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ABSTRACT 

A mixture of all-trans-retinoic acid and iodine in heptane was irradiated. Two oxidation products 
were isolated by high performance liquid chromatography and identified as all-trans- and 13-cis-4- 
oxoretinoic acid by nuclear magnetic reasonance, ultra violet, Infrared spectroscopy, and 
mass spectral analysis. Under the same conditions, but without light, a mixture of all-trans- and 13- 
cis-retinoic acid resulted. The corresponding methyl esters were obtained when methyl all-trans- 
retinoate was used in place of all-trans-retinoic acid. 

INTRODUCTION 

The metabol ism of vi tamin A, in general, 
and ret inoic acid in particular has been of  
interest  in our laboratory for several years 
(1-3). Recent  advances in high per formance  
liquid chromatography  (HPLC) and the de- 
ve lopment  of  high eff ic iency columns have 
provided the means for the rapid separat ion and 
purif icat ion of these labile compounds  in the 
dark, at room tempera ture  and wi thout  expo-  
sure to air. Procedures  for the preparat ion of  
geometr ic  isomers and oxida t ion  products ,  the 
most  c o m m o n l y  encountered  derivatives of 
re t inoic  acid and related substances, were of  
part icular  interest  to us. In this regard, Hubbard 
(4) has repor ted  the isomerizat ion of  ret inol,  
re t inaldehyde,  and re t inaldehyde oximes under  
the inf luence of  light and /or  iodine.  The major  
products  resulting f rom the irradiat ion of  
all-trans-retinoic acid in the absence of  iodine 
have been purif ied by HPLC and ident i f ied as 
geometr ic  isomers of  ret inoic  acid (5). These 
products  account  for at least seven of  the eight 
possible cis-trans isomers that  involve the 9, 11, 
and 13 double  bond posit ions of  ret inoic  acid. 
The present communica t ion  is concerned with 
the isolat ion and ident i f icat ion of  the products  
generated by the t rea tment  of  all-trans-retinoic 
acid with iodine in the presence or absence of  
light. 

EXPERIMENTAL 

Distilled in glass solvents were obtained from 
Burdick and Jackson Laboratories  Inc. (Muske- 
gon, MI). Water was deionized,  charcoal- 
fil tered, and then glass-distilled. All-trans- 
ret inoic  acid and all-trans-4-oxoretinoic acid 

lTo whom correspondence and reprint requests 
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were obta ined f rom Dr. W.E. Scot t  and Dr. 
B.A. Pawson, Hof fmann-La  Roche,  Inc. (Nut- 
ley, N J). Methyl  esters were prepared from 
ret inoic acid and related products  using diazo- 
methane  in me thano l /d ie thy l  ether  solutions,  
essentially as described by Schlenk and Geller- 
man (6). Isomerates were prepared by irradia- 
t ion with a f luorescent  lamp (GE F-15-T8-CW). 
The irradiations were carried out  in 22 ml 
borosil icate glass vials held at a distance of  ca. 5 
cm from the lamp. Samples were dissolved in 
heptane,  and iodine,  dissolved in heptane,  was 
added as indicated.  To te rminate  the iodine 
reactions,  the samples were dried in the dark, 
with a gentle stream of ni trogen.  The vials were 
partially submerged in a warm water  bath to aid 
in rapid evaporat ion of  the solvent and sublima- 
tion of  the iodine.  Such samples, once dry, 
were rout inely redissolved in diethyl  e ther  and 
redried to assure removal  of  iodine.  Separations 
were per formed by HPLC on a 0.46 x 25 cm 
bonded,  reverse phase, octadecylsi lane (ODS) 
co lumn (Partisil 10-ODS, Whatman Laboratory  
Products,  Clif ton,  N J) with methanol /wate r ,  
70 :30  (v/v) as solvent as previously described 
(5). Cochromatography  with all-trans-4-oxo- 
ret inoic  acid was on a Partisil PXS ODS-2 
co lumn with methanol /0 .01  M acetic acid 
(75:25) .  Purified samples were subjected to 
mass spectral analyses by way of  the direct 
probe inlet  on a low resolut ion mass spectro- 
mete r  (LKB-9000,  LKB Inst ruments ,  Inc., 
Rockville,  MD) as previously described by 
Waller (7), Lin et al. (8) and Reid et al. (9). 
Nuclear  magnetic resonance (NMR) spectra 
were obta ined using a Varian XL-100 (15) 
spec t rometer  (Varian, Palo Alto,  CA). Samples 
were dissolved in carbon tetrachloride.  Infrared 
spect roscopy (IR) was pe r fo rmed  with  a 
Perkin-Elmer (Norwalk,  CT) Model  457 grating 
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FIG. 2. HPLC of the methylated products resulting 
from a 2% hr. irradiation of a mixture of all-trans- 
retinoic acid (130 ~g/ml) and iodine (25 ~g,/ml) in 
heptane. Chromatography conditions were as de- 
scribed in Figure 1. Compounds eluting at 24 and 27 
min were identified as the methyl esters of 13-cis- and 
all-trans-4-oxoretinoic acid, respectively. 

FIG. 1. HPLC of the products resulting from a 
mixture of all-trans-retinoic acid (130 ~g/ml) and 
iodine (25 t~g/ml) in heptane incubated for 3 hr in the 
dark. Compounds were separated on a reverse phase 
column with methanol/water (70:30) at a flow rate of 
0.4 ml/min and 24 C. Compounds eluting at 29 and 38 
min were identified as 13-cis- and all-trans-retinoic 
acid, respectively. 

in f ra red  s p e c t r o p h o t o m e t e r  using mic ro  KBr 
pellets.  

exercised in the  p r epa ra t i on  of  the  solvent .  This  
shif t  was observed  in the  p resen t  s t udy  using 
glass-distilled m e t h a n o l  in which  all-trans- 
re t ino ic  acid had  an abso rbance  m a x i m u m  at 
337-338 nm.  However ,  when  scanned  onq ine  
in aqueous  m e t h a n o l  as t hey  passed t h r o u g h  the  
de tec to r ,  these  same samples  showed  no  such  
shift .  On-l ine UV scans ind ica ted  abso rbance  
m a x i m a  of  350-351 n m  for  the  all-trans-isomer 
and  353-354  n m  for  the  13-cis-isomer. 

RESULTS A N D  DISCUSSION 

Iodine-Dark Reaction 

In the  absence  of  l ight  and  iodine ,  so lu t ions  
of  e i the r  all-trans-retinoic acid or  m e t h y l  
all-trans-retinoate in m e t h a n o l ,  d i e thy l  e the r  or 
h e p t a n e  can be s to red  at  r o o m  t e m p e r a t u r e  
for  e x t e n d e d  per iods  of  t ime  w i t h o u t  signifi- 
can t  change.  The  add i t i on  of  iod ine  to  all-trans- 
r e t ino ic  acid in h e p t a n e  in the  dark  resu l ted  in a 
rapid  change leading to a m i x t u r e  of two  
c o m p o u n d s .  The  two c o m p o u n d s  were sepa- 
ra ted  by  HPLC (Fig. 1) and  iden t i f i ed  as the  
s tar t ing mater ia l ,  all-trans-retinoic acid, wh ich  
e lu ted  at 38 min ,  and  13-cis-retinoic acid, 
wh ich  e lu ted  at 29 min .  The  13-cis-ret inoic acid 
was iden t i f i ed  by  its UV (Xmax 354 n m )  and  
NMR spect ra  (10,11.). The  mass spec t ra  of  the  
two  c o m p o u n d s  (M + = m/e 300)  were indis t in-  
guishable  and  similar  to  t ha t  which  has  been  
previously  r epo r t ed  (8). Cor re spond ing ly ,  
m e t h y l  all-trans-retinoate and  m e t h y l  13-cis- 
r e t inoa te  were ob t a ined  w h e n  m e t h y l  all-trans- 
r e t i noa t e  was the  s ta r t ing  mater ia l .  

The  U V  spec t ra  of  the  t w o  acids were of  
in teres t .  R o b e s o n  et  al. (12)  r epo r t ed  a m a r k e d  
blue  shif t  in the  abso rbance  m a x i m u m  of  
re t ino ic  acid in e t h ano l  if  g r e a t  care was n o t  

Iodine-Light Reaction 

When a mix tu r e  of  re t ino ic  acid and  iodine  
in h e p t a n e  was i r radia ted ,  several p roduc t s  
more  polar  t han  re t ino ic  acid were sepa ra ted  by  
HPLC. The same qual i ta t ive  resul ts  were 
o b t a i n e d  for  the  iodine- l ight  reac t ion  wi th  
e i the r  m e t h y l  all-trans-retinoate or all-trans- 
re t ino ic  acid, fo l lowed  by  s u b s e q u e n t  me thy la -  
t ion  of  the  reac t ion  p roduc t s .  Since these  
c o m p o u n d s  were more  easily h a n d l e d  as m e t h y l  
esters,  the  ma jo r  p r o d u c t s  were isola ted and  
cha rac te r i zed  as m e t h y l  esters. A profi le  ob-  
t a ined  wi th  the  m e t h y l a t e d  derivat ives of  the  
iodine- l ight  reac t ion  is s h o w n  in Figure 2. The  
c o m p o u n d s  e lu t ing  at 24 and  27 min  were 
col lec ted  and  pur i f ied  by  HPLC using m e t h a -  
n o l / w a t e r  ( 6 0 : 4 0 )  which  resu l ted  in r e t e n t i o n  
t imes  of  34 and  40  min ,  respect ively.  

The  U V  spect ra  of  these  two  c o m p o u n d s  
were very similar.  The  o n 4 i n e  scans ind ica ted  
a b s o r p t i o n  m a x i m a  in the  vic ini ty  of  353-355 
n m  and  278-280  n m  for  b o t h  c o m p o u n d s .  
The  ra t io  of  the  peak  abso rbances  ( A 3 5 0 / 2 8 0 )  
was a b o u t  2.2-2.5.  The  mass spect ra l  f r agmenta -  
t i on  p a t t e r n s  of  these  two  c o m p o u n d s  were also 
qual i ta t ive ly  ind is t inguishable ,  ind ica t ing  t h a t  
t hey  were,  in all p robab i l i t y ,  geomet r i c  i somers  

LIPIDS, VOL. 14, NO. 8 



716  R.M. M C K E N Z I E  ET A L  

PPM (6) 

3 2 I 0 

FIG. 3. Nuclear magnetic resonance spectrum of the compound eluting at 27 rain in Figure 2 and identified 
as methyl all-trans-4-oxoretinoate. 
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FIG. 4. Nuclear magnetic resonance spectrum of the compound eluting at 24 rain in Figure 2 and identified 
as methyl 13-cis-4-oxoretinoate. 

of  the  same c o m p o u n d  (8). The  molecu la r  ion 
(m/e 328)  was cons i s t en t  wi th  these com- 
p o u n d s  be ing  ox ida t i on  p r o d u c t s  of  m e t h y l  
r e t i noa t e  (M + = m/e 314) ,  which  had  added  a 
single oxygen  a t o m  and  lost  two  p ro tons .  The  
molecu la r  weight  and  the  abso rbance  at  280 n m  
are cons i s t en t  wi th  a k e t o n e  s t ruc ture .  The  
presence  of  a ke ton ic  f u n c t i o n  was f u r t he r  
s u p p o r t e d  by the  presence  of  two  d is t inc t  
c a r b o n y l  abso rbances  at  1650 and  1700 cm -1 in 
the  in f ra red  spectra .  Again,  the  spect ra  of  the  
two  c o m p o u n d s  were essential ly ident ica l .  

The  NMR spec t ra  of  the  peaks  are p resen ted  
in Figures  3 and  4. Based on  these  spect ra ,  the  
site o f  ox ida t i on  is res t r ic ted  to e i the r  c a r b o n  2 
or  4 in the  cyc lohexeny l  ring. The  l oca t i on  of  
the  oxygen  on  e i the r  c a r b o n  2 or  4 was sup- 
p o r t e d  by  the  convers ion  of  the  m e t h y l e n e  
mu l t i p l e t  of  m e t h y l  r e t i noa t e  to  a pair  of  
t r ip le ts  r a the r  than  a pair  of  singlets as would  
be  requi red  by  a 3-oxo s t ruc ture .  This t r ip le t  

cha rac t e r  is readi ly  seen in Figure 4,  where  the  
upf ie ld  sh i f t  of  the  C-20 signal has  lef t  a t r ip le t  
cen te red  at  ca. 6 2.4 clearly visible. The  second  
t r ip le t  is par t ia l ly  h i d d e n  by the  C-I 8 signal and  
cen te red  at ca. 6 1.8. The as s ignment  of  the  
oxygen  to  C 4  was based on  the  fact  t ha t  the  
downf ie ld  shif t  (18 Hz) of  the  gern-dimethyl 
signal (C-16 and  C-17) was comparab le  in 
e x t e n t  to tha t  observed in a mode l  4 -oxo  
c o m p o u n d  (13).  

Add i t iona l  s u p p o r t  for  the  4 -oxo  s t ruc tu re  is 
p rov ided  by Rao et al. (14)  who  p repa red  
m e t h y l  4 -oxo re t i noa t e  by  expos ing  m e t h y l  
r e t i n o a t e  to  active manganese  d ioxide  in l ight  
pet rol .  THe NMR spect ra  s h o w n  in Figure 3 is 
essent ial ly  ident ica l  to  t h a t  r e p o r t e d  by t h e m  
for  m e t h y l  4 -oxo re t i noa t e  (14) .  In add i t i on  to 
the  UV, NMR, IR and  mass spect ra l  analysis,  
when  all-trans-retinoic acid was i r rad ia ted  in 
h e p t a n e  in the  presence  of  iod ine  as descr ibed 
in Figure 2, the  c o m p o u n d  iden t i f i ed  as all- 
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trans-4-oxoretinoic acid cochromatographed 
with the sample obtained from Hoffmann-La 
Roche, Inc. This compound was one of several 
4-oxo derivatives or retinoic acid that were 
reported to have been isolated from rat urine 
(15). 

In the present study, a comparison of the 
spectra in Figures 3 and 4 reveals an upfield 
shift of the C-20 methyl signal from 3 2.33 
(Fig. 3) to 6 2.06 (Fig. 4) and a downfield 
shift of the C-12 doublet from 6 6.4 (Fig. 3) to 
6 7.82 (Fig. 4). These changes are characteristic 
of the 13-eis-configuration ( 10,11 ). Thus, based 
on the data presented here and by previous 
workers, the two compounds eluting at 24 and 
27 rain (Fig. 2) were assigned the structures of 
the methyl esters of 13-cis- and all-trans-4- 
oxoretinoic acid, respectively. 

We have not isolated products resulting from 
the irradiation of retinol or retinaldehyde in the 
presence of iodine. These and similar studies 
can now be simply and fruitfully pursued along 
many different avenues of interest using HPLC 
analysis. This potent analytical tool has opened 
the way to an effective study of this biologi- 
cally significant family of compounds and of 
polyene compounds in general. 
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