ORGANIC
LETTERS

New Method for Chloroamidation of i

Olefins. Application in the Synthesis of 51715174
N-Glycopeptides and Anticancer Agents

Girish K. Rawal, T Amit Kumar, T Urmila Tawar, ¥ and Yashwant D. Vankar* -t

Department of Chemistry, Indian Institute of Technology, Kanpur-208016, India and
Ambedkar Centre for Biomedical Research, University of Delhi, Delhi-110007, India

vankar@iitk.ac.in

Received August 28, 2007

ABSTRACT

Chloroamidation of olefins using a new reagent system (COCI) ~ ,-AgNO3-CH3;CN was observed. Various glycals with this reagent system produce
2-chloro-1-acetamido sugars in good yields which, in turn, were converted to free amino derivatives and various glycopeptides. The acetamido
sugar derivatives and free amines were found to be promising anticancer agents against the U-87 malignant glyoma (a brain tumor) cell line

with IC-50 = 1 nm-22 uM, and they were found to be far less cytotoxic against a normal human embryonic kidney cell line.

Vicinal haloamines are important building bloék3 in esters, ketones, and nitriles. Several nitrogen/halogen sources
organic and medicinal chemistry which can be obtained from such as 4-TsNGF2" 2-NsNNsCI (Ns= 4-nitrobenzene-
olefins either by aminohalogenatiorf via an aziridinium sulfonyl), a combination of 2-NsNgand 2-NsNHN&Sand
type intermediate followed by attack of a halogen or by a combination of NBS and TsNff in the presence of
haloaminatiofi via a halonium type intermediate followed different Lewis acids have been used for this purpose. The
by attack of a nitrogen nucleophile. Although various stereo- and regioselectivity of products during aminohalo-
methods of aminohalogenation of olefins have been reportedgenation suggests that the process occurs via an aziridinium
they are limited to specific substrafdike a,5-unsaturated  ion intermediate. Haloamination reactions, on the other hand,
have been reportédn a variety of olefins including glycdls
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bromosuccinimide and acetonitrile in the presence of a Lewis oxalyl chloride-AgNQ-CH3;CN, could introduce a nitro

acid catalyst. They have also reported conversion of cyclo-

hexene to the corresponding chloroacetamide usingloro-
succinimide (NCS) acetonitrile in the presence of a Lewis
acid; however, it requires longer reaction time (20 h). For
fluoroamination reactions, selectfluor has been tised-
tensively as a source of fluorine. 2-Deoxy or 2-substituted

1-amino sugar derivatives are precursors for the synthesis

of pharmaceutically and biologically important 2-dedXy-
glycopeptided? It has also been reported that sugar modified

nucleosides are promising candidates for treatment of cancer

and AIDS? Although 2-iodo or 2-bromo glycosyl amino
derivatives are readily obtained from glycélthere is not

much biological significance associated with these products.

On the other hand, 2-fluoro and 2-chloro glycosyl amino
derivatives are biologically more importa¥itFor example,
2-deoxy-2-chloro-ribonucleotide was one of the first inhibi-
tors of enzyme ribonucleotide reductasan important target
for treating viral diseases, AIDS, and cancer.

As part of an ongoing research progrfdméin function-
alizing glycals toward the synthesis of biologically important

group and acetamido group onto olefins as shown in Scheme
1 (path A). However, what we observed was formation of

Scheme 1. Tentative Mechanism for Chloroamidation of

Olefins
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the corresponding 2-deoxy-2-chloro-1-acetamido sugars from
glycals (path B) indicating that path A, involving a nitronium
ion, was not operational. In view of the importance of sugar-

molecules, we proposed to introduce a new method to derived chlorinated molecules (vide supra) we explored this

procure 2-nitro-1-amino sugars with the hope that the 2-nitro

group could be converted into a variety of other function-
alities!” Further, the nitro group could be reductively
removed under radical conditions to form 2-deoxy sugar
derivatives. A few years ago, we introduégd new reagent
system, namely CISiIMeAgNOs-CrO; for one-pot conver-
sion of olefins intoa-nitro ketones. This reagent system is
believed to be a source of nitronium ion. We therefore

anticipated that a new and somewhat similar reagent system
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chemistry in synthesizing a variety of sugar-derived vicinal
chloro amines and chlorN-peptides and studied the cyto-
toxicity of some of them.

In initial experiments, the cyclohexeBavas treated with
the reagent system oxalyl chloride-silver nitrate in acetoni-
trile, and after optimization it was found that 1.5 equiv of
oxalyl chloride and 1.5 equiv of silver nitrate in acetonitrile
when mixed at—20 °C followed by the addition of
tyclohexene gave 1-chloro-2-acetamido cyclohexane in 80%
yield. The stereochemistry of the product was found to be

Table 1. Chloroamidation of Olefins
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trans$® which indicated that this reagent system is a source
of chloronium ion (Ct). The scope of this chloroamidation

process was explored by using different olefins like dihydro-
pyran,trans-stilbene, styrene, and methyl acrylate (Table 1)

(19) Trans stereochemistry of the cyclohexene derivétiwas confirmed
by comparison of its spectral data as well as its M.P.
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Scheme 2. Preparation of 2-Chloro-1-N-acetyl Sugar Derivatives from Pyrano Glycals
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as well as by treating various pyran and furan glycals. Among diastereomer was obtained from furan glyéaz3a—cvia

the products derived from nonsugar based olefins, the X-raya chloronium ion intermediate from-side followed by the
crystal structure of the major chloroacetamide obtained from attack of acetonitrile fronfi-side. The structures of sugar-
dihydropyran showedthat chloro and acetamido groups are derived chloroacetamides (Schemes 2 and 3) were confirmed
cis to each other with chlorine at C-2 and the acetamido by 1D, 2D NMR and mass spectral data, NOE experiments,
group at C-1. This indicates that an oxonium ion is formed and in some cases with the single-crystal X-ray data.

after the initial reaction of dihydropyran with Clbefore Chloroacetamide$2, 13, and18 were efficiently depro-
acetonitrile attacks at the anomeric carbon thus leadingtected under optimized conditicisusing 0.7 N HCI in
mainly to a cis product due to the anomeric effect. Likewise, MeOH at 55°C to obtain the corresponding 2-chloro-
the crystal structure of styrene derived chloroacetafflide glycosyl amine5, 26, and27, respectively (Scheme 4). It
showed that the acetamido group is at the benzylic position

and chlorine is at the terminal carbon. Thus, the regioselec- || NG

tivity in both of these cqmpounds also_ indicates th_at the Scheme 4. Deprotection of Chloroacetamides to Chloroamines
present reagent system is a source of Bh. A tentative

. . . O.__NHAc 0.7NHCI O.__NH,
mechanism is shown in Scheme 1. Treatment of glycals, as (I MeOH fl
expected, gave products with exclusive regioselectivity where ,,(Ro§ cl 55°C n(RO{ Cl
chlorine was found to be at C-2 and acetamido group at C-1 0Bn 0OBn Bno ,OBN
(Schemes 2 and 3). It is worth mentioning that attempts to ¢ o o

BBOO NH, Bgn NH; o NH>
n cl cl
12—25 (88%) 13— 26 (86%) 18— 27 (82%)

Scheme 3. Preparation of 2-Chloro-1-N-acetyl Sugar
Derivatives from Furano Glycals

RO (o0 OR is important to note that compounds3 and 18 were
RO O, agNO, RO O sNHAC epimerized under these conditions to the correspongding
J/ —GreN ) 3 anomers26 and 27, respectively. The free amin@s5—27
RIO %0°C4smn RO h led with suitably protected amino acids und
23 (a) 24 (a-c) were then coupled with suitably protected amino acids under
a R=R'=Bn (88%) the standard coupling conditicisising DCC and HOBt in
b R=R'=Bz (92%) THF to obtain the corresponding 2-chlgfeN-glycopeptides

¢ R=Bz R'=Bn (90%) 28—33 with gluco-, glacto-, and manno-configuration (Scheme

5). Dechlorination of these glyco-peptides under radical
conditions using tributyltin hydride and AIBN in refluxing
tert-butanol led to the 2-deoxg-N-glycopeptides34—37
(Scheme 5).

convert glycals using simple source of @NCS) along with
NaN; in CH3CN did not lead to any 2-chloro-1-amino sugar

derivative. Further, reaction gf'3,4,6-tﬁ—benzyl glucal with Colinas et af* have recently reported a few glycal-derived
NCS in presence of BFELO™ in CH,CN at 0-10°Cwas 5 qeoxy-sulfonamides to be potent inhibitors for the growth

not clean and gave a number of products as revealed by thin henatacellular carcinoma cell lines. In view of this, we

layer chromatography, and none of these products matched, e carried out a preliminary study and investigated the
with the expected 2-chloro-1-acetamide. Hence it appears

that the present reagent system is a mild and good source of (21) Stereochemistry was confirmed by comparingXialues of related
CI* which could be used in Carbohydrate chemistry. structures from the following references. (We are thankful to one of the

L - referees for suggesting to establish the stereochemistry of furano sugar
Although glucal derivatived1 and14 gave a mixture of  jerivatives by this comparison.) (a) Liautard, V.; Desvergnes, V.; Martin,

two diastereomers in equal ratio, better stereoselectivity wasoO. R.Org. Lett.2006,8, 1299. (b) Blanco, J. L. J.; Sylla, B.; Mellet, C. O.;
At ; Fernandez, J. M. Gl. Org. Chem2007,72, 4547.

observed for gaIaCtaI derivativé§ and20. Further, a smgle (22) TheN-glycosyl amides are chemically very stable. We here report

for the first time that 1IN acetyl sugar derivatives can be successfully
(20) CCDC 6510009), 651048 10), 65104915), 65105021), 651051 deprotected to free amines.

(22), 651052 25) contains the supplementary crystallographic data available  (23) Torres, O. L.; Haro, |.; Bardao, E.; Valencia, G.; Garcia-Anton, O.

free of charge from the Cambridge Crystallographic Data Centre via M.; Reig, F.Tetrahedron1988,44, 6131.

www.ccdc.cam.ac.uk/data_request/cif. (24) Colinas, P. A.; Bravo, R. DOrg. Lett.2003,5, 4509.
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Scheme 5. Synthesis of 2-Chloro and Table 2. IC-50 Values against U-87 Malignant Glyoma (Brain
2-Deoxy-N-glycopeptides Tumor) and Human Embryonic Kidney (Normal) Cell Lines
CH
. oBn i o8 1C-50 (uM) for U-87
R X HOOC” “NHBoc R XO H o SHs compound malignant glyoma cell IC-50 (uM) for
B}?\ZO R NHz % B%Z NW]/‘\NHB oc entry number line normal Hek cell line
Y
0-10°C, 24 h o 1 12 6 >100
25R", Y=H,R?=0Bn, X=Cl 28 (72%) | TBTH 34 (88%) 2 13 22 >100
26R", X=H,R2=0Bn, Y =Cl 29 (74%) tAﬂi 34 (84%) 3 18 5 75
BUOH
27R"=0Bn,R%, X=H,Y=Cl 30 (72%) | refinx 35 (85%) 4 19 16.5 74
COOH 5 24b 37 >100
s
' o8 £ 6 25 0.001 100
ZR&@ Bu'0OC” “NHBoc R! OBn 7 26 0.1 37
R H
R NH;  DCC, HOB R&N . NHEOO 8 27 0.04 >100
Y THF Bn \n/ r
0-10°C, 24 h Y o coosu
] u
1y=H RZ= = . . . . .
2 Rq’ veR, R2 OBn, X=Cl 31(74%) | TBTH 36 (80%) derived vicinal chloro amines so obtained are converted into
26R, X =H,R"=0Bn, Y =Cl 32(72%) aoon ¢ 67%) 2-deoxy and 2-chloro glycopeptides. Further, vicinal chlo-
27R'=0Bn, R% X=H,Y=Cl 33(78%) ) refiax 37 (84%) roamides and chloroamines derived from sugars have been

found to be potently cytotoxic against two cancer cell lines.

cytotoxicity of some of these 2-chloro-glycosylacetamides  Acknowledgment. We thank the DST, New Delhi, for

and glycosyl amines against the U-87 malignant glyoma financial support in the form of a Ramanna Fellowship to
(brain cancer) and normal human embryonic kidney cell vy p v, we also thank the CSIR, New Delhi for fellowships
lines. Our results are summarized in Table 2. The IC-50 {5 G K.R. and A.K. We would like to acknowledge Dr. Vibha
values clearly show that these compounds are highly cyto-tandon for allowing us to use the cell culture room facility

toxic against the U-87 cancer cell line (2M—1 nM), at the Ambedkar Center for Biomedical Research, University
whereas these are much less toxic against the normal humalaf Delhi

embryonic kidney cell line. It is therefore expected that some
of these compounds could be useful lead molecules for the
development of novel anticancer agents. Detailed biological
study with other cancer cell lines is in progress and will be
published in due course.

In summary, we have developed a new reagent system
for preparing vicinal chloroamides from olefins. Sugar- 0OL702097Q

Supporting Information Available: Experimental pro-
cedures, physical data, and NMR spectra of all compounds
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