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F. Santoyo-Gonzalez,* F. Garcia-Calvo-Flores, J. Isac-Garcia, R. Robles-Diaz, A. Vargas-Berenguel
Departamento de Quimica Organica, Facultad de Ciencias, Universidad de Granada, E-18071 Granada, Spain

Received 3 March 1993, revised 14 May 1993

Diphenylacetyl chloride is used as a protective reagent for methyl
a-D-glucopyranoside, methyl a-D-mannopyranoside, and a,a-treha-
lose showing a good regioselectivity. The obtained diphenylacetyl
esters were readily removed under neutral and mild conditions with
N-bromosuccinimide followed by thiourea, in a one-pot reaction,
in the presence of acetyl or benzoyl groups.

Selective acylations of carbohydrate derivatives have
been well studied employing a wide variety of acylating
reagents.’? The primary hydroxy groups of carbohy-
drates are considered to be the more reactive in esterifi-
cation and alkylation than the secondary hydroxy
groups.! Consequently, the synthesis of carbohydrates
substituted at secondary hydroxy groups and containing
a free primary hydroxy, usually requires the application
of blocking—deblocking techniques.® ~°

In the field of cyclomalitooligosaccharides (a, f, and y-
cyclodextrins), the fert-butylsilyl®” and dimethylthexyl-
silyl (thexyl = 1,1,2-trimethylpropyl)® groups have been
used extensively for the protection of 6-HO of these com-
pounds. In search of new protective groups for 6-HO
that can be removed under mild and neutral conditions
we envisaged that diphenylacetyl chloride (hereafter re-
ferred as DPA-CI) could be an adequate reagent. This is
a relatively bulky reagent because of the presence of two
phenyl groups. Therefore, a high selectivity for primary
hydroxy groups may be expected. In addition, the result-
ing esters will possess a benzylic hydrogen which can
undergo free-radical bromination by treatment with N-
bromosuccinimide (NBS). Reaction of the resulting
bromoesters with thiourea® ! or hydrazinedithiocarbo-
nate,'**4 should allow the removal of the diphenylacetyl
group under mild and neutral conditions (Scheme 1).
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In order to study the applicability and versatility of DPA-
Cl as a new protective reagent, we have assayed first the
protection reactions on methyl a-D-glucopyranoside (1),
methyl a-D-mannopyranoside (9) and «,a-trehalose (19).
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The acylation experiments were performed at low tem-
perature (~ — 10°C) by addition of DPA-CIl in anhy-
drous pyridine to a solution of the corresponding sugar
in anhydrous pyridine. The reaction conditions applied
are summarized in Table 1.

Treatment of methyl a-D-glucopyranoside (1) with 1.5
equivalents of DPA-CI gave a mixture of three products
(TLC) which were fractioned by column chromatography
to yield the 6-O-diphenylacetate 2 (40 %), as major prod-
uct, and the 2-O-diphenylacetate 3 (6 %) and the 2,6-
di-O-diphenylacetate 4 (25 %) as minor compounds.

Similar acylation of methyl a-D-mannopyranoside (9)
yielded a crude product which was purified by column
chromatography. The most mobile component was the
3,6-di-O-diphenylacetate 12 (14 %). Eluted next were the
2,6-di-O-diphenylacetate 11 (14 %) and the 6-O-diphen-
ylacetate 10 (41 %).
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Table 1. Regioselective Diphenylacylation of 1, 9 and 19

SYNTHESIS

Sub- DPA-CI Time Solvent* Prod- Yield mp (°C) []3® (c, solvent) MS (m/z, %)
strate (Equiv) (h) uct (%)
1 1.5 12 A 2 40 130-131 +73° (1, MeOH) 389 M* + 1), 357 (M* CH;0)
3 6 137-140 + 72° (1, MeOH) 389 M* + 1), 357 (M* CH,0)
4 25 50-52 +29° (1, MeOH) 583 M* +1), 551 (M™* CH,0)
1 2.2 24 B 4 83
9 1.5 3 C 10 41 foam +12° (1, MeOH) 389 M* + 1), 357 (M* CH,0),
339 (M* CH,0H,0)
11 14 foam —11° (1, CHCly) 583 (M* +1), 551 M* CH,0)
12 14 foam +52° (0.5, CHCl,) 357 (M* + 1 CH,0Ph,CHCHO)
9 2.2 2 D 13 38 syrup —15° (1, CHCly) 777 M* + 1), 745 (M* CH,0)
19 1.5 12 D 20 23 145-146 +110° (1, CHCl;) 753 (M™ + Na)°
21 43 148151 + 86° (1, MeOH) 559 M* + Na)®
19 2.5 12 D 20 69
21 27

* Solvent for chromatography, see experimental section.
® Satisfactory microanalyses obtained: C + 0.4, H 4 0.2.

Repetition of the above reactions with 2.2 equivalents of
DPA-Cl in case of substrate 1 gave 2,6-di-O-diphenyl-
acetate 4 (83 %) and in case of starting material 9, 2,3,6-
tri-O-diphenylacetate 13 (38 %), respectively, after puri-
fication of the crude products by column chromatogra-

phy.

The results of these reactions indicate the order of reac-
tivity to be 6-HO > 2-HO > 3-HO > 4-HO for methyl
a-D-glucopyranoside (1) and 6-HO >2-HO =~
~ 3-HO > > 4-HO for methyl o-D-mannopyranoside
(9). This reactivity is similar to that observed for benzo-
ylation of 1,'* but quite different to that shown for 9 in
this reaction.'®

Methyl 2,6-di-O-diphenylacetyl-a-D-glucopyranoside (4)
and methyl 2,3,6-tri-O-diphenylacetyl-a-D-mannopyra-
noside (13) are appropriate starting materials to be used
as building-blocks in oligosaccharides synthesis. Com-
pound 4 may also be an useful intermediate in natural
product synthesis.!”

¢ FAB spectra.

Treatment of a,a-trehalose (19) with 1.5 equivalents of
DPA-Cl gave a mixture of two products which were
readily fractioned by column chromatography to give
the 6,6'-di-O-diphenylacetate 20 (23 %) and the 6-O-di-
phenylacetate 21 (43 %). When this reaction was carried
out using 2.5 equivalents of DPA-CI the major product
was 21 (69 %) and the minor one was 22 (27 %).

The structures of 2-4, 10—13, 20 and 21 were readily
determined by 'HNMR spectroscopy based on the
strong deshielding effected by the diphenylacetyl group
and by formation of the corresponding peracetylated
(5-7, 14-17, 22 and 24), and the perbenzoylated der-
ivatives (23, 25) obtained by conventional acetylation
and benzoylation (see Tables 2, 3, 4 and 95).

The removal of the diphenylacetyl groups from 5, 14, 22,
23, and 25 was accomplished in a convenient one-pot
procedure by reaction of these compounds with NBS
followed by treatment with thiourea.’ 2 In this way,
compounds 8,'° 18,2 26,21-22 2723 and 28 were obtained
with moderate to good yields (40—86%). The reaction

Table 2. Physical Data of Acetylated and/or Benzoylated Derivatives 5-7, 14-17, 22-25, 27 and 28

Prod- mp (°C) [2]2% (¢, CHCl,) MS (mjz, %)

uct®

5 130-132 +94° (1) 515 (M™* +1), 483 M* —CH,0)
6 syrup +130° (0.5) 515 (M* +1), 483 (M* —CH,0)
7 116-118 +111° (0.8) 635 M+ —CH,0)

14 syrup +30° (1) 515 (M* +1), 483 M* —CH,0)
15 syrup +19° (1) 635 (M* —CH,0)

16 syrup +1°(0.7) 667 (M* + 1), 635 (M* —CH,0)
17 syrup -8 () -

22 65-67 + 83° (0.6) 1005 (M* -+ Na)

23 87-89 +182° (1) 1377 M™* + Na)

24 foam +124° (1) 853 (M* + Na)

25 68-71 +172° (1) 1262.35719 M *)°

26 syrup +163° (1.2) 989 (M* + Na)®

27 100-102 +151° (1.1) 1068.28403 (M™*)®

2 Satisfactory microanalyses obtained: C + 0.40, H + 0.20.
® High resolution mass spectra.
¢ FAB spectrum.
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Table 3. Characteristic ‘H NMR Data for 2-7, 10-17, 20-25, 27 and 28

Comp- (C¢H,),CH H-t H-2 H-3 H-4 H-5 H-6 H-6' OCH,
ound
2 s, 5.19 d, 4.46 dd, 3.15 t, 3.35 dd, 3.00 ddd, 3.47 dd, 4.44 dd, 4.11 s, 3.04
3 s, 5.20 d, 4.74 dd, 4.54 m, 3.20-3.65 s, 3.16
4 s, 5.24 d, 4.74 dd, 4.58 t, 3.61 t, 3.19 m, 3.55 dd, 4.52 dd, 4.19 s, 2.98
s, 5.23
5 s, 5.06 d, 4.83 dd, 4.77 dd, 5.42 dd, 4.93 ddd, 3.93 dd, 4.31 dd, 4.20 s, 3.17
6 s, 5.03 d, 4.97 dd, 4.89 t, 5.48 t, 5.01 ddd, 4.14  dd, 4.25 dd, 4.08 s, 3.33
7 s, 5.06 d, 4.88 dd, 4.78 t, 5.44 t, 4.89 ddd, 3.94 dd, 4.31 dd, 4.20 s, 3.13
s, 5.02
10 s, 5.09 d, 4.55 dd, 3.83 dd, 3.71 t, 3.56 m, 3.62 m, 4.50 dd, 4.35 s, 3.02
11 s, 5.06 d, 4.66 dd, 5.10 dd, 3.91 t, 3.39 m, 3.69 m, 4.35-4.47 s, 3.15
s, 5.05
12 s, 5.12 d, 4.06 s, 3.92 dd, 5.08 brt, 3.67 ddd, 3.74  dd, 4.49 dd, 4.42 s, 3.20
s, 5.09
13 s, 5.03 d, 4.61 dd, 5.27 dd, 5.20 t, 3.55 ddd, 3.76  dd, 4.42 dd, 4.35 s, 3.16
s, 4.95
s, 4.70
14 s, 5.06 s, 4.61 dd, 5.18 dd, 5.29 t, 5.18 ddd, 3.92 dd, 4.32 dd, 4.24 s, 3.14
15 s, 5.07 d, 4.60 dd, 5.26 dd, 5.27 t, 5.13 ddd, 3.90 dd, 4.28 dd, 4.19 s, 3.13
s, 4.97
16 s, 5.05 d, 4.60 dd, 5.22 dd, 5.35 t, 5.19 ddd, 3.89 dd, 4.28 dd, 4.20 s, 3.12
s, 4.94
17 s, 5.07 d, 4.61 dd, 5.36 dd, 5.35 t, 5.13 ddd, 3.87 dd, 4.24 dd, 4.15 s, 3.11
s, 5.02
s, 4.52
20 s, 5.18 d, 471 m, 3.18 dt, 3.54 dt, 3.06 m, 4.14 brd, 436 dd, 4.14 —
21 s, 5.17 d, 4.84 m, 3.00-3.60 m, 3.91 dd, 4.38 dd, 4.11 -
d, 4.83 m, 3.63 3.00-3.60
22 s, 5.05 d, 4.85 dd, 4.88 t, 5.41 t, 4.94 m, 4.00-4.08 dd, 4.33 -
23 s, 5.05 d, 5.30 dd, 5.25 t, 6.15 t, 5.41 ddd, 4.09 dd, 3.89 dd, 3.70 -
24 s, 5.04 d, 5.18 m, 488-5.05 t 544 m, 4.88-5.05 m, 4.17-4.31 -
d, 5.03 m, 3.95-4.12
25 s, 5.45 d, 5.60 dd, 5.43 t, 6.25 t, 5.65 ddd, 424 dd, 4.04 dd, 3.91 -
d, 547 dd, 5.31 t, 6.20 t, 5.42 ddd, 4.14  dd, 3.87 dd, 3.71 -
27 - d, 5.74 dd, 5.41 t, 6.30 t, 5.51 dt, 3.91 dd, 3.18 dd, 2.98 -
28 - d, 5.74 dd, 5.48 t, 6.33 t, 5.68 ddd, 4.33  dd, 3.96 dd, 2.95 -
d, 5.73 dd, 5.43 t, 6.28 t, 5.48 dt, ~3.88 dd, 3.85 dd, 3.18 -

* Solvent: DMSO-dg + D,0 for 2-4 and 21; CDCl, for 5-7,10,12-17 and 22-28; DMSO-d; for 11 and 20.

® For J values, please see Table 4.

conditions used are summarized in Table 6, and physical
data of 26 and 27 are given in Tables 3 and 4. The
moderate yield observed in the deprotection of com-
pound 22 can presumably be ascribed to photobromina-
tion of the acetoxy groups in the treatment with NBS
owing to the long reaction time used in this case. Blattner
et al.?* have observed in photobromination reactions
transformation of acetoxy groups in bromoacetyl and
dibromoacetyl derivatives as side products.

The results detailed above prove the utility of DPA-CI
in acylations of carbohydrates with a good regioselectiv-
ity. Diphenylacetyl groups can be readily removed under
mild and neutral conditions in the presence of other acyl
groups such as acetyl or benzoyl.

Application of this reagent in cyclomaltooligosaccharides
is underway, and will be reported soon.

Melting points were determinated with a Reichert hotplate micro-
scope and are uncorrected. Solutions were dried (Na,SO,) before

concentration under diminished pressure. NMR spectra were ob-
tained with a Bruker AM-300 spectrometer. Elemental analyses
were performed with a Perkin-Elmer analyzer 240C. MS data (m/z)
were obtained by the chemical ionization mode using methane as
the ionizing gas with a Hewlett-Packard 5988A instrument and
molecular weights were obtained was a Kratos MS-80-RFA instru-
ment. Specific optical rotations were measured with a Perkin-Elmer
Polarimeter 141. TLC and column chromatography were performed
on precoated silica gel plates (Merck 60 F,,s) and on Kieselgel 60
(Merck 230—400 mesh), respectively, with the following solvent
systems: (A) hexane/EtOAc (1:1); (B) hexane/Et,O (1:1); (C)
CHCI;/MeOH (5:1); (D) CHCl;/MeOH (10:1). All the evapora-
tions were carried out under diminished pressure at 40°C. Diphen-
ylacetyl chloride (tech., 90 %) was purchased from Aldrich Co.

Acylation of 1, 9 and 19 with Diphenylacetyl Chloride; General
Procedure:

A solution of diphenylacetyl chloride in anhydr. pyridine (ratio,
1 g:25 mL) was added dropwise to a stirred and chilled (~ — 10°C)
solution of the corresponding sugar in anhydr. pyridine (ratio,
1g:30 mL). The mixture was kept at this temperature for the period
indicated in Table 1. MeOH (25 ml.) was added and the mixture
evaporated and coevaporated with toluene. The residue was purified
by column chromatography using eluents as indicated in Table 1.
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Table 4. J Values (Hz) for the 'H NMR Data of 2-7,10-17, 20-25,
27 and 28

Com- Jiz a3 Jias Jas Jse Jse Jee
pound

36 9.6 ~90 ~100 20 7.0 117

3 36 100 - - - - -
4 36 100 ~93 ~93 16 67 118
5 36 100 94 10.0 24 57 121
6 3.7 102 ~95 ~100 24 46 123
7 36 103 ~92 ~100 24 57 121
10 08 31 9.2 ~9.7 - 77 117
11 1.7 33 9.0 ~103 - - -
12 18 32 10.0 ~9.5 24 48 120
13 1.8 34 9.6 ~9.5 25 58 119
14 1.7 34 10.0 ~100 28 65 120
15 12 35 9.9 ~98 27 6.6 120
16 1.7 34 10.1 ~105 28 68 120
17 16 34 8.1 ~105 26 69 120
20 36 9.1 ~91 ~95 - 51 115
21 37 - - - 20 53 118
32
22 38 95 ~95 ~98 - 69 124
23 39 100 ~95 ~95 22 52 123
24 38 - ~95 ~95 - - -
4.0
25 38 9.8 ~99 ~96 22 47 124
3.8 101 ~99 ~98 27 51
27 39 102 ~99 ~99 20 28 132
28 40 101 ~99 ~99 27 45 124

39 104  ~99 ~99 20 26 134

SYNTHESIS

Removal of Diphenylacetyl Chloride Group from 5, 14, 22, 23, and
25; General Procedure:

To a solution of the corresponding sugar in freshly destilled CCl,
(ratio, 1 g: 50 mL) was added NBS and Ba(CO,), (2 equiv./1 equiv.
NBS). The suspension was heated at the reflux temperature with
efficient stirring and the mixture was irradiated directly with a 60-W
incandescent bulb for a period indicated in Table 6. The reaction
mixture was filtered and washed with CCl, (25 mL). The filtrate
and washings were evaporated under diminished pressure. The crude
product was dissolved in anhydr. MeCN and thiourea was added.
After heating at the reflux temperature with stirring for the time
indicated in Table 6 and evaporation of the reaction mixture, EtOAc
was added, and washed with water. The organic layer was dried,
filtered and evaporated. The resulting crude product was purified
by column chromatography.
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Table 6. Cleavage of Diphenylacetate Derivatives 5, 14, 22, 23 and 25

Sub- NBS Time

strate (Equiv) (h) (Equiv) (h) uct (%)

Thiourea  Time Prod-  Yield

mp (°C)
found reported

[212% (c, solvent)

5 1.5 7 6 5 8 88
14 33 24 10 6 18 81
22 4.0 48 10 24 26 40
23 6.6 24 20 24 27 59
25 4.0 24 8 16 28 59

110-112 11119 +127° (1, CHCl;)  149°1°

100 97-982°0 +50° (1, CHCl,) 55020
84-86 82862122 -
syrup syrup?? +163° (1.2, CHCl;) -
100-102 - +151 (1.1, CHCl;) -

* Satisfactory microanalyses obtained: C + 0.3, H + 0.2.
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