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Note

Synthesis of solatriose

Kenenr Taki o, TOSHIvA Fukasy, axp Kazuo OkUsHIO
Depuriment of Agriculvarut Cherusorv. Kvowe Prefeciurat Unoverary, Shiogawio, ko 606 (lapan)
(Recoved Mareh 231d. FOR3: accepred for publhication, Apn’ 14th, 1983)

A branched trisaccharide. 3-0O-g-o-glucopyranosyl-2-O-a-1 -rhamnopy-
ranosyl-g-D-galactose (solatriose, 13), is the carbohydrate moiety of such alkaloeid
' a-solasonine™. and a-solamarine®. from which it has been
isolated' ™ after partial hvdrolysis with actd. The component disaccharides, 3-0-8
D-glucopyranosyl-D-gakictose? (solabiose) and 2-Q-a-t -rhamnapyranosvi-n-galac-
Lose™" have previously becn synthesized, The synthesis of 13 s now deseribed.

Treatment of benzyl 3-O-allvl-g-D-galactopyranoside” (1) with e .oa-di-
methoxyloluene in acctonitrile in the presence of p-tolucnesulfonic aad gave ben-
zyl 3-G-allyl-4.6-02-benzylidene-B-D-galactopyranoside (2] in vrystalline form in
87% vyield. Condensation of 2 with 2.3 d-tm-r-acetyl-a-1 -rhummnopyranosy!
bromide (3} in dichloromethane, in the presence of silver trifluoromethunesulfo-
nate (triflate) and 1. 1.3 3-tetramethylurea®. afforded @ mixtare that was shown by
t.Le. Lo contain benezyl 3-O-albvi-4.6-C-benzyiidene-2-Q-{ 2.3, 4-1n-dacotyl-a-1 -
rhamnopyranosyl}-g-D-galactopyranoside (4) as the nwajor product. avcompanted
by traces of the marginully slower-moving., unreacted 2 that could nold be removed
by columin chromatography. Therefore, the mixture was O-deacetylated with
methanolic sodium methoxide, and the resulting mixture of products was fraction-
ated by chromatography on a calomn of silica pel to give. in 8377 yicld. crystalline
benzyl 3-0-allyl-4.6-02-benzylidene-2-0-a-L-rthamnopyrunosyl-#-D-glucopyra-
noside (5). Acetylation ot 5 pradaced 4 in crystalline torm. The configeration «t the
newly introduced. inter-glycosidic linkage in 4 wus conficmed by the Conner,
spectrum. which showed i signal for C-1" ot 8979 with Y/ 176 117 consisient”
with the a configuration at -1

glycosides as a-solanine

Remaval of the benzylidene group from § with agueous acetic ucid afforded
crystalling benzyl 3-C-allyl-2-O-a-1 -thamnopyranosyl-g-D-galactopyranoside  (6)
in 9147 yicld. Acetylation of 6 gave crystulline bensyl 4.0-di-G-ucetyl-3-¢2-ullvl-2-

“To whorn enguines should be addressed
*UThe unpiimed. single-primwd, and cuiyble-primed numbers reter o the carbon atoms e the egalace-
tosyl, T-rhamnosyl. and D-glucosyl nngs . respectively
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0-(2,3,4-tri-O-acetyl-a-L-rhamnopyranosyl)-3-D-galactapyranoside (7). Benzyla-
tion of 6 with benzyl bromide and sodium hydride'® in N, N-dimethylformamide
provided, in 93% vyield after column chromatography, benzyl 3-Q-allyl-4,6-di-O-
benzyl-2-0-(2,3,4-tri-O-benzyl-a-L-rhamnopyranosyl)-8-D-galactopyranoside  (8)
as a syrup. Isomerization of the allyl group in 8 with tris(triphenylphos-
phine)rhodium(I) chioride in the presence of 1,4-diazabicyclo[2.2.2]octane’?, fol-
lowed by removal of the resulting 1-propenyl group with mercuric chloride and
mercuric oxide'?, gave, in 76% yield after column chromatography, crystalline
benzyl 4.6-di-O-benzyl-2-0-(2,3,4-tri-O-benzyl-a-L-rhamnopyranosyl)-g-D-galac-
topyranoside (9).

Compound 9 was condensed with 2,3,4 6-tetra-O-acetyl-a-D-glucopyranosyl
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bromide (10) in dichloromethane in the presence of silver triflate and 1.1.3.3-tetra-
methylurca, to give, in 77% yield, crystalline benzyl 4.6-di-O-benzyl-3-0-(2,3 4,6~
tetra-()-acctyl-B-D-glucopyranosyl)-2- O-(2.3,4-tri- O-benzyl-a-L-rhamnopyrano-
syl})-B-D-galactopyranoside (11), after column chromatography. The 8 configura-
tion of the newly formed interglycosidic bond in 11 was indicated” by the '*C-
n.m.r. spcctrum, which showed a signal for C-17 at § 100.9_ with '/ 160 Hz, (-
Deacetylation of 11 gave, in 95% yield, benzyl 4.6-di-O-benzyl-3-()-g-D-gluco-
pyranosyl-2-0-(2,3.4-tri-O-benzyl-a-L-thamnopyranosyl)-B-D-galactopyranoside
(12) as amorphous material. Catalytic hydrogenolysis of 12 in acetic acid 1n the pre-
sence of palladium-on-charcoal furnished. in 7849/ yield after column chromatog-
raphy. the title compound 13, having physical constants in good agreement with
those reported! - for this compound. obtained from the natural products.

FEXPERIMENTAL

General methods. — Unless stated otherwise, the general experimental con-
ditions were the same as those described previously™. "*C-N.m.r. spectra were re-
corded with a Jeol INM-FX 200 spectrometer operated at 50.10 MHz, and with
tetramethylsilane as the internal standard.

Benzyl 3-O-allyl-4.6-O-benzylidene-B-D-galactopyranoside (2). — A solution
of 1 (13.78 g), a.a-dimethoxytoluenc (10 g). and p-toluenesulfonic acid (0.1 g) in
anhydrous acetonitrile (100 ml.) was stirred for 6 h at room temperature. The solu-
tion was made neutral with Amberlite IR-400 (OH ) ion-exchange resin, and the
resin filtered off and washed with methanol. The filtratc and washings were com-
bined, and evaporated, 10 give a white, crystalline residue which was recrystallized
from ethanol to afford 2 (15.39 g, 8750); m.p. 174-175, [«]fy —6.3° (¢ 0.6, chioro-
form); n.m.r. data: 8y (chloroform-d): 7.65-7.25 (m. 10 H. arom. H). 533 (s, t H,
benzylic H), 4.81 (AB q. 2 H. / 12.0 Hz. PhC7/L5), and 2.58 (broad ~. 1 H, disap-
peared on deuteration, HO-2); 8¢ (dimethyl sulfoxide-d,,): 99.6 (C-1. '/ 4y 162.0
Hz).

Anal. Calc. for C23H2,O04: C, 69.33: H, 6.58. Found: C. 69.47; H. 6.64.

Benzyl  3-O-allyl-4,6-O-benzylidene-2-Q-a-1 -rhamnopyranosvl-B-v-galacto-
pyranoside (5). — A solution of 3 (11.65 g, 33 mmol) in dry dichloromethane (40
mL) was added dropwisc during 40 min, with rigorous exclusion of moisture and
light. to a stirred solution (cooled to —30°) of 2 (7.73 g, 19.4 mmol). silver triflate
(10.17 g, 39.6 mmol), and 1.1.3 3-tetramethylurea (9.47 mL. 79.2 mmol) in di-
chloromethane (60 mL). After being stirred for 1 h at —30°, the mixture was al-
lowed to reach room temperature graduaily, and then stirred overnight. T.hc. (1:1
benzene—ethyl acetate) showed the formation of 4 (Rp 0.52) as the major product.
accompanied by traces of . marginally slower-migrating. unreacted 2 (R, 0.48). The
suspension was tiltered off through a Celite pad. and the inorganic sold was
washed with dichloromethance. The filtrate and washings were combined, washed
successively with aqucous sodium hydrogencarbonate, and water. dried (sodium



NOTE 331

sulfate), and evaporated. A solution of the residue in anhydrous methanol (100
mL) was treated with methanolic M sodium methoxide (5 mL). The mixture was
kept for 2 h at room temperature, made neutral with Amberlite IR-120 (H™) jon-
exchange resin, and the resin filtered off and washed with methanol. The filtrate
and washings were combined, and evaporated to a syrup which was fractionated on
a column of silica gel with 4:1 benzene—ethanol, to give 5 (8.98 g, 85%); m.p. 195-
196° (ethanol), [a]% —20.3° (¢ 1.3, methanol); *"H-n.m.r. data (dimethyl sulfoxide-
dg): 8 7.50-7.20 (m, 10 H, arom. H), 5.63 (s, 1 H, benzylic-H), 498 (d, 1 H, J, »
1.5Hz,H-1'), and 0.97 (d, 3 H, J5 4 6.0 Hz, CH;3-5").
Anal. Calc. for C,o0H3¢01o: C, 63.96; H, 6.66. Found: C, 64.13, H, 6.74.
Benzyl 3-O-allyl-4,6-O-benzylidene-2-O-(2, 3, 4-tri-O-acetyl-a-L-rhamnopy-
ranosyl)-B-D-galactopyranoside (4). — A solution of 5 (1.12 g) in 1:1 (v/v) acetic
anhydride—pyridine (15 mL) was kept overnight at room temperature. The solvents
were removed by codistillation with toluene to give a syrup, which crystallized from
ether-petroleum ether to afford 4 (1.27 g, 92%); m.p. 161-162°, [a]E —40.0° (¢
0.8, chloroform); n.m.r. data (chloroform-d): 8y 7.63—7.22 (m, 10 H, arom. H),
5.53 (s, 1 H, benzylic-H), 2.08 (s, 3 H, OAc), 1.98 (s, 6 H, 2 OAc), and 0.89 (d,
3H,Js ¢ 6.0 Hz); 8¢ 100.4 (C-1, YUy 155.3 Hz) and 97.9 (C-17, J 4 175.8 Hz).
Anal. Calc. for CisH,»O45: C, 62.68; H, 6.31. Found: C, 62.82; H, 6.40.
Benzyl 3-O-allyl-2-O-a-L-rhamnopyranosy!-B-D-galactopyranoside (6). — A
solution of 5 (7.16 g) in acetic acid (70 mL) was heated to 90°, water (46 mL) was
added in small portions, and the mixture was stirred for 1 h at 90°. The solvents
were evaporated, and the last traces of the solvents were removed with the aid of
repeated addition and evaporation of toluene. The residue was recrystallized from
ethanol, to give 6 (5.46 g, 91%); m.p. 131.5-132.5°, [a]7; —47.6° (¢ 1.4, methanol).
Anal. Cale. for C;;,H3,0,4: C, 57.89; H, 7.07. Found: C, 57.78; H, 7.21.
Benzyl 4,6-di-O-acetyl-3-O-allyl-2-0-(2,3,4-tri-O-acetyl-a-L-rhamnopyrano-
syl)-B-D-galactopyranoside (7). — Acetylation of 6 (0.31 g), as described for §,
gave 7 (0.42 g, 93%); m.p. 115-116° (cthanol), [«]E —60.7° (¢ 1.2, chloroform);
‘H-n.m.r. data (chloroform-d): & 7.35-7.31 (m, 5 H, arom. H), 2.10, 2.08, 2.07,
2.00,and 1.98 (s, each 3 H, 5 OAc), and 0.92 (d, 3H, J5- o 6.0 Hz, CH5-5").
Anal. Calc. for C3oH4,0,5: C, 57.65; H, 6.35. Found: C, 57.81; H, 6.29.
Benzyl 4,6-di-O-benzyl-2-O-(2,3,4-iri-O-benzyl-a-L-rhamnopyranosyl)-B-D-
galactopyranoside (9). — Sodium hydride (2.5 g) was added to a solution of 6 (4.25
g) in N, N-dimethylformamide (90 mL)), and the mixture was stirred for 1 h at room
temperature, and then cooled to 0°. Benzyl bromide (14 mL) was added, and the
mixture was stirred overnight at room temperature. Methanol was added to de-
compose the excess of the hydride. and most of the solvent was evaporated. A solu-
tion of the residue in chloroform was washed with water, dried (sodium sulfate),
and evaporated to a syrup, which was eluted from a column of silica gel with 4:1
hexanc—ethyl acetate, to give benzyl 3-0-allyl-4,6-di-O-benzyl-2-0O-(2,3,4-tri-O-
benzyl-a-1.-rhamnopyranosyl)-8-D-galactopyranoside (8) as a syrup (7.86 g, 93%);
[@lf —28.8° (¢ 1.2, chloroform). A solution of 8 (6.13 g) in 8:3:1 ethanol-ben-
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zene—water (180 mL) containing tris(triphenylphosphine)rhodium(1) chloride (0.37
g) and diazabicyclo|2.2.2]octane (2.0 g) was boiled overnight under reflux, and
evaporated to dryness. The residue was dissolved in chloroform. and the solution
was washed successively with water. cold M hydrochloric acid. aqueous sodium hy-
drogencarbonate . and water. dried (sodium sulfate), and evaporated. The residue
was dissolved in 9: 1 acetone-water (60 mL). and mercuric oxide (2 g) was added.
followed by the addition of a solution of mercuric chloride (2 g) in 9:1 acetone—
water (60 mL). After the suspension had been stirred for 30 min at room tempera-
ture, the solids were removed by filtration. and the filtrate was evaporated to a
syrup which was dissolved in ether. The solution was washed successively with
water, agqueous potassium iodide, and water. dried (sodium sulfate), and evapo-
rated. The residual syrup was chromatographed on a column of silica gel with 3:1
hexane—ethyl acctate, to give 9 (4.45 g, 765%); m.p. 82-8R3° (cther—hexane). [a]}y
—20.6°(c 1.1, chloroform).

Anal. Cale, for CsiHeyOr: C.74.80; H. 6.74. Found: €, 74.93: H. 6.86.

Benzyl  4,6-di-O-benzyl-3-0-(2,3.4,6-tetra-O-acetyl-B-D-glucopvranosvi)-2-
O-(2,3,4-tri-O-benzyl-a-L-rhamnopyranosyvl)-B-D-galactopyranoside (11). — To a
stirred solution (cooled to —30%) of 9 (3.15 g, 3.6 mmol), silver triflate (2.25 g, 8.8
mmol)., and 1.1.3.3-tetramcthylurea (2.1 mL.. 17.6 mmol) in dichloromethance (30
ml.) was added dropwise a solution of 10 (3.0 g. 7.3 mmol) in dichloromethane (20
mL) during 30 min. The mixture was stirred for 1 h at - 307 and overnight at room
temperature. and then proccssed as described previously. The resulting syrupy
product was chromatographed on a column of silica gel with 2: 1 hexane-ethyl ace-
tate. to give 11 (3.35 g, 77%.): m.p. 150-152° (ethanol). [a]iy —39.1° (¢ 1.0, chloro-
form): n.m.r. data (chloroform-d): &g 7.49--7.11 (m. 30 H. arom. H), 2.06 (s, 3 H,
OAc), 2.02 (s, 6 H, 2 OAc). 1.88 (s, 3 H, QAc). and 1.12 (d, 3 H. J. o 6.0 Hz,
CH:-5); 8¢ 100.9 (C-17. Yy 159.7 He). 1003 (C-1, T 161.2 Hz), and 98.0 (C-
1. oy 172.9 Hz).

Anal. Cale. for CozgH760Qo: C.68.21; H., 6.40. Found: C., 68.39; H, 6.53.

Benzyvl 4,6-di-O-benzyl-3-O-B-D-glucopyranosyi-2-O-(2.3 . 4-tri-O-benzyvi-c-
t-rhumnopyranosyl)-B-D-galactopyranoside (12). -—— (-Deacetyvlation of 1T (2.95
g). as described previously. gave 12 as an amorphous solid (241 g, 9572 m.p. Y3—
97° (ethanoly. [a]fii —12.9° (¢ 0.9. methanol).

Anal. Calc. for Co H O <2 C, 70,02, H, 6.66. Found: C. 69.87; H. 6.R81.

3-O-B-D-Glucopyranosyl-2-O-a-1 -rhamnopyranosyl-D-galactose (13). -— A
solution of 12 {1.97 g) in acetic acid (20 mL) was hydrogenolyzed in the presence
of 109% palladium-on-charcoal (1.7 g) at normal pressure for 3 days at room tem-
perature. The catalyst was filtered off, and washed with methanol. The filtrate and
washings were combined, and evaporated to a syrup, which was cluted from a col-
umn of silica gel with 3:2 chloroform—mcthanol, to give 13 (0.73 g. 78%}; m.p.
195-197° (dec.) (methanol-ethanol) after slight foaming at 145-160". [alfy —7.2(5
min) — -4.5°(1 h, constant; ¢ 1.2, water); lit. m.p. 200° (dec.) (methanol-ethanol)
after foaming at 150-160°, [@|f ~7.5 (S min) — ~4.4° (1 h: ¢ 1 At water)': m.p.
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~196° (dec.) after foaming at 145-160°, [a]3 —6.8 (5 min) — —3.9° (1 h; ¢ 1.15,
water)>.
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