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reflux for 24 h in 20 mL of benzene in a flask equipped with a 
condenser and protected by a drying tube. Sufficient water to 
dissolve the carbonate was added, the layers were separated, and 
the aqueous layer was neutralized to yield 1.1 g of starting material. 
The benzene phase then was extracted with 10 mL of 10% 
aqueous NaOH and neutralized with HC1 to give 0.82 g of crude 
product. After two crystallizations from petroleum ether, the 
substance was obtained with mp 88-89 "C and mp, with chlo- 
rination product (1 1) of 2-hydroxy-6-methoxyacetophenone, 88-89 
"C. 

Monomethylation of 3,5-Dichloro-2,6-dihydroxyaceto- 
phenone. 3,5-Dich1oro-2,6-dihydroxyacetophenone" (1 g), an- 
hydrous potassium carbonate (2 g), and dimethyl sulfate (0.57 
g) were heated under reflux for 24 h in 25 mL of benzene, with 
protection from atmospheric moisture. Sufficient water then was 
added to dissolve the potassium carbonate and the resulting two 
phases were separated. Neutralization of the aqueous layer gave 
920 mg of starting material. The benzene phase was extracted 
with 5 mL of 10% NaOH, and the sodium hydroxide solution was 
neutralized to yield 30 mg of 3,5-dichloro-2-hydroxy-6-meth- 
oxyacetophenone; mp, after one crystallization from petroleum 
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ether (charcoal), 97-98 "C, mmp, with 2-hydroxy-6-methoxy- 
acetophenone chlorination product (mp 98.5-100 "C), 97-99 "C. 

E. 'w NMR Spectral Data. Spectra were determined at 25.2 
MHz on a Varian XL-100 instrument at normal probe temper- 
ature. The concentration of 4 was ca. 50 mg/3 mL of Me2SO-ds. 
The error in signal position, as indicated by the computer was 
h2.5 Hz; 30000 total transients were collected under block ac- 
quisition conditions. The approximate tipping angle was 50". A 
5-K spectral width was used, with a 0.4 s acquisition time and 
a 0.2 s pulse delay. Five watts of decoupling power were used 
with a band width of 1.5 K. The Me$O-de peak at 40.4 ppm from 
Me& was taken as standard. 
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Whereas reduction of trans- and 1l-cis,l3-cis-12-carboxyretinoic acid dimethyl esters gives the trans and 
Il-cis,l3-cis corresponding diols, reduction of 13-cis-12-carboxyretinoic acid dimethyl ester gives essentially no 
l3& diol with trans and ll-cis,l3-cis diols being the major products. 12-(Hydroxymethyl)retinol with 13-cis 
stereochemistry is obtained by reduction of the conf i ia t iondy locked retinoids 13-cis-12-carboxyretinol &lactone 
and 13-cis-l2-(hydroxymethyl)retinoic acid &lactone. 

The demonstrated effectiveness of retinoids in pre- 
venting or delaying the progression of preneoplastic lesions 
to malignant, invasive carcinomas in epithelial 
and in bringing about regressions with skin ~apillomas,2-~ 
carcinomas, and some types of murine  melanoma^^^^*^ has 
generated substantial interest in the synthesis of novel 
retinoids. We have recently reported the synthesis, ster- 
eochemistry, and conformations of 12-carboxyretinoic 
acids6i7 and of related anhydrides7 and lactones? We now 
report the methods for preparing trans-, 134s-, and 11- 
cis,l3-cis-12-(hydroxymethyl)retinol(l-3), present chem- 

ical and spectral data establishing their structure and 
stereochemistry, and discuss their relative stability. 
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1, R = CH,OH 
4, R = CO,CH, 

2, R = CH,OH 
5, R = CO,CH, 
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Results and Discussion 
Lithium aluminum hydride reduction of retinoid esters 

has been shown to proceed with retention of the stereo- 
chemistry of the retinoid backbone? It was, therefore, 
expected that reduction of the dimethyl esters of tram-, 
13-cis-, and ll-cis,l3-cis-12-carboxyretinoic acids (4-6, 
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respectively) would produce the desired diols 1-3. On the 
other hand, since we had found that base treatment of the 
13-cis diester 5 led to isomerization,' it was recognized that 
reduction of 5 may not be straightforward. 

Reduction of the trans diester 4 gave a single product; 
the 'H and I3C NMR spectra were consistent with those 
expected for 1. In particular, the I3C NMR shifts of the 
9a and 13a methyl groups of 1 (12.4 and 16.4 ppm, re- 
spectively) were similar to the values recorded for other 
trans retinoids;lOJ1 in the trans diester 4 the shifts are 12.5 
and 15.5 ppm, re~pectively.~ Lithium aluminum hydride 
reduction of 13-cis-12-carboxyretinoic acid dimethyl ester 
5 gave a three component mixture. The major product was 
identical with the product obtained from the reduction of 
the trans diester 4; the minor products were also retinoid 
diols. In an attempt to avoid what appeared to be isom- 
erization of the 134s system, the reaction was carried out 
a t  -70 "C. This led to the disappearance of one of the 
minor components. No change in this product composition 
was obtained under a varieity of workup conditions. 

Somewhat to our surprise, we discovered that the minor 
product observed in the low-temperature reduction of the 
13-cis diester 5 was identical with the byproduct obtained 
in the reduction of methyl ll-cis,l3-cis-l2-~~~earboxyretinoate 
(7) to the hydroxy acid 8 (Scheme I). This retinoid diol 
had I3C NMR shifts for the 9a and 13a methyl groups (12 
and 23 ppm, respectively) consistent with the expected 
ll-cis,l3-cis stereochemi~try.~ However, 13-cis stereo- 
chemistry could not be e~c luded .~  

In order to preserve the l3-cis stereochemistry in the 
reduction step, it was decided to utilize a retinoid in which 
the 13-cis double bond was contained in a ring. Suitable 
systems for this purpose were available from our previous 
work? i.e., the 1 3 4 s  &lactones 9 and 10 of 12-carboxy- 
retinol and of 12-(hydroxymethyl)retinoic acid. In fact, 
since reduction of either lactone should give the same 
product, the lactone mixture produced in the reduction 
of the mixture of 13-cis half-esters obtained from metha- 
nolic saponification of 13-cis-12-carboxyretinoic anhydridea 
was reduced with excess lithium aluminum hydride 
(Scheme 11). A diol, which was different from the diols 

I 
(10) Becker, R. S.; Berger, S.; Dallinp, D. K.; Grant, D. M.; Pugmire, 
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obtained in the reduction of either trans or ll-cis,l3-cis 
esters and which was identical with the third component 
observed in the reduction of the 13-cis ester a t  room tem- 
perature, was produced. This new diol also had 13C NMR 
signals at  12 and 23 ppm for the 9a and 13a methyl groups, 
consistent with either 1 3 4 s  or ll-cis,l3-cis stereochem- 
istry.l0J1 

The stereochemical assignments of the diols produced 
in these reductions were aided by their isomerization be- 
havior. They were unaffected by exposure to fluorescent 
laboratory lights for 5 days, but heating at  75 OC for 1 h 
led to isomerization of the diol produced in the reduction 
of the 1 3 4 s  lactones to the diol produced in the reduction 
of the trans diester 4; the latter isomerized to the diol 
obtained from 1 l-cis,l3-cis half-ester 7. Similarly, treat- 
ment of the diacetate derivatives of these diols with dilute 
iodine solution in the dark caused the isomerization of the 
13-cis lactone product and of the trans diester product to 
the ll-cis,l3-cis half-ester product. The thermal isomer- 
ization data are consistent with a situation in which a 
high-energy species isomerizes to one which represents an 
energy minimum via a species of intermediate energy. 
Somewhat analogous results had been obtained in the 
saponification of 13-cis-12-carboxyretinoic acid dimethyl 
ester (5): where both the trans diacid and the ll-cis,l3-cis 
diacid were formed a t  100 "C but the latter represented 
the energy minimum. By analogy, the lactone reduction 
product would be 13-cis-l2-(hydroxymethyl)retinol(2), the 
product from trans diester 4 would be trans-l2-(hydrox- 
ymethy1)retinol (l), and the product from ll-cis,l3-cis 
half-ester 7 would be 1 l-cis, 134s -  12- (hydroxymethyl) - 
retinol (3). 

The fact that 3 was obtained in the reduction of the 
ll-cis,l3-cis half-ester 7 is consistent with this assignment, 
although it is inconslusive in itself. Obviously retention 
of the polyene stereochemistry cannot be assumed in these 

reductions since the diol 1 was produced in the reduction 
of both the trans diester 4 and the 13-cis diester 5. 

The isomerization results, taken together with the 13C 
NMR data, support the assignments for the trans and 
ll-cis,l3-cis diols (1 and 3). 

The third diol would appear to be 13-cis-l2-(hydroxy- 
methyl)retinol(2). This conclusion is based primarily on 
its mode of formation, i.e., from a 1 3 4 s  lactone. The 
multiplicity of products obtained in the reduction of the 
13-cis diester 5 is undoubtedly related to its propensity to 
isomerize, particularly under basic conditions.' Mainte- 
nance of the 13-cis double bond in a cycle until at least 
partial reduction had taken place was expected to help 
avoid isomerization, and therefore, the diol produced 
should have 134s stereochemistry. 

It follows then that, in general, the low-temperature 
lithium aluminum hydride reduction of retinoid esters 
proceeds with retention of configurational integrity. The 
case of the 13-cis-12-carboxyretinoic acid dimethyl ester 
5 is an exception due to the high energy associated with 
the 13-cis stereochemistry in 12-substituted retinoids 
(Sceme 111). 

Experimental Section 
Melting points were determined on a Thomas Hoover capillary 

tube apparatus or on a Koffler hot stage, and they are uncorrected. 
Infrared spectra were recorded on a Perkin-Elmer Model 267 
grating spectrophotometer, ultraviolet spectra were recorded on 
a Cary 14 spectrophotometer, and mass spectra were obtained 
on an AEI MS-902 spectrometer. Proton NMR spectra were 
recorded on a Varian HA-100 spectrometer, and NMR spectra 
were determined on a JEOL JNM-PS-100 NMR instrument. 'H 
and 13C NMR data are summarized in Table 1. 

Analytical chromatography was carried out by using commercial 
silica gel F-254 for TLC and a Waters Associates high-pressure 
liquid chromatograph consisting of two constant flow pumps 
(M6000A) controlled electronically by a solvent programmer 



652 J. Org. Chem., Vol. 49, No. 4, 1984 

Table 11. HPLC Retention Times for Retinoids' 

Lewin et  al. 

reten- 
tion 

time, 
no. assigned structure eluant min 

A' 8.5 1 trans-l2-( hydrox 
methy1)retinol 

2 13-cis-l2-(hydroxy- A' 6.2 
methy1)retinol 

3 ll-cis,l3-cis-12-(hydroxy- A' 7.0 
methy1)retinol 

11 trans-12- Be 6.5 
(hydroxymethy1)retinol 
diacetated 

(hydroxymethy1)retinol 
diacetated 

(hydroxymethy1)retinol 
diacetate 

re tin oids 

z- 

12 13-cis-12- Be 8.5 

13  l l -~ iS , l3 -~ i s -12 -  Be 9.4 

' On Radial Pak Bxartridge. 
' 4% MeOH in 9 : l  hexane/Et,O. 
e 5% Et,O in hexane. 

Detected at 300 nm. 
Detected at 328 nm. 

(Model 660), a septumless nonstop-flow high-pressure injector 
(Model U6-K), and a variable-wavelength UV detector (Model 
450). The columns used were Waters Associates 3.9 mm X 30 
cm p-Porasil, p-Bondapak C18, and Radial Pak A and B cartridges 
in a Watera Associates radial compression module (Model 100). 

All laboratory operations involving retinoids and related polyene 
systems were performed under dim red lights and in an inert 
atmosphere. 
all-tracls-l2-(Hydroxymethyl)retinol (1). (a) Reduction 

of all-trans-12Carboxyretinoic Acid Dimethyl Ester (4). 
To a stirred slurry of 41 mg (1.08 mmol) in 13 mL of THF under 
argon was added a solution of 50 mg (0.134 mmol) of all-trans- 
12-carboxyretinoic acid dimethyl ester (4) in 2 mL of THF. The 
reaction was quenched with saturated aqueous NH4C1, diluted 
with HzO, and extracted with EtOAc. HPLC analysis indicated 
this product to be identical with the product obtained from 
reduction of 13-cis-12-carboxyretinoic acid, dimethyl ester (5) 
described below. 
(b) Reduction of 13-cis-12-Carboxyretinoic Acid Dimethyl 

Ester (5). Reduction of 1.9 g (5.1 mmol) of 13-cis-12-carboxy- 
retinoic acid dimethyl ester (5) in 50 mL of THF with a slurry 
of 1.6 g (46 mmol) of LiAlH4 in 450 mL of THF as described in 
(a) gave after similar workup 1.62 g of a crude mixture. HPLC 
analysis showed one major and two minor components, one of 
which was the ll-cis,l3-cis diol 3. The mixture was eluted on 
a medium-pressure silica gel column (Merck, size B) by using 40% 
ethyl acetate in hexanes to give 560 mg (35%) of the major 
component 1 as an oil; IR (KBr) 3400 cm-'; A- (MeOH) 303 nm 
(e 20700); MS, m/e  316.241 (calcd for C21H9202, 316.240). 
13-cis-12-(Hydroxymethyl)retinol (2). To a stirred sus- 

pension of 345 mg (9 mmol) of LAM4 in THF was slowly added 

a solution of 345 mg (11 mmol) of a mixture of 13-cis-12- 
carboxyetino1 &lactone (9) and 13-cis-12-(hydroxymethyl)retinoic 
acid 8-lactone (10) in 2 mL of THF at 0 "C. After being stirred 
at room temperature under Nz for 1.75 h, the reaction mixture 
was cooled to 0 "C and cautiously quenched with saturated 
aqueous NH4C1, diluted with HzO, acidified to pH 6 with 10% 
H2S04, and extracted with EtOAc. The organic layers were 
back-washed with brine, dried, and evaporated to give 345 mg 
of an oil. HPLC showed it to consist mainly of one component. 
Purification by column chromatography (silica gel, 1:l EtOAc/ 
hexane) gave 285 mg of a yellow oil, which developed polar 
constituents (TLC) within 3 days. Rechromatography using 1 % 
MeOH in 1:l EtOAc/hexane gave 72 mg of pure 13-cis-l2-(hy- 
droxymethy1)retinol (2): &, (EtoH) 305 nm (c 17415); MS, m/e 
316.2405 calcd for CZlH,,O2, 316.2401). 

Il-cis,l3-cis-12-(Hydroxymethyl)retinol (3). To a cold (0 
"C) solution of 228 mg (6.0 mmole) of LiAlH, in 18 mL of THF 
was slowly added a solution of 260 mg (0.75 mmol) of methyl 
ll-cis,l3-cis-12-carboxyretinoate (7) in 2 mL of THF. After 
stirring for 0.5 h, usual workup gave a crude mixture (222 mg), 
which was eluted on a medium-pressure silica gel column (Merck, 
size B) by using 0.25% MeOH and 33% EgO in hexanes to give 
1l-cis,l3-cis-12-(hydroxymethyl)retinol (80 mg, 33%); IR (KBr) 
3400 cm-'; A,, (MeOH) 300 nm (A 46080); MS, m / e  316.241 
(calcd for C21H3202,316.240). Continued elution of the column 
gave ll-cis,l3-cis-12-carboxyretinol(71 mg, 29%): IR (KBr) 1725 
cm-'; A- (MeOH) 327 nm ( e  26800); MS, m/e  330.219 (calcd for 
C21H30O3, 330.219). 

Diacetates of the Diols 1-3. For each preparation a small 
amount of the diol was stirred with acetic anhydride and pyridine 
for 1 h at room temperatures. The mixture was then evaporated 
to dryness, leaving a gum. HPLC showed only one component 
for each product. Proton NMR confirmed the presence of the 
acetoxy methyl groups. The structure of the diacetates 11-13 
was confirmed by 'H NMR (Table I). 

Iodine-Promoted Isomerization of Retinoid Diacetates. 
To a solution of 1 drop of diacetate 11, 12, or 13 in 10 drops of 
hexane was added 1 p L  of a 1% solution of I, in Et20. The 
solutions were kept in foil covered vials, and the isomerization 
was monitored by HPLC. 
HPLC Analysis. The best separations were achieved by using 

Radial Pak B cartridges, although stainless steel packed columns 
gave similar results. The eluant used for the diols was 4% MeOH 
in 9 1  hexanejEg0 with a flow rate of 2 mL/min; detection was 
at  300 nm. For the diacetate 5% E g o  in hexane at 2 mL/min 
was used as eluant; detection was at 328 nm. The retention times 
are shown in Table 11. The solvents were from Burdick and 
Jackson, and they were degassed prior to use. Analysis of the 
lactones has been described previously.8 
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