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The ditritylation of methyl and benzyl a-p-gluco-, -manno-, and -galactopyranosides with trityl chloride in
pyridine at 70 °C proceeds in a regioselective manner to give the 2,6-ditrityl ethers of the glucosides, the 3,6-ones

of the mannosides, and both 2,6- and 3,6-ones of the galactosides.

The rearrangement of the trityl group from

0-3 to 0-2 of the mannosides at 100 °C causes the selective formation of the 2,6-ditrityl ethers. From the 2,6-
and the 3,6-ditrityl ethers, the 3,4- and 2,4-dibenzyl ethers of the hexopyranosides are prepared.

Trityl group has been used for the selective protection
of the primary hydroxyl group of carbohydrates;?
tritylation of the secondary one has also often been
carried out.® The continuing methodological study of
oligosaccharide synthesis? needs efficient synthetic routes
to various kinds of partially benzylated monosaccharides.
This has made us investigate the ditritylation of methyl
and benzyl a-p-gluco-, -manno-, and -galactopyrano-
sides in order to protect the primary hydroxyl group
and one of the secondary ones temporarily. To our
surprise, no practical synthesis of such ditrityl ethers
has been reported.! They are useful precursors of
partially benzylated sugars, some of which have been
synthesized via partial stannylation by Ogawa et al.»

Results and Discussion

The ditritylation of the methyl hexosides with three

molar amounts of trityl chloride (TrCl) in pyridine (Py)
proceeded smoothly at 50 and 70 °C (Table 1). The
locations of trityl groups in the ditrityl ethers were
determined by analyzing the H NMR spectra of their
acetates (Table 5). The structures of the ditrityl ethers
were further confirmed by their conversion into the
dibenzyl ethers through benzylation followed by
detritylation as described below. The results of the
reactions conducted at 50 and 70 °C in Table I indicate
that the regioselectivity of the reaction depends on the
steric disposition of the hydroxyl group involved. The
starting materials were always exhausted and the
primary hydroxyl group was completely tritylated. The
second trityl group was introduced to 0-2 of the gluco-
side, 0-3 of the mannoside, and both 0-2 and 0-3 of the
galactoside, preferentially. Small amounts of the 4,6-
ditrityl ethers of the glucoside and the mannoside were
also isolated, but that of the galactoside was not detected.

TABLE 1. YIELDS OF DITRITYL AND MONOTRITYL ETHERS OF HEXOPYRANOSIDES
Yield/%
Starting o . .
material ~ 1emP/°C Timeh 9 6 Bitrityl 3,6-Ditrityl 4,6-Ditrityl 6-Monotrityl
ether ether ether ether

50 18 36 19 12 32

1 { 70 18 7 5 8 12 9 12 1> 18
100 18 34 2 6 39

50 18 3 62 9 26

2 { 70 18 13 6 14 56 15 7 2> 16
100 18 45 5 4 37

50 18 32 39 27

3 { 70 8® 19 39 20 37 3¢9 19
100 6% 35 16 41

70 18 53 4 7 o 16

4 { 100 18 10 43 n 4 12 4 #P 34
70 18 4 46 6 o 19

5 { 100 18 16 o5 17 1B 3 5t g
70 g® 37 31 n 19

6 { 100 59 21 36 2 6% 49

a) B. Helferich and J. Becker, Justus Liebigs Ann. Chem., 440, 1 (1924). b) A. J. Watters, R. C. Hockett, and C. S.

Hudson, J. 4m. Chem. Soc., 61, 1528 (1939).

Koto, S. Inada, T. Yoshida, M. Toyama, and S. Zen, Can. J. Chem., 59, 255 (1981).
C, 74.98; H, 6.30%,.
CHCl,). Found: C, 74.26; H, 6.409%,. Calcd for Cj,H,;,04: C, 74.98; H, 6.30%,.

Found: G, 74.56; H, 6.25%. Calcd for C3H;3,O4:

c) H. H. Baer and S. A. Abbas, Carbohydr. Res., 77, 117 (1979).

d) S.
e) [«]2°+16° (¢ 0.6, CHCl,).
f) Mp 84—87 °C, [«]2°+60° (¢ 1.0,
g) Longer reaction time caused

serious coloration of the reaction mixture and significant depression of yields.

t Ogawa et al. have synthesized 7 via stannylation (Ref. 5d).
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TABLE 2. RESULTS OF REACTION OF DITRITYL ETHERS WITH PYRIDINIUM CHLORIDE

Yield/%,
Starting material ~ Time/h o o' 3,6-Ditrityl 4,6-Ditrityl 6-Trityl
ether ether ether ether
7 18 38 2 1 53
8 18 26 9 1 56
9 18 28 4 2 59
13 18 68 0 0 24
14 18 50 9 0 27
15 18 . 21 17 2 57
19 6 48 2 0 45
20 6 1 23 0 74
Thus, the orders of reactivity of the secondary hydroxyl
group to TrCl in Py at 50 to 70 °C are: OH-2>OH-3> 100

OH-4 for the glucoside, OH-3>>OH-4>0H-2 for the
mannoside, and OH-2~0OH-3>0H-4 for the galacto-
side; in other words, the equatorial hydroxyl groups
vicinal to the axial oxygenous substituent are reactive,
whereas the axial ones are not.2»® Highly selective
introduction of the trityl group to OH-3 of methyl 6-
deoxy-a-L-mannopyranoside and fairly high reactivity
of not only OH-2 but OH-3 toward tritylation of methyl
6-deoxy-a-L-galactopyranoside were reported by Otake
et al3®  Benzyl a-p-hexopyranosides also exhibited
similar trends of the reactivity of secondary hydroxyl
groups in the tritylation at 70 °C.

A remarkable change in the regioselectivity occurred
in the tritylation of mannosides 2 and 5 at 100 °C. The
formation of the 2,6-ditrityl ether 13 predominated and
that of the 3,6-isomer 14 was much lower. The
ditritylation of the glucosides and the galactosides also
raised the selectivity for the 2,6-ditrityl ethers. The
increase in the yield of the monotrityl ether in each case
at 100 °C suggests that the trityl group at the secondary
hydroxyl group is apt to undergo the reverse reaction
with pyridinium chloride (Py-HCI) formed during
tritylation in Py (Eq. 1).” Since Py-HCI always

=CHOH + TrCl +Py = =CHOTr + Py.HCl (1)

precipitated during the tritylation at 70 °C, while the
reaction at 100 °C was homogeneous, greater solubility of
the salt in Py at 100 °C may help the reverse reaction in
Eq. 1. The time course of the reaction of 2 at 100 °C
shows that the second trityl group enters into OH-3 and
then rearranges to OH-2 (Fig. 1). It was further found
that the 3,6-ditrityl ether 14 was converted into the 2,6-
isomer 13 in the presence of Py-HCI in Py at 100 °C

e el

1(4) R'=Me(Bn) It (4t) R'=Me(Bn), R*=R?=Ré¢=H

7 (10) R*=Me(Bn), R2=Tr, R®=Ré=H
8 (11) R'=Me(Bn), R3=Tr, R2=R¢=H
R’=H
7a (10a) R!=Me(Bn), R*=Tr, R*=Ré=Ac
8a (11a) R'=Me(Bn), R®*=Tr, R?=Ré=Ac

9 (12) R'=Me(Bn), R=Tr, R2=

-o- 2,6Trityl Ether
-0~ 36Trityl Ether
- 46Trityl Ether
% 6Trityl Ether

Yield/%,
[/,

Time/min
Fig. 1. Time course of tritylation of methyl a-p-man-
nopyranoside (2). Using three molar amount of trityl
chloride in pyridine at 100 °C.

(Table 2). The 4,6-isomer 15 behaved in a similar
manner. Contrary to these results, the 2,6-isomer 13
did not rearrange. The glucosides exhibited similar
trends as shown in Table 2; the 3,6- and the 4,6-ditrityl
ethers were converted into the 2,6-isomer but the 2,6-
isomer did not change into the 3,6- and the 4,6-isomers.
As for the galactosides, although the 3,6-isomer did not
rearrange into the 2,6-isomer, the results in Table 2
show that the latter is more resistant to degradation into
the monotrityl ether 3t than the former. Thus, the
tritylation of the hexopyranosides with TrCl in Py at
100 °C furnishes a quasi-equilibrium mixture in which
the 2,6-ditrityl ether predominates.®

The 2,6- and the 3,6-ditrityl ethers thus obtained
afforded the 3,4- and the 2,4-dibenzyl ethers, respec-
tively, with ease through benzylation and subsequent

H,0RP

23 (25) R1=Me(Bn), R*=R4=Bn, R2=Rs—H
24 (26) R1=Me(Bn), R?=R4=Bn, R®¥=R:=H

23a (25a) R'=Me(Bn), R®=R*=Bn, R2=R5=Ac
24a (26a) R'=Me(Bn), R2=R¢=Bn, R®¥=R5=Ac

9a (12a) R'=Me(Bn), R*=Tr, R2=R3=Ac
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Hi \ |

2 (5) R'=Me(Bn)
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2t (5t) R'=Me(Bn), R?*=R?=Ré¢=H
13 (16) R!=Me(Bn), R*=Tr, R*=R!=H
14 (17) R'=Me(Bn), R®=Tr, R2=R¢=H
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H,0RP
R‘I

27 (29) R'=Me (Bn), R*=R4=Bn, R2=Rs=H
28 (30) R!=Me(Bn), R®=R¢=Bn, R*=RS=H

15 (18) R'=Me(Bn), R‘=Tr, R®=R%=H

13a (16a) R'=Me(Bn), R2=Tr, R®=R¢=Ac
14a (17a) R'=Me(Bn), R3=Tr, R?=Ré=Ac

27a (29a) R!'=Me(Bn), R*=Ré=Bn, R2=R5=Ac
28a (30a) R1=Me(Bn), R2=R4=Bn, R8=R6=Ac

15a (18a) R!=Me(Bn), R¢=Tr, R2&=R3=Ac

H0H H0Tr
Q)

O
H OR
3 (6) R'=Me(Bn) 3t (6t) R!=Me(Bn), R2=R3=R¢=H

19 (21) R!=Me(Bn), R?2=Tr, R®=Ré=H
20 (22) R!=Me(Bn), R3=Tr, R2=R¢=H
19a (21a) R'=Me(Bn), R2=Tr, R®=Ré=Ac
20a (22a) R!'=Me(Bn), R®=Tr, R2=Ré=Ac

31 (33) R1=Me(Bn), R®=R¢=Bn,R?=R6—=H
32 (34) R'=Me(Bn), R2=R¢=Bn, R®=R=H
3la (33a) R'=Me(Bn), R®¥=R¢=Bn, R?=Rs—Ac
32a (34a) R'=Me(Bn), R?=R¢=Bn, R®¥=RS—Ac

TABLE 3. PHYSICAL AND ANALYTICAL DATA OF DITRITY ETHERS OF METHYL AND BENZYL ¢(-D-HEXOSIDES

M Caled (%) Found (%) R
Compound /}’C [«)2°/° (¢, CHCl,) Formula —_— —_— ——— Lit

m/ % C H C H TB  HE

7 1086—109  +36  (1.0) 79.49 6.20 0.26 b)

8 96—99 +49  (1.0) } CuHwOs 79.62  6.24 { 79.64  6.50  0.54

9 124—125  +53  (1.0) 79.57 6.48  0.10

10 104—106  +48  (0.3) 81.02 6.21 0.40

1 100—101  +40  (0.6) } CsH,O, 81.14 6.14 {81.36 6.10 0.70

12 127—130  +59  (0.3) 80.88 6.13  0.13

13 99—104 —8 (0.5 79.58  6.49  0.35

14 167 +30  (1.0) } CuH,,O, 79.62 6.24 | 78.38 6.55 0.66

15 112—114  +16  (0.5) 79.48  6.47  0.22

16 104—105  +12  (1.2) 80.75 6.12 0.42  0.40

17 85—87 +27  (0.5) } CiH,O, 81.14 6.14 {81.10 6.52 0.69 0.64

18 63—66 +34  (1.4) 80.56 6.10 0.42 0.35

19 113—118  +36  (0.5) 79.50  6.26  0.63

20 104 +63  (1.0) } CtO,  79.62  6.24 { 79.61  6.61  0.34

21 106—107  +30  (1.0) 80.75 6.33  0.62

22 96—97 +45  (1.0) } CaHyO, 8114 6.14 { 81.00 6.09 0.48

a) TM=Toluene: 2-butanone (10 : 1).
(¢ 0.90 , CHCI,).

detritylation.? The structures of the dibenzyl ethers
were readily determined through the examination of the
1H NMR spectra of their acetates (Table 6) and are
consistent with that of the starting ditrityl ethers.

Experimental

General. Methyl a-p-glucopyranoside (1, Tokyo Kasei)
and methyl q-D-mannopyranoside (2, Sigma) were used
directly. Methyl a-p-galactopyranoside monohydrate (3.
H,0, Pfanstiehl) was dehydrated in vacuo over P,O; at 80 °C
before use. Benzyl a-D-glucopyranoside (4) was prepared as
before;**) benzyl a-p-manno- and -galactopyranoside (5 and 6)
were synthesized from the respective hexoses in a similar

HE=Hexane: ethyl acetate (3 : 1).

b) Ref. 5d: [«]2+32.8°

manner. Trityl chloride (TrCl, Tokyo Kasei) was used
directly and pyridinium chloride (Py.HCI, Tokyo Kasei) was
dried over P,Oj in vacuo before use. Pyridine (Py) was distilled
from BaO. For other items, see the preceeding reports.t
Acetylation was carried out with excess acetic anhydride in
Py at room temperature; chromatographycally pure acetates
were obtained through column chromatography on silica gel
(Kanto Kagaku) with the mixture of benzene and 2-butanone
(gradient elution).

Procedure for Ditritylation. A mixture of a glycoside (2.0
mmol), TrCl (3.0 equiv.) and Py (5.0 ml/g of glycoside) was
heated under anhydrous conditions with good stirring. Py.
HCI soon precipitated in the reaction at 70 °C, but did not
at 50 and 100 °C. After cooling and quenching with iced
water, the mixture was extracted with CHCl;. The organic
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TABLE 4. PHYSICAL AND ANALYTICAL DATA OF DIBENZYL ETHERS OF METHYL AND BENZYL ¢-D-HEXOSIDES
M Calcd (%) Found (%)
Compound /?c [«]2°/° (¢, CHCly) Formula —_— —_—— Lit

m c H C H

23 108—109 1106 (1.0) 67.21 7.0 a)

249 7475 +88 0.6) } CutyOs 6736 7.00 { 67.10 6.9

25 — 494 2.4) 71.04  6.73

260 78—79 +123 0.5) } CnHyOs 71,98 6.71 { 7142 670  b)

27 — 14 (0.7) 66.5¢  7.27 ¢

28 _ +31 (0.8) } CatlyOs  67.36 7.00 { 66.93 7.31 d)

29 _ +35 (1.3) } 71.37  6.68

30 81—83 +34 (0.7) § CoHlaOs 7198 6.71 { 72.22 6.69

31 132—133 +98 (1.0) } 67.14  6.98

32 101—102 459 (0.9) ] CutleOs  67.36 7.00 { 67.30 7.1

33 9495 +66 (0.5) 71.52  6.74

34 123—124 +94 (0.6) } CrHyOs 7198 6.71 { 71.88  6.8]

a) Ref. 5¢c, mp 105—106 °C, [«]2+101.3° (¢ 0.545, CHCL,).
CHCL,). c) Ref. 5b, [«]¥+50.0 (c 0.22, CHCI,).

d) Ref. 5a, []®+23.5° (¢ 0.77, CHCL,).

b) Ref. 5¢, mp 77—78 °C, [«]2°+157.6° (¢ 1.3,
e) Identified with

the product obtained from methyl 2,4-di-O-benzyl-6-O-trityl-a-D-glucopyranoside (Ref. 4a) via detritylation. f)
Identified with the product obtained from benzyl 2,4-di-O-benzyl-a-D-glucopyranoside (Ref. 4a) via detritylation.

TasLe 5. 'H NMR DATA OF ACETATES OF DITRITYL ETHERS OF METHYL AND BENZYL &-D-HEXOSIDES®
Chemical shifts/ppm®’ Coupling constants/Hz
Compound

H-1 H-2 H-3 H-4 H-5 OAc OMe J1a Jes Ja Jus

7a 3.86 3.36  5.47 4.51 3.71 1.63 1.72 2.31 3.4 9.5 9.5 9.1
8a 4.81 4.89 3.42 4.97 3.54 1.21 1.3¢  3.31 3.9 10.4 10.4 9.3
9a 4.72 4.24 5.46 2.74  3.16 1.09 1.94 3.64 3.8 9.9 9.6 9.6
10a 4.01 3.45 5.46 4.53 3.82 1.60 1.69 — 3.5 9.9 9.5 9.5
11a 5.00 4.88 3.67 5.03 3.53 1.87 1.96 — 3.8 9.8 9.8 9.8
12a 488 4.31 5.54 2.78 4.38 1.11  1.91 — 4.0 9.8 9.8 9.8
13a 3.91 3.71 4.87 5.90 3.71 1.66 1.74 3.07 1.5 3.1 10.2 10.2
14a 4.46  4.05 3.78  5.27 3.46 1.43 2.16 3.23 1.8 3.0 9.9 9.9
15a 4.47 5.00 5.17 2.86 4.26 1.07 1.75 .59 1.4 3.1 9.2 9.2
16a 4.16 384 4.99 598 3.8 1.69 1.78 — 1.5 3.6 10.5 10.5
17a 4.73 4.23 3.81 5.37 3.5 1.76 2.21 — 1.5 3.0 9.8 9.8
18a 459 5.88  5.28 2.91 4.38 1.09 1.72 — 1.5 3.3 9.3 9.3
19a 3.89 3.63 5.36 5.31 3.88 1.63 1.72 .32 3.6 9.5 3.2 1.0
20a 4.76 5.13 3.80 4.46 3.28 1.74 1.98 .18 3.8 10.4 3.1 1.0
21a 4.07 3.67 5.27 5.35 3.90 1.61 1.65 — 3.6 10.0 3.0 1.0
22a 4.90 5.10 3.98  4.63 3.35 1.60 2.01 — 3.6 10.2 3.0 1.0

a) At 90 MHz in

CCl, with Me,Si.

b) Underlined values are of I-_I~(‘3—0Ac

TasLE 6. H NMR DATA OF ACETATES OF DIBENZYL ETHERS OF METHYL AND BENZYL (-D-HEXOSIDES®
Chemical shifts/ppm® Coupling constants/Hz
Compound . ’

H-1 H-2 H-3 H-4 H-5 OAc OMe Ja Jes Jsa Jus
23a 4.76 4.65 3.87 3.38 3.64 1.83 1.95 3.32 4.0 10.0 10.0 8.6
24a 4.58 3.38 5.42 n n 1.86 1.96 3.30 4.0 9.5 9.5 n
25a 4.92 4.63 3.91 3.39 n 1.85 1.93 — 3.9 9.8 9.0 9.5
26a 4.74 3.33 5.50 3.37 n 1.87 1.97 — 4.0 9.6 9.6 9.6
27a 4.52 5.23 3.82 n n 1.94 2.07 .31 1.5 3.0 .6 n
28a n n 5.03 n n 1.86 1.97 .32 n 3.3 .0 n
29a 4.78 5.29 3.90 n n 1.97 2.06 — 1.5 3.3 7 n
30a n n 5.08 n n 1.86 1.96 — 2.1 3.4 .5 n
31a 4.84 5.14 3.81 n n 1.90 1.99 .29 3.5 11.0 .9 n
32a 4.59 3.88 5.08 n n 1.91 1.94 30 3.5 10.5 .0 n
33a 5.05 5.17 n n n 1.93 1.96 — 3.5 10.0 n n
34a 4.81 n 5.15 n n 1.93 1.95 — 3.5 11.0 3.0 n

a) At 90 MHz in CCl, with Me,Si.

I
b) Underlined values are of H-C-OAc.
]
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layer was washed with H,O well, dried over Na,SO,, evapo-
rated under reduced pressure at =50 °C, and chromato-
graphed on silica gel (Kanto Kagaku, No. 37047, >>100 mesh)
with toluene-2-butanone system (gradient elution, 100 : 1—
1 :1). This gave the results as summarized in Table 1. Physi-
cal and analytical data of the ditrityl ethers are summarized in
Table 3. The 'H NMR data of the acetates of the ditrityl
ethers are listed in Table 5.

Procedure for Rearrangement of Ditrityl Ethers. A mixture
of ditrityl ether (50 mg, 0.074 mmol), Py.-HCl (17 mg, 2.0
equiv.), and Py (0.25 ml) was heated at 100 °C under anhy-
drous conditions. After processing as above, chromatography
gave the results in Table 2.

Procedure for Transformation of Ditrityl Ethers into Dibenzyl
Ethers. A mixture of ditrityl ether (1.0 mmol), crushed
KOH (7 g/g of ditrityl ether), and PhCH,Cl (20 ml/g of
ditrityl ether) was heated at =~110°C for 18 h under good
stirring. After filtration and evaporation under reduced
pressure on a boiling water bath, the resulting mixture was
heated in a mixture (20 ml/g of ditrityl ether) of CF,CO,H,
MeOH, and CHCI; (1 :3:10, v/v/v) for 2—5h. After
neutralization with triethylamine and evaporation, the residue
was chromatographed on silica gel using toluene-2-butanone
system to give the dibenzyl ethers (60—759%, yield). Physical
and analytical data of the dibenzyl ethers are summarized in
Table 4. The H NMR spectral data of the acetates of the
dibenzyl ethers are listed in Table 6.
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