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N-(4Hydroxyphenyl)‘- and N-(2-hydroxyethyl)‘-retinamides are excellent 
cancer-chemopreventive agents and are less toxic than the parent acid3*‘. Therefore, 

the tissue-distribution pattern and metabolism of these two potentially useful drugs 

is of pharmacological interest_ As one of the primary metabolic conversions of 

retinoids, phenols, and alcohols is O-conjugation to D-glUCUrOniC acid to form /3-D- 

glucosiduronates in the microsomal fractions of liver, kidney. and intestinal muco- 

sa5- ‘, we undertook the synthesis of the /?-D-glucosiduronates 4 and 8 of these 

retinamides. In addition to being useful as comparison compounds in metabolism 
studies, these compounds might be effective in the prevention of bladder cancer. 

The major mode of excretion of such lipophilic retinoids as these amides is in the 

bile’. However, upon conjugation to a water-solubilizin g group such as a glucuronate 

salt, renal clearance is also possible6*‘. Administration of the glucosiduronic conju- 
gates may permit these retinoids to reach the bladder in sufficient concentration to 

prevent effectively the development of epithethial cancer there. The synthetic ap- 

proach and purification methods employed in preparing these compounds are 

described herein. 

Because of the lability of the pentaene system of the retinoids, and the potential 

interaction of these double bonds with the mercury and silver salts typically used 

to form glucosiduronic linkages, we decided to employ a stepwise synthetic approach, 

first introducing the 2-hydroxyethylamino and 4-hydroxyanilino groups onto the 

sugar, followed by amide-bond formation with retinoic acid. The readily accessible 

methyl (p-aminophenyl 2,3,4-tri-O-acetyl-P-D-glucopyranosid)uronate’ (2) was 

chosen as the starting material for the preparation of glucosiduronate 4. Amide 

formation with retinoyl chloride, which had been generated itz situ with thionyl 

chloride-pyridineg, afforded the protected 4-retinamidophenyl D-glucosiduronate 3. 

‘H-N.m.r. spectroscopy established that the anomeric configuration’ O-l1 was 8. 
Because of the decreased nucleophilicity of the aromatic amine, amide formation 

with retinoylimidazole” was not effective. Base-catalyzed removal of the methyl 
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ester and acetyl protecting-groups, acidification, and ion exchange afforded sodium 

(4-retinamidophenyl D-D-ghrcosid)uronate (4). 

The synthesis of the sodium (Zretinamidoethyl P-D-glucosidjuronate (8) was 
accomplished similarly, starting with methyl (tri-O-acetyl-x-D-glucopyranosyl 
bromide)uronate I3 (1) and N-ben z y loxycarbonylethanolamine’5. While the conden- 
sation occurred in ,oood yield (60-70x), the /I: CA anomer ratio did not exceed 3 :2, 
even though a variety of solvents (benzene, acetonitrile, and nitromethane) and 
metal salts (freshly prepared silver carbonate, silver oxide, and mercuric cyanide)15 
were investigatedl’*” in the attempt to increase the amount of p anomer 5. In 
contrast to the facile separation of the (more rigid) aryl glucosiduronic anomers in 
the preceding sequence, purification of the (more flexible) ethano anomers was very 
difficult. A combination of column chromatography, crystallization, and preparative, 
high-performance liquid chromatography (l.c.) finally afforded the more-polar p 
anomer in low yield. 
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Removal of the benzyloxycarbonyl group from the a anomer 5 by hydrogeno- 
lysis with palladium-on-carbon in anhydrous methanolI gave only low yields of 
the ethylamino D-giucosiduronate 6, together with many side-products. Decreasing 
the basicity of the primary amino group of the product by conducting the hydrogena- 
tion in the presence of one equivalent of acetic acid removed this problem. The free 
amine, generated from the acetate salt by addition of one equivalent of triethylamine, 
was allowed to react with retinoylimidazole to form * the protected D-glucosiduronate 
7. ‘H-N.m.r. spectroscopy again established’ ‘*I ’ that the anomeric configuration 
was /I_ Alkaline hydrolysis removed the protecting groups, to give sodium (Zretin- 
amidoethyl P-D-glucosid)uronate. 

Both water-soluble glucosiduronates were purified by preparative, reverse-phase 
l.c. followed by lyophilization. Analytical reverse-phase l.c. (260 nm) indicated a 
purity of 97 % for both hygroscopic, readily oxidizable, yellow powders. ’ 3C-N.m.r. 
spectroscopy confirmed that only one anomer was present. The negative optical 
rotation values’ 3 support the p-D-anomeric configuration. 

EXPERIMENTAL 

General tnetflo~s. - Melting points are uncorrected. 1.r. spectra were recorded 

with a Perkin-Elmer 710B infrared spectrophotometer. N.m.r. spectra were obtained 
with a Varian A-60A or XL-lOO-FT spectrometer, with tetramethylsilane as the internal 
standard (6 0) and solvent as specified. Signals are designated by the standard 
retinoid (C-l to C-20) and sugar (C-l ‘ to C-5’) numbering systems, and were assigned 
by comparison with reported spectra for retinoids” and 5(- and j?-glucosiduro- 
nates lo-l **l*. High-resolution, mass-spectral analyses were conducted with a CEC-21- 
1 LOB high-resolution mass spectrometer equipped with facilities for combination 
g.l.c.-m-s. High-performance liquid chromatographic analyses were performed with a 
Waters Associates ALC 210 instrument equipped with either a 30 cm x 3.9 mm 
FPorasil or jfBondapak/ClS column. Detection was by a Schoeffel Instrument Model 
770 variable-wavelength U.V. monitor. Analyses were performed at room temperature 
and a flow rate of 2 mL/min. Preparative work was performed on a Waters Associates 
Prep LC/Sys&m 500 instrument with Prep Pak-500/silica or Bondapak/C,, cartridges 
at a flow rate of 0.2 L/min. Detection was by U.V. absorption or refractive index. 
U.V. spectra were obtained with a Perkin-Elmer model 575 spectrometer. 

Reactions and purifications of the retinoids were conducted with deoxygenated 
solvents and under inert gas (argon) and either subdued light or photographic red 
light. Retinoid intermediates were stored at -40”. Solvents were dried or distilled 

*Alternative syntheses were unsuccessful. When N-(2-hydroxyethyl)retinamide was allowed to react 

with the bromo sugar 1 in the presence of silver carbonate, no glycoside was detected in the mixture. 

Attempted G-glycosidation of A’-benzyloxycarbonylethanolamine with methyl I,2,3,4-tetra-O-acetyl- 

p-o-glucopyranuronate in the presence of stannic chloridel” resulted in attack on the carbamate 

group, and other side-reactions. 
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before use. T.1.c. analyses were made with analytical silica-gel plates (Analtech). 

Solutions were dried with sodium sulfate. 

Methyl (tri-O-acetyl-x-D-glucopyranosyl bromide)uronate (1) was prepared in 

two steps from D-glucuronolactone by the procedure of Bollenback and co-workers’ 3. 

Methyl (4-aminophenyl 2,3,4-tri-O-acetyl-r-D-glucopyranosid)uronate (2) was 

prepared by O-glucosiduronation of methyl (tri-O-acetyl-T-D-glucopyranosyl bro- 

mide)uronate withp-nitrophenol in the presence of silver oxide followed by reduction 

of the nitro group, using procedures reported by Kato and co-workers” and Furukawa 

and co-workers’. Recrystallized (ethanol) material, m-p. 153-I 54” (lit. * 154-l 56 “), 

contained about lo?,‘, of the x anomer by l.c. IV-Benzyloxycarbonylethanolamine 

was prepared from ethanolamine and benzylchloroformate by the method reported 

by Rose’“. 
Aletlzjd (4-~c~tizzanzirlopl~ezz~.I tri-O-met+P-D-glzzcop~wzzzosid)zzr-ozzate (3). - A 

solution of all-r,-alrs-retinoic acid (0.61 g, 2.0 mmol) in ether (10 mL) containin 

pyridine (0.2 g, 2.5 mmol) was cooled to ---IO’ and treated with thionyl chloride 

(0.25 g, 2.0 mmol) in ether (1 mL)‘. The mixture was allowed to warm to room 

temperature during 1.5 h with stirring. An orange-red solution of the (unstable) 

acid chloride was obtained together with a precipitate of pyridine hydrochloride. 

The solution was transferred all at once by syringe into a stirred suspension of 2 

(0.568 g, _. 7 0 mmol) in benzene (7 mL) containing 0.3 g (3.8 mmol) of pyridine at 

room temperature, and the reaction vessel was rinsed with benzene (5 mL). The red 

faded to yellow \\ithin 2-3 min. The misture was kept for 65 h, diluted with ethyl 

acetate (30 mL), and washed with water (3 x 30 mL), followed by 30-mL aliquots 

of 1 0: aqueous sulfuric acid, saturated sodium hydrogencarbonate, and brine (twice). 

The solution was dried and evaporated to a yellow gum (1.38 g). The crude product ivas 

combined with 0.78 g of material from a similar preparation and apphed in benzene 

to a column (2.5 x 35 cm) of Merck Silica Gel 60. The column was gradient-eluted 

with 150-mL volumes of 20, 25-50, 60, and 750; ethyl acetate-hexane. Unreacted 

retinoic acid eluted first, followed by 1.0s g of the product ester as a solid yellow 

foam. and then 0.55 g of a mixture of the ‘A and /? anomers. The anomeric mixture 

(0.9 g) from two combined preparations was subjected to l.c. (2: 1 hexane-EtOAc, 

0.2 Ljmin) to yield 0.40 g more of the /r anomer (total yield, 3.48 .a, 59:;), followed 

by 235 mg of the z anomer containing a trace of the /II anomer. The major product 

was crystallized from 5 mL of 2: 1 hexane-ethyl acetate to afford I _ IS3 g (47’::) of 

the amide, m.p. 9S-101 3 (dec.): I *Et: 3260 (NH), 1750 (OAc, C02Me), 1645 (C=C, 

CONH), 1610 (Ar), 1580, 1525 [sh (Ar)], 1415, 1220, 1170, 1045, 970,910, 895, and 

740 cm-‘; ’ H-n.m.r. (CDCl,): 6 1.07 [s, 6 H, l&17-CMe,], 1.74 (s, 3 H, lS-CH3), 

1.4-1.7 [m, 4 H, 2,3-(CH,),], 1.9-2.15 (4 s and m, 14 H, 3 OAc, 19-CH,, 4-CH,), 

2.24 (s, 3 H, 20-CH,), 3.77 (s, 3 H, CO,Me), 4.20 (dd, 1 H, J 3, 1.5 Hz, H-5’), 

5.05-5.40 (m, 4 H, H-1’,2’,3’,4’), 5.S2 (s, 1 H, 14-HC=C), 6.05-6.4 (m, 4 H, 7,S- 

HC=CH, 10,12-C=CH), and 6.85-7.55 (m, 2 H, ll-C=CH, NHCO, and dd, 4 H, 

ArH); 13C-n.m.r. (CDCI,): 6 170.023, 169.381, 169.289, and 167.066 (C-6’ and 

3 OCOR), 165.355 (C-IS), 153.175 (Ar-0), 150.352 (C-13), 139.197 (C-9), 137.802 
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and 137.328 (C-6,8), 135.491 and 134.294 (C-12, p-Ar), 130.354 (C-l I), 129.911 and 
129.624 (C-5.10), 125.539 (C-7), 121.558 and 121.452 (il?-Ar and C-14). 117.SOI 
(o-Ar), 99.733 (C-l ‘), 72.533, 72.036 and 71.191 (C-2’,3’,4’), 69.26 1 (C-5’), 52.9 15 

(MeO), 39.696 (C-2), 34.315 (C-l), 33.152 (C-4), 28.955 (C-16,17). 21.742 (C-IS), 
20.576 and 20.459 (3 OAc), 19.289 (C-3), 13.716 (C-20), and 12.595 (C-19); “,f:.P,*’ 
362 nm (E 5.24 x lOa): m-s. talc. for C 39H19N0, 1 707.3305, found 707.33 12. The 
mass spectrum indicated complete absence of retinoic acid. 

Sodiutn (4-l-etitrami(~ophetl~l P-D-glrrcop?,l-anosi~i)r{~ofzf~t~ (4). - A solution of 

recrystallized 3 (1.15 g, 1.6 mmol) in 10 mL of O.lar sodium methoxide in methanol 
was stirred for 18 h at room temperature. Solvent was evaporated in a stream of 

argon. The yellow solid was treated with 15 mL of 02x1 sodium hydroxide (3 nxnol) 

in 1 : 1 methanol-water and stirred for 4.5 h at room temperature. A yellow gum 
separated. Addition of 0.05~ sulfuric acid (20 mL. 1 mmol) converted the gum into 
a solid, which was dissolved in methanol (40 mL>. The solution was applied to a 

column (4 x 40 cm) of sodium sulfonate ion-exchange resin (Amberlite IR-120) 
that had been washed with 1 L of 0.311 aqueous sodium hydroxide and then with 2 L 
of water. The salt was eluted under nitrogen during a 2-h period with SO0 mL of Z : 1 
methanol--water_ The eluate was concentrated to 300 mL by careful evaporation 
at 0.2 mmHg and below room temperature to minimize foaming. The residual 
aqueous solution was shell-frozen at -775” and lyophilized under argon at 30-60 
~m~H,o over a 3-day period. The yeliow residue was extracted with methanol (100 mL), 
the mixture filtered to remove sodium sulfate, and the filtrate evaporated; the volume 

was brought to 40 mL \\ ith methanol. The product had begun to separate at a volume 
of about 30 mL. The solution was applied to a reverse-phase l.c. column in three 
aliquots: (I) S mL of solution, which was eluted with SO :< methanol-water:: (2) 20 rnL 
of solution, eluted with 70’:: methanol-water; and (3) 12 mL of solution, eluted with 
70”,/, methanol-water. A single, major peak was observed by refractive-index detec- 
tion. The combined product-fractions (2.5 L) were concentrated to 550 mL. Much 
less foaming was encountered than with the crude material. Any silanol present. 
which could have resulted from hydrolytic cleavage of the C,, adsorbent during 

chromatography, could be removed readily by extraction with hexane. Lyophilization 
of the frozen residue for 4 days yielded a yellow powder (550 rng, 55 96 yield assuming 
hydration by 2 H,O). The product was transferred in an argon-filled glove bag into 
vials. The product had m.p. 255” (dec., darkened > 150”), [z]LO -56.7’ (c 0.9, 
methanol); l.c. (reverse-phase, 70 7,: methanol-water , 280 nm) t, 1.8 (97”;) and 0-S 
min (37;); I.~“** 3350-2500 (OH), 1620 (NH, C=C), 1515 (NH, C=O), 1420, 1310, ,,,.I\ 
1240, 1230, 1170, 1065, 1030, 975, 840, and 730 cm-l; ‘H-n.m.r. (Me,SO-&)*: 
5 1.06 [s, 6 H, 16,17-CMe,], 1.3-1.7 Cm, 4 H, 2,3-(CH,),], 1.73 (s, 3 H, IS-CH,), 

+‘Hl&.m.r. spectra for compounds 4, 6, and 8 were taken in hle?SO-&, to enhance solubility and 
sharpen signals. Perhaps because of differences in salvation, the positions of signals for H-l’ and 
H-5’ did not agree with those reported for /?-glucosiduronates in CDC13 (refs. 10 and 11). Similar 
shift-differences were found in the spectra of compound 5 in these solvents. 
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2.01 (s, 3 H, 19-CH3), 2.37 (s, 3 H, 20-CH,), 2.53 (m, 2 H, 4-CH,), 3.2-3.6 (broad 
s and m, 4 H), 3-O-4.0 and 5-O-5.7 (broad ms, 2 H and 4 H, OH and H,O), 4.8 
(broad d, 1 H, J4 Hz), 6.07 (broads, 1 H, 14-HC=C), 6.2-6.5 (m, 5 H, 7,8-HC=CH, 
10,12-C=CH, OH-exchanged D,O), 6.85-7.15 (m, 3 H, 1 l-C=CH, and 2 H, ArH), 
7.57 (d, 2 H, J 9 Hz, ArH), and 10.02 (broad s, 1 H, NHCO, exchanged D20 on 
heating); i3C-n.m.r. (Me,SO-d,): 6 173.316 (C-6’), 164.534 (C-15), 153.379 (Ar-0), 
147.630 (C-13), 137.792, 137.274, 137.123 and 136.247 (C-9,6,8,12), 136.109 (p-Ar), 
134.032 (C-II), 130.117 and 129.213 (C-5,10), 127.345 (C-7), 123.228 (C-14), 
120.369 @z-AT), 116.778 (o-Ar), 101.104 (C-l ‘), 76.644 (C-3’), 74.369 and 73.142 
(C-2’,4’), 71.975 (C-5’), 39.285 (C-2), 33.832 (C-l), 32.657 (C-4), 28.775 (C-16,17), 
21.473 (C-18), 18.823 (C-3), 13.249 (C-20), and 12.522 (C-19); i_;zTF” 360 (E 4.76 x 
IO5 if2 HzO), 233 nm (I.46 x IO3 if 2 HzO); m.s. [tetrakis(trimethyIsilyl) derivative], 
talc. for C,,H,,NOBSi, 855.4413, found 855.4362. 

Metlzy/ (Lmzzitzoet/z_vl tri-0-acetyI-/I-D-glrrcopy-atzosid)wo)zate (6). - A rep- 
resentative experiment is reported. To a mechanically stirred solution of 4.0 g (10.1 
mmol) of methyl (tri-O-acetyl-x-D-glucopyranosyl bromide)uronate (I) and 1.99 g 
(10.2 mmol) of hr-benzyloxycarbonylethanolamine in dry benzene (40 mL) were 
added 1.93 g (7.0 mmol) of silver carbonate and 2.0-g portions of molecular sieves 
4-A and Drierite. This mixture was stirred for 20 h, filtered (filter-rinsed with benzene), 
and the filtrate diluted with benzene to 250 mL: washed with bt sodium hydroxide 
(2 x 40 mL) and brine (40 mL), and dried. Evaporation afforded an almost colorless 
oil, the n.m.r. spectrum of which indicated a 1 : 1 mixture of z and j3 anomers. The 
oil was chromatographed on silica gel (300 g) with 707; ethyl acetate-pentane 
(40-mL fractions) to afford 3.2 g of product in fractions 24-27. Fractions 24 and 
25 contained 2.04 g of an oil that, after l.c. with SO”/6 ethyl acetate-hexane and 
crystallization from 40 7: ethyl acetate-hexane, gave 0.96 g (19 “i, yield) of methyl 
(ilr-benzyloxycarbonylaminoethyl tri-O-acetyl-P-D-glucopyranosid)uronate (S), m.p. 
%I-86.5”, c&J;’ - 18.9’ (c 1, methanol); I “,~, ~CnCia 1760 (C02R), 1720, 1370, and 1030 

cm-‘; ‘H-n.m.r. (CDCI,): 6 2.02 (s, 9 H, OAc), 3.42 (t, 2 H, J 5 Hz, OCH& 
3.55-4.15 (ms, 3 H, H-5’, CH,N), 3.80 (s, 3 H, CO,Me), 4.55 (d, 1 H, J 6.5 Hz, 
H-I ‘), 4.55-5.3 (m, 4 H, 3 HCO, NH), 5.92 (s, 2 H, CH,Ar), and 7.33 (s, 5 H, 
ArH). 

Afzul. Calc. for CZ3HZ9N0,,: C, 54.01; H, 5.72; N, 2.74. Found: C, 53.95: 
H, 5.71; N, 2.72. 

Fractions 26 and 27 weighed 1.2 g and on crystallization afforded 0.98 g of 
p anomer 90% pure by analytical I.c. and ‘H-n.m.r. The anomeric purity did not 
increase on seeding and recrystallization. 

To a solution of pure 5 (0.51 i g, 1 mmol) and acetic acid (57 !tL 1 mmol) 
in 100 mL of anhydrous methanol was added I25 mg of 5 o/0 palladium-on-carbon 
(M.C.B.). This mixture was stirred under hydrogen for 2 h, filtered through Celite, and 
evaporated under diminished pressure overnight to afford 378 mg (98 % crude yield) 
of a white solid; [a]:’ -9.7” (c 10, methanol); ‘H-n.m.r. (Me,SO-d,): 6 1.92 (s, 3 

H, OAc), 2.07,2.08, and 2.10 (3 s, 9 H, OAc), 2.8-3.0 (m, 2H, CH,N), 3.6-3.7 (m, 2 H, 







NOTE 129 

ACKNOWLEDGMENTS 

The support of this research by the National Cancer Institute under Contract 

No. NOI-CP-7-5931 is gratefully acknowledged. We thank Mr. Lewis W. Cary for 

recording the IOO-MHz n.m.r. spectra, and Dr. David Thomas for conducting the 

mass-spectral analyses. 

REFERENCES 

1 W. BOLLAG, R. RIJEGG. AND G. RYSER (F. Hoffmann-LaRoche AG), Ger. Pat. 2.102,586. 

12 August 1971; C/w/n. Ahsfr., 75 (1971) 98697d. 
2 R. J. GANDER AND J. A. GURXEY (Johnson and Johnson). Belg. Pat. 847,942,3 May 1977; Clrenr. 

A5srr., 85 ( 1978) PS9892e. 
3 D. L. NE~VTON, W. R. HENDERSON, AND M. B. SPORN, Slructtrre-Acfi~it~ Re1ariottslrip.s qf Rrrittoick. 

Traclzca~ Organ Czrtrrtre Assay of Activir? of Retirzoids. Laboratory of Chemoprevention, Division 
of Cancer Cause and Prevention, National Cancer Institute. Bethesda, MD 20205. 1975. 

4 D. R. BARD AND I. LAsir;t-rixI, Br. f. Cattcrt-, 3.5 (1977) 115-I 19; M. B. SPORN, personal com- 
munication. 

5 R. I_.. SMITH, The Excretoty Fmctiott of Bile. The Elitnittatiott of DrttKv atrd Toxic Srtbstattm itt 
Bile, Chapman and Hall, London, 1973, pp_ 16-34. 

6 K. LIPPEL MD J. A. Orsos, J. Lipid Rex, 9 (1965) 165-175. 
7 K. N.=.-~H ASD .I. A. OEOX, J. Nutritiorr, 93 (1967) 461469. 
8 J. FURIJUWX, N. KAWABL\T;\, AND J. NISHIMUR.+ Tetraltedrott. 24 (1969) 53-58; J. SHIR4SXI. 

E. SAIX-C-LAXE. R. KOSISHI. AXED T. Ko~zuxn. Clwn~. PItarm. Bdl. (Tokyo), 18 (1970) 2310-7343. 
9 H. KOESIG, J. PEH. H. SCHOLZ. ASD P. Pause (BASF AC), Ger. Pat. 2.300.107. I1 July 1974. 

10 K. Hoxxr;\. K. N-x~nzrar~, T. UEMATSU, ABD A. HAMADA, Clret?~. Pltar-tn. BUN. (Tox_I*o). X(1976) 
394-399. 

11 M. IM,~TSUI ASD M. OKADA. Citemt. Pttarttt. BdI. (Tdyo). 18 (1970) 2179-2131. 
11 H. A. STAAB ASD A. h~~,~xhSCHREC~, Chettt. Ber., 95 (1962) 1784-1297. 
13 G. N. BOLLEXBUX. J. W. LOXG. D. G. BESJAMIN, AW J. A. LISDQUET. J. Atzz. Chettz. SM.. 77 

(1955) 3310-3315. 
14 W. G. ROSE. J. Am. Chtz. Sot.. 69 (1947) 1384-1387. 
15 G. WULFF AXD G. R~HLE, Attgew. Cfwtt~. ht. Ed. Ettgl.. I3 (1974) 157-216. 
16 A. PATCHORSIK. A. BERGER. AXI) E. K.-\TCHALSZ;I, J. Arzz. C/zenz. Ser.. 79 (1957) 6416-6120. 
17 G. ESGLERT. H&V. C/tint. Acto. 5s (1975) X367-2390. 
IS A. S. SHASHICOV. A. F. SVIRIDOV, 0. S. CHIZHOV, A\D P. Kov.iir, C’wboltdr. Rcs.. 62 (197s) 1 I-17. 
19 K. KATO, K. YOSHIDA, H. TSUUMOTO, M. NOBUN~G~\, T. hl.ww,x, AXD T. SA\\-\D-x, Clrcvtz. 

Plzmrnz. Bull. (Tokyo), 8 ( 1960) 239-242. 


