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ENANTIOMERIC SEPARATION OF 
ROTENONE AND ROTENOLONE ON CHlRAL 

STAT1 ONARY PHASES 

S. L. Abidi 
U.S. Fish and Wildlife Service 

National Fishery R esearc h Laboratory 
P. 0. Box 65 

La Crosse, Wisconsin 54602-0065 

ARSTRACT 

A n a l y t i c a l  and p r e p a r a t i v e  high-performance l i q u i d  
chromatoaraphic  procedures have been developed f o r  s e p a r a t i o n  o f  
o p t i c a l  an t i podes  o f  ro tenone  and r o t e n o l o n e  on t h r e e  c h i r a l  
s t a t i o n a r y  phases. 
( tri ohenylmethy lmethacry l  a t e )  -bonded s i  1 i c a ,  whereas o p t i c a l  
r e s o l u t i o n  of r o t e n o l o n e  enantiomers was accomplished by u s i n g  a 
(R)-N-3,5-dinitrobenzoylphenylglycine s i l i c a  column (DNBPG) . I n  
exper iments where r e s o l u t i o n  o f  enantiomers was achieved, each 
a n t i p o d a l  p a i r  i n  b o t h  ro tenone and r o t e n o l o n e  s e r i e s  was 
s u f f i c i e n t l y  reso lved ,  a l t hough  s imul taneous r e s o l u t i o n  o f  a l l  f o u r  
isomers o f  ro tenone  and r o t e n o l o n e  was n o t  accomplished. I n  a1 
cases, t h e  e l u t i o n  o f  ( - ) - (6aa ,  12&3)-enanti01nerS preceded t h a t  o f  
t h e i r  ant ipodes.  Separa t i on  f a c t o r s  (a) o b t a i n e d  w i t h  t h e  cova e n t  
DNRPG s t a t i o n a r y  phase were s l i g h t l y  h i g h e r  than  those observed 
w i t h  t h e  i o n i c  v a l i a n t .  
r e s o l u t i o n  o f  racemates o f  d e g u e l i n  and teph ros in .  

Rotenone enantiomers were reso lved  on (+ ) -po l y  

The method has been a p p l i e d  t o  t h e  

INTRODUCTION 

Rotenone ( I A ,  F ig .  1) i s  a n a t u r a l l y  o c c u r r i n g  substance 

p r e s e n t  i n  abundance i n  d e r r i s  r o o t s  o f  Leguminosae p l a n t s .  It i s  

a use fu l  a g r i c u l t u r a l  i n s e c t i c i d e  and has been w i d e l y  used as a 
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1086 ABIDI 

H3CO 

OCH, 

OCH3 

A H  

(C) (D) 

(I). R = H 

(11). R = OH 

Fig.  1. Opt ica l  isomers o f  rotenone ( I )  and rotenolone (11). 

f i s h  tox icant .  

envi  ornment, rotenone degrades r a p i d l y  g i  v i  nq r i  se t o  many 1 ess 

t o x i c  products. 

environment. 

cons t i t u tes  the major component o f  the oxygenated de r i va t i ves  o f  

rotenone. It is  we l l  understood t h a t  the ready ox ida t i on  o f  

rotenone (11 t o  rotenolone (I11 (F ig .  11 i s  due t o  the unusual ly 

h igh  redox p o t e n t i a l  o f  the 12a carbon i n  rotenone. 

When exposed t o  condi t ionds s imu la t ing  the  na tu ra l  

The compound i s ,  there fore ,  nonpersistent i n  the  

Among the numerous degradation products, rotenolone 

This 
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1087 ROTENONE AND ROTENOLONE SEPARATION 

eno l izab le  reac t i ve  s i t e  a t  the 12a-posi t ion i s  a lso  responsible 

f o r  the  f a c i l  ep imer iza t ion  of rotenone i n  m i l d l y  a l k a l i n e  media 

l ead inq  t o  diastereomeric products (1-3). 

Chromatoqraphic separat ion and q u a n t i t a t i v e  ana lys is  o f  

mixtures of rotenone and r e l a t e d  compounds have been prev ious ly  

i nves t i ga ted  by t h i n  l a y e r  chromatography (TLC) ( 4 , 5 ) ,  gas 

chromatography (GC) (6,7), and high-performance l i q u i d  

chromatography (HPLC) (8). Very r e c e n t l y  we reported on the  

h iah-e f f i c iency  HPLC r e s o l u t i o n  o f  epimeric rotenone compounds ( 9 ) .  

I n  r e l a t e d  studies,  we were i n te res ted  i n  s t ruc tu re -b io log i ca l  

a c t i v i t y  r e l a t i o n s h i p s  o f  var ious  isomers o f  rotenone de r i va t i ves  

i n c l u d i n g  the  o p t i c a l  antipodes. Since there  are th ree  asymmetric 

centers  i n  the  pentacyc l i c  rotenone s t ruc tu re ,  one would expect two 

p a i r s  o f  o p t i c a l  isomers . f o r  each rotenone der iva t ive .  Although 

enantiomers o f  both na tura l  (-)-6aS,12aS,5'R-rotenone ( I A )  and i t s  

6aR,12aR,5'R-epimer are known and have been i s o l a t e d  by chemical 

t rans format ion  (10) the  corresponding ro teno l  one enantiomers have 

remained unexplored I n  add i t ion ,  a l i t e r a t u r e  siirvey revealed no 

i n fo rma t ion  concern ng o p t i c a l  r e s o l u t i o n  o f  enantiomers o f  

rotenone compotrnds. 

ob jec t ives :  

q u a n t i f i c a t i o n  and prepara t ive  i s o l a t i o n  of i nd i v idua l  enantiomers 

o f  the t i t l e  compounds f o r  use i n  s t ruc tu re -b io log i ca l  a c t i v i t y  

s tud ies  and ( i i )  t o  ascer ta in  the app l i ca t i on  po ten t i a l  o f  HPLC 

methodology f o r  the o p t i c a l  r e s o l u t i o n  o f  racemic rotenone-1 i k e  

compounds. 

Hence, we embarked on t h i s  study t o  serve two 

( i l  t o  develop HPLC methods f o r  a n a l y t i c a l  
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MATERIALS AND METHODS 

ABIDI 

M a t e r i  a1 s 

Pure o p t i c a l  isomers o f  ro tenone were syn thes i zed  f rom t h e  

n a t u r a l  ro tenone  ( A l d r i c h  Chemical Co. , Milwaukee, W I  .) a c c o r d i n g  

t o  p u b l i s h e d  methods (1,9) w i t h  some m o d i f i c a t i o n s  o f  t h e  

procedures f o r  t h e  p u r i f i c a t i o n  o f  6a.12a-diastereomers. A f t e r  

s e p a r a t i o n  by r e c r y s t a l l i z a t i o n  and by TLC, t h e  i n d i v i d u a l  

d i  astereomer ic  components were f u r t h e r  separated and i s o l a t e d  by 

p r e p a r a t i v e  HPLC. Each o f  these e p i m e r i c a l l y  pu re  m a t e r i a l s  was 

t h e n  sub jec ted  t o  e p i m e r i z a t i o n  r e a c t i o n  upon t rea tmen t  wi th  boron 

t r i b r o m i d e  as desc r ibed  i n  t h e  l i t e r a t u r e  (10) . The 

5 ' -  diastereomers o b t a i n e d  as p roduc ts  f rom t h e  two-step convers ion  

were l i k e w i s e  separated and i s o l a t e d  by p r e p a r a t i v e  HPLC. 

o p t i c a l  p u r i t y  o f  each enantiomer syn thes i zed  i n  t h i s  manner was 

checked by  HPLC as d e s c r i b e d  l a t e r  i n  t h i s  sec t i on .  Pure o p t i c a l  

isomers o f  r o t e n o l  one were prepared from t h e  correspondi  ng ro tenone  

enant iomers and potass ium d ichromate ( A l f a  Products, Danvers, MA.) 

f o l l o w i n g  a conven t iona l  o x i d a t i o n  procedure ( 2 ) .  

The 

A l l  HPLC s o l v e n t s  were ob ta ined  f rom J. T. Baker 

( P h i l l i p s h u r g ,  NJ.). 

Jackson (Muskegon, M I .  1. 

p u r i t y  grade and were used as r e c e i v e d  from i n d u s t r i a l  s u p p l i e r s .  

TLC s o l v e n t s  were ob ta ined  f rom B u r d i c k  & 

Other  s o l v e n t s  and reagen ts  were o f  h i g h  

S i l i c a  ge l  (40-140 mesh) used i n  t h e  p u r i f i c a t i o n  o f  l a r g e  

amounts of r o t e n o l  one by a d s o r p t i o n  c o l  umn chromatography was o f  

"Raker analyzed reagen t "  qua1 i ty. Precoated a n a l y t i c a l  and 

p r e p a r a t i v e  TLC p l a t e s  were o b t a i n e d  from Anal tech (Newark, DE.). 
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ROTENONE AND ROTENOLONE SEPARATION 1089 

Methods 

I n  a l l  HPLC experiments, a Varian Model LC-5020 l i q u i d  

chromatoqraph equfpped w i t h  a va r iab le  wavelength U V - V I S  de tec tor  

(Var ian  Model 1101, a po la r imeter  (Rudolph Autopol 1111, and a 

Var ian Model 9176 s t r i p  c h a r t  recorder was used. The de tec tor  

ou tpu t  was a lso  i n te r faced  w i t h  a Var ian Model 4270 i n t e g r a t o r  f o r  

data processing. The c h i r a l  s ta t i ona ry  phases employed i n  t h i s  

study cons is ted  o f  a Chiralpack-(+l-OT column (CPOT) (Dafcel  

Chemical Indusr ies,  Tokyo, Japan), and P i r k l e ' s  i o n i c  (PA) and 

cova len t  (PCOV) (R)-N-3,5-dinitrobenzoylphenylglycine (DNBPG) 

columns (Regis Chemicals, Morton Grove, I L .  1. Oimenslons o f  the 

s t a i n l e s s  s tee l  columns f o r  the  a n a l y t i c a l  and prepara t ive  HPLC 

systems were 25 cm x 4.6 mm I D  and 25 cm x 10 mm I D ,  respec t ive ly .  

All packings were made o f  5 um spher ica l  s i l i c a  based mater ia ls .  

Unless spec i f i ed  otherwise, the mobi le phase so lvent  used w i t h  CPOT 

column was methanol and t h a t  w i t h  the DNRPG columns was 

hexane-isopropanol ( I S P I .  

housed i n  a water jacke ted  s t a i n l e s s  s tee l  condenser, was 

thermostated a t  5 O  C by means o f  a constant temperature 

c i r cu la to r (FTS Model MC-4-40-2, Stoneridge, N Y .  1. 

In normal operation, the CPOT column, 

For  ana lys is  o f  ana ly t i ca l  samples, i? l iquo ts  (10-25 u g h 1  i n  

e i t h e r  methanol (CPOT column) o r  hexane-ISP (DNBPG columns) were 

i n j e c t e d  i n t o  an a n a l y t i c a l  column through a Valco i n j e c t o r ,  which 

comprised a 10 u l  loop and a Model CV-6-UHPa-N60 i n j e c t i o n  valve. 

The column e f f l u e n t s  were monitored a t  254 nm. Often i t  was 

necessary t o  s e t  the de tec tor  a t  Xmax o f  a given ana ly te  f o r  t race  
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1090 ABIDI 

a n a l y s i s .  

0.5 ml /min and 3 ml /min through r e s p e c t i v e  CPOT and DNBPG columns. 

Capac i t y  f a c t o r s  ( k ' )  were detemined by a s tandard method based on 

t h e  f o l l o w i n g  r e l a t i o n s h i p  o f  r e t e n t i o n  parameters: k '  = (t/to)-l, 

where to i s  t h e  r e t e n t i o n  t i m e  o f  t h e  un re tan ined  compound and t i s  

t h a t  of t h e  s o l u t e  under a n a l y s i s .  The v o i d  volumes were ob ta ined  

by i n j e c t i n g  w a t e r  ( P i r k l e )  and hexadecane (CPOT) as none-reta ined 

s o l u t e s .  

e s p e c i a l l y  i n  s o l u t i o n ,  a l l  samples were f r e s h l y  prepared p r i o r  t o  

analyses and were s t o r e d  i n  a f o i l  -wrapped amber c o n t a i n e r  i n  a 

f r e e z e r  when n o t  i n  use. 

M o b i l e  phases were pumped (100-150 atm) a t  f l o w  r a t e s  o f  

As rotenone compounds a r e  s e n s i t i v e  t o  l i g h t  and a i r  

I n  p r e p a r a t i v e  HPLC, p a r t i a l l y  p u r i f i e d  enan t iomer i c  compounds 

o b t a i n e d  f r o m  p r e p a r a t i v e  TLC and HPLC were f u r t h e r  separated on 

p r e p a r a t i v e  columns o f  10 mm I D .  

i n j e c t e d  i n t o  t h e  column v i a  a 100-200 u l  l o o p  and t h e  mob i l e  phase 

e l u a t e s  were c o l l e c t e d  i n t o  3 m l - f r a c t i o n s  w i t h  a B u c h l e r  l i n e a r  

au tomat i c  f r a c t i o n  c o l l e c t o r  (ISCO Model 328). A r e f a c t i v e  i ndex  

d e t e c t o r  ( V a r i a n  Model 4300) was coupled between t h e  f r a c t i o n  

c o l l e c t o r  and t h e  column. 

were combined. 

pressure,  an a n a l y t i c a l  sample o f  t h e  r e s i d u e  was analyzed f o r  

o o t i c a l  p u r i t y  by  HPLC on an a n a l y t i c a l  column w i t h  dual  UV and 

p o l a r i m e t r i c  d e t e c t i o n .  S t r u c t u r e  o f  each enantiomer i s o l a t e d  was 

determined hy p r o t o n  and carbon-13 n u c l e a r  maqnet ic  resonance 

spec t romet ry  (NMR). 

were superimposale wi th  those o f  a u t h e n t i c  m a t e r i a l s .  

A l i q u o t  samples (0.5-5 mg) were 

F r a c t i o n s  conta in !  ng p u r e  enantiomers 

Upon removal o f  s o l v e n t  by evapora t i on  a t  a reduced 

I n  a l l  cases, t h e  spec t ra  o f  t h e  t e s t  samples 

NMR spec t ra  
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ROTENONE AND ROTENOLONE SEPARATION 1091 

were recorded on a JEOL FXSO-Q F o u r i e r  t ransform mul t inuc lear  

spectrometer operat ing a t  90 MHz f o r  protons and a t  22.5 MHz f o r  

carbons. 

RESULTS AND DISCUSSION 

S t ruc tures  of the two sets o f  enantiomeric p a i r s  i n  the  

rotenone ( I )  and rotenolone (11) se r ies  are depicted i n  F ig .  1. 

The absolute conf igura t ion  o f  the na tura l  rotenone (IA) has been 

determined as shown [(-)-6aS,l2aSy5'R7 (11). Rased on the outcome 

of chemical conversions v i a  cont ro l  l e d  sterochemical pathways, the  

respec t ive  absolute stereochemistry o f  I B ,  ICY I D  has been 

e s t a h l i  shed as (+)-6aR,12aRy5'S-rotenone, 

(+)-6aR,l2aRy5' R-rotenone, and (-)-6aS ,12aS,5 ' S-rotenone (10,12). 

Ox ida t ion  of the o p t i c a l  isomers o f  ( I )  w i t h  potassium dichromate 

i n  aqueous ace t i c  a c i d  y i e l d e d  the  corresponding compounds I I A ,  

I I R ,  IIC, and I I D  w i t h  re ten t i on  o f  con f i gu ra t i on  a t  6a-, 12a-,and 

5'-centers.  

o p t i c a l  isomers or  premixed enantiomeric p a i r s  o f  va r iab le  

enantiomeric compositions were employed. Th is  f a c i l i t a t e d  

unequivocal peak i d e n t i f i c a t i o n  and enabled unambiguous c o r r e l a t i o n  

o f  e l u t i o n  order w i t h  absolute stereochemistry. 

For HPLC analysis,  samples of e i t h e r  i n d i v i d u a l  

Table I summarizes the observed HPLC behavior o f  o p t i c a l  

isomers o f  rotenone ( I )  and rotenolone (11) on th ree  columns packed 

separately w i t h  the polymeric tri phenylmethylmethacrylate (CPOT) , 

P i r k l ' s  cova len t ly  bonded amino a c i d  (PCOV), and the  i o n i c a l l y  

bonded amino ac id  (PA) s ta t i ona ry  phases. The r e s u l t s  c l e a r l y  

i nd i ca ted  t h a t  the reso lu t i on  p o t e n t i a l  o f  the two types o f  
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Tahle I 

ABIDl 

HPLC Separa t i on  of Enantiomers o f  Rotenone (11 and 
Rotenol  one on ( I I )  Chi r a l  S t a t i o n a r y  phases 

C hromatoqraph i c 
O p t i c a l  c h a r a c t e r i s t i c s *  

isomer CPOT - DNBPG 

Rotenone 

I A  ( - 1  

I R  (+ )  

I C  ( + I  

I n  ( - 1  

Rotenol  one 

I I A  ( - 1  

I I R  (+ )  

I I C  ( + I  

I I D  ( - 1  

k '  

k '  

a 

k '  

k '  

a 

k '  

k '  

a 

k '  

k '  

a 

2.78 

5.98 

2.15 

3.42 

2.78 

1.23 

1.50 

1.56 

1.04 

1.56 

1.50 

1.04 

11.4 

11.4 

1 .oo 
11.4 

11.4 

1 .oo 

12.7 

15.6 

1.23 

15.7 

12.7 

1.24 

11.7 

11.7 

1 .00 

11.7 

11.7 

1.00 

15.9 

19.2 

1.21 

20 .A 

17.4 

1.20 

* I n  exper iments w i t h  PCOV and PA columns, a mob i l e  phase o f  
hexane-ISP (85:15)  was used. F o r  o t h e r  HPLC c o n d i t i o n s ,  see Methods 
s e c t i o n .  
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ROTENONE AND ROTENOLONE SEPARATION 1093 

s ta t i ona ry  phases, CPOT versus DNRPG (PCOV o r  PA)  , was heav i l y  

dependent on the s t r u c t u r e  type and was i n  sharp con t ras t  w i t h  

respect t o  the two ser ies  o f  compounds under cons idera t ion  ( I  

versus 11). Thus, separat ion o f  the o p t i c a l  antipodes i n  ser ies  I 

was a t ta ined  i n  var ious degrees w i t h  the CPOT column ( a  = 2.15 f o r  

the  I A - I R  p a i r ,  a = 1.23 f o r  the I C - I D  p a i r ) ,  b u t  no t  w i t h  the 

P i r k l e ' s  DNBPG columns (a =l.OO) . Conversely, the  enantiomeric 

p a i r s  (IIA-1113) and ( I I C  -110) were resolved w i t h  the l a t t e r  column 

(a > > 1.00 f o r  both p a i r s  o f  I I A - I I B  and I I C - I I D  w i t h  e i t h e r  PCOV 

o r  PA column under a l l  HPLC cond i t ions  evaluated), b u t  remained 

v i r t u a l l y  inseparable w i t h  the former CPOT column. 

data ( n o t  shown here) obtained w i t h  the DNBPG columns showed t h a t  

separat ion o f  the o p t i c a l  antipodes tended t o  be favored by an 

increase i n  the hexane content o f  the mobi le phase used; b u t  a h igh  

hexane content ( >  95 %) i n  the mobile phase caused severe peak 

d i s t o r t i o n  due t o  low s o l u b i l i t y  o f  analytes i n  the so lvent  systems 

employed . 
were on ly  s l i g h t l y  higher than those found i n  the PA system (Table 

I ) .  

Analysis o f  the  

Separation fac to rs  (a 1 observed i n  the PCOV system 

Examples o f  HPLC chromatograms showing HPLC separat ion o f  the 

enantiomeric p a i r s  o f  rotenone ( I )  and rotenolone (11) a re  

presented i n  F ig .  2 and F ig .  3 ,  respec t ive ly .  It i s  noteworthy 

t h a t  the (-)- isomers i n  both ser ies  I and I 1  e lu ted  i n v a r i a b l y  

e a r l i e r  than t h e i r  antipodes. 

c h i r a l  s ta t i ona ry  phases i nves t i ga ted  : 

k ' I I A  < k ' I I R ;  k ' I I D  < k ' I I c  (Table I ) .  

They were l ess  re ta ined by a l l  th ree  

k ' I A  < k ' IB ;  k ' I D  < k' IC; 

Th is  general t rend  o f  
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ID 

IC 

IA 

ABIDI 

, I 1 

14 16 18 20  22 24 26 20 

min. 

I I I I I , I I I I I I I 1 

14 16 18 20 22 24 26 28 30 32 34 36 38 40  

min. 

Fig. 2 .  Enant iomer ic  separa t ion  o f  rotenone ( I )  on CPOT. 
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I IA 
IID 
n 

1 
I I I I I I I I I I 1 

10  12 14 16 18 20 10 12 14 16 18 20 2 2  

rnin. min. 

Fig .  3. Enantiomeric separat ion o f  rotenolone (11) on PA. 

e l u t i o n  order i s  analogous t o  t h a t  reported by P i r k l e  and coworkers 

on HPLC r e s o l u t i o n  o f  o ther  c lass  o f  o p t i c a l l y  a c t i v e  compounds on 

DNBPG columns (13). As demonstrated i n  our recent work (91, 

diastereomeric compounds t h a t  are epimeric a t  the B/C r i n g  j u n c t i o n  

( IA-IC and I I A - I I C )  can be separated w i t h  r e l a t i v e  ease by 

normal-phase and reversed-phase HPLC . The r e s u l t s  o f  the present 

study a l so  demonstrated t h a t  the same above sets o f  epimers were 

separated on the s u i t a b l e  c h i r a l  phases w i thou t  much d i f f i c u l t y  

(Table I )  . 
r e l a t i v e l y  high degree o f  c h i r a l  recogn i t i on  invo lved i n  the 

chromatographic process was ev iden t l y  opera t ive  ,the magnitude o f  a 

value f o r  I A - I R  was considerably g rea ter  than t h a t  f o r  I C - I D  (Table 

For enantimeric separat ion o f  ( I )  on CPOT where a 
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I and F i g .  2) .  

i n  m o l e c u l a r  c h i r a l i t y  between s t r u c t u r e s  I A  and IB f o r  s p e c i f i c  

c h i r a l  i n t e r a c t i o n s  w i t h  t h e  CPOT phase. While t h e  r e t e n t i o n  d a t a  

f o r  t h e  enantiomers i n  t h e  rotenone s e r i e s  I ob ta ined  w i t h  t h e  PCOV 

column were comparable wi th  those found i n  HPLC w i t h  t h e  PA column, 

t h e  r o t e n o l o n e  compounds i n  s e r i e s  I 1  were more s t r o n g l y  r e t a i n e d  

by  t h e  PA phase than  by t h e  PCOV phase (Tab le  I ) .  

T h i s  i s  i l l u s t r a t i v e  o f  a n o t a b l e  d i f f e r e n t i a b i l i t y  

A comparison o f  t h e  data i n  Tab le  I f o r  t h e  two fundamenta l l y  

d i f f e r e n t  types o f  c h i r a l  phases (CPOT versus DNBPG columns) l e d  t o  

a genera l  unders tand ing  o f  c h i r a l  req iurements i n  these systems. 

F o r  e f f e c t i n g  c h i r a l  r e c o g n i t i o n ,  t h e  hydrophobic  i n t e r a c t i o n  

( p r o b a b l y  o f  n-n o r i g i n )  between t h e  t r i p h e n y l m e t h y l  group of t h e  

c h i r a l  po l ymer i c  CPOT phase (14)  and t h e  rotenone enantiomers 

appeared t o  be impor tan t .  

u n s a t u r a t e d  systems w i t h  con juga ted  bonds i n  a c h i r a l  s t r u c t u r e  

seemed t o  have f a v o r a b l e  c o n t r i b u t i o n s  t o  t h e  c h i r a l  r e c o g n i t i o n  

process (15) .  Apparen t l y  t h e  presence o f  t h e  12a-hydroxy group i n  

r o t e n o l o n e  d e s t a h l i z e d  such i n t e r a c t i o n s .  On t h e  o t h e r  hand, t h e r e  

a r e  n-donor-, hydrogen bond donor-and hydrogen bond a c c e p t o r - s i t e s  

i n  ro teno lone  enantiomers f o r  s imul taneous i n t e r a c t i o n s  w i t h  t h e  

DNBPG c h i r a l  phases, s e p a r a t i o n  o f  t h e  enan t iomer i c  p a i r s  can 

t h e r e f o r e  be r e a l i z e d .  

ro tenone  s e r i e s  ( t h e  12a-OH i s  r e p l a c e d  by a hydrogen) would render  

c h i r a l  r e c o g n i t i o n  i n e f f e c t i v e  , because t h e  s p e c i f i c  requi rements 

o f  e s s e n t i a l  m u l t i p l e  i n t e r a c t i o n  s i t e s  a re  n o t  f u l f i l l e d .  T h i s  

may p a r t l y  e x p l a i n  why at tempted s e p a r a t i o n s  o f  ro tenone  

enant iomers on t h e  DNBPG columns f a i l e d .  

I n  t h i s  case, a romat i c  groups and 

The absence o f  t h e  hydrogen donor i n  t h e  
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OCH, 
I 

H3c0QJy& H 0 

\ 

OCHB 
I 

H3c07&y& a 0  H 0 

\ 

(Ill). R = H 

(IV). R =OH 

F i g .  4.  Optical antipodes of deguelin (111) and tephrosin (IV). 

Application of the chiral phase HPLC method developed i n  this 

study t o  the separation of racemic deguelin (111) and tephrosin 

(IV) yielded similar resul ts .  As shown i n  F i q .  4 ,  the compounds 

I11 and IV are the structural  analogues of respective rotenone and 

rotenolone, each having chiral centers a t  the B/C ring junction 

w i t h  some structural  modification of the E-ring. W i t h  DNBPG 

columns, a base-line resolution of the IVE-IVF pair  was achieved, 

though the IIIE-IIIF racemate could not be separated with these 

columns (Table 11). Nevertheless, both racemic mixtures ( I I IE 

-1IIF and IVE-IYF) were well resolved on the CPOT column ( F i g .  5 

and Table 11) . 
system i n  I11 and IV w i t h  the tiphenylmethyl group of CPOT play 

more important role t h a n  tha t  in I and I1 for chiral recognition 

d u r i n g  the chroamtographic separation process. 

these specific interactions by the polar 12a-OH may n o t  be 

We presume t h a t  the n-n interactions of the E-ring 

Destablization of 
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Table I 1  

ABIDI 

HPLC Separa t i on  o f  Racemates o f  Degue l i n  (111) and 
Tephros in  ( I V )  on C h i r a l  S t a t i o n a r y  phases 

Chromatographic 
O p t i c a l  c h a r a c t e r i  s t i c s *  
isomer CPOT PCOV PA 

Dequel i n  

I I I E  ( - )  k '  2.64 9.72 9.36 

I I I F  ( + I  k '  5.02 9 -72 9.36 

a 1.90 1 .OO 1 .oo 

Tephros 

I V E  ( -  

IVF (+  

n 

k '  1.44 10.9 15.1 

k' 2.34 13.3 17.8 

a 1.63 1.22 1.18 

* F o r  HPLC c o n d i t i o n s ,  see f o o t n o t e  t o  Table I. 

s i g n i f i c a n t  i n  t h i s  case. Table I11 shows t h e  r e s u l t s  o f  o p t i c a l  

p u r i t y  a n a l y s i s  on two s e t s  ( I 1 1  and I V )  o f  samples each c o n t a i n i n g  

f i v e  m i x t u r e s  o f  premixed enantiomers. 

f o r  t h r e e  r e p l i c a t e  a n a l y s i s  averaqed 2.25-5.61%. 

C o e f f i c i e n t  o f  v a r i a t i o n  

The minimum e f f i c i e n c i e s  es t ima ted  commerc ia l ly  f o r  CPOT and 

P i r k l e ' s  columns were 2800 and 40000 p l a t e s  p e r  meter, 

r e s p e c t i v e l y .  The e f f i c i e n c y  o f  separa t i ons  shown i n  t h e  

chromatoqrams can be improved by l o w e r i n g  t h e  mob i l e  phase f l o w  
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Fig. 5. Enantiomeric separation o f  deguelin (111) and tephrosin 
( I V )  on CPOT. 
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Table 1 1 1  

ABIDI 

Determination of The Optical Purity o f  Deguelin and Tephrosin 

Enantiomeric composition ( % I  
Sample No. E F 

(a)* ( b ) "  

Deguelin (111) 

1 

2 

3 

4 

5 

50.3 50.4 49.7 49.6 

3.75 3 .fig 96.2 96.3 

20.6 20 .s 79.4 79.2 

9.51 9.49 90.5 90.5 

83.7 83.5 16.3 16.5 

Tephrosin ( I V )  

6 50.1 49.9 49.9 50.1 

7 43.7 43.9 56.3 56.1 

8 8.55 8.61 91.4 91.4 

9 72.7 72.9 27.3 27.1 

10 93.0 93.2 7 .oo 6.80 

* (a)= HPLC analysis with the CPOT column. ( b ) =  HPLC analysis with 
the PCOV column for IVE-IVF antipodes; the IIIE-IIIF antipodes 
were converted to IV-compounds prior to analysis on PCOV. 
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ROTENONE AND ROTENOLONE SEPARATION 1101 

r a t e  t o  render mass t r a n s f e r  more e f f i c i e n t .  The i n e v i t a b l e  losses 

i n  mass t rans fe r  c h a r a c t e r i s t i c s  a t  e levated e luent  f l ow  ra tes  

resu l ted  i n  r e l a t i v e l y  broader bandwidths as seen i n  the  present 

cases. However, the column s e l e c t i v i t y  data (a  values) should shed 

some l i q h t  on the  chromatoqraphic behavior o f  enantiomers o f  

rotenone and rotenolone on the  c h i r a l  phases o f  i n te res t .  

I n  a1 1 the  experiments where o p t i c a l  reso lu t i on  o f  enantiomers 

was achieved, each o f  the ant ipodal  p a i r s  I A - I R ,  I C - I D ,  I I A - I I R ,  

and I I C - I I D  i n  both rotenone and rotenolone ser ies  was s u f f i c i e n t l y  

resolved, a1 thoucrh simultaneous reso lu t i on  o f  a1 1 fou r  isomers o f  

rotenone and rotenolone was no t  accomplished. It was o f  i n t e r e s t  

t o  note tha t ,  except f o r  t he  diastereomeric p a i r  I B - I C ,  t he  isomers 

havinq the same R / C  r i n g  j u n c t i o n  stereochemistry were no t  

reso lvab le  regardless o f  the c h i r a l  phase used. The lack  o f  

d i f f e r e n t i a b i l i t y  may be associated w i t h  the low molecular 

dissymmetry inherent  i n  the d i  astereomers t h a t  bear an epimeric 

r e l a t i o n s h i p  a t  the 5'-asymmetric center. 

I n  conclusion, the method presented can he u t i l i z e d  i n  a wide 

v a r i e t y  o f  c h i r a l  separat ion i n v o l v i n a  rotenone-1 i k e  racemates fo r  

p repara t ive  i s o l a t i o n  o f  o o t i c a l  isomers and o p t i c a l  p u r i t y  

determination. 

o p t i c a l  r e s o l u t i o n  o f  n a t u r a l l y  ocu r r i ng  racemates o f  rotenone 

fam i l y  . 

Th is  method represents the f i r s t  d i r e c t  approach t o  
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