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(12) (m.p. 131-133"C, CHCl,) were 6. H. Duddeck and M. Kaiser, Org. Magn. 
synthesized from 7-hydroxycoumarin References Reson. 20,55 (1 9821. . .  
(Merck- Schuchardt) as reported 
previo~sly.'.~ 
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'H and 13C chemical shift assignments, 
obtained with the aid of two-dimensional 
heteronuclear shift correlation and double- 
quantum coherence ' 3C-INADEQUATE 
experiments, are reported for four retinoic 
acid ester isomers observed at  the photo- 
stationary state. Also detailed are ' H  
assignments for three additional isomers 
obtained in insufficient amounts for 13C 
measurements. 

KEY WORDS Retinoic acid esters Isomer 
identification ' H-' 3C correlation spectra 
"C-INADEQUATE experiment 

INTRODUCTION 

Recently we have conducted studies of 
factors influencing the isomer distribution of 
retinoic acid (1) (Fig. 1) upon photoisomeriza- 
tion.' The biological activity of this molecule 
in inducing differentiation and acting as a 
possible cancer chemopreventive agent can 
be strongly influenced by the side-chain iso- 
meric comp~sition.**~ Because of its sensi- 
tivity to changes in olefin stereochemistry, we 
chose to employ NMR spectroscopy in struc- 
tural assignments of the retinoid geometric 
isomers resulting at the long-wavelength UV 
light-induced photostationary state. 

Englert4 has suggested that 13C NMR can 
be employed to assign retinoate isomers 
through the use of repetitive titrations with 
lanthanide shift reagents; however, some 
doubts remain when using these techniques. 
In earlier work on retinoic acid photoiso- 
merates the stereochemistry of side-chain 
isomers was assigned using 'H NMR spec- 
troscopy.' Unfortunately, these assignments 
relied on relatively low-field spectra obtained 
with minimal sample amounts and required 
computer simulations to make certain proton 
assignments. Recently, the high-field 'H 
NMR spectra of a limited number of reti- 
noate isomers dissolved in DMSO-d, have 
been determined? 

As it should prove useful as a reference 
source, we report here results derived from 
high-field NMR experiments, relying exten- 
sively on correlation spectroscopic tech- 
niques, to clarify certain resonance 
assignments and conclusively identify the 
seven photoisomers of methyl-1 which we 
observed. 

EXPERIMENTAL 

All-trans-retinoic acid was obtained from 
Aldrich (Milwaukee, WI, USA). ll-cis- 
Retinal, 13-cis,9-cis- and 11,13-di-cis-retinoic 
acid were generously provided by P. F. 
Sorter of Hoffman-LaRoche (Nutley, NJ, 
USA). Methyl retinoates were prepared by 
reaction with diazomethane generated in the 
usual manner from Diazald (Aldrich). Methyl 

11-cis-retinoate was prepared from 1 l-cis- 
retinal as described previously.' 9,13-Di-cis- 
and 9,11,13-tri-cis-retinoic acid were isolated 
by high-performance liquid chromatography 
as reported.' 

Fourier transformed 'H NMR spectra 
were obtained at ambient temperature on 
samples dissolved in CDCI, (1-10 mM) in 
amber-glass 175 x 5 mm sample tubes 
(Wilmad Glass, Buena, NJ, USA). 'H NMR 
spectra were obtained on IBM AF-270 or 
Bruker AM-500 spectrometers operating at 
270.13 and 500.13 MHz, respectively. "C 
NMR and 'H-',C correlation spectra'.' 
were determined on an IBM AF-270 spec- 
trometer operating at 67.9 MHz for I3C mea- 
surements. A '3C-INADEQUATE study' 
was performed on a Bruker MSL-300 spec- 
trometer at 75.4 MHz. Two-dimensional het- 
eronuclear shift correlation, double-quantum 
coherence ',C-INADEQUATE and nuclear 
Overhauser effect (NOE) difference experi- 
ments were performed using standard Bruker 
Instruments software. All spectrometers were 
equipped with the Aspect 3000 data system. 

Typical 1D 'H NMR spectra were 
obtained using a spectral width of 2500 Hz 
over 16K data points, no delay, a pulse width 
of 2 ps (35") and an acquisition time of 
approximately 3.5 s, leading to a digital 
resolution of 0.2-0.3 Hz per point. For 1D 
I3C NMR measurements a sweep width of 
17000 Hz over 32K data points, a 2.1-2.5 s 
delay, a 2 ps (33") pulse width and an acquisi- 
tion time of 0.95 s (digital resolution 1.05 Hz 
per point) were employed. 

4 
Figure 1. Structure of retinoic acid with numbering. 
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RESULTS 

Complete 13C NMR assignments were made 
for four of the esterified isomers of 1 (Table 
1). A 13C-INADEQUATE study of methyl-1 
was employed to assign unambiguously the 
carbon atoms in the parent isomer, thereby 
facilitating the use of 'H-13C correlation 
spectra to assign the carbon atoms of the 
three other abundant isomers. 

The 'H NMR chemical shift data for the 
important methyl and vinyl proton reson- 
ances of the seven observed isomers of 
methyl-1 are given in Table 2. For three of 
these isomers insufficient sample amounts 
prevented "C NMR studies. In these 
instances, isomer identification and proton 
resonance assignments were made using the 
necessary decoupling and NOE experiments 
where any ambiguities existed. 

DISCUSSION 

number of patterns emerge which can be 
helpful in assigning isomer structure. Most 
notably, relative to methyl-1, in the 13-cis 
isomer there is a marked downfield shift in 
the 13-methyl resonance and a corresponding 
upfield shift in the signal of C-12. Similarly, 
in the 9-cis isomer there is a downfield shift 
of the 9-methyl carbon resonance and an 
upfield shift of that of C-8. Methyl 1 l-cis-reti- 
noate, an isomer whose I3C NMR spectrum 
to our knowledge has not previously been 
reported, shows an upfield shift for the C-10 
signal and a downfield 13-methyl resonance 
position, presumably due to steric effects 
between the 10-proton and the 13-methyl 
group. Additionally, by unambiguously 
assigning the 13C resonances for the 2- and 
3-carbon atoms in methyl-1 via the "C- 
INADEQUATE experiment, we have con- 
firmed the correctness of earlier uncertain 
assignments of the relative resonance posi- 
tions of these two carbon atoms in reti- 
noids." 

for the 7- and 12-protons of methyl 9-cis-reti- 
noate are in error and should be reversed. 
We believe the accurately determined infor- 
mation presented here should prove useful 
for others engaged in retinoate isomer identi- 
fication by providing a reasonable basis for 
relating patterns of frequency shifts to isom- 
eric composition. Further, these results may 
also aid in assigning isomer structures to 
closely related metabolities and analogues of 
1, currently active acreas of study. 
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Surprisingly, complete assignment of the 
spectra of the parent isomer of methyl-1, 
using the indicated experiments, proved to be 
the most challenging. In particular, the vinyl 
proton resonances of methyl-1, at 270 MHz, 
are poorly resolved and not completely first 
order. Additionally, the 'H-13C correlation 
experiment was unable to assist in clearly 
identifying these resonances in the absence of 
other information. Therefore, the double- 
quantum coherence ' 3C-INADEQUATE 
experiment was employed to establish the 
carbon connectivity of methyl-1 and to allow 
unambiguous assignment of the difficult ring 
methylene and 7-, 8-, and 10-position carbon 
atoms, and their associated protons, by 
1H-'3C correlation. 

I3C NMR 

Although only four side-chain isomers of 
methyl-1 were abundant enough for I3C 
NMR work, these were valuable in permit- 
ting 'H-' 3C correlation spectroscopy, 
thereby facilitating proton assignments in 
abundant and minor isomers. Even with the 
relatively few 13C NMR spectra available, a 

'H NMR 

The more extensive family of 'H NMR 
spectra allows a number of generalizations 
which can be useful in retinoic acid isomer 
assignment. In 13-cis isomers an upfield shift 
occurs for the 13-methyl proton signals with 
a corresponding downfield shift in the 12- 
proton doublet, while in 9-cis isomers both 
the 8- and 10-proton signals experience a 
strong downfield shift. In these 9- and 13-cis 
isomers, in which side-chain methyl groups 
and adjacent vinyl protons bear a fixed cis 
stereochemical relationship to each other (e.g. 
the 13-methyl and lCproton), there is a mea- 
surable NOE between these protons, further 
confirming the cis stereochemistry. The pre- 
sence of 1 1-cis stereochemistry in retinoates is 
readily determined by the collapse of the 11- 
proton doublet of doublets to an apparent 
triplet, because the magnitude of the coupling 
constant between the now cis 11- and 12- 
protons decreases to become nearly equiva- 
lent to that between the 10- and 
11-protons." 

As described earlier,' we have found that 
the previously assigned5 resonance positions 
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