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Note 

A re-investigation of the reaction of j?-cellobiose octaacetate with phospho- 

rus pentachloride 
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Russian \vorkers reported’ that the reaction of /I-cellobiose octaacetate (1) 

with phosphorus pentachloride in the presence of I,I,2,2-tetrachloroethane at IOO- 
105” gave 3.6,2’.3’,4’.6’-hexa-O-acetyl-2-O-(trichloroacetyl)-~-cellobiosyl chloride 

(2). In our hands, however. the reaction of 1 with phosphorus pentachloride under 
the conditions described’ gave a very comp1e.x mixture from which a compound 
having physical constants identical with those (m-p. SO”, [x]n iZS.2”) reported’ 
for 2 could not be obtained_ We report here a reinvestigation of the reaction of 1 

with phosphorus pentachloride. 
Treatment of 1 with 7 mol. equiv. of phosphorus pentachloride, in the presence 

of acetyl chloride’, for 6 h at 1 10” r‘e wve a mixture that was fractionated by column 
chromatography on silica gel to afford, in 41 7;: _ vieId, a crystalline compound having 
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m-p. 166-167” and [crlD -30.1 O; and structure 2 was assigned to this compound by 

reason of its anomerization, and conversion into the known3 2,3,6,2’,3’,4’,6’-hepta- 

O-acetyl-z-cellobiosyl chloride (6)_ Compound 2 could be anomerized with titanium 

tetrachloride” in chloroform, or with tetramethylammonium chloride’-6 in aceto- 

nitrile, to give the corresponding x-chloride 3 in crystalline form. Selective removal’ 

of the trichloroacetyl group of 2 gave the crystalline /I-chloride 4 having a free hydro- 

xyl group at C-2, which was anomerized with titanium tetrachloride or tetramethyl- 

ammonium ch!oride to afford the crystalline c* anomer 5. Compound 5 was also 

obtained by the ammonolysis of 3. Acetylation of 5 with acetic anhydride-pyridine 

at 0” furnished the known3 6, thus confirming the structure of 2. Attempted reaction 

of r-cellobiose octaacetate (7) with phosphorus pentachloride under the same condi- 

tions as for 1 resulted in recovery of 7. 

Treatment of 5 with mercuric acetate in acetic acid gave crystalline 1,3,6.- 

2’,3’,4’,6’-hepta-O-acetyl-/I-cellobiose (8) which, on methancsulfonylation and 

acetylation, afforded crystalline 1,3,6,2’,3’,4’,6’-l~epta-O-acetyl-2-0-(rnethylsuIfonyl)- 

/I-cellobiose (9) and 1, respectively_ Methanolysis of 4 in the presence of pyridine 

and silver nitrate6-*- I0 gave, in 73 ‘)A yield, crystalline methyl 3,6,2’,3’,4’,6’-hcxa- 

O-acetyl-x-cellobioside (lo), which was U-deacetylated to provide crystalline methyl 

g-cellobioside (11) having physical constants in good agreement with those given in 

the literature”*“_ Methanesulfonylation of 10 afforded methyl 3,6,2’,3’,4’,6’-hexa- 

O-acetyl-2-O-(methylsuIfonyl)-r-cellobioside (12) in crystalline form. Methanolysis 

of 5 under the same conditions as for 4 gave a crystalline product that was homogenc- 

ous in t.1.c. in various solvent systems. However, the n.m.r. spectrum of the product 

in dimethyl sulfoxide-rl, showed that it was a mixture of methyl 3,6,2’,3’,4’,6’-hexa- 

O-acetyl+cellobioside (13) and 10 in the ratio of 3.6: I, as deduced from the ratio 

of the intensity of the methoxyl-proton signals at 8 3.40 (/I) and 3.33 (a)_ Compound 

13 could not be obtained pure by repeated fractional recrystallization of the product. 

because 10 and 13 have a strong tendency to co-crystallize. 

ESPERIMENTAL 

General, experimental specifications were the same as those described pre- 

viously’. 

3,6-Di-O-rr~ct_vl-4-O-(2,3,4,6-tetr-rr-O-crc~t~~I_P-Dglrrco~~~~~~~t~o.~_v~)-2-O-(t~ic~~fol-o- 

nc~t~/)-/3-D-~/~rco~~~~~zo~~f ddoride (2). - Compound 1 (15 g, 22.1 mmol) was 

thoroughly mixed with phosphorus pentachloride (32.2 g, 155 mmol), and anhydrous 
acetyl chloride (7 mL) was added. The mixture was stirred at I IO", with exclusion 

of moisture, and became homogeneous within 2 h. Heating was continued for a 

further 4 h, when t.1.c. (1 I 1, v/v, benzene-ethyl acetate) showed the presence of one 

major (2, RF 0.63) and several minor products, in addition to a small amount of 
unreacted 1. The volatile by-products were evaporated under diminished pressure 

until the bath temperature had risen to -70”. The residue was extracted with ether 

(3 x 200 mL), and the extracts were combined, and successively washed with ice- 
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water, aqueous sodium hydrogencarbonate, and water, dried (Na$O,), and evapo- 
rated_ The resulting syrup was fractionated on a column of silica gel (300 g) with 

i : 1 (v/v) benzene-ethyl acetate_ The first fraction crystallized from ether, to give 
2 (6.87 g_ 41%). m-p. 166-167”J [=]k6 -30.1 o (c IS, benzene); lit.’ m-p. SO”, [z]:’ 

i28.2”. 
Anal. Calc. for C2,H,,Cl,0,,: C, 41.18; H, 4.25; Cl, 18.70. Found: C, 41.27; 

H, 4.20; Cl, 18.83. 
3,6-Di-O-acet~/-4-0-(2,3,4,6-tetr~~-O-acet~l-~-D-g/~icop~~ra~~os~/)-2-O-(tricf~ioro- 

acet~/)-cr-~-g/zrcop~~-~~fro_~~f c/z/ori& (3). - (a)_ Compound 2 (I g) was isomerized 

with titanium tetrachloride (6 mL) in chloroform (40 mL), according to the procedure 
of Wolfrom er (I/.~, to give 3 (OS2 g, 82”/J, m-p. 172-173” (ether), [~]g f64.7” 
(c 1.9, chloroform); n.m.r. data (chloroform-d): S 6.28 (d, 1 H, J, ,z 3.5 Hz, H-l). 

Anal. Calc. for Cz6H3,CI,0,,. - C, 41. IS; H, 4.25; Cl, 18.70. Found: C, 41.07; 

H, 4.31: Cl, 1.357. 
(6)_ A solution of 2 (420 mg) in anhydrous acetonitrile (9 mL) was stirred with 

tetramethylammonium chloride (130 mg) for 4 h at SO”. Evaporation of the solvent 
left a syrup which was dissolved in chloroform_ The solution was washed with water, 
dried (NazSO,), and evaporated, to give a solid which, on recrystallization from 

ether, afforded 3 (353 mg, S4%), m-p. 172-173 “, [a];” +64.9” (c 2.0, chloroform); 
the n.m.r. spectrum was identical with that of the compound obtained by method CI. 

3,6-Di-0-met_&40-( 2,3,4,6-tett-(r-O-acet~~-~-D-gi~icop~ra~los_~~)-~-D-g~L~cop_~r~~- 

nosy1 chiorkie (4). - Compound 2 (6 g) was finely powdered, and rapidly dissolved 
at 0” in ether (IS0 mL) that had been saturated with ammonia. The mixture was 
stirred for 30 min, and the crystak formed were filtered off, and recrystallized from 
ethyl acetate-ether, to give 4 (43 1 m_e, 59 9(,), m-p. 173-174” (dec.), [alAG -4.7” 

(c 1.3, ethyl acetate)_ 
Atzai_ Calc. for C2,H,,C10,,: C, 47.03; H, 5.43; Cl, 5.78. Found: C, 47.15; 

H, 5.51; Cl, 5.65. 
3,6-Di-O-acet~f-4-0-(2,3,4,6-tetr-a-O-rccet~I-~-D-glr~cop~~rft~zos~~f)-cc-D-g~~fcop~r~~- 

HO_+ c/zfork/e (5). - (a)_ Compound 4 (6 15 mg) was isomerized* with titanium tetra- 
chIoride (3.6 mL) in chloroform (25 mL), and crystallization of the resulting product 

from ethyl acetate-ether gave 5 (509 m,, m S3 T’), m-p. 187-I SS o (dec.), [a];” + 84.2” 

(c I-S, chloroform); n.m.r_ data (chloroform-&: S 6.12 (d, 1 H, J, V1 3.5 Hz, H-l) 

and 2.47 (broad s, 1 H, exchangeable with D,O, OH-I). 
Anal. Calc. for Cz3H3sC10r6: C, 47.03; H, 5.43; Cl, 5.78. Found: C, 47.19; 

H, 5-33; Cl, 5.66_ 

(6). Treatment of 4 (446 mg) with tetramethylammonium chloride (150 mg) 
in acetonitrile (IO mL), as described for 2, afforded 5 (365 mg, 82%), m-p. 187-I 88” 
(dec.), b]h” fS4.1 o (c 1.0, chloroform). 

(c)_ Compound 3 (1 g) was treated at O”, as described for the preparation of 4, 
in ether (30 mL) presaturated with ammonia, to give 5 (687 mg, S5 %), m.p. lS7-ISS”, 

l3IA’ tS4.2” (c 1.5, chloroform). 

2,3,6-Tri-O-acet~~[-4-0-(2,3,4,6-tetr~~-O-acet~~~-~-D -ghrcop]v-anosy/) - ‘I - D -ghco- 
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py-mzos~l c/z/ode (6). - A solution of 5 (263 mg) in pyridine (3 mL) was cooled to 

0”. treated with acetic anhydride (2 mL), and kept overnight at 0”. The solution WLS 

poured into ice-water, and the precipitate formed was filtered off. washed with lvatcr, 

and dried. Crystallization from ethyl acetate-ether gave 6 (236 mg, %I”/“), m-p. 200- 

202”, [E-&6 i-70.9” (c 1.1, chloroform); n.m.r. data (chloroform-d): b 6.21 (s, I H, 

J ,.? 4.0 Hz, H-l): lit.” m-p. 200-201 O, [~],!,s f71.7” (chloroform). 

1,3,6-T~i-O-rr~~t~I-4-O-~~,3,4,6-t~Jt~~-O-~tc~~t~~l-~~-~-~lzrcop~~l-crt~o.~~~l)-/)- u-glzzco- 

~JVYUIOS~ (8). -Compound 5 (319 II& was dissolved in acetic acid (4 IIIL) containing 

mercuric acetate (320 mg), and the mixture was kept for 4 h at room temperature. 

The solution was diluted with chloroform, washed with water, dried (Na$O,), and 

evaporated to a crystaliine solid which was recrystallized from ethanol to give 8 

(291 mg, SS ‘;/;), m.p. 1S6-1S7°, [z]F -2.0” (c 1. I, chloroform); n.m.r. data (di- 

methyl sulfoxide-cl,): (5 5.64 (d, I H, Jz.z-ou 6.0 Hz, exchangeable with DzO, OH-2) 

and 5.53 (d, 1 H, J,v2 S-0 Hz, H-l). 

AIZN/. Calc. for C,,H,,O,,: C, 49.06: H, 5.70. Found: C. 4SSS: HI 5.7s. 

Conventional acetylation of 8 (S5 mg) with 1 : I (v/v) acetic anhydride-pyridinc 

(1 mL) overnight at room temperature gave 1 (74 mg, 82’!(,), m.p- and mixed m.p. 

201-202” (ethanol), [Y]:” - 14.7” (c 0.6, chloroforn~)r lit.13 ni.p. 202-202.5”. 

[g] n - I 5 o (chloroform). 

1,3,6-T~i-O-n(ct,-I-2-O-~tzz~~tiz~.l.v.~)-4-0-( 2, 3,4~6-tc~ti-rr-O-rrtrt~~I-~i-~~-gli1~o- 

~~~~I-~I~os~~/)-/~-I~-~/~~~~~~~~~-u~zos~~ (9). - Conventional mcthanesulfonylation of 8 (266 

mg) with methancsulfonyl chioridc (0.16 mL) in pyridinc (3 mL) gave 9 (271 mg- 

91 y<), m.p. 170-171 o (ethanol), [XI:” -5.5” (cs 1.1, chloroform): n.m.r. data 

(chloroform-r/): 6 3.03 (s, 3 H, OMs). 

A~zd. Calc. for CZiH,,OIoS: C, 45.38: H, 5.36: S, 4.49. Found: C, 45.51; 

H, 5.42; S, 4.40. 

Metlzyl 3,6-rli-O-~r~~~t~~I4-0-(2,3,4,6-t~t~~z-O-~zc~~t~~l-~~- u-=lzr~c~~~~.l-~~o~~.l)-~-l,- 

glzrcop~nuzoside (IO). - A solution of 4 (2 g) in anhydrous methanol (70 mL) COII- 

taining pyridine (0.3 mL) and silver nitrate (610 mg) was boiled for 2 h under rellux. 

The solid was filtered off: and the filtrate W;LS evaporated to dryness. The residue was 

dissolved in chloroform, and the solution was washed with water, dried (NaISOS), 

and evaporated to a crystalline mass which was recrystallized from ethanol to afford 

10 (1.45 g, 73’%,), m.p. 1S6-IS7”, [Z-J; +73.2” (c 1.5, chloroform); n.m.r. data 

(dimethyl sulfoxide-&): ii 5.14 (d, 1 H, J2,2-o,1 6.5 Hz, exchangeable with D,O, 

OH-2), 3.32 (s, 3 H, OMe), and 1.92-2.0s (overlapping singlets, IS H, 6 OAc). 

Anal. Calc. for C,,H,,O,,: C, 49.34; H, 5.96. Found: C, 49.44; H, 5.92. 

M~t/zy~ 4-O-P-D-gl~r~o/~~~~~~~o~~~l~-~-D-g~~f~~~~~~~.f~f~~~i~/~~ (I 1). - Compound 10 

(915 mg) was deacetylated with 0.1x1 sodium methoside (1 mL) in dry methanol 

(10 mL) for 2 h at room temperature. Neutralization with Ambcrlite IR-I20 (H ‘) 

ion-exchange resin, and crystallization from ethanol, gave 10 (49s mg, 93’%;), 1x1.~. 

144-145”, [i&” +97.4” (c 1.4, water); n.m.r. data (dimethyl sulfoxide-c&l,): S 4.5s 

(4 1 W J,.z 3.5 Hz, H-l), 4.27 (d, I H, .I,.,,. 7.5 Hz, H-l’), and 3.25 (s, 3 H, OMe); 
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lit. m-p. I44-145”, b]r +96X” (c 1.0, water)“; m-p. 144-145", [cc];' f97.3" 
(c 2.0, water)‘“. 

hfet/yi 3,6-di-O-acetyf-2-O-(n~et/~y~strIforz~~i)-4-0-(2,3,4,6-tetra-O-acet~~l-~-D- 

ghcopJv-amsy&t-D-ghcopyramside (12). - Conventional methanesulfonylation of 

10 (230 mg) with methanesulfonyl chloride (0.15 mL) in pyridine (3 mL) gave 12 

(234 rng? S9 %), m-p. 197-198” (ethanol), Lz)~” +50.6” (c 1.6, chloroform); n.m.r. 
data (chloroform-d): 5 3.05 (s, 3 H, OMs)_ 

Anai. Calc. for C&H,,O,,S: C, 45.48; H, 5.58; S, 4.67_ Found: C, 45.32; 

H, 5.69; S, 4.79. 
Attempted tnetltanol~~sis of 5. - A solution of 5 (961 mg) in anhydrous methanol 

(30 mL) containing pyridine (0.14 mL) and silver nitrate (293 mg) was heated for 
2 h under refiux. Isolation, as described for the preparation of 10, and crystallization 
of the resulting product from ethanol gave a mixture of methyl 3,6-di-O-acetyl-4-O- 
(2.3,4,6-tetra-O-acetyl-~-D-glucopyranosyl)-~-D-glucopyranoside (13) and 10 (795 mg, 
54%); t.1.c. (3 :2, v/v, ethyl acetate-benzene): RF 0.30; n.m.r. data (dimethyl sulfoxide- 

d,): S 3.40 (s, OMe of 13) and 3.33 (s, OMe of 10) (ratio of peaks at S 3.40 and 6 3.33, 
3.6: I)_ Attempts to isolate 13 by fractional recrystallization failed_ 

Anal. Calc. for CZjH360,7: C, 49.34; H, 5.96. Found: C, 49.20; H, 5.96. 
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