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ABSTRACT 

I n  o k i a  t o  e l u c i d a t e  the m e h b o f i c  pa t t enn  od  p o c y c l i d i n e  i n  t h e  hat, a vah ie ty  06  

0 x 0 - ,  monohydhoxy-, and dihydhoxycydohexyl deh iva t ive i  0 6  d b  dhug wene bynthet ized.  
0 6  them have been i d e n t i 6 i e d  by 13C-NMR npeothoscopy. 

A& 

INTRODUCTION 

R P r o c y c l i d i n e  (KEMADRIN ) ,  l-cyclohexyl-l-phenyl-3-(l-pyrrolidinyl)-l-propanol ( l ) ,  i s  a 

s y n t h e t i c  a n t i c h o l i n e r g i c  drug, used f o r  many years  i n  the  t rea tment  o f  Pa rk inson ' s  disease 

and i n  the  long- te rm therapy o f  as w e l l  as i n  acu te  

n e u r o l e p t i c  induced Parkinson syndromezy3. Mono- and 

d i h y d r o x y l a t i o n  as we l l  as ketone fo rma t ion  on the  

cyc lohexy l  p a r t  o f  t he  molecule a r e  major  me tabo l i c  

pathways i n  the  r a t .  To i d e n t i f y  a number o f  
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i s o l a t e d  me tabo l i t es ,  severa l  0x0-, monohydroxy-, and d ihydroxycyc lohexy l  d e r i v a t i v e s  o f  

p r o c y c l i d i n e  were syn the t i zed  as f o l l o w s .  

1,2,3,6-Tetrahydrobenzaldehyde (2, scheme 1 )  was conver ted  t o  i t s  oxime ( 3 ) ,  which was 

dehydrated t o  1,2,3,6-tetrahydrobenzonitrile ( 4 ) .  3-Cyclohexenyl methyl  ketone ( 5 )  was pre-  

pared by a Gr ignard  r e a c t i o n  on 4, and l-(3-cyclohexenyl)-3-(l-pyrrolidinyl)-l-propanone ( 6 )  

by  a Mannich r e a c t i o n  on 5 .  

( 1Rx,7R")- and (1Rx,7Sx)-l-(3-cyclohexenyl ) -1 -pheny l -3 - (  1 -py r ro l  i d i n y l  ) -1-propanol  (7a,7b). 

React ion o f  p h e n y l l i t h i u m  on 6 gave two d ias te reo isomers ,  

Hydrobora t ion  o f  7a and 7b (scheme 2) gave s i x  monohydroxycyclohexyl d e r i v a t i v e s  i n  a l l  : 

(1RW,3Sx,7R")- and (1RM,3S",7Sx)-l-(cis-3-, (1R",3R",7Rn)- and (1Rn,3Rn,7SM)-1-(trans-3-, 

1- ( c i  s-4-, and 1- ( t rans-4-hydroxycyc l  ohexyl  ) -1-phenyl-3- ( 1 -py r ro l  i d i  n y l  ) -1-propanol (8a, 8b, 

9a, 9b, 10, 11) .  

( l R " ,  7R") - and ( l R " ,  7s") - 1- (3-,  and 1- (4-Oxocycl ohexyl  ) -1-phenyl -3- ( 1 -py r ro l  i d i  n y l  ) -1 

propanol  (12a,12b,13) were prepared by  o x i d a t i o n  o f  t he  d i f f e r e n t  monohydroxycyclohexyl 

d e r i v a t i v e s  by means o f  chromic anhydr ide  i n  a c e t i c  a c i d  (scheme 3 ) .  
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Scheme 1. Synthes is  o f  ( 1R',7Rx)- and ( 1R',7S')-l-(3-Cyclohexenyl ) - l -Pheny l -3 - ( l -Py r ro -  

l i d i n y l  )-1-Propanol . 
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Scheme 2. Synthes is  o f  t he  Monohydroxycyclohexyl Der i va t i ves  (R = P r o c y c l i d i n e  Rest ) .  

React ion of osmium t e t r o x i d e  on 7a and 7b (scheme 4)  gave f o u r  c is -d ihydroxycyc lohexy l  

d e r i v a t i v e s  i n  a l l  : (1R',3R',4Sx,7Rx)- and (lR',3R',4S',7S')-l-(cis-3,cis-4-, and (1R*,3SX, 

4R", 7R')- and ( 1R' ,3S", 4RX, 7s') - 1- ( t rans -3 ,  t rans-4-d i  hydroxycyc l  ohexyl  ) - 1-phenyl -3- ( 1- 

p y r r o l  i d i n y l  ) -1-propanol  (14a,14b,15a,l5b). 

An a t tempt  was made t o  syn the t i ze  the  trans-dihydroxycyclohexyl d e r i v a t i v e s  by r e a c t i o n  
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Scheme 3. Synthes is  o f  t he  Oxocyclohexyl Der i va t i ves  (R = P r o c y c l i d i n e  Rest ) .  
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Scheme 4. Synthes is  o f  t he  c is -D ihydroxycyc lohexy l  Der i va t i ves  ( R  = P r o c y c l i d i n e  Rest ) .  

pf  7a and 7b w i t h  hydrogen perox ide  i n  fo rmic  a c i d  (scheme 5 ) .  

o n l y  a c is -d ihydroxycyc lohexy l  d e r i v a t i v e  was formed i n  bo th  cases. 

Un fo r tuna te l y  no t rans -  b u t  
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Scheme 5 .  React ion  o f  t h e  Dehydrocyclohexyl  Isomers w i t h  Hydrogen Perox ide  i n  Formic A c i d  

(R = P r o c y c l i d i n e  Rest ) .  

MATERIALS AND METHODS 

1,2,3,6-Te.thahydkobenzaedox.ime 1 3 1 .  1,2,3,6-TeLtahydkobenzddehgde 10.5 mot ]  WM added 

dho)whe hJ a b 0 h t h t ' I  06 h g d h u x y h i n e  hydhockeohide ( 1  mol l  and bodiwn a c m e  ( 1 . 4  moP) in 
5 0 0  m t  waReh. 

ovehn igk t .  
ckeohodo~m. 

and d D L i . U e d  t o  g i v e  1 , 2 , 3 , 6 - t e ~ a h y d t r o b e n z a e d o x ~ e  (94 % I  M a caLowLewb L i q u i d ,  b.p .  
116'/21 mm. 

The heactiun mix tune WM heated aR 4 5 ' C  ( a h  2 h o w  and WM 6WLtheh h L i m e d  

The e x 2 ~ c . U  Wehe added t o  .the anganic h y e h ,  w h i c h  WM t h e n  d h i e d ,  evapohated, 
The UhgUPLiC h y e h  WM bepannted, and t h e  wateh Payeh WM ex.tmcted ,twice w i t h  

1 , 2 , 3 , 6 - T ~ h y d k o b e n z o ~ e  ( 4 ) .  1 , 2 , 3 , 6 - T ~ h y d h u b e n z a e d o x ~ i e  ( 0 . 4  mol l  WM added 

d h o p h e  hJ acetic ac id  anhydhide ( 0 . 6  mvL). The heact ion m i u W t e  WLA bLLwed doh 1 howl at 
hoom t e m p w e ,  and WM fithen d i h t i U e d  t o  g ive  1 , 2 , 3 , 6 - t ~ a h y d h o b e n z o ~ i t h i e e  ( 7 7  % I  M a 

C d o W d t h b  LiqlLid, b.p. 8 3 ' / 2 1  mm. 

3 -Cydohexeny l  methy l  ke tone ( 5 ) .  An e t h e h d  b O & L i O M  0 6  methyhagi ienium i o d i d e  (0.375 
mol l  WM added d m p D e  hJ a he6higehaXed h o U o n  0 6  1 , 2 , 3 , 6 - t e L m h y d k o b e n z o M e  (0 .25 

mol l  i n  eRheh. The m i x t w l e  WM t h e n  b t i A h e d  at hooni tempehatwre don 1 1 2  houn, b o d e d  undeh 

ne6Lux 60h 3 112 h u m ,  and ~ i W y  n&ed at h 0 O m  tempehatune don 1 8  mone h o w .  The  he- 
bU&iflg panty W A  WM decomposed w i t h  a n  i ce -coed 10 % ommoniwn ckeoh ide  b U h % f l .  

ohganic k y e h  wan bepannted, and t h e  w a t e h  Payetc WM exahacted ,twice w i t h  e t h m .  
wehe added t o  t h e  ungan ic  laye t i ,  w h i c h  WM t h e n  dhied, evapohated, and d in . t i lLed  .tu g i v e  3- 

cydohexenyP methyP ketone  (71 % I  M a colouheenb L i q u i d ,  b.p.  i S " / Z i  m. 

The  
The exLmc.U 

1-(3-Cydohexenyl)-3-il-py~oLidinyL)-l-phopanone ( 6 ) .  A mixLwle 06 p y m o f i d i n e  hydko- 

ckeohide ( 0 . 1  m o t ) ,  p m ~ o m d d e h y d e  ( 0 .  I f  m o l l ,  3-eyclohexenyl  mc?hyl ketone ( 0 . 1  m o l l ,  

a b b o l u t e  ethanoP ( 3 0  me], and concenthated h y h o c h l o h i c  acid 10.25 mli WM b o d e d  undeh 
hedLux. A d t e n  1 h o w  p m 6 o m d d e h y d e  ( 0 . 1  moL1 WM added, and t h e  mixzwle  WM &owed t o  

ne~lwc doh 2 mone h a m .  W a t e r ,  wan t h e n  added, and the ethanoL WM euapohated. A6.teh an 
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etheh d e a n - u p ,  t h e  wateh bO&&On WM dkaLL6 ied  and ex.i%oted h e e  .timen wLth etheh. 
combined exttuzch wehe dhied,  evapomted and dis.i%Ued. 
b k e n  a6 I -  (3-cydohexenyLl-3-  iI-pyhtlofidinye)-I-pho~3anone ( 5 9 % ) .  

The 
The dhalaotion, b.p.  9?-102"/5 mm, u ~ 6  

(IR",?R")- and 1 IR",  7s")- I -  (3-cyceohexeny~l-I-phenye-3- 1 I-pyhhofidiny~J-I-phopa~~~~ (?a, 

- ?bl .  An e t h e h e d  bOeLdiOn 0 6  p h e n y U k i u m  (0.075 moLJ WM added d h o p h e  *o an  h e h e d  

h 0 h t i O n  0 6  I -13-cydohexenyL)-3-  (I-pyhtlofidinye)-I-phopanane 10.05 moe) cooled at - 8 O ' C .  
The m i m e  wa6 t h e n  n.thhed at - 8 O ' C  doh I horn, wab ,4wLthm n.tihhed o w e t l n i g h t  at mom 
tempehmkke and wab ~ i n a L L y  decomponed wid3 ice-coed wateh. 

and h e  wateh L a y m  wab ex&acted . tdce  w d h  e h m .  
Layeh ,  which wab t h e n  dhied and evapolrated. ( I R X , 7 R X ) -  and IIR",~S")-l-~3-cydohexeny~l-l- 
phenyL-3- 1 I-pyMofidinye)-I-pholxmoe wehe bepahated by PLC plpILten w d h  
noevent nyntem A .  ?a l R 6  = 0.64)  wab de6ined ab t h e  (IR*,?R"J- and ?b IR6 = 0.72)  a6 t h e  
1 IR*,?SXl-3,4-dehydnocydohexyL Domeh, s i n c e  none 06 them WM i d e n t i d i e d  d e d i n i t d y  a6 h e  
one O h  h e  otheh. The u b t n t k f ?  mle v d u u  i n  both t h e  m a n  bpe& 0 6  t h e  dehydnoxycydo- 
hexye dehivcztivu wehe : ??, 84 ( 1 0 0  % I ,  1 0 5 ,  204, 205, 208, 267. 2 6 8 ,  285 (M'J .  

The Ohggan iC  h y e h  W M  nepahated, 
The ex&& wehe added t o  t h e  o ~ a n i c  

4 5 on b.i&Ca g e l  TLC 

1 IR" ,  3SX,?R"1- and 1 IR",  3S*, 7s") - I -  ( c i 6 - 3 - ,  1 IRX,3R", ?R"l- and ( 1RX,3R*, ? S x l  - I-Rnam-3-,  

I - ( c i6 -4 - ,  and I -  (Rham-4-hydhoxycydohexyL)- I -phenyL-3- 1 I -pyht lof idinyl)  - I -phOpanOe ba,  Bb, 
9a,9b, 1 0 , I l ) .  An ethened noLlLtion 0 6  ?a (0.2mmoLJ WM added t o  a he6higehated bOkkd%n 06 

bohane-tettrahydho6mn compeex ( 0 . 6  mmoL) in teZmhydho6unan. 
hoom tempehatme doh 2 h o w ,  and W M  t h e n  decomposed w d h  a b o b t i o n  06 hydhogen pehoxide 
i n  I 0  % nodium hydhoxide. 
zlvice w d h  etheh.  
evapolrated. 
[IR",3S",?R")-ci6-3- [Ba), t h e  ( I R X , 3 R * , ? R * ) - ~ ~ - 3 -  ( 9 ~ 1 ,  t h e  c i n - 4 -  (101, and t h e  &m- 
4-hydhoxycydohexyl  Domeh ( 1 1 ) .  The name phoceduhe WM hepeated a6te.h hf?.UCCiOM 0 4  ?b (0.2 
mmoL), giving the  (IRX,3S",?S")-ci6-3- 1861, t h e  (1R",3Rx,7S"l-&nb-3- (961,  t h e  c in -4 -  (101 

and t h e  i1uzm-4-hydhaxycydohexyl d e h i w a t i v e  ( 1 1 ) .  
g e l  TLC peaten w i t h  noevent nyntem 8 ,  t h e  necond on d u n i n m i  oxide TLC p L d u  w d h  b O l W t n t  

nyntem C .  The henpelaotive R d - v d u u  wehe : 8a:0.32-0.65; 9a:0.2?-0.75; 10:0.22-0.46; 11:0.25- 
0.63; 8b:O.1?-0.50; 9b:0.1?-0.62. The ennentkf? mle v d u u  i n  t h e  mM6 bpte-tm oh  t h e  n i x  
hydhoxycydohexyL ibomem w m e  : 7 7 ,  84  1100 % I ,  1 0 5 ,  204, 205,  2 2 6 ,  215, 2'66, 503.(M+).  

The mirtuhe WM b-tihhed at 

The ohganic LayU WM bepahated, a d  t h e  watch h y e h  WM ex.i%&ed 
The ex&& wehe added t o  the  ohganic Layeh, which WM t h e n  dhied and 

The henidue wab di6boLved i n  m e t h a n d  and submitted t o  a doubLe P L C ,  g i v ing  t h e  

The 6 h . t  P L C  wab peh6omed on n&ca 

1 IR" ,  7 R " )  - and I IR",  ?SKI - I -  ( 3- ,  and I -  (4 -oxocydohexy l l  - 1 -phenyl-3- I-pyhtloLLdLnyL) - 1 - 
phapanoC (12a,12b,13) .  
4o~ lL t ion  0 6  clnomic anhydhide ( 0 . 5  m m d )  i n  80 % aceLic a u d .  
b a n d  0vennigh.t at 50°C, and WM t h e n  d k & 6 i e d  and ex tmoted  t h e e  Lihu w i t h  eLhetl. 
combined exhaeL6 wehe dhied and evapohated. 
WM pw~L6ied  by P L C  on n i l i c a  g e l  TLC p L a t u  w i t h  noevent  nyntem B lR6 = 0 . 5 6 ) .  The name 

phocedrne wab hepeated a i teh  heaot ion 06 eqLLimoCeclLecvr mixtuhu 0 6  10 and 1 1  h u p .  8b and 9b 
( 0 . 1  mmoe), giving h e  4 -  ( 1 3 )  ( R d  : 0.43)  hUp.  the (IR",?S"I-3-oxocydohexye dehivcztive 
( 1 2 b )  ( R 6  = 0 .42) .  
b o m m  iuehe : ??, 8 4  I100 % ) ,  1 0 5 ,  2 0 4 ,  2 0 5 ,  2 2 4 ,  2 8 4 ,  301 IM'). 

An e~LL imo tecd#~  mixtuhe 0 6  8a a d  9a 10.1 mmoL1 umb dinnoLved i n  a 
The mixtuhe W M  &awed t o  

The 
The (IR",?R"~-3-oxocydohexy~ dehiv&ve I12a1 

The u n e n t i a e  m/e v d u u  i n  t h e  mmn npecah7 06 t h e  t h e e  oxocydohexy l  

1 IR" ,  3RX, 35", 7 R x ) -  and ( I R " ,  3R",4S", ?SKI - I -  (&-3 , c in -4 - ,  and I IR",  3SX,4R", 7 R " l -  and 
I I R " ,  3S",4R", ?S"l- I -  I R h a ~ - 3 , & ~ - 4 - d i h y d h o x y c y d o h e x y L ) -  I-phenyl-3- 1 I-pymo.eidinyL1- I -  
phopand (14a,  14b, 15a, 15bl. A uaLeh noLlLtion 06 osmium t e h o x i d e  ( 0 . 1 5  m o L )  WM added t o  
a noLlLtion 06 ?a ( 0 . 1  mmoLl i n  1 % nut6wLic acid, and t h e  mixtuhe wab nL&hed at hoom fem- 
peha*wre doh 112 houh. S o d i u m  bd6.&2 I 1  miot) WM h e n  added. A d t e h  a .time t h e  mixtuhe 
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wub d t 2 d 4 i s d  and ex.Oiacted t h e e  . t hen  with etheh. 
evapohated. 
TLC p L a t e s  wLth bolvent  bys tem D, giving the  (IR',3R*,4S",7R*)-cin-3,~-4- (14aJ ( R d  = 0 . 5 2 ' )  
and the  (IR",3S*,4R",7R")-.OiaM-3, .O ia~-4 -d ihyd toxycydohexy l  Oomm ( 1 5 ~ )  ( R 6  = 0 . 6 2 ) .  The 
bame phocedwre um h e p d e d  adteh heaotion 06 7b  10.1 m m o l ) ,  giving the  IIRX,3R',4S",7S'J)- 
c i n - 3 , c i n - 4 -  ( 1 4 b )  ( R d  = 0 . 4 3 )  and .the (IR',3S',4R",7S")-.Oiarzs-3,.Oiavls-4-dihydrroxycydohexyl 
Domeh (15b l  ( R 6  = 0 . 5 8 ) .  
dihydmxycydohexyl dehivativen wehe : 7 7 ,  84  ( 1 0 0  % ) ,  1 0 5 ,  2 0 4 ,  2 0 5 ,  2 4 2 ,  301 ,  3 0 2 ,  319 ( h 4 + 1 .  

The combined e x - t ~ o t s  wehe dhied and 

The henidue UYM di6boLved i n  meXhand and submitted .to PLC on d d n u m  o x i d e  

The enbentiae m/e v d u a  i n  the  mMb s p e c h a  0 6  the  6owr ci6- 

( I R K ,  3Rx ,4R" ,7R")- ,  and ( IR*,3RX,4R" ,  7.5")-I- [cin-3,.Oia~-4-dihydhoxycydohexyl)-I-phenyl- 
3 - ( I - p y ~ ~ d i n y l ) - I - p ~ ~ ) 2 0 l  (16a,16bl. 
06 7 a ( 0 . 1  m m o l )  i n  ,5ah1nic ac id ,  and the  mirtwre wub &owed t o  nhnd ovehnigkt. 
then added, and the  mixtme w b o i l e d  undeh h e d h x  doh 3 h o w .  
W M  d W d i e d  and exahzoted t h e e  Lima with etheh. 
evapohated. 
TLC p M e n  w d h  solvent  byhtem D .  
( 16a) b u t  the ( I R X ,  3 S X , 4 R )  7RT - A % ~ - 3 , . O i a ~ - 4 - d i h y ~ o x y c y d o h e x y l  Domen ( 15a) w a  hecovmed. 
When the  bame phocedwre um hepeated a@eh h u c t i o n  06 7 b ,  o n l y  the  (IRX,3SX,4R",7S*J-.0ia~- 
3,.tm~-4-dihyd4oxycy~ohexyl d e h i u a t i v e  ( 15b)  W M  hecovehed M w&. 

Hydwgen pehoxide ( I  m m o l l  wub added t o  a nolLLtion 
W a t e h  um 

A d t e h  cooling the mirtwre 
The combined ex.Oiacx2 wehe dhied and 

The henidue wub dL6bolved i n  methanol and bubmitted t o  PLC on dWninuni oxide 
U n & m i ~ ~ d e l y  not t he  (IRX,3R",4R",7RXl-cin-3,.0ia~-4- 

P L C  W M  p e h ~ o m e d  on b.Uca g e l  and duminum o u d e  ( t y p e  El-phecoated g h s  p h i e n  
(Mehck 6 0  F Z s 4 .  2Ocm x 20cm x 0.25 m m ) .  Solvent 6yb.temh wehe : A ,  chRoho~om/ace*one/25% 
ammonium hydmxide, 7 5 : 2 5 :  I ;  8 ,  ckeoho~oNn/ace*one/25% ammonium hydhoxide, 2 5 :  7 5 :  I ;  C ,  

chRohodonmldiethyeamiMe, 9 0 :  1 0 ;  D, c h R o h o a o N n l r n e X h a n o l l d i ~ y l ~ n e ,  8 0 :  10:  10 .  A c i d i d i e d  
Ladopla t ina te  W M  uned ad location heagent, and methanol WM uned M eluent. 

The MMb bpeCA% wehe hecohded with a H&exXPacluvld m o d e l  5 9 9 2 A  ga chomatoghaph- 
m b  bp&&Om&eh bybteIti equipped wLth a g b n  column ( 2 m  x 3mn i.d.1 packed w& 2 % OV 

101 on Ga-Chhom Q 8 0 - 1 0 0  menh. 
tempe,utuhe 2 3 5  on 2 5 0 ' C .  

The injecfion paht  tempenatwre um 275 'C,  and the  column 

Peak-matching um peh&mned on a A E I  m o d e l  9 0 2  S mMb spe&ometeh, at 7 0  eU. The ion  
bomce tempenatme W M  2OO0C, and the  bampleb wehe intrroduced v k  .the dine& in4eh.tion i n l e X .  

I3C-NAIR bpe&ObCUpy wub pehdohmed on a JTEOL m o d e l  F X  100 p&ed npec-ttometeh, opehating 
at 25.0 MHz w i t h  5 mm bamp& t u b a  and i n t ehd  deutehium lock.  
&zed agaimt chRohodom-d uned M b o l v e n t .  
hepe t i t ior i  hate 06 1 . 2  bec 604 a 5000  oh 6000 Hz s p e W  width wehe employed .  

The bpectna wme b h n h -  
PhO.toVI na-ide decoupling, 45' p & u ,  and a 

RESULTS AND DISCUSSION 

Peak-matching on t h e  essen t ia l  m/e values i n  the  mass spectrum o f  p r o c y c l i d i n e  gave t h e  

mass f ragmenta t ion  p a t t e r n  o u t l i n e d  i n  sheme 6. 

t o  the  dehydro-, t he  monohydroxy-, t he  d ihydroxy-  and the  oxocyclohexyl  d e r i v a t i v e s ,  except 

t h a t  no (Mt-H20) was detec ted  f o r  t he  l a t t e r .  

Table 1 shows the  13C-chemical s h i f t s  o f  p rocyc l i d ine ,  and those o f  t h e  dehydro-, t he  mono- 

hydroxy-, t he  0x0- and the  d ihydroxycyc lohexy l  d e r i v a t i v e s .  Since no t rans-d ihydroxycyc lo -  

hexyl  d e r i v a t i v e s  cou ld  be synthe t ized ,  t he  chemical s h i f t s  l i s t e s  f o r  16a and 16 b a r e  those 

o f  i s o l a t e d  r a t  me tabo l i t es .  

The same f ragmenta t ion  p a t t e r n  can be app l i ed  
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-21 +8.0 -0.7 +5.5 

17 18 

The chemical s h i f t s  o f  t h e  cyc lohexy l  carbon atoms o f  t he  monohydroxycyclohexyl de r i va -  

t i v e s  were assigned by comparison o f  t he  measured and c a l c u l a t e d  values; t he  l a t t e r  were 

ob ta ined by adding the  hydroxy l - induced s h i f t s  caused by  hyd roxy la t i on  o f  cyclohexane (17, 

18) t o  t h e  chemical s h i f t s  o f  t he  cor respond ing  carbon atoms o f  p r o c y c l i d i n e  ( t a b l e  1 1 ) .  

The measured and c a l c u l a t e d  s h i f t s  a re  represented  i n  t a b l e  111. 

6 

TABLE I 1  

C a l c u l a t i o n  o f  t he  Carbon-13 Chemical S h i f t s  (ppm) o f  t he  

Monohydroxycyclohexyl Oer i va t i ves  

Procyc l  i d i  ne 

49.0 

26.8 

26.7 

26.5 

26.7 

27.1 

C is -3  Trans-3 Cis-4 Trans-4 

-2 .7  - 6 . 8  -0.7 -2 .1  

t 8 . 0  t 5 . 5  -6 .G -2 .7  

t 4 2 . 6  t 3 7 . 8  t 5 . 5  t 8 . 0  

t 8 . 0  t 5 . 5  t 3 7 . 8  t 4 2 . 6  

-2.7 - 6 . 8  t 5 . 5  t 8 . 0  

- 2 . 1  -0 .7  -6.8 -2 .7  

The chemical s h i f t s  o f  t h e  cyc lohexy l  carbon atoms o f  t he  d ihydroxycyc lohexy l  d e r i v a t i v e s  

were c a l c u l a t e d  as w e l l .  

c y c l i d i n e  i n  c i s - 4  and t rans -4  p o s i t i o n  o f  t he  cyc lohexy l  r i n g  were c a l c u l a t e d  by subs t rac-  

t i n g  the  chemical s h i f t s  o f  t he  cyc lohexy l  carbon atoms o f  p r o c y c l i d i n e  fo rm the  chemical 

s h i f t s  o f  t he  corresponding carbon atoms o f  bo th  the  4-hydroxycyclohexyl  d e r i v a t i v e s .  

ob ta ined values were 

d i f f e r e n t  3-hydroxycyclohexyl  d e r i v a t i v e s .  The chemical s h i f t s  c a l c u l a t e d  f o r  t h e  hydroxy- 

l a t e d  carbon atoms were f i n a l l y  co r rec ted  f o r  t he  mutual i n t e r a c t i o n  o f  t h e  v i c i n a l  hydroxy l  

groups, which i s  n o t  accounted f o r  when adding the  i n d i v i d u a l  hydroxy l  e f f e c t s .  The co r -  

The r e a l  hydroxy l - induced s h i f t s  caused by hyd roxy la t i on  o f  p ro -  

The 

t o  the  chemical s h i f t s  o f  t h e  corresponding carbon atoms o f  t he  

- 6 4 9  - 
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rections were performed according to the observed deviations from addivity in (25R)-5u- 

spirostane-2,3-diol’. 

applied corrections were : axial-equatorial : axially substituted carbon : -6.8 ppm; 

equatorially substituted carbon : -5.7 ppm; diequatorial : -4.2 ppm. 

Depending on the orientation of the vicinal hydroxyl groups the 

The measured and cal- 

culated chemical shifts are represented in table I 

Other localizations than 3,4-diequatorial loca 

gard to the isolated metabolites (e.g. 3,4-diaxial 

equatorial, etc.) could be rejected because of the 

rimental and the calculated chemical shifts. 

ization of the hydroxyl groups with re- 

3,5-diaxial, 3,5-diequatorial, 3,5-axial- 

important differences between the expe- 
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