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Abstract--The rational design of a non-peptide tachykinin NK1 receptor antagonist, [(2-benzofuran)-CHzOCO]-(R)-a-MeTrp- 
(S)-NHCH(CH3)Ph (28, PD 154075) is described. Compound 28 has a Ki = 9 and 0.35 nM for the NILI receptor binding site in 
guinea-pig cerebral cortex membranes and human IM9, cells respectively (using [12sI] Bolton-Hunter-SP as the radioligand). It is 
a potent antagonist in vitro where it antagonises the contractions mediated by SPOMe in the guinea-pig ileum (I<B = 0 3 nM). 
Compound 28 is active in vivo in the guinea-pig plasma extravasation model, where it is able to block the SPOMe-induced 
protein plasma extravasation (monitored by Evans Blue) in the bladder with an IDso of 0.02 mg kg-’ iv. 

Introduction 

Substance P (1) is the best known of the mammalian 
tachykinins and has been shown to display preferential 
affinity for the NKI tachykinin receptor1 Substance P and 
the other tachykinins are suggested to play a major role in 
a variety of biological processes including pain 
transmission, vasodilation, bronchoconstriction, activation 
of the immune system and neurogenic inflammation2 

A number of high affinity, non-peptide NKt tachykinin 
receptor antagonists have been identified primarily as a 
result of the screening of large compound collections using 
high throughput radioligand binding assays? these include 
the following: the quinuclidine derivative, CP-96345 (2),3” 
the piperidine derivative, CP-99994,3 b the 
perhydroisoindolone derivative, RP-67580 (3),3c the 
steroid derivative, WIN 51708 (4),3d the piperidine 
derivative, SR-140333,3c and a uyptophan derivative.3f 

FK888 (5), a di-peptide with high affinity for the NKl 
receptor was rationally designed from the octapeptide [D- 
P~o,~ D-TI-P,~*~*~~ Phel 1]SP(4-1 1).4 Schilling et al. have 
described a series of piperidines as NKt receptor 
antagonists derived from a peptide/template approach.5 

Here we describe the rational design of low molecular 
weight, non-peptide NKt receptor antagonists. Our 
approach is similar to that reported by Horwell which led 
to the fust rationally desi ned non-peptide antagonist at 
cholecystokinin receptors. ! This strategy7 has been further 
refined during the course of this work and is outlined in 
Scheme I. 

Scheme I. A strategy for peptoid design. 

Chemistry 

The structures of the compounds prepared can be found in 
Tables 1 and 2 together with their binding affinity for the 
tachykinin NKt receptor (guinea-pig cerebral cortex 
membranes). 
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Table 1. NK, tachykioin receptor binding affinities: standards and deletions 

Compound SllUCti~ 

No 

Substance P: 

ArgProLysPro~n~n~~heGly~~et~~ 

racemic CP-96345 qw 

W-67580 

ii dcH, 

4 WIN 51708 zln 

5 

6 

7 

8 

9 

109 

10b 

I&! 

FK 888 

C”, 
Z-TrpPheNH, 

CH~OCO-T~~e~~ 

TrpPheNH* 

deshW,-TrpPheNH, 

Z-TrpNH(C&),Ph 

Z-TrpNHCH,Ph 

Z-TrpNHPh 

NK, receptor 

~PffmitySdW 

0.05 (-0 01, +o Ol)b 

1.4 

130 (-IS, +17) 

~10,000 

6.4 (-1.5, i-1 8) 

4200 (-480, +550) 

> I 0,000 

7 I 0,000 

7 IO,000 

1400 (-460, 690) 

750 (-180, +230) 

> IO,000 

%i values are given as geometric means (-, +sem) from at least 3 separate experiments using [‘251]-BHSP in the Guinea-pig cerebra1 cortex assay. 

The compounds l-5 where purchased from commercial 
sources or prepared as previously ~!ported.~ The dipeptide 6 
was prepared as described by Boyle et a&,7 while the 
methylurethane analogue 7 was obtained by reacting (S)- 
tryptophyl-(S)-phenylalaniuamide (8)7 with 
me~ylchlorofo~te. The des-amino analogue of 8, 
compound 9, was synthesized by the condensation of 3- 
indolepropionic acid with Q-phenylalaninamide. The C- 
terminal deleted derivatives of 6, compounds lOa-+ were 
prepared by the reaction of N-(benzyloxycarbonyl)-(U)- 
tryptophan pentafluorophenyl ester (U = S) with the 
appropriate primary amine, while the enantiomer of lob, 
compound lOd, was obtained in a similar manner from 
~-~top~ (LJ = R), see Scheme II. 

The N-terminal a-methylbenzyl analogues of lob, 
compounds lla-d, were synthesized by the method shown 
in Scheme III. N-[(9H-Fluoren-9-ylmethoxy)carbonyl]-(V)- 
tryptophan pentafluorophenyl ester (V = R or S) were 
treated with benzylamine to give the amides 12 (V = R or 
S). Deprotection of the Fmoc group f~ish~ the amines 
13 (V = R or S) which were reacted with (W)-l- 

phenethyloxycbloroformate (W = R or S) to give the four 
isomers 1 la-d. 

The preparation of the @)-N-Me-Tip derivative 14 was 
more complex (Scheme IV): (~)-stops methyl ester 
was treated with 4-toluen~ulphonyl chloride, followed by 
KOH and Me1 to give the N-methylated analogue 15. The 
acid 15 was subsequently activated as the 
pentafluorophenyl ester and reacted with benzylamine to 
give amide 16. The 4-toluenesulphonyl group of 16 was 
then removed with sodium naphtbalenide to give the 
secondary amine 17, which was treated with 
~nzyl~lo~fo~~.~s~~ng in the desired com~und 14. 
The (A’)-N-Me-TV derivative 18 was obtained by reacting 
the pentafluorophenyl ester of N-methyl-N- 
@enzyloxycarbonyl)-(Sj-tryptophan7 with benzylamine. 

The o-Me-Trp derivatives, 19a and b, were obtained by 
reacting (X)-o-methyl tryptophan methyl ester (X = R or 
s)9 with be~ylchlorof~ate to give the urethanes 20 (X 
= R or 5’). Hydrolysis of the methyl ester followed by 
activation with DCCI and ~n~u~~~ol furnished me 
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Table2. NK, tachykininteceptorbindingaffinities:confarmationallyrestrictedanalogues 

u 

359 

10b 

10d 

118 

lib 

llc 

lld 

14 

18 

19a 

19b 

22a 

22b 

23a 

23b 

23~ 

23d 

24a 

24b 

24~ 

246 

25 

28 

%ee footnote b, Table 1. 

site 01 mctbylatloa 

R' R' R’ R' R5 

H H H H H 

H H H H H 

CH, H H H H 

CH, H H H H 

CH, H H H H 

CH, H H H H 

H CH, H H H 

H CH, H H H 

H H CH, H H 

H H CH, H H 

H H H CH, H 

H H H CH, H 

H H H H CH, 

H H H H CH, 

H H H H CH, 

H H H H CH, 

H H CH, H CH, 

H H CH, H CH, 

H H CH, H CH, 

H H CH, H CH, 

pentafluorophenyl esters 21 (X = R or S). Treatment of 
21 (X=R or s) with benzylamine gave the amides 19a and 
b (see Scheme V). 

The N-Me-henzamide analogues, 22a and b, were prepared 
by reacting N-(benzyloxycarbonyl)-(U)-tryptophan 
pentafluorophenyl ester (U = R or S) with N- 
methylbenzylamine (Scheme II). 

The C-terminal o-methylbenzyl analogues of lob, 
compounds 23a-d, were synthesized by treating the 
pentafluorophenyl ester of N-(benzyloxycarbonyl)-(U)- 
tryptophan (U = R or S) with (Y)-a-methyl-benzylamine 
(Y = R or S) to fumish the four desired stereoisomers 
(Scheme II). 

The dimethylated analogues of lob, compounds 24a-d 
were obtained by treatment of the pentafluorophenyl esters 

3 5 

s - 

R - 

R - 

R - 

s - 

s - 

R - 

s - 

R - 

s - 

R - 

s - 

R R 

S R 

R S 

s s 

R R 

S R 

R S 

s s 

NKl Ioceptor 

B- mty 
K(aM)’ 

750 (-180, +230) 

lOOO(-260, +350) 

550 

10,000 

850 

1600 

2300 

120 (-25, +3 1) 

780 

>lO,OOo 

1400 

170 

2500 

1000 

58 

240 

1400 

10.000 

35 (-5. +6) 

530 

11 

9 

21(X = R or s) with (Y)-ol-methyl-benzylamine (Y = R or 
s) to give the four desired stereoisomers (Scheme V). 

Compound 25, was prepared from 24c by removal of the 
Z-protecting group to give the amine 26, and subsequent 
reaction with the appropriate mixed carbonate 27 (Scheme 
V). Compound 28 was obtained in a similar manner from 
the mixed carbonate 29. 

Results and Discussions 

The results of NKt receptor binding (guinea-pig cerebral 
cortex membranes, [1”1]- Bolton-Hunter-SP) are collated 
in Tables 1 and 2, together with those obtained for 
reference compounds l-5. 
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10a : u = s, ” = 2 

lob. U = S, n = I 
1Oc u = s, ” = 0 
lOd.U=R,n=I 

22a U = R 
22b U = S 

a: NH#X,),F%, EtOAc; b: (Y)-NH&H(CH,)Ph, EtOAc; c: NH(CH,)CH,Ph, EtOAc 

S&me Il. Synthetic scheme for compounds load; 2&b; 23a-d. 

(V = R or S) 

a 

23s U=R,Y=R 
23b U = S, Y = R 
23c.U=R,Y=S 
23d U = S, Y = S 

12 (V = R or S) 

b 

Iln : W = s V = R 
Ilb.W=S,V=R 
llc:W=R,V=S 
lld : W = S, V = S 

13 (V = R or S) 

a: NH&H,Ph, EtOAe; b: piperidineJDMF$ e: Ph-O-CH(CH&X+(~-NO~-C&), DMF 

Scheme III. Synthetic scheme for compounds 1le-d. 
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a 

I b 

Y 
=H5 0 17 

16 

;bx~~,S;fdine, ii. KOH, Mel, MeOH, H,O; b: i. DCCI, Pfp0H, BtOAc, ii. NH&H&; C: Sodium N~~le~d~, DM!& d: PhCH&!OC~, Na&C&, 
9 2 

Scheme IV. Synthetic scheme for compound 14. 

The protected dipeptide, Z-T~~e~z (6), has previously’ 
been shown to have ~cromol~ affinity for the N& 
receptor binding sites present in hamster urinary bladder 
membranes, but no significant affinity for the NKt and 
NKJ receptor bin~ng sites present in rat cerebral cortex 
membranes.7 Interestingly compound 6 also has 
micromolar affinity for the guinea-pig cerebral cortex NK1 
receptor (Kj = 4200 nM) and was thus selected as a 
chemical lead for the search for a high affinity NKl 
receptor Iigand using the guinea-pig NIL, receptor assay. 

Explore spatial arrangement of the amino acid side-chains 
and N- and C-teams grouts 

a) Deletions. Having identified the micromolar affinity 
dipeptide lead 6 the next step in the strategy (Scheme I) is 
to explore the spatial arrangement of the amino acid side- 
chains and N- and C-terminus groups; the furjt part of this 
step involves a series of deletions. Preparation and 
evaluation of analogues where the N-terminal moiety or 
part of it were deleted led to a significant loss of affmity 
(Ki > 10,000 nM) in all cases (compounds 7-9). 
Interestingly, removal of the C-terminal amide to give 1Oa 
(Ki = 1400 nM) led to an ~provement in affinity which 
was optimized in this series (compounds 10a-c) by the 
deletion of a methylene to give lob (Xi = 750 nh4), 

Compound 1Ob is a ~~ot~~ amino-acid derivative, i e, 
a non-peptide and shows no significant affinity (Ki> 
10,000 nM) for the NK2 and NK3 receptors present in 
hamster minary bladder and rat cerebral cortex membranes 
respectively.t* 

b) Co~o~‘o~~l~ res~‘c~ed brogues. The second part 
of this step in our strategy (Scheme l) involved preparing 
conformationally restrained analogues of the low affinity 
lead lob. The rationale for this is that com~und 1Ob has 
eight bonds which determine its conformation and are 
expected to be freely rotating under normal blood 
temperature unction. The high #portion entropy 
associated with these degrees of freedom is expected to 
make a negative contribution to the overall binding affinity 
of lob." 

To introduce conformational restraint into Z-(S)-Trp- 
NHCHzPh (lob) a single methyl group was incorporated 
at key positions along the ‘peptide’ backbone. A methyl 
group was selected for the following reasons. Firstly, it 
provides a balance between decreasing conformational 
entropy sufficient to change the receptor binding affinity 
whilst still allowing sufficient confo~ation~ ~exib~ity 
for the ligand to adopt the conformation(s) required for 
molecular recognition. Introduction of a single methyl 
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1 20 (X = R or S) 

19n (X = R ? 
IYb (X =i S 1 

i 
21 (X = R or S) 

d 

e 

24n,X=R,Y=R 
24b:X*SS,Y=R 

f 24t X - R, Y =L S 
24d X = s, Y = s 

a: PhCE oGocI$ THF, NE%; b: i. I.&H, THF, MeOH, H&3, 
Hz, Pd(O%),, &OH; f: 27 0129, DMAP, DMF 

ii. DCCI, PfpOH, E@Ac; c: NH~CH~, EK?Ac; d: ~NH~~H(~H~)~, EtOAc; e: 24c, 

Scheme V. Synihetie scheme for hounds lk,b; Z&-d; 25; 23. 

group into the C-a-position of related Trp derivatives has 
previously been shown to increase their CCK-B receptor 
binding by 3.5 kcal mol-r (AKi >1W-fold).12 This 
significant effect of me~yia~on may be ascribed to the 
reduction in ~nf~a~ou~ entropy between the Trp and 
t&e co~es~n~ng a-MeTrp derivative.12 Secondly, the 
incorporation of methyl groups into small 
~pti~~~t~ amino acid ~~vati~~ confers resistauee 
to enzymatic bydrotysisi3 m?irdly, compared to its steric 
effects, a methyl group in this coutext has relatively little 
effect on lipopbilicity, molecular mass or electronic 
properties. Fourtbly, even if the methyl group introduces 
unfavourable steric interactions leading to a decreased 
binding affinity, then alternative conformationai 
restrictions ieadiug to improved affinity can be rationally 
desigued. I4 

Tbe initial synthetic targets were the monome~ylat~ 
brogues (1 la-23d). The NKI receptor binding data 
&own in Table 2 indicates that ~-me~ylation at the N- 
erminal. benzylic (RI, lla-d) or C-cx (R3, 19a and b) 
osition has no significant effect or is de~menta~. 

However, when compared with tbe non-metbylated 
compound 10b (Ki = 750 t&I), increases in the binding 
affinity a~ observed after N-me~y~a~on of tbe carbonate 
(18, Kj = 120 uM), or amide (22b, K, = 170 nM), or C- 
me~ylation of the C-terminal benzyfic (R5) position 
(23e, K, = 58 nM> ahbougb the TV-stereocbem~s~ is 
reversed in this case. Thus, tbe in~~u~~on of a single 
methyl group irxreases the NK1 receptor binding affinity 
13-fold compared to the uon-rne~y~~d derivative Mb. 

A second methyl gnnrp was then incorporated into the 
‘backbone of the molecub, Tbe most active members of 
the mono-me~yl series were selected for ev~uation. In 
only compound 24~ (K, = 35 nM) was a further 
e~~~n~ in the affiuity agreed. This ~orn~~d has a 
methyl group coned and (~~-ste~oche~s~ at the C-a 
(R3) position and a second metbyl group attacbed and (s)- 
ste~~bern~s~ at the C-terminus benzyiie (R5) position. 
The other stereoisomers all possess lower affinity, in 
par&u&r its en~~omer (24b, K,= 10,ooO nM) has 30@- 
fold lower afftity fbr the NK 1 receptor. 
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N-terminus optimization 

The affinity of 24~ (Ki = 35 nM) was improved by 
replacing the N-~~inus phenyl with a Z-naph~~ene 
moiety to give compound 25 (Ki = 11 nM). Replacement 
of the Z-naphthalene with the less li~phi~c Z-benzofuran 
moiety to give 28 (Ki = 9 nM) led to a further increase in 
affinity. Compound 28 (PD 154075, Figure 1) contains 
no peptide amide bonds and is therefore a non-peptide. 
Compound 28 is selective for the NKt receptor (NK;! or 
NK3, Ki > 10,000 nM, hamster t&ary bladder and guinea- 
pig cortex binding assays respectivelylO), binding to the 
NK1 receptor present on human IM9 cells with a Ki = 0.35 
nM. Compound 28 is a powerful tachykinin NKr receptor 
antagonist in vitro in the guinea-pig ileum bioassay (Kn = 
0.3 nM). It is also active in vivo in the guinea-pig plasma 
extravasation modeLI where it is able to block the 
SPOMe-induced proteiu plasma extravasation in the bladder 
in a dose de~n~nt manner (IDso = 0.02 mg kg“ iv). 

CoqxxmdZ5 

Compound 28 

F’ignre 1. Chemical mchue of compou.ads 25 and 28. 

Conclusion 

Compound 28 has been identified as a non-peptide, low 
molecular weight, high affinity, selective NKt receptor 
antagonist. Three key steps in the design strategy which 
led to this compound are i) the identification of a dipeptide 
ligand with micromolar affinity; ii) the simplification of 
the chemical structure of this lead to give a 
~nfo~on~ly flexible ~~ornol~ affmity ligand, and 
iii) the in~o~oration of confor~tion~ restraint by 
appen~ng methyl groups to the peptide ‘backbone’ to 
enhauce receptor affinity. This ligand based design strategy 
which has previously led to CCKA, CCKn and NK2 
~~0~~ (see reference 7 for example) and here has been 
used for the development of NKr antagonists, may have 
general application for the design of small molecule, non- 
peptide, receptor antagonists. 

Experimental Section 

t 1) NKl receptor baling ~says.Gui~a-pig cerebral cortex 
membranes. Compounds were tested for affinity at NKl 
~hy~nin bin~g sites by m~~ment of [12SI]Bolton- 
Hunter-SP (0.1 nM) binding to NKt sites in guinea-pig 
cerebral cortex membranes in the presence of 1 pM 
senktide (to occlude binding to NK3 sites). Non-specific 
binding was defined with 1 pM [Sarg, Met (G2)11] SP(l- 
1 l), see reference 10 for more details. 

Humara IM9 cells. Ih49 cells were grown in RPM1 1640 
culture medium supplemented with 10 % foetal calf serum 
and 2 mM glutamine and maimained under an atmosphere 
of 5 % Cq2. Cells were harvested for experiments by 
centrifugation at 1000 g for 3 min. Pelleted cells were 
washed once by resus~nsion into assay buffer (50 mM 
Tris HCl pH 7.4,3 mM MnCl2,0.02 96 BSA, 40 l.tg mL‘ 
1 bacitracin, 2 j.t g mL- 1 ~hymos~tin, 2 pM 
phospho~don, 4 pg mL-’ leupeptin) and repeating the 
~n~ugation step, before ~sus~n~g at a inanition 
of 2.5 x 106 cells mL-l assay buffer. Cells (200 pL) were 
incubated with [1251]Bolto~Hunt~ Substance P (0.05-0.1 
nM) in the presence and absence of varying concentrations 
of test compounds for 50 min at 21°C. Non-specific 
binding (10 % of the total binding observed under these 
conditions) was defined by 1 pM [Sarg, Met (wll] SP(l- 
11). Reactions were terminated by rapid filtration under 
vacuum onto GF\C filters presoaked in 0.2 % PHI for 1-2 
h, using a Brandel cell harvester. Filters were washed with 
6 x 1 mL with ice-cold Tris HCI (50 mM, pH 7.4), and 
radioactivity bound determined using a gamma counter. 
Results were analysed using compu~riz~ curve-fitting 
procedures in RSl or Inplot. 

(2) NIX2 and N;K3 receptor biting assuys. These were 
~~~~ as previously ~~~.~O 

(3) Guitaea-pig isolated ileum Tissue preparation. 
Segments of ileum from 300-400 g male Dunkin-Hartley 
guinea-pigs were cleared of their contents and mounted on a 
glass pipette of maximum outer diameter 5 mm. The 
longitudinal muscle layer of the ileum was carefully 
stripped off using moist cotton wool and the remainder 
discarded. Preparations of the longitudinal muscle 
approximately 2.5 mm in length, were set up under a 
resting tension of 1 gf (9.8 mN) for isometric recording of 
smooth muscle tiontraction (Grass FT.03C force- 
displacement transducer, Graphtec MKVII Linearcorder) in 
3 mL si~ized-gl~s organ baths, conning a modified 
~b~Henseleit solution of the fo~owing com~sition 
(mM): NaCl, 118; KCl, 5.9; MgS04, 1.2; CaC12, 2.5; 
NaH2P04, 1.2; NaHCOs, 25.5; glucose, 11; 
indomethacin, 0.005; atropine, 0.01; mepyramine, 0.01; 
methysergide, 0.01. The solution was maintained at 37 “C 
and was continuously gassed with a mixture of 
oxygen/carbon dioxide: 95/5. 
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Experimental procedure. Non-cumulative concentration- 
response curves to the selective NKl agonist [Met-O- 
Me”]substance P (substance P-methyl ester, SPOMe) 
were constructed by addition of increasing doses (110 @,) 
to the organ bath. To assess the affect of putative 
~~gonis~, concen~ation-res~nse curves to the agonist 
were obtained in the absence, and then the presence of 
known concentrations of the presumptive antagonist. 
Contractile responses to SPOMe were expressed as a 
percentage of the maximum response for the one 
preparation, arld concentration-response data fitted by a 
least-squares iterative method in Inplot (Graphpad Software 
Inc.) to the logistic function R = 100 xn/(EC50n + .z?), 
where R is the response, x is the agonist concen~tion, 
EC 50 is the ‘location parameter’ for the curve 
(approximates to the value for EC50, the concentration of 
agonist producing 50 46 of the maximum response), and n 
is the ‘slope factor’ of the curve. The effect of the 
antagonist was observed as a rightward shift of the 
log(concentmtion) - response curve, and generally this was 
qu~tified in terms of the ‘dose ratio’ (DR) between 
fEC& and ~=&~ these parameterS being the measures 
made in the presence and absence of antagonist, 
respectively. By repeating estimates for DR using at least 
three observations at any one concentration of antagonist, 
and not less than three concentrations of antagonist, the 
affinity of the antagonist was derived by Schild analysis by 
plotting log(DR-1) against -log[antagonistl . 1 6 The plots 
were analysed by regression analysis, and if the slope of 
the line of best fit was not signi~c~~y ~ferent from 
unity, the intercept on the abscissa from the regression 
analysis with the slope constrained to unity was taken as 
the negative logarithm of KB (~KB), the estimate of the 
antagonist dissociation constant. 

(4) E~rava~at~u~ o~p~a~rna protein in the g~ineu-pig.ls 
~~epor~io~. Male Dunn-H~ey guinea-pigs (250-350 
g) were anaethetized with ~ui~esin (35 mL kg-l ip), and 
following tracheostomy were respired artificially with 
room air. The left jugular vein was cannulated for drug 
administration; body temperature was maintained at 37’C 
using a homeothermic blanket. 

E~er~e~ta~p$oced~re. Evans Blue dye (30 mg kg-’ iv) 
was administered 5 min prior to adminis~ation of 
antagonist or vehicle (DMSO). A further 5 min elapsed 
before administration of the NKt agonist SPOMe (or 
vehicle) at a dose of 3 nmol kg-’ iv, and 5 min later the 
animal was killed and the urinary bladder, and other tissues 
were removed. Tissues were roughly chopped and treated 
for extraction of Evans Blue bound to plasma protein by 
incubation overnight at 60°C in 4 ml formamide. Extracts 
were cen~ifuged at 3000 r.p.m. for 15 min and the 
concentration of dye in the supematant quantified by 
absorption spectmmetry at 620 nm, against a standard 
curve of Evans Blue in the range O-10 pg mLmf. Animals 
treated with vehicle alone were used to obtain values for 
basal levels of extravasation of bound dye (and to account 
for residual dye in blood vessels in the tissue), and the 
basal value was subtracted from the response obtained in 
groups (n24) given SPOMe. The activity of the an~gonist 
was qua&fled in terms of the estimated value for lD5o 

obtained from the best fit to the dose-response data for 
block of the SPOMe-evoked extravasation response, using 
an iterative (least-squares) curve-fitting pmgramme (InPlot) 
with the logistic function: R = basal + (max- 
basal)/{ l+(~/ID50)~}, where max is the effect with SPOMe 
alone, basal is the response IR) in the vehicle-seated 
animal, x is the dose of antagonist, and n is the slope 
factor. 

Chemistry 

Melting points were determined with a Mettler FP80 or a 
Reichert Thermovar hotstage apparatus. Proton NMR 
spectra were recorded on a Bruker AM300 s~c~orne~r; 
chemical shifts were recorded in ppm downfield from 
tetramethylsilane. IR spectra were recorded with the 
compound either neat (oils and liquids) or as a Nujol mull 
on a sodium chloride disc on a Perkin-Elmer 1750 Fourier 
transform spectrophotometer. Optical rotations were 
determined with a Perkin-Elmer 241 polarimeter. Mass 
spectra were recorded with a Finnegan 4500 or VG 
Analytical ZAB-E. Element analyses indicated by the 
symbols of the elements were within Fo.4 % of theoretical 
values and were determined by Medac Ltd, Uxbridge, U.K. 
Normal phase silica gel used for chromatography was 
Merck No. 9385 (230400 mesh); reverse-phase silica gel 
used was Lichroprep RP-18 (230-400 mesh both were 
supplied by E. Merck, A.G., Darmstadt, Germany). 
A~ydrous solvents were purchased in sept~-caps 
bottles from Fluka Chemicals Ltd, Glossop, U.K. and 
dispensed by syringe. All other chemicals were purchased 
from Aldrich Chemical Co. Ltd, Gillingham, U.K. and 
were used without further purification, unless stated. 

N-(MethoxycarbonyE) - (S) - tryptophyj - (S) - phenylaEarrin- 
amide (7). Metbylchloroformate (0.15 mL, 2 mmol) in 
dioxane (10 mL) was added to a stirxed sus~nsion of(S)- 
~~phyl-(~)-pheny~~~~ide (S,7 0.7 g, 2 mmol) and 
10 % Na2C03 solution (60 n&J and dioxane (15 mL). The 
mixture was stirred at room temperature for 24 h and the 
solvent removed in vacua to give a white solid. This was 
suspended in Hz0 (150 mL) and extracted with CH2Cl2. 
The organic extracts were dried (MgSOd) and the solvent 
removed & vcbctio to give crude product. This was purified 
by flash chro~togmphy on silica eluting with a mixture 
of CH2Cl2 /MeOH (95:5) to give 7 as a white solid (0.4 
g, 49 %o> mp 193.1-193.9 “C; IH NMR (DMSO-d6) 6 
2.78-3.05 (4 H, m, 2 x P-CH2), 3.44 (3H, s, CH3), 4.20 
(lH, m, cz-H), 4.47 (lH, m, a-H), 6.94-7.95 (14H, m, 
ArH, CONH2, CONH, OCONH), 10.78 (IH, s, 
indoleNH); IR 3307, 1661 cm-l; MS m/z (FAB) 409 
(M+H), Anal. C22H~404 0.1 Hz0 (C,H,N) 

(S)-N- [2-Am&o-2-oxo-i- ~p~~y~~t~y~~ethyi~- IH- incdole- 
3-propanamkie (91. lH-Indole-3-propionic acid (368 mg, 2 
mmol), ethylchloroformate (0.17 mL, 2 mmol) and 
triethylamine (0.28 mL, 2 mmol) were stirred in THF (10 
mL) at room temperature for 15 min. Then (S)- 
phenylalaninamide (220 mg, I .3 mmol) was added and the 
reaction mixture stirred for 1 h. Water was then added and 
the precipitate filtered and dried to give 9 as a white solid 
(500 mg, 75 %‘o), mp 188.5-190.5 ‘C; IH NMR (DMSO- 
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de) 6 2.42 (2H, dd, 7.0, 8.5 Hz, CH$O), 2.72-2.80 (3H, 
m, CH2, C#HCH$ZO), 2.99 (lH, dd, 13.6, 4.8 HZ, 
CH’HCHZCO), 4.48 (lH, m, a-H), 6.94-7.07 (4H, m, 
ArH, CONH), 7.16-7.27 (3H, m, ArH), 7.31 (lH), d, 8.1 
Hz, ArH), 7.41 (lH, d, 13.7 Hz, ArH), 8.00 (lH, d, 8.6 
Hz, ArH), 10.70 (lH, s, indoleNH); IR 1633 cm-*; MS 
m/z (FAB) 336 (M+H); [a]n -16.7 ’ (MeOH, 20 “C, c = 
0.09); Anal. C2oH21N302 (CJ-W. 

Carbamic acid, [I-(lH-indol-3-ylmethylj-2-oxo-2-[(2- 
phenylethyl)amino]ethyl]-phenylmethyl ester, (S) 1Oa. 
To a stirred solution of N-[(phenylmethoxy)carbonyl]-(S)- 
tryptophan (15 g, 44.3 mmol) and pentafluorophenol(8.97 
g, 48.8 mmol) in CH2C12 (250 mL) was added 1-(3- 
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride 
(9.35 g, 28.8 mmol). The solution was stirred for 15 h at 
room temperature and the mixture then washed with H20, 
10 % NaHC03 solution, dried (MgSOa), filtered and the 
solvent removed in vacua. The resulting yellow oil was 
triturated with pet-ether (40-60 “C boiling range) to give 
the crude product as a white solid (21.25 g 42 mmol), 
which was used without further purification; ‘H NMR 
(CDC13) 8 3.38-3.56 (2H, m, fi-CH2), 5.11 (2H, m, 
CHzOCO), 5.26 (lH, m, a-H), 7.08-7.39 (lOH, m, ArH, 
OCONH), 7.59 (lH, d, 8 Hz, ArH), 8.10 (lH, s, indole 
NH). 

was added dropwise to a stirred solution of N - 
Kphenylmethoxy) carbonyl] - (S) - tryptophyl - pentafhroro- 
phenyl ester (103 mg, 0.2 mmol) in EtOAc (5 mL). The 
reaction mixture was stirred at room temperature for 18 h; 
the resulting yellow precipitate was then recrystallized 
from EtOAc to give the product as a white solid (82 mg, 
0.16 mmol), mp 157-158 “C; IH NMR (DMSO-de) 6 
2.98-3.05 (lH, m, P-CH2), 3.13-3.19 (lH, m, P-CHz), 
4.48 (lH, m, a-H), 4.98 (2H, s, CH#CO), 6.95-7.33 
(12H, m, ArH, OCONH), 7.53-7.69 (4H, m, ArH), 10.10 
(lH, s, CONH), 10.80 (lH, s, indole NH); IR 3307, 1670 
cm-t; MS m/z (FAB) 414 (M+H), 436 (M+Na); [a]o 
+39.2 ’ (MeOH, 20 ‘C, c = 0.24); Anal. C25H2sNs03 
(C,H,N). 

Wenylethylamine (24 mg, 0.2 mmol) dissolved in EtOAc 
(2 mL) was added dropwise to a stirred solution of N- 
[(phenylmethoxy)carbonyl] - (S) - tryptophyl - pentafluoro- 
phenyl ester (103 mg, 0.2 mmol) in EtOAc (5 mL). The 
reaction mixture was stirred for 18 h at room temperature, 
the solvent was removed in vacua and the residue triturated 
with Et20 to give the product 10a as a white solid (77 
mg, 0.17 mmol); mp 149-151 “C; ‘H NMR (CDC13) 8 
2.44-2.59 (2H, m, CONHCH2), 3.07-3.14 (lH, m, 8- 
CH2),3.26-3.49 (3H, m, P-CH2, CH+r), 4.40 (lH, m, 
a-H), 5.09 (2H, s, CH2OCO), 5.41 (lH, m, OCONH), 
5.53 (lH, m, CONH), 6.88-6.92 (4H, m, ArH), 7.12- 
7.36 (9H, m, ArH), 7.69 (lH, m, ArH), 7.97 (lH, m, 
indole NH); IR 3305, 1707, 1658 cm-l; MS m/z (FAB) 
442 (M+H); [a]o -5.5 o (MeOH, 20 “C, c = 0.35); Anal. 
C27H27N303 0.25H20 (CJLN). 

Carbamic acid, [l -(lH-in&l-3-ylmethyl)-2-oxo-2-[(phenyl- 
methyl)aminolethyl]-, phenylmethyl ester, (R) 1Od. 
Compound 10d was prepared in a similar manner to 10a 
utilizing benzylamine instead of phenylethylamine, and N- 
[phenylmethoxycarbonyll-(R)-tryptophan. The crude 
material was recrystallized from EtOAc to yield 10d as a 
white solid (59 mg, 0.14 mmol), mp 165-167 “C; lH 
NMR (DMSO-d6) 6 2.88-3.20 (2H, m, P-CH2), 4.24- 
4.41 (3H, m, a-H, CH;?N), 4.98 (2H, s, CHzOCO), 6.90- 
7.48 (15H. m, ArH, OCONH), 7.65 (lH, d, 7.8 Hz, ArH), 
8.52 (lH, m, CONH), 10.80 (lH, s, indoleNH); IR 3313, 
1703,1656 cm-l; MS m/z (FAB) 428 (M+H); [a]D +1.6 ’ 
(MeOH, 23 “C, C = 0.2); Anti. &jH25N& (C,H,N). 

Carbamic acid, [I-(IH-indol-3-ylmethyl)-2-0x0-2- 
[(phenylmethyl)aminolethyl]-, phenylmethyl ester (S) 
106. Compound lob was prepared in a similar manner to 
10a utilizing benzylamine instead of phenylethylamine. 
The crude material was recrystallized from EtOAc to yield 
lob as a white solid (59 mg, 0.14 mmol), mp 154-157 
“C; ‘H NMR (DMSO-d6) 8 2.91-2.99 (lH, m, 8-CH$, 
3.10-3.17 (ZH, m, P-CH2), 4.28-4.34 (3H, m, a-H, 
CH$), 4.96 (2H, s, CHzOCO), 6.94-7.43 (15H, m, 
ArH, OCONH), 7.63 (lH, d, 8 Hz, ArH), 8.54 (lH, m, 
CONH), 10.84 (lH, s, indoleNH); IR 3306, 1705, 1657 
cm-l; MS m/z (FAB) 428 (M+H), 450 (M+Na); [a]o -1.5 
’ (MeOH, 20 ‘C, c = 0.13); Anal. C~HzsNsOs (C,H,N). 

Carbamic acid, [l-(lH-indol-3-ylmethyl)-2-oxo-2-[(phenyl- 
methyl)aminolethylI-, phenyjethyl ester, [R-,(R*,S+)] 
Zlc. To a solution of N-[(9H-fluoren-9-ylmethoxy)- 
carbonyll-(S)-tryptophan pentafhmrophenyl ester (5.0 g, 
8.4 mmol) in EtOAc (50 mL) was added benzylamine (1.5 
nG1.5 g, 14mmol) and the mixture stirred for 2 h. The 
reaction mixture was then washed in 2 M HCl solution, 
dried (MgS04) and concentrated in vacua to give crude 
amide 12 (V = s). This was taken up in DMF (50 mL) 
and treated with piperidine/DMF (50 mL, 20 $6 solution). 
After stirring for 20 min the volatiles were removed in 
vacua and the residue purified by flash column 
chromatography on silica eluting with mixtures of 
CH2C12:MeOH (100:0-90:10 gradient). This gave 1.9 g 
(77 %) of crude amine 13 (V = S) as a white solid; IR 
3294, 1651 cm-l. 

To a stirred solution of (R)- 1 -phenylethyl alcohol (1 .O mL, 
1.0 g, 8.3 mmol) in acetone (10 ml,) at 0°C was added 4- 
nitrophenylchloroformate (1.8 g, 9.2 mmol), followed by 
triethylamine (1.4 mL, 1.0 g, 9.9 mmol) over a 10 min 
period. The mixture was stirred for 30 min at this 
temperature and allowed to warm to room temperature. 
Subsequently, it was triturated with Et20 and the 
precipitated triethylamine hydrochloride was filtererd off. 
The filtrate was concentrated in vacua (without heating) 
and the residue purified by flash column chromatography 
on silica eluting with hexane:ether (9o:lO) to give crude 
mixed carbonate (1.94 g, 82 %) as a clear oil; IR 1766 cm-l. 

Carbamic acid, [I-(lH-indol-3-ylmethylk2-0x&2- To a solution of the crude amine 13 (V = S) (0.1 g, 0.3 
(phenylamino)ethyl]-, phenydmethyl ester, (S) 1 Oc. mmol) in DMF (20 mL) was added the mixed carbonate 
Aniline (20 mg, 0.22 mmol) dissolved in EtOAc (2 mL) (0.13 g, 0.4 mmol) and the reaction mixture was stirred for 
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19 h. The reaction mixture was then taken up in EtOAc 
(80 nil+), washed with 2 M HCI solution, dried (MgSO4) 
and the solvent removed in vacua. The residue was purified 
by reverse phase chromatography eluting with MeOH:H20 
(8020) to give llc as a white foam (78 mg, 55 %), mp 
158-161 ‘C, ‘H NMR (DMSO-&) 6 1.38 (3H, d, 6.6 Hz, 
CH3), 2.99 (lH, dd, 8.6, 14.5 Hz, p-C’HH), 3.16 (lH, dd, 
5.3, 14.6 Hz, p-C’HH), 4.26 (2H, d, 5.8 Hz, CH2), 4.36 
(lH, m, H), 5.63 (lH, dd, 6.5, 13.0 Hz, CH), 6.96 (lH, t, 
7.8 Hz, indole H-5), 7.00-7.36 (14H, m, ArH, NHCO2), 
7.39 (lH, d, 7.8 Hz, indole H-4), 8.16 (lH, br, NHCO), 
10.63 (lH, br, indole NH); IR 1705, 1661 cm-‘; MS m/z 
(CI) 442 (M+H); [a]n +26 ’ (MeOH, 20 “C, c = 0.2); 
Anal. C27H27N303.0.1H20 (C,H,N) 

Carbamic acid, [I-(IH-indol-3-ylmethyl)-2-oxo-2-[(phenyl- 
methyl)amino]ethyl]-, I-phenylethyl ester, [R-(R*,R *)I 
Ila. Prepared as described for llc, but starting with (R)- 
tryptophan, to yield lla as a white foam (97 mg, 68 96); 
mp 149-150 OC; ‘H NMR (DMSO-d6) 6 1.40 (3H, br, 
CH3), 2.98 (lH, dd, 8.5, 14.5 Hz, /3-C’HH), 3.15 
(obscured, p-C’HH), 4.29 (2H, d, 5.6 Hz, CH2), 4.33 (lH, 
m, Ha), 5.64 (lH, m, CH), 6.95 (lH, t, 7.7 Hz, indole H- 
5) 7.02-7.34 (14H, m, ArH, NHCO$, 7.57 (lH, d, 7.6 
Hz, indole H-4), 8.21 (lH, br, CONH), 10.63 (lH, br, 
indoleNH); IR 1705, 1660 cm-l; MS m/z (CI) 441 (M); 
an +26 ’ (MeOH, 20 “C, c = 0.2); Anal. 
C27H27NsOs.O. 1H20 (C,H,N). 

Carbamic acid, [I-(lH-indol-3-ylmethyl)-2-oxo-2-[(phenyl- 
methyl)amino]ethyl]-, I-phenylmethyl ester, [S-(R*,S *)I 
Ilb. Prepared as described for llc, but starting with (S)- 
1-phenylethyl alcohol and (R)-tryptophan, to give llb as 
a white foam (79 mg, 55 %); chromatography eluent 
MeOH:H20 (80:20); mp 159-161 “C; *H NMR (DMSO- 
de) 6 1.37 (3H, d, 6.6 Hz, CH3), 2.96-3.25 (2H, m, p- 
CH2), 4.26 (2H, d, 5.7 Hz, CH2), 4.35 (lH, m, a-H), 
5.63 (lH, m, CH), 6.97 (lH, t, 6.9 Hz, indole H-5), 7.00- 
7.38 (14H, m, ArH, NHCO& 7.60 (lH, d, 7.7 Hz, indole 
H-4), 8.17 (lH, br, CONH), 10.65 (lH, br, indoleNH); IR 
1699, 1652 cm-l; MS m/z (CI) 441 (M); [o]n -28 * 
(MeOH, 20 ‘C, c = 0.25); Anal. C27H27NsOs (C,H,N). 

Carbamic acid, [1-(lH-indol-3-ylmethyl)-2-oxo-2-[(phenyl- 
methyl)amino]ethyl]-, I-phenylmethyl ester, [S-(R*,R*)] 
lld. Prepared as described for llc, but starting with (S)- 
I-phenylethyl alcohol, to yield 1 Id as a white foam 
(106mg, 74 %); chromatography eluent MeOH:HzO 
(80:20); mp 150-151 “C; ‘H NMR (DMSO-d6) 6 1.41 
(3H, br, CH3), 2.98 (lH, dd, 8.7, 14.6 Hz, p-C’HH), 3.13 
(obscured, p-ClHH), 4.29 (2H, d, 5.9 Hz, CH2), 4.31 (lH, 
m, a-H), 5.63 (lH, m, CH), 6.95 (lH, t, 7.7 Hz, indole 
H-5), 7.00-7.34 (14H, m, ArH, NHCO;?), 7.57 (lH, d, 7.8 
Hz, indole H-4), 8.21 (lH, br, CONH), 10.62 (lH, br, 
indoleNH); IR 1705, 1660 cm-l; MS m/z (CI) 441 (M); 
[aID -25 ' (MeOH, 20 “C, c = 0.2); Anal 
C27H27N303.0.25H20 (C,H,N). 

Carbamic acid, [l-(IH-indol-3-ylmethyl)-2-oxo-2-[(phenyl- 
methyl)amino]ethyl]methyl-, phenylmethyl ester, (R) 14 
ana’ N-ikfethyl-N-[(4-methylphenyl)sulfonyl]-(R)- 

tryptophan (15). To a vigorously stirred solution of (R)- 
tryptophan methyl ester, hydrochloride (0.4 g, 1.7 mmol) 
in pyridine (15 mL) at room temperature was added 4- 
toluenesulfonylchloride (0.4 g, 2.0 mmol) over a 15 min 
period. After 10 min the reaction mixture was taken up in 
EtOAc (50 mL), washed with 2 M HCl solution, H20,l 
M NaHC03 solution, dried (MgSO4) and the solvents 
removed in vacua. The residue was taken up in M&H (20 
mLJ and treated with Hz0 (5 mL), KOH (0.5 g, 8.9 mmol) 
and Me1 (0.5 ml, 1.1 g, 8.0 mmol). The reaction was 
stirred at room temperature for 48 h, then was poured into 
2 M HCl solution (100 mL) and the product extracted with 
EtOAc (2 x 100 n&J. The combined organic layers were 
dried (MgSO4) and evaporated in vacua. The residue was 
purified by flash column chromatography on silica eluting 
with mixtures of CH2C12:MeOH (1OO:O to 80:20 gradient) 
to give 15 as a white foam (0.27 g, 44 %); mp 131-135 
“C, ‘H NMR (DMSO-&) 6 2.32 (3H, s, CH3), 2.82 (3H, 
s, CH3N) 2.96 (lH, dd, 9.3, 14.9 Hz, j3-C’HH), 3.26 (lH, 
dd, 6.2, 14.9 Hz, P-C’HH), 4.77 (ZH, dd, 6.3, 9.2 Hz, a- 
H), 6.96-7.47 (9H, m, ArH), 10.82 (lH, brs, indoleNH), 
12.84 (lH, brs, C02H); IR 1722, 1324, 1158 cm-l; MS 
m/z (CI) 373 (M+H); [aID +44 ’ (MeOH, 20 “C, c = 1.1); 
Anal. C19H2&04S (C,H,N). 

IH-Mole-3-propanamide, a-[methyl[(4-methylphenyl)- 
sulfonyl]amino]-N-(phenylmethyl)-, (R) 16. Compound 
15 was taken up in EtOAc (50 mL), treated with DCCI 
(0.15 g, 0.73 mmol) and pentatluorophenol (0.14 g, 0.76 
mmol) and stirred at room temperature for 30 min. A white 
precipitate of dicyclohexylurea was removed by filtration. 
The filtrate was treated with benzylamiue (0.1 mL, 0.1 g, 
0.9 mmol) and stirred for a further 30 min. The reaction 
mixture was washed with 2 M HCl solution and H20, 
dried (MgSO4) and the solvent removed in vacua. The 
residue was purified by flash column chromatography on 
silica eluting with hexane:EtzO (90:10), CC14 was then 
added and the solvent removed in vacua to give 16 as a 
white foam, (230 mg, 66 %); mp 55-58 “C; ‘H NMR 
(DMSO-d6) 6 2.34 (3H, s, CH3), 2.86 (lH, dd, 8.1, 14.5 
Hz, P-C’HH), 2.95 (3H, s, CH3N), 3.18 (lH, dd, 7.5, 
14.9 Hz, j3-C’HH), 4.12 (2H, m, CH2) 4.77 (lH, m, a- 
H), 6.95-7.55 (14H, m, ArH), 8.55 (lH, t, 5.8 Hz, 
CONH), 10.80 (lH, brs, indoleNH); IR 1666, 1338, 1160 
cm-l; MS III/Z (CI) 462 (M+H); [o]o +19 o (MeOH, 20 
“C, c = 0.5); Anal. &jH27N@sS.O.25CC14 (C,H,N). 

Carbamic acid, [I-(IH-indol-3-ylmethyl)-2-oxo-2-[(phenyl- 
methyl)amino]ethyl]methyl-, phenylmethyl ester, (R) 14. 
Compound 16 (122 mg, 0.26 mmol) was dissolved in 
DME (10 mL) and cooled to -78°C. To this was added a 
solution of sodium naphthalenide (2 M) in DME, dropwise 
with stirring, until the green colour was persistent. The 
reaction was quenched with saturated NaHC03 solution (1 
mL), then dry K2CO3 (2 g, 14 mmol) was added and 
stirring was continued for 3 h. The solid was removed by 
filtration, washed (Et20, 3 x 20 ti) and discarded. The 
organics were combined, concentrated in vacua, and 
purified by flash column chromatography on silica eluting 
with mixtures of CH2C12:MeOH (1OO:O to 80:20 gradient) 
to give crude 17 (61 mg, 75 %). 



This was taken up in dioxane (20 mL) con~ning Hz0 (I 
mL) and Na&Os (1.0 g, 9.4 mmol), and treated with 
~nzylchlorofo~ate (0.1 ml, 0.1 g, 0.7 mmol) and stirred 
for 30 min. The reaction mixture was then taken up in 
EtCAc (100 mL) and washed in 1 M HCl solution, dried 
(MgSO4) and evaporated in VLICUU. The residue was purified 
by reverse phase c~om~o~phy eluting with M~H:H20 
(70:30) to give 14 as a white foam (62 mg, 71 %); mp 
45-49 “c; ‘H NMR (DMSO-ctj) 6 2.86 (3H, br, CH3N), 
3.07 (lH, br, P-Clm), 3.30 (obscured, p-C’HH), 4.29 
(2H, d, 5.9 Hz, CH2), 4.80-5.10 (3H, br, CQ$H2, a-H), 
6.90-7.40 (14H, m, ArH), 7.62 (lH, br, indole H-4), 8.57 
(lH, br, CONH), 10.80 (lH, br indoleNH); IR 1681, 1660 
cm-l; MS m/z (CI) 442 (M+H); [c& +54 ’ (MeOH, 20 
“C, c = 0.5); Anal. C27H27N303.0.33H20 (C,H,N). 

Cor~rni~ acid ~l-(lH-inHrtl-3-yl~~~y~~-2-oxo-2-ffpk 
~thyl~omi~o~eihyZ~~fhyl-,~he~ylmethy~ ester, (SI 18. 
~-Me~yl-~- [~h~y~e~oxy)~~nylJ -(~-~to~~~ 
(0.85 g, 24 mmol), DCCI (0.56 g, 24 mmol) and 
~n~fluoroph~ol (0.44 g, 27 mmol) were dissolved in 
EtOAc (20 mL) and the reaction axe stirred at room 
~mperatme for 1 h. The mixture was then filtered to 
remove ~~clohexyl~. Benylamine (0.3 mL, 26 mmol) 
was then added to the filtrate and the mixture stirred for 10 
h at room ~rnp~~me. The solvent was then removed in 
vucuo and the crude product purified by column 
chromatography on silica eluting with CH$&MeOH 
(9:l) to give 18 as a white solid (0.66 g, 63 o/b); mp 48- 
54 “C; lH NMR (DMSO-de) 6 2.88 (3H, brs, CH3N), 
3.10 (lH, brm, @-Clm), 3.33 (lH, m, B-C’HW), 4.32 
(2H, d, 5.9 Hz, CH$, 4.80-5.20 (3H, br, CO2CH2, a-H), 
6.80-7.70 (lSH, m, ArH, OCONH), 8.65 (lH, brs, 
CONH), 10.85 (IH, brs, indo1eNI-I); IR 1695, 1662 cm-t; 
MS mlz (CI) 442 (M+H); [c&, -52 * (MeOH, 24.5 “C, c = 
1); Anal Cz7H27N303.0.2Hz0 (C,H,N). 

baby acid, fl-(lH-indol-3-y~~~~y~~-~-~?~yl-2-oxo-Z~ 
~(phe~ylmethyl~omino~ethyl~-, ~~enylmethy~ ester, (FQ 
19~. A solution of (~)-~-me~yl~t~h~ methyl ester9 
(Y = R; 37.16 g, 160 mmol) in dry THE (800 mL) and 
~e~y~rne (19.43 g, 192 mmol) was cooled to 0°C and 
treated with ~nzylc~orofo~ate (30.0 g, 176 mmol) in 
dry THF (200 mL) dropwise. This was allowed to warm to 
room ~rn~rat~ slowly, then the solvent removed in 
vaeuo. The residue was redissolved in EtOAc (500 mL), 
washed with Hz0 (500 n-k), 2 N HCl solution (500 mL), 
saturated NaHCO3 solution (500 mL), then Hz0 (500 
mL), The organic phase was dried (?vigSO& filtered, and 
evaporated to dryness in vucuo. The residue was purified by 
chromatography on silica using EtzO: n-hexane (3:2) as 
eluant to give the urethane 20 (X = R). 

The crude ~-[(pheny~e~oxy)c~~nyl]-~-rne~yl-~~~~ 
tryptophan methyl ester (20) (X = R; 69.15 g, 150 mmol) 
was dissolved in THF (800 mL), cooled to 0 ‘C, and 
treated with LiOH (30 g in 250 mL H20). MeOH was 
added (150 mL) and the mixture stirred for 3 h. The solvent 
was removed in VUCUO. The residue was dilu~d with Hz0 
(500 mL) and washed with CH&$, (2 x 300 mL). The 
aqueous phase was acidified to pH = 2 using 2 M citric acid 

solution and extracted with CH$& (2 x 500 mL). The 
organic phase was washed with H20, dried ~gSO4), and 
faltered and eves to dryness to give the crude acid 
(57.5 g), which was used in the next step . The crude 
carboxylic acid was redissolved in EtOAc (320 mL) and 
treated with ~n~u~phenol(21 g, 114 mmol), followed 
by the dropwise addition of a solution of DCCI (23.5 g, 
114 mmol) in EtOAc (150 mL). This was stirred for 18 h 
at room temperature. The reaction mixture was then 
filtered, and the filtrate evaporated to dryness. The solid 
residue was redissolved in CH2C12 (200 mL) and absorbed 
on to silica, and purified by chromatography eluting with 
EtOAc: n-hexane (1: 1) to give the pentafluorophenyl ester 
21 (X = R), 49.77 g (64 %) from a-methyl-(i?)- 
tryptophan methyl ester. lH NMR (CDC13) 6 1.72 (3H, s, 
CH3) 3.44 (lH, d, 14.7 Hz, @-Ctm), 3.66 (IH, d, 14.7 
Hz, p-C”HH), 5.15 (2H, CHz), 5.22 (III, brs), 6.97-8.11 
(lZH, m, ArH, OCONH, ~dole~~; IR 1785, 1709 cm-l. 
A solution of N-[@beny~e~oxy)~~nyl]-a-(~)- 
~toph~ ~n~uorophenyl ester 21 (X = R; 0.75 g, 1.5 
mmol) in EtOAc (50 mL) was treated with ~nzyl~ine 
(0.5 ml, 0.5 g, 4.5 mmol) and stirred at room ~rn~m~ 
for 1 h. The reaction mixture was then washed with 1M 
HCl solution, dried (MgSO4) and evaporated to dryness in 
vacua. The residue was purified by flash column 
chroma~graphy on silica eluting with hexane:EtzO 
(50~50) to fve 19a as a white foam. (0.52 g, 76 6); mp 
57-60 “C, H NMR (DMSO-de) 8 1.36 (3H, s, a-CH3), 
3.23 (lH, d, 14.5 Hz, p-C&I), 3.40 (lH, d, 14.7 Hz, p- 
C’HW), 4.27 (2H, d, 5.2 Hz, CHzN), 5.04 (2H, dd, 12.7, 
17.6 Hz, CHzO), 6.92-7.34 (15H, m, ArH, NHCO& 
7.48 (lH, d, 7.8 Hz, indole H-4), 8.28 (lH, brs, CONH), 
10.82 (lH, brs, indole NH); IR 1713, 1657 cm-l; MS m/z 
(CI) 442 (Iv&H); [alo +35 o (MeOH, 20 OC, c = 0.5); 
Anal. Cz7H27N303 GH,N). 

Cured acid, fl-(lH-~l-3-ylttar?t-l-~~~~-2~~-2- 
l(~~e~ylmethyl~umino~ethy~]-, ~heny~thyl esier, (S) 
f9B. Prepared as described above for 19a but starting 
from ~-[(phenylmethoxy)c~bonyIJ-~-methyl-~~}- 
~toph~ to give 19b as a white solid (0.58 g, 85 “at); 
mp 148-149 “C; ‘H NMR @MS@de) 5 1.36 {3H, s, cc- 
CH3), 3.23 (lH, d, 14.5 Hz, ~-C&I-I), 3.40 (lH, d, 14.8 
Hz, p-C’HN), 4.27 (2H, d, 5.2 Hz, CH$“Q, 5.04 (2H, dd, 
12.7, 17.6 Hz, CHzO), 6.92-7.34 (15H, m, ArH, 
NHCCQ, 7.18 (lH, d, 7.8 Hz, indole H-4), 8.28 (lH, brs, 
NHCO), 10.82 (lH, br, indoleNH); IR 1716, 1652 cm-? 
MS m/z (CT) 442 (M+H); [a]o -34 ’ (MeOH, 20 ‘C, c = 
0.5); Anal. C27H27N303 (C,H,N). 

Carbamic acid, [I-(IH-indol-3-ylmethyl)-24methyL 
(~he~y~methyl~~.~~-Z-oxoethyl~-~ phenylmethyl ester, 
(S) 226. ~-~~PhenyIme~oxy~c~bonyl~-~~-~~tophyl~ 
~n~uo~phenyI ester (0.50 g, 1 mmol) was prepared in 
situ (as described for 1 Oa) and reacted with N- 
benzyhnethylamiue (0.13 mL, 1 mmol) in EtOAc (5 mLj+ 
The reaction mixture was stirred overnight at room 
temperature then wash& with 2 M HCI solution (1 x 10 
mL), Hz0 (4 x 10 mL), and dried ~gSO4). Removal of 
the solvent i% vuc~o resulted in a clear oil which was 
pulled by flash ~omato~phy on silica eluting with 
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mixtures of EtzO:hexane (1:4 to 7:3) to give 22b as a 
white solid (0.175 g, 40 %); mp 48-50 “C; ‘H NMR 
(DMSO-&) 6 2.50 (3H, s, CH3), 3.01 (lH, dd, 7.3, 13.8 
Hz, /3-C’HW), 4.43 (2H, s, NCH;?), 4.72 (lH, m, c&H), 
5.00 (2H, s, OCH$, 7.02-7.35 (15H, m, Arm, 7.57 (lH, 
brs, COzNH), 10.65 (lH, s, indole NH); IR 1710, 1635, 
1530 cm-l; MS m/z (Cl) 442 (M); [aIn -1-30.4 ’ ~eOH~ 
23 “C, c = 0.25); Anal. C27H27N303.0.5H20 (C,H,N). 

Carbamic acid, [I-(IH-indol-3-y~methyl)-2-[methyl(phe~yl~ 
methyl~aminol-2-oxoethyll-, pheny~~thyl ester, (R) 22a_ 
Method as described for 22 b, but using N- 
~(pheny~e~oxy)c~~nyl]-(~~-~toph~ to give 22a as 
a white solid (0.08 g, 35 %); mp 50-53°C; ‘H NMR 
~MSO-~~ S 2.75 (3H, s, CH3), 3.01 (IH, dd, 7.7, 13.9 
Hz, P-C”HH), 4~44 (2H, s, CH2), 4.54 (IH, m, a-CH), 
5.01 (2H, s, CH20); 6.97-7.37 (15H, m, ArH), 7.57 (ZH, 
d, 7.7 Hz, CO#H), 10.7 (lH, s, indole NH); IR 1712, 
1636, 1525 cm-t; MS m/z (CI) 442 (M); [a]n -27.2 ’ 
(MeOH, 23 *C, c = 0,25); Anal. C27H27N303.0.25H20 
K,H,N). 

parboil acid, [l-flH-indul-3-ylmethyl)-2-oxo-2-f(l- 
phenylethyl)amino]ethyl]-, phenylmethyl ester, {R- 
(R*,R*)/ 23a. N-[(Phenylmethoxy)carbonyl]-(R)- 
tryptophyl-pentafkorophenyl ester (0.25 g, 0.5 mmol) was 
prepared in situ (as described for lOa), dissolved in EtOAc 
(2.5 mL) and (~)-~-me~yl~nzy~~~e (0.06 mJL, 0.5 
mmol) was added. The reaction mixture was stirred at room 
temperature until no starting material remained. The white 
precipitate was collected by filtration and ~c~s~i~ed 
from EtOAc to give 23a (0.10 g, 44 %); mp 169-1’70 “C, 
‘H NMR (DMSO-d6) 6 1.35 (3H, d, 6.7 Hz, CH3CH), 
2.87 (lH, dd, 9.2, 14.3 Hz, p-C”HH), 3.06 (lH, dd, 4.8, 
14.3 Hz, P-CtHH), 4.36 (lH, m, C~~~H3)Ph), 4.9~.96 
(3H, m, C&Pb, a-CH), 6.94-7.35 (15H, m, ArH), 7.63 
(III, d, 7.8 Hz, OCONH), 8.41 (IN, d, 7.8 Hz, CONH}, 
10.80 (lH, s, i~dole~~~ IR 3306, 1705, 1657, 1531 cm* 
I; MS m/z (CI) 442 (M); [aIn +12.8 ’ (MeOH, 23 “C, c = 
0.5); Anal. C27H27N303 (C,H,N). 

Carbamic acid, fI-~~H-i~dol-3-ylmethyl~-2-oxo-2-ft~” 
~he~ylethy~)ami~~~ethyl~-, ~he~yl~thy~ ester, [S-(R*,S*)j 
236. Method as described for 23a, but using N- 
[~heny~e~oxy~ carbonyl] - (S) - ~yptophylpen~uoro* 
phenyl ester to give 23b as a white solid ~0.077 g, 17 96); 
mp 160-163 “C; lH NMR (DMSO-d& 6 1.24 (3H, d, 7.0 
Hz, CH3), 2.95 (IH, dd, 9.4, 14,3 Hz, P-C’HH), 3.08 
(lH, dd, 5.4,14.3 Hz, P-C’HH), 4.32 (lH, m, 
CH(CH3)Ph), 4.86-4.94 (3H, m, PbCH2, a-CH), 6.95- 
7.34 (15H, m, A_rH), 7.63 (lH, d, 7.7 Hz, OCONEt), 8.32 
(lH, d, 7.8 Hz, CONH), 10.80 (IH, s, indoleNH); IR 
3307, 1704, 1657, 1517 cm-‘; MS in,% (CI) 442 (M); 
[aID +24.4 o (MeOH, 23 OC, c = OS); Anal. C27H27N303 
(C,H,N). 

Carbamic acid, [I-(IH-indol-3-ylmethyl)-2-oxo-2-[(l- 
phenylethy~~~ino]ethyl~-, p~ny~~thyl ester, [S-(R*,S*)] 
23~. Method as described for 23a, but using (&‘)-a- 
methylbenzylamine to f’“e 23~ as a white solid (0.09 g, 
21 8); mp 160-161*C; H NMR (DMSO-66): 6 1.23 (311, 
d, 6.8 Hz, CH3), 2.95 (IH, dd, 9.4, 14.3 Hz, JW’HH), 

3.08 (lH, dd, 5.4, 14.3 Hz, fl-CIHH), 4.32 (lH, m, 
CH(CH3)Pb), 4.86-4.94 (3H, m, PhCH2, c&H), 6.95- 
7.34 (15H, m, ArH), 7.63 (lH, d, 7.7 Hz, OCONH), 8.33 
(ZH, d, 7.5 Hz, CONH), 10.8 (lH, s, indolent; IR 3330, 
1709,1658, 1514 cm-i; MS m/z (CI) 442 (htl); [aID -26.0 
o (MeOH, 23 “C, c = 0.5); Anal, C27H27N303 (C,H,N). 

~arbamic acid, ~~-~~H-i~d~l-3-y~methyl~-2-~xo-2-~~~- 
phenylethyl~amirwlethylj-, phenylmethyl ester, fS-(R*, S *)I 
23d. Method as described for 23a, but using @)-a- 
methylbenzylamine and ZV-[@henylmetboxy)carbony&(S)- 
~tophyl-pen~uorophenyl ester. Rec~s~l~~tion from 
EtOAc gave 23d as a white solid (0.057 g, 13 %>; mp 
168-170 “C; “H NMR @MS@d&B 6 1.35 (3H, d, 6.9 Hz, 
CH& 2.86 (lH, dd, 9.2, 14.3 Hz, &ClBH>, 3.06 (IH, dd, 
4.8, 14.3 Hz, P-C’HN), 4.36 (lH, m, Cff(CH~)Ph), 4.90- 
4.96 (3H, m, PbCH2, a-W), 6.94-7.35 (15H, m, ArH), 
7.63 (lH, d, 7.9 Hz, OCONH), 8.41 (lH, d, 7.7 Hz, 
CONH), 10.80 (lH, s, indoleNH); IR 3294, 1704, 1656, 
1536 cm-t; MS m/z (Cl) 442 (M); [air, -11.6 * (MeOH, 
23 “C, c= 0.5); Anal. C27H27N303 (C,H,N). 

Cured acid, [I-(IH-indol-3-yE~~~“~thyl-2-ona- 
((l-phenylethyl~amin~~ethyll-, ~henylmethyl ester, [S- 
(R*,S*)l 24~. A solution of N-[(pbenylmethoxy)- 
carbonyll-a-methyl-(~)-ayptophan pentafluorophenyl ester 
21 (X = ip, 730 mg, 1.40 mmol) in EtOAc (15 ml,) was 
treated with (S)-a-methyibenzylamine (940 mg, 7.76 
mm013 and left stirring at room temperature for 1 b. The 
mixture was washed with 2 M HCI (20 mL) then Hz0 (20 
mL). The organic phase was dried (MgSO4), filtered, and 
evaporated to dryness in vucuo. The residue was then 
subject to reverse phase chromatography using 80 % 
MeOH; 20 % Hz0 as eluant to give 24c as a white foam 
(150 mg, 24 %); mp 107-109 “C; ‘H NMR ~MSO-~} 6 
1.32 (3H, d, 7 Hz, CH$H), 1.38 (313, s, CH3), 3.20- 
3.40 (2H, m, P-CH2), 4.90 (IH, m, CH), 5.00 (ZH, s, 
CH20), 6.80 (ZH, s), 6.90 (IH, t, 7 Hz), 7.00 (IH, t, 7 
Hz), 7.01-7.40 (12H, m, ArH), 7.50 (lH, d, 8 Hz), 8.00 
(lH, d, 8 Hz), 10.80 (lH, s, indoleNH); IR 3460-3400, 
1711, 1658 cm-l; MS m/z (CI) 456 ( M+H); [aJD +13.0 ’ 
(MeOH, 20 “C, c = 0.5); At’kak C&2~N@3*0.5?f20 

KXN). 

Carbamic acid, [l-flH-irtHol-3-y~~thyE)-I-nzathyI-2-oxcl-Z- 
~~~-~henylethyl~a~‘~~]efhyll-, phenylmethy~ ester, jR- 
(R*,R*)] 24a. Method as for 24c but using (R)-a- 
methylbenzylamine to give 24a as a white solid (150 mg, 
24 %); mp 63-68 “C; lH NMR (DMSO-d6) 6 1.28 (313, d, 
6.8 Hz, (B&H), 1.34 (3H, s, CH3), 3.16-3.30 (2H, m, 
P-CH& 4.89 (lH, m, CH), 5.04 (2H, s, CHzO), 6.89 
(IH, s), 7.00 WI, t, 7.9 Hz), 7.20-7.45 (13H, m, ArH), 
7.48 (lH, d, 7.8 Hz), 7.88 (lH, d, 7.5 Hz), 10.80 (lH, s, 
indo~e~); IR 1719, 1658 cm-l; MS m/z (CI) 456 
(M+H); [alo +9.4 * (MeOH, 28 “C, c = 0.5); Anal. 
C2&~N303 CJW. 

Carb~.c acid, f~-~lH-~~~l-3-y~~thyl~~~“~thyl-Z-o~~2- 
I(i-phertylethyl)amino]ethylf-, phenylmet~yz ester, {S- 
(R *, S *)I 24b. Method as for 24~ but using N- 
[(pb~y~e~oxy~~~nyl]-a-me~yi-(~-~to~ penta- 
~uo~~enyl ester 21 (Y=s) and ~~~-a-me~yl~nzyl~~e 
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~~~~.~ a&, fr-frH-~~a-3-rrmebhr~~-~-metltyl-2_axo-2- 
[(I -phenybthyl)amino]et~yl~-, 2-~~~~~~~n~~~~~yl es&r, 
fR-fR*,S *.I] 25. To a stirred solution of carbonate 27 

(178 mg, Ue55 mmol) and am& 26 f%U mg, 0.5 mm&j 
in lX4F (5 ml+) was added ~e~y~m~~~ne (62 
mg, 0.5 mm@ snd the reaction mixture left w stir 
overnig& at ruem temperame, The s&enf was removed 
at: 60 “C under reduced pressure, the resides taken up in 
EtOAc (3U mL) and washed suc@essiveXJr with IO % cltri~ 
acid solution (2 x 30 mL), H&I (30 mL), 1 N NaUH (5 x 
38 mL), brine (2 x 5U mL), dried ~gSU4~~ fikered, and 
the solvent r~uved under redxed pressure, The adds 
was purified by ~~~~~~y on sWza &uting witi 3 % 
MeUH in CH$.!Tz. Crystallisatian tim Et@ gave pure 
25 f22U mg, 5”7 %‘a); mp P21-‘122 “c; 1H NMR fCPX3fs) s 
2.2%: f3H, d, 6.9 Hz, CHW3); 1.63 f3H, s, CCH3), 3*26 
(IH, d, 14.7 Hz, CNH-indule), 3.48 (IH, d, 14.7 Hz, 
CH~-~do~e~~ 4.95-5.05 (IH, m, NHCBCHJ), 5.1&-5.30 
(2H, m, CH&?), 54U (IH, s, WQNH), 6,3U-6.40 (1H, 
brd, CQNIKH), 6.74 (IH, s, in&Se C&l3,7.U5--7,3U (7H, 
m, ArH), 7.31 flH, 6, 8.0 Hz, indoie CJ-H), 7.4~~7.52 
;(3H, m, ArH), 7-58 (IH, 6, 8.4 Hz, indole C4-H.), 7,75- 
7685 (5H, m, ArH and indule NH); XR 3342,3U52,2974, 
2926, 1717, 1653 un-I; MS anlz (CL) SU6.3 (M++H); 
[ac]n +21.2 a (MeOH, 20 *C, I: = 0.5); Aual. C32H31N303 
KX,W* 



370 S. BOYLE ef al. 

Hz0 (30 mL), 1 N NaOH (5 x 30 mL), brine (2 x 50 mL), 
dried (MgSO4), filtered, and the solvent removed under 
reduced pressure. The residue was then purified by 
c~orna~~~y on reverse phase silica el~~g with 65 % 
MeOH in HzO. Crystallisation from Et20 gave pure 28 
(140 mg, 56 %); mp 103-111 “C; IN NMR (CDG13) 6 
1.31 (3H, d, 6.9 Hz, CHCH3), 1.63 (3H, s, CCH3), 3.25 
(U-I, d, 14.8 Hz, HUH-indole), 3.47 (lH, d, 14.8 Iiz, 
CHB-indole), 4,95-5.05 (IH, m, NHCHCH$, 5.14 and 
5.21 (each lH, d, 13.2 Hz, CHHQ), 5.41 (lH, s, 
OCQNH), 6.30-6.35 (lH, brd, CONHCH), 6.74 (lH, s, 
benzofuran C3-H), 6.78 (lH, d, 2.3 Hz, indole C2-H), 
7.05-7.33 (lOH, m, ArH), 7.45 (IH, d, 8.4 Hz); 7.52- 
7,58 (ZH, m, ArH), 7.85 (IH, s, indole NH); IR 3334, 
1715, 1651cmWf; MS m/z (FAI3) 496.3 (M++H); [aIn 
+I?.6 0 (MeOH, 21 “C, c = 0.5); An& C>oH29N& 
(C,H,N). 
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