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affording 44 mg (45% yield) of a syrup, which crystallized on 
storage. Recrystallization from ether gave pure compound 10: 
mp 96-97 "C; +98.4"; IR (neat) 1750 (carbonyl of CH,COO); 
MS m/z  (relative intensity) 406 (M'), 347 (2), 346 (5), 286 (4), 
245 (4), 244 (lo), 226 (81), 186 (50), 185 (59), 184 (47), 159 (lo), 
144 (32), 143 (72), 142 (100). Anal. Calcd for Cl6HBOl,,S C, 47.29; 
H, 5.46; S, 7.89. Found: C, 47.55; H, 5.66; S, 7.93. 

Evaporation of the fractions having R, 0.49 gave 42 mg of a 
syrup. The 'H NMR spectrum of this material showed it to 
contain two main components. The mixture was separated by 
HPLC (Altech R-Si1 C-18 column (10 gm), 50 X 1 cm, a t  a flow 
rate of 1.2 mL/min) with 1:l acetonewater. The fractions having 
tR 16.1 min were evaporated, affording 24 mg (25% yield) of 
compound 11. The other fraction ( t R  18.0 min) gave, upon 
evaporation, 12 mg (12% yield) of compound 12. 

For 11: [a'Iz5D -123" ( c  0.7); IR (neat) 1750 cm-' (carbonyl of 
CH,COO); MS m/z  (relative intensity) 406 (M'), 347 (6), 346 (8), 
304 (2), 286 ( 5 ) ,  261 (3), 245 (6), 244 (521,226 (74), 186 (76), 185 
(49), 184 (52), 159 (53), 145 (49), 144 (691,143 (65), 142 (100). Anal. 
Calcd for C16H22010S: C, 47.29; H, 5.46; S, 7.89. Found: C, 47.43; 
H, 5.61; S ,  7.72. 

+39O (c 0.7); IR (neat) 1700 (carbonyl of 
CH,COS), 1750 cm-' (carbonyl of CH3COO); MS m / z  (relative 
intensity) 406 (M'), 345 (4), 304 (4), 258 (4), 245 (lo), 244 (44), 
243 (66), 226 (7), 185 (46), 184 (68), 43 (100). Anal. Calcd for 
C16_H220& C, 47.29; H, 5.46; S ,  7.89. Found: C, 47.39; H, 5.75; 
S, 1.67. 

For 12: 

The acetolysis reaction performed on the crude product (0.3-0.5 
g) of alkaline methanolysis of 3 gave compounds 10, 11, and 12 
in 5 0 4 5 %  overall yield. 
.l-Thio-~-galactose (15). Compound 10 (81 mg, 0.2 mmol) was 

added to a solution prepared by dissolving sodium (20 mg) in 
methanol (10 mL), and the mixture was stirred, under nitrogen, 
for 1 h at 0 "C. The solbtion was neutralized with Dowex 50 W 
(H'), filtered, and evaporated. The residue was dissolved in water 
and extracted with ether. The aqueous solution was freeze-dried, 
affording 37 mg (95% yield) of 4-thio-~-galactose (15): [.Iz5,, 
+13.5" ( c  1, water, 10 min) - +12.8" (12 h); 13C NMR (1:l 

71.6,65.9 (X2), 51.5 (C-4p), 50.0 ('2-4.). Anal. Calcd for C6H1205S: 
C, 36.73; H, 6.16. Found: C, 36.77; H, 6.26. 
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Phenyl 4,6-di-0-benzyl-2,3-dideoxy-~-erythro-hex-2-enopyranoside 401 or 5p reacts with ethyl malonate, 
acetylacetone, methyl acetylacetate, ethyl nitroacetate, and ethyl nitromalonate under neutral conditions in the 
presence of Pd(0) to give regiospecifically and stereoselectively the a or p C-glycopyranoside in excellent yields. 
'H and 13C NMR parameters have been used for assigning the a or p configuration for a given pair of these anomers. 

Introduction 
Carbon-carbon bond-forming reactions at the anomeric 

position of carbohydrates have attracted considerable 
attention during the last few years in connection with the 
synthesis ef chiral building blocks and naturally occurring 
products.' Current examples include applications of the 
enolate ester Claisen rearrangement? Lewis acid generation 
of the oxocarbenium ion followed by nucleophilic a d d i t i ~ n , ~  

(1) Reviews: (a) Hanessian, S.; Pernet, A. G. Adu. Carbohydr. Chem. 
Biochem. 1976, 33, 111. (b) Hanessian, S. Total Synthesis of Natural 
Products: The Chiron Approach; Pergamon: Oxford, 1983. (c) Inch, T. 
D. Tetrahedron 1984,40,3161. (d) Hacksell, U.; Daves, G. D., Jr. B o g .  
Med. Chem. 1985,22,1. (e) Buchanan, J. G. Prog. Chem. Org. Natl. Prod. 
1983, 44, 243. 

(2) (a) Ireland, R. E.; Vevert, J. P. Can. J .  Chem. 1981, 59, 572. (b) 
Ireland, R. E.; Wutz, P. G. M.; Ernst, B. J.  Am. Chem. Soc. 1981, 103, 
3205. (c) Ireland, R. E.; Daub, J. P. J .  Org. Chem. 1981, 46, 479. (d) 
Ireland, R. E.; Thaisrivongs, S.; Wilcox, C. S. J .  Am. Chem. SOC. 1980, 
102, 1155. (e) Ireland, R. E.; Wilcox, C. S.; Thaisrivongs, S.; Varnier, N. 
R. Can. J .  Chem. 1979, 57, 1743. (0 Ireland, R. E.; Andersen, R. C.; 
Badoub, R.; Fitzsimmons, B. J.; McGarvey, G.; Thaisrivongs, S.; Wilcox, 
C. S. J .  Am. Chem. SOC. 1983,105, 1988. (9)  Ireland, R. E.; Norbeck, D. 
W.; Mandel, G. S.; Mandel, N. S. J .  Am. Chem. SOC. 1985,107,3285. (h) 
Curran, D. P.; Suh, Y. G. Carbohydr. Res. 1987, 171, 161. 
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glycosyllithium  addition^,^ nucleophilic displacement on 
glycal methanesulfonate~,~ allylstannane coupling with 

(3) (a) Grynkiewicz, G.; Be Miller, J. N. J. Carbohydr. Chem. 1982,1, 
121. (b) Herscovici, J.; Muleka, K.; Antonakis, K. Tetrahedron Lett. 
1984,25,5653. (c) Herscovici, J.; Delatre, S.; Antonakis, K. J .  Org. Chem. 
1987,52,5691. (d) Lewis, M. D.; Cha, J. K.; Kishi, Y. J.  Am. Chem. SOC. 
1982, 104, 4976. (e) Kozikowski, A. P.; Sorgi, K. L. Tetrahedron Lett. 
1984,25,2085. (0 Cupps, T. L.; Wise, D. S.; Towsend, L. B. J.  Org. Chem. 
1982, 47, 5115. (g) Steward, A. D.; Williams, R. M. J .  Am. Chem. SOC. 
1985, 107,4289. (h) Danishefsky, S. J.; Kerwin, J. F. J.  Org. Chem. 1982, 
47,3803. (i) Danishefsky, S. J.; Dewinno, S.; Lartey, P. J.  Am. Chem. SOC. 
1987,109,2082. ti) Posner, G. H.; Haines, S. R. Tetrahedron Lett. 1985, 
26, 1823. (k) Schmidt, R. R.; Hoffman, H. Tetrahedron Lett. 1982,23, 
409. (1) Nicolaou, K. C.; Dolle, R. E.; Chucholowski, A.; Randall, J. L. 
J .  Chem. SOC., Chem. Commun. 1984,1153. (m) Hanessian, S.; Sato, K.; 
Liak, T. J.; Danh, N.; Dixit, D.; Cheney, B. V. J. Am. Chem. SOC. 1984, 
106,6114. (n) Ichikawa, Y.; Isobe, M.; Konobe, M.; Goto, T. Carbohydr. 
Res. 1987,171, 193. (0) Hosomi, A.; Sakata, Y.; Sakurai, H. Carbohydr. 
Res. 1987, 171, 223. 

(4) (a) Lesimple, P.; Beau, J. M.; Sinay, P. J .  Chem. Soc., Chem. 
Commun. 1985, 894. (b) Beau, J. M.; Allory, L. M.; Sinay, P. J .  Chem. 
SOC., Chem. Commun. 1984,355. (c) Beau, J. M.; Sinay, P. Tetrahedron 
Lett. 1985,26,6185. (d) Beau, J. M.; Sinay, P. Tetrahedron Lett. 1985, 
26,6189. (e) Beau, J. M.; Sinay, P. Tetrahedron Lett. 1985,26,6193. (0 
Lesimple, P.; Beau, J. M.; Sinay, P. Carbohydr. Res. 1987,171, 289. (g) 
Valverde, S.: Garcia-Ochoa, S.; Martin-Lomas, M. J .  Chem. SOC., Chem. 
Commun. 1987, 383. 
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Table I. Alkylation of Glycals 4 and 5 with Various Nucleophiles 
entry glycal NuH solvent/T, "C phosphineb time, h productc (yield, W )  a/@' 

1 4 CHz(C0zEt)z CH&N/70 dPPb 6 6 (60) 75/25 

3 4 CHz(C0zEt)z CHsCN/70 dppb + 8PPh3 12 no reaction 

5 4 CHz(COCH3)z CH&N/70 dppb 6 7 (67) 75/25 
6 4 CHz(COCH3)z CH&N/70 PPhSe 6 7 (40) 24/76 

2 4 CHz(COzEt)z CH3CN/70 dppb + 3PPh3 4 6 (65) 45/55 

4 5 CHz(C0zEt)z CH&N/70 dPPb 6 6 (82) 0/100 

7 4 CHz(COCH3)z CH,CN/7O dppb + 8PPh3 5 7 (40) o/ 100 
8 5 CHz(COCH3)z CH3CN/70 dPPb 6 7 (84) 0/100 
9 4 CH3COZCH2COCH3 CH&N/70 dPPb 5 8 (50) 90/10 

10 5 CH3COZCHzCOCH3 CH&N/7O dPPb 5 8 (54) O / l O O  
11 4 N02CHZC02Et THF/6O PPh$ 18 9 (75) 100/0 
12 4 NOzCHzCOzEt THF/6O dPPe 5 9 (80) 100/0 
13 4 N02CHZCOzEt THF/6O dPPP 2 9 (75) 100/0 
14 4 N02CHzC02Et THFJGO dPPb 4 9 (80) 100/0 
15 5 NOZCHZCOzEt THF/6O PPh$ 19 9 (72) 0/100 
16 4 NOZCH2COzCH3 THF/6O dPPP 2 10 (75) 100/0 
17 4 NOzCH(C02Et)z THF/6O dPPb 4 11 (90) 100/0 
18 4 NOzCH(C0ZEt)Z CH,CN/70 dPPb 3 11 (93) 100/0 
19 5 NOZCH(C0ZEt)z THF/6O dPPb 6 11 (93) 0/100 
20 5 NOZCH(CO2Et)z CH&N/7O dPPb 3 11 (92) 0/100 

[Glycal]:[NuH]:[Pd]:[phosphine] = 20:30:1:1.1. bdppe, 1,2-bis(diphenylphosphino)ethane; dppp, 1,3-bis(diphenylphosphino)propane; 
Determined by 'H and 13C dppb, 1,4-bis(diphenylphosphino)butane. 

NMR spectroscopy. e Pd(PPh3), was used. f [Pd]/[phosphine] = k2.2. 
Isolated yield after column chromatography and not optimized. 

glycosyl halides,6 carbenoid displacement reaction,' ad- 
dition of an organometallic reagent to a lactone followed 
by reduction with silane: and glycosyl radical trapping 
with  alkene^.^ The high stereochemical control accom- 
panying transition-metal-mediated transformations has 
prompted several groups to employ such methods for 
C-glycosidations, There have been reports of work on 
condensation of glucopyranosyl bromide with sodium 
pentacarbonylmanganate followed by insertion of carbon 
monoxide and methyl acrylate and then photo- 
demetalation,'O coupling of organomercury compounds 
with carbohydrate-derived enol ethers in the presence of 
stoichiometric amounts of P ~ ( O A C ) ~ , ~ ~  arylation of acety- 
lated glycals catalyzed by P ~ ( O A C ) ~ , ' ~  addition of P-di- 
carbonyl compounds to  acylated glycals in the presence 
of PdC12(CH3CN)2 or BF3.Etz0,l3 and Pd(0)-catalyzed 
reaction of acetoxydihydropyran with tertiary carbanions 
like diethyl sodioformamidomalonate or more recently 
arylzinc ch10rides.I~ 

In a general program directed toward the applications 
of organometallic reagents in carbohydrate chemistry, we 
have turned our attention to the Pd(0)-catalyzed addition 
of stabilized carbon nucleophiles to glycals. Effectively, 
due to the work of Trost and Tsuji,15 a nucleophilic pal- 

(5) Ogihara, T.; Mitaunobu, 0. Tetrahedron Lett. 1983,24, 3505. 
(6) Keck, G. E.; Enholm, E. J.; Yates, J. B.; Wiley, M. R. Tetrahedron 

(7) Kametani, T.; Kawamura, K.; Honda, T. J. Am. Chem. SOC. 1987, 
1985,41, 4079. 

109, 3010. 
(8) Kraus, G. A.; Molina, M. T. J.  Org. Chem. 1988, 53, 752. 
(9) (a) Giese, B.; Dupuis, J. Angew. Chem., Int. Ed. Engl. 1983,22,622. 

(b) Dupuis, J.; Giese, B.; Hartung, J.; Leising, M.; Korth, H. G.; Sust- 
mann, R. J. Am. Chem. Soc. 1985,107,4332. 

(10) (a) Trainor, G. L.; Smart, B. E. J. Org. Chem. 1983,48,2447. (b) 
DeShong, P.; Slough, G. A.; Elango, V.; Trainor, G. L. J.  Am. Chem. Soc. 
1985,107,7788. (c) DeShong, P.; Slough, G. A.; Elango, V. Carbohydr. 
Res. 1987, 171, 343. 

(11) (a) Cheng, J. C. Y.; Daves, G. D., Jr. Organometallics 1986, 5, 
1753. (b) Cheng, J .  C. Y.; Daves, G. D., Jr. J. Org. Chem. 1987,52,3083 
and references cited therein. 

(12) (a) Czernecki, S.; Gruy, F. Tetrahedron Lett. 1981,22,437. (b) 
Czernecki, S.; Dechavanne, V. Can. J. Chem. 1983,61,533. (c) Pandraud, 
H. G.; Brahmni, R.; Dechavanne, V. B.; Czernecki, S. Can. J. Chem. 1985, 
63, 491. 

(13) Yougai, S.; Miwa, T. J.  Chem. Soc., Chem. Commun. 1983, 68. 
(14) (a) Dunkerton, L. V.; Serino, A. J. J. Org. Chem. 1982,47, 2812. 

(b) Dunkerton, L. V.; Enske, J. M.; Serino, A. J. Carbohydr. Res. 1987, 
171, 89. 
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ladium(0) reagent-controlled C-glycosylation method would 
be highly stereoselective as stabilized carbanions react with 
inversion on carboxylic a-allyl complexes. 

Results 
Our preliminary studies on C-glycosidation of 2,3-un- 

saturated glycals using ethyl nitroacetate as the nucleo- 
phile,16 together with the Rajan Babu's results on the al- 
kylation of trifluoroacetylglucal using P-diketo nucleo- 
phi le~ ,~ '  showed that alkylation occurred and was both 
regio- and stereoselective, taking place exclusively at  the 

(15) (a) Trost, B. M.; Verhoven, T. R. Comprehensiue Organometallic 
Chemistry; Pergamon: New York, 1982; Vol. 8, p 799. (b) Heck, R. F. 
Palladium Reagents in Organic Syntheses; Academic Press: London, 
1985. (c) Tsuji, J. Organic Synthesis with Pd Compounds: Springer- 
Verlag: West Berlin, 1980. 

(16) Brakta, M.; LeBorgne, F.; Sinou, D. J. Carbohydr. Chem. 1987, 
6,  307. 

(17) Rajan Babu, T. V. J .  Org. Chem. 1985, 50, 3642. 



1892 J .  Org. Chem., Vol. 54, No. 8, 1989 

Scheme I11 
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ring oxygen-bearing carbon atom. Herein we give a more 
detailed description of the alkylation of 1-phenoxy hex- 
2-enopyranosides with carbon nucleophiles. Initial ex- 
periments to effect palladium(0)-catalyzed C-glycosilation 
on acetylated carbohydrate glycal, such as the readily 
available 3,4,6-tri-O-acetyl-l,5-anhydro-2-deoxy-~- 
arabino-hex-1-enitol (or triacetyl-D-glucal), 1, were un- 
successful, even under drastic conditions. This apparent 
lack of reactivity of electron-rich allylic acetates having 
oxygen conjugation in allylic alkylation using Pd(O), ac- 
cording to the methodology developed by Trost,15 has been 
observed previously.ls We hoped that the appropriate 
choice of a better leaving group than OAc would allow the 
alkylation to occur. 2,3-Unsaturated phenyl glycosides like 
2 are readily obtained from commercial peracetylated 
glycals using known  procedure^.'^ In contrast to Ferrier's 
results, we found that the product was a mixture of a and 

anomers 2 and 3 in the ratio of 85/15, separable by 
column chromatography. Here again, under neutral con- 
ditions, using ethyl nitroacetate as the nucleophile in the 
presence of Pd(dba):, and diphos, no alkylation of the 
unsaturated sugar 2 occurred. Therefore phenyl 4,6-di- 
O-benzyl-2,3-dideoxy-~-erythro-hex-2-enopyranosides 4 
and 5 were prepared by deacetylation and dibenzylation 
of 2 and 3, respectively (Scheme I). We found that com- 
pounds 4 and 5 reacted with nucleophiles Nu-H, under 
neutral conditions without formation of the anion, in the 
presence of 5 mol 70 bis(dibenzy1idene acetone)Pd(O) and 
various ligands,'O to give C-glycosides in excellent to 
moderate yields (Scheme 11, Table I). In all cases, the 
reaction is regiospecific and capture of the nucleophile at  
C-3 was not observed. The reaction was carried out in 
THF at  60 "C but gave better results with acetonitrile a t  
70 "C, whereas dioxane gave lower yields. Catalysts ob- 
tained from Pd(dba)2 and 1,2-bis(diphenylphosphino)- 
ethane (dppe), 1,3-bis(diphenylphosphino)propane (dppp), 
or 1,4-bis(diphenylphosphino)butane (dppb) are more re- 
active than the catalyst prepared with triphenylphosphine 
(entries 11-14 in Table I). 

anomer 5 occurred, as expected, with 
complete retention of configuration at the anomeric center, 
no matter which nucleophile was used (Table I). In con- 
trast, in the case of the a anomer 4, the reaction is ste- 
reospecific only by using ethyl or methyl nitroacetate 
(entries 11 and 15, Table I) and ethyl nitromalonate (en- 
tries 17 and 18, Table I) as nucleophiles. With the other 
nucleophiles, the alkylation was nonstereospecific; with 
methyl acetylacetate as nucleophile, a mixture of C- 
glycoside 8a and 86 in a ratio of 9010 was obtained (entry 
9); with ethyl malonate or acetylacetone as nucleophiles, 
the selectivity was lower, and a mixture of C-glycosides 
6a /6P  and 7a/70 in a ratio of 75/25 was obtained (entries 
1 and 5, Table I). However, the pure anomer 6 a  could be 
obtained very easily by denitration of compound l la  with 
tributyltin hydride21 (Scheme 111). The reason for the loss 

Alkylation of the 

(18) (a) Trost, B. M.; Gowland, F. W. J.  Org. Chem. 1979,44,3448. (b) 
Trost, B .  M.; Keinan, E. Tetrahedron Lett. 1980, 21, 2591. 

(19) (a) Ferrier, R. J.; Overend, W. G.; Ryan, A. E. J .  Chem. SOC. 1962, 
3667. (b) Grynkiewicz, G.; Priere, W.; Zamojski, A. Carbohydr. Res. 1979, 
68, 33. 

(20)  Fiaud, J. C.; Malleron, J. L. Tetrahedron Lett. 1980, 21, 4437. 
(21) Ono, N.; Hamamoto, I.; Kaji, A. J. Org. Chem. 1986, 51,  2832. 

BnO 

12 L3 

of stereospecificity in the alkylation procedure of anomer 
4a using ethyl malonate, acetylacetone, or methyl ace- 
tylacetate is not clear. Isomerization in palladium(0)- 
catalyzed reactions is sometimes caused by cis migration 
of the acetate in the ?r-allylpalladium intermediate,22y23 
leading to isomerization of the starting material. We 
therefore treated separately the two anomers 4a and 50 
under the conditions of alkylation; 'H NMR analysis of 
the recovered material showed that no isomerization had 
occurred. This indicates that the loss of stereospecificity 
is probably not caused by the isomerization a 2 6 of the 
starting material. Furthermore, addition of excess tri- 
phenylphosphine is known to inhibit isomerization in the 
case of acetate. We therefore ran experiments with anomer 
4a and ethyl malonate and acetylacetone as nucleophiles 
in the presence of the catalyst prepared in situ from Pd- 
(dba):,, 1 equiv of dppb, and 8 equiv of triphenylphosphine. 
The reaction was very sluggish, and in the case of ethyl 
malonate no reaction occurred after 12 h (entry 3). For 
acetylacetone, we observed complete inversion of config- 
uration and we obtained only anomer 7p (entry 7). In the 
case of ethyl malonate, alkylation occurred in the presence 
of Pd(dbaI2, 1 equiv of dppb, and 3 equiv of triphenyl- 
phosphine, giving here again a mixture of 6 a / 6 0  in a ratio 
of 45:55 (entry 2). Moreover, using Pd(PPh,), as catalyst 
(hence with a ratio of [Pd]/[PPhS] = 4) and acetylacetone 
as nucleophile, we also obtained a mixture of 7 a / 7 p  in a 
ratio of 24/76 (entry 6). Therefore we do not observe any 
decrease of cis addition when increasing the concentration 
of triphenylphosphine, but on the contrary an increase of 
the cis addition product is observed. These preliminary 
results are in agreement with an SN2' attack (syn) by the 
nucleophile on a a-allylpalladium complex like 13 in the 
presence of an excess of phosphine; this complex would 
be in equilibrium with the r-allylpalladium complex 12 
(Scheme IV). Such a mechanism was proposed to explain 
the cis addition in the attack of dialkyl amines on 7r-al- 
lylpalladium complexes.24 However, more work is needed 
to acquire more knowledge on the mechanism of this re- 
action. 

In the case of nonsymmetrical nucleophiles {CH2- 
(N02)C02Et, CH2(N02)C02Me, and CH2(COMe)C02Me) 
the reaction was not selective at C-2. A mixture of epimers 
was obtained in a ratio of 60:40 for compounds Sa, 80, and 
90,75:25 for compound Qa and 70:30 for loa. The use of 
various ligands did not improve the C-2 selectivity in the 
case of the alkylation of 4 with ethyl nitroacetate (entries 
11-14 in Table I); even a chiral diphosphine like Diop, 
which could show some enhancement of the selectivity by 
double asymmetric induction, disappointingly gave the 
same selectivity as the other chelating diphosphines. 

Structural Assignments 
The structures of the C-glycosides, and particularly the 

a or the fl  configuration, were determined on the basis of 

(22) (a) Trost, B. M.; Verhoeven, T.  R. J. Am. Chem. SOC. 1980,102, 
4730. (b) Trost, B. M.; Verhoeven, T.  R.: Fortunak, J. M. Tetrahedron 
Lett. 1979, 2301. 

(23) (a) Backvall, J. E.; Nordberg, R. E.; Bjorkman, E. E.; Moberg, C. 
S.  J. Chem. SOC., Chem. Commun. 1980,943. (b) Backvall, J. E.; Nord- 
berg, R. E.; Wilhelm, D. J .  Am. Chem. SOC. 1985, 107, 6892. 

(24) Backvall, J.  E.: Nordbern, R. E.; Zetterbere. K.: Akermark. B. 
Organometallics 1983, 2, 1625. 
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Table 11. Spectral Data Pertinent to Stereochemical Assignments of Compounds 6-1 1” 
compd ~5(H-l’)~ 6(H-2)‘ JA, I, 6(C-1‘) 6(C-5‘) 
6a 
66 
7ci 
76 
8a 60 % 

40% 
86 60 90 

40 % 
9a 75% 

25% 
96 60 % 

40 % 
1 oci 70% 

30 % 
1 la 
116 

a 6 in ppm; J in hertz. dddd. d. H-3. 

Scheme V 

4.86 
4.78 
4.92 
4.85 
4.88 
4.84 
4.82 
4.79 
5.02 
5.01 
5.00 
4.95 
5.04 
4.96 
5.20’ 
5.17O 

e ddd. 

BnO%L%Nu BnO 

H 

BnO, 

Bno7 BnO U 

spectrometric data. Pertinent ‘H and 13C nuclear magnetic 
resonance data for the assignment of the configuration of 
the various C-glycosides are summarized in Table 11. 
According to the mechanism of double inversion associated 
with this type of reaction using Pd(O), the unsaturated 
a-phenyl glycoside would lead to the unsaturated a C- 
glycoside and the 

From the work of A c h m a t ~ w i t z , ~ ~  the /3 anomer is ex- 
pected to be conformationally stable in the OH5 confor- 
mation 14, since all substituents are in the preferred 
equatorial orientation. The a anomer should be an 
equilibrating mixture of the OH5 and 5H0 conformations 
15 and 16 (Scheme V). Effectively, higher coupling con- 
stants J4,,5, were observed for the @ anomer (J4,,51 values 
from 8.1 to 9.2 Hz) than for the a anomer (J4,,51 values from 
6.6 to 7.5 Hz). However, in the case of the a anomer, the 
relatively high values of J4,,5, suggested a higher contri- 
bution of the O H 5  conformation. 

The assignment of configuration at the anomeric center 
relied primarily on I3C parameters. As expected from the 
y-gauche effect of Stothers observed in cyclohexanes26 and 
also in unsaturated C-glycopyranosyl  compound^,'^^*^' the 
a anomer shows a C-5’ signal at  a higher field (6 from 71.93 
to 72.85 ppm) than the p anomer (6 from 77.28 to 78.85 
ppm) (Table 11). For the same reason, an upfield shift of 
the C-1’ in the a anomer was also found, in comparison 
to the downfield shift for the 0 anomer, but this effect was 
not so important. 

NOE experiments were also used to assign the configu- 
ration at  C-1’. Irradiation at  the C-5’ methine proton (6 
= 3.66 ppm) in compound l l p  at 300 MHz (CDCl,) showed 

to the p C-glycoside. 

(25) Achmatowicz, 0.; Bukowski, P. Rocz. Chem. 1973,47, 99. 
(26) Stothers, J. B. Carbon-13 NMR Spectroscopy; Academic Press: 

(27) Dawe, R. D.; Fraser-Reid, B. J. Org. Chem. 1984, 49, 522. 
New York, 1973; Chapter 3. 

3.75 
3.54 
4.0gd 
3.81d 
3.94 
3.86 
3.60 
3.81 
5.35 
5.29 
5.09 
5.33 
5.37 
5.30 

7.0 
8.2 
7.2 
8.4 
7.4 
7.4 
8.4 
8.1 
7.0 
7.0 
9.2 
9.2 
7.5 
7.5 
6.7 
8.6 

71.22 
73.25 
71.66 
73.57 
71.29 
70.82 
73.70 
73.20 
71.13 
70.16 
72.96 
72.89 
71.17 
70.25 
72.64 
75.24 

71.93 
77.75 
72.15 
77.28 
72.09 
72.17 
77.31 
77.49 
72.27 
72.84 
77.63 
78.05 
72.32 
72.96 
72.85 
78.85 

an enhancement of 8% in the C-1‘ methine proton signal 
at 6 = 5.17 ppm. Likewise, irradiation of the C-1’ methine 
proton signal showed similar enhancement (9%) of the C-5’ 
methine signal and also of the C-2‘ methine proton at  6.02 
ppm (10%). Similar experiments, made on compounds 66 
and 9p by irradiation of the C-1’ methine proton signal at 
4.78 and 5.00 ppm, respectively, showed an enhancement 
of 12% and 15% for the C-5’ methine signal at  3.70 for 
6p and 3.64-3.75 ppm for 98. An NOE experiment on 
compound l la  using the C-1’ methine signal (6 = 5.20 
ppm) showed an enhancement of 12% of the H-2’ a t  6.07 
ppm; a similar experiment using the C-5’ methine signal 
(6 = 4.17 ppm) showed an enhancement of 10% for H-3’ 
a t  6.19 ppm only. In this case, irradiation of the C-6’ 
methine signals a t  3.67 and 3.60 ppm showed an en- 
hancement of 7% in the C-1’ methine signal (6 = 5.20 
ppm), 10% in the C-5’ methine signal (6 = 4.17 ppm) and 
4.5% in the C-4’ methine signal (6 = 4.03 ppm). 

These NOE experiments also allowed the unambiguous 
assignment of the H-2’ and H-3’ signals. In all compounds, 
H-3’ is deshielded relative to H-2’. This is in agreement 
with the results of Rajan Babul7 but contradicts some 
previous assignments in the case of unsaturated C- 
g l y c ~ s i d e s . ~ ~ ~ ~ J ~ J ~  

The ‘H NMR parameters also show, for the anomeric 
pairs of C-glycosides, that both H-1’ and the appendent 
CH group resonate a t  higher frequencies in the /3 anomer; 
this is in agreement with the earlier observation of Fra- 
ser-Reid.28 In each compound, H-4’ resonates at  a higher 
field than H-5’, except for 1 l a  where H-5’ is more shielded 
than H-4’. 

In the case of nonsymmetrical nucleophiles, the lH 
NMR spectrum indicated the presence of a mixture of 
epimers and in particular the H-2 signal (or the H-3 signal 
for compound 7) appeared as two doublets. That they 
were mixtures was also evident from the I3C NMR spec- 
trum, which showed a pair of signals particularly for C-1’ 
and C-5’. 

According to the Hudson rules of i s o r ~ t a t i o n , ~ ~  for an 
anomeric pair of glycosides, the more dextrorotatory is the 
a anomer, and this rule generally applies also to C- 
glycosides.3w34 For the unsaturated C-glycosides 6 and 

~~ 

p(28)>ulshian~. B.; Fraser-Reid, B.-J. Oyg. Chem. 1984, 49, 518. 
(29) Hudson, C. S. J. Am. Chem. SOC. 1909, 31, 66; 1930, 52, 1680; 

1930, 52,1707. 
(30) Rosenthal, A.; Zanlungo, A. Can. J.  Chem. 1972,50, 1192. 
(31) Walker, D. L.; Fraser-Reid, B.; Saunders, J. K. J. Chem. Soc., 

Chem. Commun. 1974, 319. 

1280. 
(32) Hanessian, S.; Pernet, A. G. Can. J. Chem. 1976, 52, 1266 and 

(33) Rosenthal, A.; Ratcliffe, M. Can. J. Chem. 1976, 54, 1280. 



1894 J. Org. Chem., Vol. 54, No. 8, 1989 

11, t he  cy anomer is t he  less dextrorotatory, disobeying 
Hudson's rule. Compounds 8 and 9, which are a mixture 
of epimers, behave similarly. Only compound 7 obeys 
Hudson's rule. This  peculiar behavior of unsaturated 
C-glycosides had been previously noticed by different 

In summary, alkylation of unsaturated phenyl glycosides 
with stabilized nucleophiles in the  presence of Pd(0) and 
under neutral conditions occurs regiospecifically at the  
anomeric center, stereospecifically for the  p anomer and 
stereoselectively for t he  cy anomer. T h e  ratio of ligand t o  
palladium seems crucial for obtaining stereospecificity or 
high stereoselectivity. T h e  unsaturated C-glycosides ob- 
tained in this manner are useful intermediates for further 
elaborations at the sugar moiety or land  at the introduced 
functional group and for synthesis of chiral tetrahydro- 
pyrans. Additional work is now in progress in these two 
directions. 

groups. 12b,25,35-37 

Experimental Section 
Thin-layer chromatography and column chromatography were 

carried out on silica gel GF, (230-400 mesh Merck). Proton and 
carbon NMR spectra were recorded on a Brucker MSL 300 
spectrometer with CDC13 as solvent and Me,Si as internal 
standard. Heteronuclear chemical shift correlation (COSY) ex- 
periments were carried out by using furnished software. Mass 
spectra were obtained on a mass spectrometer VG 30F in chemical 
ionization (CI, NH3) mode. Optical rotations were measured on 
a Perkin-Elmer 241 polarimeter. Microanalyses were performed 
by the Laboratoire Central de Microanalyse du CNRS, Vernaison, 
France. All solvents were distilled from an appropriate drying 
agent and stored under nitrogen. All air-sensitive reactions were 
performed under an atmosphere of nitrogen. 3,4,6-Tri-O- 
acetyl-D-glucal was purchased from Fluka Chemical, and Pd(dba), 
was purchased from Aldrich Chemical or prepared according to 
the l i t e r a t ~ r e . ~ ~  

Phenyl 4,6-Di- 0 -acetyl-2,3-dideoxy-~-erythro -hex-2-eno- 
pyranosides, 2 and  3. 3,4,6-Tri-O-acetyl-~-glucal (12.0 g, 22.7 
mmol) and phenol (30 g, 320 mmol) were heated in boiling 
chlorobenzene (180 mL) for 3 h. The solvent and the phenol were 
removed under vacuum. After addition of CH2Clz (300 mL), the 
residual phenol was extracted with 5% sodium carbonate (3 X 
150 mL), and the solution was washed with water (3 X 150 mL) 
and then dried. Removal of the solvent and column chroma- 
tography of the syrup on silica gel GF2s4 (230-400 mesh Merck) 
with use of a mixture of AcOEt/hexane (25/75) as eluent afforded 
compounds 2 and 3 in a ratio of 85/15, yield 80%. 

a Anomer 2 mp 47-48 "C; TLC R, 0.53 (25% AcOEt/hexane); 
[a]20D +165.5" (c 1.45, C2H,0H) {lit." [a Iz0~ +131.7" ( e  1.45, 

H, OAc), 2.09 (s, 3 H, OAc), 4.13 (dd, 1 H, J = 11.6 and 1.8 Hz, 
H-6), 4.20-4.25 (m, 1 H, J = 9.5, 5.6, and 1.8 Hz, H-5), 4.28 (dd, 
1 H, J = 11.6 and 5.6 Hz, H-69, 5.39 (ddd, 1 H, J = 9.5, 1.0, and 
1.0 Hz, H-4), 5.69 (dd, 1 H, J = 1.9 and 1.7 Hz, H-l), 5.95-6.05 
(b s, 2 H, H-2, H-3), 7.0-7.3 (m, 5 H, Ph); 13C NMR 6 20.41 (Me), 
20.73 (Me), 62.48 (C-6), 64.96 (C-4), 67.75 (C-5), 92.67 (C-l), 126.99 
(C-3), 129.89 (C-2), 116.89, 122.19, 129.22 and 156.88 (Ph), 169.69 
(OC=O), 170.04 (OC=O). Anal. Calcd for C16H1806: C, 62.74; 
H, 5.92. Found: C, 62.90; H, 5.98. 

p Anomer 3: oil; TLC Rf  0.47 (25% AcOEt/hexane); [.],OD 
+72.5' ( e  1.1, CH2C12); 'H NMR 6 1.83 (s, 3 H, OAc), 2.09 (5, 3 
H, OAc), 4.19 (dd, 1 H, J = 9.4 and 6.1 Hz, H-6), 4.25 (ddd, 1 H, 

C,H,OH)}; [..],OD +157.4" (C 0.5, CH2C12); 'H NMR 6 1.96 (s, 3 

J =  6.1, 5.1, and 2.7 Hz, H-5), 4.32 (dd, 1 H, 9.4 and 2.7 Hz, H-6'), 
5.18 (ddd, 1 H, J = 5.1, 1.8, and 1.8 Hz, H-4), 5.79 (b S, 1 H, H-l), 
6.11 (ddd, 1 H, J = 11.6, 1.8, and 1.8 Hz, H-3), 6.15 (ddd, 1 H, 

Brakta e t  al. 

J = 11.6, 1.8, and 1.8 Hz, H-2), 7.0-7.3 (m, 5 H, Ph); 13C NMR 
6 20.16 (Me), 20.72 (Me), 63.16 (C-6), 63.28 (C-4), 72.68 (C-5), 91.53 

(Ph), 170.05 (OC=O), 170.35 ( O M ) .  Anal. Calcd for C16H1806: 
C, 62.74; H, 5.92. Found: C, 62.74; H, 5.94. 

Phenyl 4,6-Di-0 -benzyl-2,3-dideoxy-~-erythro -hex-%-en- 
opyranosides, 4 and 5. A solution of 2.0 g (6.52 mmol) of gly- 
coside 2 (or 3) in methanol (100 mL) containing 18 mg (0.33 mmol) 
of CH30Na was stirred at  25 "C for 30 min. The solution was 
treated with Amberlite IR-120 H', and the methanol evaporated 
under vacuum. The crude diol obtained was dissolved in DMSO 
(20 mL) in the presence of KOH (1.35 g, 24.2 mmol). The mixture 
was stirred for 15 min at  0 "C, and benzyl chloride (2.3 g, 18.2 
mmol) was added slowly. The reaction mixture was stirred at 
room temperature for 14 h and then partitioned between water 
(100 mL) and CHCl, (30 mL). The aqueous layer was washed 
with additional CHC1, (3 X 30 mL), and the combined extracts 
were dried over anhydrous sodium sulfate and filtered. After 
evaporation, the crude product was chromatographed on silica 
gel, eluting with EtOAc/hexane (4/1) to afford the product 4 a  
(or 56). 

80%; mp 43-44 OC; TLC R, 0.46 (25% 
AcOEt/hexane); [.],OD 4-43.7" (c 1.5, CH2C12); 'H NMR 6 3.67 
(dd, 1 H, J = 11.0 and 1.8 Hz, H-6), 3.75 (dd, 1 H, J = 11.0 and 
3.7 Hz, H-69, 4.08 (ddd, 1 H, J = 9.8, 3.7, and 1.8 Hz, H-5), 4.29 
(ddd, 1 H, J = 9.8, 2.5, and 0.6 Hz, H-4), 4.46 and 4.49 (2 d, 2 
X 1 H, J = 11.6 Hz, OCH,Ph), 4.58 and 4.64 (2 d, 2 X 1 H, J = 
11.6 Hz, OCHzPh), 5.71 (dd, 1 H, J = 2.4 and 0.6 Hz, H-l), 5.91 
(ddd, 1 H, J = 10.4, 2.4, and 2.4 Hz, H-3), 6.21 (ddd, 1 H, J = 
10.4,0.6, and 0.6 Hz, H-2), 7.e7.4 (m, 15 H, Ph); 13C NMR 6 68.78 

(C-l), 125.30 (C-3), 129.32 (C-2),116.15,121.98, 129.28, and 156.64 

a Anomer 4: 

(C-6), 70.16 (C-4), 70.27 (C-5), 71.19 (CH,Ph), 73.25 (CHZPh), 93.30 
(C-1), 125.83 (C-3), 131.66 (C-2), 117.16, 122.12, 126.75, 127.55, 
127.78, 128.35, 129.41, 138.12, and 157.46 (Ph). Anal. Calcd for 
C26H260,: C, 77.59; H, 6.51. Found: C, 77.80; H, 6.52. 

0 Anomer 5 72%, oil; TLC Rf0.44 (25% AcOEt/hexane); [a]"OD 
+32.9' (c 1.6, CH2C12); 'H NMR 6 3.64 (dd, 1 H, J = 10.2 and 

1 H, J = 4.6, 3.6, 1.2, and 1.1 Hz, H-4), 4.19 (ddd, 1 H, J = 5.9, 
5.6, and 4.6 Hz, H-5), 4.47 (b s, 2 H, OCH2Ph), 4.58 (b s, 2 H, 

1 H, J = 10.2,2.0, and 1.2 Hz, H-3), 6.14 (ddd, 1 H, J = 10.2, 3.6, 
and 1.4 Hz, H-2), 6.9-7.4 (m, 15 H, Ph); 13C NMR 6 68.68 (C-6), 

5.6 Hz, H-6), 3.73 (dd, 1 H, J = 10.2 and 5.9 Hz, H-6'),4.01 (dddd, 

OCHzPh), 5.76 (ddd, 1 H, J =  1.4,1.3, and 1.1 Hz, H-l), 5.90 (ddd, 

69.74 (C-4), 70.58 (CHZPh), 72.94 (CHzPh), 74.99 (C-5), 92.98 (C-1), 
127.25 (C-3), 129.11 (C-2), 116.80,121.76, 127.46, 127.59, 127.96, 
128.07, 128.71, 137.70, 137.87, and 156.77 (Ph). Anal. Calcd for 
C26H2604: C, 77.59; H, 6.51. Found: C, 77.65; H, 6.75. 

General Procedure for Pd(0)-Catalyzed C-Glycosylation. 
To a solution of 36 mg (0.062 mmol) of Pd(dbaI2 and 0.07 mmol 
of diphosphine (or 0.14 mmol of triphenylphosphine) in 3 mL of 
THF or CH3CN was added 502 mg (1.25 mmol) of the unsaturated 
sugar. To the above mixture was added 2.5 mmol of the nu- 
cleophile Nu-H, and the mixture was stirred at the desired tem- 
perature until no more starting material was visible on TLC. 
Concentration and column chromatography in the indicated 
solvents furnished the C-glycosides. 

Ethyl 24  4',6'-Di- 0 -benzyL2',3'-dideoxy-~-erythro -hex- 
2'-enopyranosyl)-2-(ethoxycarbonyl)acetate, 6. a Anomer: 
oil; TLC Rf0.55 (25% AcOEt/hexane); [ a ] % ~  +51.0° (e  1, CHzC12); 
'H NMR 6 1.19 (t, 3 H, J = 7.1 Hz, Me), 1.22 (t, 3 H, J = 7.1 Hz, 
Me), 3.60 (dd, 1 H, J = 10.2 and 2.3 Hz, H-69, 3.65-3.75 (m, 1 
H, H-5'), 3.71 (dd, 1 H, J = 10.2 and 4.7 Hz, H-69, 3.75 (d, 1 H, 
J = 10.3 Hz, H-2), 4.04 (dddd, 1 H, J = 7.0, 2.0, 1.6, and 1.0 Hz, 
H-4'), 4.16 (q, 2 H, J = 7.1 Hz, OCH,CH,), 4.17 (9, 2 H, J = 7.1 
Hz, OCHZCH,), 4.46 and 4.57 (2 d, 2 X 1 H, J = 12.1 Hz, OCH,Ph), 

1 H, J = 10.3, 1.6, 1.3, and 1.3 Hz, H-l'), 5.98 (ddd, 1 H, J = 10.5, 
4.46 and 4.58 (2  d, 2 x 1 H, J = 11.5 Hz, OCHzPh), 4.86 (dddd, 

2.0, and 1.3 Hz, H-29, 6.02 (ddd, 1 H, J = 10.5, 1.3, and 1.0 Hz, 
H-39, 7.25-7.30 (m, 10 H, Ph); 13C NMR 6 13.97 (Me), 55.53 (C-2), 
61.57 and 61.61 (OCH,CH,), 68.80 (C-6'), 69.68 (C-49, 71.17 and 
73.30 (OCHzPh), 71.22 (C-l'), 71.93 (C-5'), 127.57, 127.75, 127.83, 
127.87, 128.02, 128.17, 128.18, 128.36,138.0, 138.1 (C-2', C-3', and 
Ph), 166.76 and 166.81 (C=O); CI MS (NH3) m / z  486 (M + 
NH4+). Anal. Calcd for C27H3207: C, 69.21; H, 6.88. Found: C, 
69.19; H, 6.92. 

B Anomer: oil; TLC Rf0.44 (25% AcOEt/hexane); [a]"D i-79.5' 
(c 1, CH,Cl,); 'H NMR 6 1.24 (t, 6 H, J = 7.2 Hz, Me), 3.54 (d, 

(34) Ceretti, P. Carbohyclr. Res. 1981, 94, C-10. 
(35) Baer, H. H.; Hanna, Z. S. Can. J .  Chem. 1981, 59, 889. 
(36) Lemieux, R. U.; Watanabe, K. A.; Pavia, A. A. Can. J. Chem. 

(37) Fraser-Reid, B.; Carthy, B. J.; Holder, N. L.; Yunker, M. Can. J .  

(38) Takahashi, Y.; Ito, T.: Sakai, S.: Ishii. Y. J .  Chem. SOC.. Chem. 

1969, 47, 4413. 

Chem. 1971, 49, 3038. 

Cornrnun. 1970, 1063. 
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1 H, J = 8.6 Hz, H-2), 3.58 (dd, 1 H, J = 9.9 and 4.3 Hz, H-6’), 

= 8.2, 4.5, and 4.3 Hz, H-5’), 4.04 (dddd, 1 H, J = 8.2, 2.9, 1.3, 
and 1.7 Hz, H-4’), 4.19 (q, 2 H, J = 7.2 Hz, OCH2CH3), 4.20 (q, 

3.63 (dd, 1 H, J = 9.9 and 4.5 Hz, H-6’9, 3.64-3.75 (ddd, 1 H, J 

2 H, J = 7.2 Hz, OCHZCH,), 4.48 and 4.62 (2 d, 2 X 1 H, J = 11.5 
Hz, OCHZPh), 4.53 and 4.58 (2 d, 2 X 1 H, J = 12.3 Hz, OCHZPh), 
4.78 (dddd, 1 H, J = 8.6, 2.9, 1.7, and 1.3 Hz, H-l’), 5.93 (ddd, 
1 H, J = 10.5, 1.3, and 1.3 Hz, H-29, 6.00 (ddd; 1 H, J = 10.5, 
1.7, and 1.7 Hz, H-3’), 7.28-7.38 (m, 10 H, Ph); 13C NMR 6 14.02 
(Me), 56.92 (C-2), 61.43 and 61.47 (OCHzCH3), 69.45 (C-S’), 70.10 
(C-4’),71.18 and 73.30 (OCHZPh), 73.25 (C-l’), 77.75 (C-5’), 127.43, 
127.63,127.73, 127.86,128.16,128.25,128.35,138.04,138.51 (C-2’, 
C-3’, and Ph), 166.60 and 166.90 (C=O); CI MS (NH,) m/z 486 
(M + NH4+). Anal. Calcd for CnHa07: C, 69.21; H, 6.88. Found 
C, 69.06; H, 6.89. 

3- (4’,6’-Di- 0 - ben zyL2’,3’-dideoxy-~-erythro - hex-2’-eno- 
pyranosy1)-3-acetylpropanone, 7. CY Anomer: oil; TLC Rr 0.42 
(35% AcOEt/hexane); [aI2O~ 131’ (c 1.1, CH2C12); ‘H NMR 6 2.16 
(5, 3 H, Me), 2.26 (s, 3 H, Me), 3.56 (dd, 1 H, J = 10.5 and 3.0 
Hz, H-69, 3.63 (dd, 1 H, J = 10.5 and 5.0 Hz, H-6’9, 3.75 (ddd, 
1 H, J = 7.2,5.0, and 3.0 Hz, H-5’),3.98 (dddd, 1 H, J = 7.2,2.2, 
1.7, and 1.6 Hz, H-49, 4.09 (d, 1 H, J = 10.4 Hz, H-3), 4.44 and 
4.56 (2 d, 2 x 1 H, J = 11.4 Hz, OCH2Ph), 4.45 and 4.56 (2 d, 2 
X 1 H, J = 12.1 Hz, OCHZPh), 4.92 (dddd, 1 H, J = 10.4,2.6,2.2, 
~d1.7H~,H-l’),5.78(ddd,lH,J=10.4,2.1,~d2.1H~,H-2’), 
5.98 (ddd, 1 H, J = 10.4, 2.6, and 1.5 Hz, H-39, 7.24-7.30 (m, 10 
H, Ph); 13C NMR 6 28.64 (Me), 30.91 (Me), 68.78 (C-69, 69.45 
(C-3), 71.26 and 73.34 (OCH2Ph), 71.28 (C-49, 71.66 (C-l’), 72.15 
(C-5’), 127.54,127.70,127.82,127.84,127.88,128.13,128.20,128.35, 
128.42, 137.85, 137.94 (C-2’, C-3’, and Ph), 200.53 and 201.57 
(C=O); CI MS (NH,) m/z  426 (M + NH4+). Anal. Calcd for 
CZ5HZ8o5: C, 73.51; H, 6.91. Found: C, 73.69; H, 7.10. 

p Anomer: oil; TLc Rf0.39 (25% AcOEt/hexane); [a]%D +33.1’ 
(c 1, CH2C12); ‘H NMR 6 2.21 (9, 3 H, Me), 2.23 (9, 3 H, Me), 3.62 
(dd, 1 H, J = 10.0 and 5.7 Hz, H-69, 3.66 (dd, 1 H, J = 10.0 and 
3.8 Hz, H-a’), 3.63-3.78 (m, 1 H, J = 8.4, 5.7, and 3.8 Hz, H-5’), 

and 1.6 Hz, H-49, 4.52 and 4.54 (2 d, 2 X 1 H, J = 11.5 Hz, 
OCH2Ph), 4.49 and 4.61 (2 d, 2 X 1 H, J = 11.5 Hz, OCH2Ph), 
4.85 (dddd, 1 H, J = 8.4, 3.0, 1.9, and 1.6 Hz, H-1’), 5.73 (ddd, 
1 H, J = 10.5, 1.9, and 1.9 Hz, H-2’), 5.97 (ddd, 1 H, J = 10.5, 
1.6, and 1.6 Hz, H-3’), 7.19-7.27 (m, 10 H, Ph); 13C NMR 6 29.73 
(Me), 30.75 (Me), 69.42 (C-6’), 69.92 (C-3), 71.19 and 73.19 

3.81 (d, 1 H, J = 8.4 Hz, H-3), 4.02 (dddd, 1 H, J = 8.4, 3.0, 1.9, 

(OCHZPh), 72.20 (C-4’), 73.57 (C-l’), 77.28 (C-5’), 127.53, 127.82, 
127.88, 128.18, 128.21, 128.32, 128.39, 137.87, 138.25 (C-2’, C-3’, 
and Ph), 202.31 and 202.51 (C=O); CI MS (NH,) m/z  426 (M 
+ NH4+). Anal. Calcd for C25H2805: C, 73.51; H, 6.91. Found: 
C, 73.39; H, 7.10. 
Methyl 2-(4’,6’-Di- 0 -benzyl-2’,3’-dideoxy-~-erythro -hex- 

2’-enopyranosyl)-2(R,S)-acetylacetate, 8. CY Anomer: oil; TLC 
R, 0.32 (25% AcOEt/hexane); [aIZ0D 72.0’ (c 0.9, CH2C12); ‘H 
NMR 6 2.21 and 2.30 (2 s, 0.4 X 3 H and 0.6 X 3 H, Me), 3.67 
and 3.69 (2 s, 0.4 X 3 H and 0.6 X 3 H, OMe), 3.6-3.8 (m, 2 H, 
H-6’, H-6”), 3.7-3.8 (m, 1 H, H-59, 3.86 (d, 0.6 H, J = 10.5 Hz, 

1.8,1.6, and 1.5 Hz, H-4’),4.02 (dddd, 0.4 H, J = 7.4,1.9,1.6, and 
1.5 Hz, H-4’), 4.45 and 4.47 (2 d, 2 X 1 H, J = 11.4 Hz, OCH2Ph), 
4.46 and 4.56 (2 d, 2 X 1 H, J = 12.1 Hz, OCH,Ph), 4.84 (dddd, 
0.4 H, J = 10.5, 2.5, 1.9, and 1.6 Hz, H-l’), 4.88 (dddd, 0.6 H, J 
= 9.8, 2.5, 1.8, and 1.6 Hz, H-1’), 5.90 (ddd, 0.4 H, J = 10.4, 1.9, 

5.99 (2 ddd, 0.6 H and 0.4 H, J = 10.4, 2.5, and 1.5 Hz, H-3’), 
7.27-7.31 (m, 10 H, Ph); 13C NMR 6 29.75 and 30.17 (0.6 and 0.4 
CH&, 52.26 and 52.50 (0.4 and 0.6 C-2), 61.86 and 63.00 (0.6 and 
0.4 OMe), 68.85 and 68.92 (0.4 and 0.6 C-69, 69.52 and 69.63 (0.6 
and 0.4 C-49, 70.82 and 71.29 (0.4 and 0.6 C-l’), 71.13 and 71.18 
(OCH,Ph), 72.09 and 72.17 (0.6 and 0.4 C-59, 73.26 and 73.33 

128.40, 137.84, 137.90, 137.94, and 138.07 (C-2’, C-3’, and Ph), 
167.44 (OC=O), 200.53 and 200.91 (0.4 and 0.6 C=O); CI MS 
(NH,) m/z 442 (M + NH4+). Anal. Calcd for CwHzsOs: C, 70.74; 
H, 6.65. Found: C, 70.80; H, 6.75. 

/3 Anomer: oil; TLC R, 0.39 (25% AcOEt/hexane); [a]%D 90.3’ 
(c 3, CH,Cl,); ‘H NMR d 2.25 and 2.31 (2 s, 0.4 X 3 H and 0.6 
x 3 H, Me), 3.60 (d, 0.6 H, J = 9.3 Hz, H-2), 3.71 (s, 3 H, OMe), 
3.6-3.8 (m, 2 H, H-6’, H-6’9, 3.6-3.8 (m, 1 H, H-59, 3.81 (d, 0.4 

H-2), 3.94 (d, 0.4 H, J = 9.8 Hz, H-2), 3.99 (dddd, 0.6 H, J = 7.4, 

and 1.9 Hz, H-2’), 5.92 (ddd, 0.6 H, J = 10.4, 1.8, and 1.8 Hz, H-2’), 

(OCHZPh), 127.55, 127.63, 127.70, 127.78, 127.86, 128.24, 128.31, 
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H, J = 7.0 Hz, H-2), 4.05 (dddd, 0.4 H, J = 8.1, 2.9, 1.5, and 1.5 
Hz, H-4’), 4.07 (m, 0.6 H, J = 8.4, 2.9, 1.5, and 1.5 Hz, H-49, 4.46 
and 4.48 (2 d, 2 X 1 H, J = 11.5 Hz, OCH2Ph), 4.56 and 4.61 (2 

2.9,1.5, and 1.5 Hz, H-l’), 4.82 (dddd, 0.6 H, J = 9.3,2.9, 1.5 and 

and 5.99 (2 ddd, 0.4 H and 0.6 H, J = 10.4, 1.5, and 1.5, H-39, 
7.29-7.33 (m, 10 H, Ph); 13C NMR 6 30.55 and 30.92 (0.6 and 0.4 
CH,), 52.43 (C-2), 63.46 and 63.50 (0.6 and 0.4 OMe), 69.28 and 
69.47 (0.6 and 0.4 C-6’),69.91 and 69.94 (0.6 and 0.4 C-49, 71.17 
and 71.28 (OCH2Ph), 73.20 and 73.70 (0.4 and 0.6 C-l’), 73.23 
(OCH,Ph), 77.31 and 77.49 (0.6 and 0.4 C-5’), 127.52, 127.57, 
127.80,127.88,127.90,128.06,128.17,128.32, 128.40, 137.91,137.90, 

d, 2 X 1 H, J = 11.4 Hz, OCHZPh), 4.79 (dddd, 0.4 H, J = 7.0, 

1.5 Hz, H-1’), 5.83 (ddd, 1 H, J = 10.4, 1.5, and 1.5 Hz, H-2’), 5.91 

138.33, and 138.38 (C-2’, C-3’, and Ph), 167.42 and 167.90 (0.6 and 
0.4 OC=O), 201.45 and 201.60 (0.4 and 0.6 C=O); CI MS (“3) 
m/z  442 (M + NH4+). Anal. Calcd for C25H2806: C, 70.74; H, 
6.65. Found: C, 70.53; H, 6.52. 
Ethyl 2-(4’,6’-Di-O -benzyL2’,3’-dideoxy-~-erythro -hex- 

2‘-enopyranosyl)-2(R,S)-nitroacetate, 9. CY Anomer: oil; TLC 
Rf0.47 (25% AcOEt/hexane); [.]%D +65.4O (c 1.25, CH2Cl,); ’H 
NMR 6 1.24 and 1.26 (2 t, 0.25 X 3 H and 0.75 X 3 H, J = 7.3 
Hz, Me), 3.62 (dd, 1 H, J = 11.6 and 3.7 Hz, H-6‘), 3.72 (dd, 1 
H, J = 11.6 and 4.3 Hz, H-6’9, 3.60-3.73 (ddd, 1 H, J = 7.0,4.3, 
and 3 7  Hz, H-5’),4.17,(dddd, 1 H, J = 7.0, 2.1, 1.8, and 1.8 Hz, 
H-49, 4.28 and 4.29 (2 q, 2 H, J = 7.3 Hz, OCH2CH3), 4 1 5  and 
4.61 (2 d, 2 X 1 H, J = 12.1 Hz, OCH2Ph), 4.46 and 4.56 \ 2  d, 2 

2.0, and 2.0 Hz, H-l’), 5.02 (dddd, 0.75 H, J = 10.4, 2.1, 2.0, and 

J = 10.4 Hz, H-2), 5.89 and 5.90 (2 ddd, 0.25 H and 0.75 H, J = 
10.4,2.0, and 1.8 Hz, H-29, 6.15 (ddd, 1 H, J = 10.4, 2.0, and 1.8 
Hz, H-39, 7.2-7.4 (m, 10 H, Ph); 13C NMR 6 13.80 (Me), 63.12 

C-6’), 68.99 and 69.21 (0.25 and 0.75 C-49, 70.16 and 71.13 (0.25 

X 1 H, J = 11.4 Hz, OCHZPh), 5.01 (dddd, 0.25 H, J = 8.5, 2.1, 

2.0 Hz, H-l’), 5.29 (d, 0.25 H, J = 8.5 Hz, H-2), 5.35 (d, 0.75 H, 

and 63.23 (0.25 and 0.75 CHZCH,), 68.45 and 68.78 (0.75 and 0.25 

and 0.75 C-l’), 70.99 (OCHZPh), 71.39 (OCHZPh), 72.27 and 72.84 
(0.75 and 0.25 C-5’),73.21 (OCHZPh), 73.25 (OCHZPh), 88.26 (C-2), 

and 0.25 C-3’), 127.55, 127.69,127.81, 128.36, 128.45,137.91, 138.14, 
124.18 and 124.82 (0.75 and 0.25 C-29, 130.88 and 131.11 (0.75 

and 138.40 (Ph), 162.05 (C=O); CI MS (NH,) m/z  459 (M + 
NH4+). Anal. Calcd for CZ4HZ7NO7: C, 65.29; H, 6.16; N, 3.17. 
Found: C, 65.62; H, 6.05; N, 2.87. 

p Anomer: oil; TLC Rf0.32 (25% AcOEt/hexane); [(Y]%D +81.8’ 
(c 1.3, CH2C12); ‘H NMR 6 1.24 and 1.25 (2 t, 0.4 X 3 H and 0.6 
X 3 H, J = 7.3 Hz, Me), 3.63 (dd, 1 H, J = 11.1 and 5.3 Hz, H-69, 
3.72 (dd, 1 H, J = 11.1 and 4.3 Hz, H-6’9, 3.60-3.75 (m, 1 H, H-59, 
3.96 and 4.08 (2 dddd, 0.4 Hand 0.6 H, J =  8.6, 2.8, 2.1, and 1.8 
Hz, H-49, 4.27 (q, 2 H, J = 7.3 Hz, OCH2CH3), 4.43 and 4.61 (2 
d, 0.4 X 2 H, J = 11.6 Hz, OCHzPh), 4.45 and 4.59 (2 d, 0.6 X 2 
H, J = 11.6 Hz, OCH2Ph), 4.52 and 4.54 (2 d, 2 H, J = 11.2 Hz, 
OCH2Ph), 4.95 (dddd, 0.4 H, J = 5.2, 1.8, and 1.8 Hz, H-l’), 5.00 
(dddd, 0.6 H, J = 9.0, 1.8, and 1.8 Hz, H-l’), 5.09 (d, 0.6 H, J = 
9.0 Hz, H-2), 5.33 (d, 0.4 H, J = 5.2 Hz, H-2), 5.85 and 5.88 (2 
ddd, 0.4 H and 0.6 H, J = 10.7, 1.8, and 1.8 Hz, H-27, 6.10 (ddd, 
1 H, J = 10.7, 2.1, and 1.8 Hz, H-3’1, 7.2-7.4 (m, 10 H, Ph); 13C 
NMR 6 13.75 (Me), 63.04 and 63.12 (0.4 and 0.6 CH,CH3), 68.91 
and 69.39 (0.4 and 0.6 C-69, 69.67 ((2-49, 71.37 and 71.50 (0.4 and 

77.63 and 78.05 (0.6 and 0.4 C-5’), 89.28 and 90.13 (0.4 and 0.6 
C-2), 124.20 and 124.74 (0.6 and 0.4 C-29, 129.96 and 131.25 (0.4 
and 0.6 C-3‘), 127.48, 127.57, 127.80, 128.24, 128.34, 137.77, and 
138.33 (Ph), 161.82 and 161.97 (0.4 and 0.6 C=O); CI MS (NH,) 
m/z  459 (M + NH4+). Anal. Calcd for Cz4HZ7N07: C, 65.29; H, 
6.16; N, 3.17. Found: C, 65.42; H, 6.13; N, 3.46. 
Methyl 2-(4’,6’-di-O-benzyl-2’,3’-dideoxy-a-~-erythro- 

he~-2’-enopyranosy1)-2(R,S)-nitroacetate, 10: oil; TLC Rr 0.45 
(25% AcOEt/hexane); [aIzoD +81.0° (c 1.2, CH2C12); ‘H NMR 
6 3.55-3.70 (m, 2 H, H-6’, H-6”), 3.68 and 3.69 (2 ddd, 0.3 H and 
0.7 H, J = 7.5, 6.0, and 4.3 Hz, H-5’1, 3.79 and 3.80 (2 s, 0.7 X 
3 H and 0.3 x 3 H, OMe), 4.05 and 4.17 (2 dddd, 0.3 H and 0.7 
H, J = 7.5, 3.0, 2.1, and 2.0 Hz, H-49, 4.43 and 4.45 (2 d, 2 X 0.7 
X 1 H, OCH,Ph), 4.58 and 4.58 (2 d, 2 X 0.3 X 1 H, OCH,Ph), 

3.0, 2.2, and 2.1 Hz, H-l’), 5.04 (dddd, 0.7 H, J = 10.1, 3.0, 2.2, 

= 10.1 Hz, H-2), 5.87 and 5.89 (2 ddd, 0.3 Hand 0.7 H, J = 10.4, 
2.2, and 2.0 Hz, H-2’), 6.12 (ddd, 1 H, J = 10.4, 2.1, and 2.1 Hz, 

0.6 OCHPPh), 72.89 and 72.96 (0.4 and 0.6 C-l’), 73.33 (OCHZPh), 

4.57 and 4.59 (2 d, 2 X 1 H, OCHZPh), 4.96 (dddd, 0.3 H, J = 8.4, 

2.1 Hz, H-1’), 5.30 (d, 0.3 H, J = 8.4 Hz, H-2), 5.37 (d, 0.7 H, J 
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H-39, 7.27-7.32 (m, 10 H, Ph); 13C NMR 6 53.62 and 53.71 (0.3 
and 0.7 Me), 63.38 and 63.75 (0.7 and 0.3 (2-69, 69.07 and 69.26 
(0.3 and 0.7 C-4’), 70.25 and 71.17 (0.3 and 0.7 C-l’), 71.59 
(OCHzPh), 72.32 and 72.96 (0.7 and 0.3 C-5’), 73.3 and 73.4 
(OCHzPh), 88.09 and 89.94 (0.7 and 0.3 C-2), 124.12 and 124.85 
(0.7 and 0.3 C-29, 131.07 and 131.32 (0.7 and 0.3 C-39, 127.52, 
127.57, 127.61,127.65, 127.83,127.91,128.34, 128.43, 137.68,137.71, 
and 137.92 (Ph), 162.37 and 162.47 (0.3 and 0.7 C=O); CI MS 
(NH,) m / z  445 (M + NH4+). Anal. Calcd for CZ3HzsNO7: C, 
64.63; H, 5.90; N, 3.28. Found: C, 64.37; H, 5.91; N, 3.51. 

Ethyl 2- (4‘,6‘-Di- 0 -benzyl-2‘,3‘-dideoxy-~-erythro -hex- 
2’-enopyranosyl)-2-nitro-2-(ethoxycarbonyl)acetate, 11. a 
Anomer: oil; TLC Rf0.61 (25% AcOEt/hexane); [a]20D +15.3” 
( c ,  1, CHzClZ); ‘H NMR b 1.28 (t, 3 H, J = 7.1 Hz, Me), 1.29 (t, 
3 H, J = 7.1 Hz, Me), 3.60 (dd, 1 H, J = 10.8 and 3.2 Hz, H-67, 
3.67 (dd, 1 H, J = 10.8 and 4.4 Hz, H-69, 4.03 (dddd, 1 H, J = 
6.7, 2.4, 2.3, and 1.8 Hz, H-4’), 4.17 (ddd, 1 H, J = 6.7, 4.4, and 
3.2 Hz, H-57, 4.32 (q, 4 H, J = 7.1 Hz, OCHzCH3), 4.47 and 4.56 
(2 d, 2 X 1 H, J = 12.2 Hz, OCH,Ph), 4.49 and 4.60 (2 d, 2 x 1 
H, J = 11.7 Hz, OCHzPh), 5.20 (ddd, 1 H, J = 2.4, 2.4, and 2.4 
Hz, H-l’), 6.07 (ddd, 1 H, J = 10.6, 2.4, and 1.8 Hz, H-2’1, 6.19 
(ddd, 1 H, J = 10.6, 2.4, and 2.3 Hz, H-39, 7.26-7.30 (m, 10 H, 
Ph); 13C NMR 6 13.63 (Me), 13.74 (Me), 63.60 (OCHJ, 63.63 
(OCHZ), 68.78 (C-6’), 68.84 (C-4’), 70.75 (OCHzPh), 72.64 (C-l’), 
72.85 (C-59, 73.19 (OCHzPh), 98.58 (C-e), 123.64 (C-2’), 131.03 
(C-3’), 127.60, 127.70, 127.74, 127.80, 128.31, 128.33, and 138.07 
(Ph), 160.76 (C=O), 161.03 (C=O); CI MS (NH3) m / z  531 (M 
+ NH4+). Anal. Calcd for CnH3,N09: C, 63.15; H, 6.08; N, 2.73. 
Found: C, 63.01; H, 6.29; N, 2.71. 

p homer: oil; TLc Rf0.64 (25% AcOEt/hexane); [aI2OD +98.6’ 
(c 1.3, CHZClz); lH NMR 6 1.26 (t, 3 H, J = 7.2 Hz, Me), 1.27 (t, 
3 H, J = 7.2 Hz, Me), 3.69 (dd, 1 H, J = 10.7 and 4.5 Hz, H-6’), 
3.70 (dd, 1 H, J = 10.7 and 3.6 Hz, H-6”), 3.67 (ddd, 1 H, J = 
8.6,4.5, and 3.6 Hz, H-59, 4.04 (dddd, 1 H, J = 8.6, 2.9, 1.9, and 
1.5 Hz, H-49, 4.31 (q, 4 H, J = 7.2 Hz, OCHzCH3), 4.52 and 4.64 
(2 d, 2 X 1 H, J = 11.6 Hz, OCH,Ph), 4.58 and 4.62 (2 d, 2 X 1 
H, J = 12.1 Hz, OCHzPh), 5.17 (ddd, 1 H, J = 2.8, 2.3, and 1.8 

Hz, H-l’), 6.02 (ddd, 1 H, J = 10.6, 2.3, and 2.0 Hz, H-2/), 6.14 
(ddd, 1 H, J = 10.6, 2.0, and 1.8 Hz, H-39, 7.30-7.34 (m, 10 H, 
Ph); 13C NMR 6 13.64 (Me), 13.74 (Me), 63.60 (2 OCHJ, 69.15 
(C-6’), 69.37 (C-4’), 71.50 (OCHzPh), 73.26 (OCHzPh), 75.24 (C-l’), 
78.14 (C-5’), 98.13 (C-2), 123.96 (C-2’), 132.26 (C-3’), 127.41, 127.54, 
127.64, 127.70, 128.26, 128.41, 137.75, and 138.53 (Ph), 160.52 
(C=O), 160.86 ( ( 2 4 ) ;  CI MS (NH,) m/z 531 (M + NH4+). h a l .  
Calcd for C,H3,NOS: C, 63.15; H, 6.08; N, 2.73. Found C, 63.27; 
H, 6.03; N, 2.64. 

Pd(0)-Catalyzed Isomerization of Phenyl 4,6-Di-0- 
benzyl-2,3-dideoxy-a-~-erythro - hex-2-enopyranoside, 4. The 
a-phenyl glycoside 4 (251 mg, 0.62 mmol) was dissolved in CH3CN 
(2.5 mL), Pd(dba)z (18 mg, 0.031 mmol) and l,ri-bis(diphenyl- 
phosphino)butane (15 mg, 0.035 mmol) in 2.5 mL of CH3CN were 
added, and the mixture was stirred at 70 “C for 6 h. After 
concentration and column chromatography, the product was 
shown by ‘H NMR analysis to consist of only the starting material 
4a. The same procedure was used for the /3 anomer 5 ,  and the 
starting material was also recovered. 

Denitration of Compound lla. To a stirred solution of 
Bu3SnH (400 mg, 1.3 mmol) in 0.3 mL of toluene was added a 
solution of lla (34 mg, 0.066 mmol) and AIBN (8 mg, 0.05 mmol) 
in 0.7 mL of toluene at  110 OC, and the resulting mixture was 
stirred at this temperature for 90 min. Column chromatography 
(silica gel; hexane/ethyl acetate, 3:l) gave 6a: 30 mg (90%). 

Registry No. 1, 2873-29-2; 2, 62398-09-8; 3, 113019-34-4; 4, 
113019-35-5; 5 ,  113019-36-6; (u-6, 119366-97-1; p-6, 119366-98-2; 
CY-7, 119366-99-3; p-7, 119367-00-9; a-8, 119367-01-0; p-8,  
119434-14-9; a-9, 113019-37-7; p-9,113084-95-0; a-10, 119367-02-1; 
CY-1 1, 119367-03-2; /3-11, 119367-04-3; CHZ(COzEt)2, 105-53-3; 
CHz(COCH3)2, 123-54-6; CH3COCH2COZCH3, 105-45-3; 
OzNCHZCOzEt, 626-35-7; OzNCH+20ZCH,,2483-57-0; OZNCH- 
(COZEt),, 603-67-8. 

Supplementary Material Available: NMR spectra for 
compounds 6/3, 90, l la,  and 110 (4 pages). Ordering information 
is given on any current masthead page. 
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The marine soft coral Sclerophytum capitalis was found to contain four new diterpenes, which were isolated 
and identified as sclerophytins C-F. The structures of the isolated compounds were determined by spectroscopic 
and/or by X-ray crystallographic methods. The absolute configuration of sclerophytin C was determined by 
X-ray crystallography and constitutes the first absolute configuration determined in this family of diterpenes. 

In  a survey conducted, almost a decade ago, under the 
auspices of the National Cancer Institute, a number of 
marine invertebrates were found to have promising cyto- 
toxic activity against a variety of cancerous cell lines. One 
such invertebrate, Sclerophytum capitalis, has been a 
subject of investigation in our laboratory. We recently 
reported the isolation and structures of two novel tetra- 
cyclic diterpenes, sclerophytins A and B (I and 11), from 
this coral.’ Sclerophytin A was found to be active against 

(1) Sharma, P.; Alam, M. J. Chem. SOC., Perkin Trans. I 1988, 2537. 

0022-3263/89/1954-1896$01.50/0 

L1210 cell line at a 1 X lo4 mg/mL level. Both sclero- 
phytin A and B were suggested to have been derived from 
a deacetylation product of the diterpene cladiellin (111) ,2 
which in turn has been proposed to have been derived from 
an i s ~ c e m b r e n e . ~  In this communication we report the 
isolation and structures of four new diterpenes (sclero- 

(2) Kazlauskas, R.; Murphy, P. T.; Wells, R. J.; Schonholzer, P. Tet- 
rahedron Lett. 1977, 4643. 

(3) Fenical, W. In Marine Natural Products, Chemical and Biochem- 
ical Perspectiues, Scheuer, P. J., Ed; Academic Press: New York, 1978; 
pp 174-242. 
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