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ABSTRACT 

Glucuronide metabolites of retinoic acid and its analogues have been 
suggested to be active cancer chemopreventive analogues of the parent 
molecules. However, these metabolites are susceptible t o  0-glucuronidase 
and acid-catalyzed cleavage and it is not clear whether these carbohydrat- 
conjugates must be hydrolyzed back to the parent molecule to show 
activity. Thus, the multistep syntheses of stable C-glycosyl and C- 
glucuronosyl analogues of the known glucuronide metabolite of the breast 
cancer chemopreventi ve agent 4-hydroxyphenyl reti nami de (4-HPR) are 
outlined. The chemical and enzymatic stability of these compounds has 
been evaluated relative to the glucuronide of 4-HPR. 

INTRODUCTION 

Recent evidence suggests thai the glucuronide conjugates of 
retinoids may be active metabolites of the parent compounds.' The 
retinoids as a class are derived from retinoic acid (1) which is itself a 
metabolite o f  vitamin A (retinol). The retinoids have generated much 
interest as dermatologic agents and as cancer chemopreventive or 
chemotherapeutic compounds.2 The retinamide N-4-hydroxyphenyl retinamide 
(2) is a synthetic analogue of 1 which has shown promise as a less toxic 
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analogue o f  1 with particular utility as a breast cancer chem~preventive.~ 
It has been shown that 2 concentrates in the mammary epithelium o f  female 
rats along with certain metabolites of 2.4 Among the metabolites of 2 
formed in v i v o  is its glucuronide 3.5 We have recently shown that 3 has 
reduced toxicity and greater activity than 2 as an antiproliferative in 
MCF-7 human mammary tumor cells in culture.6 However, it remains unclear 
whether these conjugates function as is, whether they must be hydrolyzed 
back t o  the parent molecule to exert their effects, or whether the 
glucuronic acid moiety is required as the conjugating carbohydrate. For 
example, it has recently been found that the glucoside of 1 shows similar 
biological activity to the glucuronide of l.7 Based on our experience with 
Grignard additions to glycopyranosyl halides,' we have prepared some stable 
glycopyranosyl and glycopyranosiduronosyl benzene and phenylmethane 
analogues of 3 to evaluate the above questions. The preparation of these 
analogues (4-9) as well as their properties are described herein. 

4 n=0 ,  R=C02H. 
5 n = 0 ,  R=CH20H 
6 n = 0 ,  R = H  
7 n = l ,  R = C 0 2 H  
8 n = l ,  R=CH20H 
9 n = l ,  R = H  

RESULTS AND DISCUSSION 

The strategy for the synthesis o f  4 is shown i n  Scheme 1. 

Alkylation o f  (2,3,4,6-tetra-0-aCetyl-~-D-g1UCOpyranOSyl) bromide (10)with 
phenylmagnesium bromide by the procedure o f  Bonner and Hurdg produced (8-D- 
glucopyranosy1)benzene (11) which was isolated as its tetraacetate. After 
deacetylation with methanol ic potassium carbonate, the C-glucosyl compound 
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10 11 12 

13 14 

1. Retinoyl Chloride 
C02CH3 2. NaOCHdCH30H 

1. HZlPd-C AcO- \ I  NH2 3. NaOHICH30HIH20 t 

2. Separation * ACO 
OAC 

15 

HO HO m:; \ 

4 OH 

Scheme 1. Synthesis of 4. 

was oxidized to the C-glucuronosyl analogue (12) with oxygen and 
platinum(1V) oxide (Adam' catalyst) . lo The C-glucuronosyl compound was 
reprotected as its methyl ester and acetylated by standard methodology to 
give 13. Treatment o f  the C-glucuronosyl compound with copper( 11) nitrate 
and acetic anhydride by a variation of the method of Craig and Bonner" 
gave rise t o  a 1:l mixture of methyl C-glucuronosyl-2- and -4-nitrobenzene 
triacetates (14) which were not separated. These crude protected 
nitrophenyl compounds were reduced to the corresponding anilines by 
catalytic hydrogenation and then separated chromatographically to give p -  
isomer 15. The protected 15 was retinoylated and deprotected by a 
procedure analogous to that used by Dawson and Hobbs'' in their synthesis 
of 3. This synthesis of 4, starting from 10, proceeded in I% overall 
yield over ten steps. The primary difficulties encountered in this 
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synthesis stemmed from the selective oxidation of the hydroxymethyl group 
to the uronic acid functionality and isolation of the amphiphilic 4. For 
these reasons and to explore the importance of the carbohydrate moiety on 
biological properties, C-glycosyl compounds not containing the uronic acid 
function were prepared as well. 

Preparation of 5 followed an analogous scheme after omission of the 
laborious oxidation of the 6-hydroxymethyl group to the carboxylic acid. 
Thus, the tetraacetate of 11 was nitrated, reduced, retinoylated, and 
deprotected giving the desired 5 in overall yields somewhat better than 4 
(2.2%). 

13 Ary 1 at i on of (2 , 3 , 4-t ri -0-acety l -0-o-xy l opyranosy 1 ) c h 1 or i de ( 16) 

with phenylmagnesium bromide followed by reacetylation gave (2,3,4-tri-0- 
acetyl-8-D-xylopyranosyl) benzene. Again, nitration, reduction, retinoyla- 
tion, and deacetylation analogous to the steps used to prepare 5 provided 
6 smoothly in 4% overall yield. 

Due to the difficulties we encountered in achieving the desired 
reaction of benzylmagnesium chloride with 1 O Y 8  an alternative substrate was 
used for the synthesis of 7 and 8.  Reaction of (2,3,4,6-tetra-0-benzyl 
glucopyranosyl) bromideI4 with benzyl Grignard reagent gave the desired C- 
glucosyl phenylmethane.8 The perbenzylated C-gl ucosyl product was 
deprotected by catalytic hydrogenation and the crude tetrol was 
peracetylated to give the tetraacetate of (B-D-glucopyranosy1)phenyl- 
methane. From this stage the chemistry employed paralleled the 
appropriate paths used to produce 4 and 5 and yielded 7 and 8 smoothly in 
yields comparable to those for 4 and 5, respectively. 

Benzylmagnesium chloride, however, reacted in the more usual manner 
with 16 using the procedure of Noyori e t  ~ 1 . ' ~  The resulting crude trio1 
was acetylated directly to give (0-o-xylopyranosy1)phenylmethane as its 
tri acetate. Nitration , reduction , ret inoyl at ion, and deacetyl at ion were 
done analogously to the preparation of 6 to yield 9 in 2.6% overall yield. 

One of the potential advantages of C-glycosyl compounds in 
biological systems is their greater hydrolytic stability and their 
resistance to enzymatic cleavage to the free sugar and the aglycone. Both 
of these hydrolytic pathways are available to glucuronides. To test the 
relative stability of the C-glucopyranosiduronosyl linkage toward acidic 
conditions, samples of 3 and 4 were treated with 0.1N methanolic HC1 at 37 
"C for 2 h. After this time the glucuronide had undergone cu. 20% 
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Table 1. Activity of Assayed Compounds with Respect to R-Glucuronidasea 

Compound IC,,(~M) 
3 184.5‘ 
4 267 
7 236 

D-glucaro[l,4]lactone 8.4 

a. Conditions used for the assay: 400 pg of the glucuronide of 2(3), 
1.4 mL MeOH, 2.0 mL of distilled water, 0.6 mL of an aqueous 
solution of bovine serum albumin, 0.2 mL of an aqueous solution of 
bovine liver R-glucuronidase (1 mg/mL corresponding to 624 Fishman 
units/mL), 0.6 mL of 1 M acetate buffer, pH = 4.5, incubation in 
polypropylene bottles at 37 “C for at least 2 h. 

b. Determined by the amount of 2 liberated as measured by HPLC 
analysis . 

c. Km of enzyme for 3 as substrate 

solvolysis to liberate 2 as determined by HPLC while 4 rema 
Thus, it would appear that as expected these analogues show 
stabi 1 i ty toward acid-catalyzed hydrolysis. 

Cleavage of glucuronides to glucuronic acid and the ag 

ned intact. 
the desired 

ycone by 8- 
glucuronidase appears to be a general reaction for glucuronides, 
regardless of the structure of the aglycone. In similar 0-glucosidase- 
mediated hydrolyses of glucosides to glucose and the aglycone, C-glucosyl 
phenylmethane and C-glucosyl benzene have found use as enzyme inhibitors. 
Here, the C-glucosyl phenylmethane16 acts as a slightly more potent 
inhibitor than the C-glucosyl benzene.” We have found analogously that 
compounds 4 and 7 appear to act as competitive inhibitors of R- 
glucuronidase-mediated hydrolysis of 3 to 2 and glucuronic acid with 7 
being slightly more effective than 4. Table 1 presents the measured IC,, 
values for 4 and 7 as well as the Km value of the enzyme for 3 under the 
experimental conditions. While the C-glucuronosyl compounds were less 
potent inhibitors than the best known inhibitor, D-gl ucaro[l,4] lactone, 
few synthetic inhibitors of this enzyme are known and most other natural 
inhibitors are far weaker. l 8 l 1 ’  Thus, these compounds may be useful as B- 
gl  ucuroni dase i nhi bi tors. 
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308 PANIGOT, HUMPHRIES, AND CURLEY 

Preliminary results of the activity of 4-9 as antiprol iferative 
agents in the MCF-7 human mammary tumor cell culture model show that the 
analogues, particularly 4 and 7,  are promising. To further assess the 
properties of these analogues, competitive binding to the nuclear retinoic 
acid receptors is being evaluated. Preliminary results show that the C- 
glycosyl and C-glycosyluronates show binding ability which is superior to 
that of the phenol 2 or its glucuronide 3 and parallels their 
antiproliferative effects above. Full details of the biological activity 
of these compounds will be presented at a later time. 

Thus, the synthesis of C-glucuronosyl and C-glycosyl analogues of 
the known glucuronide metabolite of 2 have been demonstrated in modest 
yields. These compounds are active as inhibitors of O-glucuronidase and 
are hydrolytically stable. Additionally, these compounds have biological 
activity as antiproliferative agents in the human mammary tumor cell 
culture model which may result from receptor regulation. Further 
investigation of the properties of these compounds will be forthcoming and 
should allow us to explore whether these carbohydrate conjugate 
metabolites are merely "pro-drugs" or whether they may function as intact 
mol ecul es . 

EXPERIMENTAL 

General Me1 ting points were determined on a Thomas-Hoover apparatus 
and are uncorrected. NMR spectra were recorded on an IBM AC250 
spectrometer operating at 250 MHz for 'H in CDC1, solutions unless 
otherwise noted, and referenced to residual CHC1, at 6 7.24 ppm for 'H or 
6 77.0 ppm for 13C. Representative 'H and 13C NMR assignments are provided 
for compounds 4 and 8 .  UV spectra were recorded with a Beckman DU-40 
spectrophotometer. Infrared spectra were recorded using an Anal ect RFX-40 
FTIR spectrophotometer. Electron impact high resolution mass spectra were 
obtained using a Kratos MS-30 spectrometer. TLC was performed on 0.25 mm 
silica gel 60 FZs4 precoated aluminum plates from EM Science and visualized 
with fluorescence quenching of 254 nm light. Normal phase column 
chromatography was performed on silica gel (70-230 mesh, EM Science). 
Reversed-phase column chromatography was performed on octadecyl s i  lyl (RP- 

18) coated 40 pm silica gel particles (J.T. Baker). HPLC analysis of the 
stability of glucuronosyl compounds was performed on a Beckman Model 332 
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gradient  l iqu id  chromatograph system equipped with a Beckman Model 164 
var iab le  wavelength u l t r av io l e t  de tec tor  and f i t t e d  with a 5 pm, spherical  
p a r t i c l e  RP-18 column (Zorbax-ODs, 250 x 4.6 mm) using a solvent  mixture 
of 9:l MeOH/H20, both containing 10 mM NH40Ac a t  a flow r a t e  of 1 mL/min. 
The presence of f r e e  2 was determined by comparison o f  i t s  re ten t ion  time 
with an authent ic  sample. Glycosyl hal ides  were prepared according t o  
pub1 i shed procedures. 9y13914b All other  reagents were used as obtained. 

(2,3,4,6-TetraUacetyl-B-C1-g1ucopyranosyl) benzene (11-tetraacetate) . 
Compound 10 (5 g ,  12.1 mmol) was dissolved in 125 m L  of e the r  and added 
over 1 h t o  phenylmagnesium bromide prepared from 5.6 g (0.23 g-atom) of 
magnesium turnings and 25 mL (237 mmol) of bromobenzene in 250 m L  of 
e ther .  The mixture was heated a t  re f lux  f o r  6 h then poured in to  400 mL 
of H,O. Glacial ace t i c  acid (20 mL) was added t o  dissolve the magnesium 
s a l t s .  The mixture was shaken and the  layers  were separated.  The aqueous 
layer  was concentrated t o  dryness and crude 11 was t r ea t ed  with 70 mL of 
ace t i c  anhydride and 100 mL of pyridine overnight. The mixture was poured 
in to  750 m L  of H20 and the resu l t ing  p rec ip i t a t e  was i so la ted  by f i l t r a t i o n  
and recrys ta l l ized  from 2-propanol t o  y ie ld  2.236 g (45%) of the 
t e t r a a c e t a t e  of 11: mp 149-150 "C; I R  (KBr) 3043, 2996, 2938, 2879, 1745, 
1461, 1428, 1411, 1382, 1369, 1313, 1253, 1238, 1222, 1162, 1141, 1114, 
1087, 1076, 1043, 1035, 981, 921, 904, 771, 705, 617; UV (MeOH) A 256 nm 
( log E 2.44), A 217 nm ( log E 2.87); 'H N M R :  6 1.77 (s,  3H), 1.98 (s, 3H), 
2.04 (5, 3H), 2.06 (5, 3H), 3.8-3.9 (my lH), 4.15 ( d d ,  lH, J=2.1 Hz, 13 
Hz), 4.28 (dd, lH, J=5 Hz, 13 Hz), 4.38 ( d ,  lH, J=9.7 Hz), 5.13 ( t ,  lH, 
J=9.7 Hz), 5.23 ( t ,  l H ,  J=9.7 Hz) ,  5.34 ( t ,  lH, J=9.7 Hz), 7.32 (my 5H); 
I3C NMR: 6 20.24, 20.52, 20.62, 62.40, 68.77, 72.71, 74.32, 76.19, 80.26, 
127.12, 128.36, 128.83, 130.31, 166.70, 169.38, 170.22, 170.54; HRMS calcd 
f o r  C2,H2,09 408.1420, found 408.1427. 

1-(2,3,4,6-Tetra-0-acetyl-B-~-glucopyranosyl)-2- and -4- 
nitrobenzenes. The t e t r aace ta t e  of 11 (5.63 g ,  13.8 mmol) was dissolved 
in  150 mL of ace t i c  anhydride and copper(I1) nitrate (25.58 g ,  110.4 mmol) 
was added. The mixture was heated t o  100 "C f o r  1 h then poured in to  400 
mL of i ce  water. The organic soluble  material was extracted with ether (2 
x 200 mL). The e the r  ex t r ac t s  were washed with water (2 x 100 mL) and 
sa tura ted  aqueous NaHC03, dried (MgSO,) , and concentrated t o  dryness t o  
y ie ld  6.11 g (97%) of a 1:l mixture of o- and p-ni t ra t ion products. This 
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mixture of compounds was immediately taken to the next step in the 
reaction sequence. 

4-( 2,3,4,6-Tetra-O-acetyl-bD-g1 ucopyranosyl ) ani 1 i ne. The i someri c 
nitroaromatics from above (1.046 g) were dissolved in 150 mL of methanol 
and ca. 100 mg of 10% palladium on carbon was added. The mixture was 
shaken under 40 psi of hydrogen for 1.5 h. The catalyst was removed by 
filtration, the filtrate was concentrated to dryness, and the residue was 
chromatographed on silica gel using 1: 1 ethyl acetate/hexanes as elutant 
to give 372.2 mg (38%). A sample of this material was recrystallized from 
2-propanol: mp 110-111°C; IR (KBr) 3477, 3388, 2967, 2938, 2871, 1741, 

1623, 1523, 1442, 1430, 1409, 1380, 1216, 1143, 1118, 1108, 1089, 1039, 
977, 921, 833, 688, 638, 620, 609; UV (MeOH) A 286 nm (log E 3.29), A 242 
nm (log E 4.11); H NMR: 6 1.78 (5, 3H), 1.98 (s,  3H), 2.03 (5, 3H), 2.05 
(5, 3H), 3.68 (br s ,  ZH), 3.75-3.85 (m, l H ) ,  4.11 (dd, l H ,  J=12.3 Hz, 2.3 
Hz), 4.26 (d, l H ,  J=10 Hz), 4.2-4.3 (m, lH ) ,  5.12 (t, l H ,  J=9.7 Hz), 5.19 
(t, l H ,  J=9.7 Hz), 5.29 (t, l H ,  J=9.7 Hz),  6.6 (my ZH), 7.1 ( m ,  2H); HRMS 
calcd for C,,H,,NO, 423.1529, found 423.1538. 

1-(2,3,4,6-Tetra-O-acetyl-~-~-glucopyranosyl)-4-retinamidobenzene, 
Retinoyl chloride was prepared from 192 mg (0.64 mmol) of retinoic acid 
dissolved in 10 mL of ether containing 100 pL of pyridine and cooled to 0 
"C. Thionyl chloride (47 pL, 0.64 mmol) was added. The mixture was 
allowed to come to room temperature over 90 min and the acetylated C- 
glycosyl aniline (270 mg, 0.64 mmol) was added in 10 mL of a 9 : l  mixture 
of benzene and pyridine. The mixture was stirred at room temperature for 
40 h, diluted with 100 mL of ethyl acetate, and extracted with 100 mL of 
H,O, 2 x 100 mL of 1% H,SO,, and 2 x 100 mL of saturated aqueous NaHC03 
solution. The organic product was dried (MgSO,) , concentrated, and 
chromatographed with 1:l  ethyl acetate/hexanes as elutant to yield 247 mg 
(54%) of the retinamide: 'H NMR: 6 1.01 (s, 6H), 1.4-1.7 ( m y  4H), 1.73 (s, 

3H), 1.98 (s, 3H), 1.99 (s, 3H), 2.02 (s ,  3H), 2.03 (s, 3H), 2.40 (s,  3H), 
3.8-3.9 (m, l H ) ,  4.35 (d, l H ,  J=9.3 Hz), 5.08 (t, l H ,  5=9.3 Hz), 5.20 (t, 
l H ,  J=9.3 Hz), 5.32 (t, l H ,  J=9.3 Hz) ,  5.76 (s ,  l H ) ,  6.0-6.3 (my 4H), 6.9- 

7.1 (my 3H), 7.4 (br s, l H ) ,  7.5-7.6 (my 2H). 

C-glucosyl retinamide (247 mg, 0.35 mmol) was dissolved in 20 mL of 
methanol and 2 g of K,C03 added. The mixture was stirred at room 
temperature for 18 h, concentrated, and chromatographed successively on 

1 

1-( 8-0-91 ucopyranosyl)-4-retinami dobenzene (5) . The acety 1 ated 
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RP-18 with 1: 1 methanol/water, 3: 1 methanol/water, and 100% methanol to 
yield 47.7 mg of 5 (25%): I R  (KBr) 3407, 2954, 2923, 2861, 1650, 1604, 
1577, 1517, 1488, 1442, 1411, 1359, 1311, 1257, 1159, 1085, 1045, 966, 
835, 700, 644, 620; UV (MeOH) A,,, 351 nm (log E 4.13); 'H NMR: 6 1.01 (s, 

6H), 1.4-1.7 (my 4H), 1.72 (s, 3H), 2.02 (br s, 5H), 2.40 ( 5 ,  3H), 3.3-3.9 
( m y  6H), 4.13 (d, l H ,  J=9.3 Hz), 6.0-6.4 (my 5H), 7.02 (dd, l H ,  J=11.4, 
15.0 Hz), 7.2-7.3 (my 2H), 7.5-7.6 (my ZH), 9.3 (br s, 1H); FAB MS calcd 
from C,,H,,NO, 537.31, found 537.47. 

(Methyl 2,3,4-Tri-O-acetyl-B-~-g1ucopyranosy1uronate)benzene (13). 
The peracetylated 11 (1.45 g, 3.55 mmol) was stirred with 500 mg of K2C03 

in 50 mL of methanol overnight. Methanol was removed under reduced 
pressure and the residue was dissolved in 250 mL of H20 containing 1 g of 
freshly reduced platinum(1V) oxide. Oxygen was bubbled in with heating to 
80 "C for 24 h. The catalyst was removed by filtration and the filtrate 
concentrated to dryness. Crude 12 was heated to reflux in 200 mL of 1% 
H2S0, in methanol for 6 h. Excess H2S0, was neutralized with NaHCO, and 
methanol was removed. The residue was reacted with 70 mL each of acetic 
anhydride and pyridine for 16 h then poured into 1 L of ice water and the 
product was isolated by filtration and recrystallized from 2-propanol to 
yield 724 mg (52%) of 13: mp 178-180 "C; I R  (KBr) 3045, 3004, 2958, 1758, 
1498, 1459, 1444, 1378, 1369, 1330, 1290, 1280, 1241, 1218, 1162, 1145, 
1089, 1052, 1029, 979, 919, 892, 867, 769, 701, 607; UV (MeOH) A 256 nm 
( log  E 2.31); h 218 nm (log E 2.85); H NMR: 6 1.79 (s,  3H), 2.02 ( s ,  3H), 
2.05 (s, 3H), 3.75 (s,  3H) ,  4.15 (my l H ) ,  4.4 (d, l H ,  5=9.3 Hz), 5.15 (my 
l H ) ,  5.35 (my ZH),  7.3-7.45 (my 5H); I3C NMR: 6 20.24, 20.44, 20.55, 52.68, 
69.85, 72.42, 73.63, 76.86, 80.39, 127.27, 128.45, 129.05, 135.71, 167.38, 
168.64, 170.14; HRMS calcd for C1gH2209 394.1264, found (M + 1) 395.1317. 

(Methyl 2,3,4-tri-O-acetyl-B-D-g1 ucopyranosyl wonate)-2- and -4- 
nitrobenzenes (14). Compound 13 (900 mg, 2.28 mmol) was suspended in 20 
mL of acetic anhydride and 4.6 g (19.8 mmol) of copper(I1) nitrate was 
added. The mixture was heated to 100 "C for 2 h then poured into 150 mL 
of ice water. The aqueous phase was extracted with 2 x 75 m L  of ether. 
The combined ether extracts were washed with 4 x 50 mL of saturated NaHCO,, 
dried (MgSO,) and solvent removed. The product was purified by flash 
chromatography using 1:1 ethyl acetate/hexanes as elutant to yield 871 mg 
(87%) of a 1:l mixture of o- and p-nitration products 14. This mixture 
was reduced directly without further characterization. 
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312 PANIGOT, HUMPHRIES, AND CURLEY 

4-(Methyl 2,3,4-tri-O-acetyl-0-~-g1ucopyranosy1uronate)ani 1 ine  (15). 
Compound 14 (1.03 g ,  2.35 mmol) was added t o  100 mL o f  methanol containing 
60 mg of 10 % palladium on carbon. The mixture was shaken under 40 psi of 
hydrogen f o r  2 h ,  f i l t e r e d ,  concentrated,  and chromatographed with 1:l 
ethyl  acetate/hexane as  e lu t an t  t o  y ie ld  269 mg (28%) of 15: mp 200-202 
"C; IR (KBr) 3450, 3361, 3232, 3023, 2996, 2654, 2925, 2856, 1727, 1631, 
1614, 1590, 1519, 1496, 1442, 1367, 1228, 1180, 1132, 1108, 1054, 1033, 
981, 966, 906, 889, 836, 771, 686, 649; UV (MeOH) A 286 nm (log E 3.19) , 
A 244 nm ( log E 3.99), A 207 nm ( log E 4.00); 'H NMR: 6 1.78 (s, 3H), 2.00 
(5, 3H), 2.04 (s, 3H), 3.72 (s, 3H), 4.1-4.2 (my lH), 4.30 (my lH, J=9.7 
Hz), 5.1-5.2 (my lH), 5.25-5.4 (m, ZH), 6.6-6.7 (my ZH), 7.1-7.2 (my 2H); 
13C NMR: 6 20.25, 20.36, 20.49, 52.52, 69.95, 72.20, 73.79, 76.79, 80.41, 
114 81, 125.15, 128.58, 147.23, 167.70, 168.60, 169.15, 170.05; HRMS calcd 
f o r  CI9H,,NOg 409.1383 , found 409.1384. 

2 ,3 ,4 - t r i  -0-acety l -6-0-gl ucopyranosyl uronate)-4- 
ret namidobenzene. Retinoyl chlor ide was prepared from re t ino ic  acid (264 
mg, 0.88 mmol), 73 pL of pyridine,  and 65 pL (0.88 mmol) o f  thionyl 
ch lor ide  i n  10 mL of e the r  a t  0 "C. The mixture was allowed t o  warm t o  
room temperature over 1 h .  Compound 15 (360 mg, 0.88 mmol) was added in  
15 mL of benzene containing 100 pL of pyridine.  The mixture was s t i r r e d  
a t  room temperature f o r  72 h ,  d i lu ted  with 100 mL o f  e the r ,  and washed 
with 50 mL of water,  2 x 50 mL of 0.05 M H2S04, and 2 x 50 mL of sa tura ted  
NaHCO,. The organic layer  was dried (Na2S04) , concentrated,  and pur i f ied  
by f l a sh  chromatography using 1:l ethyl acetate/hexanes as  e lu t an t  t o  
y ie ld  379.5 mg (62%): IR (KBr) 3372, 2956, 2929, 2863, 1762, 1673, 1602, 
1581, 1521, 1438, 1417, 1365, 1311, 1295, 1245, 1222, 1182, 1155, 1103, 
1035, 971, 889, 840; UV (MeOH) A,,, 362 nm ( log 6 4.57), 'H NMR: 6 1.01 (s, 
6H), 1.4-1.6 (my 4H), 1.78 (5, 3H), 1.98 ( s ,  3H), 1.99 (b r  s, 5H), 2.02 
( S ,  3H), 2.03 (5, 3H), 2.40 ( s ,  3H), 3.72 (5, 3H), 4.13 (d,  lH, J=9.8 Hz), 

4.38 (d,  lH, J=9.8 Hz), 5.05-5.15 (my lH), 5.3-5.4 (my ZH), 5.75 (5, lH), 
6.0-6.3 (my 4H), 6.95 ( d d ,  lH, J=11.4 Hz, J=15.0 Hz), 7.18 (br s, lH), 
7.25-7.3 ( m y  ZH), 7.5-7.55 (my 2H); I3C NMR: 6 12.66, 13.52, 13.98, 19.07, 
20.12, 20.23, 20.34, 21.48, 28.77, 32.93, 34.09, 39.53, 52.49, 60.15, 
69.75, 72.12, 73.51, 79.75, 119.29, 121.35, 127.73, 128.27, 129.43, 
129.65, 130.19, 130.61, 135.30, 137.10, 137.60, 138.92, 139.28, 150.30, 
165.22, 167.43, 168.67, 169.22, 169.95; FAB MS calcd f o r  C39H,gN0,, 691.33, 
found (M+l) 692.38. 

1- (Methyl 
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POTENTIAL STABLE CANCER CHEMOPREVENTIVE AGENTS 313 

l-(B-D-g1ucopyranosy~uronic acid)-4-retinamidobenzene (4). The 
protected C-glucuronosyl compound (600 mg, 0.868 mmol) was suspended in 10 
mL of 0.2 M sodium methoxide in methanol and stirred at room temperature 
overnight. To this mixture was added 600 mg ( 15 mmol) o f  NaOH and 10 mL 
of H20 and the mixture was stirred another 24 h. The mixture was acidified 
to pH 1 with 5% HC1 and extracted with 3 x 50 mL of ethyl acetate. The 
ethyl acetate extracts were washed with 100 mL o f  H,O, dried (Na2S04), 
concentrated, and chromatographed on RP-18 with 85: 15 methanol/H20 to yield 
148 mg (31%) o f  4: mp 130 "C (dec); IR (KBr) 3330, 3043, 2960, 2923, 2863, 
1729, 1654, 1602, 1577, 1519, 1490, 1442, 1415, 1359, 1313, 1257, 1207, 
1174, 1160, 1091, 1020, 966, 838; UV (MeOH) A,,, 362 nm (log E 4.22); 'H 
'H NMR (acetone-d6): 6 1.02 (s, 6H, retinoid C(CH3)2), 1.4-1.7 (my 4H, 
retinoid H-2, H-3), 1.71 (s, 3H, retinoid 5-CH,), 2.07 (br s, 5H, retinoid 
9-CH3 and H-4), 2.42 (s, 3H, retinoid 13-CH3), 3.0 (br s, 4H, -OH), 3.46 
(t, l H ,  J=9.0 Hz, pyranose H-2), 3.58 (t, l H ,  J=8.7 Hz, pyranose H-3), 

3.75 (t, l H ,  J=8.8 Hz, pyranose H-4), 3.96 (d, l H ,  J=9.6 Hz, pyranose H- 
5 ) ,  4.22 (d, l H ,  J=9.2 Hz, pyranose H - l ) ,  6.0-6.4 (my 5H, retinoid 
vinyls), 7.05 (dd, l H ,  J=11.4, 15.0 Hz, retinoid H - l l ) ,  7.3-7.4 (my ZH, 
aromatic), 7.6-7.7 (my 2H, aromatic), 9.26 (br s, l H ,  NH) ;  I 3 C  NMR (DMSO- 
d6): 6 12.48, 13.25, 18.68, 21.36, 28.71, 32.54, 33.78, 48.51(retinoid 
aliphatics); 71.72, 74.12, 77.85, 79.64, 81.45 (pyranose); 118.45, 122.59, 
127.44, 128.01, 129.27, 129.61, 129.93, 134.11, 135.89, 136.87, 137.24, 
138.11, 138.87, 148.18 (retinoid vinyl and aromatic); 164.66 (amide 
carbonyl); 170.55 (glucuronic acid carbonyl); FAB MS calcd for C,,H,,NO, 
551.29, found 551.30. 

(2,3,4-Tri-0-acetyl-B-D-xylopyranosyl)benzene. 1,2,3,4-Tetra-0- 
acetyl-0-D-xylopyranose (5 g, 15.7 mmol) was dissolved in 200 mL of dry 
chloroform and A l C 1 3  (8.4 g, 62.8 mmol) was added. The mixture was stirred 
at room temperature for 2 h, diluted with 200 mL of H,O, shaken, and 
separated. The chloroform layer was washed with 200 mL o f  H20, 2 x 200 mL 
of saturated aqueous NaHCO,, dried (MgSO,) , and concentrated. The crude 
16 was dissolved in 100 mL of ether and added to a refluxing solution o f  
phenylmagnesium bromide prepared from 18 mL (169 mmol) o f  bromobenzene and 
4.12 g (0.169 g-atom) of magnesium turnings in 250 mL of ether. The 
mixture was heated at reflux for 5 h and poured into 150 mL of  H20 
containing 15 mL of glacial acetic acid. The aqueous layer was 
concentrated to dryness and the residue was reacted with 75 mL each o f  
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acetic anhydride and pyridine for 20 h. The mixture was poured into 300 
mL of H,O, the product was isolated by filtration and recrystallized from 
2-propanol to yield 1.28 g (24%): mp 161-162 "C; IR (KBr) 3035, 3016, 
2987, 2960, 2948, 2892, 1752, 1498, 1459, 1434, 1398, 1376, 1317, 1251, 
1232, 1124, 1083, 1062, 1051, 1035, 1002, 977, 935, 921, 910, 896, 877, 
765, 700, 651, 634; UV (MeOH) h 256 nm (log E 2.38), h 216 nm (log E 

2.79); 'H NMR: 6 1.78 (5 ,  3H), 2.00 (5, 3H), 2.04 (s, 3H), 3.43 (t, 1H, J= 
11 Hz),  4.28 (d, lH, J=9.7 Hz),  4.2-4.3 ( m y  lH), 5.06 (t, lH, J=9.5 Hz), 
5.1-5.2 (my lH), 5.31 (t, lH, J=9.5 Hz), 7.30 (my 5H); 13C NMR: 6 20.19, 
20.52, 67.16, 69.42, 72.90, 73.90, 80.99, 127.08, 128.31, 128.73, 136.60, 
168.70, 169.65, 170.14; HRMS calcd for C,7H& 336.1209, found (M + 1) 

1-(2,3,4-Tri-O-acety1-B-D-xy1opyranosy1)-2- and -4-ni trobenzenes. 
The peracetylated xylosyl benzene (1.2 g, 3.57 mmol) was nitrated analogous 
to the nitration of 13 to yield 1.347 g (99%) of a 1:l mixture of o- and 
p- xylosyl nitrobenzenes. The crude reaction mixture was reduced without 
further characterization. 

4-(2,3,4-Tri-O-acetyl-B-D-xylopyranosyl)aniline. The mixture of 
xylosyl nitrobenzenes (1.359, 3.54 mmol) was reduced analogously to the 
reduction of 14 to yield 375 mg (30%): mp 157-159 "C; IR (KBr) 3475, 
3388, 3228, 3037, 3023, 3012, 2964, 2948, 2888, 1756, 1629, 1521, 1369, 
1251, 1230, 1110, 1087, 1062, 1031, 985, 939, 821, 790, 703, 684, 651, 
640, 613; UV (MeOH) h 286 nm (log E 3.35), h 240 nm (log E 4.06), 210 nm 
(log E 3.99); H NMR: 6 1.77 ( s ,  3H), 2.00 (s, 3H), 2.03 (s ,  3H), 3.40 (t, 
lH, J=ll Hz) ,  4.16 (d, lH, J=9.3 Hz), 4.1-4.25 ( m y  lH), 5.0-5.2 (my 2H), 
5.27 (t, lH, J=9.5 Hz), 6.6 (my ZH), 7.08 (my 2H); I3C NMR: 6 20.13, 20.40, 
66.86, 69.33, 72.63, 73.89, 80.75, 114.56, 128.17, 128.89, 146.96, 168.74, 
169.56, 170.02; HRMS calcd for C17H21N07 351.1318, found 351.1345. 

1-(2,3,4-Tri-O-acetyl -6-D-xyl opyranosyl)-4-reti nami dobenzene. The 
xylopyranosyl aniline (375 mg, 1.07 mmol) was retinoylated in a manner 
analogous to 15 to yield 500 mg (74%): mp 96-98 OC; IR (KBr) 3367, 3330, 
3037, 2956, 2927, 2863, 2827, 1758, 1673, 1600, 1579, 1519, 1490, 1440, 
1415, 1267, 1311, 1245, 1224, 1153, 1091, 1033, 968, 937, 908, 877, 836, 
825, 790, 723, 700, 688, 649, 638; UV (MeOH) A,,, 363 nm (log E 4.89); 'H 
NMR: 6 1.01 (5, 6H), 1.4-1.7 (my 4H), 1.70 (5, 3H), 1.98 (br s ,  5H), 2.00 
( S ,  6H), 2.04 (5, 3H), 2.40 (s, 3H), 3.4-3.5 (my lH), 4.2-4.3 (my l~), 
4.25 (d, lH, J=9.6 Hz), 5.04 (lH, J=9.6 Hz), 5.1-5.2 (my lH), 5.34 (t, lH, 

337.1282. 
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POTENTIAL STABLE CANCER CHEMOPREVENTIVE AGENTS 315 

J=9.3 Hz) ,  5.75 ( s ,  l H ) ,  6.0-6.3 (m, 4H), 6.97 (dd, l H ,  J=14.8 Hz, 11.4 
Hz), 7.16 (br s, l H ) ,  7.4-7.6 (m, 4H); I 3 C  NMR: 6 12.51, 13.41, 14.89, 
18.96, 20.00, 20.23, 20.26, 21.35, 28.66, 32.80, 33.96, 39.43, 65.40, 
66.78, 69.22, 72.70, 73.77, 80.25, 119.20, 121.39, 127.41, 128.10, 129.47, 
131.60, 135.22, 136.99, 137.47, 138.72, 149 -95 , 165.18, 168.67, 169.43, 
169.99; FAB MS calcd for C3,H4,NO8 633.33, found (M+1) 634.24. 

1-(B-D-XylOpyranOSyl)-4-retinamidobenzene ( 6 ) .  The acetyl ated 
xylosyl retinamidobenzene (480 mg, 0.76 mmol) was deacetylated by a 
procedure analogous to the synthesis of 5 to yield 293.5 mg (76%) of 6 :  mp 
198-200 "C. I R  (KBr) 3313, 3043, 2923, 2861, 1650, 1160, 1091, 1064, 998, 
964, 894, 825, 790, 701, 655, 640; UV (MeOH) A,,, 355 nm (log E 4.39); 'H 

NMR (acetone-d6): d 1.02 (s,  6H), 1.4-1.7 (my 4H), 1.70 (s, 3H), 1.95 (br 
s, 5H), 2.42 (s ,  3H), 2.83 (s ,  3H, -OH), 3.2-3.5 (m, ZH), 3.5-3.6 (m, l H ) ,  

3.8-4.3 (m, 3H) 6.0-6.4 (m, 5H), 7.08 (dd, l H ,  J=11.4 Hz, 14.9 Hz), 7.25- 
7.3 (m, ZH), 7.6-7.65 (m, ZH), 9.8 (br s ,  1H);  13C NMR (acetone-d6): 6 
12.93, 13.73, 20.01, 21.91, 33.70, 34.99, 40.55, 71.14, 71.51, 76.38, 
80.29, 83.55, 83.87, 119.49, 123.51, 128.85, 130.23, 130.63, 130.96, 
136.04, 137.06, 138.54, 139.33, 140.41, 141.81, 149.99, 159.21 , 165.80; 
FAB MS calcd for C,,H,,NO, 507.30, found ( M t l )  508.31. 

(2,3,4,6-Tetra-O-acetyl-B-~-glucopyranosyl)phenylmethane. 2,3,4,6- 

Tetra-O-benzyl-l-p-nitrobenzoyl glucose (2.00 g, 2.9 mmol) was dissolved 
in 20 mL of dichloromethane and hydrogen bromide was bubbled in for 10 
min. The precipitated p-nitrobenzoic acid was removed by filtration and 
the filtrate was concentrated to give the crude glycosyl bromide which was 
dissolved in 50 m L  o f  ether and added to benzylmagnesium chloride prepared 
from 600 mg (0.0247 g-atom) of magnesium and 2.8 mL (24.3 mmol) of benzyl 
chloride. The mixture was heated at reflux for 4 h then poured into 100 

mL of water containing 5 mL of acetic acid. The mixture was shaken and 
separated. The ether layer was washed with 2 x 50 mL of saturated NaHCO,, 
1 X 50 mL of brine, dried (MgSO,) and concentrated. The residue was 
dissolved in 80 m L  of glacial acetic acid containing 0.1 g of 10% 

palladium on carbon and shaken under 40 psi of hydrogen for 19 h. The 
catalyst was removed by fi 1 tration and the fi 1 trate was concentrated to 
dryness. The residue was acetylated with 30 mL each of pyridine and 
acetic anhydride over 16 h. The reaction was poured into 100 mL of water 
and extracted with 2 x 50 mL of ether. The ether extracts were washed 2 
x 50 mL of water, 1 x 50 mL of 5% HC1, 1 x 50 mL of saturated NaHC03, 1 x 
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50 mL of brine, dried (MgSO,), concentrated, and crystallized from 2- 
propanol to yield 194 mg (16%): mp 118-119 "C; IR (KBr) 3089, 3060, 3039, 
2962, 2948, 2937, 2888, 1733, 1602, 1498, 1454, 1442, 1430, 1367, 1340, 
1321, 1224, 1137, 1126, 1105, 1085, 1029, 975, 937, 908, 862, 754, 698, 
647, 634, 613; UV (MeOH) A 258 nm (log E 2.32), A 218 nm (log E 2.88); 'H 
NMR (acetone-d6): 6 1.92 (s ,  3H), 1.94 (s,  3H), 1.96 (s,  3H), 1.97 (s, 3H), 
2.72 (dd, 2H, 5~14.5 Hz, 8.4 Hz), 2.88 (dd, lH, J=14.5 Hz, 3.2 Hz), 3.72- 
3.90 (my ZH), 4.00 (dd, lH, J=12.1 Hz, 2.4 Hz), 4.21 (dd, lH, J=12.1 Hz, 
5.8 Hz), 4.86 (t, lH, J=9.6Hz), 4.96 (t, lH, J=9.8 Hz), 5.22 (t, lH, J=9.5 
Hz), 7.1-7.4 ( m y  5H); I3C NMR: 6 20.52, 38.01, 62.36, 68.97, 72.20, 74.54, 
75.65, 78.37, 126.49, 128.20, 129.42, 137.17, 169.37, 169.55, 170.25; HRMS 
calcd for C,,H,,09 422.1577, found (M+l) 423.1679. 

(2,3,4,6-Tetra-O-acetyl-6-~-glucopyranosyl)-4-aminophenylmethane. 
The acetylated glycosyl phenylmethane (500 mg, 1.18 mmol) was nitrated and 
reduced by chemistry analogous to that used in the synthesis of 15 to 
yield 173.2 mg (33%): mp 145-146 "C; I R  (KBr) 3426, 3357, 3039, 3010, 
2964, 2956, 2933, 2884, 1751, 1631, 1610, 1517, 1444, 1375, 1338, 1321, 
1251, 1236, 1220, 1178, 1137, 1126, 1105, 1087, 1052, 1031, 977, 910, 865, 
836, 738, 698, 688, 644, 628, 611, 601; UV(Me0H) A 237 nm (log E 4.03), h 
206 nm (log E 4.18); 'H NMR: 6 1.95 (s, 3H), 1.96 ( s ,  3H), 1.98 (s, 3H), 
2.02 ( S ,  3H), 2.6-2.7 ( m y  ZH), 3.5-3.6 ( m y  4H), 4.02 (dd, lH, 5~2.4 Hz, 
12.1 Hz), 4.20 (dd, lH, J=5.2 Hz, 12.1 Hz), 4.88 (t, lH, J=9.5 Hz), 5.01 
( t ,  lH, J=9.6 Hz), 5.13 (t, lH, J=9.34 Hz), 6.5-6.6 (my ZH), 6.9-7.0 (m, 
2H); 13C NMR: 6 20.39, 36.96, 62.28, 66.89, 72.01, 74.51, 75.44, 78.54, 
114.82, 126.77, 130.15, 144.94, 169.27, 169.43, 170.14, 170.35; HRMS calcd 
for C,,H,,NO, 437.1686 , found 437.1687. 

(2,3,4,6-Tetra-0-acetyl-B-~-glucopyranosyl)-4-retinamidophenyl- 
methane. Retinoylation of the glycosyl aminophenylmethane (158 mg, 0.36 
mmol), was performed analogous to the retinoylation of 15 to provide 133 
mg (51%) of the retinamide: IR  (KBr) 2925, 1754, 1670, 1652, 1600, 1575, 
1560, 1517, 1436, 1365, 1311, 1222, 1155, 1031, 968; *H NMR: 6 1.01 (s, 

6H), 1.4-1.7 ( m y  4H), 1.72 (s ,  3H), 1.98 (s,  9H), 1.99 (s, 3H), 2.02 (br 
s, 5H), 2.40 (s, 3H) 2.65-2.75 (my ZH), 3.5-3.6 (my ZH), 4.02 (dd, lH, 
5~11.9, 2.7 Hz), 4.20 (dd, lH, 5=11.9, 5.2 Hz), 4.89 (t, 2H, J=9.4 Hz), 
5.01 (t, lH, 5~9.4 Hz), 5.13 (t, lH, J=9.4 Hz) 5.77 (5, lH), 6.0-6.3 ( m y  
4H), 6.95 (dd, lH, 5=11.4, 15.0 Hz), 7.1-7.15 (m, 2H), 7.4-7.5 (m, 2H); I3C 

NMR: 6 12.83, 13.71, 19.25, 20.48, 20.51, 20.56, 20.62, 21.62, 25.33, 
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28.94, 33.11, 34.28, 37.36, 39.71, 62.32, 68.95, 72.15, 74.55, 75.66, 
78.46, 119.78, 121.22, 128.53, 129.46, 129.86, 129.91, 130.33, 132.91, 
135.29, 136.93, 137.24, 137.80, 139.19, 150.38, 165.10, 169.36, 169.55, 
170.23, 170.47; FAB MS calcd for C,,H,,NO,, 719.37, found (M +1) 720.6. 

(13-D-61 ucopyranosyl)-4-ret inamidophenylmethane ( 8 ) .  The acety 1 ated 
glycosyl retinamidophenylmethane (130 mg, 0.18 mmol) was deacetylated 
under conditions used in the preparation of 5 to yield 68 mg (68%) of 8: 
mp 108-109 O C ;  I R  (KBr) 3386, 3046, 2925, 2861, 1700, 1648, 1604, 1515, 
1438, 1411, 1359, 1311, 1257, 1159, 1085, 1031, 1004, 966, 630; UV(Me0H) 
Amax 360 nm (log c: 4.59); 'H NMR (acetone-d6): 6 1.02 (5, 6H, retinoid 
C(CH3)2), 1.4-1.7 ( m y  4H, retinoid H-2, H-3), 1.71 (s, 3H, retinoid 5-CH3), 
1.99 (br s, 5H, retinoid 9-CH3 and H-4), 2.42 (br s ,  4H, retinoid 13-CH3), 
2.6-2.7 (my l H ,  PhCH,H,), 3.0 (br s, 4H, -OH), 3.2-3.8 (my 5H, pyranose), 
6.0-6.4 (my 5H, retinoid vinyl H), 7.02 (dd, l H ,  J=11.4, 14.9 Hz, retinoid 
H-11), 7.2-7.3 (m, 2H, aromatic), 7.5-7.6 (my 2H, aromatic), 9.17 (br. s ,  

l H ,  -NH); 13C NMR (acetone-d6): 6 12.92, 13.72, 19.99, 21.90, 33.68, 34.96, 
40.53 (retinoid aliphatics); 38.05 (PhCH, methylene); 63.45, 72.39, 74.53, 
79.94, 80.82, 81.13 (pyranose); 119.92, 123.64, 129.26, 130.45, 130.71, 
130.93, 131.46, 135.14, 136.12, 138.50, 138.67, 139.19, 149.66 (retinoid 
vinyl and aromatic), 165.77 (carbonyl); FAB MS calcd for C,,H,,N06 551.32, 
found 550.8. 

(Methyl 2,3,4-tri-O-acetyl-B-~-glucopyranosyluronate)phenylmethane. 
The protected glycosyl phenylmethane (1.0 g, 2.37 mmol) was converted to 
the corresponding methyl glucopyranosiduronate by analogy t o  the synthesis 
of 13. The residue was recrystallized from 2-propanol to yield 96.6 mg 
(10%): mp 116-118 "C; I R  (KBr) 3087, 3066, 3031, 3002, 2954, 2940, 2919, 
2857, 1737, 1496, 1454, 1432, 1381, 1365, 1294, 1226, 1145, 1112, 1081, 
1060, 1035, 1008, 981, 906, 858, 750, 698, 680, 624, 601; UV (MeOH) A 257 
nm (log E 2.37), A 215 nm (log 6 2.94); 'H NMR: 6 1.89 ( s ,  3H), 1.98 ( s ,  
3H), 1.99 (s,  3H), 2.78-2.94 (my ZH), 3.70 (s, 3H), 3.66-3.74 (my l H ) ,  
3.90 ( d ,  lH ,  J=9.0 Hz) ,  4.96 (t, l H ,  J=9.2 Hz), 5.1-5.25 (my 2H), 7.15-7.3 
(my 5H); I 3 C  NMR: d 20.39, 20.46, 20.52, 38.13, 52.57, 69.81, 71.94, 73.78, 
76.36, 78.60, 126.62, 128.33, 129.40, 136.85, 167.53, 169.29, 169.45, 
170.15; HRMS calcd for C2,H2,09 408.1420, found (M+l) 409.1500. 

(Methyl 2,3,4-tri-U-acety1-0-~-gl ucopyranosyl uronate)-2- and -4- 
nitrophenylmethane. The peracetylated glycosyl phenylmethane (1.56 g, 
3.70 mmol) was first nitrated then oxidized by procedures analogous to the 
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synthesis of 14 and 13 to yield 1.107 g (66%). The mixture of 
nitroaromatics was not further characterized but taken directly to the 
corresponding anilines. 

(Methyl 2,3,4-tri-U-acetyl-C-o-glucopyranosyluronate)-4-amino- 
phenylmethane. The mixture o f  glycosyl nitrophenylmethanes (1.107 g, 2.44 
mmol) were reduced and purified by analogy to the reduction of 14 to yield 
310 mg (30%): mp 111-113 "C; IR (KBr) 3455, 3365, 3031, 3016, 2958, 2896, 
1737, 1629, 1525, 1436, 1376, 1290, 1245, 1222, 1186, 1130, 1089, 1062, 
1033, 983, 919, 902, 892, 865, 836, 829, 676, 601; UV (MeOH) A 291 nm (log 
E 3.78), A 234 nm (log E 4.06); 'H NMR: 6 1.87 (s,  3H), 1.92 (s, 3H), 1.93 
(5, 3H), 2.65-2.70 ( m y  ZH), 3.53 (br s ,  3H), 3.63 (s, 3H), 3.85 (d, lH, 
J=9.4 Hz), 4.87 (t, lH, J=9.2 Hz) 5.07 (t, lH, J=9.5 Hr), 5.15 ( t ,  lH, 
J=9.3Hz), 6.50-6.55 (my ZH), 6.88-6.92 (my 2H); I3C NMR: 6 20.18, 20.31, 
37.00, 52.33, 69.69, 71.70, 73.69, 76.09, 98.65, 114.89, 126.31, 130.09, 
145.04, 167.47, 169.13, 169.29, 169.95; HRMS calcd for C,,H,,NO, 423.1529, 
found 423.1527. 

(Methyl 2,3,4-tri-U-acetyl-~-~-glucopyranosyluronate)-4- 
retinamidophenylmethane. From retinoyl chloride prepared as for 15 and 
310 mg (0.73 mmol) of the aminophenylmethane was obtained, after 
chromatography using 1:l ethyl acetate/hexanes as elutant, 303 mg (59%) of 
the protected C-g1 ucuronosyl retinamidophenylmethane: mp 80-82 "C; IR 
(KBr) 3374, 2954, 2927, 2863, 1756, 1671, 1600, 1581, 1517, 1490, 1438, 
1411, 1365, 1311, 1243, 1220, 1182, 1155, 1110, 1062, 1033, 970, 900, 890, 
825, 755; UV (MeOH) Amax 358 nm (log E 4.64); 'H NMR: d 1.01 (s, 6H), 1.4- 
1.7 ( m y  4H), 1.70 (5 ,  3H), 1.95 (5 ,  3H), 1.98 ( s ,  6H), 2.02 (br s, 5H), 
2.75-2.85 ( m y  ZH), 3.70 (br s, 4H), 3.87 (d, lH, J=9.3 Hz), 4.94 ( t ,  lH, 
J=9.3Hz), 5.13 (t, lH, J=9.3 Hz), 5.21 (t, lH, J=9.3 Hz), 5.77 (5,  lH), 
6.0-6.3 (my 4H), 6.97 (dd, lH, J=11.4, 15.0 Hz), 7.1-7.2 ( m y  3H), 7.4-7.5 
(my 2H); 13C NMR: 6 12.73, 13.61, 19.16, 20.26, 20.40, 21.54, 28.86, 33.02, 
34.19, 37.30, 39.65, 52.41, 69.75, 71.79, 73.68, 76.14, 78.51, 119.87, 
121.37, 128.37, 129.44, 129.78, 130.15, 132.40, 135.35, 137.04, 137.17, 
137.71, 138.99, 150.13, 165.19, 167.49, 169.22, 169.38, 170.02; FAB MS 
calcd for C,oHSINOlo 705.35, found (M+l) 706.5. 

(a-D-Glucopyranosyluronic acid)-4-retinamidophenylmethane (7). The 
protected retinamidophenylmethane (200 mg, 0.28 mmol) was deprotected in 
a manner analogous to the synthesis of 4 to yield 74.5 mg (47%) of 7: mp 
98-100 "C; IR (KBr) 3372, 3039, 2954, 2925, 2863, 1731, 1650, 1604, 1579, 
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1515, 1490, 1440, 1411, 1359, 1311, 1257, 1159, 1091, 1031, 1004, 966, 
875, 825, 696, 634; UV (MeOH) A,,, 358 nm ( log E 4.50); 'H NMR (acetone- 
d6): 6 1.03 (5, 6H), 1.4-1.7 (my 4H), 1.71 (s, 3H), 2.01 (br  s, 5H), 2.38 
(b r  s, 4H), 2.6-2.7 (my l H ) ,  3.1-3.6 (my 4H), 3.74 (d ,  l H ,  J=9.3Hz), 6.0- 
6.4 (my 5H), 7.10 ( d d ,  l H ,  J=11.4, 15.0 Hz), 7.2-7.38 (my 2H), 7.6-7.65 

(my ZH), 9.22 (br s, 1H);  I 3 C  NMR (acetone-d6): b 12.89, 13.70, 19.92, 

119.94, 123.55, 128.66, 130.16, 130.43, 130.66, 130.89, 134.68, 137.02, 
138.43, 138.63, 139.14, 149.67, 165.76, 170.94; FAB MS calcd f o r  C3,Ha3N0, 
565.30, found (M+l) 566.5. 

(2,3 , 4-Tri -0-acetyl -B-~-xylopyranosyl) pheny lmethane. 1 , 2 , 3 , 4-Tet ra- 
U-acetyl-R-D-xylopyranose (2.07 g ,  6.5 mmol) was converted t o  16 as 
previously described. Crude 16 was dissolved in  100 m L  o f  ether and added 
t o  a ref luxing so lu t ion  of benzylmagnesium chlor ide prepared from 11.5 mL 
(0.10 mol) of benzyl chlor ide and 2.43 g of magnesium (0.1 g-atom) in  250 
m L  of e ther .  The mixture was kept a t  ref lux f o r  4 h then poured i n t o  400 

m L  of H20 containing 20 mL of ace t i c  acid.  The aqueous layer  was 
concentrated t o  dryness and the residue reacted with 75 mL each of ace t i c  
anhydride and pyridine f o r  8 h.  The mixture was poured i n t o  400 mL of H20 

and extracted w i t h  3 x 100 mL o f  ether. The ether ex t r ac t s  were washed 
with 3 x 100 m L  of saturated NaHC03, dried (MgSO,), concentrated and 
r ec rys t a l l i zed  from 2-propanol t o  y ie ld  989 mg (43%): mp 118-119 "C; IR 
(KBr) 3027, 2962, 2942, 2931, 2886, 2871, 1745, 1494, 1456, 1432, 1369, 
1249, 1224, 1132, 1037, 993, 937, 750, 701; UV (MeOH) A,,, 258 nm ( log E 

2.53), 220 nm ( log E 2.83); 'H NMR: 6 1.96 (s, 3H), 2.02 ( 5 ,  6H, 
overlapping -OAc), 2.65-2.85 (my 2H), 3.18 ( t ,  l H ,  J=10 Hz), 3.55-3.65 (my 
l H ) ,  4.05 ( d d ,  l H ,  J=5.6 Hz, 10 Hz), 4.90 ( t ,  l H ,  J=9.2 Hz), 4.96 (my l H ) ,  
5.16 (t ,  l H ,  J=9.2 Hz), 7.15-7.35 (m, 5H); 13C NMR: d 20.48, 20.52, 38.21, 
66.71, 69.35, 72.45, 74.11, 78.94, 126.46, 128.23, 129.27, 137.20, 169.58, 
170.19; HRMS calcd f o r  C18H2207 350.1365, found 350.1383. 

peracetylated xylosyl phenylmethane (989 mg, 2.82 mmol) was n i t r a t e d  and 
reduced as described in the  synthesis  o f  14 and 15 t o  y ie ld  160 mg (16%): 
IR (KBr) 3450, 3387, 2927, 2870, 1747, 1625, 1519, 1432, 1367, 1247, 1222, 
1135, 1095, 1060, 1031; UV (MeOH) h 289 nm ( log E 3.35), h 237 nm ( log E 

4.01); H NMR: 6 1.97 (s, 3H), 2.02 ( 5 ,  3H), 2.04 ( 5 ,  3H), 2.59 ( d d ,  l H ,  
J=13.5 Hz, 8.1 Hz),  2.72 (dd, l H ,  J=13.5 Hz, 2.7 Hz) ,  3.15 ( t ,  1H, J=9.7 

21.88, 33.63, 34.90, 37.88, 40.44, 73.01, 74.03, 79.12, 79.51, 81.65, 

(2,3,4-TriUacetyl-B-o-xylopyranosyl)-4-aminophenylmethane. The 
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Hz), 3.55-3.65 (m, lH), 3.6 (br. s ,  2H), 4.04 (dd, lH, J=5.6 Hz, 10 Hz), 
4.86 (t, lH, J=9.7 Hz), 4.9-5.0 (my lH), 5.15 (t, lH, J=9.7 Hz), 6.6 (m, 
ZH), 6.95 (my 2H). 

Retinoylation of the xylosyl aminophenylmethane (160 mg, 0.44 mmol), was 
performed analogous to the corresponding transformation of 15 to yield 
194.5 mg (70%): mp 88-90 "C; I R  (KBr) 3322, 2925, 2863, 1752, 1670, 1652, 
1600, 1581, 1515, 1438, 1411, 1365, 1311, 1247, 1222, 1182, 1157, 1097, 
1062, 1031, 968, 935, 906, 883, 730; UV (MeOH) A,,, 357 nm (log E. 4.60); 
'H NMR: 6 1.00 (s,  6H), 1.4-1.7 (m, 4H), 1.98 (br s, 11H), 2.02 (s,  3H), 
2.38 (s ,  3H), 2.63 (dd, lH, J=9 Hz, 15 Hz), 2.75 (dd, lH, J=3 Hz, 15 Hz), 
3.08 (t, lH, J=9.3 Hz), 3.45-3.55 (my  lH), 4.04 (dd, lH, J=5.4 Hz, 10.2 
Hz), 4.83 (t, lH, J=9.3 Hz), 4.91 (dd, lH, J=5.4 Hz, 9.6 Hz), 5.12 (t, lH, 
J=9.3 Hz), 5.77 ( 5 ,  lH), 6.0-6.3 (my 4H), 6.92 (dd, lH, J=11.4 Hz, 15.0 
Hz), 7.05-7.15 (m, 2H), 7.4-7.5 (my ZH), 7.7 (br s, 1H); 13C NMR: 6 12.73, 
13.60, 19.15, 20.50, 20.80, 21.55, 28.85, 33.01, 34.18, 37.49, 39.62, 
66.59, 69.30, 72.33, 74.04, 78.93, 119.81, 121.40, 128.35, 129.43, 129.71, 
130.11, 135.34, 136.97, 137.16, 137.69, 138.96, 150.07, 165.14, 169.57, 
170.10; FA6 MS calcd for C,,H,,NO, 647.34, found (M+l) 648.44. 

(B-D-Xyl opyranosyl)-4-ret i nami dopheny lmethane (9) . The acety 1 ated 
retinamide (180 mg, 0.286 mmol) was deacetylated by analogy to the 
preparation of 5 to yield 82 mg (55%) of 9: mp 110-112 "C; IR (KBr) 3374, 
2927, 2865, 1662, 1604, 1519, 1442, 1411, 1365, 1311, 1257, 1160, 1095, 
1064, 1022, 971, 829, 644; UV (MeOH) A,,, 357 nm (log E 4.18); 'H NMR 
(acetone-d6): 6 1.00 (s,  6H), 1.4-1.7 (m, 4H), 1.72 (s, 3H), 2.02 (br s, 

5H), 2.32 (dd, lH, J=3 Hz, 14 Hz), 2.40 (s, 3H), 2.60 (dd, lH, J=8 Hz, 14 
Hz), 3.0-3.7 (my 8H), 3.7-3.9 ( m y  lH), 4.3-4.4 (my lH), 6.06 (s,  lH), 6.1- 
6.4 (my 4H), 7.04 (dd, lH, 5~11.4, 15.0 Hz), 7.1-7.2 (my 2H), 7.5-7.6 ( m y  

2H), 9.3 (br s, 1H); I3C NMR (acetone-d6): 6 12.91, 13.72, 19.95, 21.90, 
33.64, 34.92, 38.20, 40.47, 70.61, 71.32, 74.55, 80.08, 82.05, 119.96, 
123.62, 128.66, 130.16, 130.42, 130.62, 130.92, 135.10, 137.06, 138.46, 
138.65, 139.14, 149.63, 165.76; FA6 MS calcd for C,,H,,NO, 521.31, found (M 
i- 1) 522.27. 

(2,3,4-Tri -0-acetyl-B-D-xyl opyranosyl ) -4-ret i nami dophenylmethane. 
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