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The high reactivity of the chloroacetyl group has been exploited for the synthesis of bile acid based first
and second generation dendrons with multiple hydroxyl groups. The synthesis involves only a few steps
and avoids the use of protecting groups for the terminal hydroxyl groups. These dendritic structures with
facially amphiphilic bile acid backbones on the periphery were able to solubilize cresol red, a hydrophilic
dye, in a nonpolar solvent. HPLC analysis of the dendrons suggests that hydrophobicity increases with
increase in oligomer size, but in each generation, the dendrons with a higher degree of branching are less
hydrophobic.

Introduction architectures have been developed. Of particular interest are
dendrimers with amphiphilic moieties that can exhibit micelle-
like properties in solution and have potential applications in
molecular encapsulation, drug delivery, catalysis, and nano-
scopic transport.The use of amphiphilic dendrimers asi-
molecular micellesvas first demonstrated in 1991 by Newkome
et al> who synthesized a dendrimer with an aliphatic core and
charged carboxylate groups at the periphery. The micellar
behavior of this dendrimer in aqueous solution was established
T Also at the Chemical Biology Unit, Jawaharlal Nehru Centre for Advanced through its ability to encaps_u!ate hydrOphobl_C dyes' Meijer and
Scientific Research, Bangalore 560 064, India. co-workers developed the firstverteddendritic unimolecular
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Dendrimers are well-defined, hyperbranched macromolecules
that are prepared by highly controlled iterative methodologies.
The ability to modulate the size, molecular weight, chemical
functionalities, and the position and the number of functional
groups in dendrimers make them promising candidates for
diverse application3.Since the first report of poly(propylene-
imine) dendrimers by Vgtle et al. in 1978,numerous dendritic
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micelle by modification of polar poly(propyleneimine) den-
drimers with apolar alkyl chainfsThese dendrimers were able

to encapsulate hydrophilic dyes such as Rose Bengal in organic

media. Following these pioneering contributions, several other
examples of novel amphiphilic dendritic systems have been
reported’

Bile acids are natural products consisting of a facially
amphiphilic steroid nucleus and a polar side chain. In the salt
form, they act as emulsifiers, assisting in the solubilization and
absorption of fats and lipids in the small intestine. It is now
well recognized that besides their biological importance, these
molecules are useful starting materials in designing novel
structures with potential applications in supramolecular sciénce.
The synthesis of bile acid derived dendritic structures was first
reported by us, followed by a recent contribution by Koleh-

mainen et af. The dendrons we reported earlier had acetate- 5
protected bile acid backbones at the periphery. Because of the

unique facial amphiphilicity of bile acids, we reasoned that it
would be interesting to design and synthesize dendrons with
end groups resembling monomeric bile acid units and examine
their potential amphiphilic properties. In this work, we report
the synthesis of dendrons with glycolate linkers and facially
amphiphilic bile acid backbones on the periphery. We also
provide evidence that such molecules can exhibit reverse
micellar characteristics in an organic solvent.

Results and Discussions

Synthesis.The construction of a bile acid based dendritic
light-harvesting system was recently accomplished by us using

per(chloroacetylated) bile acid based dendrons, by conveniently4

displacing all of the chlorides with naproxen unitdVe further
explored the possibility of directly coupling bile salts (deoxy-
cholate/cholate) to chloroacetate-functionalized bile acid mono-
mers and dendrons to generate dendritic structures with multiple
hydroxyl groups. For the generation of reactive monomer units,
the carboxyl groups of deoxycholic and cholic acid were first
protected as 1-naphthylmethyl est&ts.Compoundsl and 2
(Chart 1) were subsequently chloroacetylated using GGIBCI

(6) Stevelman, S.; Van Hest, J. C. M.; Jansen, J. F. G. A.; Van Boxtel,
D. A. F. J.; De Brabander-van den Berg, E. M. M.; Meijer, E. WAm.
Chem. Soc1996 118 7398.

(7) (a) Hawker C, J.; Wooley, K. L.; Fohet J. M. J.J. Chem. Soc.,
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G.; McClain, J. B.; Samulski, E. T.; Lin, J. S.; Dobrynin, A.; Rubinstein,
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283. (e) Potluri, V. K.; Maitra, UJ. Org. Chem200Q 65, 7764 (f) Janout,
V.; Zhang, L.; Staina, V. |.; Giorgio, C. D.; Regen, S. L. Am. Chem.
Soc 2001, 123 5401. (g) Maitra, U.; Mukhopadhyay, S.; Sarkar, A.; Rao,
P.; Indi, S. SAngew. Chem., Int. EQ001, 40, 2281. (h) Dukh, M.; @man,
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Soc.2005 127, 12727.
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CHART 1
OR
X Y
R = 1-Naphthylmethyl R=H
1 X=2Z=0H,Y=H 5 X=2=0COCH,CIl, Y=H
2 X=Y=Z=0H 6 X =Y =Z=0COCH.CI
3 X=Z=0COCH.CIl,Y=H
4 X=Y=Z =0COCH,CI
SCHEME 1. Synthesis of First Generation Dendrons #10

Sodium deoxycholate/cholate

DMF/DMSO

9Y =H; 10 Y= OH R = 1-Naphthylmethyl

in the presence of CaHand PhCHE&NTCI™ in refluxing
toluene to generate compoungl$86%) and4 (75%), respec-
tively (Chart 1). Bis(chloroacetylated) monontpn reaction
with a slight excess of sodium deoxycholate/cholate generated
the desired trimerg (86%) andB (87%), respectively. Tetramers
9 (76%) and10 (66%) were readily synthesized from tris-
(chloroacetylated) monomet (Scheme 1) in an analogous
manner. Thus by adopting a simple synthetic route the first
generation dendrons with varying numbers of bile acid units
and hydroxyl groups were synthesized in good yields. Moreover,
this strategy eliminates the need for protecting groups for the
terminal hydroxyls, which would have required additional steps
to obtain the desired dendrons.

The same strategy was subsequently extended for the
synthesis of second generation dendrons. Compobirzotel 6

(11) The 1-naphthylmethyl group was employed for easier identification
of the dendrons in the purification steps, and also for HPLC and NMR
analysis.
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SCHEME 2. Synthesis of Second Generation Dendrons 13 and 14

HO
5/6
(i) (COCI),, CH,Cl,
(i) 2, CaH,, PhCH,Et;N*CI

toluene reflux HO
z OR

sodium deoxycholate

Y

DMF

R = 1-Naphthylmethyl, 11 Y = H, 12 Y = OCOCH,CI

H (0]
R = 1-Naphthylmethyl, 13Y =H, 14 Y = L/ O\)j\o/
HO S
HO
TABLE 1. HPLC Data of Bile Acid Based Dendrons
compd solvent system tr (Min) tr (Min) (85% MeOH/15% THF) k' (85% MeOH/15% THF)
7 85% MeOH/15% THF 7.5 7.5 1.53
8 MeOH 14.0 5.46 0.83
9 90% MeOH/10% THF 9.7 6.45 1.17
10 MeOH 11.0 4.77 0.6
13 80% MeOH/20% THF 16.9 55.01 17.52
14 80% MeOH/20% THF 9.0 22.96 6.73

with chloroacetyl and free carboxylic acid groups were syn- (naphthylmethyl absorption), and a single peak was observed
thesized from deoxycholic and cholic acids, respectively, by in each case (see Table 1 for retention times). Reverse phase
reaction with (CICHCO),0O in pyridine (Chart 1). Compound  HPLC has been used for the determination of relative hydro-
5 was then converted to its acid chloride and reacted ®ith  phobicities of different bile acids/salts (capacity factor/elution
following the Oppenauer protocddlto generatel 1 (66%) with time was directly correlated to the hydrophobicity/lipophilicity
six functionalizable chloroacetate groups (Scheme 2). Tetramerof the eluted compound§.Here the dendrons were investigated
11 was then reacted with an excess of sodium deoxycholate tousing an isocratic flow of 85% MeOH/15% THF for a
generate decamdi3 (37%). In an analogous manner tetramer comparison of theirelative lipophilicities (Figure 1 showing
12 (67%) was synthesized starting frofhand 2 and was an overlay of the chromatograms). The capacity fact&ts (
subsequently reacted with sodium deoxycholate to furnish showed (Table 1) that the order of lipophilicity was8 > 14
tridecamerl4 (35%) (Scheme 2). The lower yields ©8 and > 7> 9> 8 > 10. It was observed that lipophilicity of the
14 are mainly due to irreversible adsorption on silica during dendrons increased with an increase in the oligomer size
purification. All of the dendritic structures were characterized (increasing capacity factors). Interestingly, with increasing
by IR, ™H and 3C NMR, MALDI-TOF/ESI-MS, and HPLC. number of branching units, in a given generation, the capacity
HPLC Analysis. All dendrons were examined by HPLC factor decreased, suggesting a decrease in lipophilicity. For
using a C-18 reverse phase column, which provided information example, the capacity factor of dendrdis 1.53 in 85% MeOH/
about their purity and polarity/lipophilicity. The compounds 15% THF, whereas that of dendréris 1.17. Also, the elution
were detected by monitoring the absorbance at 280 nm time of the dendrons is highly sensitive to the polarity of the

(12) Oppenauer, R. Wonatsh. Chem1966 97, 62. (13) (a) Armstrong, M. J.; Carey, M. Q. Lipid. Res 1982 23, 70.
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FIGURE 1. Overlay of the HPLC profiles of the dendrons in 85% MeOH/15% THF.
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FIGURE 3. Solubilization of CR (inset) by dendroifs 9, 13, and14
and monomel. Straight lines are line fitting of the experimental data.

FIGURE 2. Representation of one of the several possible conforma- 15 . . .
tions of 14. H atoms are omitted for clarity. vent)!> Hence, such dendrons are interesting candidates for

solubilizing hydrophilic substances in nonpolar solvents. We

eluent, particularly fod3and14. A change of eluent from 80%  investigated the extraction of the monosodium salt of cresol
MeOH/20% THF to 85% MeOH/15% THF increased the elution €d (CR), & hydrophilic dye (inset, Figure 3) in chloroform. The
time of 14 by 14 min, and that ofL3 increased by 38.1 min.  Solubilization of CR by the dendrons in CHQlas carried out

Molecular Modeling. Structural optimization of the dendritic byTshoIidd—quuid extLactiondprotok?ol. ldible solubility |
molecules in vacuum was performed using molecular mechanics e dye was observed to have a negligible solubility in
method to get information about size and shépklodeling chioroform in t_he absence of any additive. The. dendnpc
suggests that these molecules have dimensions of the order optructures golublll_z_ed the dye to varying extents. We. first studied
2.0-4.0 nm. One such possible conformationigfis shown the extraction ability of dendrong 9, 13, and14, which have
in FigL.Jre 2 deoxycholate units at the periphery. In general, the amount of

Dye Solubilization Studies.The dendritic structures were dye solubilized increased linearly with the concentrqtlon of
readily soluble in THF and chloroform. These molecules are dendrons. Compoundsand9 showed much less extraction as

conformationally flexible and have facially amphiphilic periph- compared to13 and 14 (Figure 3). A control experiment
haty ! Yy ampnip perip erformed with monomet showed poor dissolution of the dye
eral branching units. We reasoned, therefore, that they can adop

a reverse-micelle-like conformation in such nonpolar solvents 0.8 M per mM of monomer). The refative solubilization of
with the hydrophobic faces turned outward (toward the sol- the dye by the dendritic compounds when compared to the

(15) (a) Janout, V.; Lanier, M.; Regen, S. L. Am. Chem. Sod 996
(14) Merck Molecular force fieldSpartan ‘04 Wavefunction, Inc.: 118 1573. (b) Daz, A. N.; Sachez, G. F.; Pareja, A. @olloids Surf., A
Irvine, CA. 1998 142, 27. (b) Zhao, Y.; Ryu, E. HJ. Org. Chem2005 70, 7585.
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g o2 and stirred for 24 h at 24.5C (+0.5). The resulting solution was
0.30{E0 > diluted to 2 mL in the case df, 2, 7, 9, 13, and14 and 5 mL in
5 0% 10 the case oB and 10. All solutions were filtered through 0.6m
0.25. 8 zzj PTFE membrane filters. The degree of dye uptake was monitored
o 2 002 ) by UV—vis spectroscopy. The concentration of cresol red in GHCI
E 3 ool (in the presence of dendron/monomer) was calculated using the
= 0.20 oo 02 dr 0o TBuT9 . molar extinction coefficient (14700) at 420 nm in 1% EtOH/CEICI
e i In the presence of the bile acid monomer/dendron the absorption
g 0.154 maxima of the dye was observed at 4£42 nm.
5 Synthesis. Compoundsl and 2 were synthesized following
s reported procedurés.
g 0.104 1-Naphthylmethyl 30, 120-Bis(chloroacetyloxy)-$-cholan-24-
3 oate, 3.To a solution of compountl (0.50 g, 0.94 mmol) in toluene
0.05- (4 mL) were added CadH(0.177 g, 4.2 mmol), PhCHENTCI-
2 (0.068 g, 0.3 mmol), and CIG€OCI (0.25 mL, 3.14 mmol). After
-— the reaction mixture was refluxed for 3 h, it was cooled, diluted
0.00 - T T - - - with CHCl; (5 mL), and filtered through Celite. The crude product
00 05 10 15 20 25 30 35 obtained after removal of solvent was chromatographed on silica
Conc. of dendron(mM) gel using 10% EtOAc/hexanes to yield 0.56 g (86%) of compound
3 as a white solid’H NMR (300 MHz, CDC}) ¢: 8.01 (d, 1H,J
FIGURE 4. Solubilization of CR by dendrorand10 and monomer =7.5Hz), 7.9%7.82 (m, 2H), 7.59-7.43 (m, 4H), 5.59 (d, 1H]
2. Inset shows the linear increase in solubilization of the dye at@101 = 12.3 Hz), 5.54 (d, 1HJ = 12.3 Hz) 5.15 (s, 1H), 4.834.75
mM of dendronl0. (m, 1H), 4.03 (s, 4H), 2.442.21 (m, 2H), 1.9%0.97 (m), 0.91 (s,

monomeric analogue exhibited an interesting pattern. Although 3H); 0.78 (d, 3H,J = 5.7 Hz), 0.66 (s, 3H)**C NMR (75 MHz,

the first generation dendrons showed only a slight increase CDCl) 6: 174.0, 166.8, 166.6, 133.7, 131.7, 131.5, 129.3, 128.7,

Compared to the monomer, the Second generanon dendronsl276, 1265, 1260, 1253, 1236, 780, 763, 644, 493, 474, 451,
exhibited much better dye uptake (Figure 3). Dendrb®and 41.7,41.2, 41.1, 35.6, 34.62, 34.59, 34.3, 34.0, 31'9’,31'2' 30.8,
14 showed 20- and 50-fold increase, respectively, in the 27.3,26.8,26.3, 25.8, 25.5, 23.4, 22.9,17.5, 12.3. IR (film, 4m

S 2 2870, 17 1291, 1172, 971, 793. HRMS- I
solubilization of CR. These results suggest that the dendritic forggi’l-lmgcgloﬁ i3i\la+97d7.288’ ?)bsa 79037.285. S-B8iz calcd

branching in13 and 14 led to better encapsulation of the dye. Trimer (4 OH, COOCH ,Np), 7. To a solution of compound

We then investigated the degree of dye uptake by the (0.1 g, 0.15 mmol) in DMF (2 mL) was added sodium deoxycholate
dendrons with cholate as branching unsad10) using2 as (0.18 g, 0.44 mmol), and the reaction mixture was stirred &@®0
control. The concentration of the extracted CR in the organic for 7 h. The reaction mixture was then cooled, poured into water
layer increased linearly with the concentration of the dendrons, (30 mL), and extracted with CHE(50 mL). The organic layer
and efficient solubilization of the dye (relative to monon2gr ~ was washed with kO (30 mL) and agueous NaHG®olution (30
was observed (Figure 4). Interestingly, the extraction efficiency g}'%;;‘g;:;gﬁe%r%(:]ugﬁigg‘gg?g:ﬁg;gfg%g‘/g”gj ;Oixglrg was
of cholate-based dendrons was much higher than that of ) 0
deoxycholate counterparfsand9. This efficient dye solubili- 0.18 g (86%) of compoun@ as a white solid:H NMR (300 MHz,

: . ) S CDCly) 6: 8.02 (d, 1H,J = 8.4 Hz), 7.96-7.84 (m, 2H), 7.58
zation by the dendrons with cholate branching units indicates 7.43 (m, 5H), 5.57.5.53 (unresolved doublets, 2H), 5.15 (s, 1H),

that the 7-OH probably induces an additional hydrogen-bonding 4 7g 4 52 (m, 5H), 3.98 (s, 2H), 3.643.57 (m, 2H), 2.5+2.31

with CR, which may result in stronger binding of the dye8to  (m, 6H), 1.84-0.97 (m), 0.99-0.65 (angular methyls}3C NMR

and 10. Also, it is known that cholic acid is more facially (75 MHz, CDCL) o: 174.0, 173.6, 173.1, 167.4, 167.2, 133.6,
amphiphilic as compared to deoxycholic acid because of the 131.6, 131.5, 129.2, 128.6, 127.4, 126.5, 125.8, 125.2, 123.5, 75.5,
additional 7-OH. Hence, the reverse-micelle-like conformations 73.0, 71.6, 64.3, 60.8, 60.7, 49.3, 48.1, 47.5, 47.1, 47.0, 46.4, 45.0,
are probably more stable in the case of dendrons with cholate42.0, 41.7, 36.3, 35.9, 35.5, 35.2, 35.1, 34.6, 34.3, 34.1, 33.95, 33.5,
branching units, which leads to increased solubilization of the 32.0,31.2,30.8, 30.7, 30.3, 28.5, 27.5, 27.1, 26.8, 26.7, 26.2, 26.1,

dye. 25.9, 25.5, 23.6, 23.3, 23.1, 22.9, 17.3, 17.24, 17.17, 12.6, 12.2.
IR (film, cm™): 3401, 2939, 2864, 1741, 1153, 1041. LRMS-
Conclusion ESI: m/z calcd for G7H12014 + Na* 1419.9, obsd l420¢]25|3

) . . . +56.9 (c 1.18, CHG). Anal. Calcd for GH12¢0:14 C 74.75, H
We demonstrate that using simple chemical transformations g 53 Found: ¢ 74.68, H 9.07.

it is possible to design highly flexible dendritic structures with  Trimer (6 OH, COOCH ,Np), 8. To a solution of compound

bile acid both in the core and in branching units possessing (0.20 g, 0.30 mmol) in DMSO (2 mL) was added sodium cholate
multiple hydroxyl groups at the periphery. These dendrons (0.38 g, 0.89 mmol), and the reaction mixture was stirred &G0
exhibited the ability to solubilize a hydrophilic dye in a nonpolar for 7 h. The reaction mixture was then cooled, poured into water
solvent, suggesting that such molecules can be further explored50 mL), and extracted with EtOAc (70 mL). The organic layer
as encapsulating agents in organic media. The dendritic Was washed with O (50 mL) and agueous NaHG®olution (70
structures are composed of biocompatible building blocks and ML) The crude product obtained after removal of the solvent was
easily hydrolyzable ester bonds, which also makes them chromatographed on silica gel using 1% EtOH/CHC} to yield

attractive candidates for biological and drug delivery applica- 0.47 g (87%) of compoun8las a white solid-H NMR (300 MHz,
. " | ? b fgh ; Y ppl_ 4 CDCh) &: 8.01 (d, 1HJ = 7.6 Hz,), 7.88-7.83 (m, 2H), 7.56
tions. Moreover, these molecules can be further functionalized 5 45 (M, 4H), 5.59 (d, 1H) = 12.6 Hz), 5.55 (d, 1HJ = 12.9

by modification of the peripheral hydroxyl groups. Hz), 5.12 (s, 1H), 4.75 (m, 1H), 4.661.51 (m, 4H), 3.96 (s, 2H),
C . | Secti 3.83 (s, 2H), 3.42 (m, 2H), 2.470.99 (m), 0.94-0.63 (angular
xperimental Section methyls). 3C NMR (75 MHz, CDC) 6: 174.0, 173.7, 173.2,

Dye Solubilization Studies.A solution of known concentration 167.5,167.3, 133.7,131.6, 131.5, 129.2, 128.6, 127.4, 126.5, 125.9,
of the dendron in CHGI(1 mL) was mixed with solid CR (15 mg) 125.2, 123.5, 77.2, 75.6, 73.0, 71.8, 68.3, 64.4, 60.9, 49.3, 47.5,

772 J. Org. Chem.Vol. 71, No. 2, 2006
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46.8, 46.7, 46.4, 46.3, 45.0, 41.7, 41.4, 39.40, 39.38, 35.5, 35.33,

JOC Article

white solid.'H NMR (300 MHz, CDC}) 6: 5.20 (s, 1H), 4.79 (m,

35.26, 35.23, 35.20, 34.73, 34.70, 34.63, 34.59, 34.21, 34.17, 34.0,1H), 4.08 (s, 2H), 4.04 (s, 2H), 2.42.19 (m, 2H), 1.960.98

32.0, 31.2, 30.9, 30.8, 30.73, 30.71, 30.65, 30.62, 30.60, 30.57,
30.29, 30.25, 30.2, 28.13, 28.06, 28.0, 27.52, 27.48, 27.46, 27.2,
26.76, 26.75, 26.2, 25.97, 25.9, 25.8, 25.42, 25.41, 23.34, 23.27,

23.23, 23.19, 22.9, 22.4, 17.3, 17.2, 12.4, 12.2. IR (film,; Hm
3394, 2937, 2867, 1741, 1153, 737. LRMS-ESWz calcd for
C87H128016 + Nat 1451.9, Q7H123016 + K* 1467.9, obsd 1452.2,
1468.2. Anal. Calcd for &H12¢6016. C 73.08, H 9.02. Found: C
72.79, H 8.69. ¢]%% +49.1 € 1.63, CHCY}).

1-Naphthylmethyl 3, 70, 120- Tris(chloroacetyloxy)-53-cholan-
24-oate, 4 The procedure for the synthesis3ivas followed. From
2 (0.997 g, 1.82 mmol) was obtained 1.06 g (75%) of the title
compound as a white solidH NMR (300 MHz, CDC}) 6: 8.01
(d, 1H,J = 7.8 Hz), 7.9%7.85 (m, 2H), 7.557.42 (m, 4H), 5.59
(d, 1H,J=12.1 Hz), 5.54 (d, 1H) = 12.3 Hz), 5.16 (s, 1H), 5.02
(s, 1H), 4.67 (m, 1H), 4.114.02 (m, 6H), 2.43-1.02 (m), 0.93 (s,
3H), 0.79 (d, 3HJ = 5.4 Hz), 0.66 (s, 3H)}*C NMR (75 MHz,
CDCly) ¢: 173.8, 166.8, 166.5, 166.2, 133.7, 131.6, 131.5, 129.3,

(m), 0.92 (s, 3H), 0.83 (d, 3H,= 6.3 Hz), 0.75 (s, 3H)3C NMR

(75 MHz, CDC}) 6: 180.1, 166.8, 166.6, 78.0, 76.3, 49.3, 47.4,

45.1,41.7,41.2,41.1, 35.5, 34.6, 34.5, 34.3, 34.0, 31.9, 30.8, 30.5,

27.3,26.7,26.3, 25.8, 25.5, 23.3, 22.9, 17.4, 12.3. IR (filnT;3m
2945, 1728, 1296, 1184. LRMS-ESin'z calcd for GgHa2Cl,06

+ Na' 567.2, GgH.Cl,0s + K+ 583.2, obsd 567, 583. Anal. Calcd

for CoeH4Cl.0g: C 61.65, H 7.76. Found: C 61.80, H, 7.82.

Tetramer (6 Cl, COOCH,Np), 11.To a solution of compound
5(0.49 g, 0.91 mmol) in toluene (4 mL) was added oxalyl chloride
(0.13 g, 1.49 mmol) followed by DMF (@&L), and the reaction
mixture was stirred at room temperature for 1 h. Volatiles were
removed under vacuum, and to the crude acid chloride were added
compound2 (0.088 g, 0.154 mmol), CaH0.037 g, 5.8 mmol),
and PhCHE&NTCI~ (0.013 g, 0.40 mmol). The reaction mixture
was refluxed for 48 h, cooled, and filtered through Celite, and the
crude product obtained after removal of the solvent was chromato-
graphed on silica gel using-31% EtOAc/CHC} to yield 0.24 g

128.7, 127.6, 126 5, 125.9, 125.2, 12350, 77.2, 75.8, 73.0, 64.4,560%) of compoundL1 as a white solidlH NMR (300 MHz.
47.2,45.1,42.8,41.14,41.06, 40.5, 37.8, 34.44, 34.41, 34.33,34.3LopCy) o: 8.0 (d, 1H,) = 7.6 Hz), 7.9-7.84 (m, 2H), 7.557.43

34.2, 31.12, 31.07, 30.6, 28.4, 27.0, 26.4, 25.1, 22.8, 22.2, 17.4,

11.9. IR (film, cn7?): 2953.4, 2871, 1731.7, 1291.1, 1186, 1005.
LRMS-ESI: nvzcalcd for G;Hs5,Cl30g + Na" 799.3, G1Hs5:Cl30g

+ K* 815.2, obsd 799, 815. Anal. Calcd fog,85,Cl;0s: C 63.28,

H 6.67. Found: C 63.32, H 6.66.

Tetramer (6 OH, COOCH2Np), 9. From4 (0.10 g, 0.13 mmol)
was obtained 0.16 g (66%) of the title compound as a white solid.
IH NMR (400 MHz, CDC}) ¢: 8.00 (d, 1H,J = 7.6 Hz), 7.88-
7.83 (m, 2H), 7.56:7.42 (m, 4H), 5.59 (d, 1H] = 12.1 Hz), 5.55
(d, 1H,J = 12.3 Hz), 5.08 (s, 1H), 4.98 (s, 1H), 474.45 (m,
7H), 3.95 (s, 3H), 3.80 (s, 3H), 3.40 (m, 3H), 2:40.971 (m),
0.90-0.63 (angular methyls)'3C NMR (100 MHz, CDC}) o:
173.9, 173.52, 173.45, 173.3, 167.5, 167.2, 133.8, 131.7, 129.2

(m, 4H), 5.59 (s, 2H), 5.18 (s, 3H), 5.05 (s, 1H), 4.90 (s, 1H), 4.79
(m, 3H), 4.55 (m, 1H), 4.084.04 (m, 12H), 2.3%+1.09 (m), 1.04-

0.64 (angular methyls)'3C NMR (CDCk, 75 MHz) o: 173.7,
173.5, 173.3, 173.1, 166.7, 166.5, 166.40, 166.36, 133.6, 131.5,
131.4,129.2, 128.7, 127.4, 126.5, 125.9, 125.2, 123.4, 77.9, 77.2,
76.2, 73.9, 64.4, 49.2, 47.7, 47.6, 47.4, 45.11, 45.08, 45.0, 43.3,
41.6,41.1, 40.8, 37.7, 35.5, 34.9, 34.7, 34.6, 34.5, 34.2, 33.9, 31.9,
31.62, 31.60, 31.5, 31.43, 31.42, 31.3, 31.1, 30.89, 30.87, 30.8,
28.7,27.3,27.22,27.19, 26.7, 26.3, 25.8, 25.49, 25.45, 25.3, 23.4,
22.8,22.5, 17.54, 17.49, 17.40, 17.35, 12.3, 12.0. IR (filn;ym
2946, 2868, 1732, 1290, 1174, 737. ESI-M8&Vz calcd for
Clld"lGBCIGOZO + Nat 2150, Q]_ngegC'eOgo + K* 2165.99, obsd

1287, 127.4. 126.6, 126.0, 125.3, 123.6, 75.3. 73.1, 72.2, 71.8,2-2L 2166. Anal. Calcd for LetieeCleOzq C 67.06, H 7.95.

64.4, 61.0, 60.80, 60.75, 48.2, 47.5, 47.3, 47.2, 46.6, 45.3, 43.3,
42.2,40.8, 37.9, 36.5, 36.1, 35.4, 35.3, 35.2, 34.7, 34.6, 34.3, 34.2,

Found: C 67.01, H, 8.100]%% +104.3 ¢ 0.94, CHCY}).
Decamer (12 OH, COOCHNp), 13.To a solution of compound

33.7,31.4,31.2, 31.1, 31.0, 30.8, 30.6, 28.9, 28.7, 27.5, 27.2, 27.1,11 (0.041 g, 0.020 mmol) in DMF (2 mL) was added sodium
26.6, 26.2, 25.5, 23.7, 23.2, 22.7, 22.5, 17.4, 12.7, 12.1. IR (film deoxycholate (0.097 g, 0.39 mmol), and the reaction mixture was

cm™1): 3441, 2938, 2865, 1742, 1449, 1382, 1151, 1043. MALDI-
TOF: m/z calcd for Q]_3l‘|168020 + Na* 18695, Qlﬁlegozo + K+
1885.6, obsd 1868.8, 1884.1. Anal. Calcd faid16¢0.0: C 73.5,

H 9.17. Found: C 73.47, H 8.8%]?% +55.1 € 1.11, CHCH).
Tetramer (9-OH, COOCHNp), 10.In an analogous manner
4(0.29 g, 0.37 mmol) yielded 0.54 g (76%) of the title compound

as a white solid’H NMR (400 MHz, CDC}) d: 8.00 (d,J = 8
Hz, 1H), 7.88-7.83 (m, 2H), 7.567.42 (m, 4H), 5.59 (d, 1H] =
12.1 Hz), 5.54 (d, 1HJ = 12.3 Hz), 5.13 (s, 1H), 4.99 (s, 1H),
4.69-4.53 (m, 7H), 3.97 (s, 3H), 3.58 (m, 3H), 2:48.97 (M),
0.90-0.63 (angular methyls)}3C NMR (100 MHz, CDC}) o:

stirred at 60°C for 24 h. DMF was removed under high vacuum,
and the residue was extracted with 1:1 MeOH/CH@0 mL). The
solution was washed with aqueous NaH{@0 mL) and the lower
organic layer was dried over anhydrous,8@,. The crude product
obtained after removal of solvent was purified by preparative thin-
layer chromatography (silica) using 9% EtOH/CH @ yield 0.030

g (37%) of compound.3 as a white solidH NMR (300 MHz,
CDCly) 6: 8.00 (d, 1H,J = 8.1 Hz), 7.917.84 (m, 2H)), 7.55
7.43 (m, 5H), 5.57 (unresolved doublets, 2H), 5.18 (s, 3H), 5.04
(s, 1H), 4.90 (s, 1H), 4.774.51 (m, 16H), 3.98 (s, 6H), 3.59 (m,
6H), 2.45-2.18 (m), 1.83-0.99 (m), 0.96-0.63 (angular methyls).

173.9, 173.2, 167.5, 167.4, 167.3, 133.8, 131.7, 129.2, 128.7, 127.4.°C NMR (CDCk, 75 MHz)6: 173.6, 173.2, 167.5, 167.2, 133.8,

126.5, 126.0, 125.3, 123.6, 73.2, 73.0, 72.1, 72.03, 71.95, 68.4,131'6' 131.5,129.2,128.8, 127.4, 126.5, 125.9, 125.3, 123.5, 77.2,
64.4, 61.3, 60.9, 60.8, 47.5, 47.1, 47.0, 46.52, 46.48, 45.3, 43.2,79.6,73.1,71.7,60.9,49.4, 48.7,47.6, 47.2,46.5,45.1,42.1, 41.8,
41.6, 40.7, 39.7, 39.6, 37.9, 35.5, 34.8, 34.7, 34.6, 34.4, 34.3, 31.4'41.0, 36.4, 36.0, 35.6, 35.3, 34.7, 34.4, 34.1, 33.6, 31.6, 31.3, 29.3,
31.2,31.0, 30.9, 30.4, 30.8, 28.7, 28.2, 27.7, 27.1, 26.4, 25.2, 23.3,28.6, 27.6, 27.2, 26.8, 26.2, 25.6, 23.7, 23.1, 23.0, 22.63, 17.45,

22.7, 225, 17.4, 17.2, 12,5, 12.0. IR (film, chr 3421, 2938,
2868, 1742, 1466, 1383, 1294, 1150, 1076. MALDI-TOF M8z
calcd for G1H168023 + Na* 1917.5, G13H166023 + K+ 1933.6,
obsd 1915.1, 1930.20]%% +48.6 € 1.06, CHC}).
3a,12a-Bis(chloroacetyloxy)-$-cholanic Acid, 5. To an ice-
cooled suspension of deoxycholic acid (0.56 g, 1.43 mmol) in
pyridine (2.5 mL) was added chloroacetic anhydride (0.74 g, 4.33
mmol), and the mixture was stirred for 45 min at®@. The reaction
mixture was poured into 10% HCI (30 mL) and extracted with
EtOAc (50 mL). The organic layer was washed with 10% HCI (50
mL), water (40 mL), and aqueous NaHg€&blution (40 mL) and
dried over anhydrous N80O,. The crude product obtained after

17.42, 17.4, 17.3, 12.7, 12.4. IR (film, cA): 3413, 2935, 2865,
1741, 1153, 738. MALDI-TOF MS:mVz calcd for GeaHa02044 +
Na* 4290.97, obsd 4293.9. Anal. Calcd fope@H40,044: C 74.01,
H 9.49. Found: C 73.58, H, 9.38x]*%; + 56.2 0.9, CHC}).

3, 70, 12a-Tris(chloroacetyloxy)-53-cholanic Acid, 6. The
procedure for the synthesis &fwas followed. From cholic acid
(0.80 g, 1.97 mmol) was obtaidéd. g (79%) of the title compound
as a white solidH NMR (300 MHz, CDC}) 6: 5.21 (s, 1H),
5.04 (s, 1H), 4.67 (m, 1H), 4.134.03 (6H), 2.43-1.05 (m), 0.95
(s, 3H), 0.85 (d, 3HJ = 6.3 Hz), 0.76 (s, 3H)}:3C NMR (75 MHz,
CDCly) 0: 179.8, 166.8, 166.6, 77.3, 75.8, 73.1, 47.2, 45.1, 42.8,
41.2,41.1,40.5,37.9,34.5,34.4,34.3,34.2,31.1, 30.7, 30.4, 28.5,

evaporation of the solvent was chromatographed on silica gel using27.1, 26.4, 25.1, 22.8, 22.3, 17.5, 12.0. IR (film, &n 3436, 2954,

3—5% EtOACc/CHC} to yield 0.58 g (75%) of compound as a

2872, 1732, 1293, 1189, 1006, 969, 789. LRMS-EBIz calcd
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for CzoHssClsOs + Na® 659.23, obsd 659. Anal. Calcd for  (m, 2H), 7.62-4.43 (m), 5.57 (unresolved doublets, 2H), 5.17 (s,
Cs30H43Cl30g: C 56.48, H 6.79. Found: C 56.55, H, 6.77. 3H), 5.04-5.00 (m, 4H), 4.90 (s, 1H), 4.724.57 (m, 22H), 3.98
Tetramer (9 Cl, COOCH,Np), 12. The procedure for the (s, 9H), 3.58 (s, 9H), 2.452.35 (m), 1.82 0.98 (m), 0.9€0.62
synthesis ofL1 was followed. Fron6 (1.65 g, 2.59 mmol) an@ (angular methyls)!3C NMR (100 MHz, CDC}) 6: 173.8, 173.6,
(0.25 g, 0.454 mmol) was obtained 0.62 g (67%) of the title 173.53, 173.45, 173.4, 173.3, 173.2, 167.5, 167.4, 167.3, 167.2,
compound as a white solidH NMR (300 MHz, CDC}) ¢: 8.00 133.72, 131.60, 131.55, 129.2, 128.7, 127.4, 126.5, 126.0, 125.3,
(d,J = 7.8 Hz), 7.9-7.85 (m, 2H), 7.53-7.46 (m, 4H), 5.59 (d,  123.5, 77.2, 75.2, 73.1, 73.02, 72.95, 71.7, 64.4, 61.01, 60.8, 48.0,
1H,J=12.3 Hz), 5.54 (d, 1H) = 12.6 Hz), 5.20 (s, 3H), 5.04 (s, 47.2,47.1,46.5,45.3,45.1,42.1, 41.0, 37.8, 36.4, 35.5, 35.3, 35.0,
4H), 4.89 (s, 1H), 4.67 (m, 1H), 4.54 (m, 1H), 4:34.03 (m, 18H), 34.7,34.5,34.4,34.3,34.1, 33,5, 31.3, 31.1, 31.0, 30.9, 30.7, 29.1,
2.34-1.05 (m), 0.94-0.64 (angular methyls}3C NMR (100 MHz, 29.8, 28.6, 27.6, 27.2, 26.5, 26.2, 25.5, 23.8, 23.1, 22.7, 22.6, 22.5,
CDClk) o: 173.7,173.4,173.2,173.0, 166.8, 166.5, 166.2, 133.8, 17.4,17.31,17.29, 17.2,12.69, 12.66, 12.20, 12.17. IR (filnt}m
131.7,129.3, 128.8, 127.5, 126.6, 126.0, 125.3, 123.6, 75.9, 75.3, 3397, 2938, 2865, 1742, 1150, 1041, 735. MALDI-TOF M&z
74.1, 73.1, 70.6, 64.4, 47.7, 47.63, 47.58, 47.5, 45.3, 45.2, 43.4,calcd for G4Hs2:06, + Na* 5636.8, obsd 5642.50]%% + 53.1
42.9,41.2,40.7, 38.0, 37.9, 35.1, 34.6, 34.4, 31.6, 31.3, 31.0, 30.81,(c 1.13, CHC}).
30.76, 30.6, 29.7, 28.9, 28.6, 27.2, 27.1, 26.49, 25.52, 25.3, 22.9,
22.6, 22.3, 17.7, 17.6, 17.5, 12.1. IR (film, chr 2950, 1729, Acknowledgment. We thank the Department of Science and
1469, 1288, 1176. MALDI-TOF MSnvz calcd for GagH171CloOz6 Technology, New Delhi, for financial assistance (Grant SR/S1/
+ Na' 2431.7, GaH17:ClgOss + K 2447.9, obsd 2431.7, 2447.7.  9C-11/2004). N.V. thanks the UGC for a fellowship.
Anal. Calcd for G43H171ClgOs C 62.33, H 7.16. Found: C 61.98,
H 7.25. ]2 +78.3 € 0.83, CHCH)

Tridecamer (18 OH, COOCH;Np), 14.The procedure for the R : .
synthesis ofL3 was followed. Fromi2 (0.05 g, 0.02 mmol) was methods and MALDI-TOF spectrum of compoubd This material

obtained 0.030 g (35%) of the title compound as a white s&d., is available free of charge via the Internet at http://pubs.acs.org.
NMR (400 MHz, CDC¥}) ¢6: 8.0 (d, 1H,J = 7.5 Hz), 7.89-7.84 JO052173I
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