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ABSTRACT 

In the presence of zinc naphthenate as the catalyst, the reaction of phenyl 
isocyanate with 1,2-propanediol and $4O-isopropylidene-D-mannitol gave the 
primary phenylcarbamates in high yield. 1,2,dHexanetriol was selectively phenyl- 
carbamoylated at O-1, and N6-benzyladenosine at O-2’. The common methyl 
aldohexo- and aldopento-pyranosides gave the 3-mono(phenylcarbamate)s in fair 
to excellent yields, along with substantial proportions of the 2-esters in some cases. 
When the zinc salt was not used, O-6 was the most reactive of the oxygen atoms in 
the hexopyranosides. 

INTRODUCTION 

We have reported regioselective (phenylcarbamoyl)ation reactions with the 
systems phenyl isocyanatr+bis(tributyltin) oxide2 and phenyl isocyanate-dibutyltin 
oxide and -tertiary amines with respect to a series of ribonucleosides; the reaction 
with phenyl isocyanate, after preparation of the tin alkoxide, gave the corre- 
sponding S-(phenylcarbamate)s specifically, if an equimolar amount of phenyl iso- 
cyanate was used; on the other hand, brief treatment with phenyl isocyanate (2 
mol. equiv.) and bis(tributyltin) oxide at room temperature gave the corresponding 
3’-(phenylcarbamate)s preponderantly, if 11: 1 toluene_DMFwas the solvent system. 
Incidentally, the latter reaction using thymidine as an example of a 2’-deoxyribo- 
nucleoside was of interest, as it gave2 the corresponding S-(phenylcarbamate) 
specifically; it was deduced that the equimolar adduct of bis(tributyltin) oxide and 
phenyl isocyanate is the entity which catalyzes the reaction so effectively. Such 
excellent regioselectivity prompted us to conduct further investigation of the reac- 
tion, in an attempt to find a more effective additive; we now report the results 
obtained by the use of zinc naphthenate. 

*Partial Protection of Carbohydrate Derivatives, Part 16. For Part 15, see ref. 1. 
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RESULTS AND DISCUSSION 

Reactions of polyols. - A kinetic study on (phenylcarbamoyl)ation of mono- 
01s demonstrated that the reaction velocity of primary is higher than that of second- 
ary alcohols4, and addition of amines or metallic ions, or both, as the catalyst was 
found to increase the velocity considerably5-‘. Therefore, we were interested in 
potential regioselectivity on applying the reaction to polyhydroxy compounds. 
First, the reaction of 1 ,Zpropanediol (1) as a model compound was examined, and 
DMF, 11: 1 toluene-DMF, toluene, and 1: 1 toluene-chloroform were each used as 
the solvent. As the additives, pyridine (a weak base6?‘), triethylamine (a stronger 
catalyst), and zinc ion, which interacts with the nitrogen atom of phenyl isocyanate 
more strongly than with its oxygen atoms, were used for comparison with dibutyltin 
oxide3. All of the reactions were performed by adding phenyl isocyanate (1.5 
mmol) to the solution of 1 (1 mmol) in the presence of each of the additives; the 
conditions used and the results obtained are summarized in Table I. The propor- 

tions of l- (2) and 2-(phenylcarbamate) (3) were determined by ‘H-n.m.r. spectros- 
copy [60 MHz, (CD&SO-D,O] with respect to each of the resulting mixtures in 
terms of the area-ratio of the methylene proton signal of 3 (doublet at S 3.57) and 
the methyl proton signals of 2 and 3 (two doublets at 6 -1.2, overlapped). 

As may be seen from Entry 1, DMF was found to be the best solvent for the 
reaction without additives, compared with chloroform and 11: 1 toluene-DMF. The 
regioselectivity obtained in chloroform (2:3 = 3.7:1) was the highest, although the 
total yield (12%) was the lowest. Entries 2, 3, and 4 proved that the reaction 
catalyzed by triethylamine gives the best regioselectivity when solvents with lower 
polarity, such as toluene and 1:l toluene-chloroform, are used. Dibutyltin oxide 
(Entry 5) and its combination with triethylamine (Entries 6 and 7) were found to 
be less effective than expected. In the case of zinc salts (Entries 8 and 9), the 
regioselectivity varied conspicuously, depending on the structure of the counter- 
anions, and the latter reaction gave a higher regioselectivity in DMF (7.6:1) than 
in 11: 1 toluene-DMF (6.1: 1). The reactions (Entries 10 and 11) performed with 
zinc naphthenate in combination with triethylamine improved the regioselectivity 
up to 12:l. The combination of zinc chloride with triethylamine, as well as with 
pyridine, was not so fruitful as expected, although their total yields were improved. 
(PhenylcarbamoyQation of the 1,Zdiol was thus proved to be sufficiently regio- 
selective to give the corresponding primary phenylcarbamate with high regio- 
selectivity. Elevation of the temperature to 60” resulted in lowering of the regio- 
selectivity, although the total yield of 2 plus 3 was improved. The effect of concent- 
ration of triethylamine [O.l mol. equiv. in a solution of 1 in DMF (0.5 and 3 mL)] 
was examined; the reaction gave a 67 (2/3 = 11: 1) and 40% yield (2/3 = 4.6: 1). 
respectively. These results clearly show that the “catalytic” effect of triethylamine 
depends on its concentration. 

Based on the foregoing results, the reaction of 1,2,6-hexanetriol (4) was per- 
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PhNCO(1.5 mol. equiv.), O!NHPh PhNHP, 
additives. 

+ 2 solvent, room temp. 
- .,“I,-!” 3 2 CH !,-I:: 3 2 

HO 
PhNCO. 

HO 

I 
zinc naphthenate 
(0.1 mol.equiv.), I 

CH,-_(CH$,-CH-CH, 
“T TCNHPh 

DMF, -lla 
- CHz-_(CH2)3-CH-CH2 

4 5 ( 80 ‘1.1 

2n2+ 
H.._ ,+.G, /H 

HO 

4 + 2n2+ _ 
Kl I 

- CH,-_(CH,), 
YJ; 

2 

\ 

6 

K, 

CH2-(CH213-CH-C~2 

I I I 
Pt. HO OH 

++ ‘H 

H 
-*.. \.“’ 

,;2+ 

“7 7” 

o\+’ 

I 
CH,-CH-_(CH,),-CH, 

7 

HOCkI 

I 
HOCH 

&,CMe, 

HCO 

I 
HCOH 

I 
CH,OH 

PhNCO (3.3 m mol), 

zinc napht henatc 

(0.1 mmol), 

Et3N (0.25 mmol), 
C 

DMF (6mL), lh, room temp. 

PhNHCOOCH2 

HOCH 

I 
qCMe2 

HCO 

I 
HCOH 

I 
CH20CONHPh 

8 tr mmoll 9 (77% yield) 

Scheme 1 

formed by addition of a solution of phenyl isocyanate (1.8 mol. equiv.) in DMF (12 
mL) to 4 (1.23 mmol) in DMF (6 mL) in the presence of zinc naphthenate (0.1 mol. 
equiv.) at -ll”, giving the corresponding I-(phenylcarbamate) (5) in 80% yield 
(crystalline). The corresponding 6-(phenylcarbamate) was not isolated, although a 
spot which might correspond to a bis(phenylcarbamate) was observed in t.1.c. of 



A

the mother liquor (in addition to that of 4). Incidentally, benzoylation of a 
stannylene derivative of 4 with benzoyl chloride was reported8 to give the corre- 
sponding 1-benzoate in 47% yield. The strcuture of 5 was confirmed by comparing 
its ‘H-n.m.r. spectrum with that of the corresponding 6-(phenylcarbamate), pre- 
pared from 4 by isopropylidenation, followed by (phenylcarbamoyl)ation, and then 
acid hydrolysis. Interestingly, the 6-(phenylcarbamate) was formed neither on 
addition of the phenyl isocyanate in one portion nor on performing the reaction in 
a far less-polar solvent system, 11:l toluene-DMF; the latter gave 5 in 86 and the 
corresponding bis(phenylcarbamate), probably a mixture of the 1,2 and 1,6 deriva- 
tives, in 13% yield. 

These results make possible a discussion of the difference in stability between 
the potential intermediates 6 and 7 (see Scheme l), which resulted in the pre- 
ponderant formation of 5; K, should be much larger than K, judging from their 
structure coordinated to a Zn*+ ion bearing the bulky ligand of two naphthenate 
ions, which may also be important in giving a higher regioselectivity than the 
chloride ions involved in zinc chloride (see Table I). The predominant catalytic 
activity of metallic ions over that of amine species6v7 may induce greater reaction at 
O-l over O-6, although DMF was reported to be a useful catalyst for polymeriza- 
tion of isocyanates for the synthesis of urethane resins9, and the (phenylcarbamoyl)- 
ation of 1 was also induced in neat DMF, as already described. 

Subsequently, the reaction of 3,4-O-isopropylidene-D-mannitol (8) was per- 
formed in DMF, with zinc naphthenate-triethylamine catalysis, which gave the l- 
(phenylcarbamate) with high regioselectivity and in high yield, in the case of 1; it 
gave, as expected, 3,4-O-isopropylidene-1,6-di-O-(phenylcarbamoyl)-D-mannitol 
(9) in 77% yield. 

The excellent regioselectivity obtained in the reactions of 1,4, and 8 further 
prompted us to perform the reactions with methyl glycosides, which involve many 
hydroxyl groups variously oriented and the ring-oxygen atom, and were thus ex- 
pected to bring peculiar steric effects to the reaction, depending on the structure of 
each. 

Reaction conditions with respect to the effects of additives, solvents, and 
reaction temperature were examined by the use of methyl P-D-glucopyranoside; 
the results are summarized in Table II. The reaction in DMF introduced a phenyl- 
carbamoyl group at O-6 with high regioselectivity (Entry 4), but addition of zinc 
naphthenate to the system resulted in highly regioselective (phenylcarbamoyl)ation 
at O-3 (Entries 1 and 2). The addition of lithium chloride, instead of zinc naphth- 
enate, on the other hand, did not affect the reaction to give the corresponding 
6-(phenylcarbamate) to an extent similar to that observed in Entry 4. On changing 
the solvent to pyridine, reaction was also induced at O-6 of the glucoside (Entry 5), 
and, unexpectedly, the addition of zinc naphthenate did not affect the reaction to 

give the corresponding 6-(phenylcarbamate) with high regioselectivity (Entry 3). 
These results suggested the further possibility of (phenylcarbamoyl)ation showing 
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different, but high, regioselectivity toward a specific hydroxyl group (depending on 
the conditions applied) as a unique protecting procedure. 

The effect of temperature was next investigated on the reactions performed 
with zinc naphthenate in DMF, which gave the 3-(phenylcarbamate) with high 
regioselectivity , and in pyridine alone, which gave the 6-(phenylcarbamate) similarly; 
also the results obtained at - 10” were compared with those at room temperature. 
Comparison of Entries 1 and 6 showed that lowering of the temperature to -10” 
improved both the yield and regioselectivity of the 3-(phenylcarbamate) compared 
to those of the 6-(phenylcarbamate). Comparison of Entries 5 and 7, on the other 
hand, demonstrated that the lowering of temperature unexpectedly brought about 
a diminution of the yields of the 6-(phenylcarbamate); the reaction in pyridine is 
thus assumed to be better performed at room temperature. 

Next, the effect of dilution, by use of a drop-by-drop addition procedure, was 
examined. Incidentally, the result shown in Entry 4 (Table II) showed that it is 
possible to perform 6-0-(phenylcarbamoyl)ation even in neat DMF, and the 3-0- 
(phenylcarbamoyl)ation catalyzed by zinc naphthenate was likely to be somewhat 
faster than the 6-0-(phenylcarbamoyl)ation. These aspects led us to presume that 
it should be possible to improve the regioselectivity in the 3-O-(phenylcarbamoyl)- 
ation through catalysis by zinc naphthenate, by which the possibility of 6-O- 
(phenylcarbamoyl)ation might be minimized. A dilute solution of phenyl isocyanate 
in DMF was slowly added dropwise to the reaction mixture during >l h; the results 
are summarized in Table III. The effect expected was not observed in the reaction 
at room temperature (Entry l), but was clearly demonstrated on performing it at a 
lower temperature (Entries 2 and 3). By increase of the proportion of catalyst, the 
reaction was somewhat accelerated, to give, undesirably, a mixture of the corre- 
sponding bis(phenylcarbamate)s in 35% yield. The effect was also found in the 
6-0-(phenylcarbamoyl)ation in pyridine (Entry 4). 

TABLE III 

REOI~~ELE~~~(PHENY~A~AMOYL)A~ON~FM~~L~D-OLUC~PYRAN~~~DE ruaouGHolLuTloN BY 

THEDROP-BY-DROPADDlTIONPROCEDURE'- 

Entry Solvent PhNCO Additive 

(mL) (mol. equiv.) (mol. equiv.) 
Reaction 
temp. 

Yield (%) ofphenylcarbamate 

2- 3- 6- bis- 

lb DMF(lO) 1.5 zinc naphthenate room temp. 13 58 6 11 
(0.92) 

2 DMF (10) 2.2 zinc naphthenate -12” 4 72 1 23 
(0.26) 

3 DMF (10) 1.5 zinc naphthenate -14” 5 61 - 34 
(1.68) 

46 pyridine (3) 2.2 - room temp. 1 73 14 

“All of the reactions were performed for l-l.5 h under the conditions described, by use of the ghtcoside 
(0.5 mmol) in a solvent to which was added a solution of phenyl isocyanate in DMF (8 mL). bin these 
cases, the starting material was recovered in 12% yield. 
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TABLE IV 

Entry Solvent PhNCO Additive Yield (%) ofphenylcarbamate 
(mol. equiv.) (mol. equiv.) 

2- 3- 6- bis- 

1 DMF 1.2 
2 DMF 1.7 
3 pyridine 1.2 
4 pyridine 1.6 

zincnaphthenate (0.22) 29 53 2 - 
LiCl(l.0) 11 6 33 5 

12 1 43 16 
LiCl(1 .O) 3 1 45 6 

“All of the reactions were performed by the use of the glucoside (1 mmol), under the conditions shown. 
in a solvent (6 mL), for l-l.5 h at room temperature. The starting material was recovered in 4.45,23, 
and 45% yield, respectively. for Entries 14. 

Consequently, the reaction of methyl a-D-glucopyranoside was performed, 
in order to compare the effect of difference in anomeric configuration on regio- 
selectivity in the reaction; the results are summarized in Table IV, together with 
the conditions used. The reaction mediated by zinc naphthenate (Entry 1) was still 

regioselective, but gave the 2-(phenylcarbamate) in 29 and the 3-(phenyl- 
carbamate) in 53% yield. Lithium chloride (Entry 2) showed almost no catalytic 
effect on the 3-0-(phenylcarbamoyl)ation. The reaction in neat pyridine (Entry 3) 
was also not so regioselective as that of the p anomer, as it gave the 2-(phenyl- 
carbamate), in 12, the 6-(phenylcarbamate) in 43, and the bis(phenylcarbamate) in 
16% yield. Addition of lithium chloride suppressed the formation of the 2-(phenyl- 
carbamate) in the reaction in pyridine (Entry 4). 

Based on the foregoing results, the reaction using the zinc naphthenate-DMF 

TABLE V 

REGIOSELE~VE(~~~NYLCARBAMOYL)ATIONOFSOM~~LY~~SIDESBY~~~P-BY-DROP ADDITI~NUSIN~THE 

PhNCO-zmc NAPHTHENATE SYSTEM 

Entry Glycoside Yield (%) of phenylcarbamate Recovery (%) 
of the starting 

2- 3- 4- 6- bis- glycoside 

1 Methyl a-D-gtucopyranoside 29 53 2 4 
2 j3 anomer 4 72 1 23 
3 Methyl a-Dmannopyranoside 83 2 1 10 4 
4 Methyl a-D-galactopyranoside 26 58 5 8 
5 /3 anomer 84 14 
6 Benzyl PD-arabinopyranoside 4 93 2 
7 Methyl a-D-xytopyranoside 18 64 8 8 
8 p anomer 11 61 9 8 
9 Phenyl/3-D-xylopyranoside 10 53 9 11 

10 Methyl PD-ribofuranoside 9 63 

“All of these are the isolated yields of the corresponding phenylcarbamates. 
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system was extended to other glycosides, in order to compare the effect of differ- 
ence in anomeric configuration on regioselectivity in the reaction; to a solution of 
a glycoside in DMF containing zinc naphthenate was slowly added a solution of 
phenyl isocyanate in DMF during >1 h at -15”. The results thus obtained are 
summarized in Table V. The difference in the reactions of methyl (Y- and B-D-gaktCtO- 
pyranoside (c$ Entries 4 and 5) was similar to that in the reactions shown in Entries 
1 and 2; the latter is quite practical, giving the 3-(phenylcarbamate) in 84% yield. 
The reactions of methyl a-D-mannopyranoside (Entry 3) and of benzyl P-D- 
arabinopyranoside (Entry 6) were induced with high regioselectivity, to give the 
corresponding 3-(phenylcarbamate)s in high yields. The difference in the regio- 
selectivity between the reactions of methyl (Y- and j3-D-xylopyranoside was not so 
conspicuous, but the reaction was still regioselective, and both reactions gave the 
3-carbamates preponderantly. Furthermore, the reaction of methyl /L-D- 

ribofuranoside showed similar regioselectivity, to afford the 3-(phenylcarbamate) 
in 63 and the 2-(phenylcarbamate) in 9% yield. 

Because of the result shown in Entry 10, our interest was directed toward the 
behavior of ribonucleosides under the conditions used, and we examined that of 
Z@benzyladenosine as a model compound. Slow addition of phenyl isocyanate in 
DMF to a solution of the nucleoside in DMF containing zinc naphthenate at -17” 
gave the corresponding 2’-(phenylcarbamate) in 60% yield, which is in remarkable 
contrast to the reaction of methyl P-D-ribofuranoside. 

EXPERIMENTAL, 

General methods. - Melting points were determined with a Yanagimoto 
micro melting-point apparatus, and are uncorrected. Specific rotations were deter- 
mined, for solutions in methanol, with a JASCO DIP-4 polarimeter. T.1.c. was 
conducted on Merck Silica Gel 60 Fz4 by developing with 9: 1 chloroform-methanol 
or 3 : 2 benzene-ethyl acetate. Column chromatography was performed on silica gel 
(Wakogel C-300) by use of chloroform-methanol as the eluant. Elemental 
analyses were achieved with a Perkin-Elmer 240-002 apparatus. ‘H-N.m.r. spectra 
were recorded with Varian T-60, EM-360, XL-200, and Bruker WM 250 instru- 
ments, for solutions in a solvent chosen from chloroform-d, methanol-d,, and di- 
methyl sulfoxide-d,, depending on the solubility of the sample, with tetramethyl- 
silane as the internal standard. 

1 ,ZPropanediol and 1,2,6-hexanetriol were purchased from Aldrich Chemi- 
cal Co., and the glycosides were from Sigma Chemical Co., except for benzyl PD- 
arabinopyranosidelO, methyl /3-D-riboh.uanosideli, and N6-benzyladenosine*2. Zinc 
naphthenate was purchased from Nippon Chemical Industry Co., Ltd. [Naphthex 
“Zn”; metal content, lo%]. 

Synthesis of 1,2-propanediol mono(phenylcarbamate)s (2 and 3) and 
bis(phenylcarbamate) (see Table Z). - To a solution of 1 ,Zpropanediol (1; 76 mg, 
1 mmol) in an organic solvent was added an additive and then phenyl isocyanate 
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(0.16 mL, 1.5 mmol), and the mixture was treated under the conditions described 
in Table I, the reaction quenched with methanol, the solution evaporated. The 
residue was subjected to column chromatography on silica gel, to give, in turn, a 
mixture of bis(phenylcarbamate) and phenyl isocyanate polymeric by-product, and 
a mixture of mono(phenylcarbamate)s (2 and 3), by the use of commercial 
chloroform (containing 0.5% of ethanol). The former mixture was separated by 
further chromatography on silica gel by the use of 2:2: 1 benzene-cyclohexane- 
ethyl acetate. 

Compound 2: ‘H-n.m.r. [60 MHz, (CD,),SO-D,O]: 6 4.15-3.82 (m, 3 H, 
H-1,2,1’); (CDCl,-CD,OD): 6 1.20 (d, 3 H, J 6 Hz, CH,), 3.98 (d, 1 H, H-2), 4.04 
(s, 1 H, H-l), and 4.02 (d, 1 H, J 1 Hz, H-l’). 

Compound 3: ‘H-n.m.r. [60 MHz, (CD&W-D,O]: S 4.92 (m, 1 H, H-2) 

and 3.57 (d, 2 H, H-1,1’); (60 MHz, CDCl,-CD,OD): S 1.25 (d, 3 H, 57 Hz, CH,), 
3.63 (d, 2 H, H-1,1’), and 4.88 (d, 1 H, H-2). 

1,2-Di-O-(phenyZcarbamoyl)propanediol had m.p. 146” (from chloroform- 
methanol); lH-n.m.r. (60 MHz, CDCl,-CD,OD): S 7.42-6.78 (m, 10 H, 2 C&), 
5.12 (q, 1 H, J,+, 5, J2,3 6 Hz, H-2), 4.17 (d, 2 H, H-1,1’), and 1.26 (d, 3 H, CH,). 

Anal. Calc. for CITH,,N,O,: C, 64.95; H, 5.77; N, 8.91. Found: C, 65.05; H, 
5.53; N, 8.82. 

I-O-(Phenylcarbamoyl)-1,2,6-hexanetriol (5). - To a solution of 1,2,6- 
hexanetriol (4; 165 mg, 1.23 mmol) in DMF (12 mL) containing zinc naphthenate 
(76 mg, 0.12 mmol) was very slowly added a solution of phenyl isocyanate (241 pL, 
2.2 mmol) in DMF (12 mL) during >l h at -11”; the mixture was then stirred for 
1 h, silica gel (-2 mL) was added and the mixture was kept at room temperature 
for a while, the volatile portion evaporated, the powdery residue put on the top of 
a silica gel column, and the column eluted with chloroform, to give 5, re- 
crystallization of which from diisopropyl ether-ethyl acetate afforded a pure sample 
(249 mg, 80% yield); m.p. 98.5-99.5”; ‘H-n.m.r. (60 MHz, CDCl,-CD,OD): 6 4.13 
(d, 1 H, J,,* 3 Hz, H-l’), 3.98 (s, 1 H, H-l’), 3.85 (m, 1 H, H-2), 3.57 (br. t, 2 H, 
H-6,6’), and 1.52 (br. s, 6 H, 3 CH,). 

Anal. Calc. for C,,H,,NO,: C, 61.64; H, 7.56; N, 5.53. Found: C, 61.60; H, 
7.52; N, 5.51. 

6-O-(Phenylcarbamoyl)-1,2,6-hexanetriol. - Compound 4 (2.5 mL, 21 
mmol) in DMF (20 mL) containing p-toluenesulfonic acid monohydrate (200 mg) 
and 2,2-dimethoxypropane (8 mL) was stirred overnight at room temperature. The 
acid was neutralized by portionwise addition of solid sodium hydrogencarbonate, 
and the mixture evaporated. The residue was distributed between dichloromethane 

(40 mL) and water (10 mL), and the organic layer was dried (anhydrous sodium 
sulfate) and evaporaed. The residue was dissolved in DMF (15 mL) and treated 
with phenyl isocyanate (3.0 mL, 27 mmol) in the presence of triethylamine (0.1 
mol. equiv.) overnight at room temperature, with stirring. The mixture was evapo- 
rated to dryness, and the residue was subjected to chromatography on silica gel 
with benzene as the eluant. The fractions containing 1,2-0-isopropylidene-6-O- 
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(phenylcarbamoyl)1,2,6_hexanetriol were combined, evaporated to dryness, and 
the residue was treated with 20% aqueous methanol to which a few drops of concc 
sulfuric acid had been added; the hydrolysis was monitored by t.1.c. The acid was 
neutralized with solid sodium hydrogencarbonate, and the mixture evaporated to 
dryness. The residue was extracted with diethyl ether (50 mL), and the extract was 
dried (anhydrous sodium sulfate), and evaporated to a syrup which was chromatog- 
raphed by use of benzene as the eluant, to give 6-0-(phenylcarbamoyl)-1,2,6- 
hexanetriol; m.p. 90.5-92.5” (from acetone); ‘H-n.m.r. (60 MHz, CD,OD): 6 4.08 
(br. t, 2 H, J 6 Hz, H-6,6’), 3.48 (br. s, 2 H, H-1,1’), 3.33 (m, 1 H, H-2), and 
1.88-1.34 (br. s, 6 H, 3 CH,). 

Anal. Calc. for C,,H,,NO,: C, 61.64; H, 7.56; N, 5.53. Found: C, 61.65; H, 
7.57; N, 5.58. 

1,6-Di-0-(phenylcarbamoyl)-3,4-O-isopropylidene-~-mannitol (9). - To a 
solution of 3,4-O-isopropylidene-D-mannito113 (8; 222 mg, 1 mmol) in DMF (6 mL) 
containing zinc naphthenate (64 mg, 0.1 mmol) and triethylamine (0.02 mL, 0.25 
mmol) was added phenyl isocyanate (0.36 mL, 3.3 mmol) in 3 aliquots at room 
temperature. After 1 h, silica gel (-2 mL) was added, and the mixture was evapo- 
rated to a powder which was put on the top of a column of silica gel and eluted with 
chloroform-methanol. A mixture of bis(phenylcarbamate)s thus obtained was 
further chromatographed by the use of benzene-ethyl acetate, to give 9 (353 mg, 
77% yield); m.p. 148.5-149.5”, [(Y] g5 +43” (c 0.5); ‘H-n.m.r. [200 MHz, 
(CD&SO]: S 5.50 (d, 2 H, J 5.5 Hz, OH-2 and -5), 4.39 (dd, 2 H, .Jr,r, = .Js,& 11.5 
Hz, Jr,z = J5,6 2.5 Hz, H-1,6), 4.09 (dd, 2 H, H-1’,6’), 4.08 (br. d, 2 H, J2,3 = J4,5 
2.5 Hz, H-3,4), 3.96-3.82 (m, 2 H, H-2,5), and 1.38 (s, 6 H, 2 CH,). 

Anal. Calc. for C,,HBNZO,: C, 59.99; H, 6.13; N, 6.09. Found: C, 60.26; H, 
6.22; N, 6.16. 

General procedure for regioselective 3-0-(phenyliarbamoyl)ation of glycos- 
ides through use of drop-by-drop addition. - To a solution of a glycoside (1 mmol) 
in DMF (6 mL) containing zinc naphthenate (63 mg, 0.1 mmol) was slowly added 
dropwise a solution of phenyl isocyanate (131 pL, 1.2 mmol) in DMF (8 mL) during 
>l h at -15”, and the solution stirred for 1 h. Silica gel was added (-2 mL), and 
the mixture was evaporated to a powder which was transferred to the top of a 
column of silica gel, and chromatographed by use of chloroform-methanol. Further 
chromatography was conducted repeatedly, as required (monitoring of the fractions 
by t.1.c. and ‘H-n.m.r. spectroscopy). The proportions were determined by weigh- 
ing each of the products isolated. The structure of each compound thus obtained 
was determined by proton-homodecoupling in ‘H-n.m.r. spectroscopy; the methine 
proton signal of a carbon atom bearing a hydroxyl group showed a downfield shift 
by -1.1 p.p.m., and the methylene proton signals by -0.6 p.p.m., on (phenyl- 
carbamoyl)ation. Moreover, the structure of the 3-(phenylcarbamate)s was con- 
firmed by lack of change in thin-layer chromatograms of their solution, treated 
under the usual conditions of periodate oxidation. The properties of the corre- 
sponding 3-(phenylcarbamate)s thus obtained are listed next. 
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Methyl 3-O-(phenylcarbamoyl)-/II-D-glucopyranoside: m.p. 167.6-168” (from 

chloroform-methanol), [ aID 25 -27” (c 1.0); ‘H-n.m.r. [250 MHz, (CD&SO]: S 5.37 

(d, 1 H, J2,2-OH 6 Hz, O&I-2), 5.19 (d, 1 H, J4,rl_OH 7 Hz, OH-4), 4.74 (t, 1 H, J2,3 = 

Js,‘, 9 Hz, H-3) 4.61 (t, 1 H, J~,w, = J~,6-or.r 6 Hz, OH-6), 4.21 (d, 1 H, J,.? 8 Hz, 

H-l), and 3.39 (s, 3 H, OCH,); rH-n.m.r. [(CD&SO + D,O]: 64.72 (br. t, 1 H, 

J2,s = J3,4 9 Hz, H-3), 4.18 (d, 1 H, Jr,, 8 Hz, H-l), 3.42 (s, 3 H, OCH,), and 3.16 

(dd, 1 H, H-2). 

Anal. Calc. for C,,H,,NO,: C, 53.67; H, 6.11; N, 4.47. Found: C, 53.57; H, 

6.06; N, 4.45. 

Methyl 3-0-(phenylcarbamoyl)-a-D-galactopyranoside was obtained as a solid 

on evaporation of its fractions; m.p. 9495”, [(Y]~’ 1-173” (c 0.9); rH-n.m.r. (250 

MHz, CDCl,-CD,OD): 6 4.97 (dd, 1 H, J2,s 11, J3,4 3 Hz, H-3), 4.79 (d, 1 H, J,.? 4 

Hz, H-l), and 4.03 (dd, 1 H, H-2). 

Anal. Calc. for C,,H,,NO,: C, 53.67; H, 6.11; N, 4.47. Found: C, 53.49; H, 

6.28; N, 4.65. 

Methyl 3-0-(phenylcarbamoyl)-P-D-galactopyranoside had m.p. 170-171.5” 

(from diisopropyl ether-chloroform-methanol), [(Y];’ +55” (c 0.5); rH-n.m.r. (250 

MHz, CDCls-CD,OD): S 4.66 (dd, 1 H, J2,s 10, J3+, 3 Hz, H-3), 4.23 (d, 1 H, J1,2 8 

Hz, H-l), and 4.08 (br. d, 1 H, H-4). 

Anal. Calc. for C,,H,,NO,: C, 53.67; H, 6.11; N, 4.47. Found: C, 53.52; H, 

6.10; N, 4.48. 

Methyl 3-0-(phenylccrbamoyl)-cw-D-mannopyranoside was a glass; [cr]A” + 34” 

(c 1.3); ‘H-n.m.r. [250 MHz, (CD,),SO]: S 5.25 (d, 1 H, J2.2_OH 5 Hz, OH-2), 5.03 

(d, 1 H, J4,4_OH 7 Hz, OH-4), 4.85 (dd, 1 H, J2,3 3, &a 10 Hz, H-3), 4.63 (t, 1 H, 

J 6 or6’,6_OH 6 Hz, OH-6), 4.59 (d, 1 H, J,.* 2 Hz, H-l), and 3.92 (m, 1 H, H-2). 

Anal. Calc. for C,,H,,NO,: C, 53.67; H, 6.11; N, 4.47. Found: C, 53.81; H, 
6.09; N, 4.32. 

Benzyl 3-O-(phenylcarbamoyl)-P-D-arabinopyranoside had m.p. 169.5-171” 

(from benzene-methanol), [a] A5 -200” (c 0.5); ‘H-n.m.r. (250 MHz, CDCI,): S 

5.05 (dd, 1 H, J2,s 10, J3/, 6 Hz, H-3), 4.99 (d, 1 H, J,,, 8 Hz, H-l), 4.68 (d, 1 H, J 
12 Hz, CH,Ph), 4.43 (d, 1 H, J 12 Hz, CH,Ph), 4.17 (dd, 1 H, H-2), 4.08 (d, 1 H, 

J4,5u 2, Jdqse 0 Hz, H-4), 3.82 (br. d, 1 H, Jso.5e 12 Hz, H-5e), and 2.64 (dd, 1 H. 
H-5a). 

Anal. Calc. for C19H2rN06: C, 63.50; H, 5.89; N, 3.90. Found: C, 63.54; H, 
5.85; N, 3.86. 

Methyl 3-0-(phenylccrbamoyl)-cx-D-xylopyranoside was obtained as a solid 

on evaporation of its fractions; m.p. 157-158”, [(Y],$~ +127” (c 1.0); *H-n.m.r. (250 

MHZ, CDCls-CDsOD): 6 4.87 (t, 1 H, J2,3 = J3,4 = 9 Hz, H-3), and 4.63 (d, 1 H, 
J1,* 4 Hz, H-l). 

Anal. Calc. for C,,H,,NO,: C, 55.12; H, 6.05; N, 4.95. Found: C, 55.22; H, 
6.10; N, 5.51. 

Methyl 3-O-(phenylcarbamoyl)~/3-D-xylopyranoside was obtained as a solid 

on evaporation of its fractions; m.p. 143-144”, [cy]bs -42” (c 1.0); rH-n.m.r. (250 
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MHz, CDCl,): S 4.75 (dd, 1 H, J3/, 9, J2,3 8.5 Hz, H-3), 4.26 (d, 1 H, J1,2 7 Hz, H-l), 
3.98 (dd, 1 H, J50,5c 11.5 Hz, H-5e), 3.74 (m, 1 H, J4,50 9.5 Hz, H-4), 3.47 (dd, 1 H, 
H-2), and 3.33 (d, 1 H, H-5a). 

Anal. Calc. for C,3H,,N0,: C, 55.12; H, 6.05; N, 4.95. Found: C, 54.71; H, 
6.08; N, 5.24. 

Phenyl 3-O-(phenylcarbamoyl)-P-D-xylopyranoside was obtained as a solid 
on evaporation of its fractions; m.p. 179.5-18W, [a]hs -21” (c 0.5); ‘H-n.m.r. (250 
MHz, CDCl,): S 5.02 (d, 1 H, J1,* 7 Hz, H-l), and 4.98 (dd, 1 H, J2,3 8, J3,4 9 Hz, 
H-3). 

Anal. Calc. for C,,H,,NO,: C, 62.60; H, 5.55; N, 4.06. Found: C, 62.49; H, 
5.43; N, 4.45. 

Methyl 3-O-(phenylcarbamoyl)-@wibofuranoside was obtained as a glass; 
‘H-n.m.r. (250 MHz, CDCl,-D,O): S 4.92 (br. t, 1 H, J 5 Hz, H-3), 4.70 (d, 1 H, 
J1,p 1 Hz, H-l), and 4.14 (dd, 1 H, J2,3 1 Hz, H-2). 

N6-Benzyl-2’-0-(phenylcurbamoyl)adenosine had m.p. 117.6119” (from 
diisopropyl ether-chloroform), [cu] 6’ -72” (c 0.8); ‘H-n.m.r. (250 MHz, CD,OD): 
6 8.08, 8.04 (2 s, 2 H, H-2,8), 7.3-7.0 (m, 10 H, 2 C6Hs), 6.17 (d, 1 H, J,v,,f 6 Hz, 
H-l’), 5.57 (t, 1 H, J2,,3 6 Hz, H-2’), 4.17 (br. d, 1 H, H-4’), and 3.79 (br. s, 2 H, 
H-5’,5”). 

Anal. Calc. for &H,N,O,: C, 60.49; H, 5.08; N, 17.64. Found: C, 60.48; H, 
5.30; N, 17.35. 

Synthesis of methyl 6-O-(phenylcarbamoyl)-P-D-glucopyranoside by drop-by- 
drop addition. - To a solution of methyl /3-D-glucopyranoside (97 mg, 0.5 mmol) 
in pyridine (3 mL) was added dropwise a solution of phenyl isocyanate (0.12 mL, 
1.1 mmol) in DMF (8 mL) with stirring, during 1 h at room temperature. After 1 
h, silica gel (-2 mL) was added, and the mixture was evaporated to a powder 
which was put on the top of a column of silica gel and chromatographed with 
chloroform-methanol, to give the 6-(phenylcarbamate) (114 mg, 73% yield), to- 
gether with the corresponding bis(phenylcarbamate)s (17% yield), the 2-(phenyl- 
carbamate) (1% yield), and the starting material (12% recovery). 

Methyl 6-O-(phenylcarbamoyl)-P-D-glucopyranoside was obtained as a solid 
on evaporation of its fractions; m.p. lOO-100.5”, [a]h5 -21” (c 1.0); ‘H-n.m.r. [250 
MHz, (CD&SO)]: S 5.17 (br. d, 3 H, J 10 Hz, OH-2,3,4), 4.36 (dd, J5,6 2, J6,6P 12 
Hz, H-6), 4.21 (dd, 1 H, J5,6, 6 Hz, H-6’), 4.12 (d, 1 H, J1,* 8 Hz, H-l), 3.41 (t, 1 
H, J2,3 = J3,4 = 8 Hz, H-3), 3.40 (s, 3 H, OCH,), and 3.02 (br. t, 1 H, H-2). 

Anal. Calc. for C,,H,$O,: C, 53.67; H, 6.11; N, 4.47. Found: C, 53.48; H, 
6.19; N, 4.80. 
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