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XBSTR.kCT 

-4 series of nucleophilic substitution-reactions of O-(2,3,4,6-tetra-O-benzyl-D- 
glucopyranosyl)pseudoureas by phenols was investigated as a novel procedure for 
the synthesis of phenyl D-glucopyranoside derivatives: these reactions were found 
to give the corresponding phenyl 2,3,4,6-tetra-0-benzyl-D-glucopyranosides in 
excellent yields. Reaction mechanisms were discussed on the basis of the results 
obtained_ 

INTRODUCTtON 

Carbodiimides have been widely used as excellent dehydrating agents for the 
synthesis of amides, esters, and ethers in the field of oqanic chemistryZW3. In partic- 
ular, Bach5 and Vowinke16 reported in detail the condensation of phenols with 
alcohols. leading to the corresponding ethers. The reaction was explained as involving, 
first, formation of the correspondin g 0-alkylpseudourea From an alcohol and a 
carbodiimide, and then, subjection of the pseudourea thus formed to nucleophiIic 
attack by the phenol through an SN~ reaction, to afford the corresponding alkyl 
phenyl ether and urea derivative. but the alcohols used were all achira1. Therefore, 
it was desirable that the steric course of the reaction should be further investigated 
by use of chiral alcohols. in order to make the discussion unambiguous. 

In addition, 0-alkylpseudourea derivatives are readily prepared by the copper(I)- 
catalyzed reaction of an alcohol with a carbodiimide?: this reaction should also be 
feasible for a protected sugar derivative having a free hydroxyl group on the anomeric 
carbon atom; this hydroxyl group is more reactive than others, and the resulting 
pseudourea should be far more nucleofugal than the corresponding, ordinary O- 
AkyIpseudoureas. On the basis of such an assumption: we have successfully established 
a novel glycosylation reaction that has already been communicated briefly’. We now 

report some of the details involved in the synthesis of a series of substituted-phenyl 
X,3,4,6-tetra-0-benzyl-D-@ucopyranosides. 

*Partiai Protection of Carbohydrate Derivatives. Part V. For Part IV, see ref. 1. 

OOOS-6Zl5//sI~OOOO~OO/S 02.50, @ 1981 - Elsevier Scientific Publishing Company 
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RESULTS AND DISCUSSION 

It is well known that, in conventional glycosylation reactions, glycosylating 
agents bearing 0-acyl groups vicinal to the anomeric center give the corresponding 

1,2-rrarzs-glycosyl compounds, or 1,2-orthoester derivatives, or both’. In order to 
confine the products to the glycosidic species by avoiding such anchimeric effects, 
we used 2,3,4,6-tetra-0-benzyl-z-D-glucopyranose” (l), having an established 
anomeric configuration, thus facilitating discussion of the stereochemical aspect of 
the reaction mechanism involved_ 

Fzrsion pr-occdrr-e. - Conditions for the D-glucosylation reaction were examined 
by use of the model compounds 1, dicyclohexylcarbodiimide (2), and p-methoxy- 
phenol (6). In light of the application to ether formationsV6, 1 (2.0 mmol), 2 (2.0 
mmol), and 6 (2.0 mmol) were cofused (Procedure I)_ The fusion was also conducted 
in the presence of a catalytic amount of copper(l) chloride (Procedure 2). For com- 
parison, a two-stage reaction (Procedure 3) was performed, namely, fusion of 1 
(2.0 mmol) and 2 (2.0 mmol) in the presence of the catalyst (0.02 mmol), followed by 

reaction with 6 (2.0 mmol). The results thus obtained are summarized in Table I. 
Performance of Procedure 1, followed by chromatographic separation of the 

resulting mixture on a column of silica gel, gave a mixture of p-mcthoxyphenyl 
2,3,4,6-tetra-O-benzyl-D-glucopyranosides (22) (Z :p = 59 :41) in oniy 16’x yield. 
Because Dgbritz’ 1 had reported that coordination of one of the nitrogen atoms of 
carbodiimides to copper(I) ion makes its central carbon atom more positively charged, 
thus facilitating the nucleophilic attack of alcohols, Procedure 2 was examined, and 
the yield of 22 W&S raised to 29% (x:P = 14: 11). In addition, Procedure 3 was 
performed, to give 22 (unexpectedly, ‘J. :/, = 3 : 17) in 45 ‘:/, yield. These results 

TABLE I 

COMPARATIVE EXAMINATION OF PROCEDURES 1, 2, AND 3 IN SYSTHESSIS OF 22 

Procedure Reaction conditiom” Yiekd (7; ) 

22 a$” 1 

2, 6 
1 + 22 16 [59:411 73 

3 h, 80-85° 
2, 6, CuCl 

1 + 22 29 [56 :44] 54 
1.5 h, 80-85” 

2, CUCI 6 
1 , + 22 45 [15:85] 43 

0.5 h, 50-85” 1 h, 80-85’ 

aIn all of the reactions, 1 (2.0 mmol), 2 (2.0 mmol), 6 (2.0 mmol), and CuCI (0.02 mmol; unless 
otherwise noted) were used. *These ratios were calculated in terms of the area-ratios of the C-l 
signals at d 96.5 (a anomer) and 102.8 (p anomer) in the ‘%I-n.m.r. spectra. 
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TABLE II 

EXAMINATION OF REACTIOX CONDITIONS IN FUSION REACTION OF 1 WITH 6 

E~rtr_v Reagent (ntmof) Reucrion comfitiotrs Yield (yi,) of 
1 2 Cd-I G Temp. ( “C) amftirtre (mitt) 22 [x:/P p"] 1 (r~~cOI'c).ed) 

First stage Secotiil~tage 

1 2.0 6.0 0.02 2.0 
2 2.0 6.0 0.02 6.0 
3 2.0 3-O 0.02 2.0 
4 2-O 4.0 0.02 4.0 
5 2.0 6.0 0.02 6.0 
6" 2.0 6.0 0.02 6.0 
7 2.0 6.0 0.02 6.0 
S 2.0 6.0 0.02 6.0 

50-55, 90 50-5.5, 90 73 [N.d.’ 451 IS 
50-55, 90 m-55. 90 s7 [II:59 N.d.] 5 
so-s5, 30 SO-S5, 60 45 [IS:S52Sl 43 
so-s5, 30 SO-S5, 60 St [N.d. 671 IS 
SO-S5, 30 SO-S5, 60 93 [17:S3 771 2 
SO-s5, 30 SO-85, 60 85 [13:SI 641 9 
SO-s5, 15 SO-S& 30 67 [17:53 531 IS 
120-125, 5 170-125, IO 91 [ZO:SO 691 3 

“These proportions were calculated in terms of the arca-ratios of the C-l sign& at r) 96.5 (I rtnomcr) 
and 102.S (/I anomer) in the lT-n.m.r. spectra. “These yields wcrc of 22 crystallized from mcthnnol. 
cN.d. = Not determined. “In this cast, CKI wx removed after the first-stage reaction. 

indicated that the steric course of the reaction differs for Procedures 1,2, and 3, and 

that the last is superior in stercoselectivity, giving mainly the [I anomcr. Proccdurc 3 

is. therefore, promising as a new glycosylation reaction, judging from the simple 

procedure and mild conditions, in addition to the escellent stereoselectivity. The 

compound 1 that may be recovered consists of unrcacted material (in the first stage) 

and that from the hydrolyzate of the unreacted 1,3-dicyclohcsyl-O-(2,3,4.6-tctra-O- 

benzyl-o-glucopyranosyl)pseudourea (50) in the second stage. 

Consequently, we further investigated, in detail, the conditions for the reaction, 

i.e.. the temperature, the reaction time, and the molar proportions of the reagents, 
in order to improve the yield of 22; the results thus obtained are summ:trized in 

Table II (Entries l-S)_ To 1 (2.0 mmol) and copper(I) chloride (0.02 mmol) wcrc 
added 2,4, and 6 mmol of 2 in the first stage (30 min at SO-S5”), and 2,4, and 6 1nmo1 

of 6 in the second stage (60 min at SO-SS”) (see Entries 3-5). The yield of 22 was 

expectedly improved from 45 to S I, and then to 93 “/0 in these reactions. Performance 

of the second stage after washing out the catalyst with aqueous ammoniacal solution 

(Entry 6) produced essentially the same result_ As may bc seen from Entries I, 2 

(SO-55’), and 8 (120-1250), compound 22 was obtained in satisfactory yields regard- 

less of whether the reaction time was long or short, taking the temperature into 

consideration_ If the amount of catalyst was increased to 0.2 mmol, however, the 

reaction mixture was undesirably discolored, even though the reaction time was 

shortened, giving 22 and 1 in lower yields (Entry 7); thin-layer chromatography 

(t.1.c.) of the resulting mixture afforded many spots of by-products arising from side 

reactions. 

In the light of the best conditions found (Entry 5, Table I), a series of D- 

glucosylation reactions of phenols (6-21) was performed by use of 1, the catalyst 
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0 

OBn 

f+ BflO OH 
En0 

1 

68-l = - CH2Ph 

R-N=C=N-R 

2 R = -CsH,, 

3 R = -CCH,M~~ 

4 R = - C,H;Me-P 

5 R = - C6H,Me-0 

R’ 

6 -H 

7 -v 

8 -H 

9 -H 
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12 --H 
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16 -H 
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- CN-o 

- CHO-p 
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22 - GlcBn, 

23 - GlcBn, 

24 - GlcBn, 

25 - GlcBn, 

26 - GlcEin, 

27 - GlcBn, 

28 - GlcBn, 

29 - GlcBn, 

30 - GlcBn, 

37 - GlcBn, 

32 - Glcen, 

33 - GlcEm, 

34 - GkBn, 

35 - Glc!3n4 

36 - GkBn, 

- C02Me-o 37 - GlcBn, 
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BnOHaq 
N - R 

50 R = -- CjH;. 

0-Y 
51 R = -CHMe- 

\ 
52 R = - CS?H,Me-p 

N-R 
H 

53 R = - C,H,Me-o 

BnO 

61-lQH2C 
O-cCBH;-or-Te-p 

0 Q- N-!-!-C H. 
H 1 

08fl 

’ *‘I 

CBH,,---N-C=N-CBh;, 

en0 I 
CSHYI 55 

EJtlO 

54 

O-Cc,H--OMe-p 

H 
O--C--_N--CCgH.: 

56 57 

(0.01 mol. equiv.), and a phenol (3 mol. equiv.): the results thus obtained are summa- 

rized in Table III (Entries l-17). Except in a few cases, the corresponding 2.3,4.6- 
tetra-O-benzyl-D-glucopyranosides were obtained in SO-90% yield. From these 
mixtures, the corresponding /I anomers were isolated in crystalline form in the yields 
shown in the penultimate column of Table III. According to VowinkelL3, O-methyla- 
tion of phenols by use of 1.3-dicyclohexyl-O-methylpseudourea was induced more 
rapidly when the phenols had electron-withdrawing than electron-donating substi- 
tuents, and an o-methyl group showed no effect on the ether formation. 

However, the ortho effect has been observed in the reaction of o-methylphcnol, 
which gave the corresponding D-glucopyranosides in a lower yield than the III- and 
p-isomers. The phenols substituted with an o-nitro or o-formyl group, which can form 
intramolecular hydrogen-bonds, tend to give the corresponding D-glucopyranosides 
in yields higher than those in the reactions with the III- and I+isomers_ All of the 
2,3,4,6-tetra-O-benzyl-D-glucopyranosides were obtained in fairly good yields, regard- 
less of the electronic effect of the substituents on the phenyl groups. Extension of the 
two-stage procedure to substituted naphthols (38-41) and benzenethiols (46 and 47), 
moreover, gave the corresponding D-glucopyranosides (42-45, 48, and 49) in cx- 
cellent yields, as shown in Entries 18-23 in Table III. 

Reaction using diisopropylcarbodiitnide (3) in cl~lorofor-m sohtiou. - Carbodi- 
imide 3 was found to be inadequate for the fusion procedure, as 1 was not co-fusible 
with 3 (3 mol. equiv.) in the presence of copper(l) chloride at 80-85”. in this case, 
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Ti’aBLE I\ 

EsA.\II~.ATIOP OF REACTI0.S CUSDITIOSS FOR THt SYbTHESIS OF 27 IS CHLOROFORhl 

Etr~r-_r Rca.~ertr (nttd) Reacrion cottriitiotts Yield (?,‘,) of Reco WTJ 
-_--. ..______ -- -~ 
I 3 CIlCl 1 I Tmtp. ( _ C) (rime) 27 [r:pJ p”] (‘id 4 

Fhr sage Second .ua.qc 1 

I 2.0 

2 2.0 
3 2.0 
4 2.0 

5 2.0 
6 2.0 
7 3.0 
s 2.0 

2.2 0.02 2.2 ‘O-75 (7 d) XI-25 (6 d) 77 [I2:SS 491 19 
2.2 0.02 2.7 X-25 (2 d) XL-25 (30 d) 75 [15:S5 551 0 
2.2 0.02 32 20-X (3 d) refluv (2 d) 75 [24:76 541 11 
2.2 0.02 6.6 20-X (2 d) 20-25 (2 d) 79 [12:SS 521 4 
1.2 0.02 6.6 IO-25 (2 d) reflus (2 d) S2 [19:81 531 I3 
6.6 0.02 6.6 10-25 (2 d) 20-25 (2 d) 65 [16:S4 441 
z.3 0.01 7.2 reflus (0.5 h) rcfiuv (1 h) 2s 156 :44 N.d.r] :: 
2.2 0.02 3.3 retlux (2 h) reflus (I h) 62 [29:71 391 25 

- 

“These proportions \\cre calculated in terms of the area-ratios of the methyl-proton sig-tal at 0 2.3 
and the H-l signal of the z anomer at I) 5.45 in the IH-n.m.r. spectra. “These yields were of 27 
crystallized from methanol. ‘1U.d. = not determined. 

therefore_ the reaction was performed in a solvent by use of model compounds, p- 

methylphenol (11) and 3. leadin, n to formation of the p-mcthylpheny1 2.3,4,6-tetra-O- 

benzyl-o-glucopyranosides (27). As the solvent for the reaction, M,N-dimethyl- 

formamide and chloroform were examined from the standpoint of their excellence 

as sofvents. but the former was. unexpectedly, inadequate for the pseudourea forma- 

tion reacticn _ giving some products chromatographically less polar than 1. On the 

other hand, ethanol-free chIoroform was effective for the coupling reaction: the 

results thus obtained are summarized in Table IV. 

Treatment of 1 with 3 (1.1 mol. equiv.) in the presence of copper(l) chloride* 

at 20-25” caused completion of formation of the corresponding pseudourea within 

Z days. Prolongz~tion ofthe reaction time gave additional, less-polar products (judging 

from r.l.c. of the reaction mixture), although a small proportion of unchanged 1 

remained in the mixture. Thus, the resulting mixtures from the reaction of 1 with 3 

in the presence ofcopper chloride in chloroform were respectively treated with 11 

under the conditions shown in Entries I-S (Table IV). 

Among the reactions with 2.3 mmol of 11 in the second stage (Entries l-3), 

no difference in the yields of 27 was observed: it was concluded that it is sufficient 

to perform the reaction for 6 days at room temperature, and that 30 days was in- 

appropriate for isolation of 27, because of undesirable discoloration. Reaction under 

reflux in the second stage (Entry 3) made it possible to shorten the reaction time to 

*Basic copper carbonate and copper(I1) sulfate pentahydrate were ineffective, giving no product 
even on performing the reaction for a \\eek_ Anhydrous copper sulfate gave a small yield of the 
pseudourea. Copper chloride dihydrate and anhydrous copper(i1) chloride respectively gave the 
pscudourea in - 50 and 7001, yield. 
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TABLE V 

CoS,P~Rtso?c’ OF FOUR C>,R”oD,,X,toES (2, 3, 4, AN” 5) FOR ‘IHE SYSTHtSIS OF 27 IN CIILOROFORW’ 

1 2 20-25 (2 d) 
2 2 reflux (2 h) 

3 3 20-X (2 d) 
4 3 reflux (2 h) 
5 4 20-25 (2 d) 
6 1 reflux (2 h) 
7 5 20-X (2 d) 
S 5 retlus (2 h) 

20-25 (6 d) 78 [21 :79 601 reilux (1 h) 44 [14:86 291 :: 
20-25 (6 d) 77 [12:SS 491 19 
ref7ux (1 h) 62 [29:71 391 25 
70-35 (6 d) 70 [IS:82 4s1 26 
r&us (I h) 55 122 : 7s 321 41 
20-25 (6 d) 32 [16:S4 231 61 
rcllus (1 h) 26 [21:79 151 70 

“After the formation oftheO-o-gIucopyranosylpseudourcadcri~~ati\-es(50,51.52,and 53, respccti~ely) 
from 1 (2.0 mmol). carbodiimides 2, 3, 4 and 5 (2.2 mmol), and CuCI (0.02 mmol) in chloroform 
(2 mL), compound 11 (2.2 mmol) was added. “The ratios x\crc calculated in terms ef the area-ratios 
of the methyl-proton signals at (1 2.3 and the H-l signal of the 3 anomer at 0 5.45 in the IH-n.m.r. 
spectra. =Yields of 27 isolated by crystallization from methanol. 

1 h. Use of 6.6 mmol of II (Entries 4 and 5), and that of 3 and 11 (Entry 6) to 1 
(22 mmol) did not cause much improvement in the yield of 27. 

The ratios of the r* and /3 anomers (determined by ‘H-n.m.r. spectroscopy) 

formed in these reactions were, by and large, centered around 3 : 17, except for Entry 3. 

Moreover, attempts at shortening the reaction time of the first stage of the reaction 

by refluxing the chloroform solution (Entries 7 and 8) were rather unfruitful, giving 
27 in lower yields, and the ratios of the anomers deviated from those shown in Entries 

1-6. Judging from the improvement in the ratio from 14: 1 I to 29 : 71, the result in 

Entry 7 may imply incompleteness of formation of the pseudourea 7, and that in 

Entry 8 may be exceptional. leading to a better yield of 27, in addition to improvement 

in the ratio of the anomers. These results indicate that the two-stage procedure, 

involving, as the first stage, the reaction of 1 with 1.1 mol. equiv. of 3 in chloroform 

for 2 days at 20-25”, and as the second, treatment of the resulting mixture with a 

phenol for 6 days at 20-25” or under reflux for I II, is superior to the fusion procedure 

described. 
Finally. the possible effect of substituents on the nitrogen atoms of the carbo- 

diimides was examined by use of di-p-tolyl- (4) and di-o-tolyl-carbodiimide (5). 

instead of 2 and 3, with respect to synthesis of 27 catalyzed by copper(l) chloride; 

the results thus obtained are summarized in Table V, together with the conditions 

used. Except in the case of the reaction through 5, there was no significant diffcrencc 

among the reactions, judging from the good yields of 27. T.l.c. of the mixture resulting 

from the first-stage reaction using 5 proved that the yield of the corresponding 

pseudourea derivative (53) was poorer than those of the other pseudoureas (SO, 51, 
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and 52), and that a considerable amount of I remained unchanged; this may reflect 
the ortho effect, by the o-methyl substituent, on pseudourea formation_ On the other 
hand, the reaction under reflux in both stages (Entries 2, 4, 6, and 8) was inferior to 
each of the foregoing at room temperature. The first stage of each synthesis is crucial 
for formation of the pseudourea; however, the reaction time could not be further 
prolonged as t.1.c. proved that the first-stage reaction gave products less polar than 
the correspondin_g pseudourea derivatives and, in addition, that the yields of the 
pseudourea derivatives varied, probably due to steric and electronic effects of the 
substituents on the nitrogen atoms of the carbodiimides. Consequently, 3 and 4 
proved useful for the formation of D-glucopyranosides. The reactions were assumed 
to proceed by way of the correspondin g O-D-glucopyranosylpseudourea derivatives, 
as the ‘A : fi ratios of the anomers produced ranged from I:4 to 3 : 7. 

Rrrtction meciuwisnz. - In order to make it possible to discuss the steric 
aspects of the reactions, we attempted to isolate the 0-glycosylpseudourea inter- 
mediates in pure, crystalline form after the preparation of each pseudourea derivative_ 
Attempts at their purification on a column of silica gel or on one pre-treated with 
alkali, were all unsuccessful. compound 1 being recovered almost quantitatively. 

According to Schmidt and Moosmiiller’, it is possible to isolate pseudourea 
derivatives as their complexes with oxalic acid. Attempts at isolation of the complex 
of the 0-glgcosylpseudoureas were, however, unsuccessful, compound 1 being re- 
covered quantitatively_ These results indicate that the 0-glycosylpseudoureas, i.e., 
the pseudoureas of hemiacetal (lactol) hydroxyl groups, are much more labile than 

those of ordinary alcohols, bein g hydrolyzed very readily, even on silica gel; this is 

in accordance with the behavior reported by Vowinkel’3t i-c., 1,3-dicyclohexyl-O- 
methylpseudourea gave p-methoxyphenyl methyl ether in 57 “/ (30 min), and 93 ‘x 
yield (14 h) on reaction* at 100” with p-methoxyphenol. Therefore, attempts to 
isolate the 0-D-glucopyranosylpseudourea derivatives were abandoned, and the 
syrupy product resulting from the reaction of I with 2 in the presence of copper(I) 
chloride, followed by removal of the catalyst by washing with M aqueous ammoniacal 
solution_ drying over anhydrous sodium sulfate**, and evaporation, was examined 
by i.r_ and ‘3C-n_m_r. spectroscopy. The syrup gave a strong absorption band at 
1670 cm-‘, specific for a C=N bond. On the other hand, it gave ‘3C-n.m.r. signals, 
at 6 S9.9. 95.0. 95.6, and 99-S in the anomeric-carbon region, due to anomeric and 

geometrical isomerism with respect to the C=N bond of the pseudourea derivative 

(50). It was impossibIe to assign all four of the signals, but that at 6 89.9, which 
appeared as the most-intense peak, was assumed to arise from one of the z anomers, 
on the basis of the results reported by Haverkamp et nl.” (see Fig. l)_ Therefore, the 
resulting: pseudourea mixture was proved to contain the corresponding x anomers 

*O-wGIucopyranosylpseu~ourc~s from I are reactive enough in the reaction with acetic acid to 
giv@ the I-O-acetyl derivatives in SO,,, vield within 2 h at 0”; this is in contrast with the reaction of 
1.3-dicycIohexyl-O-methylpseudourea, with requires 1.5 h at 60” for its completion~~. 
**The use of anhvdrous magnesium sulfate (instead of sodium sulfate) unexpectedly gave 1,3-dicyclo- 
hexyl-l-(2,3,4,6-t~tra-~-benzyI-r)-glucop~ranos_vl)urea (54) in 480,; yield. 
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I I I 

100 Fpm. 90 

Fig. 1. Anomeric region in the *:‘C-n.m.r. spcctrunt (CDCL-~MetSi) OF pscudouren 50. 

Fig. 2. Anomeric region in the lYI-n.m.r. spectrum (CDCI:AleBi) of pseudourea 51. 

R-N=C=N--R 

CUCI 

ArXH 

_R_&_R 

Scheme 1 x= oars 

TABLE VI 

KEACTIOSS OF 1 \VlTH 55 AND THOSI: CATALYZED HY CUCI” 

1 chloroform - 20-25 (30 d) 2S [31:79) 3 k-1 W-60 
2 chloroform CUCI 10-25 (30 d) 9 I-1 13 [49:511 -70 
3 - - 100-105 (3 h) 20 [23 : 771 12 [al :59] - 50 
4 - CUCI 100-105 (3 h) 15 [38:62] 33 [43 : 571 -35 

“In all reactions, l(1.0 mmol), 55 (1.0 mmol), and CuCI (catalyticamount, when used) wcreemployed. 
‘-‘These ratios were calculated in terms of the area-ratios of the C-l signals at i, 96.5 (a anomer) 
and 102.5 (/? anomer) in the ‘:‘C-n.m.r. spectra. CThesc ratios were calculated in terms of the arca- 
ratios of the H-l signals at 6 6.13 (z anomer) and 5.55 Q? anomer) in the ‘H-n.m.r. spectra. 
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preponderantly, judging from the ratios of the areas of the four signals. Similarly, 
the syrupy pseudourea derivative mixture, 51, prepared by the reaction of 1 with 3 
in chloroform, was examined: it give a specific, i-r. absorption band at 1670 cm-‘, 
and anomeric ‘3C-n.m_r. signals at b S9_7. 95.7, 9S.7, and 99.9, the first of which was 

the most intense and was assigned to the ‘A anomer (see Fig. 2); it was thus proved to 
contain mainly the correspondin, = x anomer. Therefore, it was concluded that the 
nucleophilic-substitution reaction in the second stage proceeds vin an SQL-like 
mechanism, to give mainly the corresponding B-D-glucopyranoside, as depicted in 
Scheme 1. 

The reactions performed by Procedure 1 and 2 (one-stage reaction) were found 
to bring about low re@oselectivity in the formation of 22. This may indicate the 

possibility that formation of the D-glucopyranosides proceeds via 1,3-dicyclohexyl- 
0-(p-methoxyphenyl)pseudourea (55). Therefore, we examined some reactions of 1 
\yith 55: the conditions used and the results thus obtained are summarized in Table VI. 
In all of the cases shown in Entries 1-4, the yields of 22 were low, despite very long 

reaction-times_ and 22 was obtained together with 2,3,4,6-tetra-O-benzyl-l-O-(cyclo- 
hexylcarbamoyi)-o-glucopyranose (56). Moreover, a reasonable amount of 1 was 
recovered in each reaction_ and the fusion reactions (Entries 3 and 4) were performed 
at IOO-105”_ because 1 and 55 cannot be co-fused at -SO”_ Furthermore, the yield 
of 56 was found to increase in the reactions catalyzed by copper(i) chloride (see 
Entries I and 2, and 3 and 4). The formation of the by-product 56, and the ratios of 
the anomers of 22 [c$ Tables I (procedures 1 and 2) and Vi], led us to conclude that 

the one-stage reaction does not involve both 55 and 57 as reaction intermediates (the 
latter should be formed by the addition of 1 to 55). Such an acetal type of inter- 
mediate as 57 had been postulated in synthetic studies on methoxybenzenes6. On 
the other hand. it is at present impossible to discuss the formation of 56 (see Table 
VI) mechanistically_ 

In the one-stagz reaction, carbodiimides may be activated by phenols, as has 
been proposed for explaining the mechanism of formation of methoxybenzenes6 in 
the absence of the catalyst. and in the presence of copper(I) chloride, invoIving the 
addition of 1 to give the pseudourea 50, which then undergoes reaction with the 
phenol. Moreover, the ratio of the anomers in 22 (a:/)’ = -3:2) might be due to 
anornerization of 1 catalyzed by a phenol or phenoxide ion, giving 50 with an anomeric 
ratio such as to give the ratio in 22. 

It is thus concluded that carbodiimides are effective reagents for the coupling 
of phenols with sugar derivatives havin g the anomeric hydroxyl group free. 

ESPERI\lE_XTAL 

Gewrrrl. - Melting points were determined with a Yanagimoto Micro Melting 
Point Apparatus and are uncorrected_ Optical rotations were measured with a Hitachi 
PO-B polarimeter. T.1.c. was performed on precoated plates (thickness 0.20 mm) of 
silica gel 60 (Merck F7s4) with 9: I (v/v) benzene-acetone, and detection of spots 
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was effected with sulfuric acid. Column chromatography was performed on Wakogel 

C-300 (Wako Pure Chemical Industries, Ltd.). Solvent proportions used for elution 

are given in volume per volume (v/v)_ Elemental analyses were made with a Perkin- 

Elmer 240-0002 instrument. Dicyclohexylcarbodiimide (2) was purchased from 

Wako Pure Chemical Industries, Ltd., diisopropylcarbodiimide (3) from Nakarai 

Chemicals, and di-p- (4) and di-o-tolyl-carbodiimide (5) from Aldrich Co. N_m.r. 

spectra (‘H and r3C) were respectively recorded with a Varian T-60 and a CFT-20 

instrument, for solutions in chloroform-d, with tetramethylsilane as the internal 

standard. 1-r. spectra were recorded with a Hitachi 255 spectrometer. 
2,3,4,6-Terra-O-bczz_vI-z-D-ghcopyrauose (1). - Compound 1 was prepared 

from D-glucose according to the method reported by Glaudemans and Fletcher’“; 
m-p. 151-152” (from methanol) [lit.” 151-I 52” (from methanol)]. R, 0.50. 

Compnratiw e_wtnination of Pro~ehres I, 2. ad 3 for the .s_wthe.si.s of 22. - 
Procedure I. A mixture of 1 (1.080 g, 2.0 mmol), 2 (415 mg. 2.0 mmol), and p- 

methoxyphenol (6) (248 mg, 2.0 mmol) was fused for 3 h at SO-85”. The resulting 

mixture was chromatographed on a column of silica gel (25 g); use of I : I benzenc- 

cyclohexane containing 1 ‘x of acetone for elution gave p-methoxyphenyl 2.3,4,6- 

tetra-O-benzyl-o-glucopyranoside (22) (20? mg, 16% yield). and use of that con- 

taining 4‘x of acetone gave 1 (789 mg, 73 ‘x recovery). 

Procedure 2. A mixture composed of the foregoing mixture and coppcr( I) 

chloride (2 mg, 0.02 mmol) was fused for I5 h at SO-U”, and the resulting mixture 
was treated as described in Procedure 1. 

Procedm-e 3 (two-stage reaction). A mixture of I (I.OSO g, 2.0 mmol), 2 (415 

mg, 2.0 mmol), and copper(I) chloride (2 mg, 0.02 mmol) was fused for 0.5 h at 

SO-S5”, and then fusion was continued for I h at the same temperature after the 
addition of 6 (248 mg, 2.0 mmol). The resulting mixture was treated as already 

described_ The ratio of the anomers in 22 was calculated in terms of area-ratios of 

C-l signals; the SL and 1) anomer gave their signals at S 96.5 and 102.8, rcspectivcly. 
Compound 50 had R, 0.0-0.2. All of the results thus obtained are summarized in 
Table I, together with the conditions used. 

Esnrninatiorl of reaction conditions in fusion rmction of 1 n*ith 6 by Procedure 3. - 

A series of reactions was performed by use of the reagents 1, 2, copper(I) chloride. 

and 6 with the molar proportions summarized in Entries 1-S in Table II. A solution 
of the resulting mixture in chloroform (30 mL) was mixed with M oxalic acid solution 
in acetone (5 mL) and stirred for 1 h at room temperature; during this treatment, 
unchanged 2 was converted into 1,3-dicyclohexylurea’ G; this was removed by filtra- 

tion, and the filtrate was successively washed with M aqueous sodium hydroxide 

solution (10 mL) and water (10 mL), dried (anhydrous sodium sulfate), and evapo- 

rated to asyrup which was chromatographed on a column of silica gel (25 g) as already 

described. In Entry 5, for example, 22 (I 201 g, 93 O~i yield) having an anomeric ratio 
of c(:/3 = 17:83 was obtained; this gave the /I anomer (995 m,n_ 77% yield) on 
crystallization from methanol_ 

Copper(I) chloride was removed after the first stage by successively washing 



71 H. TSUTSUMI, Y. ISHIDO 

the chloroform solution with M aqueous ammonia& solution (20 mL) and water 

(20 mL), drying (anhydrous sodium sulfate), and evaporating to a syrup_ for use 

for the next coupling reaction with 6 (as shown in Entry 6). All of the results are 

given in the last column of Table II. 

Synthesis of ar1.I mglucop_vanoside ad I-thioglrrcopyranoside derivatives bv 

PI-OC~LWC 3. - After the manner of Procedure 3, a mixture of 1 (1 _OSO g, 2.0 mmol), 

2 (1.245 g, 6.0 mmol), and copper(I) chloride (2 mg, 0.02 mmol) was first fused for 
30 min at SO-S5”, and to each such resulting mixture was respectively added 6.0 mmol 

of6-21_38-41,46, or 47, and the fusion was continued for 1 hat the same temperature_ 

All of the resulting mixtures were treated as already described; the results are sum- 

marized in Table III, together with the properties, the results of elementary analyses 

of the /3 anomer of 22-37, 42-45, 48, and 49. respectively, and the ‘H-n.m.r_ data for 

each of the corresponding z anomers. 

E_wmitration of renction corrditiom for the sythesis of 27 in chloroform solution 

by me of cfiisoprop~.lctn-o;~iitili~fe (3) - Compound 1 (1.080 g, 2.0 mmol), 3 (X30 mg, 

3 3 mmol). and copper(I) chloride (2 rng; -_- 0.2 mmol) were dissolved in ethanol- 

free chloroform, and the resulting solution was stirred for 2 days at 20-25”; p- 

methvlphenol (11; 232 mg, 2.2 mmol) was then added, to couple with the resulting 
pseudourea derivative at 20-25” or under reflux. The resulting mixture was evaporated 
to a syrup. whose ‘H-n-m-r. spectrum made possible the calculation of the ratios 

of the anomers in terms of the area-ratio of the C-methyl proton signal at 6 2.3, and 

the H-l signal of the 2 anomer at S 5.45. Crystallization of the syrup from methanol 

gave the corresponding p anomer. All of the results thus obtained are summarized 

in Table IV, together with the conditions used. The U-D-glucopyranosyl-1.3-diiso- 

propylpseudourea (51) had RF 0.0-0.2. 

Comparative exatnitmtion of four carbodiimides (2, 3, 4? and 5) for the synthesis 

of 27 itr chloroforn~. - All of the reactions were performed by use of the four carbodi- 

imides, i.e.. 2, 3, 4, and 5, as for the foregoin, 0 reactions in chloroform. The results 

thus obtained are summarized in Table V, together with the conditions used. The 

U-wglucopyranosylpseudourea derivatives, both 52 and 53, had an RF value of 0.65. 

Rearra/lgement of 50 into 54. - After fusion of 1 (I .OSO g, 2.0 mmol), 2 (1.240 g, 

6.0 mmol), and copper(l) chloride (3 mg, 0.02 mmol) for 30 min at SO-S5”, the 

mixture was dissolved in chloroform (20 mL), and the solution was successively 

washed with M aqueous ammoniacal solution (20 mL) and water (20 mL), dried 

(anhydrous magnesium sulfate; - 10 g) overnight, and evaporated, and the resulting 

syrup was chromatographed on a column of silica gel (25 g)_ Elution with 1 : 1 benzene- 

cyclohexane containing 3 “/, of acetone gave 54 (657 mg, 46 T/u yield) and, subsequently, 
1 (533 mg, 50”10 recovery). 

Compound 54 was a syrup, b]X’ +60” (c 0.6, chloroform); RF 0.6; rkt’ 

1650 (C=O) and 3370 cm-’ (N-H): ‘H-n_m.r_ data: 6 5.49 (d, 1 H, J,,, 7.0 Hz, H-l)_ 

Awl. Calc. for C,,HS,N,O,: C, 75.57; H, 7.83; N, 3.75. Found: C, 75.45; 

H, 7.55; N, 3.66. 

I,3-Dic~-clolle_~~~i-O-(p-)tlet~~o_~~pi~e~~~~~pse~~~o~~re~t (55). - According to the 
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method reported by Vowinkel and Wolff”, compound 55 was prepared from 2 

and 6; m-p. 90-91 o (from benzene-hexane) [lit.” m.p. 90-9 I o (from benzene- 

hexane)]. 

T/w t-cactiott of 55 with 1: fat-tnatiotz of 56. - A mixture of 1 (540 mg, I .O mmol) 
and 55 (330 rng 1.0 mmol) was treated in chloroform, or by fusion, under the condi- 
tions shown in the first part of Table VI. The reactions in chloroform were followed 
by evaporation. The resulting syrup was chromatog-aphed on a column of silica gel 

(25 g). Elution with I : 1 benzene-cyclohexane containin g 1 ‘i:, of acetone afforded 22. 

On increasing the content of acetone to 3 “/;;, 2,3,4,6-tctra-0-benzyl-I-O-(cyclohexyl- 

carbamoyl)-D-ghrcopyranose (56), at first the z anomer and then the /I anomer, and 

1: together with small amounts of 1,3-dicyclohexylurea and 55 were isolated. The 

results are summarized in Table VI. 

The ‘1 anomer of 56 had m-p. 102-104” (from methanol): [Y];” + 5s” (c 1.0. 

chloroform); R, 0.63; I’:,:: 1700 cm-’ (C=O); ‘H-n.m.r. data: S 6.13 (d, 1 H, 
J 1 .’ 2.9 Hz, H-l). 

Atzrtl. Calc. for C,,H,,NO,: C. 73.96: H, 7.12: N, 2.10. Found: C, 74.15; 

H, 7.21; N, 1.91. 

The /I anomer of 56 had m.p. 146-143” (from methanol); [z]x” + 10” (c 1.0, 
chloroform); RF 0.61; f$; 1700 cm-’ (C=O); ‘H-n.m.r. data; b 5.58 (d, I H, 

J , sz 7.0 Hz, H-l). 
At&. Calc. for C,,H,,NO,: C, 73.96: H, 7.12; N, 2.10. Found: C’. 73.95: 

H, 7.14; N, 1.90. 
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