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A facile ZrCl,-catalyzed direct allylation of th@-meth-
oxyphenyl-alkyl/glycosyl carbinols at room temperature, and
the conversion of the derived aryl-glycosyl-alkenes into
hitherto unknown C-linked carbf?/y?-/6>-amino acids is
reported.

Introduction

Peptides play an important role in many physiological

Note

CHART 1. General Reaction of Allylatior?
OH '
NHBoc
R b ¢ n
R-CHO R
R” “COOCH;
OCH; oCH,
R =alkyl, aryl, glycosyl R = glycosyl

a2 Reagents and conditions: (a) Mg, 4-bromoanisole, dry THF, reflux;
(b) allyltrimethylsilane (2 equiv), ZrGl(2 mol %), CHCN, rt; (c) several
reagents.

the course of our studies, we felt the imminent need to develop
flexible protocols for the preparation of a variety of Caa
monomers to further expand the horizon of unnatural peptides.
Herein, we describe a facile Zr&tatalyzed direct allylation

of the p-methoxyphenyl-alkyl/glycosyl carbinols at room tem-
perature, and the conversion of the deriyedhethoxyphenyl-
glycosyl-alkenes into hitherto unknown C-linked cag#vaky?-/
d%-amino acids (Caas), wherein, thenethoxyphenyl and allyl
groups are envisaged as masked acid and amine functionalities,
respectively.

The nucleophilic substitution of the hydroxy group in
carbinols with allylsilane in the presence of a catalytic amount
of acid under nearly neutral conditions would be a very fasci-
nating and ideal €C bond-forming protocol to generate aryl-
alkyl/glycosyl olefins. Earlier reports on such transformations
used BR/CH,Cl,,5 B(CgFs)s,%? InBr3,5¢ or HN(SQ:F),5 for
allylation of acetates with allyltrimethylsilane, while the 1aCl
mediatef allylation of carbinols in dichloroethane was achieved
on limited substrates by reacting at 80 for 3 h. In view of
the fact that the success of the allylation process of carbinols
depends on the delicate balance of cation stability and acidity
of the Lewis acid, we chose grmethoxyphenyl group as an
aryl variant and ZrGf as a new catalyst for the allylation of
carbinols (Chart 1).

processes, hence, their de novo design has emerged as a

valuable tool to critically evaluate the rules of folding and
structural stabilization. A variety of secondary structures have
been found in3- as well as in homologoug- and d-peptides
derived from unnatural amino aci@gyroviding a promising

Results and Discussions

According to the above strategywas treated with allylsilane
in the presence of Zr¢l(2 mol %) in CHCN at room

class of peptidomimetics. The presence of additional C atoms temperature to afforda (98%) in 15 min (Table 1). On the

in 8-amino acid3increases the structural diversity, which raises
exponentially iny- andd-amino acids. Thougff-amino acids
are ubiquitous in naturgs-, y-, andd-peptides are not. In recent
years, we have develope@-linked carbg3-amino acids /-
Caas) as a new class gfamino acids and utilized them to
prepare3-peptide$ with helical diversity and robustness. During

TIICT Communication No. 050803.

(1) Nielsen, P. E.Pseudo-peptides in Drug Disgery, Wiley-VCH
Verlag Gmbh & Co. KgaA: New York, 2004.

(2) (a) Cheng, R. P.; Gellman, S. H.; DeGrado, WCRem. Re. 2001
101, 3219-3232. (b) Seebach, D.; Beck, A. K.; Bierbaum, D.Chem.
Biodiversity 2004 1, 1111-1239.

(3) Sharma, G. V. M.; Goverdhan Reddy, V.; Subhash Chander, A,
Ravinder Reddy, KTetrahedron: Asymmetr8002 13, 21—-24.

(4) (a) Sharma, G. V. M.; Ravinder Reddy, K.; Radha Krishna, P.; Ravi
Sankar, A.; Narsimulu, K.; Kiran Kumar, S.; Jayaprakash, P.; Jagannadh,
B.; Kunwar, A. C.J. Am. Chem. So2003 125 13670-13671. (b) Sharma,

G. V. M.; Ravinder Reddy, K.; Radha Krishna, P.; Ravi Sankar, A,;
Jayaprakash, P.; Jagannadh, B.; Kunwar, AAG@gew. Chem2004 116,
4051-4055;Angew. Chem., Int. E@004 43, 3961-3965. (c) Sharma, G.

V. M.; Nagender, P.; Radha Krishna, P.; Jayaprakash, P.; Ramakrishna, K
V. S.; Kunwar, A. C.Angew. Chem., Int. EQ005 44, 6028-6032.

10.1021/jo052418r CCC: $33.50 © 2006 American Chemical Society
Published on Web 04/12/2006

contrary, wher2 was allowed to react with allylsilareZrCl,,

no product formation was observed even after 24 h, thus
asserting a mismatch between the phenyl group and the acid
catalyst for carbocation formation. However, carbiBglwith
ap-methoxyphenyl group, reacted smoothly with allylsilane and
furnished3ain 96% yield in 25 min. To investigate the scope
and limitations of the present protocol of direct allylation of
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TABLE 1. ZrCl4-Catalyzed Allylation of Carbinols with
Allyltrimethylsilane

S.No Carbinols Products [Time (min) | Yield (%)
OH X
1
0 5|
1 1a
OH A
.| L
R R
2R=H 2aR=H a
3R=0CH, 3aR=0CH; 25 %
OH A
20
3 m\ 9%
OCH; OCH;
4 4a
OH S
4 )\/K©\ 30 95
OCH; OCH;
5 5a
AL L
5 O O 25 95
OCH,
. c OCH,

aNo product formation was observed even after 24 h.

TABLE 2. ZrClsCatalyzed Allylation of p-Methoxyphenyl-glycosyl
Carbinols with Allyltrimethylsilane

S.NO| Carbinols Products Time (min) | Yield (%)
OH A
P
; ' )
MeO RO 0 MeO RO %0
7R=CH 7a R =CH 40 75
8R=Bn3 8aR=Bn" 50 77
OH E/\
0. :
2| MeO ro” 0 MeO Re O
9R=CH, 9aR=CH; 45 7
10 R=Bn 10aR=Bn 50 73
OH P
O, 0,
, TBSO \_/ TBSO
sz OCH. iz
% 3 6><6 OCH;|  ¢o 65
11 11a
OH
0, z X
TBSOm\ O/,l
R TBSO
4 6_0 OCHy iz
X 6><E) OCH; 70 60
12 12a

carbinols,4—6 were prepared and subjected to a reaction with
allylsilane—ZrCl, to furnish the respective olefida—6a (Table

1) in more than 95% yields within 2680 min at room
temperature.

SCHEME 1. Conversion of 8a to Lactone
H;CO
R
()

8a —— "o, ——

Q0

MeO BnO ""0)( )(
o (Y
o

13 R = CHO ( 92%)
14 R = COOH (93%) 15 (92%)

aReagents and conditions: (a)s3,OCHxCly, rt; (b) NaClQ, H.0,,
t-BUOH/H,O (7:3), 0°C—rt; (c) 10% Pd-C, EtOAc, rt.

FIGURE 1. (A) Characteristic NOE ot5and (B) energy minimization
structure of15.

chemical shift patterns in their respectiil NMR spectra.
Further studies on the allylation of glycosyl carbinéts and
12, prepared from a known aldehy#elerived fromp-ribose,
resulted in the exclusive formation of olefitdaand12a, re-
spectively. Thus, the allylation method is amenable-toeth-
oxyphenyl-glycosyl carbinols with different glycosyl side chains.

To ascertain the absolute stereochemistry at the new stereo-
center in the olefinga, 9a, 11a and12a a fused lactond5
was prepared fron8a. Carbinols8 and 10,2 on reaction with
allylsilane—ZrCl,, furnished8aand10a(Table 2), respectively,
as exclusive products. Ozonolysis & (Scheme 1) gave the
aldehydel3(92%), which on further oxidation afforded the acid
14 (93%). Compoundl4, on reaction with P&C (10%) in
EtOAc, underwent debenzylation along with concomitant cy-
clization to give the lacton&5 (92%). The structure and the
stereochemistry at the C5 stereocenter was unambiguously
assigned through NMR studies.

The conformational analysis b (Figure 1) showed NOEs
between H3/H5 and H6/H1, reflecting the presence of H-3 and
H-5, similarly, H-6 and H-1 on the same face. A coupling
constant of 13.7 Hz fods s suggests a dihedral angle value of
about 180 for H6—C6—C5—H5. Other couplings, namelys ¢
= 5.0 Hz, 45 = 1.7 Hz, andJ; 4 = 2.9 Hz, supported the
proposed structure. These data unequivocally proves that the
configuration at C5 in8a is R. The structure was further
supported by the energy minimization calculations (Figure 1)

Our recent interest on the synthesis of Caa containing robustobtained from the SYBYL 6.8 prograt.

peptide helicesprompted us to study the direct allylation of
p-methoxyphenyl-glycosyl carbindlas a novel stereoselective
variant to generate new Caas. Thus, the carbinalsd9 (Table
2), obtained from the known aldehyéy a Grignard reaction,
were treated with allylsilanezrCl,. They underwent facile
allylation and gave the olefinga and 9a, respectively, as
exclusive products havinB and S configurations at the C-5
stereocenter. Olefinga and 9a displayed distinctly different
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Having successfully developed a protocol for the direct
allylation of carbinols using ZrGlas a Lewis acid, our next
goal was to convert these systems into Caas with diversity.
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SCHEME 2. Conversion of 7a to Amino Acid$
7a

R
a
CHO
. 0
L) k Ar e} g h
Ar 0 Q 7a /
"o MeO” 0
MO e ©02%) 26 R = OH (73%)
| 27R =0Ts (97%)
28R =N; (95%)
b’c fa £, h

NHR NHBoc
R
0 Q  Ar Q0 Ar "Q
g @X e vo)(

MeO
21 R = Bn (75%) R B 31 R = COOH (51%)
17 R = COOH (95% n (75% 30 R = Boc (89%) - 6
18R = NHBoc((63°/)) 22R=H (97%) i 32 R = COOCH, (87%)

23 R = Boc (92%)

J d,e J
d,e
NHBoc
NHBoc Ar= Oocm

0.
R anQ R 0. "o

) .
MeO 0 MeO' 0

19R =COOH (47%) 24 R=COOH (43%)
20 R = COOCHj; (92%) 25R=COOCH; (92%)

aReagents and conditions: (a},GCHyCly, rt; (b) NaClQ, H,0,, t-BUOH/H,O (7:3), 0°C—rt; (c) CICOOEt, NaN, acetonet-BuOH, toluene, CC—
reflux; (d) RuCh, NalOs, CH;CN/HO/CCly (1:1:2), 25°C; (e) CHN2, MeOH, rt; (f) BnNH,, anhyd MgSQ, CH,Cl,, NaBH;, MeOH, 0°C—rt; (g) 10%
Pd-C, EtOAc, rt; (h) (Boc)O, THF, EgN, 0 °C—rt; (i) BH3—DMS, dry THF, rt; (j) TsCI, E4N, CHxCly, 0 °C—rt; (k) NaNs, DMF, 65 °C.

Accordingly, olefin7a (Scheme 2) was subjected to ozonolysis carbocation-forming capability of the-methoxyphenyl group

to give 16, which on oxidation afforded the corresponding acid is efficiently exploited to conduct the direct allylation at room
17 (95%). Acid17 on reaction with CICGEt—NaN; underwent temperature in short reaction times. The scope of the reaction
a facile Curtius rearrangement to install amine functionality and is not restricted to thp-methoxyphenyl-alkyl carbinols and has
furnished18 (63%). Similarly,16 on reductive amination gave been extended to other substrates. Further, it is demonstrated
21, which on debenzylation and subsequent reaction with that thep-methoxyphenyl and olefinic groups act as masked
(BockO afforded 23 (92%). Likewise,7a on reaction with acid and amine functionalities and have been effectively utilized
BH3;—DMS gave alcohoR6 (73%), which on treatment with  to result in a variety of C-linked carh?, y2, ando? classes of

TsCl afforded27. Displacement of the tosyl group RiZ with unnatural amino acids of significant current interest. The use
NaN; and subsequent hydrogenation to anfif@nd protection of such monomers not only creates an opportunity for the design
afforded amide30 (89%). diversity but also the structural diversity, leading to the

Thus, after the successful conversion of the olefin into amine development of peptidomimetics and peptide-based drugs.
functionality, the amidedl8, 23, and 30 (Scheme 2) were
subjected to aromatic ring oxidative cleavéigeith RuCk— Acknowledgment. K.L.R and R.R. are thankful to UGC,
NalO; at room temperature to give the corresponding at@is and P.S.L. is thankful to CSIR, New Delhi, for financial support.
24, and31, respectively. Finally, the acids were allowed to react  gypporting Information Available:  Spectral data for all
with diazomethane to afford a novel class of ffe, y*, and compounds along with experimental procedure. This material is
0?-Caas20, 25, and32, respectively. available free of charge via the Internet at http://pubs.acs.org.

In summary, we have demonstrated a facile direct substitution
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of carbinols with an allyl group, thus converting aO bond
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