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(2RS,4R)-3-(2-(3-Pyridinyl)thiazolidin-4-oyl)indoles represent a new class of potent, orally active 
antagonists of platelet activating factor (PAF). The compounds were prepared by acylation of the 
magnesium or zinc salts of substituted indoles with (2RS,4R)-2-(&ppidiny1)-3-( tert-butoxycar- 
bonyl)thiazolidin-4-oyl chloride. The 3-acylindole moiety functions as a hydrolytically stabilized 
and conformationally restricted anilide replacement, which imparts a considerable boost in potency 
to the series. Structure-activity relationships observed for substitution on the indole ring system 
are discussed. Members of the series compare favorably with other reported PAF antagonists. 

Introduction 
Platelet activating factor ((W)-l-O-octadecyl(or hexa- 

decyl)-2-acetylglycero-3-phosphocholine), hereafter re- 
ferred to as PAF, is an endogenous phospholipid inflam- 
matory mediatore2 In rabbit and human neutrophils and 
platelets, the C16-PAF predominates. Inflammatory cells 
such as alveolar macrophages, eosinophils, platelets, and 
neutrophils generate PAF in response to inflammatory 
and immune ~t imuli .~ 

PAF exerts its influence by acting on specific receptors 
found in a variety of cell types. The measurement of direct 
[3H]PAF binding has now been carried out on many 
tissueslcell types from a range of species, and the guinea 
pig lung and human leukocyte receptors have recently 
been ~ l o n e d . ~ ~ ~  Most studies have observed a single class 
of high-affinity binding sites, and southern blotting studies 
have revealed only a single gene copy.6 In addition, the 
reported relative binding potencies for PAF analogs and 
antagonists across various tissue preparations have been 
fairly consistent; however, there have been some sugges- 
tions in the literature of multiple conformational states 
in PAF receptors,’ as well as indications of multiple PAF 
receptors.a11 At this time it is unclear if these postulates 
have any clinical importance. 

PAF possesses many potent proinflammatory activities 
and consequently may be an important mediator in a wide 
range of pathological conditions that have inflammatory 
components.12 Among the biological responses linked to 
PAF are increased vascular permeability, hemoconcen- 
tration, hypotension, ulcerogenesis, bronchoconstriction, 
the triggering of airway hyperresponsiveness, and platelet 
degranulation. Potential indications for PAF antagonists 
therefore include septic shock,13 asthma,14 ischemia/ 
reperfusion injury,’6 and various inflammatory diseases. 
In view of the potent pathophysiologic effects of PAF and 
the broad scope of diseaees in which it may play a role, 
there appears to be therapeutic potential for agents that 
will prevent the actions of PAF. As a result, many research 
groups have identified PAF antagonists representing a 
wide variety of structural classes.16 
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Initial Studies 

In an effort to identify novel and potent PAF antago- 
nists, we initiated a research program involving both a 
screening effort and evaluation of previously identified 
classes of PAF It was found that the 
thiazolidine compound 1, an analog of the known PAF 
antagonist RP-5277Ol8 lacking the fused pyrrole ring, 
displayed high affinity for the PAF receptor (Chart 1). 
Likewise, compounds 2 and 3 proved to be more potent 
than the structurally related RP-58467.18 A number of 
similar compounds were prepared and evaluated.lg A 
related series of pyridylthiazolidines was independently 
reported by workera at Yamanouchi Pharmaceutical 
Company, 

While the change from pyridylpyrrolothiazoles to py- 
ridylthiazolidines provided a novel series with improved 
PAF binding affinity, it introduced new challenges as well. 
Removal of the fused pyrrole ring from the pyrrolothiazole 
introduces a second stereogenic atom to the structure, as 
well as the possibility of thioaminal fragmentation. It 
was quickly established that the preferred configuration 
at C-4 was R, as the 4 s  enantiomer of 1 was essentially 
inactive in our receptor binding assay.21 All further work 
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Scheme 1 
R R R 

Scheme 2. 
OH 

was therefore carried out using material derived from (R)- 
cysteine (vide infra). 

In 2,4-disubstituted thiazolidines, the cis and trans 
diastereomers freely interconvert in The ratio 
of diastereomers observed for compounds in the present 
study was typically 3:2-1:l with the tram (4R,2S) dia- 
stereomer predominating, based on 'H NMR spectros- 
copy.23 Diastereomerization occurs at the C-2 center via 
an iminium intermediate (Scheme 1). This property 
prevents the independent examination of the biological 
properties of the two diastereomers; hence, the structures 
will be drawn and discussed throughout this paper as a 
diastereomeric mixture. In addition, hydrolysis of the 
iminium intermediate can occur, although reportedly at 
a rate slower than diastereomerization in the pH range of 
l-12.24 Such ring hydrolysis could reduce the duration of 
action of compounds with this structural feature; however, 
thiazolidine-4-carboxylic acids have been reported to be 
stable under physiological conditions.25 Studies to address 
these features of the thiazolidine ring system have been 
reported separately.% 

The current work discusses our efforts to fiid an amide 
bond surrogate which would improve on the activities 
obtained with thiazolidines 1-3. While the initial results 
obtained with these anilids were promising, it was felt 
that further improvements in the in uiuo activity were 
needed. Toward this end, studies were undertaken to 
examine replacement of the amide moiety of the lead 
compounds with an acylindole group connected through 
the indole 1- or 3-position. It was hoped that this change 
would provide an amide replacement which would be free 
of hydrolysis problems and would be conformationally 
restricted with respect to the N-aryl bond of the anilide.27 
The synthesis and the evaluation of the PAF-antagonist 
activity of these compounds are described below. 

Chemistry 

Preparation of the 1-acylated indoles 6 was achieved in 
a straightforward manner as outlined in Scheme 2. The 
thiazolidine ring system was prepared by condensation of 
(R)-cysteine and pyridine-3-carboxaldehyde. Following 
protection of the thiazolidine nitrogen as its tert-butyl 
carbamate, the carboxylic acid 4a was activated and treated 
with the sodium salts of various indoles obtained com- 
mercially or prepared as described in the Experimental 
Section. Following deprotection, the desired compounds 
6 were obtained. 

By exploiting the ambident nucleophilicity of the indole 
anion, we were able to obtain the isomeric 3-acylindoles 
from the same intermediates. Thus, reaction of the 
chloromagnesium salt of indole% with the acid chloride 4c 
in benzenelmethylene chloride (method A, see the Ex- 
perimental Section for details) gave predominantly 7a, 
along with 6a, which was separable by chromatography. 
A number of substituted indoles were used in this protocol, 
giving variable but generally poor yields of 7 after 

e 

b - 

5 6 

Reagents: (a) pyridine-3-carboxaldehyde, EtOH/H20; (b) (t- 
BuOCO)zO, NaOH, dioxane/HzO; (c) N-hydroxysuccinimide, DCC, 
D W ,  DMF; (d) NaH, CH2C12; ClCOCOCI; (e) method A (see the 
Experimental Section); (0 method D or E (see Table 1 and the 
Experimental Section). 

Scheme 3. 
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4c 7 8 
a Reagents: (a) method B or C (see Table 2 and the Experimental 

Section); (b) method D or E (see Table 2 and the Experimental 
Section). 

separation of 6. A modified procedure (method B, see the 
Experimental Section for details) involving in situ gen- 
eration of the zinc salt of indole in ether2D followed by 
transfer to a methylene chloride solution of 4c allowed 
complete control of regioselectivity, providing only 3-acyl- 
ated products 7. This procedure provided a higher yield 
for the synthesis Of 7a; however, the yields obtained varied 
considerably with the indole used (Scheme 3, Table 2). 
We did not routinely examine our acylation products to 
determine the enantiomeric purity of the C-4 center.30 
However, as the ratio of diastereomers did not change 
noticeably during the transformation from 4a to 7, we feel 
that only minor epimerization of the C-4 center occurred 
during these transformations. Removal of the BOC 
protecting group provided compounds 8. 

The indole nitrogen of the intermediates 7 provided the 
opportunity for further elaboration. As indicated in 
Scheme 4, deprotonation of the indole followed by reaction 
with a variety of electrophiles gave compounds 9 after 
deprotection. 

The thiazolidine-protected ester-containing compounds 
10 also provided an entry to carboxylic acid derivatives, 
as well as to urea 12 (Scheme 5). 

Compound 15, an intermediate in the synthesis of 9ff, 
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HN-\S 

b 
compd R acylation yield (% ) deprot method deprot yield ( % ) salt solvate anal.0 

6a H b D 16b 2HC1 0.25Hzo C, H Nc 
6b 4-C1 33 D 91 2HC1 HzO C, H Nd 
6c 6-C1 28 D 61 2HC1 0.25CHzC12 C, H, N 
6d 6-coc& b D 6b HRMS 
6e 5-OCH2CsHs 70 D 86 2HC1 O.5Hz0 C, H, N 
6f 6-OCHzCsHs 50 D 78 HRMS 
6g 7-OCH2Caa 1' E 76 oxalate 1.5H20 C, H; Nf 

a Unless otherwise indicated, compounds gave elemental analyses within 0.4% of theoretical values. HRMS indicates high-resolution mass 
spectra were obtained with observed mass within 3 millimaes unite of theoretical, with purity confirmed by thin-layer chromatography. b In 
these cases, the intermediate 5 was not purified and was carried forward for deprotection; one yield for the two steps is given. N calcd, 10.86, 
found, 10.15. N calcd, 9.66; found, 8.61. cThis compound was isolated as a byproduct from the synthesis of 7e (vide infra) by Method B. 
f N calcd, 7.89; found, 6.16. 

Table 2. Structure and Synthesis of 3-Acylindoles 7 and 8 
H 7 R  

04.. 4 
m 

HN S Y 

acylation acylation deprot deprot 
compd R method yield(%) method yield(%) salt solvate anal.0 

8a H C 48 E 96 oxalate 1.25CH2C12 C, H, N 
8b 4-OCH2CsHs B 5 D 74 HRMS 
SC 5-OCH2C& B 7 D 92 0.5HzO C, H, N 
8d BOCHzCsHs B 16 E 68 C, H, N 
8e 7-OCHzCa B 9 E 96 CFsCOzH C, H, N 
8f 2-CH3 B 23 D 100 HRMS 

6-CHs B 11 E 96 O.5H20 C, H Nb 
8h 7-CHs B 9 D 60 HRMS 
81 6-0CH.g B 25 E 80 HRMS 
8j 6-Cd-k B 16 E 81 0.75CHzC12 C, H NE 
8k 6(4)-OCHzCW B 20 E 58 0.6HzO C, H, N 
81 6(3)-OCHzCsH4N C 10 E 15 0.25H20 C, H Nd 
8m 6(4-0CsH9 B 19 E 66 0.25HaO C, H, N 
8n 6-CCCsHs B 15 E 47 0.75H20 C, H, N 
80 6-F B 32 E 98 C, N He 
8P 6-Br C 39 E 96 C, H, N 
8q 2,5-cH.g B 32 E 90 20xalate C, H, N 
8r 2-CHs-6-OCHzCsHs B 14 E 88 1,5Hz0 C, H, N 
8s 5,BOCHs C 10 E 25 C, H, N 
8t 6-OH B 5 E, TBAFf 56 HRMS 
7u BC1 B 32 8 
7v 6(3)-CsW B 49 8 
7w 6-OCHzCHzOCHs B 12 8 
Unless otherwise indicated, compounds gave elemental analyses within 0.4% of theoretical values. HRMS indicates high-resolution masa 

spectra were obtained with observed mass within 3 millimase unite of theoretical, with purity confiied by thin layer chromatography. N 
calcd, 12.64; found, 11.44. N calcd, 9.36; found, 8.90. N calcd, 13.30, found, 12.60. e N calcd, 4.10; found, 4.51. f A TBS protecting group 
wm removed with TBAF; see the Experimental Section. 8 The protected compounds 7u-w were used as intermediatee (vide infra), but the 
corresponding compounds 8 were not prepared. 
also provided an opportunity for further elaboration 
through Pd-catalyzed coupling reactions, as shown in 
Scheme 6. 

It also proved possible to selectively functionalize the 
indole nitrogen of compounds 8 in the presence of the 
unprotected thiazolidine secondary amine with dialkyl 
dicarbonates and catalytic DMAP in CH&N (Scheme 71, 
giving compounds 19.31 

Taking advantage of our ability to differentiate the two 
nitxogens, 19a was then used as an intermediate to prepare 
N-substituted thiazolidines 20 (Scheme 8). Separation of 
the pure cis and tram diastereomers from a 3.61 mixture 
by column chromatography was achieved for the tri- 
fluoroacetylated compounds 200 and 20d. 

Finally, compound 21, a desoxo analog of 8a, was 
prepared from a protected derivative of (R)-tryptophan 
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Scheme 4p 
H DI 
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“Reagents: (a) method F, G, H, I, or J (see Table 3 and the 
Experimental Section); (b) method D or E (see Table 3 and the 
Experimental Section). 

Scheme 5s 
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Reagents: (a) method K (see Table 4 and the Experimental 
Section); (b) DPPA, NMM, THF, h; NHa, THF; (c) method D (see 
Table 4 and the Experimental Section); (d) method L (see Table 4 
and the Experimental Section). 

as outlined in Scheme 9. The carboxylate was reduced to 
the corresponding alcohol, followed by conversion to a 
protected thiol via a Mitsunobu reaction. Deprotection 
of the amine and thiol groups, followed by condensation 
with niFotinaldehyde, provided 21 in a 3 % unoptimized 
yield for the five-step sequence (see the Experimental 
Section for details). 

1- and 3-(2-(3-Pyridinyl)thiazolidin-4-oyl)indoles 
as PAF Antagonists: Results and Discussion 

The primary method for evaluation of PAF antagonist 
activity in these studies was a radioligand binding assay 
employing rabbit platelet membranes, with [3HlC~aPAF 
used as the radioligand (see the Experimental Section for 
details). The results are reported as inhibition constants 

At  the outset of the current study, a series of 1-acylatad 
indoles 6 were prepared and evaluated (Table 7). The 
initial compounds prepared, 6a-q displayed significantly 
greater binding affinity for the PAF receptor than the 
lead structure 1 (Ki = 208 nM) from which they were 
derived, suggesting that introduction of a conformational 
constraint to the anilide moiety was beneficial. Notably, 

(Ki) - 

15 

I C  

CH. 

16 

mc0c6H5 @SNCH3h 

0- d,b 
*%, 

0 - 
HNns 

“i? 
BocNYS Y 

18 17 

“Reagents: (a) pFPhB(OHI2, Pd(PPh& DME, h; 93%; (b) 
method E (we the Experimental Section); (c) Me3SnSnMe8, Pd- 
(PPh3)4, DME, h; 86%; (d) PhCOCl, [(CaH&)PdC112, proton sponge, 
THF .h; 67%. 

the inhibition constants were comparable to that observed 
for RP-58467 (Ki = 31.8 nM), despite the lack of an 
additional hydrophobic group corresponding to ita m- 
benzoyl substituent. Compounds 6d-g were then exam- 
ined to determine the proper orientation for a hydrophobic 
group in this series. The 5-benzyloxy substituent of 6e 
provided a modest boost in potency; however, the increase 
was not as dramatic as that seen in the anilide series. As 
these initial results were encouraging, we next undertook 
the study of the “inverted” 3-acylindole analogs which 
were anticipated to be approximately i~os te r ic~~ and would 
lack the potentially labile 1-acylindole functionality. 

Figure 1 shows the structures of 6e and RP-59277 
overlaid, illustrating the 3D similarity of the structures. 
Since RP-59277 is reportedly more active than its enan- 
tiomert8 we presume that the 2R,4R diastereomer of the 
thiazolidine compounds possesses the bulk of the observed 
PAF-antagonist activity. The diastereomer of 60 pos- 
sessing identical stereochemistry at the pyridyl-bearing 
carbon is shown. The compounds were overlaid by 
superimposing the pyridyl nitrogen, the carbonyl oxygen, 
and the nitrogen of the thiazolidine ring (to provide a 
third point for superposition). Each compound was 
subjected to conformational analysis33 and energy mini- 
mization% to ensure that the chosen conformation was 
energetically accessible. The superposition of 8a and 6a 
(Figure 2) illustrates that the position of the indole acyl 
linkage (3 us 1) does not change the region of space occupied 
by the aromatic ring system as a whole. A 3D-QSAR 
analysis and pharmacaphore model providing a more 
detailed picture of the requirements for binding activity 
will be reported elsewhere. 

Gratifyingly, compound 8a displayed an even greater 
binding affinity for the PAF receptor than 6a. The series 
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R2 7 R' 

0 2 p  5 

acylation acylation deprot deprot 
compd R' R2 method yield(%) method yield(%) salt solvate anal." 
9a 
9b 
9c 
9d 
90 
9f 
9g 
9h 
9i 
9j 
9k 
91 
9m 
9n 
90 
9P 
9q 
9r 
9r 
9t 
9u 
9v 
!iw 
9. 
9Y 
92 
9- 
9bb 
9cc 
9dd 
9ee 
9ff 

H CzHs 

9im 
9hh 6:F 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
6-OCH2CsHs 
7-OCH2CaHs ~. . 

6-csHs 
6-OCH2Caa 
6-OCHzCaHs 

~ 

F 
G 
G 
G 
H 
H 
F 
I 
I 
G 
F 
F 
J 
J 
J 
J 
f 
G 
G 
G 
G 
F 
G 
F 
G 
G 
F 
G 
G 
G 
G 
G 
G 
G 

59 
78 
30 
70 
60 
65 
28 
40 
53 
87 
77 
60 
78 
43 
60 
38 
28 
97 
19 
47 
77 
50 
87 
42 
65 
30 
40 
10 
80 
44 
26 
87 
32 
68 

~~ 

D 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
D 
D 
D 
D 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

71 
100 
87 
90 
42 
62 
96 
42 
81 
66 
82 
42 
91 
79 
58 
50 
53 
95 
68 
99 
68 

100 
73 
52 
70 
42 
85 
62 
73 
55 
48 
76 
32 
75 

20xalate 

0.25CF3COzH 
0.25HzO 

0.5H20,0.1CHC& 
0.2H20,0.2CH&12 
0.5H20 

citrate H2O 

HRMS 
C, H, N 
HRMS 
C, H, N 
C, H, N 
HRMS 
HRMS 
H, N Cb 

C, H, N 
C; H, Ne 
HRMS 
C, H, Nd 
C, H, N 
C, H, N 
C, H Ne 
C, H Ne 
H, N, Ch 
HRMS 
C, H, Nj 
HRMS 
C, H Nj 
C, H, N 
C, N Hk 
C, H, N 
C, H N' 
HRMS 
C, H, N 
C, H, N 

C, H, Nm 
C, H, N 
C, H, N 
C, H: Nn 

C, H, N 

C, H, N 

" Unless otherwise indicated, compounds gave elemental analyses within 0.4% of theoretical values. HRMS indicates high-reeolution mass 
spectra were obtained with observed maee within 3 millimass unite of theoretical, with purity confiied by thin layer chromatography. b C 
calcd, 50.55; found, 51.09. H calcd, 6.23; found, 6.67; N calcd, 9.99; found, 10.69. N calcd, 10.63; found, 10.04. e N calcd, 14.56; found, 
14.08. f See the Experimental Section. 8 N calcd, 10.04. found, 9.48. * C calcd, 55.86; found, 55.26. N calcd, 11.58; found, 10.53. j N calcd, 
5.71; found, 5.14. N: calcd, 5.71; found, 5.14. N calcd, 9.30, found, 8.46. N calcd, 12.09, found, 11.51. N. calcd, 14.06; found, 13.03. 

Table 4. Structure and Synthesis of 3-Acylindoles 10-14 
yield 

compd R n method (%) salt solvate anal." 
10a CHzCHs 1 J 78 
10b CH3 2 J 43 
1 la 1 K 57 
l l b  2 K 92 
12 2 b 72 0.5H20 C,H,N 
13a 1 D 82 2HC1 0.5H20 C,HNc 
13b 2 D 3 4  O.lSCHC& C, H Nd 
14a 1 L 5 0  H2O C, H; Ne 
14b 2 L 5 0  0.5CH2C12 C, H; Nf 

Unless otherwise indicated, compounds gave elemental aualyseg 
within 0.4% of theoretical values. HRMS indicates high-resolution 
mass spectra were obtained with observed maas within 3 millimass 
unite of theoretical, with purity confiied by thin-layer chroma- 
tography. See the Experimental Section. e N calcd, 9.36; found, 
8.92. N calcd, 10.52; found, 9.89. * N calcd, 14.57; found, 13.78. 
f N calcd, 13.24; found, 12.74. 

of compounds 8b-t were then examined to explore the 
effects of substitution around the indole group (Table 8). 
It appears that hydrophobic substituents at the 6- or 

Scheme 7s 

R 2 0 y 0  Ri 

a p p' 
0 0 *. * "n n 

l B  8 

" Reagents: (a) method M (see Table 5 and the Experimental 
Section). 

7-position afford a modest increase in binding affinity, 
while polar groups at the &position reduce activity. 
Substitution at positions 2,4, or 5 appears to be deleterious 
to PAF receptor binding. Also included in Table 8 is a 
series of compounds 9a-q and 19a-d bearing substituents 
at the indole nitrogen. The structure-activity relation- 
ships at this position seem to indicate that there is little 
room in the receptor €or large substituents in the immediate 
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Scheme 9. 

HN S r 
yield 

comd R1 R2 (%) salt solvate anal." 
19a 
19b 
19c 
19d 
19e 
19f 
19I3 
19h 
191 

85 
32 
16 
41 
83 
a4 
56 
90 
99 

HI 
HI 
HI 

Oxalate C, 
HI 

oxalate 0.5Eh0 C, 
HI 

Oxalate C, 
oxalate N. 

Unless otherwise indicated, compounds gave elemental analyses 
within 0.4% of theoretical values. HRMS indicates high-resolution 
maas spectra were obtained with observed masa within 3 millimasa 
units of theoretical, with purity confiied by thin-layer chroma- 
tography. H: calcd, 5.14;found, 5.83. C: calcd, 59.19;found,59.83. 

Scheme 8p 

a, b 
D 

1 Qa 20 

0 Reagents: (a) general method N (see Table 6 and the Experi- 
mental Section); (b) general method D (see Table 6 and the 
Experimental Section). 

Table 6. Structure and Synthesis of 3-Acylindoles 20 

0%. n 

20 
comd R yield (%)" solvate anal.* 

20a H 31 HRMS 
20b CHs 65 0.25H20 C, H, N 
2012 (cis isomer) CF3 34c C, H, N 
20d (trans isomer) CFr 1 W  C. H. N 

Overall yield for acylation and deprotection (see the Experimental 
Section). Unless otherwise indicated, compounds gave elemental 
analyses within 0.4% of theoretical values. HRMS indicates high- 
resolution maw spectra were obtained with observed maas within 3 
millimase units of theoretical, with purity confiied by thin-layer 
chromatography. Isolated yield of pure diastereomer after chro- 
matographic separation. 

vicinity of the indole nitrogen, but there is space somewhat 
further away. The overall picture which emerges suggests 
that a fairly large hydrophobic cleft exists in the PAF 
receptor positioned adjacent to carbons 6,7, and 7a of the 

H 

d 
__f 

C - 
n 

z HN S n 6 HzN SH 

21 

"Reagents: (a) BHrTHF, THF; 54%; (b) PPhg, DPAD, CHa- 
COSH, 84% ; (c) MeOH, 4 HC1, HOAc; (d) pyridine-3-carboxalde- 
hyde, EtOH 6%. 

Table 7. PAF' Receptor Binding: 1-Acylindoles 
4 R  a- 5 

6 
04,, 7 
:7 

HN,S 

A 
L N  

"Pd R Ki, nMo determinationsb 
6a H 30.0 1 
6b 441 32.1 i 12.1 3 

2 6c 641 23.5 * 2.1 
6d 6-COCsHs 95.0 i 28.3 2 
Be S-OCH&Hs 14.9 3.2 2 
6f 6-OCH2C& 51.5 * 26.2 2 
6e 7-OCHzCsHtj 385 i 304 2 

,I Bindingaeeeyresultearereportedasgeometricmeans *standard 
error. b Number of independent determinations performed. 

indole ring, which can be reached by some Substituents 
attached at the indole nitrogen as well. Figure 3 illustrates 
how 3-acylhdoles substituted with hydrophobic substitu- 
ents at the 6-position can be superimposed with the 
3-benzoyl group of RP-59227, as exemplified by the 
superposition of 8d. 

Table 9 includes a number of compounds having 
multiple Substituents on the indole moiety. The structure- 
activity relationships generally agree with what was 
observed for the effects of the substituents singly. Thus 
a compound such as 9w bearing two "good* substituents 
displays high receptor affinity, while one such as 8s loses 
considerable potency. Exceptions to the pattern are 
compounds such as 98, which is 1,7-disubstituted, and 9x 
which is 1,2-disubstituted. Presumably, the groups at 
neighboring positions are close enough in space to exclude 
the indole nitrogen substituents from the favorable 
interactions which they normally achieve. The superposi- 
tion of 18 with RP-59227, Figure 4, illustrates the proposed 
bioactive conformation of substituents on the indole 
nitrogen. 

An additional area of study concerned modifications to 
the cysteine fragment of the general structure (Table 10). 
Acylation of the thiazolidine nitrogen effectively prevents 
the diastereomerization at the C-2 center discussed above, 
allowing, in principle, the isolation and evaluation of the 
diastereomers independently. Chromatographic separa- 
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Figure 1. The superposition of 6e and RP-59227. 

Figure 2. The superposition of 8a and 6a. 

tion of the cis and trans isomers was achieved for the 
trifluoroacetylated compounds 20c and 20d. Of the pair, 
(2R,4R)-isomer 20c possessed higher affmity for the PAF 
receptor. This observation is in agreement with reports 
that RP-59227, the R-enantiomer of RP-58467, possesses 
greater activity than the corresponding S-enantiomer.l* 
Unfortunately, acylation of the thiazolidine nitrogen in 
compounds 20 consistently led to a loss in binding affinity, 
a trend which was consistent with earlier observations in 
the anilide series. Similarly, removal of the ketone group 
to give 21 led to a 200-fold loss in Ki. 

For selected compounds, functional activity was also 
assessed, using a PAF-induced platelet degranulation assay 
(see the Experimental Section). All compounds from this 
study were competitive receptor antagonists, based on a 
Schild analysis. The results are reported in Table 11 as 
a Kb. The structureactivity relationships from this 
functional assay show the same general trends as those 
found for the receptor binding assay, with a similar rank 
ordering of potencies. The activities of compounds in the 
two assays is plotted in Figure 5. 

Interestingly, with the exception of a few modifications, 
most of the analogs of 8a had similar in vitro activity. Of 
the 70 substituted 3-acylindoles prepared, only 17 differed 
by more than 4-fold in Ki from 8a, and only 7 by more 
than 10-fold. Indeed, detailed analysis of the structure 
activity relationships is difficult with the activity of so 
many compounds falling within the confidence limits of 
that of the parent structure. In contrast, the differences 
between compounds in vivo was more pronounced. 

The compounds were tested in two models which 
determine the ability of an antagonist to block the effects 
of exogenously administered PAF 1 h after oral dosing of 
the test agent. In the mouse, PAF-induced paw edema 
was monitored, while in the rat PAF-induced skin perme- 
ability was used (see the Experimental Section for details). 
Table 12 presents the EDw values for those compounds 
for which a dose-response curve was determined. 

The rank order of potencies in vivo differ from that 
observed in vitro and differ in the two species/modele as 
well. While the complex interplay of intrinsic receptor 
binding affinity, absorption, distribution, metabolism and 
clearance make analysis of the results difficult, some 
general structure-activity relationships can be discerned. 
The incorporation of hydrophobic substituents at the 
indole 6-position generally provided an improvement in 
oral activity, particularly in the rat skin permeability 
model. Hydrophobic substituents on the indole nitrogen 
also had a generally positive effect. In particular, the 
dimethylcarbamoyl substituent was found to be beneficial 
to activity, especially in the mowe paw edema model. 
Compounds combining these features, such as 9r, 9y, and 
18, provided the best combination of in vitro and in vivo 
activity. 

Table 13 shows the potencies measured for a number 
of reference PAF antagonists in our assays, along with 
values for 9r. Comparison of these values with those 
presented above clearly indicates that the 3-(2-(3-pyridi- 
nyl)thiazolidin-4-oyl)indoles represent a highly potent new 
class of PAF receptor antagonists. 

Conclusions 
3-(2-(3-Py~idinyl)thiazolidin-4-oyl)indoles have been 

identified as a class of potent receptor antagonists of 
platelet activating factor. This series of compounds 
displayed nanomolar binding affinities in vitro, together 
with generally good oral activity in vivo. The introduction 
of hydrophobic substituents at the 1- and/or &positions 
of the indole ring generally led to improved PAF antagonist 
activity. This novel series was obtained by employing the 
3-indoloyl ketone moiety as a conformationally restrained 
arylamide surrogate. Further efforts to exploit this finding 
wil l  be reported in due course. 

Experimental Section 
Biological Assays. ['HIPAF Receptor Binding Method. 

Citrated whole rabbit blood was obtained from PeEFreez (Rogers, 
AR). Rabbit platelets were prepared by centrifugation and 
washing. The plateleta were lysed by freeze-thawing and 
sonication; platelet membranes were prepared by centrifugation 
and washing. Final membrane preparations were stored frozen 
in 10 mM N / 5  mM MgC12/2 mM EDTA (TME buffer, pH 7.0) 
with 0.25 M sucrose added for membrane stabilizetion. 

The standard PAF receptor binding assay contained 10 ~cg of 
platelet membrane protein, 0.6 nM [WIClkPAF (from Ameraham 
or New England Nuclear; specific activity 120-180 Ci/mmol), 
with and without test compound, in *binding buffer" consisting 
of TME with 0.25% bovine serum albumin added (Sigma, RIA 
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Table 8. PAF Receptor Binding: Effects of Substituents on 
3-Acyliidolee 

04, 4 
n 

HN s 

- 
compd R Ki, nMa determinationsb 

8a 
8b 
8c 
8d 
Be 
8f 
8% 
8h 
8i 
Si 
8k 
81 
8m 
8n 
80 
8P 
8u 
9a 
9b 
9c 
9d 
90 
9f 
9% 
9h 
9i 
Si 
9k 
91 
9m 
9n 
90 
9P 
9q 
12 
13a 
13b 
14a 
14b 
19a 
19b 
19c 

3.4 * 1.1 
13.0 5.7 
26.5 i 4.9 
1.6 * 0.5 
1.1 * 0.1 

22.5 * 1.4 
3.4 0.4 
6.5 
9.5 * 2.8 

14.2 * 6.7 
1.6 0.9 

36.5 * 9.2 
1.9 0.4 

15.0 8.5 
5.6 * 0.8 
6.2 2.9 

225.0 
5.4 1.6 

18.0 
31.5 7.8 
0.8 0.1 

30.5 * 7.8 
1.4 * 0.4 
1.5 

12.5 * 7.8 
8.8 * 5.3 
3.4 f 0.6 
8.8 * 1.1 

49.0 * 1.4 
1.2 0.5 
4.6 * 2.0 
7.8 3.2 
2.4 1.2 

20.5 * 2.8 
5.7 2.1 

29.8 * 21.3 
25.0 18.4 
5.0 * 0.2 
5.7 2.1 
1.0 * 0.4 
2.0 0.7 
4.4 f 0.1 

4 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
1 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 

19d l-COOCH2CSH5 3.0 * 0.4 2 
a Binding assay results are reported as geometric means standard 

error. b Number of independent determinations performed. 

grade). The final volume of the assay was 100 pL. The assay was 
conducted in Millititre-GV (Millipore Corp.) filtration platee, 
incubation time was for 60 min at room temperature (22-23 OC). 
"Specific binding" was operationally defiied as the arithmetic 
difference between "total binding" of 0.6 nM [3H]C~s-PAF (in 
the absence of added PAF) and 'nonspecific binding" (in the 
presence of 1 pM PAF). After the prescribed incubation, platelet 
membranes were filtered under vacuum and washed with 1 mL 
of 'binding buffer". The filters were dried and removed. The 
bound radioactivity was quantitated withaBertholdTLC-Linear 
Analyzer Model LB2842. 

Dose-response curves of inhibition of specific [3H]Cls-PAF 
binding by test compounds were conductsd with at least four 
doses covering the active range. ICs0 values (concentration 
producing 50% inhibition) were determined by point-to-point 
evaluation. Ki values of inhibitory binding constants were 
calculated according to the method of Cheng and Pru~off ,~ 

whereby 

ICE4 Ki = 
1 + ( [ [ 3 H l P ~ l / K ~ ~ 3 H l P A F )  

PAF-Induced Cellular [ 143]l-6-Hydroxytryptamine Re- 
lease Assay. Blood was collected via an ear vein from NZW 
rabbits, ddutedwith0.38% sodium citrate, and centrifuged (45Og, 
15 min) to obtain the platelet-rich plasma (PRP) supernatant. 
The PRP was then incubated with [14Clserotonin (65 mCi/mmol, 
0.16 mCi/mL) for 30 min at 37 OC and centrifuged (SOg, 16 min). 
The pellet was washed with calcium-free Tyrodes buffer and 
then resuspended with buffer to original PRP volume. Im- 
mediately prior to testing, the platelet suspension was diluted 
with one volume of 2 mM calcium Tyrodes buffer. The testing 
protocol was as follows: aliquota of the platelet suspension were 
incubated with antagonist for 5 min (fiial DMSO concentration 
1 %), agonist was added with orbital shaking at 37 O C  for 6 min, 
and the release reaction was terminated by cooling and by adding 
EDTA in saline (4 OC, fiial concentration 3 mM). The platelet 
suspension was then centrifuged (1200g, 15 min, 4 "C), and the 
supernatant was collected for measurement of radioactivity with 
a liquid scintillation counter. 

PAF-Induced Cutaneous Vascular Permeability in the 
Rat. Male Sprague-Dawley rats (190-220 g) were used, typically 
in a test group of five. The test compounds were prepared for 
oral dosing by the stepwise addition of DMSO, PEG400,46% 
(hydroxypropyl)-8-cyclodextran, and 0.9 % saline (2.5203047.5, 
vol/vol). The compounds were administered orally withadosing 
volume of 7.0 mL/kg 60 min prior to PAF challenge. Ten minutes 
prior to PAF challenge, 1% Evans Blue Dye in 0.9% saline was 
injected (2 mL/kg) iv via the tail vein. The PAF challenge (100 
pL of 0.6 pg/mL PAF in PBS containing 0.26% bovine serum 
albumin, pH 7.3) was injected into the dorsal skin intradermally 
with a 26-Ga needle. '&pically, the rats were injected four times 
evenly spaced on each side of the midline. Sixty minutes after 
challenge, the rats were euthanized using CO2. The dorsal skin 
was cut and reflected back to reveal the blue spots. Drug effect 
is expressed as percent inhibition of the mean protein extravasion 
area for each treatment group relative to areas generated in 
vehicle-dosed control animals. 

PAF-Induced Paw Edema in  the Mouse. Male ICR mice 
(25-30 g) were used, typically in a test group of six. The right 
hind paw volumes were measured using a mercury plethysmo- 
graph. The test compounds were prepared for oral dosing by the 
stepwise addition of DMSO, PEG400,46% (hydroxypropyl)-& 
cyclodextran, and 0.9% saline (2.5203047.5 vol/vol). The 
compounds were administered orally with a dosing volume of 
12.6 d / k g  30 min prior to PAF challenge. The PAF challenge 
(50 pL of 1 %/mL PAF in PBS containing 0.26% bovine serum 
albumin, pH 7.3) was injected into the right hind paw sub- 
cutaneously with a 27-Ga needle. The right hind paw volume 
was then recorded 15 min after PAF challenge. The paw edema 
was calculated for each mouse by subtracting the initial reading 
from the poetchallenge reading. Drug effect is determined as 
percent inhibition of paw edema relative to vehicle-dosed controls. 

Chemical Synthesis. General. Melting points were deter- 
mined using an Electrothermal digital melting point apparatus 
and are uncorrected. Infrared spectra were recorded with a 
Nicolet 5SXC FT-IR spectrometer and are reported in wave- 
numbers (cm-1). 'H NMR spectra were recorded on a GE QE300 
spectrometer, andchemicalahiftearereportedin partaper million 
(ppm, 6 )  relative to tetramethylsilane as an internal standard. 
Mass spectra were obtained on a Kratos MS-50 instrument. High- 
resolution maas spectra were recorded by Midwest Analytical 
Services. Elemental analyses were performed by Abbott Labo- 
ratories Pharmaceutical Products Division Structural Chemistry 
Department, Oneida Research Services, Inc., Whitesboro, NY, 
or by Robertson Microlit Laboratories, Inc., Madison, NJ. 
Spectra are reported only for test compounds and selected 
intermediates. Flash column chromatography was carried out 
using silica gel 60 (E. Merck, 230-400 mesh). THF was freshly 
dietilled from sodium benzophenone ketyl. Ethyl ether was 
purchased as 'anhydrous" and used as received. Other solvents 
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Figure 3. The superposition of 8d and RP-59227. 

Table 9. PAF Receptor Binding: Effects of Multiple 
Substituents on 3-Acylindoles 

HN S 

t i  
compd R' R2 Ki,nMa nb 

8q 
8r 
8s 
9r 
9s 
9t 
9u 
9v 
9w 
9x 
sy 
92 
9- 
9bb 
9cc 
9dd 
9ee 
9ff 
%e 
9hh 
16 
18 
1% 
19f 
19g 
19h 
19i 

2 
2 
2 
2 
2 

2 
2 

1 
2 

Binding m y  results are reported aa geometric meana i standard 
error, Number of independent determinations performed. 

were HPLC grade when available and were stored over molecular 
sieves. Unless otherwise noted, all chemicals and reagents were 
obtained commercially and used without purification. AU 
chemical yields are unoptimized and generally repreeent the result 
of a single experiment. The experimentals given for methods 
A-N are representative for all compounds listed as prepared by 
that method and should suffice to reproduce the syntheaea; 
however, in some cases specific reactions were run at  differing 
concentrations and/or for differing lengths of time. Oxalate, 
hydrochloride, citrate, or trifluoroacetate salta were prepared 
using standard techniques. 

(2RS,4R)-N-(3-Chlorophenyl)-2-(3-pyridinyl)-4-thiazo- 
lidinecarboxamide (1). A solution of acid 4a (2.91 g, 9.4 "01) 
and N-methylmorpholine (1.42 g, 14 "01) in CH2Clz (15 mL) 
was treated with isobutylchloroformate (1.5 g, 10 "01) at -15 
O C .  After 15 min, a solution of 3-chloroaniline (1.4 g, 11 "01) 
and DMAP (0.11 g, 0.9 "01) in CH2Cb (5 mL) was added. After 
1 h, the mixture was warmed to ambient temperature and stirred 
an additional 17 h. The mixture was quenched with 1 N NaOH, 
and the organic phase was separated, washed with successive 
portions of 1 N HC1, saturated NaHCOa, and brine, and then 
dried (MgS04). Flash chromatography (2.51 hexanes-EtOAc) 
provided the protected amide (0.65 g, 17 % yield). Deprotection 
according to method D provided 1 (99 % yield, 17 % yield overall). 

9.25-9.05 (c, 1H), 9.00-8.85 (c, lH), 8.80-8.69 (c, lH), 8.10-8.01 

7.21-7.14 (c, lH), 6.12 (8, 0.5H), 6.03 (s,O.SH), 4.50 (br t, lH, J 
= 7.5 Hz), 3.76-3.21 (c, 2H). IR (KBr): 3420, 1690, 1110,1070. 

NMR (DMSO-de, 300 MHz): 6 11.08 (8,0.5H), 11.05 (8, OsSH), 

(c, lH), 7.93-7.83 (c, lH), 7.67-7.57 (c, lH), 7.42-7.33 (c, lH), 

Masa sped= (DCI/NHs): 320 (M + H)+. Anal. (Ci&I&lN3- 
0S-2HC1) H, N, C calcd, 49.76; found 49.22. 
(2Rs,aR)-N-(3-Benzoylphenyl)-2-(3-pyridinyl)-4-thiazo- 

lidinecarboxamide (2). A solution of acid 4a (3.1 g, 10 "01) 
and 3-aminobenzophenone (1.97 g, 10 "01) in CHaClp (40 mL) 
was treated with HOBT (1.35 g, 10 "01) and DCC (2.06 g, 10 
"01) at  -5 OC. After 1 h, the mixture was wanned to ambient 
temperature and stirred an additional 17 h. The mixture was 
filtered, and the fiitrate washed with successive portions of 1 N 
NaOH, 10% citric acid, and brine and then dried (Mgso4). Flash 
chromatography (1:l EtOAc-hexanes) provided a yellow foam 
(58% yield). Deprotection according to method D provided 2 
(84% yield, 4996 yield overall). NMR (CDClg, 300 MHz): 6 9.28 
(8, 0.5 H), 8.80 (bds, O.5H), 8.62 (dd, 0.5H, J = 2.0,S.O Hz), 8.63 
(dd, O.SH, J = 2.0,S.O Hz), 8.06-7.76 (c, 6H), 7.62-7.32 (c, 7H), 
5.72 (MS, 0.5H), 4.98 (d, 0.6H, J = 12.0 Hz), 4.54 (m, 0.5 H, J 
=4.0Hz),4.30-4.20(~,0.5H),3.82(dd,0.5H,J=4.5,12.0Hz), 
3.62-3.43 (c, 1.6H). Mass spectrum (DCI/NHa): 390 (M + H)+. 

(2RS,4R)-N-[ 3-(3,4,5-Trimethoxybenzoyl)phenyl]-2-(3- 
pyridinyl)-4-thiazolidinecarboramide (3). A solution of acid 
chloride 4c (1.95 "01) and pyridine (0.17 mL, 2.1 "01) in 
CHzClZ(10 mL) was cooled to -5 OC, and a solution of %amino- 
3',4',S'-trimethoxybenzophenone hydrochloride (0.68 g, 2.10 
"01) in 5 mL of CHzCl2 was added dropwise over 10 min. The 
mixturewasallowedto warmto ambienttemperatureandstirred 
for 17 h. The mixture was washed with successive portions of 
water, 10% citric acid, saturated NaHCOa, and brine and then 
dried (MgS04).  Flash chromatography (32 EtOAc-hexanes) 
provided a yellow glass (0.61 g, 64% yield). Deprotection 
according to method D (vide infra) provihed 3 (83% yield, 45% 
yield overall). NMFt (DMSO-de, 300 MHz): 6 11.02 (br d, lH, 
J=7.5Hz),9.11(m,lH),8.86(d,lH,J=4.5Hz),8.72(m,2H), 
8.20 (br s,0.6H), 8.15 (br s,0.4H), 8.03 (m, lH), 7.94 (m, 1H),7.55 
(m, 2H), 7.07 (d, 2H, J = 4.5 Hz), 6.11 (8, 0.6H), 6.00 (e, 0.4H), 
4.46(brt, lH, J= 7.5Hz),3.82 (s,6H),3.77 (s,3H),3.60 (m, lH), 
3.27 (m, 1H). IR (KBr): 3420,1690,1650,1580,1550,1MX). Mass 

Anal. ( C ~ ~ & ~ N ~ O ~ S . ~ H C I . C ~ H H ~ O ~ )  C, H, N. 
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Figure 4. The superposition of 18 and RP-59227. 

Table 10. PAF Receptor Binding: Effects of Non-Indole 
Substituenta 

Y 

x 'e. 

p 
n 

RN S 

Ki, nMa nb 

7a 0 C02C(CH3)3 9750.0 & 3182.0 2 
20a 0 CHO 220 1 
20b 0 COCH3 17750 f 6718 2 
200 (cis) 0 COCF3 1640.0 & 1499.0 2 
20d(tram) 0 COCF3 7100.0 & 5284.0 3 
21 H2 H 600.0 283.0 2 

R 6 
compd X 

0 Binding assay results are reportad aa geometric means t standard 
error. b Number of independent determinations performed. 

spectrum (DCI/NHd: 480 (M + H)+. Anal. (c~Zd%- 

(2RS,4R)-2-(3-Pyridinyl)-3-( tert-butoxycarbonyl)-4-thia- 
zolidinecarboxylic Acid (4a). (R)-Cysteine (24.2 g, 0.2 mole) 
and 3-pyridinecarboxaldehyde (21.4 g, 0.2 mol) were suspended 
in 60% aqueous EtOH (400 mL), and the mixture was heated at 
100 OC for 5 h. The reaction mixture was then cooled and 
concentrated, and the resulting slurry was washed with EtOH 
and filtered. This material was dried overnight in vacuo at 50 
OC to afford the thiazolidine acid (34 g, 81% yield).l8 

To a slurry of the above acid (7.0 g, 33.3 mmol) in 40 mL of 
dioxane was added 60 mL of 1 M NaOH and di-tert-butyl 
dicarbonate (1.5 equiv, 50 "01) in dioxane. The mixture was 
stirred for 19 h. The mixture was concentrated and the resulting 
liquid partitioned between EtOAcand water. The aqueous phase 
was extracted with EtOAc and dried to yield 4a (8.27 g, 80% 
yield, 65% yield overall). 

(WY4R)-2-(  3-Pyridinyl)-3-( tert-butorycarbonyl)-4-thia- 
zolidinecarboxylate N-Hydroxysuccinimide Ester (4b). Acid 
4a (20 g, 64.4 mmol), N-hydroxysuccinimide (8.14 g, 7.1 mmol), 
and DMAP (787 mg, 6.4 mmol) were mixed, and DMF (200 mL) 
was added with stirring under a N2 atmosphere at room 
temperature. The flask was cooled, DCC (13.2 g, 64 "01) was 
added, and the mixture was stirred in an ice bath. The reaction 
mixture was then allowed to slowly warm to room temperature 
and stirred overnight. The mixture was concentrated under high 
vacuum, and the residue was extractad with EtOAc and filtered. 
The material was chromatographed on a silica column (21  
EtOAc-hexanes) to yield 4b (16.99 g, 65% yield). 
(2l2Sy4R)-2-(3-Pyridinyl)-3-( tert-butorycarbonyl)-kthia- 

zolidinecarboxyl Chloride (40). Acid 4a (2.0 g, 64 mmol) was 

O~S.2HC1*0.25H20) C, H, N. 

Table 11. Inhibition of PAF-induced Platelet Degranulationa 

0 
6 

HNyS 

ti 
8. 9. 19 
Kb, 

compd R1 R2 nM lower upper 
2 b  4.14 2.31 7.40 
3 b  0.416 0.121 1.42 
6a H 9.42 5.98 14.8 
6c BC1 6.61 2.45 17.8 
6e &OCH2C&6 1.96 0.869 4.39 
6f BOCH2Cfi 12.0 1.85 78.6 
80 &OCH2C&6 H 2.58 1.58 4.19 
8d BOCH2C&s H 0.0929 0.00163 1.42 
8e 7-OCH2C&s H 0.571 0.176 1.85 
8f 2-CH3 H 1.99 1.16 3.41 
9b H SOzCHsCHa 1.59 0.325 7.74 
9d H CON(CH3)n 0.291 0.00229 37.0 
9 e H  CON(CHs)C& 1.93 1.13 3.32 
91 H CH2Cd-k 22.1 4.73 103. 
19a H C02C(CH3)3 0.111 0.0143 0.853 
1% 6-OCHzCeHs C02C(CHs)3 1.19 0.127 11.2 
a Functional inhibition is reported as the Kb together with the 

upper and lower 95% confidence limits. * See Chart 1 for structure. 

0.1 1 
- 
I 1 

Receptor Binding (Ki, nM) 

Figure 6. Comparison of functional activity to receptor binding. 

added to a suspension of NaH (0.15 g, 64 "01) in CH2Ch (60 
mL). The mixture was stirred until gas evolution ceased, oxalyl 
chloride (0.6 mL, 64 "01) was added, and the mixture was 
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Table 12. In Vivo Activity of PAF' Antagonistso 
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compd R' R2 mouseEDw lower upper ratEDm lower upper 
2 
3 
6b 
8a 
8d 
& 
Si 
Sj 
8k 
80 
8~ 
8q 
8r 
9d 
9f 
9g 
9h 
9i 
Si 
9k 
90 
9r 
98 
9t 
9u 
9v 
9w 
9Y 
9bb 
900 
9dd 
9hh 
16 
18 
19a 
19b 
19d 
190 
19f 
19g 
19h 
191 

b 
b 

H 
6-OCH2C&s 
7-OCH2CsHs 
6-OCHs 
6-ceHs 
6(4)-OCH2CsW 
6-F 
6-Br 
2,5-CHs 
2-CHs-6-OCHzC& 
H 
H 
H 
H 
H 
H 
H 
H 
6-OCH&eHa 
7-OCH&& 
6 - W S  
6-OCHzCas 
6-OCH2c& 
6(4)-OCHzCm 
6(4 ) -0CM 
6-C1 
6-CCCeHS 
6(3)-C6)4N 
6-F 
6 - C m  
6-COCSHS 
H 
H 
H 
6-OCHzC& 
2-CHs 
6-CH3 
6-OCHs 
2.5-CHx 

C 

1.727 
0.476 

5.316 
1.465 
6.984 
3.703 
5.391 

0.979 
0.520 
2.632 

15.750 

0.079 
0.091 
0.808 
3.703 

0.372 
1.965 
1.787 
1.299 
0.873 
1.187 

0.770 
0.172 

4.199 
0.887 
3.295 
1.385 
2.838 

0.520 
0.019 
0.604 

8.311 

0.011 
0.010 
0.272 
2.597 

0.263 
0.024 
0.215 
0.170 
0.011 
0.805 

4.100 
1.005 

6.326 
2.128 

19.675 
8.729 

10.775 

1.728 
1.511 
5.766 

51.698 

0.228 
0.551 
1&05 
6.160 

0.474 
7.327 
4.130 
3.019 
2.628 
1.606 

12.880 
2.065 

14.958 
3.650 
0.526 
1.406 

2.296 
0.273 
2.691 
1.067 
6.429 
1.446 
1.299 
0.616 

1.679 
6.279 
3.193 

0.384 
0.530 

1.118 
0.762 
0.862 
0.355 
0.108 
1.604 
0.885 
4.477 
0.945 
0.760 
0.621 
4.961 
5.191 

0.429 

5.222 
1.897 
9.510 

2.632 
1.169 
6.740 
1.490 
0.260 
0.433 

1.773 
0.264 
2.562 
0.979 
4.576 
1.404 
1.202 
0.353 

1.590 
5.816 
1.549 

0.057 
0.191 

0.125 
0.680 
0.810 
0.341 
0.081 
1.420 
0.836 
3.934 
0.842 
0.690 
0.490 
3.586 
4.874 

0.264 

0.032 
1.631 

28.459 
3.178 

80.519 
7.518 
0.921 
4.388 

2.871 
0.294 
2.838 
1.162 
6.188 
1.489 
1.405 
0.987 

1.774 
6.751 
5.403 

1.209 
1.097 

2.202 
0.852 
0.916 
0.370 
0.137 
1.779 
0.938 
5.178 
1.055 
0.844 
0.556 
6.742 
5.489 

0.642 

37.078 
2.146 

8.922 10.161 
Results are presented for the mouse paw edema and rat skin permeability assaye (see text). Values represent the dose required to produce 

50% inhibition of the response in milligrama per kilogram, along with the lower and upper 95 % confidence limits. * See Chart 1 for structure. 
See Figure 1 for structure. 

stirred at ambient temperature for 30-60 min, giving a cloudy 
brown solution of 4c, which was typically carried on without 
isolation. 

N-Acylation of Indoles. Method A (2RSy4R)-&(Phenyl- 
methoxy)-l-[2-(3-pyridinyl)-3-( tert-butoxycarbonyl)-4thia- 
zolidin-4-oyl]indole (Se). Sodium hydride (60% dispersion, 
0.147 g, 3.7 mmol), THF (3 mL), and DMSO (2 mL) were stirred 
under a N2 atmosphere and cooled in an ice bath. 5-(Benzyloxy)- 
indole (0.822 g, 3.7 "01) in DMSO and THF' were added, the 
resulting suspension was stirred at  0 "C until homogeneous, and 
4b (1.0 g, 2.5 mmol) was added under a N2 atmosphere. The 
suspension was stirred at 0 "C for 15 min and then allowed to 
warm to room temperature with stirring overnight. The reaction 
was quenched with 10% citric acid and the mixture diluted with 
EtOAc. The organic layer was washed and dried over MgSO, 
and filtered. The filtrate was dissolved in CH2Clz and chro- 
matographed on silica gel eluting with 2 1  EtOAc-hexanes to 
yield Se (0.884 g, 70% yield). 

Also prepared by this method were the following: (2Rs,aR)- 
1-[2-(3-Pyridinyl)-3-( tert-butoxycarbonyl)-4-thiazolidin-4- 
oyllindole (Sa): carried forward without isolation. 
(2RS,aB)-4-Chloro-l-[2-(3-pyridinyl)-3-( tert-butosycar- 

bonyl)-4-thiazolidin-4-oyl]indole (Sb): 33 % yield from 4 
chloroindole. 

(2Rs,4R)-s-Caroro-l-[2-(3-pyridinyl)-3-( tert-butoxycar- 
bonyl)-4-thiaeolidin-4-oyl]indole (So): 28% yield from 6- 
chloroindole. 

(~~-&Be~nzoyl-l-[2-(3-pyridinyl)-3-( tert-butoxycar- 
bonyl)-4-thiazolidin-4-oyl]indole (Sd): carried forward with- 
out isolation. 
(%RS,aR)-6-(Phenylmethory)- 1-[2-(3-pyridinyl)3-( tert- 

butoxycarbonyl)-4-thiazolidin-doyl]indole (SI): 50% yield 
from 64phenylmethoxy)indole. 

Indole 3-Acylation. Method B: (2RSyaR)-3-[2-(3-Pyri- 
dinyl)-3-( tar t -butoxy~bony l ) th ia~~din-~y l ] ind  (la). 
Indole (7.1 g, 60 "01) in benzene (250 mL) was treated with 
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Table 13. Reference Antagonist8 

MK-287 

fi 
WEB 2086 WEB 2170 

E-61 23 UK-74505 RP-58467 
compd Ki, nMa nb mouseC EDao lower upper lower upper 

9r 1.4 & 0.2 2 0.079 0.011 0.228 0.530 0.191 1.10 
WEB 2086 98.3 i 54.0 30 2.20 0.100 4.00 22.3 10.6 43.9 
WEB 2170 29.2 i 11.1 3 0.459 0.100 3.37 0.423 0.315 0.561 
MK 287 13.5 f 2.1 2 11.5 3.05 228. 1.89 0.440 13.6 
RP 58467 31.8 f 11.6 8 4.07 1.85 7.77 2.27 1.99 2.55 
E 6123 15.7 3.2 3 1.44 1.38 1.49 0.150 0.070 0.330 
UK 74505 7.1 0.1 2 m 0.232 0.222 0.244 

a PAF receptor binding assay. Result8 are reported as geometric means i standard error. Number of independent determinations performed. 
c Mouse paw edema assay (see text). Values represent the dose required to produce 60% inhibition of the response in milligrams per kilogram, 
along with the lower and upper 95% confidence limits. d Rat skin permeability m y .  Valuee represent the dose required to produce 50% 
inhibition of the response in milligrams per kilogram, along with the lower and upper 95% confidence limits. * ND = not determined. 

ratd EDm 

ethylmagnesium chloride (20 mL, 3 M in ether, 60 mmol). The 
mixture was allowed to stir for 20 min and was then added to a 
solution of acid chloride 4c (50 m o l )  in benzene (1 L) and CHz- 
Clz (500 mL). The resulting mixture was stirred for 3 hat ambient 
temperature, and then the reaction was quenched with saturated 
NHICl. The organic phase was washed with aqueous NaHCOs, 
dried over NazSO1, and concentrated to give a brown solid. 
Compound 7a was obtained (2.07 g, 10% yield) following flash 
chromatography (3:l EtOAc-hexanes). Anal. (CZZH~N~O~S)  C, 
H, N. 

Also prepared by this method were the following: (wzS,4R)- 
4-(Phenylmethoxy)-3-[2-(3-pyridinyl)-3-( tert-butoxy- 
carbonyl)thiazolidin-4-oyl]indole (7b): 5 % yield from 4 
(phenylmethoxy)indole. 
(2RS,4R)-5-(Phenylmethoxy)-3-[2-(3-pyridinyl)-3-( tert- 

butoxycarbonyl)thiazolidin-4-oyl]indole (7c): 7 % yield from 
5-(phenylmethoxy)indole. 
(2RS,4R)-6-(Phenylmethoxy)-3-[ 24 3-pyridinyl)d-( tert- 

butoxycarbonyl)thiazolidin-4-oyl]indole (7d): 16% yield 
from 6-(phenylmethoxy)indole. 

(2RS,4R)-7- (P henylmet hoxy )-3-[ 2- ()-pyridinyl)-t-( tert- 
butoxycarbonyl)thiazlidin-4-oyl]indole (le): 9% yield from 
7-(phenylmethoxy)indole. 

(2RS,4R)-2-Methyl-3-[ 24 3-pyridinyl)-3-( tart-butoxycar- 
bonyl)thiazolidin-4-oyl]indole (71): 23 % yield from 2-methyl- 
indole. 
(2RS,4R)-6-Methyl-3-[2-(3-pyridinyl)-3-( hrt-butoxycar- 

bonyl)thiazolidin-4-oyl]indole (7g): 11 % yield from 6-methyl- 
indole. 

(2RS,4R)-7-Met hyl-3-[ 2 4  dpyridin y 1)-b( tart-butoxycar- 
bonyl)thiazolidin-4-oyl]indole (7h): 9% yield from 7-meth- 
ylindole. 

(2RS,4R) -6-Met hoxy -3- [ 2- (3-pyridinyl)-3- (tert-butoxy- 
carbonyl)thiazoliain-doyl]indole (7i): 25% yield from &me&- 
oxyindole. 
(2RS,4R)-6-Phenyl-3-[2-(3-pyridinyl)-3-( tert-butoxycar- 

bonyl)thiazolidin-4-oyl]indole (7j): 16% yield from 6-phenyl- 
indole.37 

(ursPR)-6[(~~~0~p~~l)~h0~]-d[2-(3-[1)- 
34 tart-butoxycarbonyl)thiazolidin-4-oyl]indole (7k): 20% 
yield from 6-[(4fluorophenyl)methoxylindole, prepared as fol- 
lows. &(Phenylmethoxy)indole (3.93 g, 17.6 mmol) was sus- 
pended in acetone (350 mL), under Nz, and cooled in an ice bath. 
Then 10% palladium on carbon (0.80 g) was added, and the NZ 
atmosphere was replaced with HZ by alternately placing the 
reaction flask under vacuum and introducing Hz from a balloon. 
The cold bath was then removed and the reaction mixture stirred 
under positive H2 preasure for 16 h. The reaction mixture was 
cooled in an ice bath and Nz reintroduced. The reaction mixture 
was fitered through a pad of Celite and concentrated in vacuo. 
The crude product was purified by chromatography on silica gel 
to give &hydroxyindole98 (1.70 g, 73% yield). 

&Hydroxyindole (0.90 g, 6.8 mmol) and potassium carbonate 
(1.04 g, 7.5 "01) were suspended in 13 mL of acetone. 
4Fluorobenzyl bromide (0.93 mL, 7.5 "01, prefiitered through 
basic alumina) was added dropwise via syringe. The reaction 
mixture was heated at reflux under a NZ atmosphere for 24 h. 
The reaction mixture was cooled to ambient temperature and 
partitioned between HzO and CH&la. The aqueous phase was 
extracted twice with CH2Clz. The combined organic extracts 
were washed with brine, dried over NazSO,, filtered, and 
concentrated in uacuo. The crude material was purified by 
chromatographyonsilicagel togive 6-[(4fluorophenyl)methoxyl- 
indole (1.4 g, 88% yield). 
(zRs,aR)-&(Fluorophenyl)-3-[2-(fpyridinyl)-3-( tert-bu- 

toxycarbonyl)thiazolidin-4-oyl]indole (7m). A 19 % yield 
from &(4fluorophenoxy)indole, prepared as follows: 4-Bromo- 
2-nitrotoluene (25.0 g, 116 mmol), 4fluorophenol (8.70 g, 77.6 
mmol), potassium carbonate (21.5 g, 156 mmol), and pyridine 
(75 mL) were combined under a Nz atmosphere and heated at 
90 OC for 30 min. The reaction mixture was cooled to ambient 
temperature, CuO (15.4 g, 194 "01) was added under a stream 
of N2, and the resulting dark-brown suspension was heated at 
reflux for 17 h. The reaction mixture was cooled to ambient 
temperature and diluted with ether. The solids were removed 
by fiitration through Celite. The ethereal solution was washed 
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with 1.0 M aqueous NaOH, 1.0 M aqueous HC1, and brine, dried 
over Na804, fiitered, and concentrated in vacuo to give a dark- 
brown oil. The crude product was purified by chromatography 
on silica gel to give 2-nitro-4-(4fluorophenoxy)toluene (12.1 g, 
63 % yield). The 2-nitro-4(4fluorophenoxy)tduene (11.8 g, 47.7 
"01) was dissolved in DMF (90.0 mL) under a N2 atmosphere. 
DMF dimethyl acetal (20.2 mL, 143 mmol) and pyrrolidine (4.0 
mL, 47.4 "01) were added via syringe, and the reaction mixture 
was heated at 110 OC for 3 h. The reaction mixture was cooled 
to ambient temperature and partitioned between HzO and ether. 
The organic phase was washed with HzO. The combined aqueous 
extracta were washed with ether. The ether extracta were 
combined and dried over NazS04, filtered, and concentrated in 
uacuo to give a viscous oil (16.1 g) which was used without further 
purification. This material was dissolved in 80% aqueous HOAc 
(320 mL), and the reaction mixture was warmed to 75 "C. Zinc 
dust (27 g, 413 "01) was added in five portions over 1 h. The 
resulting dark-brown suspension was warmed to 90 OC and heated 
for 2 h. The reaction mixture was cooled to ambient temperature 
and diluted with ether. The solids were removed by fitration 
through Celite. The filter cake was rinsed with HzO and ether. 
The layers were separated, and the organic phase was washed 
with HzO, with saturated aqueous NaHCOs until basic, and then 
once with brine, dried over NazSO,, fiitered, and Concentrated 
in vacuo. The crude product was purified by chromatography 
on silica gel to give 6-(4fluorophenoxy)indole (1.8 g, 17 % yield). 
(2RS,4R)-6-(Phenylethynyl)-3-[2-(3-pyridinyl)-3-( tert- 

butoxycarbonyl)thiazolidin-4-oyl]indole (7n). A 15% yield 
from &(phenylethynyl)indole, prepared as follows: &bromo- 
indolew (3.84 g, 19.6 "01) was dissolved in triethylamine (40 
mL). A few milligrams of phenothiazine was added, and the 
solution was degassed by bubbling argon through it. Phenyl- 
acetylene (8.60 mL, 78.3 "01) was added via syringe. Bis- 
(triphenylphosphine)palladium(II) chloride (0.69 g, 0.98 mmol) 
was added, and the reaction mixture was heated at 76-86 "C for 
5 h. The reaction mixture was cooled to ambient temperature 
and filtered. The filtrate was concentrated in vacuo. The crude 
material was purified by chromatography on silica gel to give 
6-(phenylethynyl)indole (2.55 g, 60% yield). 

(2R5,4R)-6-Fluoro-3-[ 2-(3-pyridinyl)-3-( tert-butoxycar- 
bonyl)thiazolidin-4-oyl]indole (70): 32% yield from 6-fluoro- 
indole. 
(zRs,4R)-2,5-Dimethyl-3-[2-(3-pyridinyl)-3-( tert-butoxy- 

carbonyl)thiazolidin-4-oyl]indole (7q): 32 5% yield from 2,5- 
dimethylindole. 

(2M,4R)-6-(Phenylmethoxy)-2-methyl-3-[2-(3-pyridinyl)- 
3-(ter&butoxycarbonyl)thiamlidin-4-oyl]indole (7r). A 14% 
yield from 6-(phenylmethoxy)-2-methylindole, prepared as 
follows: S(Benzy1oxy)indole was protected as ita [(trimethyl- 
sily1)ethoxylmethyl (SEM) ether according to the method of 
Muchowski and S01as.~ 6-(Benzy1oxy)indole (2.0 g, 9.0 "01) 
in DMF (10 mL) was added to a cooled suspension of NaH (0.226 
g, 9.4 mmol) in DMF' (15 mL). After 10 min, SEMCl (1.6 mL, 
9.0 mmol) was added, and the mixture was stirred for 10 min at 
0 O C  and 45 min at ambient temperature. The mixture was 
partitioned between NaHCOs solution (120 mL) and ether (2 X 
125 mL). After drying (MgSO4) and solvent removal, the crude 
product was chromatographed on silica (5% EtOAc/hexanes) to 
provide a clear colorless oil (1.37 g, 43% yield). This material 
(3.7 "01) was dissolved in DME (4 mL) and cooled to -10 OC 
under Ar. BuLi (2.5 M in hexanes, 1.6 mL, 4 mmol) was added 
dropwise, giving a deep red solution. After 10 min, the solution 
was cooled to -20 O C ,  and methyl iodide (0.5 mL, 8 mmol) was 
added by syringe. After 30 min, the crude reaction mixture was 
partitioned between NH4CI solution and ether. After drying 
(MgSO!) and chromatography on silica (5% EtOAc-hexanes), a 
clear oil was obtained (0.97 g, 71% yield). Deprotection was 
carried out using the protocol of Ley et al." Freshly dried 
anhydrous TBAF (1.01 g, 3.87 mmol), ethylenediamine (0.36 mL, 
5.25 mmol), and 6-(benzyloxy)-2-methyl-l-[ [2-(trimethyleilyl)- 
ethoxylmethyllindole (0.47 g, 1.28 "01) were dissolved in DMF 
(3 mL) and stirred for 30 h at 45 OC. The mixture was partitioned 
between ether (70 mL) and 1 M HCl(25 mL). The organic phase 
was rinsed with NaHCOa solution and then dried over MgSOd. 
Purification using a chromatotron device (1 mm Si02 rotor, 6% 
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EtOAc-hexanes) gave 2-methyl-&(phenylmethoxy)indole (0.277 
g, 91% yield, 28% yield overall). 

(3-pyridinyl)-3-( tert-butoxycarbonyl)thiamlidin-&oyl]in- 
dole (It). A 6% yield from 6- [ [ (2 ,2~~y le~y l ) i"e thy le i ly l l -  
oxylindole, prepared as follows: 6-Hydroxyindole (0.419 g, 3.15 
mmol), (see 7k, above) was diesolved in a mixture of CH&l* (12 
mL) and 2,Glutidine (1.0 mL) and cooled in an ice-water bath. 
tert-Butyldimethybiiyl triflate (0.80 mL, 3.50 "01) was added 
under Nz, and the reaction mixture was stirred for 2 min, after 
which the cold bath was removed and stirring was continued for 
a further 20 min. The reaction mixture was poured into a mixture 
of aqueous pH 7 buffer (25 mL) and methylene chloride (26 mL). 
The organic phase was dried over MgSO4, filtered, and concen- 
trated in uacuo to give the desired compound, which was ueed 
without further purification. 
(uZs,4R)-6-Chloro-3-[2-( 3-pyridinyl)3-( tert-butoxycar- 

bonyl)thiazolidin-4-oyl]indole (7u): 32% yield from 6-chlor- 
oindole. 

(uZs,aR)-6-Chlor0-3- [ 2- ()-pyridinyl)3- ( tert-butoxycar- 
bonyl)thiamlidin-4-oyl]indole (Iv). A 49% yield from 643- 
pyridinyl)indole, prepared as follows: To a suspension of hexane 
washed KH (35% oil dispersion, 0.85 g, 7.4 "01) in THF (10 
mL) under Nz, cooled in an icewater bath, was added a solution 
of 6bromoindoles7 (1.44 g, 7.34 "01) in THF (10 mL). After 
stirring for 15 min, the reaction mixture was cooled further in 
a dry ice-acetone bath and tert-butyllithium (1.7 M in pentane, 
8.65 mL, 14.7 "01) was added via syringe. After stirring for 
20 min, a solution of tri-n-butyl borate (4.00 mL, 14.8 mmol) in 
THF (5 mL) was added and the suspension allowed to stir in the 
-78 OC bath for 1 h, then in an ice-water bath for 2 h. The 
reaction mixture was quenched with 1.0 M HCl(l5 mL), stirred 
in the ice bath for 30 min, and then partitioned between Eta0 
and water. The aqueous phase was extracted further with Eta0 
(2 X 20 mL). The combined organics were extracted with 1.0 M 
NaOH (3 X 20mL). The combined aqueous layers were acidified 
with 1.0 M HCl(70 mL) and then extracted with Eta0 (3 X 100 
mL). The combined organics were dried (NaaSOd, fiitered, and 
concentrated to afford Sindolylboronic acid as a yellow solid 
(0.91 g, 77% yield). 

To a solution of 3-bromopyridine (1.84 mL, 19.1 "01) in 
DME (20mL) under NZ was added tetrakie(tripheny1phosphine)- 
palladium (0.56 g, 0.48 "01). After the mixture was stirred for 
20 min at ambient temperature, a solution of 6-indolylboronic 
acid (1.64 g, 9.57 "01) in DME (16 mL) was added. A solution 
of NaHCOa (2.41 g, 28.7 mmol) in water (29 mL) was added, and 
the reaction mixture was heated to reflux under NZ for 20 h. The 
organics were removed under reduced pressure, and the residue 
was partitioned between Eta0 (200 mL) and Ha0 (100 mL). The 
precipitate was removed by vacuum fiitration of both phases 
throughafritted-glaseBuchnerfunnel(l0-15pm). After shaking 
and separation, the aqueous layer was extracted further with 
Eta0 (2 X 100 mL). The combined organics were dried (Nar 
sod), fiitered, and concentrated to give a yellow crude solid. The 
collected precipitate, which also contained desired material, was 
partitioned between E t 0  (40 mL), HzO (15 mL), and MeOH (5 
mL). The aqueous layer was extracted further with Eta0 (4 X 
20 mL). The combined organics were dried (N&O4), fiitered, 
and concentrated to give a yellow crude solid. The combined 
crude samples were purified by flash chromatography on silica 
gel (CHCls-MeOH) to give 643-pyridy1)indole as a yellow flaky 
solid (1.4 g, 75% yield). 
(uZs,4R)-6-(2-Methoxyethoxy)-3-[2-(3-pyridinyl)-3-( tert- 

butoxycarbonyl)thiazolidin-4-oyl]indole (7w). A 12 % yield 
from 6-(2-methoxyethoxy)indole, prepared from 6-hydroxyindole 
and 2-chloroethyl methyl ether as described for the synthesis of 
6-[(4fluorophenyl)methoxy]indole (see Bk, above) in 91 % yield. 

Indole 3-Acylation. Method C (2.W,4R)-3-[2-(3-Pyrii- 
diny1)-b( tart-butoxycarbonyl)thiazolldin-doyl]indo~ (?a). 
Ethylmagnesium bromide (3.0 M in ether, 10.7 mL, 32.1 "01) 
was added to a solution of indole (3.77 g, 32.1 "01) in ether (100 
mL). The cloudy yellow-green solution was stirred for 15 min 
at  ambient temperature, ZnClz (1.0 M in ether, 32.2 mL, 32.2 
"01) was added, and the resulting heterogeneous solution was 
stirred for 0.5 h at  ambient temperature. A solution of 4c (16.1 
"01) in CH2Cl2 (80 mL) was added quickly, and the reaction 

( u ~ s , 4 ~ ) - s - [ [ ( 2 1 2 - ~ i m e t h y l e t h y i ) d i m e t h y l [ 2 -  
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mixture was stirred for 2 h at ambient temperature. The reaction 
mixture was poured into saturated aqueous NH4cl solution and 
extracted twice with CHzClz. The aqueous phaw waa made basic 
by addition of saturated aqueous NaHCoa and extracted twice 
with CHZCla. The combined organic extracts were dried over 
MgSO4, filtered, and concentrated in vacuo. Chromatography 
on silica gel gave 7a (3.15 g, 48% yield). 

Also prepared by this method were the following: (2RS,4R)- 
6-(3-Pyridinylmethoxy)-3- [2-(3-pyridinyl)-3-(tert-butoxycar- 
bonyl)thiazolidin-4oyl]indole (71). A 10% yield from 643- 
pyridinylmethoxy)indole, prepared from &hydroxyindole and 
3-picolyl chloride as described for 6-(4-fluorophenoxy)indole (see 
7k, above) in 54% yield. 
(2R8,4R)-6-Bromo-3-[2-(3-pyridinyl)-3-(tert-butox~car- 

bonyl)thiazolidin-4-yl]indole (7p): 39 % yield from 6-brom* 

(2RS,4R)-S,6-Dimethoxy-3-[2-(3-pyridinyl)-3-( tert-bu- 
toxycarbonyl)thiazolidin-4-oyl]indole (7s): 10% yield from 
5,6-dimethoxyindole. 

Thiazolidine Deprotection. Method D (wZS,aR)-S- 
(Pheny1methoxy)- 1-[2-(3-pyridinyl)thia~olidin-4-oyl]in- 
dole (6e). Compound Se (0.300 g, 0.58 "01) was stirred with 
dioxane under a Nz atmosphere. Hydrochloric acid/dioxane (2.5 
mL, 4 M, 10 "01) was added, and the mixture was stirred at  
rmm temperature for 2 h. The reaction mixture was concentrated 
and azeotroped with toluene and the solvent removed in vacuo. 
The residue was suspended in ether and washed with NaHCOa. 
The organic phase was dried over MgSO4 and the solvent 
evaporated to yield 6e (0.244 g, 86% yield). NMR (CDCb, 300 
MHz): 68.62(dd,0.5H,J=3,1,5Hz),8.53(dd,O.5H,J=3,1.5 
Hz), 8.48 (dd, lH, J= 4.5,9 Hz), 7.95 (dt, 0.5H, J= 7.5,1.5 Hz), 
7.87 (d, O.5H, J = 7.5 Hz), 7.51-7.28 (m, 7H), 7.15-7.05 (m, 2H), 
6.68 (d, 0.5H, J = 4.5 Hz), 6.61 (d, 0.5H, J = 4.5 Hz), 6.01 (8, 
0.5H), 5.70 (d, 0.5H, J = 10.5 Hz), 5.12 (a, 2H), 4.69-4.55 (m, lH), 
3.59(dd,0.5H,J=3.0,10.5Hz),3.47(dd,0.5H,J=3.0,10.5Hz), 
3.33-3.23 (m, lH), 3.19-3.08 (m, 1H). Anal. (C&ZlN3- 

Also prepared by this method the following: (2RS,4R)-1-[2- 
(3-Pyridinyl)thiazolidin-4oyl]indole (6a): 16 % yield for 2 steps 
from indole. NMR (CDCb, 300 MHz): 6 8.84 (m, lH), 8.66 (m, 
1H), 8.50 (br d, 0.5H, J = 5.2 Hz), 8.48 (br d, 0.5H, J = 4.8 Hz), 
7.97 (d, O.5H, J = 8.1 Hz), 7.90 (d, 0.5H, J = 7.7 Hz), 7.58 (m, 
lH), 7.54 (d, 0.5H, J = 3.6 Hz), 7.45 (d, 0.5H, J = 4.0 Hz), 7.35 
(m, 3H), 6.76 (d, 0.5H, J = 3.5 Hz), 6.70 (d, 0.5H, J = 3.7 Hz), 
6.03 (e, 0.5H), 5.72 (8, 0.5H), 4.67 (m, lH), 3.62 (dd, 0.5H, J = 
6.9,10.3Hz),3.49(dd,O.SH, J=6.9,10.6Hz),3.30(m,lH).Mass 

(2RS,4?Z)-4-Chloro- 1-[ 1-( 3-pyridinyl)thiazolidin-4-yl]in- 
dole (6b): 91 % yield from Sb. NMR (CDCb, 300 MHz): 6 8.80 
(m, 1H), 8.63 (d, lH, J = 6.0 He), 8.60 (dd, lH, J 3 5.0 Hz), 8.40 
(m, lH), 7.96 (m, lH), 7.90 (d, lH, J = 3.0 Hz), 7.60 (d, lH, J 
= 3.0 Hz), 7.55 (d, lH, J = 3.0 Hz), 7.30 (m, 2H), 6.90 (d, lH, J 
= 3.0Hz), 6.85 (d, lH, J= 3.0Hz), 6.00 (brs, lH), 5.80 (brs, lH), 
4.60 (bra, lH), 3.60 (dd, lH, J = 7.0,lO.O Hz), 3.45 (m, lH), 3.30 
(m, 1H). Anal. ( C I ~ H ~ & ~ N ~ O S - ~ H C ~ . H Z ~ )  C, H; N calcd, 9.66; 
found, 8.61. 
(2RS,~-6-Chloro-l-[2-(3-py~dinyl)thiazolidin-4-oyl]in- 

dole (6c): 61% yield from Sc. NMR (CDCb, 300 MHz): 6 8 . e  
8.40 (m, 2H), 7.65 (m, lH), 7.30 (m, 2H), 6.90 (m, lH), 6.40 (m, 
1H), 6.18 (m, lH), 5.60 (m, lH), 5.40 (m, lH), 3.80 (dd, lH, J=  
14.0, 7.0 Hz), 3.60-3.20 (m, 2H). MW spectrum (DCI/NHs): 

H, N. 
(2R8,4R)-6-Benzoyl-1-[2-(3-pyridinyl)thiazolidin-4-oyl]- 

indole (6d): 6 % yield for two steps from &benzoylindole.88 NMR 
(CDCb, 300 MHz): d 8.93 (dd, lH, J = 1.0,9.0 Hz), 8.83 (d, lH, 
J = 2.0 Hz), 8.67 (d, lH, J = 3.0 Hz), 8.58 (dd, lH, J = 2.0,5.0 
Hz), 7.96-7.26 (m, lOH), 6.80 (dd, lH, J = 6.0 Hz), 5.70 (d, lH, 
J = 10.0 Hz), 5.98 (br s, lH), 4.65 (br m, lH), 3.60 (dd, 2H, J = 
6.0,10.0Hz),3.48 (m, lH), 3.35 (m, 1H). HRMS (CUHZONSOZS) 
theoretical 414.1276, experimental 414.1282. 

(2RS,dR)-6-( Phenylmet hoxy )- I- [ 2- (3-pyridiny1)thiazoli- 
din-4-oyl]indole (61): 78% yield from Sf. NMR (CDCb, 300 
MHz): 6 8.88 (d, 0.75 H, J = 2.0 Hz), 8.81 (m, 0.25 H), 8.63 (m, 
0.25H), 8.57 (dd, 0.75 H, J = 0.5,3.7 Hz), 8.21 (d, 0.75H, J = 2.3 

indoie.37 

OzS-2HC1.0.5HzO) C, H, N. 

spectrum (DCI/NHs): 310 [(M + H)+, 1001. Anal. (Ci7HiaNs- 
OS.2HC1-0.25HzO) C, H; N d c d ,  10.86; found, 10.15. 

344 (M+), 343,955. Anal. (C~~H~&lN~OS*2HCl~O.25CH&ld C, 

Sheppard et al. 

Hz), 8.18 (m, 0.25H), 7.95 (m, lH), 7.35 (m, 7H), 7.04 (d, lH, J 
= 2.6 Hz), 7.01 (d, lH, J= 2.5 Hz), 6.68 (d,0.25H), 6.63 (d,0.75H, 
J = 4.0 Hz), 6.04 (s,0.75H), 5.71 (8, 0.25H), 5.16 (8, 1.5H), 5.14 
(e, 0.5H), 4.66 (m, 0.75H), 3.64 (m, 0.25H), 3.48 (dd, 0.75H, J = 
6.9,10.6 Hz), 3.29 (m, 0.25H), 3.27 (dd, 0.75H, J = 7.3,10.6 Hz). 
IR (KBr): 3450 (br), 3160,2900, 1695, 1605, 1430,1380,1280, 
1235,1205,906. Mass spectrum (DCI/NHd: 416 [(M + HI+, 
661,369,339,291,287,267 (loo), 225. HRMS (CuHnNaOzS) 
theoretical 416.1433; experimental 416.1426. 
(2RS,4iZ)-4-(Phenylmethoxy)-3-[2-(3-pyridinyl)thiazoli- 

din-4-oylIindob (8b): 74% yield from 7b. NMR (CDCb, 300 
MHz): 6 8.86 (m, 0.5H), 8.78 (m, O.5H), 8.62 (m, O.5H), 8.56 (m, 
0.5H), 8.00 (m, 0.5H), 7.97 (m, 0.5H), 7.92 (m, lH), 7.5U-7.30 (m, 
6H), 7.24 (m, lH), 7.06 (m, lH), 6.61 (dd, 0.5H, J = 2.9,6.8 Hz), 
6.58 (dd, 0.5H, J = 1.8.6.5 Hz), 6.08 (br s,O.SH), 5.86 (br 8,0.5H), 
5.28 (e, lH), 5.22 (8, lH), 4.78 (m, 0.5H), 4.60 (m, 0.5Hh3.62 (m, 
0.5H),3.53 (m,0.5H),3.24 (m,lH). Masaspectrum (DCUNHs): 
416 [(M + H)+, 861, 326 (951, 292 (601, 107 (100). HRMS: 
(CdpZNaOaS) theoretical 416.1433, experimental 416.1429. 

(W,aR)-&(Phenylmethoxy)-3-[ 2-(3-pyridinyl)thiazoli- 
din-4-oylIindole (8c): 92% yield from 7c. NMR (CDCb, 300 
MHz): 6 8.84 (br s,0.5H), 8.79 (d, 0.5H, J = 2.2 Hz), 8.61 (dd, 
O.SH, J = 1.5,4.8 Hz), 8.53 (dd, O.5H, J = 0.7,4.8 Hz), 8.02 (m, 
lH), 7.96 (d, 0.5H, J = 2.9 Hz), 7.89 (d, 0.5H, J = 3.3 Hz), 7.51 
(brs,O.SH), 7.48 (brs,O.SH),7.42 (d,O.SH, J=  1.4Hz), 7.39 (d, 
O.5H, J= 1.5 Hz), 7.33 (m, 5H), 7.05 (m, 2H), 6.03 (s,0.5H), 5.72 
(bra, 0.5H), 6.16 (e, 2H),4.69 (m, 0.5H), 4.58 (m, 0.6H), 3.52 (dd, 
O.5H, J=  7.3,10.6 Hz), 3.38 (dd,0.5H, J=  7.0,10.3 Hz), 3.18 (m, 
1H). IR (CDCb): 3440 (br), 3180,3050,2930,2900,1620,1600, 
1515, 1470, 1450, 1420, 1375, 128 ,  1190, 800, 730, 705. Mass 
spectrum (DCI/NHs): 416 [(M + H)+, 901,313 (85), 250 (100). 
A d .  (C&ziNs0-$.0.5HzO) C, H, N. 

(2RS,4R)-ZMethyl-3-[ 24 3-pyridhyl)thia~0lidholiclin-4oyllin- 
dole (80: 100% yield from 7f. NMR (CDCL, 300 MHz): 6 8.86 
(d, 0.4H, J = 2.2 Hz), 8.81 (d, 0.6H, J = 1.9 Hz), 8.68 (br a, 1H 
(NH)), 8.62 (dd, 0.6H, J = 1.5,4.8 Hz), 8.54 (dd, 0.4H, J = 1.5, 
4.4Hz), 7.99 (m,0.6H),7.92 (m,0.4H), 7.72 (m, 1HA7.34 (m, 3H), 
7.24 (d, 0.6H, J = 3.3 Hz), 7.22 (d, 0.4 H, J = 2.9 Hz), 6.07 (8, 
0.4H),5.75(~,0.6H),4.92(dd,0.6H, J=7.3,8.4Hz),4.84(t,0.4H, 
J = 7.4 Hz), 3.73 (dd, 0.6H, J = 7.0,11.8 Hz), 3.55 (dd, 0.4H, J 
= 7.0,10.6 Hz), 3.14 (dd, 0.6H, J = 8.5,10.7 Hz), 3.08 (dd, 0.4H, 
J= 7.4,10.7 Hz), 2.82 (8, 1.8H), 2.79 (e, 1.2H). IR (KBr): 3440, 
3280,2920,2840,1630,1455,1420,1170. Mass spectrum (FAB): 
324 [(M + H)+, 121,307 (lo), 277 (lo), 201 (201,185. HRMS 
(Cl&&OS) theoretical 324.1171, experimental 324.1171. 
(~,4iZ)-7-Methyl-3-[2-(3-pyridinyl)thiazolidin-4~yl]in- 

dole (8h): 60% yield from 7h. NMR (CDCb, 300 MHz): 6 8.82 
(m,0.6H), 8.78 (m, 0.4H), 8.62 (m, 0.4H), 8.60 (m, 0.6H), 8.52 (m, 
lH), 8.00 (d, 0.6H, J = 3.3 Hz), 7.97 (m, 0.6H), 7.94 (d, 0.4H, J 
= 3.3Hz),7.87 (m,0.4H),7.52(d,OS4H, J= 4.1 Hz),7.44 (d,0.6H, 
J= 3.7 Hz), 7.27 (m, 2H), 6.04 (e, 0.4H), 5.73 (8, 0.6H), 4.72 (dd, 
0.6H, J = 5.2, 7.4 Hz), 4.61 (dd, 0.4H, J = 5.2, 8.8 Hz), 3.71 (a, 
3H), 3.63 (dd, 0.4H, J = 5.2, 10.3 Hz), 3.52 (dd, 0.6H, J = 5.2, 
10.2 Hz), 3.34 (dd, 0.4H, J = 8.8, 10.3 Hz), 3.17 (dd, 0.6H, J = 

239 (15), 132 (45). HRMS (C18HlsNsOS) theoretical 324.1171, 
experimental 324.1171. 

Thiazolidine Deprotection. Method E (2RS,m)-3-[2-(3- 
Pyridinyl)thiazolidin-4-oyl]indole (8a). Compound 7a (2.12 
g, 5.18 "01) was dissolved in CHzClz (36 mL) and the solution 
cooled to 0 OC. Triuoroacetic acid (60 mL) was added and the 
ice bath removed. After 40 min, the mixture was concentrated 
and then partitioned between EtOAc (2 X 200 mL) and aqueous 
NaHCOs (200 mL). Drying (MgSO4) and solvent removal gave 
8a (1.53 g, 96% yield) as a tan solid. NMR (CDCb, 300 MHz): 
6 8.45 (m, 0.6H), 8.80 (m, 0.5H), 8.75 (br, lH), 8.61 (m, lH), 8.52 
(m, 1H), 7.89 (m, O.SH), 7.86 (m, 0.5H), 7.58 (m, 0.5H), 7.53 (d, 
0.5H, J = 4.1 Hz), 7.44 (m, 0.5H), 7.39 (m, 0.5H), 7.32 (m, 2H), 
6.77 (d, 0.5H, J = 4.1 Hz), 6.03 (br, 0.5H), 5.87 (br, O.5H), 5.72 
(br, 0.5H), 5.57 (br, O.5H), 4.65 (m, O.5H), 4.28 (m, 0.5H), 4.12 
(m,O.SH), 4.02 (m, 0.5H), 3.82 (m,0.5H), 3.71 (m, 0.5H), 3.52 (m, 
0.5H), 3.47 (m, 0.5H), 3.34 (m, 0.5H), 3.14 (m, 0.5H). IR 
(CHCb): 3500,3300,2960,2940,1710,1705,1450,1395,1350, 
1205,805. MW spectrum (DCI/NHs): 310 [(M + H)+, 651,267 
(loo), 2% (%),2(n (301, 165. AnaL (Ci7Hi~NaOSGHzO,.1.25cHT 
Clz) C, H, N. 

7.4, 10.2 Hz). MW spectrum (DCI/NHa): 324 (M + 1+, 100), 
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Also prepared by this method were the following: 
(2RS,4R)-7- (Phenylmetboxy)3-[ 24  3-pyridiny1)thiazoli- 

din-4-oyllindole (6g): 76% yield from Sg. Mp: e 8 6  OC. NMR 
(CDCb, 300 MHz): 6 9.10 (d, 0.4H, J = 1.2 Hz), 9.02 (br 8,0.6H), 
8.87 (m, lH), 8.65 (m, 0.6H), 8.56 (m, 0.4H),8.37 (m, 0.4H),8.20 
(dt, 0.6H, J = 1.9, 5.9 Hz), 7.45 (m, 2H), 7.38 (m, 2H), 7.12 (m, 
3H), 7.13 (d, 0.4H, J = 1.8 Hz), 7.11 (d, 0.6H, J = 1.9 Hz), 6.95 
(d, 0.6H, J = 5.2 Hz), 6.93 (d, 0.4H, J = 5.1 Hz), 6.69 (d, 0.6H, 
J = 4.1 Hz), 6.65 (d, 0.4H, J = 3.3 Hz), 6.04 (a, 0.6H), 5.74 (a, 
0.4H), 4.72 (dd, 0.4H, J = 4.4,7.3 Hz), 4.61 (m, 0.6H), 3.62 (m, 
0.6H), 3.56 (dd, 0.4H, J = 7.0,ll.O Hz), 3.40 (dd, 0.6H, J = 8.1, 
10.6 Hz), 3.25 (m, 0.4H). IR (CDCb): 3430, 2920, 1670, 1425, 
1360,1200,1180. Mass spectrum (DCI/NHs): 416 (M + 1+, lo), 
382 (30), 224 (100). Anal. (CuHziNsOzS.CzHzOcl.5HzO) C, H 
N calcd, 7.89; found, 6.16. 

(2RS,4R)-6-( P hen ylmet hoxy )-3-[ 24  3-pyridin y 1) thiazoli- 
din-4-oylIindole (Sa): 68% yield from 7d. Mp: 193-195 OC. 
NMR (CDCb, 300 MHz): 6 8.85 (d, 0.4H, J = 1.2 Hz), 8.79 (d, 
0.6H, J = 1.4 Hz), 8.60 (m, 0.6H), 8.52 (m, 0.4H), 8.28 (a, 0.6H), 
8.26 (a, 0.4H), 7.97 (m, 0.6H), 7.91 (d, 0.6H, J=  7.8 Hz), 7.88 (m, 
0.4H),7.83(d,0.4H, J=7.6Hz),7,40(m,6H),7.27(m,lH),7.08 
(m, lH), 6.98 (d, 0.6H, J = 2.2 Hz), 6.95 (d, 0.4H, J = 2.3 Hz), 
6.03 (a, 0.4H), 5.72 (a, 0.6H), 5.14 (a, 2H), 4.70 (dd, 0.6H, J=  7.0, 
7.7 Hz), 4.57 (dd, 0.4H, J = 7.0,7.2 Hz), 3.52 (dd, 0.6H, J = 7.0, 
10.3Hz),3.38(dd,O.4H,J=7.0,9.2Hz),3.18(m,lH). IR(KBr): 
3420,3250,2920,1630,1525,1420,1175. Mass spectrum (DCI/ 

H, N. 
(2RS,4R)-7- (Phen y lmet hoxy )-3-[ 2- (3-pyridiny1)thiazoli- 

din-4-oyllindole (Se): 96% yield from 70. NMR (DMSO-de, 
300 MHz): 6 12.40 (br d, 0.6H, NH), 12.30 (br d, 0.4H, NH), 8.75 
(d, 0.6H, J = 2.2 Hz), 8.67 (d, 0.4H, J = 2.5 Hz), 8.57 (dd, 0.6H, 
J = 1.4,4.8 Hz), 8.51 (m, lH), 8.46 (dd, 0.4H, J = 1.4,4.4 Hz), 
8.03 (dt, 0.6H, J = 2.1,8.1 Hz), 7.88 (m, 0.4H), 7.80 (d, 0.4H, J 
= 7.6 Hz), 7.79 (d, 0.6H, J = 7.6 Hz), 7.58 (d, 2H, J = 8.0 Hz), 
7.42 (m, 4H), 7.13 (m, lH), 6.93 (d, 0.6H, J = 3.3 Hz), 6.91 (d, 
0.4H,J=3.4Hz),5.97(a,0.6H),5.69(a,0.4H),5.31(e,1.2H),5.30 
(a,0.4H),4.90 (t,0.6H, J= 7.0Hz),4.83 (m,0.4H),3.55(dd,0.6H, 
J = 7.6,lO.O Hz), 3.48 (dd, 0.4H, J = 7.0,9.9 Hz), 3.06 (dd, 0.6H, 
J=9.5,9.2Hz),3.00(dd,0.4H,J=6.9,9.9Hz). Massspectrum 

( 2 R S , 4 R ) - 6 - M e t h y l - 3 - [ 2 - ( 3 - p y r i d i n y l ) t h i a -  
dole (Sg): 96% yield from 7g. Mp: 132-138 OC. NMR (CDCb, 
300MHz): 62.48(~,1.2H),2.49(s,l.8H),3.17(dd,0.4H,J=6.9, 
10.8 Hz), 3.20 (dd, 0.6H, J = 9.2, 10.3 Hz), 3.38 (dd, 0.4H, J = 
7.0, 10.8 Hz), 3.53 (dd, 0.6H, J = 6.9, 10.2 Hz), 4.58 (t, 0.4H, J 
= 7.0 Hz), 4.69 (dd, 0.6H, J = 6.9, 9.2 Hz), 5.73 (a, 0.6H), 6.04 
(e,0.4H), 7.17 (m, 2H), 7.33 (m, lH), 7.86 (d, 0.4H, J = 2.9 Hz), 
7.94 (d, 0.6H, J = 2.9 Hz), 7.96 (m, 0.6H), 7.99 (m, 0.4H), 8.24 
(e,0.4H), 8.27 (8,0.6H), 8.53 (dd, 0.4H, J= 2.2,4.3 Hz), 8.61 (dd, 
0.6H, J = 1.5,4.8 Hz), 8.70 (bra, lH), 8.79 (d, 0.6H, J = 2.2 Hz), 
8.85 (d, 0.4H, J = 2.2 Hz). IR (KBr): 3430, 3240, 2930, 1615, 
1525,1440,1420. Mass spectrum (DCUNHs): 324 (M + H)+, 
107. Anal. (C&,N30S.0.5H20) C, H, N: calcd, 12.64; found 
11.44. 

(2RS,4R)-6-Methory-3-[ 2-(3-pyridinyl)thiazolidin-koyl]- 
indole (8i): 80% yield from 71. Mp: 86-88 OC. NMR (CDCb, 
300 MHz): 6 8.93-8.90 (m, 0.5H), 8.80-8.78 (m, 0.5H), 8.62-8.54 
(m, 2H), 8.12-7.98 (m, lH), 7.93-7.90 (m, O.5H), 7.85-7.83 (m, 
0.5H), 7.52-7.46 (m, lH), 7.41-7.33 (m, 2H), 7.02-6.90 (m, 2H), 
6.05-5.73 (m, lH), 4.73-4.50 (m, lH), 3.86 (a, 3H), 3.58-3.35 (m, 

(c&~&&s) theoretical 340.1120, experimental 340.1103. 
(2RS,4R)-6-Phenyl-3-[2-(3-pyridinyl)thiamlolidin-doyl]in- 

dole (8j): 81% yield from 7j. Mp: 1&3-185 “C. NMR (CDCS, 
300 MHz): 6 8.86 (d, 0.4H, J = 2.2 Hz), 8.84 (br a, lH), 8.81 (d, 
0.6H, J=2.6Hz),8.62(dd,0.6H, J =  1.4,4.8Hz),8.55(dd,0.4H, 
J = 1.2,4.6 Hz), 8.45 (a, 0.4H), 8.43 (a, 0.6H), 8.04 (d, 0.6H, J = 
2.9 Hz), 7.98 (dd, 0.4H, J = 3.3 Hz), 7.97 (m, 0.6H), 7.89 (m, 
0.4H), 7.63 (m, 4H), 7.61 (m, lH), 7.47 (m, 2H), 7.37 (m, lH),6.04 
(e,0.4H), 5.75 (a, 0.6H), 4.73 (dd, 0.6H, J = 7.0,7.9 Hz), 4.63 (t, 
0.4H, J= 7.0Hz),3.55 (dd,0.6H, J =  7.0,10.3 Hz),3.41 (dd,0.4H, 
J= 7.0,10.7 Hz), 3.23 (dd,0.6H, J =  7.9,10.3Hz),3.18 (dd,0.4H, 
J = 7.0, 10.7 Hz). IR (KBr): 3420 (br), 3230 (ah), 2920, 1680, 
1635,1605,1420,1405,1205. Mass apedrum (DCI/NHs): 386 

NHs): 416 [(M + H)+, 351,185 (100). Anal. (CuHzlNsOzS) C, 

(DCI/NHs): 416 [(M + H)+, 801, 382 (25), 293 (loo), 225 (85), 
124. Anal. (CuHzlNsOaS.0.75CaHFs02) C, H, N. 

2H). MU spectrum (DCI/NHs): 340 (M + H)+, 306. HRMS: 
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[(M + H)+, 601,102 (100). Anal. ( C ~ ~ H I O N ~ O S * O . ~ ~ C H ~ C ~ ~ )  C, 
H; N calcd, 9.35; found, 8.90. 

(2W,4B)-6-[ (~~uorophenyl)methoxyl-3-[2-(3-pyri~yl)- 
thiazolidin-4-oyl]indole (Sk): 58% yield from 7k. Mp: 185- 

0.5H),8.73(d,O.5H,J=1.8Hz),8.65(d,O.5H,J=2.0Hz),8.56 
(dd,O.SH, J= 1.8,4.8Hz),8.48(t, lH, J= 3.8Hz),8.46 (dd,0.5H, 
J = 1.5,4.5 Hz), 8.07 (dd, lH, J = 2.4,8.6 Hz), 8.01 (d, 0.5H, J 
= 8.1 Hz), 7.85 (d, 0.5H, J = 7.7 Hz), 7.52 (dd, 2H, J 5.5,8.8 
Hz),7.44(dd,O.SH, J=4.8,7.7Hz),7.36(dd,0.5H, J=5.2,7.8 
Hz), 7.21 (t, 2H, J = 9.0 Hz), 7.04 (dd, lH, J = 2.0,5.0 Hz), 6.94 
(dt,1H,J=2.1,8.6Hz),5.98(a,0.5H),5.67(a,0.5H),5.12(a,2H), 
4.82 (c, 1H), 3.52 (dd, 0.5H, J = 7.4, 9.9 Hz), 3.46 (dd, 0.5H, J 
= 7.0,9.9 Hz), 3.04 (t, 0.5H, J = 9.4 Hz), 2.96 (dd, 0.5H, J = 7.6, 
10.1 Hz). Mass spectrum (DCI/NH& 434 (M + H)+. Anal. 
(C&&NsOS.0.5HzO) C, H, N. 

186 OC. NMR (DMSO-de, 300 MHz): 6 12.02 (~,0.5H), 11.95 (a, 

(2RS,4R)-6-(3-Pyridinylmethory)-3-[ 2 4  3-pyridiny1)- 
thiazolidin-4-oyl]indole (81): 15% yield from 71. Mp: 88-93 
OC. NMR (CDCb, 300 MHz): 8 10.09 (e, 0.5H), 9.94 (a, 0.5H), 
8.84 (a,O.5H), 8.79 (a, 0.5H), 8.69 (a, lH), 8.49-8.64 (c, 2H), 8.28 
(d, 1 H , J  = 8.5 Hz), 8.00-7.76 (m, 3H), 7.4e7.29 (m, 2H), 7.04 
(d,1H,J=8.8Hz),6.95(a,1H),6.03(a,0.5H),5.71(a,0.5H),5.11 
(~,2H),4.67(t,0.5H,J=8.1Hz),4.58(t,0.5H,J=7.4Hz),4.43 
(bra, lH), 3.50 (t, O.5H, J = 8.6 Hz), 3.37 (t, 0.5H, J = 8.6 Hz), 
3.19 (t, 0.5H, J = 9.6 Hz), 3.13 (t, 0.5H, J = 9.6 Hz). IR (KBr): 
3427 (br), 3287 (br), 1630, 1527, 1448, 1426, 1170, 711. Maes 
spectrum (DCI/NHs): 417 (M + H)+. Anal. (C23H&N4- 

(2RS,4R)-6-(4-Fluorophenoxy)-3-[2-(3-pyridinyl)thiaz0- 
lidin-4-oyl]indole (Sm): 66% yield from 7m. Mp: 189-191 
OC. NMR (DMSO-de, 300 MHz): 6 12.03 (br e, lH), 8.73 (d, 
0.5H, J = 1.8 Hz), 8.65 (d, 0.5H, J = 2.2 Hz), 8.56 (d, lH, J = 
3.3 Hz), 8.55 (dd, O.5H, J 1.5,4.6 Hz), 8.46 (dd, O.5H, J = 1.6, 
4.6Hz), 8.18 (dd, lH, J= 2.4,8.6Hz), 8.02 (d,0.5H, J=  7.7 Hz), 
7.86 (d, 0.5H, J = 7.7 Hz), 3.00 (dd, O.5H, J = 7.6,lO.l Hz), 7.44 
(dd, 0.5H, J = 5.0,7.9 Hz), 7.36 (dd, 0.5H, J = 4.6,7.9 Hz), 7.21 
(t, 2H, J = 8.6 Hz), 7.08-7.01 (m, 3H), 6.96 (dt, lH, J = 2.4,8.6 
Hz), 5.96 (d, 0.5H, J = 9.2 Hz), 5.68 (d, 0.5H, J = 12.9 Hz), 4.85 
(dt,0,5H, J= 8 , l l  Hz), 4.78 (dt, 0.5H, J= 8 , l l  Hz), 4.09 (t, lH, 
J = 10.0 Hz), 3.46 (dd, 0.5H, J = 7.4,9.9 Hz), 3.05 (t, 0.5H, J = 
9.6 Hz), 3.00 (dd, 0.5H, J = 7.6, 10.1 Hz). IFt (KBr): 807 (m), 
825 (m), 844 (m), 1196 (81,1241 (m), 1420 (a), 1449 (a), 1500 (a), 
1528 (m), 1638 (a), 3425 (br). Mae8 spectrum (DCI/NHa): 420 

(2W,4R)-&(Phenylethynyl)-3-[2-(3-pyri~yl)thiam~~- 
4-oyllindole (Sn): 47 % yield from 7n. Mp: 103-107 OC. NMR 
(CDCb, 300 MHz): 8 10.15 (e, 0.5H), 10.00 (e, 0.5H), 8.86 (d, 
0.5H, J = 2.6 Hz), 8.78 (d, 0.5H, J = 1.5 Hz), 8.60 (dd, O.5H, J 
=1.5,4.8Hz),8.53(d,O.5H,J=4.8Hz),8.44(dd,0.5H,J=2.0, 
8.3 Hz), 8.34 (dd, 0.5H, J = 2.2,8.1 Hz), 8.15-7.86 (m, 3H), 7.59 
(a, 0.5H), 7.56 (d, 0.5H, J = 2.6 Hz), 7.53 (a, O.5H), 7.52 (d, 0.5H, 
J = 1.8 Hz), 7.50 (dd, 0.5H, J = 1.3, 3.8 Hz), 7.46 (dd, 0.5H, J 
= 1.5, 3.7 Hz), 7.38-7.27 (m, 4H), 6.02 (a, 0.5H), 5.70 (e, O.5H), 
4.66 (t, 0.5H, J = 8.1 Hz), 4.58 (t, 0.5H, J = 7.6 Hz), 3.50 (dd, 
0.5H, J = 7.410.3 Hz), 3.38 (dd, 0.5H, J = 6.8,10.5 Hz), 3.20 (dd, 
O.5H, J = 9.2, 10.3 Hz), 3.16 (dd, 0.5H, J = 8.1, 10.3 Hz). IR 
(KBr): 1417 (a), 1445 (a), 1525 (m), 1622 (a), 1646 (a), 3282 (br), 
3402 (br). Mass spectrum (DCI/NHs): 410 (M + HI+. Anal. 

(~,4R)-6-Fluoro-3-[2-(3-pyridinyl)thiazoldin-4-oyl]in- 
dole (80): 98% yield from 70. Mp: 126 OC. NMR (CDCb, 300 
MHz): 69.23 (bra, lH),9.10-9.04 (m, 1H),8.83 (dd, lH, J= 1.5, 
3.0 Hz), 8.63-8.60 (m, 0.5H), 8.55-8.52 (m, 0.5H), 8.38-8.32 (m, 
lH), 8.00-7.85 (m, 2H), 7.39-7.29 (m, lH), 7.16-7.05 (m, 2H), 
5.72 (a, lH), 4.59 (t, 2H, J = 6.0 Hz). Maas spectrum (DCI/NHa): 

4.51. 
(~ ,~) -6-Bromo-3-[2- (3-pyridinyl ) t~zo~din-4-0~1]~-  

dole (Sp): 96% yield from 7p. Mp: 106-110 O C .  NMR (CDCb, 
300 MHz): 8 10.15 (br a,0.5H), 9.72 (bra, 0.5H), 8.84 (d, 0.5H, 
J = 2.2 Hz), 8.80 (d, 0.5H, J = 2.2 Hz), 8.62 (dd, 0.5H, J = 1.6, 
5.0 Hz), 8.54 (dd, 0.5H, J = 1.5, 4.8 Hz), 8.26 (dd, lH, J = 2.6, 
8.4 Hz), 8.01-7.95 (m, lH), 7.94-7.88 (m, lH), 7.59 (dd, lH, J = 
1.6,4.2 Hz), 7.44 (dd, 0.5H, J=  1.8,4.0 Hz), 7.41 (dd, 0.5H, J=  
1.5,4.0 Hz), 7.38 (dd, 0.5H, J = 4.8,8.1 Hz), 7.34 (dd, O.5H, J = 
4.8,8.1 Hz), 6.03 (e, 0.5H), 5.72 (8,0.5H), 4.67 (dd, 0.5H, J=  7.2, 

0&0.25Hz0) C, H; N: calcd, 13.30; found, 12.60. 

(M + H)+. Anal. (C&i&”sOzS*0.25H20) C, H, N. 

(C&l&sOS.0.75H~O) C, H, N. 

328 (M + H)+. Anal. (C17HlzNsOS) C, N H calcd 4.10; found 
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9.0 Hz), 4.58 (t, 0.5H, J = 7.6 Hz), 3.50 (dd, 0.5H, J = 7.4, 10.3 
Hz), 3.38 (dd, 0.5H, J = 7.0, 10.3 Hz), 3.19 (dd, 0.5H, J = 10.3, 
15.4 Hz), 3.17 (br s, lH), 3.16 (dd, 0.5H, J 10.3, 14.7 Hz). IR 
(KBr): 3421,3290,1640,1521,1441,1417. Maesspectrum (DCI/ 
NH3): 388 and 390 (M + HI+. Anal. (C17H14BrN30S) C, H, N. 

(2RS,4R) -2,5-Dimet hyl-3- [ 2- (3- pyridiny 1) t hiazolidin-4- 
oyllindole (8q): 90% yield from 7q. NMR (CDCb, 300 MHz: 
68.81-8.80(m,lH),8.62-8.6O(m,lH),8.55-8.51 (m,O.5H),8.01- 
7.97 (m, lH), 7.92-7.88 (m,0.5H), 7.71 (8,  lH), 7.39-7.32 (m, lH), 
7.11-7.02 (m, lH), 6.05 (8, 0.5H), 5.74 (e, O.5H), 4.91-4.80 (m, 
lH),3.18-3.08(m,2H),2.52(~,3H),2.42(~,3H). Massspectrum 

C, H, N. 
(~,4R)-6-(Phenyhethoxy)-2-methyl-b[2-(bp~&nyl)- 

thiazolidin-4-oyl]indole (8r): 88% yield from 7r. NMR 

J = 1.5 Hz), 8.60 (dd, 0.5H, J = 1.5, 4.8 Hz), 8.52 (dd, 0.5H, J 
= 1.4, 4.6 Hz), 8.16 (8,  0.5H), 8.14 (a, O.5H), 7.93 (m, 3H), 7.47 
(d, lH, J = 7.0 Hz), 7.40 (d, lH, J = 7.0 Hz), 7.36 (m, 3H), 7.08 
(d, 0.5H, J = 2.9 Hz), 7.06 (d, 0.5H, J = 3.3 Hz), 6.03 (8, O.5H), 
5.72 (8,  0.5H), 5.16 (8, 2H), 4.69 (dd, 0.5H, J = 7.0,7.2 Hz), 4.58 
(dd,O.SH, J=7.0,7.1Hz),3.52(dd,0.5H, J=7.0,10.7Hz),3.39 
(dd, 0.5H, J = 7.0,lO.g Hz), 3.18 (m, lH), 2.43 (8, 1.5H), 2.41 (a, 
1.5H). IR (KBr): 3430 (br), 3300 (sh), 2930, 1615, 1515, 1410. 
Mass spectrum (DCI/NHa): 430 (M + H)+. Anal. (CnaHrr 
N&&1.5H20) C, H, N. 

(2RS,4B)-5,&Dimet hoxy-3-[ 2- (3-pyridinyl)thiazolidin-a- 
oyllindole (8s): 25% yield from 7s. Mp: 90-92 OC. NMR 
(CDCb, 300 MHz): 6 9.22 (br s, 0.5H), 9.1 (br s,0.5H), 8.84 (br 
s,0.5H), 8.79 (br s,0.5H), 8.62-8.50 (m, lH), 7.99-7.93 (m, lH), 
7.88 (dd, 2H, J= 1.5,3.0 Hz), 7.76 (d, lH, J =  3.0 Hz), 7.37-7.32 
(m, IH), 6.90 (d, lH, J = 4.5 Hz), 5.71 (e, lH), 4.56 (t, 2H, J = 
6.0 Hz), 3.98 (e, 3H), 3.90 (s, 3H). M ~ S S  Spectrum (DCI/NHa): 
370 (M + H)+. Anal. (CioHigNs03S) C, H, N. 

(DCI/NH& 337 (M + H)+ 146. Anal. (CI~HISN~OS*~C~H~O~)  

(CDCl3, 300 MHz): 6 8.86 (d, 0.5H, J = 1.4 Hz), 8.79 (d, O.5H, 

(zRS,4R)-6-Hydroxy-3-[2-(3-pyridinyl) thiaeolidin-4-oyl]- 
indole (8t). Compound 7t (0.071 g, 0.13 mmol) was deBOCed 
according to method E (100% yield). The resulting green foam 
was diesolved in THF (2 mL), cooled to 0 "C, and treated with 
TBAF (1 M in THF, 0.25 mL, 0.25 mmol). After 1 h, the mixture 
was partitioned between pH 7 buffer solution and ether and then 
dried over MgS04. Compound 8t was obtained as a yellow solid 
(0.023 g, 56% yield). Mp: 203-205 OC. NMR (CDCb, 300 
MHz): 6 9.28 (a, 0.5H, OH), 9.25 (s,0.5H, OH), 8.74 (d, 0.5H, J 
= 1.1 Hz), 8.66 (d, 0.5H, J=  1.3 Hz), 8.56 (dd, 0.5H, J =  1.1,4.8 
Hz), 8.45 (d, 0.5H, J = 1.3,4.8 Hz), 8.40 (m, lH), 8.03 (m, O.5H), 
7.98 (d, 0.5H, J = 0.5 Hz), 7.95 (d, 0.5H, J = 0.5 Hz), 7.86 (m, 
0.5H), 7.44 (dd, 0.5H, J = 4.8, 6.6 Hz), 7.36 (dd, 0.5H, J = 4.4, 
6.2Hz),6.84(d,0.5H, J=1.8Hz),6.82(d,0.5H,J=2.2Hz),6.73 
(m, 1H), 6.71 (m, 0.5H), 5.99 (d, O.SH, J =  8.5 Hz), 5.68 (d, O.5H, 
J = 13.2 Hz), 4.78 (m, lH), 3.49 (m, lH), 3.03 (m, O.5H), 2.96 (m, 
0.5H). IR (KBr): 3440 (br), 2940,2920,1625,1520,1420. Mass 

(C1,H1eN30&) theoretical 326.0963, experimental 326.0972. 
Indole Functiondization. Method F: Preparation of 

(2RS,4R)- l-Et hyl-3-[ 2- (3-pyridiny1)t hiazolidin-4-oyl]in- 
dole (9a). Potassium hexamethyldisilazide (1.2 mL, 0.5 M in 
toluene, 0.6 "01) was added to a solution of 7a (0.254 g, 0.62 
mmol) in THF (10 mL) at  -78 OC. The mixture was stirred for 
20 min, and then ethyl iodide (0.25 mL, 3.1 "01) was added. 
After an additional 50 min of stirring the reaction mixture was 
allowed to warm to room temperature. Sixty minutes later the 
solvent was removed and the residue partitioned between 
saturated NH4Cl solution (20 mL) and ether (2 X 40 mL). The 
organic phase was dried over MgSOd. The solvent was removed 
in uacuo to give 0.159 g of material (59 % yield) which was carried 
on without further purification. 

Deprotection using method D gave 9a (71 % yield, 42 % yield 
overall) after column chromatography. NMR (CDCb, 300 
MHz): 6 8.88 (m, 0.4H), 8.79 (d, 0.6H. J= 1.2 Hz), 8.60 (dd, 0.6H, 
J= 1.2,4.8Hz), 8.55 (m, 0.4H), 8.39 (m, lH), 7.99 (m, 0.6H), 7.95 
(m, 0.4H), 7.93 (8, 0.6H), 7.85 (8, 0.4H), 7.41 (m, lH), 7.35 (m, 
4H),6.06(~,0.4H),5.74(s,0.6H),4.70(dd,0.6H,J=7.0,9.8Hz), 
4.58 (dd, 0.4H, J = 8.4,9.6 Hz), 4.28 (q,0.6H, J = 7.3 Hz), 4.24 
(q, 0.4H, J = 7.3 Hz), 3.54 (dd, 0.6H, J = 6.9,10.3 Hz), 3.42 (dd, 
0.4H, J=9.6,16.6Hz),3.21 (dd,0.6H, J=9.8,10.3Hz),3.12 (dd, 
0.4H, J = 8.4, 10.3 Hz), 1.59 (t, 0.6H, J = 7.0 Hz), 1.55 (t, 0.4H, 

spectrum (DCI/NHs): 326 [(M + H)+, 10011 292 (40). HRMS: 

Sheppard et 01. 

J = 7.3 Hz). IR (CDCb): 3680, 2960, 2920, 1705, 1635, 1620, 
1390,1130. Maee spectrum (Dcz/NH& 338 [(M + HI+, 1001, 
235 (2O), 216 (401,146 (45), 107 (100). HRMS (C2iH2iNsOsS) 
theoretical 338.1327, experimental 338.1329. 

Also prepared by this method were the following: 
(2RS,U?)- 1-( l-Morpholinocarbonyl)-3-[ a-(t-pyridinyl)- 

thiazolidin-4-oyl]indole (Sg). Carbamylation of 7a with mor- 
pholine carbonyl chloride (28% yield) and subsequent depro- 
tection by method E gave 9g (96% yield, 27% yield overall). Mp: 
102-104 O C .  NMR (CDCb, 300 MHz):  6 8.84-8.78 (m, ZH), 8.63- 
8.60(m,lH),8.568.52 (m,lH),8.43-8.38(m,2H),7.97-7.84(m, 
1H), 7.60-7.54 (m, lH), 7.41-7.36 (m, 2H), 5.73-5.69 (m, lH), 
4.71-4.60 (m, lH), 3.84-3.60 (m, 8H), 3.30-3.10 (m, 2H). Maas 

theoretical 423.1491, experimental 423.1491. 
(2RS44.R) - 1- (2f-Dimet hy lpropiony 1) -34 2- (3-pyridiny1)- 

thiazolidin-4-oyl]indole (9k). Acylation of 7a with pivaloyl 
chloride (77% yield) and Subsequent deprotection by method E 
gave 9k (82% yield, 63% yield overall). Mp: 78-80 OC. NMR 
(CDCL, 300 MHz):  6 9.21 (m, 0.5H), 9.10 (m, O.5H), 8.89 (m, 
0.5H), 8.80 (m, O.5H), 8.60 (m, lH), 8.55 (m, lH), 8.44-8.42 (m, 
1H), 8.38-8.32 (m, lH), 8.01-7.95 (m, lH), 7.48-7.39 (m, 3H), 
5.78 (a, lH), 4.75-4.62 (m, lH), 3.60-3.21 (m, 2H), 1.22 (s,9H). 

spectrum (DCUNH3): 422 (M + H)+. HRMS: (ClaHzsN40sS) 

Maee spectrum (DCI/NHs): 394 (M + H)+, 310, 119. Anal. 
(CpH&Ofi) C; H calcd, 6.23; found 6.67; N dd, 9.99; found, 
10.69. 

(2R9pR)- 1-( Phenylmethy1)-b[ %( 3-pyridhyl)thiamlidin- 
4-oyllindole (91). Alkylation of 7a with benzyl bromide (60% 
yield) and subsequent deprotection by method E gave 91 (42 % 
yield, 25% yield overall). NMR (CDCb, 300 MHz): 6 8.90 (m, 
lH),8.75(m,lH),8.67 (m,lH),8.58-8.55 (m,lH),8.49-8.45 (m, 
1H), 8.26-8.21 (m, lH), 7.91-7.82 (m, lH), 7.60-7.53 (m, lH), 
7.36-7.31 (m, 3H), 7.267.21 (m, 4H), 5.98 (8, lH), 5.50 (8, 2H), 
4.89-4.81 (m, lH), 3.263.00 (m, 2H). Maes spectrum (DCU 

theoretical 400.1484, experimental 400.1458. 
( ~ ~ - l - ( E t h y l e d i o n y l ) - 3 - [ 2 - ( b p ~ d i n y l ) t ~ l i d i n -  

doyl]-&(phenylmethoxy)indole (Sv). Sulfonylationof 7dwith 
ethnneaulfonyl chloride (50 % yield) and subeequent deprotection 
by method E gave 9v (100% yield, 50% yield overall). Mp: 7 6  
82 OC. NMR (CDCb, 300 MHz):  6 8.85 (d, 0.5H, J - 2.3 Hz), 
8.79 (d, 0.5H, J = 2.2 Hz), 8.62 (dd, O.5H, J = 1.5,4.8 Hz), 8.56 
(dd, 0.5H, J = 1.3,4.8 Hz), 8.30 (d, O5H, J = 4.4 Hz), 8.27 (d, 
0.5H,J=4.4Hz),8.11(s,0.5H),8.06(~,0.5H),7.94~m,1H),7.40 
(m,7H),7.16(dd,0.5H,J=1.4,2.2Hz),7.14(dd,O.SH,J=1.5, 
2.2 Hz), 5.98 (e, 0.5H), 5.71 (e, 0.5H),5.17 (8, 2H), 4.64 (dd, 0.5H, 
J = 7.4,11.7 Hz), 4.60 (t, 0.5H, J i= 7.3 Hz), 4.12 (q,2H, J 7.0 
Hz),3.64(dd,O.5H,J=7.3,11.3Hz),3.39(dd,0.5H,J=7.0,11.3 
Hz), 3.33 (t, 3H, J = 7.0 Hz), 3.18 (m, 1H). IR (KBr): 3430 (br), 
2920,1660,1610,1530,1375,1205. Mase spectrum (DCI/NHa): 
508 [(M + H)+, 101,165 (100). Anal. (c&&so&) c, H; N: 
calcd, 8.27; found, 6.84. 

(2RS,4R)- 1-( 1 -Morpholinocarbonyl)-2-methyl-3-[2-( Spy- 
ridinyl)thiazolidin-4-oyl]indole (9.). Carbamylation of 7f 
with morpholinecarbonyl chloride (42% yield) and subsequent 
deprotection by method E gave 9x (52 % yield, 22 % yield overall). 
NMR (CDC&,300MHe): 69.07-9.05 (m, lH), 8.74-8.69 (m, lH), 
8.62-8.59 (m, 1H), 8.36-8.32 (m, lH), 8.27-8.21 (m, lH), 7.72- 
7.68 (m, lH), 7.37-7.32 (m, 3H), 6.10 (8, 0.5H), 5.78 (a, O.SH), 
4.33-4.25 (m, 1H),3.72-3.64 (m, 8H),3.30-3.25 (m, 2H). 2.84- 
2.78 (m, 3H). Maas spectrum (DCI/NHs): 436 (M + H)+, 453. 

(2IM,4R)-l-( l-Morpholinocrubonyl)-2P-dimethyl-3-[2-(b 
pyridinyl)thiazolidin-4-oyl]indole (9aa). Carbamylation of 
lqwithmorphohecarbonylchloride (40% yield) andsubmquent 
deprotection by method E gave 9aa (85% yield, 36% yield 
overall). Mp: 87-90 OC. NMR (CDCb, 300 MHz): 6 8.9Cb8.78 
(m, lH),8.63-8.60 (m, lH), 8.55-8.53 (m, lH), 8.02-7.97 (m, lH), 
7.70 (8, lH), 7.40-7.10 (m, 3H), 4.93-4.83 (m, lH), 3.95-3.62 (m, 
8H),3.62-3.60(m,2H),2.80(8,3H),2.53(8,3H). Maasspectrum 
(DCI/N&): 450 (M + H)+, 417. HRMS ( h & d % O a s )  
theoretical 451.1804, experimental 451.1803. 

Met hod G (2RS,4R)- 1-( Dimethylcarbamoyl)-6-( phenyl- 
~~)-b[%(spyrlcUnyl)thiazolldlnaoyl] (Sr). Pow- 
dered KOH (0.41 g, 7.3 "01) was added to a solution of 7d 
(0.715 g, 1.39 "01) in DME (25 mL) at 0 O C .  After 10 min, 

N H S ) :  400 (M + H)+, 401, 198, 108. HRMS (CuHzzNsOS) 

Anal. (C&d40&0.75HgO) C, N H: calcd, 5.71; found, 5.14. 
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dimethylcarbamoyl chloride (150 pL, 1.6 "01) was added, and 
the mixture was stirred for 3Omin at room temperature. Benzene 
(150 mL) was added to the mixture, and the insoluble materials 
were removed by filtration. The filtrate was washed with pH 7 
buffer solution and dried over MgSO4. The solvent was 
evaporatedto afford l-(dimethylcarbamoy1)-6-!phenylmetho.y)- 
3-[2-(3-pyridinyl)-3-( tert-butoxycarbonyl)thiazolidin-4-oyllin- 
dole as a white foam (0.787 g, 97 % 1. Deprotection using method 
E provided 0.579 g of 9r (95 % yield, 92 % yield overall). NMR 
(CDCh, 300 MHz): 6 8.86 (br s,0.5H), 8.80 (br s,0.5H), 8.61 (d, 
0.5H,J=5.1Hz),8.54(d,0.5H,J=4.8Hz),8.27(d,0.5H,J= 
2.3 Hz), 8.24 (d, 0.5H, J = 2.2 Hz), 8.01 (s,0.5H), 7.96 (s,0.5H), 
7.94 (m, lH), 7.42 (m, 6H), 7.12 (m, 0.5H), 7.09 (m, O.5H), 7.05 
(m, 1H), 6.01 (e, 0.5H), 5.71 (s,O.SH), 5.15 (8,2H),4.67 (dd,0.5H, 
J = 7.7, 8.8 Hz), 4.58 (t, 0.5H, J = 7.0 Hz), 3.53 (dd, 0.5H, J = 
7.0, 10.3 Hz), 3.40 (dd, 0.5H, J = 7.7,9.4 Hz), 3.18 (m, lH), 3.03 
(8, 1.5H), 3.00 (8, 1.5H). IR (CDCB): 3300, 3030, 2930, 1700, 
1660,1490,1390,1220. Mass spectrum (DCI/NHs): 487 (M + 
I+, 50), 108 (100). Anal. (CzsHzsN40sS.CzHz04) H, N C calcd, 
55.85; found, 55.26. 

Also prepared by this method were the following: 
(2RS,4R)- l-(Ethylsulfonyl)-3-[2-(3-pyridhyl)thiazo~din- 

4-oyllindole (9b). Sulfonylation of 7a with ethanesulfonyl 
chloride (78% yield) and subsequent deprotection by method E 
provided 9b (100% yield, 78% yield overall). NMR (CDCB, 300 
MHz): 6 8.97 (br s,0.5H), 8.82 (d, 0.5H, J = 1.8 Hz), 8.65-8.59 
(m, lH), 8.46-8.41 (m, lH), 8.23 (m, O.5H), 8.06-8.02 (m, O.5H), 
7.68-7.60 (m, lH), 7.51-7.46 (m, 3H), 7.45-7.35 (m, 2H), 6.50 (8,  

0.5H), 5.74 (a, 0.5H), 4.75-4.69 (m, 0.5H), 4.58 (t, 0.5H, J = 7.4 
Hz), 3.58-3.45 (m, 2H), 3.25-3.10 (m, 2H), 1.27 (t, 3H, J = 7.4 
Hz). Mass spectrum (DCI/N&): 401 (M + H)+. Anal. 
(CieHisNsOsSz) C, H, N. 

(2RS,4R)-l-[ (2-Methylethyl)sulfonyl]-3-[ 2-(3-pyridinyl)- 
thiazolidin-4-oyl]indole (9c). Sulfonylation of la with 2-pro- 
panesulfonyl chloride (30% yield), and subsequent deprotection 
usingmethodEprovided9c (87% yield,26% yieldoverall).NMR 
(CDC13,300MHz): 6 8.79-8.50 (m,lH),8.62-8.6l(m,lH),8.60- 
8.53 (m,lH),8.49-8.40 (m,lH),7.92-7.86 (m,2H),7.50-7.45 (m, 
2H), 7.34-7.31 (m, 2H), 5.72 (m, lH), 4.60-4.75 (m, lH), 3.68- 
3.16 (m, 3H), 1.45-1.30 (m, 6H). Mass spectrum (DCI/NH& 
416 (M + H)+, 310, 320. HRMS (C~OHBNSOSS~) theoretical 
416.1102, experimental 416.1103. 
(2RS,4R)- 1-( Dimet hylcarbamoy1)-3-[ 2-(3-pyridinyl)- 

thiazolidin-4-oyl]indole (9d). Carbamylation of 7a with di- 
methylcarbamoyl chloride (70% yield) and subsequent depro- 
tection using method E provided 9d (90% yield, 63% yield 
overall). NMR (CDCl3, 300 MHz): 6 9.10 (d, 0.5H, J = 1.8 Hz), 
8.95 (br 8, 0.5H), 8.85 (dd, 0.5H, J = 1.8, 5.5 Hz), 8.81 (d, 0.5H, 
J = 1.8 Hz), 8.62 (dd, 0.5H, J = 1.8, 5.5 Hz), 8.58 (d, 0.5H, J = 
5.5Hz),8.42-8.38 (m, lH),8.21-8.12 (m, lH),7.60-7.38(m,O.5H), 
6.05 (8, 0.5H), 5.72 (8, 0.5H), 4.76-4.69 (m, 0.5H), 4.56 (t, 0.5H, 
J = 7.4 Hz), 3.60-3.52 (m, lH), 3.47-3.40 (m, lH), 3.14 (8, 3H), 

(2RS,4R)- 1-( 4-Chlorobenzoyl)-3-[2-( 3-pyridiny1)thiazoli- 
din-4-oyllindole (9j). Acylation of Pa with 4chlorobenzoyl 
chloride (87 % yield) and subsequent deprotection using method 
E provided 9j (66% yield, 57% yield overall). Mp: 80-84 OC. 
NMR (CDCB, 300 MHz): 6 8.81-8.75 (m, lH), 8.65-8.60 (m, 
0.5H), 8.55-8.51 (m,0.5H), 8.45-8.39 (m, lH),8.22-8.16 (m, lH), 
7.95-7.91 (m, 0.5), 7.85-7.81 (m, 0.5H), 7.78-7.69 (m, 3H), 7.65- 
7.52 (m, 3H), 7.51-7.44 (m, 3H), 5.93 (e, O.5H), 5.69 (8, 0.5H), 
4.36-4.51 (m, 1H), 3.50-3.15 (m, %I). Mass spectrum (DCI/ 

C, H, N. 
(2R5,4R)- 1-( Dimet hylcarbamoy 1) -74 pheny lmet hoxy)-3- 

[2-(3-pyridinyl)thiazolidin-4-oyl ]indole (9s). Carbamylation 
of le with dimethylcarbamoyl chloride (19% yield) and subse- 
quent deprotection using method E provided 9s (68 % yield, 13% 
yield overall). Mp: 78-84 "C. NMR (CDCb, 300 MHz): 6 8.86 
(d, 0.5H, J = 2.3 Hz), 8.79 (d, 0.5H, J = 1.6 Hz), 8.61 (dd, 0.5H, 
J = 1.5, 5.9 Hz), 8.54 (dd, 0.5H, J = 2.3,5.6 Hz), 8.20 (m, 0.5H), 
8.18 (m, 0.5H), 8.07 (s,0.5H),8.05 (s,0.5H), 7.98 (m, lH), 7.5-7.3 
(m, 7H), 6.94 (dd, 0.5H, J =  3.4,6.7 Hz), 6.91 (dd, 0.5H, J= 3.0, 
6.5 Hz), 6.02 (d, 0.5H, J = 7.4 Hz), 5.74 (br 8, 0.5H), 5.13 (br 8, 
2H), 4.71 (m, 0.5H),4.67 (m, 0.5H), 3.57 (dd,0.5H, J=  7.0,10.3 
Hz), 3.41 (dd, 0.5H, J = 6.7,8.8 Hz), 3.22 (m, lH), 2.68 (s,1.5H), 

3.11 (8, 3H). Anal. (CaoHzoN4OzS-0.25HzO) C, H, N. 

N H 3 ) :  448 (M + H)+, 310. A d .  (CuHi&lNsO~S.0.25CzHF302) 
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2.64 (8,  1.5H). IR (KBr): 3440, 3030, 2925, 1705, 1650, 1495, 
1395,1255. Mass spectrum (DCI/NHs): 487 (M + H)+. HRMS: 
(CnHnN4OaS) theoretical 487.1804, experimental 487.1813. 
(2M,4R)- 1 -( Dimet hylcarbsmoyl)-6-p henyl-3-[ 2- (3-pyr- 

idinyl)thiazolidin-4-oyl]indole (9t). Carbamylation of 7) with 
dimethylcarbamoyl chloride (47 % yield) followed by deprotection 
using method E provided 9t (99 % yield, 47 % yield overall). Mp: 
91-97 OC. NMR (CDCB, 300 MHz): 6 8.86 (d, 0.4H, J = 1.9 Hz), 
8.80 (d, 0.6H, J = 2.2 Hz), 8.62 (dd, 0.6H, J = 1.5,4.8 Hz), 8.55 
(dd, 0.4H, 2.2,4.2 Hz), 8.45 (d, 0.4H, J = 2.2 Hz), 8.42 (d, 0.6H, 
J=  2.2Hz),8.15 (s,0.6H),8.10(s,0.4H), 7.97 (m,0.6H), 7.91 (m, 
0.4H), 7.73 (br s, lH), 7.64 (m, 2H), 7.47 (m, 2H), 7.38 (m, 2H), 
7.29 (m, lH), 6.01 (8, 0.4H), 5.73 (8, 0.6H), 4.71 (dd, 0.6H, J = 
7.0,7.3 Hz), 4.64 (t, 0.4H, J = 7.4 Hz), 3.56 (dd, 0.6H, J = 7.0, 
10.3 Hz), 3.44 (dd, 0.4H, J = 7.4, 10.7 Hz), 3.23 (m, lH), 3.17 (8, 
1.8H), 3.13 (e, 1.2H). IR (KBr): 3430, 2920, 1695, 1655, 1470, 
1380,1180. Mass SpeCtrum (DCI/NHs): 457 [(M + HI+, 1001, 
423 (60), 334 (35). Anal. (C&uN40&1.5HzO) C, H; N: calcd, 
11.58; found, 10.53. 

(2RS,4Z&l-( l-Morpholinocarbonyl)-6-( phenylmethoxy)- 
3-[2-(3-pyridinyl)thiazolidin-4-oyl]indole (9u). Carbamyl- 
ation of 7d with morpholinecarbonyl chloride (77 % yield) with 
subsequent deprotectionusing method E provided 9u (68% yield, 
52% yield overall). NMR (CDCB, 300 MHz): 6 8.82 (d, 0.6H, 
J = 2.1 Hz), 8.80 (d, 0.4H, J = 2.1 Hz), 8.63 (m, 0.4H), 8.56 (m, 
0.6H),8.46 (s,0.4H), 8.41 (s,0.6H), 8.19 (m, lH), 7.67 (dd,0.6H, 
J = 5.7, 7.1 Hz), 7.58 (dd, 0.4H, J = 5.7, 7.1 Hz), 7.45 (m, 2H), 
7.38 (m, 4H), 7.17 (m, lH), 7.06 (m, lH), 6.02 (e, 0.6H), 5.78 (8, 
0.4H),5.17 (s,2H), 4.11 (m, lH), 3.88 (m, 2H), 3.67 (m, 3H), 3.54 
(m, 2H), 3.24 (m, 3H). IR (CDCB): 3300,2960,2920,2850,1690, 

H)+, 251,201 (100). HRMS (CzsHzsN409) theoretical529.1909, 
experimental 529.1891. 
(2RS,4R)-l-(Dimethylcarbamoyl)-6-[ (4-fluoropheny1)- 

methoxy]-3-[2-(3-pyridinyl)thiazolidin-4-oyl]indole (9w). 
Carbamylation of 70 with dimethylcarbamoyl chloride (87% 
yield) with subsequent deprotection using method E provided 
9w (73% yield, 64% yield overall). Mp: 71-74 OC. NMR 

8.68 (d, 0.5H, J = 2.0 Hz), 8.56 (dd, 0.5H, J = 1.5,4.8 Hz), 8.48 
(dd, 0.5H, J = 1.5, 4.8 Hz), 8.15 (dd, lH, J = 3.1, 8.6 Hz), 8.04 
(d, 0.5H, J = 8.4 Hz), 7.88 (d, 0.5H, J = 7.4 Hz), 7.54 (dd, 2H, 
J = 5.7,8.6 Hz), 7.46 (dd, 0.5H, J = 4.8,7.7 Hz), 7.38 (dd, 0.5H, 
J = 4.8, 7.7 Hz), 7.24 (t, 2H, J = 8.8 Hz), 7.22 (8,  lH), 7.08 (d, 
lH, J = 8.8 Hz), 5.94 (s,0.5H), 5.70 (s,O.SH), 5.16 (s,2H), 4.95 
(t, 0.5H, J = 6.8 Hz), 4.82 (t, 0.5H, J = 7.9 Hz), 4.17 (br 8, lH), 
3.54 (dd, 0.5H, J = 7.2,9.8 Hz), 3.48 (dd, 0.5H, J = 7.4,9.9 Hz), 
3.12 (dd, 0.5H, J = 9.8,13.8 Hz), 3.09 (dd, 0.5H, J = 10.7, 14.3 
Hz), 3.05 (s,3H), 3.02 (s,3H). Mass spectrum (DCI/NH& 505 

(2RS,4R)-1-(Dhethylcarbamoyl)-6-( 4-fluorophenoxy)-3- 
[ 2-(3-pyridinyl)thiazolidin-4-oyl]indole (9y). Carbamylation 
of 7m with dimethylcarbamoyl chloride (65% yield) with 
subsequent deprotection using method E provided 9y (70% yield, 
46% yield overall). Mp: 72-75 OC. NMR (DMSO-ds, 300 
MHz): 6 8.82 (d, lH, J = 1.8 Hz), 8.73 (d, 0.5H, J = 1.8 Hz), 8.66 
(d, O.5H, J = 2.2 Hz), 8.54 (dd, 0.5H, J = 1.5,4.8 Hz), 8.46 (dd, 
0.5H, J= 1.6,4.6Hz),8.23(dd, lH, J=4.2,8.6Hz),8.01 (d,0.5H, 
J = 8.1 Hz), 7.87 (d, 0.5H, J = 8.1 Hz), 7.36 (dd, 0.5H, J = 4.6, 
7.9 Hz), 7.18-7.27 (m, 3H), 7.04-7.12 (m, 3H), 5.92 (d, 0.5H, J = 
9.2Hz),5.69(d,0.5H,J=12.9Hz),4.97(dt,0.5H,J=7,10Hz), 
4.85(dt,0.5H,J=8,12Hz),4.17(t,lH,J=9Hz),3.54(t,0.5H, 
J = 7.7 Hz), 3.47 (dd, 0.5H, J = 8.1, 11 Hz), 3.12 (t, 0.5H, J = 
9.6 Hz), 3.03 (8, 3H), 3.00 (8, 3H). Mass spectrum (DCI/NHs): 
491 (M + H)+. Anal. (C&dN40&0.5HzO) C, H, N. 
(2RS,4R)-l-(Dimethylcarbamoyl)-2,5-dimethyl-3-[2-(3- 

pyridinyl)thiazolidin-4-oyl]indole (92). Carbamylation of 7q 
with dimethylcarbamoyl chloride (30% yield) with subsequent 
deprotection using method E provided 9z (42 % yield, 13% yield 
overall). Mp: 74-82 "C. NMR (CDCh, 300 MHz): 6 8.90 (m, 
0.5H), 8.83-8.77 (m, 0.5H), 8.66-8.64 (m, 0.5H), 8.45-8.40 (m, 
lH), 8.40-8.32 (m, 0.5H), 7.87-7.78 (m, lH), 7.75-7.70 (m, lH), 
7.23-7.13(m,2H),5.87(m,lH),4.97 (m,lH),3.64-3.55 (m,2H), 
3.31 (8,  6H), 2.70 (8,  3H), 2.43 (8, 3H). Mass spectrum (DCI/ 

C, H; N calcd, 9.30; found, 8.46. 

1660 (Sh), 1415,1220. Mass spectrum (DCI/NHs): 529 [(M + 

(DMSO-de, 300 MHz): 6 8.75 (s, lH), 8.75 (d, 0.5H, J = 2.0 Hz), 

(M + H)+. Anal. (CnH&"iOsS) C, H, N. 

NH3): 408 (M + HI+. Anal. (C~HuN402S.2CzHz04.0.75HzO) 
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713 with dimethylcarbamoyl chloride (32 % yield) with subaequent 
deprotection using method E provided Sgg (32 % yield, 10 % yield 
overall). Mp: 104 OC NMR (CDCb, 300 MHz):  6 8.85-8.83 (c, 

7.95(m,lH),7.32 (s,lH),7.71(s,lH),7.25 (s,lH),7.19 (s,lH), 
7.12 (d, lH, J = 3.0 Hz), 6.00 (br 8, O.SH), 5.71 (br s, 0.5H), 
4.70-4.56 (c, 2H), 4.00 (a, 3H), 3.96 (e, 3H), 3.12 (8, 6H). Mass 

C, H, N. 

nyl)thiazolidin-4-oyl]indole (Shh). Carbamylation of 70 with 
dimethylcarbamoyl chloride (68% yield) with subsequent depro- 
tection using method E provided Shh (75% yield, 51% yield 
overall). Mp: 69-70 OC. NMR (CDCb, 300 MHz): 6 8.85-8.84 
(m, 0.5H), 8.78-8.77 (m, 0.5H), 8.62-8.60 (m, 0.5H), 8.55-8.53 
(m,0.5H), 8.38-8.31 (m, lH), 8.11 (s,0.5H), 8.06 (s,O.SH), 7.97- 
7.87 (m, lH), 7.38-7.30 (m, lH), 7.28-7.26 (m, O.SH), 7.17-7.15 
(m,0.5H), 7.15-7.10 (m, 2H), 5.98 (8, O.SH), 5.61 (s,O.SH), 4.70- 
4.57 (m, lH), 3.25-3.17 (m, 2H), 3.15 (8, 6H). Mass spectrum 
(FAB): 398 (M + HI+, 307. Anal. (CzoHieNiOzS) C, H N cald, 
14.06, found, 13.03. 
Indole Functionalization. Method E (2RS,aR)-l-(Di- 

ethylcarbamoyl)-3-[2-(3-pyrid~nyl)thiazol~d~n-4-0~1]- 
indole (S f ) .  To a suspension of NaH (0.03 g, 1.1 "01) in THF 
(5 mL) at 0 OC was added la  (0.3 g, 0.733 "01). After 15 min, 
diethylcarbamoyl chloride (0.14 mL, 1.1 "01) was added. The 
mixture was allowed to warm to room temperature and stirred 
for 30more min. After the addition of water (10 mL), the mixture 
WBB extracted twice with ethyl acetate and then dried (NaBO4). 
The solvent was evaporated and the residue chromatographed 
on silica gel (EtOAc) to provide l-(diethylcarbamoy1)-3-[2-(3- 
pyridinyl)-3-(tert-butoxycarbonyl) thiazolidin-4-oyll indole (0.24 
g, 65% yield). Deprotection by method E provided Sf (62% 
yield, 40% yield overall). Mp: 84 O C .  NMR (CDCb, 300 MHz): 
6 9.10 (m, O.SH), 9.01 (m, 0.5H), 8.86 (m, 0.5H), 8.65 (m, O.SH), 
8.35-8.40 (c, 2H), 8.18 (m, lH), 8.11 (m, lH), 7.74 (m, lH), 7.51 
(m,lH),7.38 (m,2H),6.W.32 (c,lH),4.54 (m,lH),3.51-3.40 

NI&): 409 (M + H)+, 107. HRMS: (CpHd40& theoretical 
409.1698, experimental 409.1718. 

Prepared by the same route was (2M,4R)-l-(N-Phenyl-N- 
methylcarbamoyl)-3-[2-(3-pyridinyl)thiazolidin-4-oyl]in- 
dole (9e). Carbamylation of 7a with N-methyl-N-phenyl- 
carbamoyl chloride (60% yield) and subsequent deprotection by 
method E gave Se (42% yield, 25% yield overall). Mp: 72-76 
OC. NMR (CDCb, 300 MHz): 6 9.10 (m, 0.5H), 8.90 (m, 0.5H), 
8.63 (m, lH), 8.32-8.22 (c, 2H), 8.30-7.98 (c, 2H), 7.60-7.10 (c, 
9H),6.00-5.61 (c,lH),4.30-4.07 (m, 1H),3.62 (m,lH),2.9-2.60 

Method I: (2RS,#)-l-(N-Methylcarbamoyl)-3-[2-(3-py- 
ridinyl)thiazolidin-4-oyl]indole (Sh). 2,2,6,&Tetramethyl- 
piperidine (0.09 mL, 0.49 "01) was dissolved in THF, and BuLi 
(2.5 M in hexanes, 0.2 mL, 0.50 mmol) was added. The solution 
was cooled to -78 "C, and a solution in THF of 7a (0.20 g, 0.49 
m o l )  was added dropwise. The reaction mixture was stirred 
for 5 min, after which neat methyl isocyanate (0.03 mL, 0.50 
"01) was added. The cold bath was removed after 15 min, and 
the reaction mixture was stirred for 16 hat ambient temperature. 
The THF was removed in vacuo, and the residue was taken up 
in methylene chloride, washed with brine, dried over "sod, 
filtered, and concentrated in uacuo. The crude material was 
p d i e d  by chromatography on silica gel (40% yield). The 
resulting material was deprotected by method E (42% yield, 
17% yield overall). Mp: 101-102 OC. NMR (CDCb, 300 MHz): 
68.83 (m, lH), 8.63 (m, lH), 8.57 (m, lH),8.36 (m, lH),8.32-8.25 
(m, 2H), 8.16 (m, lH), 7.70 (m, lH), 7.40-7.30 (c, 2H), 5.80 (m, 
lH),4.93(m,lH),3.64-3.56(m,2H),2.96(~,3H). Masaspectrum 
(DCI/NHa): 366 (M + HI+, 424. Anal. (CzsHzzN40zS.2CzHz04) 
H, N C calcd, 50.55; found, 51.09. 

Prepared by the same method was (2RS,aR)-l-[N-(2,2- 
Dimethylethyl)carbamoyl]-3-[ 2-(3-pyridinyl)thiazolidin-4- 
oyllindole (Si). Reaction of 7a and tett-butyl isocyanate (53 % 
yield) with subsequent deprotection (method E, 82 % yield, 43 % 
yield overall) gave Si. Mp: 101-103 OC. NMR (CDCb, 300 
MHz): 6 8.81 (m, lH), 8.61 (m, O.5H), 8.54 (m, O.SH), 8.44 (m, 

O.SH), 8.80-8.76 (c, 0.5H), 8.63-8.60 (c, O.SH), 8.55-8.52 (c, 0.5H), 

spectrum (DCI/NI&): 441 (M + H)+, 523. Anal. (CBHUN~O~S) 

(21Ps,aR)-l-( M e t  hylcarbsmOyl)-6-flUOr0-3-[2-( 3-pfldi- 

(c,4H), 3.29-3.10 (c, 2H), 1.31-1.20 (c, 6H). Massspedrum (DCI/ 

(c, 2H). Mass spectrum (DCI/NHa): 443 (M + H)+, 310, 311, 
107. A d .  (CasHzzN4OzS.0.25H20) C, H, N. 

(2RS,4R)-6-Chloro-1-(dimethylcarbamo~l)-3-[2-~3-~~~- 
dinyl)thiazolidin-4-oyl]indole (Sbb). Carbamylation of 7u 
with dimethylcarbamoyl chloride (10% yield) with subsequent 
deprotection using method E provided Sbb (62 % yield, 6 % yield 
overall). NMR (CDC&,300MHz): 68.71 (m, lH),8.66(~,0.5H), 
8.61 (8, 0.5H), 8.52 (dd, O.SH, J = 1.5,2.7 Hz), 8.46 (dd, O.SH, J 
= 1.4, 2.8 Hz), 8.31 (d, 0.5H, J = 2.7 Hz), 8.28 (d, 0.5H, J = 2.8 
Hz), 8.11 (m, O.SH), 8.03 (m, 0.5H), 7.68 (d, 0.5H, J = 1.5 Hz),  
7.66 (d, 0.5H, J = 1.4 Hz), 7.46 (m, lH), 7.36 (d, 0.5H, J = 1.7 
Hz), 7.31 (d,0.5H, J= 1.7Hz), 5.92 (e, 0.5H), 5.73 (8, 0.5H),4.91 
(m, 1H), 3.61 (dd, 0.5H, J =  7.0,10.3Hz), 3.53 (dd,0.5H, J= 7.3, 
10.7 Hz), 3.24 (m, lH), 3.12 (a, 3H), 3.09 (e, 3H). IR (CDCb): 
3440,2960,1680,1600,1260,1100. Mass spectrum (DCI/NHa): 
415 [(M + H)+, 1001. Anal. (C&ieClN40&) C, H, N. 

(2RS,4R) - 1 - (Dimet hylcarbamoy1)-6- (phenylet hynyl)-3- 
[2-(3-pyridinyl)thiazolidin-4-oyl]indole (SCC). Carbamyla- 
tion of 7n with dimethylcarbamoyl chloride (80% yield) with 
subsequent deprotection using method E provided SCC (73% 
yield, 58% yield overall). Mp: 84-88 OC. NMR (CDCb, 300 
MHz): 68.83(~,0.5H),8.79(d,0.5H, J=2.2Hz),8.61(dd,0.5H, 
J = 1.5,4.8 Hz), 8.54 (d, 0.5H, J = 4.0 Hz), 8.37 (dd, lH, J = 3.8, 
8.3 Hz), 8.19 (8, 0.5H), 8.15 (a, O.SH), 7.96 (dt, 0.5H, J =  1.9,7.8 
Hz), 7.88 (d, O.5H, J = 8.1 Hz), 7.71 (8, lH), 7.52-7.60 (c, 3H), 
7.30-7.40 (c, 4H), 5.98 (8, 0.5H), 5.72 (e, 0.5H), 4.69 (dd, 0.5H, J 
= 7.0,8.8 Hz), 4.63 (t, 0.5H, J = 7.6 Hz), 3.56 (dd, 0.5H, J = 7.4, 
10.3 Hz), 3.42 (dd, 0.5H, J =  7.4,10.3 Hz), 3.22 (t, 0.5H, J=  9.6 
Hz), 3.16 (e, 3H), 3.13 (t, O.5H, J = 9.9 Hz), 3.12 (8, 3H). IR 
(KBr): 1390 (a), 1661 (a), 1700 (a), 3436 (br). Mass spectrum 

O.1CHCb) C, H, N. 
(2RS,4R)- 1 - (Dimet hy lcarbamoy 1) -6- (3-pyridyl)-3- [ 2- (3- 

pyridinyl)thiazolidin-4-oylfindole (Sad). Carbamylation of 
7v with dimethylcarbamoyl chloride (44% yield) withsubsequent 
deprotection using method E provided 9dd (55% yield, 24% 
yield overall). NMR (CDCb, 300 MHz): 6 8.90 (8, lH), 8.84 (8, 
0.5H), 8.80 (e, 0.5H), 8.66-8.52 (c, 2H), 8.49 (dd, lH, J=  2.8,8.3 
Hz), 8.19 (a, 0.5H), 8.14 (8,  0.5H), 7.85-7.99 (c, 2H), 7.76 (e, lH), 
7.60 (dt, lH, J = 1.9,8.5 Hz), 7.28-7.43 (m, 2H), 6.00 (e, 0.5H), 
5.73 (8, 0.5H), 4.71 (t, 0.5H, J = 8.1 Hz), 4.65 (t, 0.5H, J 7.4 
Hz),3.56(dd,0.5H, J=7.4,10.3Hz),3.42(dd,0.5H, J=7.0,10.3 
Hz), 3.24 (td, 0.5H, J = 2.2, 9.9 Hz), 3.18 (8, 3H), 3.14 (8, 3H), 
3.08-3.00 (m, 0.5H). IR (KBr): 1183 (m), 1390 (a), 1661 (a), 1698 
(a), 3442 (br). Mass spectrum (DCI/NHa): 458 (M + HI+. Anal. 

(2RS,4R)- l-(Dimethylcarbamoyl)-6-(2-methoxyethoxy)- 
3-[2-(3-pyridinyl)thhzolidin-4-oyl]indo1e (See). Carbamyl- 
ation of 7w with dimethylcarbamoyl chloride (26% yield) with 
subsequent deprotection using method E provided 9ee (48% 
yield, 12% yield overall). NMR (CDCb, 300 MHz): 6 8.83 (e, 
0.5H), 8.78 (8,0.5H), 8.60 (d, 0.5H, J = 4.8 Hz), 8.54 (d, 0.5H, J 
= 4.8 Hz), 8.25 (dd, lH, J = 2.6,8.8 Hz), 8.02 (e, 0.5H), 7.96 (d, 
0.5H,J=8.1Hz),7.95(~,0.5H),7.88(d,0.5H,J~7.7Hz),7.33 
(ddd, lH, J = 4.6,7.8,12.3 Hz), 7.10-7.02 (c, 2H), 6.00 (e, 0.5H), 
5.71 (a, 0.5H), 4.66 (dd, 0.5H, J = 7.4, 8.8 Hz), 4.58 (t, 0.5H, J 

= 7.0, 10.3 Hz), 3.47 (a, 3H), 3.40 (dd, 0.5H, J 7.0, 10.3 Hz), 
3.20 (t, 0.5H, J = 9.8 Hz), 3.13 (8, 3H), 3.09 (s,3H), 3.08-3.00 (m, 
0.5H). IR (KBr): 1230 (e), 1390 (a), 1492 (e), 1657 (a), 1697 (a), 
3442. Mass spectrum (DCI/NHa): 455 (M + H)+. Anal. 
(CBH&~O~S*O.~H~O) C, H; N: calcd, 12.09; found, 11.51. 
(2RS,dR)-6Bromo-l-(dimethylcarbamoyl)-3-[2-(3-pyridi- 

nyl)thiazolidin-4-oyl]indole (Sff). Carbamylation of 7p with 
dimethylcarbamoyl chloride provided 15 in 87% yield. Depro- 
tection using method E provided Sff (76% yield, 66% yield 
overall). NMR (CDCb, 300 MHz): 6 8.90 (br m, 0.5H), 8.80 (br 
m, 0.5H), 8.58 (br m, lH), 8.28 (d, 0.5H, J = 2.9 Hz), 8.11 (8,  
0.5H), 8.07 (8, 0.5H), 8.02 (m, 0.5H), 7.98 (m, 0.5H), 7.73 (br 8, 
lH), 7.49 (m, lH), 7.43 (m, O.5H), 7.37 (m, 0.5H), 6.00 (s,0.5H), 
5.72 (8,  0.5H), 4.67 (dd, 0.5H, J=  7.3,8.8Hz), 4.59 (dd,0.5H, J 
= 7.4, 7.8 Hz), 3.53 (dd, 0.5H, J = 7.3, 10.3 Hz), 3.40 (dd, O.5H, 
J = 6.9, 11.3 Hz), 3.18 (m, lH), 3.14 (8, 1.5H), 3.11 (a, 1.5H). IR 
(CDCW: 3300,3100,2920,1700,1665,1530,1465,1390. Maas 
spectrum (DCI/NHa): 461 (M + H+, 25), 459 (M + H+, 281,108 
(100). Anal. (CzoHleNiOzS.CaHe07.Hzo) C, H, N. 
(2RS,#)- 1 -( Dimet hy lcarbamoyl) -S,6-dimet hoxy-3-[ 2- (3- 

pyridinyl)thiazolidin-4-oyl]indole (9gg). Carbamylation of 

(DCI/NH3): 481 (M + HI+. Anal. (C&uN~OnS*O.5HaO. 

(C~H~N~O&0.2H2O-O0.2CHzCl2) C, H, N. 

= 7.6 Hz), 4.22-4.15 (c, 2H), 3.82-3.76 (c, 2H), 3.52 (dd, 0.5H, J 
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2H), 8.39 (e, 0.5H), 8.30 (8, 0.5H), 7.96 (m, O.5H), 7.88 (m,0.5H), 
7.77 (m, lH), 7.48-7.30 (~,4H),5.74-5.66 (c, 1H),4.76-4.60 (c, 
1H), 3.60-3.53 (m, lH), 3.43 (m, lH), 1.57 (br s, 9H). Mass 
spectrum (DCI/NH3): 408 (M + HI+. Anal. (C22HZd4- 

Method J Preparation of (W,4Z#)-l-[ (Ethoxycarbonyl)- 
methyl]-3-[2-(3-pyridinyl)thiazolidin-4-oyl]ind0le (9m). So- 
dium hydride (60% dispersion, 9.0 mg, 0.38 m o l )  and DMF 
(0.5 mL) were stirred under Nz and cooled in an ice bath. A 
solution in 0.5 mL of DMF and 7a (150 mg, 0.37 "01) was 
added over 2 min. The resulting orange solution was stirred at 
5 OC for 30 min, and then a solution of ethyl chloroacetate (49 
mg, 0.40 "01) in 0.25 mL of DMF was added over 1 min. The 
mixture was stirred at 5 "C for 30 min and then at  ambient 
temperature for 1 h. The reaction was quenched with 0.5 mL of 
HzO, and the solvents were removed in vacuo. The residue was 
partitioned between HzO and CHZClz. The aqueous phase was 
extracted with CH2CIz. The combined organic estracta were dried 
over Na804, fiitered, and concentrated in vacuo to give lob as 
a white foamy solid (0.261 g, 78% yield). The crude material was 
deprotected using method D to give 9m (91 % yield, 74 % yield 
overall). NMR (CDCS, 300 MHz): 6 8.83 (d, 0.5H, J =  3.0 Hz), 
8.78 (d, 0.5H, J = 3.0 Hz), 8.60 (dd, O.5H, J = 1.5,4.5 Hz), 8.52 
(dd, 0.5H, J = 1.5,4.5 Hz), 8.44-8.37 (m, lH), 8.W7.93 (m, lH), 
7.90-7.84 (m, lH), 7.40-7.24 (m, 4H), 6.02 (e, 0.5H), 5.72 (8, O.5H), 
4.93 (8, lH), 4.88 (a, lH), 4.68 (dd, 0.5H, J = 1.5, 7.5 Hz), 4.60 
(bt, 0.5H, J = 7.5 Hz), 4.25 (m, 2H, J = 7.5 Hz), 3.61-3.80 (m, 
1H), 3.54 (dd, 0.5H, J = 3.0, 10.5 Hz), 3.40 (dd, 0.5H, J = 3.0, 
10.5 Hz), 3.263.12 (m, lH), 1.28 (dd, 3H, J = 7.5, 1.5 Hz). IR 
(KBr): 3440,1745,1640,1530,1465,1385,1210,1190,1050,1020. 
Mass spectrum (DCI/NHs): 396 (M + HI+, 125, 108. Anal. 
(Cz1HziN303S) C, H; N calcd, 10.63; found, 10.04. 

0&0.75HzO) C, H, N. 

Also prepared by this method were the following: 
(2RS,4R)- 1-Carbomet hoxyet hy l-3-[ 2- (3- pyridiny1)t hia- 

zolidi-4-oyl]indole (9n). Alkylation of 7a with methyl acrylate 
provided loa in 43% yield. Deprotection by method D (79% 
yield) provided 9n (34% overall yield). NMR (CDCS, 300 
MHz): 6 8.85 (d, 0.41H, J = 0.3 Hz), 8.80 (d, 0.59H, J = 0.3 Hz), 
8.62(dd,0.59H, J=0.3,0.6Hz),8.53(dd,0.41H,J=0.3,0.6Hz), 
8.40(m,lH),8.05-7.85(m,2H),7.30-7.44(m,4H),6.03(~,0.38H), 
5.72 (a, 0.62H), 4.70-4.50 (m, 3H), 3.70 (s,2H), 3.65 (8, lH), 3.60- 
3.35 (m, 2H), 3.15 (m, lH), 2.90 (m, 2H). Mass spectrum (DCU 

( ~ R S , ~ R ) -  1-[ (NJY-Dimet hylcarbamoyl)methyl]-3-[2- (3- 
pyridinyl)thiazolidin-4-oyl]indole (90). Alkylation of'lawith 
N,N-dimethyl-2-chloroacetamide (60% yield), with subsequent 
deprotection by method D gave9n (58% yield, 35% yieldoverall). 
NMR (CDCS, 300MHz): 68.82 (m, lH), 8.60 (m, O.5H), 8.53 (m, 
0.5H), 8.40 (m, 1H), 7.98 (m, lH), 7.88 (a, lH), 7.30 (m,4H),6.02 
(s,0.4H), 5.70 (a, 0.6H), 4.98 (d, 2H, J = 0.9 Hz), 4.68 (m, lH), 
4.57 (m, 0.5H), 3.53 (q, lH, J = 0.6,O.g Hz), 3.40 (q, lH, J = 0.6, 
0.9 Hz), 3.20 (m, 4H), 3.02 (d, 3H, J = 0.9 Hz). Maas spectrum 
(DCI/NH3): 395 (M + H)+. Anal. (CZ~HBN~OZS.O.~H~O) C, H, 
N. 

(2RS,4R)- 1-[ (N-Methylcarbamoyl)methyl]-3-[ 2-(3-pyri- 
dinyl)thiazolidin-4-oyl]indole (9p). Alkylation of 7a with 
N-methyl-2-chloroacetamide (38 % yield) followed by deprotec- 
tion (method D, 50% yield) provided 9p (19% overall yield). 
NMR (CDCS, 300 MHz): 6 8.84 (d, 0.4H, J = 0.3 Hz), 8.75 (d, 
0.6H, J = 0.3 Hz), 8.58 (dd, 0.6H. J = 0.3,0.6 Hz), 8.50 (dd, 0.4H, 
J = 0.3,0.6 Hz), 8.40 (m, lH), 7.95 (m, lH), 7.85 (m, lH), 7.25- 
7.45 (m, 4H), 6.00 (8, 0.4H), 5.73 (8, 0.6H), 5.50 (m, lH), 4.85 (d, 
2H, J = 1.5 Hz), 4.69 (t, 0.63H, J = 0.6, 1.2 Hz), 4.60 (t, 0.37H, 
J = 0.6,1.2 Hz), 3.53 (dd, 0.5H, J = 0.6,1.2 Hz), 3.40 (dd, 0.5H, 
J = 0.6, 1.2 Hz), 3.20 (m, 2H), 2.78 (d, 3H, J = 0.6 Hz). Mass 
spectrum (DCI/NHs): 381 (M + H)+. Anal. (C~Hz&Or 

(2RS,4R)- 1-(2,2,2-Trifluoroethyl)-3-[ 2-(3-pyridinyl)thia- 
zolidin-4-oyl]indole (9q). To a solution of 78 (0.3 g, 0.7 mmol) 
in DMF was added KzCO3 (0.81 g, 5.86 "01). After stirring for 
15 min, 2-iodo-l,l,l-trifluoroethane (0.11 mL, 1.09 mmol) was 
added, and the mixture was stirred at 40 OC for 20 h. After 
addition of 20 mL of CHZClz, a solid was obtained by filtration, 
rinsing well with CHzClZ. The filtrate was washed with citric 
acid (0.5 M) and brine and then dried (NaaO4). After concen- 
trating the solution, chromatography (37 EtOAc-CHzClZ) pro- 

NH3): 396 (M + HI+. Anal. (C21HziNsOsS.0.25HzO) C, H, N. 

S.O.25H2O) C, H; N d c d ,  14.55; found 14.08. 
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vided 1-(2,2,2-trifluoroethy1)-3- [2-(3-pyridiny1)-3-(tert-buto~ 
carbonyl)thiamlidin-4-oyl]indole (0.1 g, 28% yield). DeproWon 
using method E provided 9q (53 % yield, 15 % yield overall). NMR 
(CDCS, 300 MHz): 6 3.36-3.57 (2H), 4.564.70 (lH), 4.71-4.81 
(2H), 5.74 (0.5H), 6.00 (0.5H), 7.30-7.38 (2H), 7.W7.43 (2H), 
7.90-7.94 (2H), 7.95-7.98 (lH), 8.40-8.45 (lH), 8.52-8.55 (0.5H), 
8.60-8.63 (0.5H), 8.78-8.79 (0.5H), 8.84-8.85 (0.5H). Maes 
spectrum (DCI/NHa): 391 (M + HI+. Anal. (CigHisFaNs- 
Os.1.5H20) C, H, N d c d ,  10.04, found, 9.48. 
(2RS,4R)-1-(3-Amino-3-oxopropyl)-3-[2-(3-pyridinyl)- 

thiazolidin-4-oyl]indole (12). Acid l lb  (1.80 g, 3.77 "01) 
was dissolved in THF (50 mL), and N-methylmorpholine (496 
aL, 4.5 "01) was added, followed by the addition of diphenyl 
phosphorazidate (1.2 mL, 5.65 "01). The reaction was heated 
to reflwi for 4.5 h and allowed to cool, and 15 mL of water was 
added. The mixture was estracted three times with ethyl acetate. 
The organics were dried over MgSOd and purified on silica gel 
(97:3 CHCWMeOH) to give the isocyanate as a yellow oil (1.23 
g,68% yield). Theisocyanate (0.120g,O.251mmol) wasdieeolved 
in THF (15 mL) and cooled to 0 OC. The solution was bubbled 
with ammonia for 5-10 min to give a cloudy suspension. Solvent 
removal gave the urea as a yellow foam. Deprotection of the 
crude material by method D, and purification on silica gel (95:5 
CHCWMeOH) provided 12 as an off-white solid (72% yield). 

(d, 0.38H, J =  3.0Hz), 8.55 (dd, 0.62H, J =  6.0,1.5 Hz), 8.43 (dd, 
0.38H, J = 6.0, 1.5 Hz), 8.38 (e, 0.62H), 8.31 (s,0.38H), 8.29 (d, 
2H,J=7.0Hz),8.13(brd,0.62H,J=7.0Hz),8.04(brd,0.38H, 
J = 7.0 Hz), 7.58 (t, lH, J = 6.0, 7.0 Hz), 7.50 (m, 0.62H), 7.43 
(m, 0.38H), 7.3 (m, 2H), 6.03 (e, 0.38H), 5.63 (s,0.62H), 4.35 (m, 
2H),3.65 (d,0.62H, J =  7.0Hz),3.62 (d,0.38H, J =  7.0Hz),3.53 
(m, 3H), 3.16 (m, 0.62H), 3.12 (m, 0.38H). Mass spectrum 
(DCUNHs): 396 (M + H+). Anal. (CloHz1Na- 

Method K. (2RS,aR)- 1-(Carboxymet hyl)-3-[2-(3-pyri- 
dinyl)thiazolidin-4-oyl]indole (138). A solution of lOa (0.120 
g, 0.24 "01) in THF (0.7 mL) was treated with LiOH (0.028 g, 
0.667 "01) in water (0.7 mL). After 1 hat ambient temperature, 
the solution was evaporated to dryness, and the residues were 
partitioned between EhO and water. The aqueous phase was 
acidified to pH 2 and extracted three times with CHaCh. The 
CH&!lz extracta were combined, dried (NazSOd, and concentrated 
to give lla as an ivory solid (0.064 g, 57% yield). Deprotection 
using method D provided 9p as a pink powder (82 % yield, 47 % 
yield for two steps). NMR (CDCS, 300 MHz): 6 9.20-9.12 (m, 
lH), 8.97-8.65 (m, 4H), 8.26-8.18 (m, lH), 8.12-8.03 (m, lH), 
7.63-7.55 (m, lH),7.37-7.28 (m,2H),6.32(s,O.SH),6.15 (s,O.SH), 
5.46-5.16 (m, 3H), 3.90-3.77 (m, lH), 3.51-3.17 (m, 1H). Mass 

NMR (DMSO-&, 300 MHz): 6 8.74 (d, 0.62H, J 3.0 Hz), 8.71 

0&0.5Hz0) C, H, N. 

spectrum (FAB): 368, 307, 289, 219, 202. A d  (CiOH1,- 
NsO&2HCl.O.SHzO) C, H, N Calcd, 9.35; found, 8.92. 

Also prepared by this method was (2RS,aR)-l-(Carboxy- 
ethyl)-b[2-(3-pyridinyl)thiazolidin-4-oyl]indole (13b). Hy- 
drolysis of lob provided l l b  (92% yield). Deprotection using 
methodDgave13b(M% yield,31% yieldoverall). NMR(CDC&, 
300MHz): 68.85(d,lH,J=0.7Hz),8.42(m,2H),8.23(~,0.5H), 
8.13 (a, 0.5H), 8.90 (d, 0.5H, J = 0.7 Hz), 7.98 (d, 0.5H, J = 0.7 
Hz), 7.35 (m, 5H), 6.00 (8, 0.5H), 5.74 (e, 0.5H), 4.75 (m, 0.5H), 
4.55(m,2.5H),3.38(dd,O.SH, J=0.6,1.2Hz),3.15(m,lH),2.90 
(m, 2H). Mass spectrum (DCI/NHd: 382 (M + H)+. Anal. 

Met hod L (2RS,4R) - 1 -(Carbamoy lmet hy1)-3-[ 24  3-pyri- 
dinyl)thiazolidi-4-oyl]indole (148). Toa solution of 138 (0.5 
g, 1 "01) in methylene chloride (20 mL) at 0 OC wae added 
sodium hydride (46 mg, 1.1 "01). After 5 min, oxalyl chloride 
(99mL, 1.1 "01) was added and the reaction mixture was stirred 
for 15 min. Gaseoue ammonia was than bubbled through the 
solution for 30 8. The reaction mixture was concentratedin vacuo 
and the residue partitioned between saturated aqueous NaHCOs 
and chloroform. The combined organic extracts were dried over 
*SO4, fiitered, and concentrated in vacuo. The reaidue was 
purXed by flash chromatography (Si02,97:3 chloroform-MeOH) 
to afford 148 (230 mg, 50% yield). NMR (CDCLDzO, 300 
MHz):  68.78 (d, lH, J =  0.3Hz),8.60 (dd,0.5H, J =  0.2,0.5 Hz), 
8.48 (m, 0.5H), 8.40 (m, lH), 8.04 (8, 0.5H), 7.95 (m, lH), 7.83 (m, 
0.5H), 7.45 (m, 4H), 6.00 (8, 0.4H), 5.70 (8, 0.6H), 4.65 (t, lH, J 
= 0.9,0.7 Hz), 4.55 (m, 3H), 3.75 (m, 0.5H), 3.65 (m, O.5H), 3.50 

(C&l&OsS.0.16CHCb) C, H, N Calcd, 10.52; fond ,  9.89. 
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(dd, 0.5H, J = 0.9,0.6 Hz), 3.35 (dd, 0.5H, J = 0.9,0.6 Hz), 3.14 
(m, lH), 2.75 (m, 2H). Mass spectrum (DCI/NH,): 381 (M + 
HI+. Anal. (CisH&J4O&H20) C, H N d c d ,  14.57; found, 
13.78. 

Also made by this method was (2RS,4R)-1-[2-(Aminocar- 
bonyl)ethyl]-3-[%(3-pyridinyl)thiazo~din-4-oyl]indole (lab). 
Acylationofammoniawith 13bprovided 14b (50% yield). NMR 

0.5H, J = 0.2,0.5 Hz), 8.48 (m, 0.5H), 8.40 (m, lH), 8.04 (e, 0.5H), 
7.95 (m, lH), 7.83 (m, 0.5H), 7.45 (m, 4H), 6.00 (s,0.4H), 5.70 (8, 
0.6H), 4.65 (t, lH, J = 0.7,O.g Hz), 4.55 (m, 3H), 3.75 (m, 0.5H), 
3.65 (m, 0.5H), 3.50 (dd, 0.5H, J = 0.6,0.6 Hz), 3.35 (dd, 0.5H, 
J = 0.6, 0.9 Hz), 3.14 (m, lH), 2.75 (m, 2H). Mass spectrum 

H; N: calcd, 13.24, found, 12.74. 
(2lW,--l-( Dimethylcarbomoyl)-6-(4-fluorophenoxy)-3- 

[2-(3-pyridinyl)thiazolidin-4-oyl]indole (16). Compound 15 
(vide supra, 0.095 g, 0.17 mmol) and (4-fluoropheny1)boronic 
acid (0.039 g, 0.28 "01) were suspended in a deoxygenated 
solution of 4 mL of DME and 1 mL of aqueous NaHCOa under 
Nz. Palladium tetrakia(tripheny1phosphine) (0.021 g, 0.02 "01) 
was added, and the mixture heated to 85 OC for 7 h. The mixture 
was partitioned between pH 7 buffer (25 mL) and EtOAc (2 X 
50 mL), and the combined organics were dried over MgS04. The 
isolated material (0.101 g, 93% yield) was deprotected using 
method E to provide 16 (0.076 g, 91 % yield, 85% yield overall). 
Mp: 98-102 OC. NMR (CDCb, 300 MHz): 6 8.87 (m, lH), 8.68 
(m, lH), 8.42 (m, lH),8.15 (a, 0.5H), 8.10 (s,0.5H), 7.97 (m, lH), 
7.69 (m, 1H),7.55 (m,6H), 6.04 (s,0.5H), 5.75 (e, O.5H),4.72 (dd, 
0.5H, J = 7.1,9.7 Hz), 4.54 (t, 0.5H, J = 7.0 He), 3.54 (dd, 0.5H, 
J=7.0,10.3Hz),3.41(dd,0.5H,J=7.1,10.7Hz),3.22(m,1H), 
3.18 (8, 3H), 3.11 (8, 3H). IR (CDCb): 3440 (br), 2920, 1695, 

(M + H+, 25), 279 (100). HRMS: calcd for C ~ & I N ~ O &  
475.1604, found 475.1597. 

(2lW,w- 1 -( Mmethylcarbamoyl)-6-( 4-fluorophenoxy)-3- 
[ 2-(3-pyridinyl)thiazolidin-4-oyl]indole (18). Compound 15 
(vide supra, 0.244 g, 0.44 "01) and hexamethylditin (0.178 g, 
0.54 mmol) were dissolved in deoxygenated toluene (8 mL) under 
Ar. Palladium tetrakis(tipheny1phcaphine) (0.032 g, 0.03 mmol) 
was added, and the mixture was heated to reflux for 7 h. The 
reaction mixture was partitioned between pH 7 buffer (25 mL) 
and EtOAc (2 X 50 mL), and the combined organics were dried 
over MgSO,. Solvent removal gave 17 as a yellow wax (0.240 g, 
85% yield). 

Arylstannane 17 (116 mg, 0.180 mmol) and l,&bis(dimethyl- 
amin0)naphthalene (20 mg, 93 pmol) in THF (1.70 mL) was 
treated with benzoyl chloride (21 pL, 0.18 "01). After a few 
minutes, allylpalladium chloride dimer (3.6 mg, 9.8 pmol, 11 mol 
% Pd) was added and the reaction mixture stirred for 5 min at 
ambient temperature, and then reflux was employed for 2 h. 
After cooling to ambient temperature, the reaction mixture was 
diluted with CH&12 and washed with saturated aqueous NaHCOs 
(2 X 40 mL) and saturated aqueous NaCL Drying (Na25041, 
filtration, and concentration gave a cloudy yellow oil, which was 
purified by flash chromatography on silica gel (CHCkMeOH) 
toaffordapalegreenfoamyoil(70mg, 67% yield). Deprotection 
using method E gave 18 as a yellow foam (76 ?4 yield, 51 % yield 
overall), Mp: 81-85 O C .  NMR (CDCh, 300 MHz): S 9.10 (d, 
0.4H, J = 1.5 Hz), 9.00 (bra, 0.6H), 8.89-8.84 (c, 0.4H), 8.64 (m, 
lH),8.47(dd,O.BH, J=4.2,8.3Hz),8.43-8.26(~,1.6H),8.19(dt, 
0.4H, J = 2.0, 7.8 Hz), 8.13-8.03 (c, lH), 7.82 (dd, 2H, J 7.6, 
9.0H~),7.72-7.60(~,2H),7.51 (dd,2H,J=7.0,8.1H~),7.48-7.37 

(CDC&-DzO, 300 MHz): 6 8.78 (d, lH, J = 0.3 Hz), 8.60 (dd, 

(DCI/NHs): 381 (M + HI+. And. (CzoHzoN4OzS.0.5CH2Clz) C, 

1650,1595,1510,1390,1150. Mass spectrum (DCI/NHs): 475 

(c, lH), 6.06 (s,0.6H), 5.77 (8, 0.4H), 4.78 (t, 0.4H, J = 7.8 Hz), 
4.65 (t, 0.6H, J = 7.4 Hz), 3.60 (dd, 0.4H, J = 7.5, 10.5 Hz), 
3.53-3.44 (m, 0.6H), 3.33-3.17 (c, lH), 3.16 (8,  3H), 3.13 (a, 3H). 
MUS spectrum (DCI/NHs): 485 (M + HI+. Anal. (C27Hu- 
N403S-O.6H20) C, H; N d c d ,  11.31; found, 11.86. 

Indole Functionalization. Method M (2RS,aR)-l-(tert- 
Butoxycarbony1)-3-[ 2-(3-pyridinyl)t hiazolidin-4-0yll- 
indole (19a). Di-tert-butyl dicarbonate (0.15 g, 0.69 mmol) was 
added to a solution of Sa (0.200 g, 0.65 "01) and DMAP (0.009 
g, 0.07 "01) in CH&N (6.5 mL), and the mixture was stirred 
for 1 h. The mixture was then partitioned between saturated 
NH4C1 and EtOAc. The organic phase was washed with saturated 
NaHCOs solution and dried over MgSO4. Solvent removal gave 
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19a (0.226 g, 85 % yield) as a pale brown gum. NMR (CDCb, 300 
MHz): S 8.52 (dd, 0.5H, J =  1.5,4.8 Hz), 8.45 (dd, 0.5H, J = 1.5, 
4.8 Hz), 8.34 (8, O.5H), 8.32 (8, O.5H), 8.18 (m, 0.5H), 8.15 (m, 
0.5H), 8.11 (m, 0.5H), 8.07 (m, 0.5H), 7.46-7.38 (m, 3H), 7.37 (d, 
0.5H,J=1.5Hz),7.34(d,0.5H,J=l.OHz),5.90(bs,0.5H),5.75 
(be, O.5H), 4.93 (m, lH), 3.60 (dd, 0.5H, J = 7.3, 10.3 Hz), 3.49 
(dd, O.5H, J = 7.4,10.3 Hz), 3.24 (m, lH), 1.73 (s,4.5H), 1.70 (8, 
4.5H). IR (CDCb): 2980, 2920, 1735, 1660, 1445, 1370, 1236, 
1045. Mass spectrum (DCUNHa): 410 [(M + H)+, 1001, 376 
(lo), 310 (10). HRMS: (CZZH~NSOSS) theoretical 410.1538, 
experimental 410.1552. 

Also prepared by this method were the following: 
(2RS,4R)-1- (Met hoxycarbony1)-3-[a- (3-pyridiny1)thia- 

zolidin-4-oyllindole (19b): 32% yield from 8a and dimethyl 
dicarbonate. NMR (CDCb, 300 MHz): 6 8.84 (d, 0.5H, J = 1.2 
Hz) 8.80 (d, 0.5H, J = 1.3 Hz), 8.61 (dd, O.5H, J = 1.2,4.3 Hz), 
8.54 (dd, 0.5H, J = 1.3,4.5 Hz), 8.42 (e, 0.5H), 8.39 (m, lH), 8.35 
(a, 0.5H), 8.21 (br s,0.5H (NH)), 8.19 (br s,0.5H (NH)), 7.95 (m, 
0.5H), 7.88 (m, 0.5H), 7.40 (m, 4H), 6.01 (br a, O.5H), 5.73 (m, 
0.5H),4.70 (m, lH), 4.16 (s,1.5H), 4.12 (s,1.5H), 3.57 (dd, 0.5H, 
J=7.4,10.6Hz),3.43(dd,0.5H,J=7.4,10.3Hz),3.17(m,lH). 
IR (CDCb): 3480,3300,3030,2980,2920,1755,1665,1540. Mass 
spectrum (FAB): 368 [(M + H)+, 201, 201 (201, 185 (100). 
HRMS: (ClgH&lsOsS) theoretical 368.1069, experimental 
368.1081. 

(2RB,4R)-l-(Ethoxycarbonyl)-3-[2-(3-pyridlnyl)thiazoli- 
din-4-0yllindole (19c): 76 % yield from 8a and diethyl dicar- 
bonate. NMR (CDCb, 300 MHz): 6 8.84 (d, 0.5H, J = 1.2 Hz), 
8.80 (d, 0.5H, J = 1.3 Hz), 8.61 (dd, 0.5H, J = 1.2,4.3 Hz), 8.54 
(dd, 0.5H, J = 1.3,4.5 Hz), 8.42 (a, 0.5H), 8.39 (m, lH), 8.35 (8, 
0.5H), 8.21 (bra, 0.5H, (NH)), 8.19 (bds, O.SH, (NH)), 7.95 (m, 
0.5H), 7.88 (m, O.SH), 7.40 (m, 4H), 6.01 (bra, 0.5H), 5.73 (m, 
0.5H), 4.70 (m, lH), 4.16 (8, 1.5H),4.12 (8, 1.5H), 3.57 (dd,O.SH, 
J =  7.4,10.6Hz),3.43 (dd,0.5H, J =  7.4,10.3Hz), 3.17 (m, 1H). 
IR (CDCb): 3480,3300,3030,2980,2920,1755,1665,1540,1450, 
1440,1235. Maes spectrum (FAB): 382 [(M + HI+, 201,201 (201, 
185 (100). HRMS (C&dsOsS) theoretical 382.1225, experi- 
mental 382.1241. 
(2RB~)-l-[(Phenyllpaethoryy)cl~3-[2-(3-~~1)- 

t&zoHdin4oyl]indole (19d): 47 % yield from 8aand dibenzyl 
dicarbonate. NMR (CDCb, 300 MHz): 6 8.82 (d, O.SH, J = 1.4 
Hz), 8.79 (d, O.SH, J = 2.2 Hz), 8.61 (dd, O.5H, J = 1.9,4.8 Hz), 
8.54(dd,0.5H,J=1.1,4.8Hz),8.40(~,0.5H),8.38(m,lH),8.35 
(a, 0.5H1, 8.18 (m, lH), 7.95 (m, 0.5H), 7.87 (m, 0.5H1, 7.45 (m, 
8H), 5.99 (d, 0.5H, J = 8.0 Hz), 5.72 (d, J = 12.9 Hz), 5.55 (br 
s,lH), 5.51 (br s, lH), 4.71 (m, 0.5H), 4.66 (m, O.5H), 3.55 (dd, 
O.5H, J =  7.3,10.2Hz),3.40(dd,O.SH, J =  7.0,10.3Hz),3.18(dd, 
O.5H, J = 4.4, 10.8 Hz), 3.14 (dd, 0.5H, J = 3.0, 7.8 Hz). IR 
(CDCb): 3480,3300,3040,2960,2900, 1740, 1670, 1540,1450, 
1225. Masa spectnun (DCUNHs): 444 [(M + HI+, 1001, 410 
(%), 324 (25), 310 (50). Anal. (ClsHnNsOsS.CaHz04) C, H, N. 

(2RS,UZ)-l-( tert-Butoxycarbonyl)-&(phenylmethory)-3- 
[2-(3-pyridinyl)thiazolidin-4-oyl]indole (19e): 83% yield 
from 8d and di-tert-butyl dicarbonate. NMFt (CDCb, 300 
MHz): 68.83(d,0.2H),8.79(d,0.8H,J= 1.9Hz),8.62(dd,0.8H, 
J~1.8,5.1Hz),8.55(dd,0.2H),8.26(s,0.8H),8.23(s,0.2H),7.97 
(ddd, 0.8H, J = 1.9, 2.3, 7.8 Hz), 7.88 (m, 0.2H), 7.80 (d, lH, J 
= 2.3 Hz), 7.41 (m, 7H), 7.10 (dd, lH, J = 2.2, 8.8 Hz), 6.03 (8, 
0.2H),5.73(s,0.8H),5.15(s,2H),4.70(dd,0.8H,J=7.3,9.1Hz), 
4.64 (m, 0.2H), 3.66 (dd, 0.8H, J =  7.3,10.3 Hz), 3.44 (dd, 0.2H), 
3.17 (dd, 0.8H, J = 9.2, 10.3 Hz), 3.15 (dd, 0.2H), 1.71 (8, 7.2H), 
1.68 (a, 1.8H). KR (KBr): 3440 (br), 2970, 2920, 1740, 1660, 
1615,1490,1370,1275,1210,1140. Maas spectrum (FAB): 516 
[(M + H)+, 71, 307 (15), 154 (100). Anal. (CmHmN4Oc 
S-C&&O.5HzO) C, H, N calcd, 6 .w  found, 5.35. 

(2R8,4R)-l-( tert-Butoxycarbonyl)-2-methyl-3-[2-(3-py- 
ridinyI)thiacolidin-4-oyl]indole (190: 84% yield from 8f and 
di-tert-butyl dicarbonate. NMR (CDCb, 300 MHz): 6 8.85 (d, 
0.4H, J = 2.1 Hz), 8.81 (d, 0.6H, J = 1.5 Hz), 8.62 (dd, 0.6H, J 
= 1.5,4.8Hz), 8.55 (dd,0.4H, J= 2.1,4.1 Hz), 8.12 (m, lH), 7.98 
(m, 0.6H), 7.86 (m, 0.4H), 7.32 (m, 4H), 6.00 (e, 0.4H), 5.52 (8, 
0.6H), 4.90 (dd, 0.6H, J = 7.0,7.5 Hz), 4.83 (t, 0.4H, J = 7.0 Hz), 
3.53(dd,0.6H,J=7.0,10.7Hz),3.40(dd,J=7.0,10.7Hz),3.11 
(m, 1H), 2.92 (e, 1.2H), 2.88 (e, 1.8H). IR (CDCla): 3440, 2980, 
2920,1735,1455.1370,1320,1255,1145,1120. Masa spectrum 
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(FAB): 424 [(M + H)+, 603, 154 (100). Anal. (CzaHnN3OsS. 
CzHzO4-0.5CSIioO) C, H, N. 

(2RS,4R)- 1-( tert-Butoxycarbonyl)-6-methyl-3-[2-(3-py 
ridinyl)thiazolidin-4-oyl]indole (1%): 56% yield from 8gand 
di-tert-butyl dicarbonate. Mp: 95-98 O C .  NMR (CDCb, 300 
MHz): 6 8.83 (d, 0.7H, J = 2.2 Hz), 8.80 (d, 0.3H, J = 1.9 Hz), 
8.62 (dd, 0.3H, J = 1.6,4.8 Hz), 8.53 (dd, 0.7H, J = 1.1,4.7 Hz), 
8.29 (8, 0.7H), 8.25 (8, 0.3H), 8.23 (m, lH), 7.98 (m, 1.3H), 7.87 
(m, 0.7H), 7.45 (dd, 0.3H, J = 4.2, 5.5 Hz), 7.30 (dd, 0.7H, J = 
0.8,5.5 Hz), 7.22 (m, lH), 6.02 (br s,0.7H), 5.74 (br s,0.3H), 4.63 
(m,lH),3.56(dd,0.3H,J=7.0,10.3Hz),3.42(dd,0.7H,J=7.0, 
10.7Hz),3.17(m,1H),2.50(s,2.1H),1.73(s,2.7H),1.70(s,6.3H), 
1.56 (8, 0.9H). IR (CDCb): 3300,3150,2980,2930,1735,1665, 
1540,1375,1240. Mass spectrum (DCI/Ms) 424 (M + H)+, 392. 
HRMS (CBH&I~O~S) theoretical 424.1695, experimental 
424.1687. 

(2RS,4R)- 1- ( tert-B utoxycarbonyl)-&met hoxy-3-[ 24 3-py- 
ridinyl)thiazolidin-4-oyl]indole (19h): 90% yield from 8i and 
di-tert-butyl dicarbonate. Mp: 99-100 O C .  NMFt (CDCls, 300 
MHz): 6 9.00-8.97 (m, 0.5H), 8.85-8.83 (m, 0.5H), 8.67-8.64 (m, 
lH), 8.26 (8, 0.5H), 8.24-8.18 (m, 2H), 8.12-8.06 (m, O.5H), 7.67 
(8, lH), 7.63-7.56 (m, 0.5H), 7.50-7.44 (m, 0.5H), 7.30-6.98 (m, 
lH), 7.57 (s,lH), 4.75-4.60 (m, lH), 3.89 (8, 3H), 3.60-3.42 (m, 
2H), 1.71 (s,9H). Mass spectrum (DCI/NHs): 439 (M + H)+, 
340. Anal. (C~~HSN~O&-C~H~O~)  C, N H calcd, 5.14; found, 
5.83. 

(2RS,4R)- 1-( tert-Butoxycarbonyl)-2,6-dimethyl-3-[ 24 3- 
pyridinyl)thiazolidin-4-oyl]indole (1%): 99% yield from 8q 
and di-tert-butyl dicarbonate. NMR (CDCb, 300 MHz): 6 8.81- 
8.80 (m, lH), 8.62-8.60 (m, lH), 8.55-8.51 (m, O.5H), 8.01-7.97 
(m, 1H),7.88 (m,0.5H),7.71 (8, lH), 7.39-7.32 (m, lH),7.11-7.02 
(m, lH), 6.05 (8, 0.5H), 5.74 (8, 0.5H), 4.91-4.80 (m, lH), 3.18- 
3.08(m,lH),2.52(~,3H),2.42(~,3H),l.71(~,9H). Massspectrum 
(DCI/NHs): 437 (M + H)+, 434, 380. Anal. (CuHnNsOsS. 
CzH204) H, N C: d c d ,  59.19; found, 59.83. 

Method N (2RS,4R)-3-[2-(3-Pyridinyl)-3-fomylthiazoli- 
din-4-oyllindole (20a). Amine 19a (0.30 g, 0.73 "01) was 
dissolved in THF (15 mL) and cooled to -20 OC. Acetic formic 
anhydride (1.1 mL, 14.7 mmol) was then added in one portion 
and allowed to stir for 45 min. The ice bath was removed and 
the reaction allowed to warm to room temperature. The mixture 
was partitioned between saturated NaHCo3 and EtOAc. The 
organics were washed with brine and dried over MgSO4. 
Chromatography (80:20 ethyl acetate-hexanes) provided a light 
yellow foam (0.287 g, 90% yield). Removal of the BOC group by 
method E provided 20a (34% yield, 31% yield overall). NMR 
(CDCb, 300 MHz): 6 8.90 (d, lH, J = 1.5 Hz), 8.70 (8, 0.25H), 
8.63 (d, 0.25H, J = 0.3 Hz), 8.55 (d, 0.5H, J = 0.3 Hz), 8.40 (m, 
lH), 8.30-8.00 (m, 2H), 7.90-7.70 (m, lH), 7.40-7.10 (m, 4H), 
6.30 (8, 0.5H), 6.14 (8, 0.5H), 6.08 (s,0.5H), 5.90 (8, 0.5H), 5.60- 
6.40 (m,0.75H), 5.33 (t,0.25H),3.35-3.00 (m,2H). Mass spectrum 
(DCUNH,): 338 (M + 1). HRMS calcd for cl~l6N3oZs 
338.0963, found 338.0955. 

Prepared by the same method were the following: 
(zRs,4R)-3-[2-(3-Pyridinyl)-3-acetylt hiazolidin-4-oyl]in- 

dole (20b). Acylation of 19a with acetic anhydride followed by 
deprotection by method E gave an oil, which was purified on 
silica gel (9?3 chloroform-methanol followed by 955 chloroform/ 
methanol) to give 20b (65 5% yield) as a tan solid. NMR (DMSO- 
de,300MHz): d12.31(brs,lH),9.05(d,O.75H,J=0.3Hz),8.93 
(d, 0.25H, J = 0.3 Hz), 8.70 (d, 0.5H, J = 0.3 Hz), 8.68 (d, O.5H, 
J =  0.3 Hz), 8.55-8.39 (m, 2H), 8.30-8.20 (m, lH), 7.31-7.20 (m, 
4H), 6.63 (8, 0.75H), 6.49 (8,  0.25H), 5.95 (m, O.5H), 5.65 (m, 
0.5H), 3.70 (dd, 0.5H, J = 0.4,0.9 Hz), 3.60 (dd, 0.5H, J = 0.4, 
0.9 Hz), 3.18 (m, 0.5H), 3.00 (m, 0.5H), 1.90 (d, 3H, J = 0.6 Hz). 
Mass spectrum (DCI/NHs): 352 (M + 1). Anal. (ClSH17- 

(2B,4R)-3-[2-(3-Pyridinyl)-3-(trifluomacetyl)thiamlidin- 
4-oyl]indole (2Oc) and (25,4R)-3-[2-(3-Pyridiny1)-3-(trifluo- 
roacetyl)thiazolidin-4-oyl]indole (2Od). Acylation of 19a with 
trifluoroacetic anhydride proceeded in 57 % yield. Deprotection 
using method E provided a mixture of diastereomers, which were 
separated by silica gel chromatography (982 chloroform- 
methanol, then 955 chloroform-methanol) providing cis isomer 
2Oc (0.058 g, 34% yield) [Mp: 196-198 OC. NMR (DMSO-&, 
300 MHz): 6 12.30 (br s, lH), 8.97 (d, 0.75H, J = 0.3 Hz), 8.96 

N30zS.0.25H20) C, H, N. 
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(d, 0.25H, J = 0.3 Hz), 8.78 (s,0.75H), 8.70 (8, 0.25H), 8.53 (m, 
lH), 8.35 (m, 1H),8.25 (m, lH),7.55-7.44 (m, 2H),7.30-7.20 (m, 
2H), 6.90 (8, 0.75H), 6.45 (8, 0.25H), 6.15 (m, 0.25H, thiazolidine 
C-4H, minor rotamer), 5.85 (m, 0.75H, thiazolidine C-4H, major 
rotamer), 3.94 (m, lH), 3.75 (m, 1H). Mass spectrum (DCI/ 

(0.016 g, 10% yield). Mp: 27U-274 OC. NMR (DMSO-&, 300 
MHz): 612.28(brs,lH),8.6&8.50(m,3H),8.17(d,lH,J=0.66 
Hz), 7.82 (d, lH, J = 0.65 Hz), 7.57-7.40 (m, 2H), 7.30-7.20 (m, 
2H), 6.89 (be, 0.25H), 6.60 (8,  0.75H), 6.45 (m, lH, thiazolidine 
C-4H), 3.90 (m, lH), 3.70 (m, lH), 3.52 (m, 1H). Maes spectrum 

(2RS,4R)-3-[ [2-(3-Pyridinyl)thiazolidin-4-yl]methyl]in- 
dole (21). Borane-tetrahydrofuran (165 mL, 1 M in THF, 0.165 
mol) was added to a solution of BOC-&tryptophan (10 g, 0.033 
mol) in THF (250 mL) at 0 OC. The reaction mixture was stirred 
overnight and then quenched with MeOH (50 mL). The mixture 
was poured into water (200 mL), the organic layer was separated 
and dried over NafiO4, and the solvent was removed in uacuo. 
The resulting residue was purified by chromatography on silica 
gel eluting with 1:l EtOAc-hexanes to yield 5.13 g (54% yield) 
of the desired alcohol. 

Diisopropyl azodicarboxylate (3.48 mL, 17 "01) was added 
to a solution of triphenylphosphine (4.63 g, 17 "01) in THF (75 
mL). The mixture was stirred at 0 O C  for 30 min, and then a 
solution of the alcohol (5.1 g, 17 "01) and thioacetic acid (1.26 
mL, 17.6 "01) in THF was added. The reaction mixture was 
stirred overnight, and then the solvent was removed in uacuo. 
The residue was purified by chromatography on silica gel eluting 
with 2 1  EtOAehexanes to yield the desired product (4.97 g, 
84% yield). 
This material (3.0 g, 0.0086 mol) in MeOH (20 mL) was heated 

at 60 OC for 30 min. The mixture was poured into saturated 
citric acid (200 mL) and then extracted with CHzClz. The organic 
phase was dried over NazSO, and the solvent evaporated. The 
residue was dissolved in HOAc (10 mL), and HC1 in HOAc (10 
mL) was added. The mixture was allowed to stend at  room 
temperature for 45 min, and the desired material precipitated 
with the addition of 200 mL of ether. The precipitate was 
collected by fiitration and partitioned between saturated NaHCO3 
solution and CHzC12. The organic phase was separated and dried 
over NafiOd, and the solvent was evaporated to give the desired 
compound as a gray oil which was carried on to the next step 
without further purification. 

3-Pyridine aldehyde (0.30 mL, 0.0032 mol) was added to a 
solution of crude l-indol-3-yl-2-amino3-mercaptopropane (650 
mg) in EtOH (10 mL) and the mixture stirred overnight. The 
solvent was removed in UQCUO and the residue chromatographed 
on silica gel eluting with 2:l EtOAc/hexanes to provide 12 (6% 
yield for two steps, 3% yield overall). NMR (CDCb, 300 MHz): 
6 10.13 (8, lH), 9.08-8.82 (m, lH), 8.80-8.50 (m, 2H), 8.21-8.19 
(m, lH), 7.90-7.62 (m, 2H), 7.52-7.38 (m, lH), 7.30-7.10 (m, 3H), 
5.77 (8, 0.33H), 5.60 (8, 0.67H), 3.73 (m, lH), 3.20 (m, 3H), 2.87 
(m, 1H). Mass spectrum (DCVNH3): 296 (M + H)+. Anal. 
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