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Regioselective Acylation of Carbohydrates with 1-Acyloxy-1H-benzotriazoles

Istvan F. Pelyvas,*! Thisbe K. Lindhorst, Harald Streicher, Joachim Thiem
Institut fir Organische Chemie, Universitit Hamburg, Martin-Luther-King-Platz 6, D-2000 Hamburg 13, Germany

Acylation of representative carbohydrate derivatives was accom-
plished with in situ generated 1-acyloxy-1H-benzotriazoles. The
observed high regioselectivity, mild reaction conditions and conve-
nient work-up make the presented one-pot procedure generally
applicable and more advantageous than acylations with previously
introduced reagents, including N-acylimidazoles.

Selective acylations of carbohydrate derivatives with a
variety of acylating agents have been studied for a long
time and comprehensively reviewed.?* However, many
of the reagents employed are reported to possess insuffi-
cient regioselectivity, and sometimes the procedures in-
volve either low-temperature operations or forced con-
ditions and long reaction time (i.e. in the case of N-
acylimidazoles*?).

A simple procedure for the selective benzoylation of
polyols with 1-benzoyloxy-1H-benzotriazole (1-BBTZ)®
was previously reported by Kim et al.” Among noncar-
bohydrate diols, the 4,6-O-benzylidene derivatives of
methyl a-D-glucopyranoside and methyl a-p-altro-
pyranoside could be regioselectively benzoylated with 1-
BBTZ at OH-2, whereas in the case of methyl 4,6-O-
benzylidene-f-D-glucopyranoside, an approximately 1: 1
mixture of the 2-O- and 3-O-benzoates was produced,
with the isolated reagent.

The present paper extends and simplifies this acylation
procedure for diversely protected carbohydrates 1, 5,7, 9,
11, 14,16, 19, 22, 25, 28, 30 and 31 in a convenient one-pot
operation.

The acylation experiments were performed at room
temperature by in situ generation of the 1-acyloxy-1H-
benzotriazoles (hereafter referred as 1-BBTZ or 1-TBTZ)
from 1-hydroxy-1H-benzotriazole (1-HBTZ) and
benzoyl- or tosyl chloride in the presence of an equimolar
quantity of triethylamine, followed by simultaneous ad-
dition of a solution of the sugar and a second equivalent
of triethylamine. The applied reaction conditions and
physical data of the products are summarized in Table 1
and the most characteristic 'H-NMR data in Table 2.

OR® 1-HBTZ/BzCl or TsCl OR®
EtsN/CH,Cl,
R0 0 r.t., 2-24h R%0 0
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TLC investigation of the mixture produced upon benzoy-
lation of methyl a-D-glucopyranoside (1) with 3.3 equiva-
lents of 1-BBTZ showed the major product to be methyl
2,4,6-tri-O-benzoyl-a-p-glucopyranoside (3), accom-
panied by 2,3,6-tri-O-benzoate 4 and traces of the tetra-
O-benzoate 2. Column chromatography yielded approxi-
mately 40 % of pure 3 along with 16 % of 4 and a mixture
of 3 and 4 with significant preponderance of the 2,4,6-tri-
O-benzoate 3. Thus, contrary to benzoylations of 1 with
benzoyl chloride®® or with N-benzoylimidazole,'° where

2,3,6-tri-O-benzoate 4 was the main product, the applic-
ation of this new reagent allows a facile access of
preparative quantities of the 2,4,6-tri-O-benzoate 3 by
direct benzoylation.

Allyl 2-O-benzoyl-a-pD-glucopyranoside (5) could be
selectively benzoylated at the primary hydroxy group
upon benzoylation with one equivalent of 1-BBTZ to give
the 2,6-di-O-benzoate 6, a useful intermediate in natural
products syntheses,'!!2 in 81 % yield. Tosylation of allyl
6-O-(tert-butyldimethylsilyl)-a-p-glucopyranoside  (7)
with two equivalents of 1-tosyloxy-1H-benzotriazole (1-
TBTZ) resulted in 48 % of the 2-O-tosylate 8. The failure
of the reaction to go to completion, and the lack of
tosylation at the other secondary hydroxy groups may be
a result of steric hindrance due to the bulky silyl ether
function at O-6. A similar effect may be in operation in the
case of the 2-deoxy-6-O-silyl glycoside 14, affording,
exclusively, the 3-O-tosylate 15 in 66 % yield, whereas the
lack of the large silyl group in methyl 2,6-dideoxy-a-L-
arabino-hexopyranoside (16) resulted in an approximate-
ly 1:1 mixture of the 3-O- (17) and 4-O-tosylate (18).

Most surprisingly, an analogous benzoylation of methyl
p-p-glucopyranoside (9) with 3 equivalents of 1-BBTZ
gave neither the tetra-O-benzoate nor any of the tri-O-
benzoates. Instead, the reaction mixture comprised ap-
proximately 30% of the unreacted 9 along with an
approximately 8:1 mixture of two di-O-benzoates.
Column chromatography allowed the separation of the
major product, the hitherto unknown methyl 3,6-di-O-
benzoyl-p-D-glucopyranoside (10) in 60% yield. The
substitution pattern in 10 was unequivocally proved by
'"H-NMR spin decoupling experiments to assign the
chemical shift of H-3 and H-2 at § = 5.22 and J = 3.65,
respectively. On the contrary, either the conventional®3
or the stannylidene-assisted® direct benzoylations of the
corresponding a-anomer 1 gave methyl 2,6-di-O-benzoyl-
a-D-glucopyranoside. Consequently, selection of the con-
figuration of the anomeric protecting group offers a
distinction to obtain either the 2,6-di-O- or 3,6-di-O-
benzoate in the glucose series, both of which are appropri-
ate starting materials for oligosaccharide syntheses.

The higher reactivity of the anomeric hydroxy group
towards 1-BBTZ is demonstrated by the benzoylation of
11 which leads to 12 in addition to fully protected 13.
Further, the method can also be applied to unprotected
pyranoses, such as L-fucose (19), to give the 1,3-di-O-
benzoyl- (20) and 1,2,3-tri-O-benzoyl-B-fucopyranose
(21). The comparatively low yield of 32 % for the prepar-
ation of 20 from L-fucose is not too bad since a selective
approach to a fucose derivative such as 20 could other-
wise only be achieved by multi-step synthesis. On the
other hand, the synthesis of a 1,2,3-tri-O-benzoyl-
protected fucose derivative proceeds more conveniently
in a classical low temperature benzoylation.'* Thus the
order of reactivity of the hydroxy groups for fucose in
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Table 1. Regioselective Acylation of Cabohydrate Derivatives

SYNTHESIS

Substrate Reaction Conditions Product Yield mp (°C) [«]3} Molecular Formula®
Reagent/  Time Solvent* (%) (¢, CHClL3) or Lit. mp (°C)/
Equiv (h) [e]p (CHCIy)
OH 0Bz
HO 0 Bz0 0
HO 1-BBTZ/3.3 24 A Bz0 2 107-108 +82 (1.2) 106-108'%/ 4 842°
HO BzO
OMe OMe
1 2
OBz
0
azﬁm 40 syrup  +101(1.1) 49910
BzO OMe
3
0Bz
HO 0 s 9
820 16 130.5 +144 (1.2) 127-129%/+149.4
Bz0 OMe
4
OH 0Bz
HO ] HO 0
Bzoo 1-BBTZ/1.1 5 B 8200 81 136-137 +74 (1.0) +742
J J
5 6
0TBOMS OTBDMS
Hom Hom
HO HO
HO TsO .
0 1-TBTZ/22 4* C 0 48  syrup  +65(1.8) C,,H,;048Si
B B (608.8)
7 8
OH 0Bz
HO 0 HO 0
HO OMe 1-BBTZ/3.3 2;22¢ D,E B20. omMe 60 140-142 +14 (1.0) C,H,,0,
HO HO (386.4)
9 10
OH OH
Bnom BnO 0 .
Bn0 OH 1-BBTZ/1.1 18¢ F Bn0 08z 52 115-116 —26(1.0) C,,H,,0,
BnO BnO (554.6)
1 12
0Bz
BnO 0 20 syrup —1.0(2.7) C,Hs404
BnO 0Bz (658.7)
BnO
13
0TBDMS OTBDMS
HO OMe 1-TBTZ/1.1 22' G,K 150 oMe 66  syrup 20 (1.0) (C‘&%HG3)407S81
14 15 :
OMe OMe
ng 1-TBTZ/11 24 H ng 788 syrup  —95(21) —116'
OH OTs
16 17
OMe
Me 0
TsO.
OH
18
Me 0 OH MeMOBz
H
m*‘ 1-BBTZ/11 2.5 1 o 32 syrup —17(21) CyoH,00,
OH OH (372.4)
19 20
0 0Bz
Mem}Bz 11 syrup® - C,4H,404
on 082 (440.4)

N
-
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Table 1. (continued)

SYNTHESIS 1017

Substrate Reaction Conditions Product Yield mp (°C) [a]3} Molecular Ifyormula’
Reagent/ Time Solvent* (%) (c, CHCl,) or Lit. mp (°C)/
Equiv (h) [a]p (CHCL,)
P 0 Ph ]
h/YO : T : 7 7
Ho 1-BBTZ/1.1 24 ] HO 95  168-170 +108 (1.0) 169-1707/+ 107
HO dme B20 ope
22 23
P
-0 0
{-TBTZ/1.1 16 K HO 93 153-155 464 (1.0) 153.5-155'7/+ 6422

T1s0

OMe
24
Ph
Ph/\\oo 0 1-BBTZ/1.1 24' ] /YOO o 26 201-202 —34(1.0) 198-1997/—337
HO OMe HO OMe
HO Bz0
25 26
Ph™T>0
’Yo 0 34 180-182 —106 (1.2) 180-1827/—106.57
Bz0 OMe
HO
27
PATN0 Pro
/To 0 1-BBTZ/1.1 16 C THO 0 75  syrup +110 (1.0) +110'2
HO
HO BZO(j
28 ) 29 Z
Ph Ph
0
l\ 1-BBTZ/1.1 18 K Q 100  166~167 +95(1.1) 165%3/4.95%3
0 o)
HO R? Bz0 OMe
HO Ly HO

30R' = OMe, R2= K
31R' = H,R?: OMe

32

If not otherwise noted, satisfactory microanalyses obtained:
C +0.35, H +0.15.

Starting material (~20%) is present even after 20 h.

Starting material (~ 30%) is present even after 22 h.

Starting material (~20%) remains unreacted.

Prepared from methyl 2-deoxy-f-D-arabino-hexopyranoside ** by
reaction with ters-butyldimethylsilyl chloride in pyridine; mp
88°C; [«]3® —62° (c =1.2, CHCI,).

o o e o

chemical benzoylation showed to be 1-OH > 3-OH > 2-
OH > 4-OH. Corresponding acylations also proved to be
a rather useful method for other cases of selective protec-
tion of 6-deoxy-sugars.!s

In agreement with findings reported by Kim et al.”
analogous benzoylation with one molar equivalent of 1-
BBTZ of methyl 4,6-O-benzylidene-a-D-glucopyranoside
(22) and of the corresponding allyl glucoside 28 pro-
ceeded with excellent regioselectivity to afford the respec-
tive 2-O-benzoates 23 and 29 in 95% and 75 % isolated
yield, respectively. Tosylation of 22 with one molar
equivalent of the in situ generated 1-TBTZ showed
similar high selectivity, allowing the isolation of 93% of
the 2-O-tosylate 24. In comparison, benzoylation'® and
tosylation'” of 22 with N-benzoyl- and N-tosylimidazole
in chloroform at reflux temperature for several hours gave
only 78 % of 23 and 24, respectively, and benzoylation of

' Starting material (~10%) remains unreacted.

® A1:1 mixture of 17 and 18, not separable.

" Compound 21 is identified only by its 'H-NMR spectrum.
! Starting material (~25%) remains unreacted.

J Starting material (~ 10%) remains unreacted.

¥ For chromatography see experimental section.

22 with benzoyl cyanide afforded? the 2-O-benzoate 23 in
62 % yield.

At the same time, no selectivity of the benzoylation of the
B-anomer (25) of 22 with 1-BBTZ was observed, and an
approximately 1: 1 mixture of the two monobenzoates 26
and 27 was isolated. Similarly, benzoylation of methyl
4,6-0-benzylidene--D-galactopyranoside (30) resulted in
the formation of the two monobenzoates in a nearly 1:1
ratio. Contrarily, the corresponding f-anomer 31 of 30
showed superior regioselectivity and gave the 3-0-
benzoate 23 in a near quantitative yield. This observation
demonstrates the advantages of the present procedure,
since e.g. 31 gives only 65% and 47-58% of the O-3
esters upon conventional acylation with ethoxycarbonyl
chloride!® and tosyl chloride.!®

The results detailed above clearly prove the general utility
of 1-acyloxy-1H-benzotriazoles in regioselective acyl-
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Table 2. Characteristic 'H-NMR Data of Acylated Carbohydrates Prepared [CDCl,/TMS, 4, J (Hz)]
Compound H-1  H-2 H-3 H4 H-5 H-6 H-6 OCH; H,,, Ji2 oz J3a Jos Jse s Jee

2 530 536 622 572 4.40-4.70 350 7.28-815 3.7 - - -
3 505-518 450 3.38 4.25-4.65 348  7.25-8.15 - 107 ;95'0 ;?50 - - -
4 515 528 580 388 412 480 462 346 730-815 38 105 100 100 42 25 120
6 518 495 400 359 400 480 450 - 740-810 37 102 90 90 40 24 120
8 482 425 398 350 3.65 375-388 - 728-782 36 96 94 92 44 28 110
10 440 365 520 3.68-378  465-472 360 740-818 100 93 95 - - - -
12 5.92 3.55-3.95 = 725808 98 - - - - - _
13 5.97 3.75-3.90 450-500 - 728810 98 - - - - - -
15 435 fég 455 360 3.2 3.85 340 720-788 88, 96, 98 97 43 27 12D
. 2 a4
1T418° 466 211 470 - 362 - - 327 730-788 e
1.78
20 585 429 516 399 391 - - - 720-808 81 100 23 ~1 65 - -
21 600 604 537 412 400 - - - 720818 83 96 32 ~1 64 - -
23° 504 528 438 332 388 410 347 290 7.00-825 36 100 105 105 46 30 120
24 485 437 412 2.35- 430 335390 330 730-785 35 98 102 105 45 32 120
90
26 462 518 407 369 355 442 385 350 735810 95 105 103 104 47 33 120
27t 398 373 577 357 320 412 348 320 7.00-810 98 104 103 10.5 45 34 120
29 520 506 380 365 420 392-405 -  730-8.10 40 103 105 104 46 3.5 120
320 409 436 530 414 267 402 337 335 720830 78 102 38 1.5 18 18 122

® Signals for C-5 methyl protons appear at = 1.18 and 1.24 with an integral ratio of ~1:1.

b Spectrum recorded in C¢Ds.

ation of carbohydrates. In some cases this method allows
the direct preparation of partially acylated derivatives
(e.g. 3 and 10), otherwise available only from multistep
syntheses. Clear advantages of the applied method are: in
situ formation of reagents, high yields, mild reaction
conditions and simple workup procdures.

Compounds 1, 9 and 19 are commercially available. The sugars 7,
11 and 14 were prepared in the author’s laboratory and each of
them gave satisfactory analytical and spectroscopic data. Com-
pounds 5,17 16,24 22,23 25,2% 28,2 30,>° and 317° were synthesized
according to literature procedures. Melting points were determined
with Kofler and Olympus hot-stage apparatus and are not correct-
ed. Specific optical rotations were measured with a Perkin-Elmer
Polarimeter 241. The 'H-NMR spectra were recorded with Bruker
SY 200 and Bruker WM 300 instruments. TLC and column
chromatography were performed on precoated silica gel plates
(Merck 60 F,4s) and on Kieselgel 60 (Merck 230-400 mesh),
respectively, with the following solvent systems: (A)
CH,Cl,/EtOAc  (24:1); (B) hexane/EtOAc 1:1); (©
CHCIl,/EtOAc  (1:1); (D) toluene/MeOH (85:15); (E)
toluene/MeOH (7:3); (F) toluene/MeOH (19:1) (G) CH,Cl; (H)
toluene/MeOH (9:1); (1) toluene/EtOAc (4:1); (J) CH,Cl,/EtOAc
(19:1); (K) CH,Cl,/MeOH (99:1). All evaporations were carried
out under diminished pressure at ca.40°C.

Acylation of Carbohydrate Derivatives with In Situ Generated 1-
Acyloxy-1H-Benzotriazoles; General Procedure:

To a stirred mixture of anhydrous 1-hydroxy-1 H-benzotriazole {1-
HBTZ, 1.1-3.3mmol) and Et,N (1.1-3.3 mmol) in dry CH,Cl,
(5-15mL) is added slowly BzCl or TsCl (1.1-3.3 mmol) at 1.t.
over a period of 20 min. The mixture is stirred for a further 30 min.,
then a concentrated solution of the sugar (1.0 mmol), to be acy-
lated, in CH,Cl, (5-15 mL) and Et;N (1.0 mmol) are added in one
portion, and stirring is continued for the period indicated in Table
1. The reaction mixture is diluted with CH,Cl, until a clear
solution is obtained, and then washed with 10 % NaHCOj;, water,
and dried (Na,SO,). After evaporation and co-evaporation with
toluene, the residue is purified as indicated in Table 1.
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