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“Click Chemistry” Inspired Synthesis of cosides® (i) intermolecular enyne metathesis of alkynyl and
pseudeOligosaccharides and Amino Acid alkenyl glycosidesP (iii) native chemical ligation of oligosac-
Glycoconjugates charides to peptide; (iv) glycosylation of diols® (v) the

cycloaddition of azide and alkyne under modified Huisgen
(“click™) conditions3¢-fand (vi) coupling of alkynyl glycoside¥.
Many times, it is desirable to conduct the conjugation in aqueous
solution, near physiological pH, at ambient temperature, and in
short times in order to prevent the denaturation of the protein.
One of the reactions that can fulfill all of the above conditions
s.hotha@ncl.res.in is Huisgen'’s 1,3-dipolar cycloaddition reaction between terminal
alkynes and azides resulting in the formation of 1,2,3-triazbles.
Recently, Cu(l) species was found to mediate the formation of
1,2,3-triazoles efficiently, and consequently regioselective syn-
thesis of 1,2,3-triazoles through Huisgen’s{2) cycloaddition
between a terminal alkyne and an azide is currently referred to
as a click reactiof Application of this protocol to carbohydrate
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+ — ﬁamﬁﬁﬁaéﬁﬁPSpaoer—&N—Spacer_ substrates has recently begun, and most of the reports are
No— Spacer__| Saccharide concerned with the use of anomeric azi@é$iowever, intro-
Amino acid duction of a spacer between the sugar moiety and the protein is

required, and currently available methods will not enable us to
do so. Also it would be advantageous if the linker were at the
terminus of the saccharide chain, and the conjugation reaction
must proceed at equimolar ratio, should not yield offensive
%yproducts, and should enable recovery or removal of the
unreacted conjugation partners. Recently, it was found that
inhibition of hemagglutination by dimeric saccharides synthe-
sized via cross metathesis reaction was superior compared to
their corresponding monomeric glycosidésApart from the

Oligosaccharides and glycopeptides play crucial roles in Synthetic promise, triazole moieties are also interesting conjuga-
various cellular recognition events including signal transdudtion. tion entities as they are proven to be relatively stable to met-
A recent survey identified that synthetic oligosaccharides abolic degradation and the triazole ring also can participate in
covalently attached to proteins facilitate the development of the hydrogen bonding, which can be excellent in the context of
vaccines againstaemophilus influenzagpe b,Streptococcus  biomolecular targets and solubilifyn view of the above facts,
pneumoniag and Neisseria meningitidegroup C? Lack of fascinating biological significance and continued inte¥eist
sufficient quantities of oligosaccharides and peptides often limit the application of click chemistry to carbohydrate substrates
the efficient conjugation of oligosaccharides to oligosaccharides/
peptides._ Itis anti(_:ipated that such homo and hetero dimeric (3) (a) Dominique, R.: Das, S. K.; Roy, Rhem. Commuri998§ 2437
glycoconjugates will be excellent probes that can act as potent243s. (b) Schiter, S. C.; Blechert, SChem. Commurl999 1203-1204.
reversible cross-linking reagents and also to measure the(c) Miller, J. S.; Dudkin, V. Y.; Lyon, G. J.; Muir, T. W.; Danishefsky, S.
distances beregn carbohydrate binding sites in polyvalent%-eﬁ]’(‘j?t'e"é-_ %.eg'r’gf"éh'ifigg{%’fﬂiﬂsﬁ?. (Pef’)‘thTj’ijEész-’? éhﬁf‘;vl'j-?
recognition sites? Thus there exists a demand to develop groothuys, S.; Keereweer, A. R.; Quaedfiieg, P. J. L. M. Blaauw, R. H.;

efficient strategies for the conjugation of oligosaccharides to van Delft, F. L.; Rutjes, F. P. J. TOrg. Lett. 2004 6, 3123-3126. (f)
oligosaccharides/peptides. Marmuse, L.; Nepogodiev, S. A.; Field, R. Arg. Biomol. Chem2005
. . . 3, 2225-2227. (g) Roy, R.; Das, S. K.; Santoyo-Gotez F.; Hernadez-

Many methods are available in the currer_lt literature to Prepare viateo, F.: Dam, T. K.; Brewer, C. Chem. Eur. J200Q 6, 1757-1762.
homo and hetero dimers of oligosaccharides and glycoconju- (h) Billing, J. F.; Nilsson, U. JJ. Org. Chem2005 70, 4847-4850. (i)
gates. Some of the important methods that give access to thes@ondoni, A.; Giovanninni, P. P.; Massi, Qrg. Lett. 2004 6, 2929-2932.

interesting compounds are (i) olefin metathesis of alkenyl gly- g)s?(,zehittaboina, S Xie, F.; Wang, Qretrahedron Lett2005 46, 2331

(4) (a) Huisgen, RPure Appl. Chem1989 61, 613-628. (b) Huisgen,
(1) (a) Dwek, R. A.Chem. Re. 1996 96, 683—-720. (b) Roy, R. In R. In 1,3-Dipolar Cycloaddition ChemistryPadwa, A., Ed.; Wiley: New
Carbohydrate Chemistryoons, G. J., Ed.; Chapman and Hall: UK, 1998, York, 1984; Vol. 1.

Variouspseudeoligosacchardies and amino acid glycocon-
jugates were synthesized via an intermolecular 1,3-dipolar
cycloaddition (“click”) reaction using easily accessible
carbohydrate and amino acid derived azides and alkynes a
building blocks. It is pertinent to mention that the conjugation
reaction is highly regioselective and high yielding and can
be carried out under mild reaction conditions.

pp 243-321. (c) Kiessling, L. L.; Pohl, N. LChem. Biol.1996 3, 71—77. (5) (a) Kolb, H. C.; Finn, M. G.; Sharpless, K. Bngew. Chem., Int.
(d) Bovin, N. J.; Gabius, H.-Chem. Soc. Re 1995 24, 413-421. (d) Ed. 2001, 40, 2004-2021. (b) Kolb, H. C.; Sharpless, K. Brug Discaery
Gordon, E. J.; Sanders, W. J.; Kiessling, L.Nature 1998 392 30—31. Today2003 8, 1128-1137.
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199. (b) Fernadez-Santana, V.; Cardoso, F.; Rodriguez, A.; Carmenate, 46, 4585-4588. (b) Joosten, J. A. F.; Tholen, N. T. H.; Maate, F. A. E;
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SCHEME 1. Click Chemistry Inspired Conjugation of
Oligosaccharides to Oligosaccharides/Peptides
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and azides to 1,2,3-triazole conjugated oligosaccharid®4 ¢,
12, and13) successfully (Scheme 2).

Our next endeavors were devoted toward ligating oligosac-
charides to amino acid derived azides and alkynes. Toward this,
we have synthesized various alkynyl and azide containing amino
acids using the tradition&iBoc chemistry and utilized the click
chemistry guided conjugation reaction successfully (Scheme 3).

The reactive site (azide or alkyne) was separated from the

prompted us to develop an efficient procedure for the conjuga- cysteine or phenyl alanine by a 6-aminocaproic acid linker.
tion of oligosaccharides to oligosaccharides/amino acids (Schemesubsequently, azidoethyl lactosid) (vas reacted with amino

1).

In our approach, we considered performing the Huisgen
(click) reactiort between alkynyl 1) and azidoethylZ) glyco-
sides in the presence of Cul to obtain 1,2,3-triazole bridged
homo and hetero dimeric oligosaccharid& (Scheme 1).
Accordingly, for a pilot study, we synthesized 3-butynyl 2,3,4,6-
tetraO-acetyl$3-p-glucopyranoside4)® as an alkyne component
using a BR-Et;O-mediated glycosylation. The other coupling
partner was achieved in two steps from 1,2,3,4,6-pEnteetyl-
pB-D-glucopyranose. First, p&-acetylated 2-chloroethy-p-
glucoside was synthesiZednd subsequently converted to the
azido derivative %) using NaN in anhydrous DMF at 80C
for 12 h. In the'3C NMR spectrum of compourtsl the anomeric
carbon was identified ai 100.4 ppm and the azido methylene
group was noticed ai 50.3 ppm along with other resonances
in accordance with the assigned structiidne presence of the
azido group was also evident from the IR spectrum wherein
transmittance due to the azido group was observed at 2102 cm

The crucial 1,3-dipolar cycloaddition reaction in acetonitrile
was successfully carried out betweg¢and5 using Cul in the
presence ofN,N-diisopropylethylamine (Scheme .1t is

acid anchored alkyneld) in the presence of Cul to obtain the
ligated glycoconjugaté5in 91% yield. In the'H NMR spec-
trum of compoundL5, resonances corresponding to the seven
acetyl groups were noticed betweénl.96 and 2.15 ppm as
singlets and that of théert-butoxy carbonyl group was at
1.41 ppm as a sharp singlet. Also, the olefinic proton of 1,2,3-
triazole was identified ad 7.63 ppm as a singlet with other
resonances in accordance with the assigned structure.

In the 33C NMR spectrum of compound5, the anomeric
carbons were noticed at100.8 and 100.2 ppm, and aromatic
carbons were observed frodn126.7 to 129.4 ppm, along with
11 -CH, groups at 24.2, 26.0, 28.8, 33.7, 33.8, 39.0, 49.9, 57.2,
60.6, 61.5, 67.6 ppm, thereby confirming the ligated product.
Furthermore, olefin carbons of the 1,2,3-triazole ring of com-
pound 15 were observed ab 124.7 and 142.5 (quarternary)
ppm along with all other resonances in accordance with the
assigned structur®elR spectral analysis df5 showed carbonyl
stretches at 1751 crh and those of the amide at 1670 thn
In addition, compound5 gave satisfactory elemental analysis.
We then extrapolated the ligation protocol successfully to other
amino acid derived azided§ and17) and synthesized various

interesting to note that the Huisgen reaction was found to be glycoconjugates1(8, 19, 20, and21) (Scheme 3).

highly regioselective, yielding 1,4-disubstituted 1,2,3-triazole
containingpseudeoligosaccharide) in 96% yield? The H
NMR spectrum of conjugated compoufidhowed resonances
corresponding to the acetyl group betwéeh 95 and 2.10 ppm
as singlets, allylic methylene resonances were observéd at
3.00 ppm (t, 2 H,J = 6.53 Hz), and the olefinic proton
associated with the 1,2,3-triazole moiety was identied. 43

In summary, we have developed a practical procedure for
the ligation of oligosaccharides to oligosaccharides/peptides
under neutral reaction conditions. We anticipate that the 1,2,3-
triazole containing dimeric saccharides and amino acid glyco-
conjugates may show a variety of bioactivities as several
compounds containing 1,2,3-triazoles display broad spectra of
biological activities including antibacteri&® herbicidal and

ppm as a singlet along with other resonances in accordance withfungicidal*? antiallergict'¢ and anti-HIV*'4 A combination of

the assigned structuPeThe 13C NMR spectrum of compound

different monosaccharide and peptide building blocks has been

6 confirmed the presence of conjugated product as the two showed and should potentially give rise to a large number of

anomeric carbons were identified @t100.4 and 100.2 ppm,
and olefinic carbons were noticed @t123.2 and 143.8 ppm.
The DEPT spectrum revealed that the resonanéelds3.8 was
absent (a quarternary olefinic carbon) along with six inversely
phased signals attributable to six -€gtoups 26.0, 49.5, 61.4,
61.6, 67.5, and 68.4), thereby confirming the compo6fid
Furthermore, the IR spectrum of compouitd showed
transmittance due to a carbonyl group at 1753%nm addition,
the conjugated product gave satisfactory elemental analysis.
Having identified a practical procedure for the chemical
ligation of oligosaccharides, we did an initial substrate compat-
ibility survey using various alkynyl®) and azidoalkyl § and

pseudeoligosaccharides and amino acid glycoconjugates.

Experimental Section

General Experimental Procedure for the Conjugation of
Oligosaccharides to Oligosaccharides/Peptide¥o a solution of
alkyne (1 mmol) and azide (1 mmol) in 10 mL of anhydrous
acetonitrile were added Cul (2 mmol) aigN-diisopropylethyl-
amine (3 mmol) at room temperature, and the mixture was stirred
for the specified time. At the end of the reaction as judged by TLC
analysis, the reaction mixture was diluted using 25 mL of water
and 10 mL of NHCI, the aqueous layer was extracted with ethyl
acetate (3x 50 mL), and the combined organic layer was washed

9%9) saccharides. As depicted in Scheme 2, we could extrapolate (11) (a) Genin, M. J.; Allwine, D. A.: Anderson, D. J.; Barbachyn, M.

our efforts to conjugatgluco, lacto-, andxylo-derived alkynes

(8) Mereyala, H. B.; Gurrala, S. RCarbohydr. Res1998 307, 351—
354.

(9) See Supporting Information.

(10) (a) Tornge, C.; Christensen, C.; Meldal, 81.0rg. Chem2002
67, 3057-3064. (b) Buchardt, J.; Schigdt, C. B.; Krog-Jensen, C.; Délaisse
J.-M.; Foged, N. T.; Meldal, MJ. Comb. Chem200Q 2, 624-638.

R.; Emmert, D. E.; Garmon, S. A.; Graber, D. R.; Grega, K. C.; Hester, J.
B.; Hutchinson, D. K.; Morris, J.; Reischer, R. D.; Stper, D.; Yagi, B. H.
J. Med Chem 200Q 43, 953-970. (b) Wamhoff, H. InComprehensie
Heterocyclic ChemistryKatritzky, A. R., Rees, C. W.; Eds.; Pergamon:
Oxford, 1984; pp 669732. (c) Buckle, D. R.; Rockell, C. J. M.; Smith,
H.; Spicer, B. A.J. Med. Chem1986 29, 2262-2267. (d) Alvarez, R.;
Velazquez, S.; San-Felix, A.; Aquaro, S.; De Clercq, E.; Perno, C.-F.;
Karlsson, A.; Balzarini, J.; Camarasa, MJJMed. Chem1994 37, 4185-
4194,
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SCHEME 2. Click Chemistry Guided Synthesis ofpseudeOligosaccharides
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SCHEME 3. Conjugation of Oligosaccharides to Amino Acid Derived Azides and Alkynes
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with brine solution, dried over anhydrous sodium sulfate, and 70.6, 70.9, 71.4,71.6, 72.1, 72.4,100.2, 100.4, 123.2, 143.8, 168.9,
concentrated in vacuo to obtain a crude residue that was purified 169.0, 169.1, 169.2, 169.8, 169.9, 170.2, 170.3. Anal. Calcd for
by silica gel column chromatography using a gradient of ethyl C34HiN3O,0: C, 49.94; H, 5.79; N, 5.14. Found: C, 50.13; H,
acetate and petroleum ether {680 °C) to obtain the desired 1,4-  5.49; N, 4.92. MALDI-TOF: mol wt calcd 817.75, found 840.83
disubstited 1,2,3-triazole as a white solid. (M + 23 for Na).

Characterization data of compoud mp = 115-118°C; [a]p Characterization data of compouh@ mp= 158-162°C; [a]p
(CHCI;, ¢ 1.1)= —15.30. IR (cnTY): 1753.1H NMR (CDCls, 200 (CHCI;, ¢ 1.0)= —4.58. IR (cnT?): 1753.1H NMR (CDCl;, 200
MHz): ¢ 1.95, 2.00, 2.02, 2.09 (4s, 24 H), 3.00 (t, 2H= 6.53 MHz): 6 1.94, 1.95, 1.97, 2.00, 2.03, 2.04, 2.05, 2.06, 2.09, 2.13,
Hz), 3.72 (m, 2 H), 3.89 (m, 2 H), 4.674.33 (m, 6 H), 4.454.58 2.15 (11s, 33 H), 2.99 (t, 3 H, = 6.48 Hz), 3.45-3.98 (m, 5 H),

(m, 4 H), 4.96-5.25 (m, 6 H), 7.43 (s, 1 H}3C NMR (CDCk, 50 4.00-4.36 (m, 8 H), 4.51 (m, 5 H), 4.815.27 (m, 7 H), 5.35 (d,
MHz): 6 20.2-20.5, 26.0, 49.5, 61.4, 61.6, 67.5, 67.9, 68.0, 68.5, 1 H,J= 2.92 Hz), 7.42 (s, 1 H}C NMR (CDCk, 50 MHz): ¢
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20.4-20.7, 26.1, 49.6, 60.6, 61.6, 61.7, 66.4, 67.7, 68.2, 68.7, 68.9, 5.25 (m, 4 H), 5.54 (bs, 2 H), 6.01 (d, 1 Bi= 7.31 Hz), 6.62 (m,
70.5, 70.8, 71.0, 71.1, 71.6, 72.3, 72.6, 72.6, 75.9, 100.2, 100.6,1 H), 7.08 (m, 2 H), 7.26 (m, 3 H), 7.30 (d, 2 Bi=8.28 H), 7.37
100.9, 123.3, 143.9, 168.9, 169.1, 169.3, 169.3, 169.5, 169.9, 170.0(s, 1 H), 7.80 (d, 2 HJ = 8.27 Hz).:3C NMR (CDCk, 50 MHz):
170.1, 170.2, 170.2, 170.5. Anal. Calcd fogls3N30.g. C, 49.95; 0 20.4-20.6, 24.6, 26.1, 26.3, 28.8, 35.8, 37.6, 38.5, 39.5, 52.2,
H, 5.74; N, 3.80. Found: C, 50.01; H, 5.86; N, 3.76. 52.9,53.3, 61.8, 68.2, 68.5, 71.1, 71.6, 72.6, 100.6, 123.3, 426.8
Characterization data of compoub#t mp= 122-125°C; [o]p 129.1, 134.9, 135.8, 137.9, 144.9, 166.7, 169.3, 169.4, 170.1, 170.5,
(CHCl, c1.2)=+ 1.14. IR (cnmY): 1751.*"H NMR (CDCls, 200 172.1, 172.5. Anal. Calcd forHsaNsO14: C, 59.21; H, 6.27; N,
MHz): 6 1.93-2.17 (14s, 42 H), 2.98 (t, 2 H,= 6.42 Hz), 3.59 8.22. Found: C, 59.43; H, 6.35; N, 8.25.
(m, 2 H), 3.72-3.91 (m, 6 H), 4.064.20 (m, 8 H), 4.324.61 Characterization data of compouté: mp = 78—-82 °C; [a]p
(m, 7 H), 4.815.23 (m, 9 H), 5.34 (dd, 2 H] = 0.61, 3.02 Hz), (CHCI;, ¢ 1.0)= +6.48. IR (cnmY): 1749, 16661H NMR (CDCl;,
7.41 (s, 1 H).13C NMR (CDCk, 50 MHz): 6 20.3-20.7, 26.1, 200 MHz): ¢ 1.27 (m, 2 H), 1.46 (s, 9 H), 1.58 (m, 4 H), 1.96,
49.7, 60.6, 60.6, 61.6, 61.8, 66.4, 66.4, 67.7, 68.6, 68.9, 68.9, 70.4,1.97, 2.04, 2.05, 2.06, 2.12, 2.15 (7s, 21 H), 2.31 (t, A H,7.42
70.5,70.6,70.8,70.9,71.1,71.4,72.3,72.5,72.5, 75.8, 76.0, 100.2Hz), 3.00 (m, 4 H), 3.22 (m, 2 H), 3.48.90 (m, 5 H), 4.06-4.30
100.4, 100.8, 100.9, 123.3, 143.9, 1681&0.5. Anal. Calcd for (m, 5 H), 4.32-4.63 (m, 7 H), 4.655.25 (m, 4 H), 5.35 (d, 1 H,
CsgH7oN3Oz6: C, 49.96; H, 5.71; N, 3.01. Found: C, 50.20; H, J=2.75Hz), 5.64 (d,1 H) =9.11 Hz), 7.45 (s, 1 H), 7.72 (bs,
5.49; N, 3.07. 1 H). 3C NMR (CDCk, 50 MHz): 6 20.3-20.8, 24.3, 26.3, 283
Characterization data of compouh# mp= 138-142°C; [a]p 28.4, 29.3, 33.6, 33.7, 39.3, 46.8, 49.0, 54.7, 60.7, 62.1, 66.6, 68.7,
(CHClz, c1.1)= —26.34. IR (cnTY): 1753.1H NMR (CDCl, 200 69.1, 70.6, 70.9, 71.6, 72.6, 72.7, 76.2, 80.0, 100.6, 101.0, 122.6,
MHz): 6 1.31, 1.46 (2s, 6 H), 1.97, 2.00, 2.03, 2.07 (4s, 12 H), 144.6, 155.8, 169.0, 169.6, 176.070.3, 172.8. Anal. Calcd for
3.01 (t, 2 H,J = 6.19 Hz), 3.653.78 (m, 1 H), 3.81 (m, 1 H), CueHegNsO23S: C, 50.59; H, 6.37; N, 6.41; S, 2.94. Found: C,
3.92 (d, 1 H,J = 5.05 Hz), 4.0#4.20 (m, 3 H), 4.28 (dd,1 H, 50.24; H, 6.23; N, 6.25; S, 2.79.
J=4.81, 12.39 Hz), 4.454.63 (m, 4 H), 4.73 (dd, 1 H] = 7.70, Characterization data of compou2@ mp = 135-140°C; [o]p
13.43 Hz), 5.01 (dd, 1 H) = 9.13, 17.37 Hz), 5.12 (d, 1 H, = (CHCls, ¢1.1)= +10.12. IR (cnTl): 1751, 16541H NMR (CDCls,
16.30 Hz), 5.18 (ABq, 1 H) = 9.31 Hz), 5.99 (d, 1 HJ) = 3.41 200 MHz): ¢ 1.36 (m, 2 H), 1.62 (m, 4 H), 1.90, 1.96, 2.03, 2.04,
Hz), 7.56 (s, 1 H)33C NMR (CDCk, 50 MHz): 6 20.3, 20.4, 20.5, 2.06, 2.08, 2.15 (7s, 21 H), 2.19 (t, 2 BI= 7.40 Hz), 2.98 (t, 2
20.6, 26.0, 26.2, 26.6, 48.4,61.7, 68.2, 68.5, 71.2, 71.7, 72.5, 74.1,H, J = 6.19 Hz), 3.09 (t, 2 HJ = 6.19 Hz), 3.43 (g, 2 HJ) =
79.1, 85.2, 100.6, 105.0, 111.8, 123.6, 144.3, 169.3, 169.5, 170.1,6.61, 12.81 Hz), 3.58 (m, 1 H), 3.70 (s, 3 H), 3-73L94 (m, 3 H),
170.6. Anal. Calcd for gH37;N3O.4 C, 50.73; H, 6.06; N, 6.83. 4.01-4.15 (m, 4 H), 4.48 (t, 3 H) = 6.19 Hz), 4.76-5.04 (m, 3

Found: C, 50.44; H, 6.47; N, 6.67. H), 5.04-5.22 (m, 2 H), 5.35 (d, 1 HJ = 2.99 Hz), 5.53 (bs, 2
Characterization data of compoub® mp= 145-150°C; [o]p H), 6.02 (d, 1 HJ = 7.26 Hz), 6.63 (d, 1 HJ = 5.00 Hz), 7.07
(CHCl;, ¢ 1.0) = — 7.53. IR (cm-%): 1753.'H NMR (CDCl, (m, 2 H), 7.27 (m, 3 H), 7.29 (d, 2 H,= 8.31 Hz), 7.35 (s, 1 H),

200 MHz): ¢ 1.31, 1.45 (2s, 6 H), 1.97, 1.98, 2.05, 2.06, 2.07, 7.80 (d, 2 H,J=8.30 Hz).13C NMR (CDCk, 50 MHz): 6 20.2—

2.12, 2.16 (7s, 21 H), 2.99 (t, 2 B,= 5.92 Hz), 3.65 (m, 1 H), 20.6, 24.5, 25.9, 26.1, 28.7, 35.6, 37.5, 38.3, 39.4, 52.0, 52.9, 53.2,
3.70-3.95 (m, 4 H), 4.0+4.19 (m, 5 H), 4.464.65 (m, 6 H), 60.6, 61.7, 66.4, 68.4, 68.9, 70.3, 70.7, 71.3, 72.4, 75.9, 100.2,
4.71 (dd, 1 HJ = 7.70, 13.38 Hz), 4.785.25 (m, 4 H), 5.35 (d, 100.7,122.2,126:129.0, 134.7, 135.8, 137.9, 144.8, 166.6, 168.9,
1H,J=2.84Hz), 5.99 (d, 1 H) = 3.40 Hz), 7.54 (s, 1 H)}13C 169.5, 169.6, 169.8, 169.9, 170.1, 170.2, 172.0, 172.6. Anal. Calcd
NMR (CDCl;, 50 MHz): ¢ 20.4-20.9, 26.1, 26.3, 26.7, 48.1, 60.7,  for CsqHsgNsO22: C, 56.89; H, 6.10; N, 6.14. Found: C, 56.64; H,
61.8, 66.5, 68.5, 69.0, 70.6, 70.9, 71.6, 72.5, 72.6, 74.2, 76.1, 79.1,6.47; N, 5.99.

85.2,100.5, 101.0, 105.1, 111.9, 123.6, 144.5, 169.0, 169.7, 169.9, Characterization data of compougd: mp = 78—84 °C; [a]p
170.0,170.1, 170.3, 170.4. Anal. Calcd foggds3N30,,: C, 50.50; (CHClz, c1.1)= +2.1. IR (cnT1): 1710, 1670H NMR (CDCls,

H, 5.90; N, 4.65. Found: C, 50.55; H, 5.67; N, 4.78. 200 MHz): 6 1.26 (m, 2 H), 1.28, 1.44 (2s, 6 H), 1.40 (s, 9 H),
Characterization data of compouh& mp= 98-102°C; [a]p 1.60 (m, 4 H), 2.30 (t, 2 H) = 7.08 Hz), 2.50 (dd, 1 H] = 5.37,

(CHCl, c1.1)= +10.36. IR (cn?): 1751, 1670H NMR (CDCl, 12.59 Hz), 2.68 (dd, 1 H) = 7.04, 12.96 Hz), 3.18 (q, 2 H =

200 MHz): 6 1.26 (m, 3 H), 1.41 (s, 9 H), 1.59 (dd, 3 H,= 6.22, 12.57 Hz), 3.87 (g, 1 H,= 6.74, 12.78 Hz), 4.07 (m, 2 H),

7.36, 15.13 Hz), 1.96, 1.97, 2.03, 2.04, 2.06, 2.12, 2.15 (7s, 21 H), 4.45-4.88 (m, 4 H), 4.96 (q, 1 H) = 7.05, 14.61 Hz), 5.20 (dd,
2.29 (t, 2 H,J = 7.20 Hz), 2.50 (dd, 1 HJ = 5.44, 12.75 Hz), 2 H,J = 12.89, 17.81 Hz), 5.96 (d, 1 H,= 3.58 Hz), 6.21 (m, 1
2.70 (dd, 1 HJ = 6.93, 12.81 Hz), 3.17 (q, 2 H = 6.66, 12.97  H), 7.15-7.46 (m, 15 H), 7.74 (s, 1 H}C NMR (CDCk, 50

Hz), 3.61 (m, 1 H), 3.723.97 (m, 4 H), 4.0+4.26 (m, 4 H), 4.46 MHz): ¢ 24.2, 25.9, 26.1, 26.7, 28-28.2, 28.8, 33.7, 33.8, 39.1,
4.63 (m, 5 H), 4.865.25 (m, 7 H), 5.35 (d, 1 H) = 3.09 Hz),  48.6, 53.5, 57.3, 67.0, 74.2, 79.1, 80.3, 85.3, 105.0, 111.8, 125.0,
6.08 (t, 1 H,J = 5.47 Hz), 7.15-7.45 (m, 15 H), 7.63 (s, 1 H}3C 126.7-129.5, 142.8, 144:2144.3, 155.29, 170.6, 173.2. Anal.
NMR (CDCl,, 50 MHz): 6 20.3-20.7, 24.2, 26.0, 28.1, 28.8,33.7, Calcd for GsHssNsOeS: C, 63.67; H, 6.68; N, 8.44; S, 3.86.
33.8,39.0, 49.9, 53.4, 57.2, 60.6, 61.5, 66.4, 66.9, 67.6, 68.9, 70.5,Found: C, 63.98; H, 6.95; N, 8.28; S, 3.63.

70.7,71.1,72.3,72.6, 75.8, 80.0, 100.2, 100.8, 124.7, +229.4,
1425, 144.2, 155.1, 168.9, 169.4, 169.5, 169.9, 170.0, 170.1, 170.1, Acknowledgment. S.H. is grateful for financial support from
170.2, 173.1. Anal. Calcd for@_|8lN5023S C, 58.20; H, 6.18; the D|reCt0r NCL Pune (MLP003326) and Department of

N, 5.30: S, 2.43. Found: C, 57.95: H, 6.52: N, 6.62; S, 2.20. Science and Technology, New Delhi. We are grateful for the
Characterization data of compouh& mp= 128-132°C; [o]p encouragement and support of. Br N Ganesh. S.K. acknowl-
(CHCls, ¢ 1.0)= +6.65. IR (cnm?): 1747, 1651H NMR (CDCl, edges the CSIR, New Delhi for JRF.

200 MHz): 0 1.35 (m, 2 H), 1.64 (m, 4 H), 1.89, 1.99, 2.02, 2.05 Supporting Information Available: H, 13C, and DEPT NMR

(4s, 12 H), 2.19 1, 2 H) = 6.99 Hz), 2.99 {t, 2 H) = 6.33 Hz), spectral charts of compounds-8 and 10—21. This material is

3.09 (t, 2 H,J = 6.00 Hz), 3.42 (dd, 2 H) = 6.45, 12.37 Hz), ; : .
3.66 (M. 1 H), 3.71 (s, 3 H), 3.85 (m, 1 H), 4.08 (m, 2 H), 4.23 available free of charge via the Internet at http://pubs.acs.org.

(dd, 1 H,J = 4.77, 12.22 Hz), 450 (d, 1 H, = 7.94 Hz), 4.86- JO051731Q
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