification 

pure endo-alcohol 14a33 was obtained by silica gel chromatography. 

Esterification 32 gave 14b, which in turn could be cis-dihydroxylated34'35 

stereoselectively to give the intermediate diol 15. Transacetalisation led to 

lbb, whose exo/endo-ratio with respect to the dioxolane moiety was shown to be 

>98:2 by GLC-analysis. 

SCHEME II: Synthesis of bicyclo[2.2.2]octane eaterslo 

14a 

iCI4b 
15 

O: R - Hz b: R - CO-n-C& 

i) Butyric anhydride/DMAP/Py, CHzClz; ii) 
acetone; 

OsOd/N-methylmorpholine-N-oxide.HaO, 
iii) 2,2-dimethoxypropane/H*; iv) NaOMe/MeOH. 

2) ENZYMATIC HYDROLYSES 

To obtain an optimum in both chemical and 

36 we applied a 

optical yield upon kinetic 
resolution of racemic substrates 

elsewhere2'37. 

two-step process discussed 

Among the hydrolases tested, Candida cylindracea 1 ipase38 
exhibited sufficient activity on all substrates (7b-14b, 16b) whereas others 
showed moderate rates of hydrolysis on some esters only - too low for 
preparative purposes: 

Aspergillus SP.~' 

Lipase from Pseudomonas SP.~' (active on lob, 12b), from 
(Sb, 9b, 13b) and from porcine pancreas41 (7b-lob, lab, 

14b). 
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SCHBMB III: Enzymatic hydrolysea2' 

7a'-140'. Ma* 

Cardi& 40% 

racifb - rat-14b cylWdrace0 

rOC-18b -c convar#ion 
lipame 

80% ant-7b* - ant-14b. 

art-Mb* 

TABLE I: Optical purity of products 

I Conversion 40 % I Conversion 60 % 

rat-'lb 

rac8b 

rat-9b 

rat-lob 

racllb 

rat-12b 

raol3b 

rat-14b 

racl6b 

Product 

7a* 

8a’ 
9a* 

lOa* 

lla* 

12a* 

13a* 

14a* 

16a* 

e.e. [%la 

58 en t-7b* 

73 en t-8b* 

36 ent-9b' 

76 ent-lOb* 

45 ent-lib* 

71 ent-12b' 

62 ent-13b" 

60 ent-14b* 

75 ent-16b* 

Product 

a DetermiqFd ,by 'H and/or "F-NMR spectroscopy of the 
MTPA-es$er . Deteqniyhclcahs above from_ MTPA-esters of 

cor'-,;;p;$ing 
alcohols 

ent-14a and ent-16a were obtained by transesterification of the 
corresponding butyrates. 

The absolute configuratfon of product; was determined as follows: Swern 

oxidarion43 of alcohols 7a -11s and 13a gave ketones l*-6*. HB; Elimination 
* 

on 1 and tgdrolysis of ester 17 led to keto acid 18 with known 

configuration and 20*;i;ilarly. esters 2*, 3* and 4* were hydrolysed to give known 

acids 19* Catalytic hydrogenation of 12a* yielded 13a*31. Ent-16b* 

was correlated with authentical material independently synthesized from 

ent-14b* whose absolute configuration was determined using known optical 

rotation values of 14a *45,46 

17’ R - CH, 19' 20’ 

18’ R-H 
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The absolute configuration of lla* was determined by compariz;; of the CD 
spectrum of its corresponding ketone S* with those of ketones 2 and 6 *31 . 
As figure I shows, all of them exhibited a negative A& value for the n->r* 

transition indicating their identical 
these results are in agreeT;nt with an 
applied to these compounds . 

FIGURE I: CD-Spectra of ketones I*, 5* 

AE [L/mMol cm1 

Upon examination of the 
characteristics 4 of enzymatic 

found: 

results depicted in table I the following 

absolute configuration. Additionally. 
expected ht<O when the octant rule was 

snd 6*, recorded in acetonitrile 

-.-.-.- 2* 
------ 5* 

6* 

Compound 1 2* 5* 6* 

by [nm] 300.8 301.8 296.6 
A& [L/mMolcm] I 

I 
-1.17 -1.80 -1.94 

c [mMol/L] 3.40 0.91 1.18 

resolution by Candida cylindracea lipase are 

1) endo-Esters possessing an (R)-configurated alcoholic center are cleaved 
preferentially being in accordance with previous findingslm3. 

2) Increasing the steric requirements of substituents on C-7 of 
bicyclo[2.2.l]heptanols drastically reduces the enantioselection of enzymatic 
hydrolysis: Substrates 8b and 10b are resolved with higher e.e. in contrast to 
9b and lib, carrying more bulky substituents. Consequently, 16b having the 
smallest bridge gives the best results. For the relatively low 
enantioselection of ester 14b we assume that the small steric difference 
between the -CH=CH- and -CH2-CH2- bridges, causing an almost spherical shape 
of the asymmetric moiety of the substrate, is responsible. 
3) Esters bearing n-electrons in 5,6-position (lob, 12b) give better results 
than their saturated counterparts 8b and 13b. 

4) In general it we observed that in contrast to c-7 unsubstituted 
norbornane-type esters 1.2 and their 'I-oxa analogues3, where the optical 
purities of products frequently reached >97 I, bridgehead substituents reduce 
this value to the range of 70-80 X. 
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EXPERIMENTAL 

Melting points are uncorrected. Optical rotations weFe measured in CHC13 
solution on a Perkin Elmer 141 or a Jasco DIP 370,$ol;;;mi&ter. For CD-spectra 
a Jobin-Yvon-ISA dichrographe Mark III was used. - F-NMR spectra were 
recorded in CDC13 on a Bruker WH 90 or a Bruker MSL 300 spectrometer. Chemical 
shifts are reported in 6 from TMS or CC13F as internal standard, 
GLC analyses were 

respectively. 

R 
erformed on a Dani 8500 

column, Chrompack 
chromate raph 

COT CP-SilS-CB) equipped with FID. B 
(25 m capillary 

lemental analyses (C, 
H, N) for all novel compounds were within 0.4 % of the calculated values. 

TABLE II: Optical rotation values in CHCl3 rolutionm 

Compound 
I 

[aID'* 
[g/YtOOml] "[;h"l' 

absolute configuration 
I 

14a' 
e;z+J4b' 

ent-16b' 

+0.9 
-0.5 

+s.ao 
-24.6 

+2.9 
-12.3 
+a4.7 
-90.5 
-2.1 
-1.7 

+56.2 
-74.4 
-0.6 

-10.5 
+44.246 
-23.1 
-3.0 

+17.4 

13.5 
13.5 
7.18 
7.30 
9.40 
7.80 
10.4 
4.33 
5.21 
6.03 
8.63 
6.86 
10.7 
12.7 
3.53 
9.73 
4.96 
4.48 

58 

E 
52 

49 
60 

z 
a3 

lS,2S,4S,5R,7R 
1R. 2R,4R, SS, 7s 

lS,2R,4S,7S 
lR,2S,4R,7R 
lS,2R,4S,7S 
lR,2S,4R,7R 
lS,2R,4R,7S 
lR,2S,4S,7R 
lR,2R,4S,7S 
lR,2S,4R,7R 

lR,2R,4R 
lS,2S,45 
lR,2R,4S 
lS,2S,4R 
lR,2R,4R 
lS,2S,4S 

R, 2R, 65,7S, 8R 
S,2S,dR,7S,i3S 

endo-Alcohols 7a, 8aa3 and 9a-lla were prepared in >90 % yield by NaBHI 
reduction of the cofresponding ketones (see above) according to a 
published procedure : 

previously 

(lRS,2RS,4RS,5SR 7SR)-Methylo2-bromo-5-~droxyb~cy~lo[~.2.l]heptan-7- 
~~~b~X~f~t~n$~~‘~nB~ ~~-1f02/~ - ;3 gbaiHj mf o 6?;6 OH ~;“,M~h,,~;“,,,~f~; , :=iz 

(s, OCHs), 3.9-4.4 (m, H'on'CI2'and d-5). ’ * ’ ’ 

(lRS,JSR,4RS,7%)-t-Butylo2-$ droxybicyclo[l.l.l]heptan-7-carboxylate 
120-5 IO.3 mbar ; mp 66-9 . B 

(9a): Bp 
-NMR: 0.93 (dd, Jr12 and 4 Hz, endo-H on C-3), 

1.1-2.6 (m, 8H), 1.45 [s, C(CH3)3], 2.10 (s, OH, Da0 exchangeable), 4.25 (dt, 
J=lO and 4 Hz, H on C-2). 

(1RS,2SR.$SR,7RW-Me,$hy~H2;-h&r;~~o cud late 
;po:O;-:O~/m0.04 mbar 

cl1 in;1 c-7j 
exo_H on-C-3-and' OH') 

blc clo[;.Iljl],h,e t-,"-e;;7-ci;arz 

2.35:2.6=(m 
B 

H on C-4),' 
l on 

(if; 
!: 

3.1-3.4 (m, H 0; 
3.65 (s, OCHs), 4.56 (dt, J=8 and 4 Hz, H on C-2), 5.9-6.6 (m, H 

on C-5 and CL6). 

~~~~~~RB,4SR,7SR)-7-Benzyloxgb~~?;c)lo6~.2efi~h~Rt~n"-~-~f (11s): Bp 120-30*/;.;; 
H-NMR: 0.95 (dd, J=l 1.1-2.4 (m, 7H), 

Oi, DzO exchangeable), 3.65 (m, H dn C-7), 4.10 (d<, J=lO and 5 Hz, H 'on 
4.45 (s, Ph-Cth), 7.3 (broad s, Ar-H). 

Ester8 7b-14b were prepared in 85$6 X yield by esterification of alcohols 
7a-14a using a standard procedure : 

(1RS12RS,4RS.5SR,7SR)-Met@yl 
;a;~~~la$;H~:b): M 

P 
65-8 . 'H-NMR: 0.98 (t, 5=7 ?;z, 

2-bromo-5-butyrylox bicy~~;~)2.2ill]h;p;afln;7- 
11H) 

ol; c-5): 
, 4.0 (dd, J=l3 and 5 Hz, H on C-2), 4.92 (di, .?=lO'and i Hz, fi 

(lRS,2SR,$RS,7RS)-Me,$hyl 2-butyrylox bicyJcl;[2ti;.l]he tan-7;cTrp;ylqfe iJ33 
~p7:O~;100&~3~3 mbar H-NMR: 0.95 

I 4.98 (dt, 
T t, 

9 J=lO and 4 Hz, H=on C-i). 
o-c&s), . - . , ji 
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(lRS,2SIi,~RS,7RS),~t-gut 1 l-hut r lox bit cl~&$H~~l]ho tan-7-oarboxylste4(9;;: 
Bp 130-40 /l mbar H-&E 0 98 fi &7 I&, 1. 5 (dd, J=Q and g 
en&-H on C-3), 1.2-2.8 (m', l>H), i.45 [E, C(CHs)s]\ 4.95 (dt, J=lO and 4 Hz: 
H on C-2). 

(l~S,2SR,4SR,7RS~-Hethyl 

t 

l-~utYHrypf~~bfc~~~o~2i~.l~lhi" t-~-~~-~~car~~~~late5 
lob): Bp 100-10 /0.03 mbar . 

5~8 and 3 Hz* H on C-2). 5.15-6135' (m,' 
P 

3. 

dt, H on'+5 a;ld k-6). ’ 
, . 

(1RS,JSR,4RS17RQ,-7-Benz loxybic clo[2.2.llheptan-2-yl butyrate 
85-90 /0.02 mbar 'H-NM& 
en&-H on C-3), 112-2.7 (m, 

0.95 &, 537 Hz, e-CH3) 1.05 (dd, J-10 
11H). 3.7 (m, H on C-i), 4.45 (6, 

U.&b): 
3 Htp 

Ph-Cfh), 4.9; 
(dt, J=9 and 3 Hz, H on C-2), 7.3 (broad s, Ar-H). 

~~~~~~~~~ ~~~)~~~~*~ * -D~~e~~~y~i~ ~~o~~.~~lJhe t-S-en-l-y1 
g 

3.35 (s, OCHs), -5.4 (m; H on' C-2): 
10 # ), 

butyrate (:2tj: (I&P 
2.95 (m, H on C-l), 

GCHS), 5.9-6.55 (m, H on C-5 and C-8). ’ 

90-100 /0.04 mbarG8. - 
(lRS,2~S,4SR)-7,7-Dipl~et~~ybgic~~~o4[2~~.l]ho t-2- 

5.20 (dt, J=8 and 3 Hz, H bn 'c-2)'. 
, 15Hr), 3.f: (~,~~i%$?3.35 (l;jsb':GCH;: 

$lRS,2RS,4RS)-Blo c10[2.2,2 act-S-en-l-y1 
L H-NMR: 0.92 ft. .=7 Hz. 0-C 3). f 

but z$te 
1.05-2.1 Im. 5; . 2.&!4bjt. B~=711~~~"'~~H~: 

2.58 (b&&i-s;‘H& CL<), 2.75.(broad-s; H on C-l), 4.85:5;03 (m, H -on C-2); 
6.18 (dt, J=16 and 5 Hz, H on C-5 and C-6). 

(1RS14RS,7RS)-t-But 
9 
1 

Acid catalysed 
2-oxobicyclo 2.2.l]heptan-7-carboxy;:;: (3icid,' 

es erification Of the correwonding using 
2-methxlpropene &t*CHaCla as described elsewhere gave 3 in 
110-20 /0.8 mbar 

652 : 3y;eld. Bp 
H-NMB: 1.45 [s, C!(CH9)3), 1.7-2.3 (m, 6H), . - . (m, H 

on C-l and C-3). 

(lRS,2RS,4RS)-7,7-Dimethoxybic clo[2.2.l]hept-S-ena2-ol 
synthesized according to ref. Y 1 and 30. Bp 120-40 /i6 mm48. 
J=lO and 2 Hz, end-H on C-3), 1.85 (6, OH, Da0 exchan cable), 
exe-H on C-3 and H on C-4), 3.0 (m, H on C-l), 3.30 (6, $1 CH3), 3.35 (s, OCHs), 
4.5-4.9 (m, H on C-2), 6.1-6.65 (m, H on C-5 and C-6). 

~;;~j2RS,6SR,7SR,8RS)-4!4-Dimeth l-3,5-dioxatr~cyclo[3.2.2.0'~6]u~~~ca~~8-~~ 
: Transe@te@fication of 16 g as described alcohol 

~i~~d~sMp~~~~. H-NMR: 1.08-1.14 (m, ZH), 1.24-I.g%e(m, 2H) 

46 

1.37 (s, 
1.62 (broad 8, OH, DzO exchangeable), 1.71-2.5 fm, 

CH3)1 

(it, J-4 and b-5 Hz, H on C-8), 
4H), 4.12 

4.20 (dd, J=8 and 4 Hz, H on C-2), 4.48 (dd, 
5x8 and 4 Hz, H on C-6). 

(lRS,2RS,6SR,7RS,8RS~-414-Dimethyl-3.S-diowat~icyclo[J.2.2.0'~6~undec-~;~1 
butyrate (16b) was obtained in.81 % overall yield from 14b 

0604 catalysed cis-dihydroxylation gave crude dial 
y a step 

sequence: 15 whic4 was 
dlrec$ly protect'qd 8s its acetal using a previously described procedure ‘ 

H-NMR: 0.95 (t, J=7 Hz, 4z-CHs), 1.08-2.18 (m, 10 H), 
Bp 

85-90 fO.02 mbar . 1.37 

d";,, 
CH3), 1.52 (6, CHs), 2.25 (t, J-7 Hz, o-CHz), 4.17 fdd, J=7 and 3 Hz, H on 

4.36 (dd, J=7 and 3 Hz, H on C-6), 5.01 (dt, Jr9 and 3 Hz, H on C-8). 

For a detailed description of enzymatic resolution on a l-20 g scale see 
ref.3. 
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