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Solid-Phase Synthesis of a Farnesylated CaaX Peptide Library:
Inhibitors of the Ras CaaX Endoproteasé

E. Kurt Dolence, Julia M. Dolence, and C. Dale Poulter*

Department of Chemistry, Usrsity of Utah, 315 South 1400 East, Room 2020,
Salt Lake City, Utah 84112-0850

Receied April 7, 2000

A solid-phase method, based on Kaisgrbenzophenone oxime resin, was developed for the synthesis of

a series ofN-acetylS(E,E-farnesylated) CapX tetrapeptides as potential inhibitors of recombinant Ras

and a-factor converting enzyme (RCEN-Acetyl-S-(E,E-farnesyl)t-cysteine was coupled to resin-bound

a& dipeptide using HOBt/DCC activation in conjunction whBOC chemistry. The protected farnesylated
tripeptide was cleaved from the resin with simultaneous addition of the X residue by treating the resin-
bound farnesylated Ga tripeptide withL-amino acid benzyl ester tosylates under mildly acidic conditions.

The benzyl ester was saponified, and the resulting carboxylate precipitated by ether to afford a library of
tetrapeptides as a mixture of diastereomers at the cysteine center. The peptides were evaluated as inhibitors
of recombinant yeast RCE endoprotease (yRCE) to obtain information about the affinity of the enzyme for
the aaX portion of the CaaX moiety.

Introduction This observation has led to a major effort to find protein
farnesyltransferase (PFTase) inhibitors that are effective
against Ras-related cancé®omewhat unexpectedly, animal
studies indicate that inhibitors of protein farnesylation have

The posttranslational modification of a variety of eukary-
otic proteins with isoprenoid groups is essential for the
biological activity of these moleculés® Proteins with a o - ) AT
C-terminal Caa,X motif, in which C is cysteine, sand a low toxicity and m_|n|mal side effectsHowever, |nh|b|t_|on
are typically small aliphatic amino acids, are prenylated by of Rag farnggylatlon may not be the source of antitumor-
farnesyl diphosphate (FPP) when=X A, S, M, N or by genesis activity, despite the fact that the molecules clearly
geranylgeranyl diphosphate (GGPP) wher=X.. E. Two inhibit PFTase. A recent study demonstrated that an alteration
additional processing steps occur in vivo after prenylation I the ratio of farnesylated and geranylgeranylated RhoB

of the CaaX motif. The first is an endoproteolytic cleavage proteins occurs when cells are expose(_j to PFTase inhibitors.

to release the saX tripeptide, followed by carboxymethyl- In the ab_sence of farnesylatlon, RhoB is geranylgeranylated

ation of the C-terminal isoprenylated cysteine. The Ras and@nd @n increase in the level of geranylgeranylated RhoB
s protein is associated with a loss of growth-transforming

Rho subfamilies of the Ras superfamily of small GTPases, "~ ) ) .
fungal pheromones, nuclear lamins, and GTP-binding pro- activity, Sl;ggestlng a Ras-independent mechanism for PFTase
’ ’ inhibitors:

teins are examples of prenylated,&X proteins. i i
The Ras proteins must be farnesylated in order to localize .A considerable a_mount of attention has begn. repgntly
to the inner surface of the plasma membrane where theydlrected to the protein prenyltransferases and their inhibitors.
participate in the signal transduction network that stimulates In contrast, only a few studies of the (@eX e_ndoproteases
have been reported. @aX prenylproteaseactivity has been

cell division*® Ras oncogenes, which produce defective ed i 90 rat'! and bovind?13 b h
forms of the proteins, are involved in several forms of cancer, reported in yeast, rat,;~ and bovin membrane homo-

including those of the pancreas, colon, and lung, and geri?t%sl,z??gi_rilie rat an(tj bovine G‘inzifst hiave bed_en partially
inhibition of farnesylation can reverse oncogenic phenotypes. puritied: ese proleases selectively cleav alpep-
tides and gX tripeptides from substrates with prenylated
T Abbreviations: AFC,a-factor converting enzyme; A-alanine; D, Carboxy'_termmal C(prenyla, and C(prenyl)@x mOt'fS_'
L-aspartic acid; ©-Bz)S, (©-benzyl)i-serine; O-Bz)T, (O-benzyl)+- Two different genespFC1andRCEZ encoding proteins

threonineN-BOC, N-tert-butoxycarbonyl; (#Cbz)K, (Nf-carbobenzyloxy)- with CayapX prenyl protease activity have been identified in
L-lysine; DCC,N-N-dicyclohexylcarbodiimide; DMF, dimethylformamide; 16 . h

EDTA, ethylenediaminetetraacetic acid;.Fphenylalanine; FABMS, fast yeast.> a-Factor C(_)rivert|ng enzyme (AFC) ) as @x
atom bombardment mass spectroscopy; G, glyciner-@utamine; E, prenyl protease activity but also cleaves prarating factor
L-glutamic acidit;,, HPLC retention time; HOBtN-hydroxybenzotriazole; toward the N-terminus. Ras amefactor Converting enzyme

I, L-isoleucine; L,L-leucine; M,L-methionine; monoBz, monobenyl ester; -

PhG,p-phenylglycine; PMSF, phenylmethylsulfonyl fluoride;Pproline; (RCE) has CegX prenyl protease activity and shows selec-
PFTase, protein farnesyltransferase; RCE, Ras afattor converting tivity for processing Ras proteins. Both enzymes appear to
enzyme; S,L-serine; T, L-threonine; TFA, trifluoroacetic acid; THF, be polytopic integral membrane proteins that are localized
tetrahydrofuran; TLC, thin-layer chromatograpi®y; TLC retention time; . . .

V, L-valine; yRCE, yeast RCE. in the endoplasmic reticuludi.We recently reported con-

* To whom correspondence should be addressed. struction of a yeast expression system for overproduction of
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Scheme 1.Synthesis of Farnesylated CaaX Tetrapepfides ethanol and pyridine. Extended reflux (72 h) with vigorous
Using Kaiser's Resin Methodology mechanical stirring was required for the reaction to proceed
to completion. The loading capacity of the resin, based on
HON:C nitrogen present in the oxime moiety, was 908 mmol
Kaiser's p-Nitrobenzophenone Oxime Resin per gram.
N-BOC amino acids were activated with DCC/HOBL in
' a,b,ab,c THF at 0°C. Coupling was conducted in GEl,/triethyl-
amine with rotation of the suspension overnight. All of the
amino acids we studied loaded smoothly exceptNdOC-
= % Z (Sbenzyl)+-cysteine, which consistently gave truncated
o mixtures despite longer reaction times and use of DMF as a
AcNH CONH\)J\NH\)OJ\ cosolvent in the coupling reaction. It should be noted that
a Y O—N=C— the “&” amino acid is first attached to the resin followed by
! a, elongation of the peptide chain. This elongation order was
l exploited using various “X” amino acids to produce an array
d, e

S

of compounds from a single lot of loaded resin.

The N-BOC protecting group was removed with TFA in
CH_CI; by rotation for a minimum b1 h in order to avoid
e NF > > incomplete deprotection. Ethylmethyl sulfide was used as a
){ o cation scavenger for reactions with resins containing cysteine
AcNH CONH\_)J\NH\/[?\ or methionine residues. Peptide bonds betweamd a were
a, ;2

NH~_COH formed by neutralization of the resin TFA salt with triethy-

X lamine in the presence of the;"a.-amino acid HOBt active
1-63 ester in CHCI..

aReagents: (aN-BOC--amino acid, DCC, HOBt, THF then &, N-Acetyl-L-cysteine was alkylated using either farnesyl

ﬁg%CIz:T &blzTEA, %Lbcézﬁ (8 N(—(«;ﬂ)cizyl-sE.I_E—farn_ecfst/)l)t-cylsteine, DCIC' chloride or bromide in NEmethanol to give the optically
t, then , CH.Cly; (d) “X” L-amino acid benzyl ester tosylate, . . .

EtN, HOAc, CHCl5; (e) agq KOH, THF followed by acidification. active thioether according to the method of Brotn.
Activation of theN-acetyl thioether using DCC/HOBt in THF

yeast RCE (yRCE¥ The corresponding human gene Was accompanied by racemization of the chiral center to give
(hRCE2 has been identified. The yeast and huniROE1 a mixture of diastereomers upon coupling. The diastereomers
genes have also been expressed in insect’é@midies with ~ were used to expand the number of compounds in the library
RCE1deficient mice indicate that Ras proteins are mislo- and to probe the effect of stereochemistry at the cysteine
calized to the cytosol when endoproteolytic processing is center in the enzymatic inhibition assays. Control reactions
blocked?® These results suggest that selective potent inhibi- using the cysteine amino protecting group, 2-(trimethylsilyl)-
tors of RCE endoproteolytic activity are attractive targets ethoxycarbonyl carbamaté,gave no racemization during
for developing anticancer agents. activation by DCC/HOBt as determined BSC NMR and

The pioneering So|id_phase methods deve|oped by Mer- Clg HPLC. Racemization was also not detected during
rifield2! have greatly simplified the multistep synthesis of Synthesis of tripeptides usifg-BOC protection and DCC/
peptides. We incorporated solid-phase techniques into aHOBt activation. The synthesis of a representative farnesyl-
strategy for construction of a prenylated tetrapeptide®a  ated oxime resirl\-acetyl-&(E,Efarnesyl)-6,L)-cysteinyl)-
library. Various combinations of the @aX tetrapeptides  L-valinyl-L-isoleucinyl p-nitrobenzophenone oxime ester
were generated in good yield utilizing tipebenzophenone resin, is described in detail in the Experimental Section.
oxime ester methodology developed by DeGrado and Peptides were cleaved from the resin under mildly acidic
Kaiser?? The mildly acidic conditions used for cleaving the conditions using.-amino acid benzyl ester tosylates in &H
peptide from the resin were ideal for preserving the acid- Cl, in the presence of equal molar amounts of glacial acetic
sensitive farnesyl group in the prenylatedi&X library. In acid and triethylamine. In early experiments we found that
this paper, we report the synthesis of a family\sicetyl-  acetate salts af-amino acid benzyl esters in GEl, failed
(SE,Efarnesylated) CGaX tetrapeptides and evaluate the to remove the peptide. However, the rate of cleavage was
compounds as inhibitors of recombinant Rcelp endoproteasesubstantially greater for tosylate salts of the amino acid
using an avidir-biotin radioassay? benzyl esterd and the tosylate salts were compatible with
the acid sensitive farnesyl thioether.

The newly cleaved peptide benzyl esters were subjected

The p-nitrobenzophenone oxime ester resin was preparedto an aqueous workup to remove the slight excess of amino
on a 100 g scale using the method of DeGrado and Kaiseracid benzyl ester used in the cleavage reactions. However,
(Scheme 1%2 Briefly, p-nitrobenzophenone moieties were some amino acids, including-aspartate dibenzyl ester,
appended to polystyrene resin by a Friedetafts acylation, L-phenylalanine benzyl ester, anejlutamic acid dibenzyl
and the ketone moiety was converted to the correspondingester, were not sufficiently soluble in water and were
oxime by refluxing in hydroxylamine hydrochloride in removed by preparative TLC. The diastereomeric benzyl

Results and Discussion
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Table 1. Percent InhibitioA of Recombinant yRCE by Tetrapeptides

Lo 3
AcNH CONH\)LNH\i
a, az

= = =
S

NH~_ CO,H
X
amino acid amino acid

compd a 2 X % compd a =) X %
64 \Y | M 95 5% A D D 12
61° A (SBz)C DmonoBz 97 22 A (0BT D 7
63° (SBz)C F D monoBz 95 32 A M A 7
57 A | D monoBz 94 9,10 A D A 7
45 \Y% | A 93 13 A G A 3
46 (0-B2)T F D 92 51 S F D 2
60° A F D monoBz 89 53 D F D 2
40 A \% (N<¢-Chz)K 88 negative control 0
49 (N-Cbz)Kk  F D 83 50 A F D 0
41 A \Y (SBz)C 80 47 E F D 0
12 A L A 77 35 A | D 0
30 A (SBz)C A 72 33 A M D 0
16 A | A 70 25 A S D 0
38 A \Y M 68 34 A A D 0
43 A \Y | 68 24 A (0-Bz)S D 0
39 A \Y PhG 57 58 A Q D monoBz 0
55 A M D monoBz 54 36 A Q D 0
27 A (O-B2)T A 54 21 A PhG D 0
48 (0-B2)S F D 42 19 A E D 0
42 A V V 41 20 A G D 0
52 P F D 32 26 A T D 0
31 A PhG A 29 37 A P A 0
17 A F A 25 14 A Q A 0
29 A (N-Cbz)Kk A 23 11 A E A 0
56 A A D monoBz 19 15 A A A 0
28 A (0-Bz)S A 18 44 A V P 0
7,8 A \Y A 15 62¢ A \Y E 0
23 A (Ne-Cbz)K D 13 54 PhG F D 0
18 A L D 12 1,2 \Y A D 0

aTested in duplicate at 26M. P A mixture of diasteromers at the cysteine centek. mixture of diacid and monobenzyl ester.

estersl—10 were purified to homogeneity, and their struc- developed based on the biotinylated radiolabeled substrate
tures were confirmed by NMR and mass spectroscopy. 1-N-biotinyl-(13-N-succinimidyl-S{E,Efarnesyl)t-cysteinyl)-
The benzyl esters were saponified with KOH, and the L-valinyl-L-isoleucinyl+-[*“C]-alanine))-4,7,10-trioxatride-
progress of the reactions were monitored by TLC. Several canediaminés A nonhydrolyzable CaX protease inhibitor,
of the di- and tribenzyl esters were resistant to complete 64, reported by Ma et &’ was used as a positive inhibitor
hydrolysis despite addition of a slight excess of KOH. The control in the assays.
hydrolysis mixtures were acidified, and the peptide products The farnesylated tetrapeptides in our library were obtained
were extracted intan-butanol. Solvent was removed at in sufficient quantities to use in inhibitor assays. Since
reduced pressure, and the residues were triturated with diethykynthesis of all possible combinations of the naturally
ether to give the peptides as off-white solids. occurring amino acids at the thregag positions (20
Mixtures of acids and monobenzyl esters or cysteine possible combinations) was beyond the scope of the study,
diastereomers were easily resolved by either analytical TLC we decided initially to vary the side chain at the™position
on silica or by reversed-phase HPLC. The structures of the while fixing the “a” amino acid as -alanine. The “X” amino
acids and monobenzyl esters were confirmed by NMR and acid was either-alanine (nonpolar aliphatic side chain) or
mass spectroscopy, and their overall purity was determinedL-aspartate (polar side chain) in the first series of peptides.
by HPLC. Representative procedures for the cleavage andThe selection of targets was also guided by theaga

saponification steps are described firacetyl-&(E,E sequences present in nature for vertebrate GTP-binding
farnesyl)-0,L)-cysteinyl)+-valinyl-L-isoleucinylt. -alanine45 proteins and fungal mating factésand, more generally,
in the Experimental Section. by naturally occurring CaX sequences that are prenyl-

Mixtures of tetrapeptides diastereomeric at the cysteine ated?®
center, mixtures of free acids and monobenzyl esters, and The results of the inhibition studies (Table 1) are presented
the purified diastereomers, were evaluated as inhibitors ofin descending order of potency for inhibition of endopro-
recombinant yRCE using the avidin-mediated assay we teolysis catalyzed by recombinant yRCE. A tetrapeptide with
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Table 2. Purified Cysteine Center Diastereomer
Tetrapeptides and Percentage Inhibitiofi the Recombinant
yRCE

amino acid
compdRP a % X %
5¢ A Vv F 70
6°¢ A Vv F 33
16.0.45 A | A 66
16.0.61 A | A 71
38.0.59 A Vv M 57
38.0.49 A Vv M 60
39.0.36 A Vv PhG 48
39.0.46 A V PhG 65
12:0.38 A L A 39
12:0.58 A L A 54
29.0.39 A (N-Chbz)K A 23
290.32 A (N-Cbz)K A 16
7° A Vv A 21
8¢ A V A 11
9 A D A 9
10 A D A 4
27:0.45 A ©-B2)T A 7
27:0.33 A ©-B2)T A 11
3¢ A V G 4
4 A Vv G 1
1° A Vv D 0
2¢ A Vv D 0

aTested in duplicate at 2@M. ° Silica TLC; 1:10 MeOH:CHJ
containing 2.5% acetic acidDiastereomers were separated as
benzyl esters and then subjected to saponification.

the natural CaX sequence for yeasé-mating factor
(CVIA), 45, gave 93% inhibition under our standard screen-

Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 525

Table 3. Inhibition Concentrations (Ig) of Selected
Tetrapeptides

compd 1Go (uM)
64 0.103+ 0.01
45 3.3+0.1
57 17.6+£ 0.5
61 73+15
63 7.2+0.9
46 158+ 1.7

inhibition. Interestingly, no inhibition was seen for the
hydrophobicp-phenylglycine analogue.

The effect of the “X” amino acid on inhibitory activity
was evaluated by fixing the {a&” sequence as-alaninet-
valine. As seen for the other tetrapeptides, large aromatic
hydrophobic groups at the “X” position produced the most
potent inhibitors. TheN¢-Cbz)+-lysine @0) or (Sbenzyl)-
L-threonine 41) analogues gave 88% and 80% inhibition,
respectively. The methionin&§), isoleucine 43), phenyl-
glycine 39), valine @1), and phenylalanines( 6) tetrapep-
tides were moderate inhibitors. Compounds witflutamate
andL-aspartate at the “X” position and a glycine analogue
were not inhibitory.

The effect of stereochemistry for cysteine in the &4
sequence for purified diastereomers is shown in Table 2.
None of the stereoisomers was substantially more active than
its diastereomeric counterpart (see Table 2).

ICs0's were measured for a group of selected peptides (see
Table 3). The natural GaX sequence analoguks (fungal

ing conditions. Several trends were seen for the first seriesmating factor) ané4, the nonhydrolyzable analogue reported

of compounds. The three most potent pepti&s 61, and

by Ma et al.2” were included for comparison. Althoug

63, all contained an intact aspartate monobenzyl ester in thewas a slightly more potent inhibitor; peptidds, 57, 61,

“X” position. When the benzyl ester i57 was saponified,
the corresponding diaci®5, was inactive. In general, little
or no inhibitory activity was seen when » L-aspartate.
The most potent inhibitors (80% or greater inhibitory activity)
had isoleucine, valine, phenylalanine, 8enzyl)-cysteine
at the “g@” position. The results for valine or isoleucine were
anticipated based on their common occurrence iat@aaX
proteins found in nature. Howevarsphenylalanine is not
found at a for CaaX proteins, and $benzyl)+-cysteine

is not, of course, a natural amino acid. Finally, tetrapeptides
9, 10, 11, and 14 with polar amino acids at,avere poor

inhibitors. Our results are reminiscent of those made by Jangal .

and Gelb* with N-acetyl(farnesylated)Ga tripeptides,
where they found that peptides with hydrophobigasa
dipeptides were the best inhibitors.

On the basis of the potent inhibition seen &irand 63,
L-phenylalanine was selected as the’‘‘@ed amino acid,
and the “@” amino acid was varied with the “X” amino acid
fixed asL-aspartate. A slight excess of KOH was sufficient
to hydrolyze the benzyl esters, except for thosédfnd
63. When both of theL-aspartate carboxylates were free
acids, the most active compounds80% inhibition) in the
a series46 (a = (O-benzyl)t-threonine) andl9 (ag = (N<-
Cbz)+i-lysine), both contained large aromatic hydrophobic
groups at the “gd position. It is interesting to note that
tetrapeptided8 (ay = (O-benzyl)+-serine), which differed
from 46 by only a single methyl group, was only 50% as
potent. TheL-serine analoguesl, gave barely detectable

and 63 are all comparable td5 with the a-mating factor
CVIA sequence.

Conclusion

A strategy was developed for the solid-phase synthesis of
a library of farnesylated GaX tetrapeptides based on
Kaiser’s oxime methodology. The penultimate peptides were
cleaved from the resin with concomitant introduction of the
carboxy-terminal amino acid under mild acidic conditions
compatible with the sensitiv&farnesyl cysteinyl group.
Analysis of a small group of tetrapeptides established that
hydrophobic amino acid side chains were preferred at the
and X positions of the Ga,X moiety. These results
are being extended in a search for more potent inhibitors
for the Ras-selective endoproteases.

Experimental Section

General. Amino acids,N-BOC protected amino acids,
farnesyl bromide, farnesyl chloride, thrt-butyl dicarbonate,
N,N-dicyclohexylcarbodiimide, anN-hydroxybenzotriazole
and other chemicals were purchased from Aldrich Chemical
Co. Polystyrene resin was purchased from BioRa@limino
acid benzyl ester tosylates of glycinealanine,L-aspartic
acid, andL-phenylalanine were synthesized by Fischer
esterification using benzene, benzyl alcohol, pridluene-
sulfonic acid, followed by recrystallization from MeOH and
diethyl etherN-BOC protected derivatives of the other amino
acids were esterified usingd¢benzyl)-diisopropylisouréd
followed by N-BOC deprotection with TFA/CLKCI, in the
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presence of 1.0 equiv gi-toluenesulfonic acid. The non- filtration and washed with the four solvent wash protocol

hydrolyzable inhibitoi64, was synthesized as described by described above. The resin was dried under high vacuum

Ma et al?’ Yields are reported for solid peptides after overnight to afford 11.32 g of a tan solid.

chromatography, saponification, and ether precipitation. The N-BOC protecting group was removed from 0.51 g
THF was dried and distilled from Na/benzophenone,CH of theL-valinyl-L-isoleucinyl resin by rotation fol h using

Cl, was distilled from Cakl DMF was vacuum distilled from 2.5 mL of TFA in 10 mL of CHCl,. The resin was collected

CaH,. Analytical TLC was carried out on either E. Merck by filtration, washed with CkCl,, and dried in vacuo.

or Whatman precoated silica gel 60 plates (0.2 mm, N-Acetyl-S(E,E-farnesyl)t-cysteine (0.14 g, 0.39 mmol)

aluminum support). Preparative TLC was carried out using was converted to the HOBt active ester as described

E. Merck silica gel 60 glass backed platess @verse-phase  previously forN-BOC-.-isoleucine. The racemic active ester

HPLC was carried out using Vydac Protein and Peptide was isolated as described above. The active ester was added

column with monitoring at 214 nm. Solvents foggGHPLC to 0.51 g of the TFA salt of-valinyl-L-isoleucinyl resin in
were a gradient of 20% acetonitrile and 80% water to 80% CH,CI, followed by addition of 0.11 mL of anhydrous

acetonitrile and 20% water, each containing 0.1% v/v TFA. triethylamine (0.78 mmol). The suspension was rotated
H, 3C, and DEPT NMR spectra were obtained on a overnight, collected by filtration on a sintered glass funnel,

UNITY Varian 300 MHz spectrometer and are referenced and washed with the four solvent protocol. The resin was

to internal TMS or the residual signal for DMS@-at 2.50 dried under high vacuum overnight to afford 0.51 g of

ppm for'H or 39.5 ppm fo*C NMR. Optical rotations were  N-acetyl-G-(E,E-farnesyl)-0,L)-cysteinyl)+-valinyl-L-isole-

obtained in spectral grade solvents. Infrared spectra wereucinyl resin as a tan solid.

obtained as thin films on NaCl plates. Mass spectra were  General Peptide Cleavage and Saponification Proto-

obtained from the University of Utah Department of Chem- g N-Acetyl-(S-(E,E-farnesyl)-(o,L )-cysteinyl)+ -valinyl-

istry using either positive or negative ion FAB or electrospray | isoleucinyl-_.-alanine 45 Glacial acetic acid (6&L, 1.06

mass spectrometry. . _ mmol) and 148:L of anhydrous triethylamine (1.06 mmol)
Syntheses. General Peptide Coupling Pr.otocol: S_yn— were added to a slurry of 0.51 g df-acetyl-&(E,E-
thesis ofN-Acetyl-(S-(E,E-farnesyl)-(o,L )-cysteinyl)+ -vali- farnesyl)-0,L)-cysteinyl)+-valinyl-L-isoleucinyl resin and

nyl-L-isoleucinyl p-Nitrobenzophenone Oxime Ester Resin. (.36 gL-alanine benzyl ester tosylate (1.06 mmol) in 10 mL
A solution of 1.47 g of DCC (7.11 mmol) in 10 mL of THF  of anhydrous ChCl,. The slurry was rotated for 44 h. The
was added dropwise to a solution NEBOC--isoleucine  resin was collected by filtration and washed with three 20
(1.64 g, 7.11 mmol) and HOBt (0.96 g, 7.11 mmol) in 20 mL portions of CHCl,. The combined filtrates were washed
mL of anhydrous THF at 6C under nitrogen. The reaction  with 50 mL o 1 M aqueous acetic acid, 50 mL of saturated
mixture was stirred fo 3 h while warming to ambient  NaHCGQ; and 50 mL of brine. The organic phase was dried
temperature. Solid dicyclohexylurea was removed by filtra- over anhydrous MgSand filtered. Solvent was removed
tion through a plug of Celite, and the plug was washed with at reduced pressure to afford 0.15 g of a crude oil that was
ice cold THF. THF was removed in vacuo to afford the purified by preparative silica TLC (1:20 MeOH:CHglto
L-isoleucine active ester. afford 0.13 g of the benzyl ester as an oil.

The isoleucine active ester was dissolved in 100 mL of  KOH (1.34 mL, 0.25 M, 0.33 mmol) was added dropwise
anhydrous CkCl, and transferred to 10.0 g of Kaiser's tg a solution of the benzyl ester (0.13 g, 0.17 mmol) in 1.7
p-nitrobenzophenone oxime resin. Anhydrous triethylamine m|_ of freshly distilled THF. The mixture was stirred for 24
(0.91 mL, 6.52 mmol) was added, and the mixture was h at which time TLC analysis indicated no benzyl ester was
rotated under B overnight. The resin was collected by present. The THF was evaporated in vacuo, and the residue
suction filtration on a medium porosity sintered glass funnel was dissolved in 20 mL of distilled water. The aqueous phase
and washed with the following standard solvent wash \as extracted with 30 mL of diethyl ether, and the ether
protocol: (1) four 100 mL portions of Ci€l; (2) four 100 was discarded. The aqueous phase was acidified with 15 mL
mL portions of DMF; (3) four 100 mL portions of 2-pro-  of 1 M acetic acid, and the resulting milky white suspension
panol; and (4) four 100 mL portions of GBI,. The resin was extracted with three 25 mL portions of water-saturated

was dried under high vacuum overnight. n-butanol. The solvent was removed in vacuo, and the residue
N-BOC-.-valine (1.54 g, 7.11 mmol) was converted to was triturated with 10 mL of diethyl ether to afford a white

the HOBL active ester as described previouslyNeBOC- solid. This material was collected by filtration, washed with

L-isoleucine. The active ester was isolated in a manner similardiethyl ether, and dried in vacuo to afford 75 mg 48

to the process described above. (68%): *H NMR (DMSO-dg) 6 7.70-8.24 (m, 4, NH), 5.16

TheN-BOC-.-isoleucinyl resin was suspended in 160 mL (t, 1,J = 7.8 Hz, olefinic H), 5.06-5.10 (m, 2, olefinic H),
of anhydrous CHKCI,, 40 mL of TFA was added, and the 4.42-4.64 (m, 1,a CH), 4.08-4.26 (m, 3,a. CH), 3.10-
suspension was rotated fb h under nitrogen. The resinwas 3.25 (m, 2, allylic CHS), 2.46-2.60 (m, 2, CHS), 1.88-
collection by suction filtration on a medium porosity sintered 2.10 (m, 8, allylic CH), 1.84 (s, 3, COCHh), 1.83 (s, 3,
glass funnel, washed with four 100 mL portions of £, COCH;), 1.66-1.80 (m, 1,5 CH), 1.60-1.66 (s, 6, vinylic
and added to a solution aofvaline active ester in 100 mL  CHjg), 1.55 (s, 6, vinylic CH), 1.32-1.50 (m, 1, diaste-
of anhydrous CHKCI,. Following addition of 2.0 mL of reotopic CH), 1.24 (d, 3, CH), 0.98-1.16 (m, 1, diaste-
anhydrous triethylamine (14.21 mmol), the flask was rotated reotopic CH), 0.74-0.88 (m, 12, CH); *3C NMR (DMSO-
under nitrogen overnight. The resin was collected by suction ds) 6 173.94, 170.54, 170.45, 170.35, 169.20, 169.09, 138.28,



Synthesis of a Farnesylated CaaX Peptide Library

Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 527

134.56, 130.66, 124.14, 123.68, 120.36, 120.28, 57.63 (m),H), 5.02-5.10 (m, 2, olefinic H), 4.464.50 (m, 1,a CH),
56.44 (m), 52.39, 52.20, 47.52, 39.11, 36.72 (m), 32.84 (m), 4.28-4.36 (m, 1,a0 CH), 4.16-4.22 (m, 1,a CH), 3.74-
30.53 (m), 28.94, 28.68, 26.20, 25.92, 25.53, 24.18, 22.46,3.82 (m, 1, glycine CH, 3.16 (d, 2,J = 6.9 Hz, allylic
19.29, 19.17, 17.98, 17.58, 17.14, 15.82, 15.20, 11.00 ppm;CH,S), 2.76-2.78 (m, 1, CHS), 2.50-2.88 (m, 1, CHS),
HPLCtg = 16.01 (67%) and 17.18 (29%) min; Positive ion 1.88-2.08 (m, 9, allylic CH andj CH), 1.84 (s, 3, COC}J,

Electrospray MS: Calculated: 3¢Hs50N4O6S; m/z 651.4 (M
+ H), C3sHsgN4OsS1Nay m/z 673.4 (M + Na); Found: m/z
651.8 (M+ H), 673.7 (M+ Na).

Biotin/Avidin-Binding Protease Assays.Assays (5Q:L
total volume) contained AC-P139 membranes (Qug6of

protein), 25uM of the tetrapeptide being evaluated and the

radiolabeled (IN-Biotinyl-(13-N-succinimidyl-S{E,E-far-
nesyl)t-cysteinyl)t-valinyl-L-isoleucinylt-[14C]-alanine))-
4,7,10-trioxatridecanediamirt@jn 100 mM Tris buffer, pH

7.4, containing 0.5 mM 1,10-phenanthroline, and 1 mM
PMSF. Reactions were initiated by the addition of the

biotinylated substrate in 2/ of DMF (final concentration
of 2 uM). After incubation for 15 min at 37C, yRCE was
inactivated by heating at 8%C for 5 min. The incubation
mixtures were briefly cooled on ice, avidin resin (154D,

1.63 (s, 3, vinylic CH), 1.62 (s, 3, vinylic CH), 1.55 (s, 6,
vinylic CHs), 1.20 (d, 3,J = 6.9 Hz, CH), 0.84 (g, 6,J =
6.6 and 6.9 Hz, CkJ; HPLC tr = 12.16 min; Positive ion
FABMS using MeOH: Calculated: 4Hs1N4OsS; m/z 595
(M + H), Found: m/z595 (M + H); Negative ion FABMS
using MeOH: Calculated: £gH1N4OsS; mVz2593 (M — H),
Found: m'z593 (M — H).

4. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)+ -alaninyl-L-
valinyl-glycine (1 diastereomer): 11.5 m§d NMR (DMSO-
ds) 6 8.39 (d, 2,J = 7.2 Hz, NH), 8.18 (d, 1J = 7.5 Hz,
NH), 7.68 (d, 1J = 9.9 Hz, NH), 5.12-5.20 (m, 1, olefinic
H), 5.02-5.10 (m, 2, olefinic H), 4.464.50 (m, 1,a CH),
4.30-4.38 (m, 1,0 CH), 4.12-4.20 (m, 1,o. CH), 3.62-
3.82 (m, 1, glycine ChH), 3.14-3.18 (m, 2, allylic CHS),
2.62-2.72 (m, 1, CHS), 2.52-2.60 (m, 1, CHS), 1.88-

Pierce) was added, and the material was allowed to stand a2.10 (m, 9, allylic CH andfs CH), 1.83 (s, 3, COCBJ, 1.62
room temperature for 15 min with frequent mixing. Assay (br s, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.19 (d, 3J
buffer (150uL) was added, the tubes were centrifuged for 1 = 6.9 Hz, CH), 0.84 (t, 6,J = 5.7 and 6.0 Hz, Ch); HPLC

min, and radioactivity in a 200L sample of the supernatant
was measured by liquid scintillation spectrometry.

Library Compounds Obtained after Complete Saponi-
fication. 1. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)+ -alani-
nyl-L-valinyl-L-aspartic acid (1 diastereomer): 14.6 mg;
IH NMR (DMSO-dg) 6 8.05-8.15 (m, 3, NH), 7.68 (d, 1]
= 9.6 Hz, NH), 5.12-5.22 (m, 1, olefinic H), 5.065.10
(m, 2, olefinic H), 4.42-4.56 (m, 2,a CH), 4.10-4.18 (m,
1, a CH), 4.14-4.24 (m, 1,00 CH), 3.16 (d, 2J = 7.5 Hz,
allylic CH,S), 2.54-2.80 (m, 4, CHS and CHCO), 1.88-
2.10 (m, 9, allylic CH and$ CH), 1.84 (s, 3, COCEHJ, 1.63
(s, 3, vinylic CH), 1.61 (s, 3, vinylic CH), 1.55 (s, 6, vinylic
CH), 1.20 (d, 3J = 7.2 Hz, CH), 0.83 (g, 6,J = 6.9 Hz
and 7.2, CH); HPLCtg = 10.13 min; Positive ion FABMS
using the matrix glycerol/MeOH: Calculated:3853N,0sS;
m/z 653 (M + H), C32H52N40881Na1 m/'z 675 (M + Na);
Found: m/z 653 (M + H), 675 (M + Na).

2. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)+-alaninyl-L-
valinyl-L-aspartic acid (1 diastereomer): 13.1 mgd NMR
(DMSO-d¢) 0 8.34 (d, 1,J = 6.9 Hz, NH), 8.05-8.20 (m,
2, NH), 7.75 (d, 1, = 8.1 Hz, NH), 5.12-5.20 (m, 1,
olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.164.54 (m, 3,
o CH), 4.16-4.20 (m, 1,a CH), 3.14-3.20 (m, 2, allylic
CH;S), 2.52-2.72 (m, 4, CHS and CHCO), 1.88-2.10 (m,
9, allylic CH, and 3 CH), 1.83 (s, 3, COCE}J, 1.60-1.64
(m, 6, vinylic CHg), 1.55 (s, 6, vinylic CH), 1.20 (d, 3J =
6.9 Hz, CH), 0.82 (t, 6,J = 6.6 and 6.9 Hz, Ck); HPLC
tr = 10.99 min; High-resolution positive ion FABMS using
the matrix 3-nitrobenzyl alcohol/1:1 CHEMeOH: Calcu-
lated: Q2H53N40381 m/z653.3584 (NH‘ H), C32H52N40881-
Na 675.3404 (M+ Na). Found: m/z 653.3511 (M+ H),
675.3360 (M+ Na).

3. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)+L-alaninyl-L-
valinyl-glycine (1 diastereomer): 18.7 m§d NMR (DMSO-
ds) 6 8.24 (d, 2,J = 6.6 Hz, NH), 8.16 (d, 1) = 7.8 Hz,
NH), 7.64 (d, 1,J = 9.0 Hz, NH), 5.12-5.20 (m, 1, olefinic

tr = 12.64 min; Positive ion FABMS using MeOH:
Calculated: GoHs1N4OS; Mz 595 (M + H), Found: m/z
595 (M + H); Negative ion FABMS using MeOH: Calcu-
lated: GoH1gN4OsS; m/z 593 (M — H), Found: mvz 593
(M — H).

5. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)L-alaninyl-L-
valinyl-L-phenylalanine (1 diastereomer): 3.8 méid NMR
(DMSO-dg) 0 8.30—-8.38 (m, 1, NH), 8.16-8.22 (m, 2, NH),
7.64-7.74 (m, 1, NH), 7.147.26 (m, 5, aromatic H), 5.16
(t, 1,J = 6.9 and 8.1 Hz, olefinic H), 5.625.10 (m, 2,
olefinic H), 4.24-4.56 (m, 3,a CH), 4.10-4.20 (m, 1,a
CH), 3.006-3.25 (m, 3, allylic CHS and benzylic Ch),
2.98-3.10 (m, 1, allylic CHS), 2.82-2.96 (m, 1, CHS),
2.62-2.76 (m, 1, CHS), 1.88-2.10 (m, 9, allylic CH and
B CH), 1.83 (s, 3, COCEH), 1.62 (br s, 6, vinylic CH), 1.55
(s, 6, vinylic CH;), 1.10-1.26 (m, 3, CH), 0.70-0.90 (m,
6, CH); HPLC tg = 14.85 min; Positive ion FABMS using
the matrix glycerolt-butanol: Calculated: £Hs/N4sOeS; m'z
685 (M + H), Found: m/z 685 (M + H).

6. N-Acetyl-(S(E,E-farnesyl)-cysteinyl)+L-alaninyl-L-
valinyl-L-phenylalanine (1 diastereomer): 9.1 méid NMR
(DMSO-dg) 0 8.12-8.24 (m, 3, NH), 7.587.72 (m, 1, NH),
7.14-7.28 (m, 5, aromatic H), 5.16 (t, J,= 6.9 and 8.1
Hz, olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.244.54
(m, 3,a CH), 4.10-4.20 (m, 1,a CH), 3.00-3.25 (m, 3,
allylic CH,S and benzylic Ch, 2.98-3.10 (m, 1, allylic
CH,S), 2.83-2.94 (m, 1, CHS), 2.68-2.78 (m, 1, CHS),
1.88-2.10 (m, 9, allylic CH andp CH), 1.84 (s, 3, COCEHj,
1.63 (s, 3, vinylic CH), 1.61 (s, 3, vinylic CH), 1.55 (s, 6,
vinylic CHg), 1.12-1.26 (m, 3, CH), 0.74-0.86 (m, 6, CH);
HPLCtg = 14.61 min; Positive ion FABMS using the matrix
glycerolh-butanol: Calculated: £Hs;N4OsS; m/z 685 (M
+ H), Found: m/z 685 (M + H).

7. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)L-alaninyl-L-
valinyl-L-alanine (1 diastereomer): 1.7 mgtH NMR
(DMSO-dg) 6 8.36 (d, 1,J = 7.5 Hz, NH), 8.16-8.22 (m,
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2, NH), 7.64-7.74 (m, 1, NH), 5.16 (t, 1J = 6.9 and 7.5
Hz, olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.264.56
(m, 2,a CH), 4.06-4.22 (m, 2,a. CH), 3.10-3.24 (m, 2,
allylic CH,S), 2.62-2.76 (m, 2, CHS), 1.88-2.10 (m, 9,
allylic CH, andj CH), 1.83 (s, 3, COCH), 1.63 (br d, 6,
vinylic CHs), 1.55 (s, 6, vinylic CH), 1.14-1.32 (m, 6, CH)),
0.78-0.92 (m, 6, CH); HPLCtg = 12.52 min; Positive ion
FABMS using the matrix glyceraktbutanol: Calculated:
C31H53N406S: Mz 609 (M + H), Found: m/z 609 (M + H).

8. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)+L-alaninyl-L-
valinyl-L-alanine (1 diastereomer): 1.0 mgiH NMR
(DMSO-ds) 6 8.10-8.45 (m, 3, NH), 7.66-7.78 (m, 1, NH),
5.12-5.22 (m, 1, olefinic H), 5.025.10 (m, 2, olefinic H),
4.26-4.56 (m, 2,00 CH), 4.04-4.22 (m, 2,a. CH), 3.10-
3.24 (m, 2, allylic CHS), 2.68-2.80 (m, 2, CHS), 1.88-
2.10 (m, 9, allylic CH andp CH), 1.84 (s, 3, COCEJ, 1.63
(br d, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.18-1.34
(m, 6, CH), 0.78-0.92 (m, 6, CH); HPLCtg = 12.04 min;
Positive ion FABMS using the matrix glycerotbutanol:
Calculated: GHs3N4O6S; Mz 609 (M + H), Found: m/z
609 (M + H).

9. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)+-alaninyl-L-
aspartate4 -alanine (1 diastereomer): 4.0 mgH NMR
(DMSO-dg) 0 7.78-8.60 (m, 4, NH), 5.265.38 (m, 1,
olefinic H), 5.00-5.18 (m, 2, olefinic H), 4.044.80 (m, 4,
o CH), 3.10-3.20 (m, 2, allylic CHS), 2.50-2.80 (m, 4,
CH,S and CHCO), 1.88-2.10 (m, 8, allylic CH), 1.85 (s,
3, COCHy), 1.63 (s, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.08-1.30 (m, 6, CH); HPLC tr = 9.73 min; Positive ion
FABMS using the matrix glyceraktbutanol: Calculated:
Cs0HagN4OsS: m/z 625 (M + H), Found: m/z 625 (M + H).

10. N-Acetyl-(S-(E,E-farnesyl)-cysteinyl)L-alaninyl-L-
aspartated -alanine (1 diastereomer): 4.0 mgH NMR
(DMSO-dg) 6 7.90-8.50 (m, 4, NH), 5.265.32 (m, 1,
olefinic H), 5.00-5.12 (m, 2, olefinic H), 4.044.80 (m, 4,
o CH), 3.16-3.20 (m, 2, allylic CHS), 2.40-2.75 (m, 4,
CH,S and CHCO), 1.88-2.10 (m, 8, allylic CH), 1.85 (s,
3, COCH), 1.63 (s, 6, vinylic CH), 1.56 (s, 6, vinylic CH),
1.08-1.30 (m, 6, CH); HPLC tr = 9.23 min; Negative ion
FABMS using the matrix triethanolamimebutanol: Cal-
culated: GoH4sN4OsS; m/z 623 (M — H), Found: m/z 623
(M — H).

11. N-Acetyl-(S-(E,E-farnesyl)-(o,L)-cysteinyl)-L-alani-
nyl-L-glutamyl-L-alanine (2 diastereomers): 10.7 mé
NMR (DMSO-ds) 0 7.84-8.46 (m, 4, NH), 5.16 (t, 1) =
7.8 Hz, olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.38
4.50 (m, 1,0 CH), 4.20-4.36 (m, 2,0 CH), 4.10-4.16 (m,
1, CH), 3.16-3.20 (m, 2, allylic CHS), 2.62-2.80 (m, 1,
CH,S), 2.56-2.60 (m, 1, CHS), 2.25 (t, 2J=6.9 and 7.8
Hz, CH,CO), 1.88-2.10 (m, 8, allylic CH), 1.84 (s, 3,
COCH;), 1.83 (s, 3, COCH), 1.66-1.80 (m, 2, CH), 1.63
(br s, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.22 (t, 6,J
= 7.2 and 7.8 Hz, Ch); HPLC tg = 9.41 (39%) and 10.27
(54%) min; Positive ion FABMS using the matrix 3-ni-
trobenzyl alcohoti-butanol: Calculated: £Hs1N4OsS; Mz
639 (M + H), Found: m/z 639 (M + H).

12. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)--alani-
nyl-L-leucinyl-L-alanine (2 diastereomers): 26.3 mdH
NMR (DMSO-0g) 6 7.76-8.50 (m, 4, NH), 5.16 (t, 1J =

Dolence et al.

7.2 and 7.8 Hz, olefinic H), 5.025.10 (m, 2, olefinic H),
4.36-4.50 (m, 1,0 CH), 4.18-4.36 (m, 2,a. CH), 4.00-
4.16 (m, 1,a CH), 3.17 (d, 2J = 7.8 Hz, allylic CH:S),
2.62-2.80 (m, 1, CHS), 2.56-2.60 (m, 1, CHS), 1.88-
2.10 (m, 9, allylic CH and6 CH), 1.84 (s, 3, COC}J, 1.83
(s, 3, COCH), 1.63 (br s, 6, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.38-1.52 (m, 2,5 CHy), 1.16-1.30 (m, 6, CH),
0.78-0.92 (m, 6, CH); HPLC tg = 12.96 (48%) and 13.49
(47%) min; Positive ion FABMS using the matrix glycerol/
n-butanol: Calculated: £Hs:N4OsS; Mz 623 (M + H),
Found: m/z 623 (M + H).

Purified Diastereomers R; 0.38 (silica TLC using 1:10
MeOH:CHCE plus 2.5% v/v acetic acid, 2 elutions): 3.9
mg; *H NMR (DMSO-dg) 6 8.19 (d, 2,J = 8.1 Hz, NH),
8.03 (d, 1,0 = 8.1 Hz, NH), 7.69 (br d, 1, NH), 5.16 (t, 1,
J=7.2 and 7.8 Hz, olefinic H), 5.06 (t, 3,= 5.7 and 6.6
Hz, olefinic H), 4.44 (q, 1) = 13.8 Hz,a. CH), 4.12-4.32
(m, 2, CH), 3.77 (br s, 1. CH), 3.17 (d, 2J = 8.1 Hz,
allylic CH.S), 2.74 (dd, 1,J = 5.4 Hz, CHS), 2.506-2.60
(m, 1, CHS obscured by DMS@; signal), 1.88-2.10 (m,
9, allylic CH, ando CH), 1.84 (s, 3, COC}, 1.63 (s, 3,
vinylic CHg), 1.62 (s, 3, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.38-1.52 (m, 2,6 CHy), 1.24 (d, 3,J = 7.2 Hz,
CHs3), 1.16 (d, 3,J = 6.9 Hz, CH), 0.86 (d, 3,J = 6.3 Hz,
CHj3), 0.80 (d, 3J = 6.3 Hz, CH); HPLC tr = 14.60 min;
Positive ion electrospray MS: Calculateds dssN4OsS; m/z
623.4 (M + H), Cs:HsaN4OsSNay m/z 645.3 (M + Na);
Found: m/z 623.3 (M + H), m/z 645.3 (M + Na).

R 0.58 (silica TLC using 1:10 MeOH:CHgplus 2.5%
vlv acetic acid, 2 elutions): 3.3 mg1 NMR (DMSO-dg) 6
8.37 (d, 1, = 7.2 Hz, NH), 8.28 (d, 1J = 7.5 Hz, NH),
7.97 (d, 1,0 = 7.8 Hz, NH), 7.72 (d, 1J = 5.4 Hz, NH),
5.16 (t, 1,J = 7.2 and 8.4 Hz, olefinic H), 5.06 (t, 3,=
5.7 and 6.6 Hz, olefinic H), 4.43 (q, J,= 14.4 and 14.7
Hz, o CH), 4.14-4.32 (m, 2,a. CH), 3.87 (br s, 1o CH),
3.17 (d, 2,3 = 7.5 Hz, allylic CHS), 2.67 (dd, 1J = 6.6
and 6.3 Hz, CHS), 2.56-2.60 (m, 1, CHS obscured by
DMSO-Us signal), 1.88-2.10 (m, 9, allylic CH andd CH),
1.83 (s, 3, COCH), 1.63 (s, 6, vinylic CH), 1.55 (s, 6,
vinylic CH3), 1.38-1.52 (m, 2,5 CHy), 1.16-1.26 (m, 6,
CHs), 0.87 (d, 3,J = 6.3 Hz, CH}), 0.81 (d, 3,J = 6.3 Hz,
CHs); HPLC tgr = 15.14 min; Positive ion electrospray MS:
Calculated: GoH55N406S, mz623.4 (M+ H), CaH54N406S:-
Na; m'z 645.3 (M+ Na); Found: m/z 623.2 (M+ H), m/z
645.3 (M+ Na).

13. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)--alani-
nyl-glycinyl-L-alanine (2 diastereomers): 9.3 m§d NMR
(DMSO-dg) 6 7.90-8.50 (m, 4, NH), 5.125.25 (m, 1,
olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.384.50 (m, 1,
o CH), 4.10-4.36 (m, 2,a. CH), 3.70 (d, 2,J = 5.7 Hz,
glycine CH), 3.14-3.24 (m, 2, allylic CHS), 2.72-2.80
(m, 1, CHS), 2.56-2.60 (m, 1, CHS), 1.88-2.10 (m, 8,
allylic CHy), 1.85 (br s, 3, COCEHJ, 1.63 (br s, 6, vinylic
CHjy), 1.56 (s, 6, vinylic CH), 1.20-1.34 (m, 6, CH); HPLC
tr = 10.60 min; Mass Spectra: Positive ion FABMS using
the matrix 3-nitrobenzyl alcohaifbutanol: Calculated:
CogH47N4O6S; m/z567 (M + H), Found: m/z567 (M + H)

14. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-glutaminyl-L-alanine (2 diastereomers): 10.3 mt
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NMR (DMSO-dg) 6 7.80-8.46 (m, 4, NH), 7.24 (d, 1] =
5.4 Hz, CONH), 6.76 (s, 1, CONb), 5.17 (t, 1,J = 7.2
and 8.7 Hz, olefinic H), 5.025.12 (m, 2, olefinic H), 4.38
4.50 (m, 1,a CH), 4.16-4.34 (m, 2,a CH), 4.06-4.16 (m,
1,0 CH), 3.106-3.22 (m, 2, allylic CHS), 2.62-2.80 (m, 1,
CH;S), 2.56-2.60 (m, 4, CHS and CHCO), 1.88-2.16 (m,
10, allylic CH, and CH), 1.85 (s, 3, COCHk), 1.84 (s, 3,
COCH), 1.66-1.78 (m, 2, CH), 1.63 (br s, 6, vinylic Chj),
1.55 (s, 6, vinylic CH), 1.18-1.30 (m, 6, CH); HPLC tg
= 8.51 (57%) and 9.23 (43%) min; Positive ion FABMS
using the matrix 3-nitrobenzyl alcohotbutanol: Calcu-
lated: GiHs:Ns0;S; m/'z 638 (M + H), Found: nvz 638
(M + H).

15. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-_-alani-
nyl-L-alaninyl-L-alanine (2 diastereomers): 14.1 méi
NMR (DMSO-dg) 0 7.80-8.50 (m, 4, NH), 5.125.25 (m,
1, olefinic H), 5.02-5.12 (m, 2, olefinic H), 4.064.50 (m,
4,0 CH), 3.15-3.20 (m, 2, allylic CHS), 2.68-2.76 (m, 1,
CH,S), 2.50-2.60 (m, 1, CHS), 1.88-2.10 (m, 8, allylic
CH,), 1.85 (br s, 3, COCHJ, 1.63 (br s, 6, vinylic CH),
1.55 (s, 6, vinylic CH), 1.00-1.30 (m, 9, CH); HPLC tg
= 10.34 min; Positive ion FABMS using the matrix
3-nitrobenzyl alcohoti-butanol: Calculated: £H4oN4OsS;
m/z 581 (M + H), Found: m/z 581 (M + H).

16. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+ -alani-
nyl-L-isoleucinyl4 -alanine (2 diastereomers): 34.4 mi:
NMR (DMSO-dg) 6 8.10-8.40 (m, 3, NH), 7.66-7.76 (m,
1, NH), 5.12-5.25 (m, 1, olefinic H), 5.025.10 (m, 2,
olefinic H), 4.46-4.55 (m, 1,a CH), 4.25-4.38 (m, 1,a
CH), 4.06-4.22 (m, 2,a CH), 3.16-3.24 (m, 2, allylic
CH,S), 2.62-2.80 (m, 1, CHS), 2.56-2.60 (m, 1, CHS),
1.88-2.10 (m, 8, allylic CH), 1.84 (br s, 3, COC}J, 1.66—
1.80 (m, 1,3 CH), 1.63 (s, 6, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.38-1.50 (m, 1, diastereotopic G 1.15-1.30 (m,
6, CHg), 0.98-1.10 (m, 1, diastereotopic GH 0.74-0.90
(m, 6, CHy); HPLCtgr = 12.89 (54%) and 13.33 (46%) min;
Positive ion FABMS using the matrix glycerotbutanol:
Calculated: GHssN4OS; Mz 623 (M + H), Found: m/z
623 (M + H).

Purified Diastereomers R: 0.45 (silica TLC using 1:10
MeOH:CHC} plus 2.5% v/v acetic acid, 2 elutions): 3.0
mg; *H NMR (DMSO-dg) ¢ 8.16 (t, 2,J = 7.5 and 8.1 Hz,
NH), 7.74-7.90 (m, 2, NH), 5.17 (t, 1] = 6.9 and 7.8 Hz,
olefinic H), 5.00-5.10 (m, 2, olefinic H), 4.384.50 (m, 1,
o CH), 4.26-4.37 (m, 1,0 CH), 4.06-4.16 (m, 1,a CH),
3.80-3.94 (m, 1,0 CH), 3.16 (d, 2,J = 7.8 Hz, allylic
CH,S), 2.74 (dd, 1) = 5.4 and 5.7 Hz, CbS5), 2.50-2.60
(m, 1, CHS obscured by the DMS@s signal), 1.88-2.10
(m, 8, allylic CH,), 1.84 (s, 3, COCH), 1.70-1.80 (m, 1,5
CH), 1.63 (s, 3, vinylic CH), 1.62 (s, 3, vinylic CH), 1.55
(s, 6, vinylic CH), 1.32-1.46 (m, 1, diastereotopic GH
1.15-1.26 (m, 6, CH), 1.00-1.14 (m, 1, diastereotopic
CH,), 0.74-0.84 (m, 6, CH); HPLC tg = 13.85 min;
Positive ion electrospray MS: Calculatedz8ssN4OsS; m/'z
623.4 (M + H), CsHsaN4sOsSiNay miz 645.4 (M + Na);
Found: m/z 623.3 (M+ H), m/z 645.2 (M+ Na).

R: 0.61 (silica TLC using 1:10 MeOH:CHgplus 2.5%
vlv acetic acid, 2 elutions): 2.2 mg§1 NMR (DMSO-dg) 0
8.24-8.36 (m, 2, NH), 8.00 (d, 1] = 8.7 Hz, NH), 7.48 (d,
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1,J=5.1Hz, NH), 5.16 (t, 1) = 6.9 and 8.1 Hz, olefinic
H), 5.00-5.10 (m, 2, olefinic H), 4.444.54 (m, 1,o. CH),
4.30-4.42 (m, 1,a CH), 4.00-4.08 (m, 1,a. CH), 3.50-
3.62 (m, 1,a CH), 3.16 (d, 2,J = 7.8 Hz, allylic CHS),
2.69 (dd, 1,J = 6.3 and 6.0 Hz, Ck8), 2.56-2.60 (m, 1,
CH,S obscured by the DMS@s signal), 1.88-2.10 (m, 8,
allylic CHy), 1.84 (s, 3, COCh), 1.74-1.82 (m, 1,5 CH),
1.63 (s, 3, vinylic CH), 1.62 (s, 3, vinylic CH), 1.55 (s, 6,
vinylic CHs), 1.32-1.42 (m, 1, diastereotopic GH 1.24
(d,3,J=7.2Hz,CH), 1.12 (d, 3J = 6.6 Hz, CH), 1.00~
1.10 (m, 1, diastereotopic GH 0.76-0.86 (m, 6, CH);
HPLC tr = 14.34 min; Positive ion electrospray MS:
Calculated: GoH55N406S; mz623.4 (M+ H), CaoHs5N4O6S:-
Na, m/z 645.4 (M+ Na); Found: m/z 623.2 (M + H), m/z
645.2 (M+ Na).

17.N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-phenylalaninyl-L-alanine (2 diastereomers): 16.8 mg;
H NMR (DMSO-dg) 6 7.80-8.50 (m, 4, NH), 7.16-7.30
(m, 5, aromatic H), 5.16 (t, 11 = 6.9 and 7.8 Hz, olefinic
H), 5.00-5.10 (m, 2, olefinic H), 4.324.54 (m, 2,a CH),
4.06-4.26 (m, 2,0 CH), 3.00-3.25 (m, 4, allylic CHS and
benzylic CH), 2.50-2.85 (m, 2, CHS), 1.88-2.10 (m, 8,
allylic CH,), 1.84 (s, 3, COCHh), 1.63 (br s, 6, vinylic CH),
1.55 (s, 6, vinylic CH), 1.25-1.34 (m, 6, CH); HPLC tg
= 13.43 (49%) and 14.29 (51%) min; Positive ion FABMS
using the matrix glyceraof-butanol: Calculated: £HsaN4OsS,
m/z 657 (M + H), Found: m/z 657 (M + H).

18. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)- -alani-
nyl-L-leucinyl-L-aspartic acid (2 diastereomers): 25.3 mg;
H NMR (DMSO-dg) 6 7.80-8.40 (m, 4, NH), 5.16 (t, 1)
= 7.5 Hz, olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.38
4.50 (m, 2,a CH), 4.20-4.34 (m, 2,0 CH), 3.16-3.24 (m,
2, allylic CH,S), 2.56-2.90 (m, 4, CHS and CHCO), 1.88-
2.10 (m, 9, allylic CH and¢6 CH), 1.84 (s, 3, COC}J, 1.83
(s, 3, COCH), 1.63 (br s, 6, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.38-1.50 (m, 2,56 CHy), 1.21 (d, 3,J = 6.9 Hz,
CHg), 0.78-0.90 (m, 6, CH); HPLCtgr = 11.42 (52%) and
12.07 (48%) min; Negative ion FABMS using the matrix
3-nitrobenzyl alcoholi-butanol: Calculated: £Hs3N4OsS;
m/z 665 (M — H), Found: m/z 665 (M — H).

19. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)- -alani-
nyl-L-glutamyl-L-aspartic acid (2 diastereomers): 16.0 mg;
'H NMR (DMSO-dg) 6 7.86-8.40 (m, 4, NH), 5.16 (t, 1]
= 7.5 and 7.8 Hz, olefinic H), 5.025.10 (m, 2, olefinic H),
4.38-4.52 (m, 2,a CH), 4.20-4.36 (m, 2,a. CH), 3.08-
3.24 (m, 2, allylic CHS), 2.50-2.80 (m, 4, CHS and CH-
CO), 2.15-2.30 (m, 2, CHCO), 1.88-2.10 (m, 8, allylic
CHy), 1.84 (s, 3, COCh), 1.83 (s, 3, COCHh), 1.66-1.80
(m, 2, CH), 1.63 (br s, 6, vinylic CH), 1.55 (s, 6, vinylic
CH), 1.20 (d, 3J = 7.2 Hz, CH); HPLC tgr = 8.98 (39%)
and 9.83 (54%) min; Negative ion FABMS using the matrix
3-nitrobenzyl alcoholi-butanol: Calculated: £HsoN509S;
m/z 680 (M — H), Found: m/z 680 (M — H).

20. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl) -alani-
nyl-glycinyl-L-aspartic acid (2 diastereomers): 26.5 mg;
IH NMR (DMSO-ds) 6 8.02-8.42 (m, 4, NH), 5.16 (t, 1)
= 7.2 and 7.8 Hz, olefinic H), 5.025.10 (m, 2, olefinic H),
4.40-4.54 (m, 2,a CH), 4.20-4.34 (m, 1,a0 CH), 3.71 (d,
2,J=>5.7 Hz, glycine CH), 3.10-3.24 (m, 2, allylic CHS),
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2.50-2.82 (m, 4, CHS and CHCO), 1.88-2.10 (m, 8,
allylic CHy), 1.85 (s, 3, COCH), 1.84 (s, 3, COCHh), 1.63
(br s, 6, vinylic CH), 1.56 (s, 6, vinylic CH), 1.20-1.26
(m, 3, CH); HPLC tg = 9.25 (57%) and 9.86 (43%) min;
Negative ion FABMS using the matrix 3-nitrobenzyl alcohol/
n-butanol: Calculated: £H4sN4sOsS; m/z 609 (M — H),
Found: m/z 609 (M — H).

21. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-phenylglycinyl-L-aspartic acid (2 diastereomers):
30.6 mg;H NMR (DMSO-dg) 6 8.08-8.80 (m, 4, NH),
7.20-7.46 (m, 5, aromatic H), 5.445.64 (m, 1, benzylia.
CH), 5.10-5.20 (m, 1, olefinic H), 5.025.09 (m, 2, olefinic
H), 4.30-4.60 (m, 3,0 CH), 3.02-3.24 (m, 2, allylic CHS),
2.50-2.80 (m, 4, CHS and CHCO), 1.88-2.10 (m, 8,
allylic CH,), 1.84 (s, 3, COCHh), 1.63 (br s, 6, vinylic CHj),
1.55 (s, 6, vinylic CH), 1.18-1.26 (m, 3, CH); HPLC tr
=11.59 (53%) and 12.44 (47%) min; Negative ion FABMS
using glycerol: Calculated: $H49N4OsS; MVz 685 (M —
H), Found: m/z 685 (M — H).

22.N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -alani-
nyl-L-(O-benzyl)-threoninyl-L-aspartic acid (2 diastereo-
mers): 20.0 mgiH NMR (DMSO-dg) 6 7.76-8.36 (m, 4,
NH), 7.20-7.36 (m, 5, aromatic H), 5.185.20 (m, 1,
olefinic H), 5.02-5.09 (m, 2, olefinic H), 4.364.60 (m, 5,
o CH and benzylic Ch), 3.84-4.00 (m, 2,0 CH andj
CH), 3.04-3.24 (m, 2, allylic CHS), 2.50-2.90 (m, 4, CHS
and CHCO), 1.88-2.10 (m, 8, allylic CH), 1.84 (s, 3,
COCH), 1.82 (s, 3, COCHh), 1.63 (br s, 6, vinylic CH),
1.55 (s, 6, vinylic CH), 1.18-1.26 (m, 3, CH), 1.04-1.10
(m, 3, CHy); HPLCtr = 12.24 (66%) and 12.74 (34%) min;
Negative ion FABMS using the matrix glycernslbutanol:
Calculated: GgHs55N40eS; MVz 743 (M — H), Found: n/z
743 (M — H).

23. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-(Né-carbobenzyloxy)-lysinyl+ -aspartic acid (2 dia-
stereomers): 7.2 mgH NMR (DMSO-dg) 6 7.80-8.40 (m,
4, NH), 7.18-7.40 (m, 5, aromatic H), 5.16 (t, ,= 7.5
and 8.1 Hz, olefinic H), 5.06 (t, 11 = 6.0 Hz, olefinic H),
4.99 (s, 2, benzylic Ch), 4.38-4.54 (m, 2,a CH), 4.15-
4.35 (m, 2,a CH), 3.10-3.25 (m, 2, allylic CHS), 2.96-
3.00 (m, 2, CHN), 2.50-2.80 (m, 4, CHS and CHCO),
1.88-2.10 (m, 8, allylic CH), 1.84 (s, 3, COCH), 1.83 (s,
3, COCH), 1.63 (br s, 6, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.25-1.50 (m, 6, CH), 1.20 (d, 3J = 6.9 Hz, CH);
HPLC tg = 11.93 (42%) and 12.74 (58%) min; Negative
ion FABMS using the matrix glyceraitbutanol: Calcu-
lated: GiHgoNs010S; m/z 814 (M — H), Found: m/z 814
(M — H).

24.N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -alani-
nyl-L-(O-benzyl)-serinylL-aspartic acid (2 diastereo-
mers): 14 mgiH NMR (DMSO-ds) 6 7.96-8.40 (m, 4,
NH), 7.22-7.38 (m, 5, aromatic H), 5.16 (t, 1,= 7.5 and
7.8 Hz, olefinic H), 5.025.10 (m, 2, olefinic H), 4.26
4.66 (m, 6,00 CH and benzylic Ch), 3.52-3.55 (m, 2, serine
CHy), 3.06-3.24 (m, 2, allylic CHS), 2.56-2.90 (m, 4,
CH,S and CHCO), 1.88-2.10 (m, 8, allylic CH), 1.85 (s,
3, COCHy), 1.83 (s, 3, COCH), 1.63 (br s, 6, vinylic CH),
1.55 (s, 6, vinylic CH), 1.18-1.26 (m, 3, CH); HPLC tg
=11.71 (61%) and 12.36 (39%) min; Negative ion FABMS
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using the matrix glyceraibutanol: Calculated: £HsaN4OsS;
m/'z 729 (M — H), Found: m/z 729 (M — H).

25. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl) -alani-
nyl-L-serinyl-L-aspartic acid (2 diastereomers): 11.0 mg;
H NMR (DMSO-ds) 6 7.90-8.56 (m, 4, NH), 5.17 (m, 1,
olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.244.60 (m, 4,
o CH), 3.50-3.62 (m, 2, serine C§j, 3.08-3.24 (m, 2,
allylic CH,S), 2.50-2.95 (m, 4, CHS and CHCO), 1.88-
2.10 (m, 8, allylic CH), 1.85 (s, 3, COCH), 1.84 (s, 3,
COCH), 1.63 (br s, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.18-1.26 (m, 3, CH); HPLC tg = 8.20 (61%) and 8.95
(39%) min; Negative ion FABMS using the matrix glycerol/
n-butanol: Calculated: £H47N4OgS, m/z 639 (M — H),
Found: m/z 639 (M — H).

26. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl) -alani-
nyl-L-threoninyl-L-aspartic acid (2 diastereomers): 20.0
mg; *H NMR (DMSO-0s) 6 7.76-8.44 (m, 4, NH), 5.16 (t,
1,J=6.9 and 7.5 Hz, olefinic H), 5.025.10 (m, 2, olefinic
H), 4.94 (br s, 1, OH), 4.364.56 (m, 3,a CH), 4.12-4.22
(m, 1, a CH), 3.90-4.02 (m, 1,3 CH), 3.08-3.24 (m, 2,
allylic CH,S), 2.56-2.80 (m, 4, CHS and CHCO), 1.88-
2.10 (m, 8, allylic CH), 1.85 (s, 3, COCH), 1.84 (s, 3,
COCH), 1.63 (br s, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.20-1.24 (m, 3, CH), 0.98-1.08 (m, 3, CH); HPLCtgr =
8.82 (63%) and 9.60 (37%) min; Negative ion FABMS using
the matrix glycerolt-butanol: Calculated: £H4N4OgS; m'z
653 (M—H), Found: m/z 653 (M — H).

27.N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+ -alani-
nyl-L-(O-benzyl)-threoninyl-L-alanine (2 diastereomers):
39.0 mg;H NMR (DMSO-0g) 6 7.74-8.40 (m, 4, NH),
7.20-7.38 (m, 5, aromatic H), 5.285.20 (m, 1, olefinic H),
5.02-5.09 (m, 2, olefinic H), 4.324.56 (m, 5,a0 CH and
benzylic CH), 4.12-4.24 (m, 1,a CH), 3.906-4.02 (m, 1,
p CH), 3.10-3.20 (m, 2, allylic CHS), 3.06-3.08 (m, 1,
CH,S), 2.62-2.74 (m, 1, CHS), 1.88-2.10 (m, 8, allylic
CHy), 1.84 (s, 3, COCh), 1.82 (s, 3, COCHh), 1.63 (s, 3,
vinylic CHg), 1.60 (s, 3, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.20-1.32 (m, 6, CH), 1.08 (d, 3,J = 6.0, CHy);
HPLC tr = 16.19 (64%) and 16.58 (36%) min; Negative
ion FABMS using the matrix glyceraifbutanol: Calcu-
lated: GHssN4O;S; m/'z 699 (M — H), Found: m/z 699
(M — H).

Purified Diastereomers: R 0.33 (silica TLC using 1:10
MeOH:CHCE plus 2.5% v/v acetic acid): 4.6 m#$1 NMR
(DMSO-dg) 6 8.24-8.40 (m, 2, NH), 8.09 (d, 1J = 8.4
Hz, NH), 7.64 (br s, 1, NH), 7.207.36 (m, 5, aromatic H),
5.00-5.20 (m, 3, olefinic H), 4.324.56 (m, 4,a0 CH and
benzylic CH), 4.20-4.30 (m, 1,a. CH), 4.04-4.14 (m, 1,
o CH), 3.77 (br s, 13 CH), 2.98-3.22 (m, 2, allylic CHS),
2.68-2.84 (m, 1, CHS), 2.40-2.60 (m, 1, CHS partially
obscured by the DMS@ signal), 1.76-2.10 (m, 8, allylic
CH,), 1.84 (s, 3, COCHh), 1.63 (s, 3, vinylic CH), 1.59 (s,
3, vinylic CHg), 1.55 (s, 6, vinylic CH), 1.15-1.35 (m, 6,
CHs), 1.05 (d, 3,J = 5.7, CHy); HPLC tg = 16.71 min;
Positive ion electrospray MS: Calculateds85/N40;S; m/z
701.4 (M + H), CsHseN4O7SNay miz 723.4 (M + Na);
Found: m/z 701.8 (M+ H), m/z 723.7 (M + Na).

R 0.45 (silica TLC using 1:10 MeOH:CHgplus 2.5%
v/v acetic acid): 3.3 mgiH NMR (DMSO-dg) 6 8.28-8.40
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(m, 2, NH), 8.17 (d, 1J = 9.0 Hz, NH), 7.65 (br s, 1, NH),
7.20-7.38 (m, 5, aromatic H), 5.16 (t, J,= 6.6 and 7.8
Hz, olefinic H), 5.06 (t, 1J = 6.6 and 5.7 Hz, olefinic H),
4.38-4.56 (m, 4,00 CH and benzylic ChH), 4.20-4.28 (m,
1, a CH), 4.04-4.16 (m, 1,a. CH), 3.75 (br s, 15 CH),
3.08-3.22 (m, 2, allylic CHS), 2.64-2.76 (m, 1, CHS),
2.40-2.60 (m, 1, CHS partially obscured by the DMS@y
signal), 1.76-2.10 (m, 8, allylic CH), 1.83 (s, 3, COCH),
1.63 (s, 3, vinylic CH), 1.62 (s, 3, vinylic CH), 1.55 (s, 6,
vinylic CH3), 1.15-1.32 (m, 6, CH), 1.06 (d, 3,J = 6.0,
CHs); HPLCtg = 16.77 min; Positive ion electrospray MS:
Calculated: GHsN4O/S, m/z701.4 (M+ H), CaHseN4O7S-
Na; m/z 723.4 (M+ Na); Found: m/z 701.8 (M+ H), m/z
723.7 (M+ Na).

28. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-(O-benzyl)-serinyl+-alanine (2 diastereomers): 19.0
mg; *H NMR (DMSO-ds) 6 7.94-8.48 (m, 4, NH), 7.22
7.38 (m, 5, aromatic H), 5.185.20 (m, 1, olefinic H), 5.02
5.09 (m, 2, olefinic H), 4.384.60 (m, 4,o. CH and benzylic
CHy), 4.25-4.38 (m, 1,a CH), 4.16-4.24 (m, 1,a. CH),
3.55-3.70 (m, 2, serine C}), 3.06-3.24 (m, 2, allylic
CH,S), 2.62-2.78 (m, 1, CHS), 2.506-2.62 (m, 1, CHS),
1.88-2.10 (m, 8, allylic CH), 1.84 (s, 3, COCh), 1.82 (s,
3, COCH), 1.63 (s, 3, vinylic CH), 1.60 (s, 3, vinylic CH),
1.55 (s, 6, vinylic CH), 1.18-1.30 (m, 6, CH); HPLC tr
= 14.42 (55%) and 15.09 (45%) min; Negative ion FABMS
using the matrix glyceraitbutanol: Calculated: $gHs:N4O;S;
m/z 685 (M — H), Found: m/z 685 (M — H).

29. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -alani-
nyl-L-(Né-carbobenzyloxy)-lysinyl+ -alanine (2 diastereo-
mers): 27.0 mgtH NMR (DMSO-dg) 6 7.74-8.46 (m, 4,
NH), 7.20-7.40 (m, 5, aromatic H), 5.16 (t, 1,= 7.8 Hz,
olefinic H), 5.06 (t, 1,J = 5.7 and 6.6 Hz, olefinic H), 4.99
(s, 2, benzylic CH), 4.36-4.48 (m, 1,a. CH), 4.06-4.32
(m, 3,a CH), 3.10-3.25 (m, 2, allylic CHS), 2.906-3.00
(m, 2, CHN), 2.50-2.80 (m, 4, CHS and CHCO), 1.88-
2.10 (m, 8, allylic CH), 1.84 (s, 3, COCh), 1.83 (s, 3,
COCH), 1.63 (br s, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.25-1.55 (m, 6, CH), 1.25 (d, 3J = 7.2 Hz, CH), 1.21
(d, 3,J=7.2 Hz, CH); HPLCtr = 14.69 (55%) and 15.93
(45%) min; Negative ion FABMS using the matrix glycerol/
n-butanol: Calculated: £HeoNsOsS; miz 770 (M — H),
Found: m/z 770 (M — H).

Purified Diastereomers: R; 0.32 (silica TLC using 1:10
MeOH:CHCE plus 2.5% v/v acetic acid): 3.4 mgdi NMR
(DMSO-dg) 0 8.06-8.36 (m, 4, NH), 7.267.40 (m, 5,
aromatic H), 5.16 (t, 1) = 7.2 and 7.8 Hz, olefinic H),
5.02-5.10 (m, 1, olefinic H), 4.99 (s, 2, benzylic Gl
4.40-4.50 (m, 1,a CH), 4.20-4.34 (m, 1,a. CH), 4.02-
4.14 (m, 1,a CH), 3.60-3.90 (br s, 1o CH), 3.16-3.25
(m, 2, allylic CH,S), 2.96-3.00 (m, 2, CHN), 2.70-2.84
(m, 1, CHS), 2.26-2.60 (m, 3, CHS and CHCO), 1.76-
2.10 (m, 8, allylic CH), 1.85 (s, 3, COCh), 1.63 (s, 3,
vinylic CH3), 1.61 (s, 3, vinylic CH), 1.55 (s, 6, vinylic
CH;s), 1.25-1.70 (m, 6, CH), 1.10-1.30 (m, 6, CH); HPLC

tr = 15.45 min; Positive ion electrospray MS: Calculated:

C40H62N503S_L miz 772.4 (M + H), C40H61N5O7381Na1 m'z
794.4 (M+ Na); Found:m/z772.7 (M+ H), mz794.8 (M
+ Na).
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R 0.39 (silica TLC using 1:10 MeOH:CHgplus 2.5%
vlv acetic acid): 4.8 mgiH NMR (DMSO-dg) 6 8.34-8.48
(m, 3, NH), 8.14-8.22 (m, 1, NH), 7.247.40 (m, 5, aro-
matic H), 5.16 (t, 1) = 7.2 and 8.4 Hz, olefinic H), 5.06 (t,
2,J=>5.7 and 6.2 Hz, olefinic H), 4.90 (s, 2, benzylic §H
4.40-4.50 (m, 1,00 CH), 4.24-4.36 (m, 1,a. CH), 4.00-
4.12 (m, 1,a CH), 3.60-3.80 (br s, 1,0 CH), 3.10-3.25
(m, 2, allylic CH:S), 2.86-3.04 (m, 2, CHN), 2.64-2.76
(m, 1, CHS), 2.26-2.60 (m, 3, CHS and CHCO), 1.76-
2.10 (m, 8, allylic CH), 1.83 (s, 3, COCHh), 1.63 (s, 3,
vinylic CHgs), 1.62 (s, 3, vinylic CH), 1.55 (s, 6, vinylic
CHjg), 1.30-1.70 (m, 6, CH), 1.10-1.30 (m, 6, CH); HPLC
tr = 16.75 min; Positive ion electrospray MS: Calculated:
C40He2N508S;, mz772.4 ('VH‘ H), Found: m/z772.7 (M+
H).

30. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+ -alani-
nyl-L-(S-benzyl)-cysteinyl+ -alanine (2 diastereomers): 12.0
mg by HPLC;*H NMR (DMSO-ds) 6 7.94-8.56 (m, 4, NH),
7.18-7.36 (m, 5, aromatic H), 5.16 (t, J,= 7.8 and 7.2
Hz, olefinic H), 5.06 (t, 2J = 6.0 and 6.3 Hz, olefinic H),
4.36-4.58 (m, 2,a. CH), 4.08-4.34 (m, 2,a. CH), 3.75 (s,
2, benzylic CH), 3.08-3.24 (m, 2, allylic CHS), 2.50-
2.86 (m, 4, CHS), 1.88-2.10 (m, 8, allylic CH), 1.85 (s,
3, COCH), 1.82 (s, 3, COCH), 1.63 (br s, 6, vinylic CHj),
1.55 (s, 6, vinylic CH), 1.20-1.32 (m, 6, CH); HPLC tr
=17.06 (48%) and 18.05 (52%) min; Negative ion FABMS
using the matrix glycerol/25 mM NHHCO;: Calculated:
CaeHs53N406S, Mz 701 (M — H), Found: m/z 701 (M — H).

31 N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -alani-
nyl-L-phenylglycinyl-L-alanine (2 diastereomers): 25.0 mg;
H NMR (DMSO-ds) 6 8.10-8.68 (m, 4 NH), 7.26-7.44
(m, 5, aromatic H), 5.465.56 (m, 1,a CH), 5.16 (m, 1,
olefinic H), 5.06 (m, 2, olefinic H), 4.364.54 (m, 2,0 CH),
4.12-4.26 (m, 1,a CH), 3.02-3.24 (m, 2, allylic CHS),
2.62-2.76 (m, 1, CHS), 2.45-2.58 (m, 1, CHS obscured
by the DMSO¢s signal), 1.8742.10 (m, 8, allylic CH),
1.80-1.85 (m, 3, COCH), 1.58-1.64 (m, 6, vinylic CH),
1.55 (s, 6, vinylic CH), 1.28 (d, 3J = 7.5 Hz, CH), 1.12-
1.25 (m, 3, CH); HPLC tr = 13.08 (31%), 13.38 (22%)
and 13.85 (47%) min. These could not be resolved by
preparative HPLC; Positive ion FABMS using the matrix
glycerolh-butanol: Calculated: £Hs:N4sOsS; m/z 643 (M
+ H), Found: m/z 643 (M + H).

32. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl) -alani-
nyl-L-methioninyl-L-alanine (2 diastereomers): 21.6 mg;
H NMR (DMSO-dg) 6 7.82-8.46 (m, 4, NH), 5.17 (t, 1)
= 8.1 Hz, olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.16
4.48 (m, 4,a. CH), 3.12-3.22 (m, 2, allylic CHS), 2.62-
2.78 (m, 1, CHS), 2.45-2.58 (m, 3, CHS partially obscured
by the DMSO#d; signal), 1.88-2.10 (m, 8, allylic CH), 2.03
(s, 3, SCH), 2.02 (s, 3, SCh), 1.85 (s, 3, COCH), 1.83 (s,
3, COCHy), 1.70-1.80 (m, 2, CH)), 1.60-1.65 (m, 6, vinylic
CHj3), 1.55 (s, 6, vinylic CH), 1.27 (d, 3J = 7.2 Hz, CH),
1.20 (d, 3,0 = 7.2 Hz, CH); HPLC tr = 13.34 (44%) and
14.30 (42%) min; Positive ion Electrospray MS: Calcu-
lated: GiHs3sN4OsS, 'z 641.3 (M+ H), Found: m/z641.7
(M + H).

33. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl) -alani-
nyl-L-methioninyl-L-aspartic acid (2 diastereomers): 20.5
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mg; *H NMR (DMSO-ds) 6 7.84-8.42 (m, 4, NH), 5.16 (t,
1, J = 7.8 Hz, olefinic H), 5.02-5.10 (m, 2, olefinic H),
4.20-4.56 (m, 4,a CH), 3.106-3.24 (m, 2, allylic CHS),
2.50-2.80 (m, 4, CHS and CHCO), 2.36-2.48 (m, 2,
CH,S), 1.88-2.10 (m, 8, allylic CH), 2.02 (s, 3, SCbh),
2.01 (s, 3, SCh), 1.85 (s, 3, COCHh), 1.84 (s, 3, COCHh),
1.60-1.63 (m, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.20
(d, 3,J=6.9 Hz, CH); HPLCtgr = 11.21 (54%) and 12.18

(39%) min; Negative ion Electrospray MS: Calculated:

Cs2H42N4OsS, m'z 683.4 (M— H), Found: nVz683.4 (M—
H).

34. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+-alani-
nyl-L-alaninyl-L-aspartic acid (2 diastereomers): 15.8 mg;
IH NMR (DMSO-dg) 0 7.88-8.40 (m, 4, NH), 5.17 (t, 1J
= 7.5 and 8.4 Hz, olefinic H), 5.025.10 (m, 2, olefinic H),
4.38-4.54 (m, 2,00 CH), 4.20-4.34 (m, 2,a. CH), 3.10-
3.24 (m, 2, allylic CHS), 2.56-2.80 (m, 4, CHS and CH-
CO), 1.86-2.10 (m, 8, allylic CH), 1.85 (s, 3, COCH),
1.84 (s, 3, COCh), 1.60-1.63 (m, 6, vinylic CH), 1.55 (s,
6, vinylic CHs), 1.20 (m, 3, CH); HPLC tr = 9.30 (65%)

and 10.25 (35%) min; Negative ion Electrospray MS:

Calculated: GoH1sN4OsS; Mz 623.4 (M — H), Found: m/z
623.4 (M— H).

35. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -alani-
nyl-L-isoleucinyl+-aspartic acid (2 diastereomers): 32.9
mg; *H NMR (DMSO-ds) 6 8.10-8.40 (m, 3, NH), 7.64
7.76 (m, 1, NH), 5.16 (t, 1) = 7.2 and 7.8 Hz, olefinic H),
5.02-5.10 (m, 2, olefinic H), 4.384.54 (m, 2. CH), 4.26-
4.38 (m, 1,a CH), 4.14-4.24 (m, 1,0 CH), 3.10-3.24 (m,
2, allylic CH;,S), 2.56-2.80 (m, 4, CHS and CHCO), 1.88-
2.10 (m, 8, allylic CH), 1.84 (s, 3, COCh), 1.83 (s, 3,
COCH), 1.65-1.78 (m, 1, CH), 1.581.64 (m, 6, vinylic
CHs), 1.55 (s, 6, vinylic CH), 1.32-1.50 (m, 1, diaste-
reotopic CH), 1.14-1.24 (m, 3, CH), 0.92-1.14 (m, 1,
diastereotopic Chj, 0.74-0.86 (m, 6, CH); HPLC tr =
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allylic CHy), 1.85 (s, 3, COCH), 1.83 (s, 3, COCH), 1.60—
1.64 (m, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.12-
1.32 (m, 8, CH and proline CH); HPLC tg = 11.09 (62%)
and 11.48 (36%) min; Positive ion Electrospray MS: Cal-
culated: G1H51N4O6S; m/z 607.4 (M+ H), C31H50N406S:-
Na 629.4 (M+ Na). Found:m/z607.4 (M+ H), 629.4 (M
+ Na).

38. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+ -alani-
nyl-L-valinyl-L-methionine (2 diastereomers): 16.4 mt
NMR (DMSO-dg) 6 7.70-8.40 (m, 4, NH), 5.16 (t, 1J =
7.8 Hz, olefinic H), 5.06-5.10 (m, 2, olefinic H), 4.08
4.52 (m, 4,a CH), 3.16 (d, 2J = 7.5 Hz, allylic CHS),
2.62-2.80 (m, 1, CHS), 2.40-2.60 (m, 3, CHS partially
obscured by the DMS@ signal), 1.76-2.10 (m, 11, allylic
CH,, 8 CHand CH), 2.01 (s, 3, SCh), 1.84 (s, 3, COCH),
1.83 (s, 3, COCH), 1.60-1.66 (m, 6, vinylic CH), 1.55 (s,
6, vinylic CHg), 1.16-1.24 (m, 3, CH), 0.78-0.88 (m, 6,
CHs); HPLC tg = 14.68 (50%) and 15.15 (34%) min;
Positive ion Electrospray MS: Calculated:33857N4OsS;
m/z 669.4 (M + H), Ca3Hs6N4sO0sSNa 691.4 (M + Na)
Found: m/z 669.7 (M+ H), 691.7 (M+ Na).

Purified Diastereomers: R 0.49 (silica TLC using 1:10
MeOH:CHCE plus 2.5% v/v acetic acid): 3.6 mg§d NMR
(DMSO-gp) 6 8.12-8.22 (m, 2, NH), 7.87 (d, 1J = 9.0
Hz, NH), 7.76-7.80 (m, 1, NH), 5.16 (t, 1J=7.2 and 8.1
Hz, olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.364.50
(m, 2,a CH), 4.04-4.14 (m, 1,a. CH), 3.90-4.00 (m, 1,0
CH), 3.15 (d, 2J = 7.5 Hz, allylic CH:S), 2.75 (dd, 1) =
4.8 and 5.4 Hz, CE8), 2.30-2.60 (m, 1, CHS obscured by
the DMSO¢; signal), 2.34-2.44 (m, 2, CHS), 1.85-2.10
(m, 8, allylic CH,), 1.99 (s, 3, SCh), 1.84 (s, 3, COCHh),
1.63 (s, 3, vinylic CH), 1.61 (s, 3, vinylic CH), 1.55 (s, 6,
vinylic CHs), 1.16-1.28 (m, 4,6 CH and CH), 0.82 (t, 6,
J = 6.0 Hz, CH); HPLC tr = 14.49 min; Positive ion
Electrospray MS: Calculated: 3¢Hs:N4OsS, m/z 669.4 (M

11.68 (57%) and 12.43 (37%) min; Negative ion Electrospray + H), CssHseN4OsS;Nay 691.4 (M+ Na). Found:m/z 669.3

MS: Calculated: GHsN,OsS; m/iz 665.4 (M — H),
Found: m/z 665.5 (M — H).

36. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -alani-
nyl-L-glutaminyl-L-aspartic acid (2 diastereomers): 12.8
mg; *H NMR (DMSO-ds) 6 7.86-8.40 (m, 4, NH), 7.16
7.28 (m, 1, diastereotopic CONH6.76 (s, 1, diastereotopic
CONH,), 5.17 (t, 1,J = 7.2 and 7.8 Hz, olefinic H), 5.02
5.10 (m, 2, olefinic H), 4.384.56 (m, 2,0 CH), 4.16-4.32
(m, 2, CH), 3.10-3.25 (m, 2, allylic CHS), 2.56-2.82
(m, 6, CHS and CHCO), 1.88-2.14 (m, 8, allylic CH),
1.85 (s, 3, COCH), 1.84 (s, 3, COCH), 1.65-1.76 (m, 2,
CHy), 1.60-1.64 (m, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.16-1.26 (m, 3, CH); HPLC tr = 8.01 (89%) and 8.86

(11%) min; Negative ion Electrospray MS: Calculated:

Cs2Hs51N506S; Mz 680.4 (M — H), Found: nVz 680.4 (M —
H).

37. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -alani-
nyl-L-prolinyl- L-alanine (2 diastereomers): 13.9 mdH
NMR (DMSO-dg) 6 8.02-8.38 (m, 4, NH), 5.16 (t, 1) =
6.9 and 8.1 Hz, olefinic H), 5.085.10 (m, 2, olefinic H),
4.38-4.56 (m, 2,a CH), 4.25-4.36 (m, 1,a. CH), 4.08-
4.22 (m, 1,0 CH), 3.406-3.65 (m, 2, NCH), 3.10-3.22 (m,
2, allylic CH,S), 2.25-2.80 (m, 4, CHS), 1.88-2.10 (m, 8,

(M + H), 691.3 (M+ Na).

R¢ 0.59 (silica TLC using 1:10 MeOH:CHgplus 2.5%
vlv acetic acid): 2.8 mgtH NMR (DMSO-ds) 6 8.30 (d, 1,
J=7.5Hz, NH), 8.19 (d, 1J = 8.4 Hz, NH), 7.90 (d, 1)
= 8.7 Hz, NH), 7.76-7.84 (m, 1, NH), 5.16 (t, 1] = 7.2
and 7.5 Hz, olefinic H), 5.06 (t, 1J = 7.2 and 5.4 Hz,
olefinic H), 4.44-4.54 (m, 1,a CH), 4.30-4.42 (m, 1,a
CH), 4.04-4.14 (m, 1,a CH), 3.90-4.02 (m, 1,o. CH),
3.17 (d, 2, = 8.1 Hz, allylic CHS), 2.68 (dd, 1J = 6.0
and 6.6 Hz, CHS), 2.46-2.58 (m, 1, CHS obscured by the
DMSO-ds signal), 2.36-2.44 (m, 2, CHS), 1.85-2.10 (m,
8, allylic CHy), 2.00 (s, 3, SCh), 1.84 (s, 3, COCHh), 1.63
(s, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.30-1.40 (m,
1,4 CH), 1.21 (d, 3J = 7.2 Hz, CH), 0.84 (t, 6, = 4.2
and 6.3 Hz, CH); HPLC tg = 15.10 min; Positive ion
Electrospray MS: Calculated: 3¢Hs:N4OsS, m/z 669.4 (M
=+ H), CasHseN4sOsS:Nay 691.4 (M+ Na). Found:m/z669.3
(M + H), 691.3 (M+ Na).

39. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-valinyl-L-phenylglycine (2 diastereomers): 34.2 mg;
'H NMR (DMSO-ds) 6 8.05-8.78 (m, 3, NH), 7.657.80
(m, 1, NH), 7.26-7.50 (m, 5, aromatic H), 5.37 (d, 1,=
7.8 Hz, benzylic CH), 5.27 (d, I,= 6.9 Hz, benzylic CH),
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5.16 (t, 1,J= 7.8 and 7.5 Hz, olefinic H), 5.605.10 (m, 2,
olefinic H), 4.24-4.52 (m, 3,a CH), 3.16-3.24 (m, 2, allylic
CH,S), 2.62-2.80 (m, 1, CHS), 2.46-2.58 (m, 1, CHS
partially obscured by the DMS@s signal), 1.88-2.10 (m,
8, allylic CH,), 1.85 (s, 3, COCH), 1.84 (s, 3, COCHh),
1.60-1.64 (s, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.16—
1.22 (m, 3, CH), 0.70-0.90 (m, 7,6 CH and CH); HPLC
tr = 15.12 (35%) and 15.73 (59%) min; Positive ion
Electrospray MS: Calculated: 36Hs55sN40S; Mz 671.4 (M
+ H), C35H54N40681Na1 693.4 (M+ Na) Found:m/z671.7
(M + H), 693.6 (M+ Na).

Purified Diastereomers: R; 0.36 (silica TLC using 1:10
MeOH:CHCE plus 2.5% v/v acetic acid): 2.5 mgi NMR
(DMSO-ds) 0 8.08-8.22 (m, 3, NH), 7.96-8.00 (m, 1, NH),
6.96-7.32 (m, 5, aromatic H), 5.37 (d, 1,= 7.8, benzylic
CH), 5.16 (t, 1,J = 7.8 and 8.1 Hz, olefinic H), 5.025.10
(m, 2, olefinic H), 4.58-4.68 (m, 1,a CH), 4.34-4.54 (m,
2, 0. CH), 4.06-4.16 (m, 1,00 CH), 3.14 (d, 2J = 8.1 Hz,
allylic CH,S), 2.76 (dd, 1J = 5.1 Hz, CHS), 2.46-2.58
(m, 1, CHS obscured by the DMS@s signal), 1.86-2.12
(m, 8, allylic CH,), 1.85 (s, 3, COCH), 1.63 (s, 3, vinylic
CHa), 1.62 (s, 3, vinylic CH), 1.55 (s, 6, vinylic CH), 1.14-
1.24 (m, 1,5 CH), 1.28 (d, 3J = 6.9 Hz, CH), 0.74-0.84
(m, 6, CHy); HPLCtr = 15.27 min; Positive ion Electrospray
MS: Calculated: GHzsN4OsS; Mz 671.4 (M + H),
CseHs54N40sS1Ney 693.4 (M + Na). Found: m/z 671.4 (M
+ H), 693.3 (M+ Na).

R: 0.46 (silica TLC using 1:10 MeOH:CHgplus 2.5%
vlv acetic acid): 1.7 mgtH NMR (DMSO-ds) 6 8.30 (d, 1,
J=7.2 Hz, NH), 8.16-8.20 (m, 2, NH), 8.01 (d, 11=8.1
Hz, NH), 7.12-7.38 (m, 5, aromatic H), 5.27 (d, 1= 6.9,
benzylic CH), 5.16 (t, 1) = 7.2 Hz, olefinic H), 5.07 (t, 2,
J=>5.1and 7.2 Hz, olefinic H), 4.82 (br s, &,CH), 4.35-
4.56 (M, 1,00 CH), 4.34-4.44 (m, 1,0. CH), 4.10-4.20 (m,
1,a CH), 3.16 (d, 2, = 8.1 Hz, allylic CHS), 2.69 (dd, 1,
J=6.3 Hz, CHS), 2.46-2.58 (m, 1, CHS obscured by the
DMSO-d; signal), 1.88-2.10 (m, 8, allylic CH), 1.83 (s, 3,
COCH), 1.63 (s, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.20-1.30 (m, 1,6 CH and CH), 0.78-0.86 (m, 6, CH);
HPLC tg = 15.82 min; Positive ion Electrospray MS:
Calculated: GeH55N406S: mz671.4 ('VH‘ H), CagH54N406S:1-
Na 693.4 (M+ Na). Found:m/z671.3 (M+ H), 693.2 (M
+ Na).

40. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-valinyl-L-(N¢-carbobenzyloxy)-lysine (2 diastereo-
mers): IH NMR (DMSO-ds) 6 8.06-8.40 (m, 3, NH), 7.66-
7.74 (m, 1, NH), 7.267.42 (m, 5, aromatic H), 5.16 (t, 1,
J = 7.5 and 7.8 Hz, olefinic H), 5.025.01 (m, 2, olefinic
H), 4.99 (s, 2, benzylic Ch), 4.38-4.52 (m, 1o CH), 4.28-
4.37 (m, 1,a CH), 4.15-4.24 (m, 1,0 CH), 4.04-4.14 (m,
1, CH), 3.16-3.25 (m, 2, allylic CHS), 2.96-3.04 (m, 2,
CHyN), 2.62-2.78 (m, 1, CHS), 2.50-2.58 (m, 1, CHS
partially obscured by the DMS@s signal), 1.88-2.10 (m,
8, allylic CH,), 1.84 (s, 3, COCH), 1.83 (s, 3, COCHh),
1.60-1.78 (m, 6, CH and vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.24-1.46 (m, 4, CH), 1.40-1.24 (m, 3, CH), 0.76~
0.94 (m, 6, CH); HPLCtgr = 17.18 (53%) and 17.99 (42%)
min; Positive ion Electrospray MS: Calculated;dseNsOsS;
m/z 800.4 (M+ H), Found: nVz 800.8 (M+ H).
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41. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+ -alani-
nyl-L-valinyl-L-(S-benzyl)-cysteing(2 diastereomers): 46.0
mg; *H NMR (DMSO-ds) 6 8.12-8.36 (m, 3, NH), 7.66
7.80 (m, 1, NH), 7.26-7.40 (m, 5, aromatic H), 5.16 (t, 1,
J = 7.8 Hz, olefinic H), 5.06 (t, 2J = 5.4 and 6.9 Hz,
olefinic H), 4.18-4.54 (m, 4,a CH), 3.70-3.82 (m, 2,
benzylic CH), 3.10-3.20 (m, 2, allylic CHS), 2.50-2.96
(m, 4, CHS), 1.88-2.10 (m, 8, allylic CH), 1.84 (s, 3,
COCH), 1.83 (s, 3, COCH), 1.58-1.66 (m, 6, vinylic CH),
1.55 (s, 6, vinylic CH), 1.25-1.44 (m, 1,5 CH), 1.16-
1.24 (m, 3, CH), 0.78-0.90 (m, 6, CH); HPLCtg = 17.86
(48%) and 18.28 (44%) min; Positive ion Electrospray MS:
Calculated: GgHgoN4OsS, Mz 731.4 (M+ H), Found: m/z
731.7 (M+ H).

42. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl) -alani-
nyl-L-valinyl-L-valine (2 diastereomers): 29.0 mti NMR
(DMSO-0s) 6 7.64-8.40 (m, 4, NH), 5.16 (t, .J=6.9 and
7.5 Hz olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.26
4.54 (m, 3,0 CH), 4.08-4.14 (m, 1,0 CH), 3.10-3.24 (m,
2, allylic CH,S), 2.62-2.78 (m, 1, CHS), 2.46-2.60 (m, 1,
CH,S partially obscured by the DMS@ signal), 1.88-
2.10 (m, 8, allylic CH), 1.84 (s, 3, COC#H), 1.83 (s, 3,
COCH), 1.60-1.66 (m, 6, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.14-1.24 (m, 3, CH), 0.78-0.92 (m, 12, CH);
HPLC tr = 14.47 (54%) and 15.02 (44%) min; Positive ion
Electrospray MS: Calculated: 3¢H47N40sS; MYz 637.4 (M
+ H), C33HeN4OsSNa 659.4 (M+ Na). Found:m/z637.7
(M + H), 659.7 (M+ Na).

43. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+ -alani-
nyl-L-valinyl-L-isoleucine(2 diastereomers): 33.0 mgji
NMR (DMSO-ts) 6 7.60-8.40 (m, 4, NH), 5.16 (t, 1J =
7.8 Hz, olefinic H), 5.06-5.10 (m, 2, olefinic H), 4.08
4.52 (m, 4,a CH), 3.08-3.25 (m, 2, allylic CHS), 2.62-
2.78 (m, 1, CHS), 2.46-2.60 (m, 1, CHS partially obscured
by the DMSO#ds signal), 1.88-2.10 (m, 8, allylic CH), 1.84
(br s, 3, COCH), 1.83 (br s, 3, COCEHJ, 1.66-1.80 (m, 1,
p CH), 1.60-1.66 (s, 6, vinylic CH), 1.55 (s, 6, vinylic
CHs), 1.32-1.50 (m, 1, diastereotopic GH 1.15-1.25 (m,
4, CH; and diastereotopic Gi 0.76-0.94 (m, 12, CH);
HPLCtr = 16.33 (48%) and 16.79 (46%) min; Positive ion
Electrospray MS: Calculated: 3¢Hs59N4OsS; MYz 651.4 (M
+ H), CaHsgN4OsSINa; 673.4 (M+ Na). Found:m/z651.8
(M + H), 673.6 (M+ Na).

44. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl) -alani-
nyl-L-valinyl-L-proline (2 diastereomers): 18.0 mdgH
NMR (DMSO-0g) 6 7.78-8.42 (m, 4, NH), 5.125.22 (m,
1, olefinic H), 5.02-5.10 (m, 2, olefinic H), 4.164.85 (m,
4, o0 CH), 3.40-3.80 (m, 2, NCH)), 3.10-3.22 (m, 2, allylic
CH,S), 2.62-2.80 (m, 1, CHS), 2.42-2.60 (m, 1, CHS
partially obscured by the DMS@s signal),1.88-2.10 (m,
8, allylic CH,), 1.80-1.85 (m, 7, COCHand proline CH),
1.60-1.64 (m, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.12-1.32 (m, 3, CH), 0.78-0.94 (m, 6, CH); HPLCtgr =
13.07 (15%), 13.49 (27%), 14.16 (50%), and 15.07 (8%)
min; Positive ion Electrospray MS: Calculated;3@ssNsOsS;
m/z 635.4 (M+ H), Found: m'z635.7 (M+ H).

45. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+ -valinyl-
L-isoleucinyld -alanine (2 diastereomers): 75.0 mdgH
NMR (DMSO-tg) 6 7.70-8.24 (m, 4, NH), 5.16 (t, 1J =
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7.8 Hz, olefinic H), 5.00-5.10 (m, 2, olefinic H), 4.42
4.64 (m, 1,a CH), 4.08-4.26 (m, 3,a CH), 3.16-3.25 (m,
2, allylic CH,S), 2.46-2.60 (m, 2, CHS), 1.88-2.10 (m, 8,
allylic CH,), 1.84 (s, 3, COCH), 1.83 (s, 3, COCH), 1.66—
1.80 (m, 1,3 CH), 1.60-1.66 (s, 6, vinylic CH), 1.55 (s, 6,
vinylic CH3), 1.32-1.50 (m, 1, diastereotopic GH 1.24
(d, 3, CH), 0.98-1.16 (m, 1, diastereotopic GH 0.74—
0.88 (m, 12, CH); 13C NMR (DMSO-ds) 6 173.94, 170.54,

Dolence et al.

8.66 (m, 4, NH), 7.087.40 (m, 10, aromatic H), 5.16.20
(m, 1, olefinic H), 5.06-5.09 (m, 2, olefinic H), 4.99 (s, 2,
benzylic CH), 4.30-4.50 (m, 2,a. CH), 3.95-4.20 (m, 2,
o CH), 3.00-3.30 (m, 4, benzylic CkHand allylic CHS),
2.25-2.95 (m, 6, CHN, CH,S and CHCO), 1.86-2.08 (m,
8, allylic CH), 1.85 (s, 3, COCH), 1.83 (s, 3, COCH),
1.62 (s, 6, vinylic CH), 1.50-1.55 (m, 6, vinylic CH),
1.10-1.45 (m, 4, CH); HPLC tr = 21.31 (43%) and 21.91

170.45, 170.35, 169.20, 169.09, 138.28, 134.56, 130.66,(43%) min; Positive ion Electrospray MS: Calculated:
124.14, 123.68, 120.36, 120.28, 57.63 (), 56.44 (M), 52.39, C47HaNsO10S, Mz 892.4 (M+ H), CirHeeNsO105:Nay 914.4
52.20, 47.52, 39.11, 36.72 (m), 32.84 (m), 30.53 (M), 28.94, (M + Na), Ci7HeeNsO10S:K1 930.4 (M + K), Found: mvz
28.68, 26.20, 25.92, 25.53, 24.18, 22.46, 19.29, 19.17, 17.98892.6 (M+ H), 914.6 (M+ Na), 930.6 (M+ K); Negative

17.58, 17.14, 15.82, 15.20, 11.00 ppm; HPtC= 16.01
(67%) and 17.18 (29%) min; Positive ion Electrospray MS:
Calculated: GH5N406S, m/z651.4 (M+ H), CaHs5gN406S1-
Na; m/z673.4 (M+ Na); Found:m/z651.8 (M+ H), 673.7
(M + Na).

46. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-(O-
benzyl)-threoninyl-L-phenylalaninyl-L-aspartic acid (2 di-
astereomers): 9.0 mdgH NMR (DMSO-dg) 6 7.86-8.26
(m, 4, NH), 7.08-7.38 (m, 10, aromatic H), 5.166.20 (m,
1, olefinic H), 5.06-5.09 (m, 2, olefinic H), 4.244.66 (m,
6, a CH and benzylic Ch), 3.82-3.94 (m, 15 CH), 3.10-
3.20 (m, 4, benzylic CkHand allylic CHS), 2.50-2.90 (m,
4, CH:S and CHCO), 1.88-2.08 (m, 8, allylic CH), 1.85
(s, 3, COCH), 1.83 (s, 3, COCH), 1.63 (s, 3, vinylic CH),
1.60 (s, 3, vinylic CH), 1.54 (s, 6, vinylic CH), 0.98-1.08
(m, 3, CH); HPLCtg = 22.33 (31%) and 23.76 (69%) min;
Positive ion Electrospray MS: Calculated:s486:N40sS;
m/z 821.4 (M+ H), Found: m/z 821.7 (M+ H).

47.N-Acetyl-(S-(E,E-farnesyl)-(o,L)-cysteinyl)+ -glutamyl-
L-phenylalaninyl-L-aspartic acid (2 diastereomers): 82.0
mg; *H NMR (DMSO-dg) 6 7.72-8.38 (m, 4, NH), 7.16
7.30 (m, 5, aromatic H), 5.186.20 (m, 1, olefinic H), 5.08
5.09 (m, 2, olefinic H), 4.064.55 (m, 4,0 CH), 3.10-3.30
(m, 4, benzylic CH and allylic CHS), 2.16-2.50 (m, 6,
CH.S, CHCO), 1.88-2.09 (m, 8, allylic CH), 1.84 (br s,
3, COCH), 1.64-1.82 (m, 4, CH)), 1.58-1.62 (m, 6, vinylic
CHa), 1.55 (s, 6, vinylic CH); HPLC tgr = 18.40 (53%) and
18.65 (41%) min; Positive ion Electrospray MS: Calcu-
lated: GgHs7/NsOS; m/z 759.4 (M + H), CagHs6N500SK 1
m/'z 797.4 (M+ K); Found: m/z 759.7 (M+ H), 797.6 (M
+ K).

48. N-Acetyl-(S-E,E-farnesyl)-(p,L)-cysteinyl)-L-(O-
benzyl)-serinyl+ -phenylalaninyl-L-aspartic acid (2 dia-
stereomers): 66.0 mgH NMR (DMSO-ds) 6 7.64-8.44
(m, 4, NH), 7.16-7.38 (m, 10, aromatic H), 5.666.20 (m,
3, olefinic H), 4.36-4.60 (m, 6,a CH and benzylic Ch),
4.00-4.18 (m, 2,5 CH,), 3.10-3.60 (m, 4, benzylic CH
and allylic CHS), 2.26-2.94 (m, 4, CHS and CHCO),
1.88-2.08 (m, 8, allylic CH), 1.83-1.85 (m, 3, COCH),
1.58-1.64 (m, 6, vinylic CH), 1.54 (s, 6, vinylic CH);
HPLCtr = 22.57 (22%) and 23.01 (27%) min; Positive ion
Electrospray MS: Calculated: 46Hs7/N4O0sS; m/z 807.4 (M
+ H), Cu3Hs56N40eS:K1 m/z 845.4 (M + K), Found: m/z
807.7 (M+ H), 845.6 (M+ K).

49. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)—-(N¢-
carbobenzyloxy)-lysinyl+ -phenylalaninyl-L-aspartic acid
(2 diastereomers): 86.0 mfi NMR (DMSO-ds) 0 7.70—

ion electrospray MS: Calculated: 4#16sNs010S; Mz 890.4
(M — H), Found: m/z 890.6 (M — H).

50. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)- -alani-
nyl-L-phenylalaninyl-L-aspartic acid (2 diastereomers):
68.0 mg;H NMR (DMSO-dg) 6 7.92-8.34 (m, 4, NH),
7.12-7.26 (m, 5, aromatic H), 5.105.20 (m, 1, olefinic H),
5.00-5.09 (m, 2, olefinic H), 4.144.52 (m, 4. CH), 2.92-
3.30 (m, 4, allylic CHS and benzylic Ck), 2.40-2.86 (m,
4, CH;S and CHCO), 1.88-2.10 (m, 8, allylic CH), 1.84—
1.85 (m, 3, COCH), 1.59-1.65 (m, 6, vinylic CH), 1.55
(br s, 6, vinylic CH), 1.10-1.18 (m, 3, CH); HPLC tr =
19.09 (49%) and 19.84 (43%) min; Positive ion Electrospray
MS: Calculated: GgHs4N,OsS; m/z 701.4 (M + H),
CseHs3N40sS K1 Mz 739.4 (M+ K); Found: m/z701.6 (M
+ H), 739.5 (M+ K).

51 N-Acetyl-(S-(E,E-farnesyl)-(o,L)-cysteinyl)-+-serinyl-
L-phenylalaninyl-L-aspartic acid (2 diastereomers): 58.0
mg; *H NMR (DMSO-ds) 6 7.92-8.20 (m, 4, NH), 7.16
7.30 (m, 5, aromatic H), 5.266.20 (m, 1, olefinic H), 5.06
5.09 (m, 2, olefinic H), 4.184.56 (m, 4,o. CH), 3.40-3.60
(m, 2,8 CHy), 3.00-3.30 (m, 4, benzylic CkHand allylic
CH;S), 2.40-2.86 (m, 4, CHS and CHCO), 1.88-2.10 (m,
8, allylic CHy), 1.84-1.86 (m, 3, COCH), 1.59-1.65 (m,
6, vinylic CHs), 1.55 (s, 6, vinylic CH); HPLC tr = 18.31
(32%) and 18.73 (38%) min; Positive ion Electrospray MS:
Calculated: GgHs4N4sOS; Mz 717.4 (M+ H), CseHs3N4Og-
SiK; Mz 755.4 (M+ K); Found: m/z717.6 (M+ H), 755.5
M + K).

52. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-proli-
nyl-L-phenylalaninyl-L-aspartic acid (2 diastereomers):
52.0 mg;H NMR (DMSO-dg) 6 7.64-8.50 (m, 4, NH),
7.12-7.32 (m, 5, aromatic H), 5.105.25 (m, 1, olefinic H),
5.00-5.09 (m, 2, olefinic H), 4.264.80 (m, 4,0. CH), 3.40-
3.80 (m, 2, NCH)), 2.40-3.20 (m, 12, benzylic CH allylic
CH,S, CHS, proline CH and CHCO), 1.88-2.10 (m, 8,
allylic CHy), 1.87 (s, 3, COCH), 1.82 (s, 3, COCH), 1.63
(s, 6, vinylic CH), 1.55 (s, 6, vinylic CH); HPLCtg = 19.31
(52%) and 21.61 (46%) min; Positive ion Electrospray MS:
Calculated: GgHsgN4OsS; Mz 727.4 (M+ H), CsgHssN4OsS;-
Na; m/'z749.4 (M+ Na); Found:m/z727.5 (M+ H), 749.6
(M + Na).

53. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)1 -aspar-
tate-L-phenylalaninyl-L-aspartic acid (2 diastereomers):
85.0 mg;H NMR (DMSO-ds) 6 7.10-8.30 (m, 4, NH),
7.10-7.30 (m, 5, aromatic H), 5.285.20 (m, 1, olefinic H),
5.00-5.09 (m, 2, olefinic H), 4.364.60 (m, 4,0. CH), 2.90-
3.30 (m, 4, allylic CHS and benzylic Ck), 2.30-2.86 (m,
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6, CH;S and CHCO), 1.87-2.10 (m, 8, allylic CH), 1.80—
1.86 (m, 3, COCH), 1.58-1.65 (m, 6, vinylic CH), 1.55
(s, 6, vinylic CHy); HPLC tg = 17.71 min; Positive ion
Electrospray MS: Calculated: 3@154N4010S; mVz 745.4 (M
+ H), Found: m/z 745.6 (M + H).

54. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)+-phen-
ylglycyl-L-phenylalaninyl-L-aspartic acid (2 diastereo-
mers): 34.0 mgiH NMR (DMSO-dg) 6 8.12-8.78 (m, 4,
NH), 7.04-7.34 (m, 10, aromatic H), 5.466.60 (m, 1,a
CH), 5.00-5.20 (m, 3, olefinic H), 4.364.70 (m, 3,o CH),
2.80-3.50 (m, 4, allylic CHS and benzylic Ck), 2.40-
2.75 (m, 6, CHS and CHCO), 1.88-2.10 (m, 8, allylic
CH,), 1.82-1.87 (m, 3, COCH), 1.55-1.65 (m, 6, vinylic
CH), 1.55 (s, 6, vinylic CH); HPLCtgr = 21.88 (59%) and
22.27 (21%) min; Positive ion Electrospray MS: Calcu-
lated: GiHseN4OsS; MYz 763.4 (M+ H), Found: m/z 763.6
(M + H).

Library Compounds — Pure Monobenzyl Esters: 55
N-Acetyl-(S-E,E-farnesyl)-(p,L)-cysteinyl+-alaninyl-L-me-
thioninyl- L-aspartic acid monobenzyl ester(2 diastereo-
mers): 'H NMR (DMSO-ds) 6 7.84-8.42 (m, 4, NH), 7.28
7.42 (m, 5, aromatic H), 5.16 (t, 1,= 7.2 Hz, olefinic H),
5.02-5.10 (m, 4, benzylic and olefinic H), 4.5%.65 (m,
1,0 CH), 4.206-4.48 (m, 3, CH), 3.10-3.20 (m, 2, allylic
CH;S), 2.56-2.90 (m, 4, CHS and CHCO), 2.36-2.48 (m,
2, CH:S), 1.86-2.10 (m, 8, allylic CH), 2.02 (s, 3, SCHh),
2.01 (s, 3, SCHh), 1.84 (s, 3, COCH), 1.83 (s, 3, COCHh),
1.60-1.64 (m, 6, vinylic CH), 1.55 (s, 6, vinylic CH), 1.20
(d, 3,J=6.9 Hz, CH); HPLCtr = 16.98 (60%) and 17.62
(34%) min; Negative ion Electrospray MS: Calculated:
CsoH47N4OsS, Mz 773.4 (M— H), Found: m/z773.4 (M—
H).

56. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-alaninyl-L-aspartic acid monobenzyl ester(2 dia-
stereomers)H NMR (DMSO-ds) 6 7.86-8.40 (m, 4, NH),
7.28-7.42 (m, 5, aromatic H), 5.17 (m, 1, olefinic H), 5:062
5.10 (m, 4, benzylic and olefinic H), 4.52.64 (m, 1,a
CH), 4.38-4.48 (m, 1,a CH), 4.20-4.34 (m, 2,a. CH),
3.14-3.20 (m, 2, allylic CHS), 2.56-2.90 (m, 4, CHS and
CH,CO), 1.88-2.10 (m, 8, allylic CH), 1.84 (s, 3, COCH),
1.83 (s, 3, COCH), 1.60-1.64 (m, 6, vinylic CH), 1.55 (s,
6, vinylic CHg), 1.16-1.24 (m, 6, CH); HPLC tr = 15.80
(68%) and 16.44 (32%) min; Negative ion Electrospray
MS: Calculated: GHs3N4sOsS; m/z 713.4 (M — H),
Found: m/z 713.4 (M — H).

57. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-isoleucinyl+-aspartic acid monobenzyl ester (2
diastereomers)!H NMR (DMSO-dg) 6 8.12-8.40 (m, 3,
NH), 7.64-7.76 (m, 1, NH), 7.287.42 (m, 5, aromatic H),
5.16 (t, 1,J = 7.2 and 7.8 Hz, olefinic H), 5.025.10 (m, 4,
benzylic and olefinic H), 4.524.64 (m, 1,a CH), 4.38-
4.48 (m, 1,0 CH), 4.26-4.22 (m, 1,a CH), 4.14-4.22 (m,
1,0 CH), 3.106-3.20 (m, 2, allylic CHS), 2.56-2.90 (m, 4,
CH,S and CHCO), 1.88-2.10 (m, 8, allylic CH), 1.84 (s,
3, COCH;), 1.83 (s, 3, COCh), 1.65-1.80 (m, 1, CH),
1.58-1.64 (m, 6, vinylic CH), 1.55 (s, 6, vinylic CH),
1.32-1.46 (m, 1, diastereotopic GH 1.14-1.24 (m, 3,
CHs), 0.96-1.10 (m, 1, diastereotopic GH 0.72-0.84 (m,
6, CHs); HPLC tg = 18.03 (68%) and 18.33 (32%) min;
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Positive ion Electrospray MS: Calculated:4086:N40sS;
m/z757.4 (M+ H), CsoHeoN2OsSi1Nay m/z 779.4 (M+ Na);
Found: mz 757.5 (M+ H), 779.5 (M+ Na).

58. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-glutaminyl- L-aspartic acid monobenzyl ester(2
diastereomers)!H NMR (DMSO-ds) 6 7.86-8.40 (m, 4,
NH), 7.10-7.40 (m, 5, aromatic H), 7.207.26 (m, 1,
diastereotopic CONH), 6.77 (s, 1, diastereotopic CONK
5.16 (t, 1,J = 8.4 and 9.0 Hz, olefinic H), 5.625.10 (m, 4,
benzylic and olefinic H), 4.524.64 (m, 1,a CH), 4.38-
4.50 (m, 1,0 CH), 4.16-4.32 (m, 2,0 CH), 3.14-3.20 (m,

2, allylic CH,S), 2.56-2.88 (m, 6, CHS and CHCO), 1.86-
2.14 (m, 8, allylic CH), 1.85 (s, 3, COCH), 1.84 (s, 3,
COCH), 1.65-1.76 (m, 2, CH), 1.60-1.64 (m, 6, vinylic
CHg), 1.55 (s, 6, vinylic CH), 1.16-1.26 (m, 3, CH); HPLC

tr 12.85 (66%) and 13.76 (34%) min; Positive ion
Electrospray MS: Calculated: 3¢H5gNs0sS, mVz 772.4 (M

+ H), C3oH57N509S; Ny m/z 794.4 (M+ Na); Found: m/z
7725 (M+ H), 794.5 (M+ Na).

Library Compounds Derived by Partial Saponification
of Benzyl Ester Protecting Groups — Mixtures: 59.
N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4-alaninyl-L-
aspartate+-aspartic acid (2 diastereomers)plus 15%
monobenzyl ester30.9 mg;*H NMR (DMSO-ds) 6 7.98-
8.46 (m, 4, NH), trace of 7.307.40 (m, 5 aromatic H from
the monobenzyl ester), 5.25%.22 (m, 1, olefinic H), 5.02
5.10 (m, 1, olefinic H), 4.374.64 (m, 3,a CH), 4.20-4.34
(m, 1,a CH), 3.16-3.24 (m, 2, allylic CHS), 2.50-2.82
(m, 6, CHS and CHCO), 1.88-2.10 (m, 8, allylic CH),
1.85 (s, 3, COCH), 1.63 (s, 3, vinylic CH), 1.62 (s, 3,
vinylic CHs), 1.55 (s, 6, vinylic CH), 1.14-1.24 (m, 3, CH);
HPLC tg = Triacid product at 9.19 (44.29%) and 9.82
(34.38%) mintr = Monobenzyl ester at 12.87 (6.68%) and
13.57 (8.01%) min; Positive ion Electrospray MS: Calcu-
lated: triacid GiH49N4O10S; Mz 669.4 (M+ H), monoben-
zyl ester GgHssN4O10S; MVz 759.4 (M+ H); Found: triacid
m/'z 669.4 (M+ H), monobenzyl estem/z 759.4 (M+ H).

60. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)- -alani-
nyl-L-phenylalaninyl-L-aspartic acid (2 diastereomers)
plus 48% mono benzyl esterl2.8 mg;*H NMR (DMSO-
ds) 0 7.84-8.40 (m, 4, NH), 7.127.40 (m, 10, aromatic H,
monobenzyl ester and phenylalanine), 5:520 (m, 1,
olefinic H), 5.11 (s, 2, benzylic H from monobenzyl ester),
5.02-5.09 (m, 2, olefinic H), 4.374.66 (m, 3. CH), 4.14-
4.26 (m, 1,a CH), 3.00-3.24 (m, 4, allylic CHS and
phenylalanine benzylic CH, 2.50-2.90 (m, 4, CHS and
CH,CO), 1.88-2.10 (m, 8, allylic CH), 1.85 (s, 3, COCH),
1.84 (s, 3, COCH), 1.59-1.64 (m, 6, vinylic CH), 1.55
(br s, 6, vinylic CH), 1.08-1.16 (m, 3, CH); HPLCtr =
Diacid product at 12.31 (23.6%) and 13.21 (25.6%) rxn,
= Monobenzyl ester at 16.46 (25.4%) and 16.91 (22.9%)
min; Negative ion Electrospray MS: Calculated: diacid
CseHsoN4OsS; m'z 699.4 (M — H), monobenzyl ester
Cu3HsgN4OsS; m'z789.4 (M— H); Found: diacidz 669.4
(M — H), monobenzyl estem/z 789.4 (M — H).

61 N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-(S-benzyl)-cysteinyl+-aspartic acid (2 diastereo-
mers) plus 42% monobenzyl esterl3.0 mg;*H NMR
(DMSO-ds) 6 8.00-8.46 (m, 4, NH), 7.26:7.40 (m, 10,
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aromatic H, monobenzyl ester ai@benzyl ether), 5.12
5.20 (m, 1, olefinic H), 5.09 (s, 2, benzylic H from
monobenzyl ester), 5.625.09 (m, 2, olefinic H), 4.464.66
(m, 3,00 CH), 4.24-4.36 (m, 1,a CH), 3.74 (s, 2S-benzylic
CHy), 3.12-3.24 (m, 2, allylic CHS), 2.56-2.92 (m, 6,
CH,S and CHCO), 1.88-2.10 (m, 8, allylic CH), 1.80-
1.86 (m, 3, COCH), 1.59-1.64 (m, 6, vinylic CH), 1.55
(br s, 6, vinylic CH), 1.18-1.26 (m, 3, CH); HPLC tr =
Diacid product at 12.54 (29.4%) and 13.29 (28.3%) mjin,
= Monobenzyl ester at 16.61 (23.8%) and 16.88 (18.4%)
min; Negative ion FABMS using the matrix glycenol/
butanol: Calculated: diacid #Hs3N4OsS, m/z 745 (M —
H), monobenzyl ester fHsiN4OgS, m/z 835 (M — H);
Found: diacidz 745 (M — H), monobenzyl estar/z 835
(M — H).

62. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)-L-alani-
nyl-L-valinyl-L-glutamic acid (2 diastereomersplus 34%
monobenzyl esterl3.0 mg;*H NMR (DMSO-dg) d 7.64—
8.40 (m, 4, NH), 7.287.40 (m, 5, aromatic H), 5.16 (t, 1,
J=7.2 and 7.5 Hz, olefinic H), 5.025.10 (m, 4, benzylic
and olefinic H), 3.98-4.52 (m, 4,a CH), 3.10-3.20 (m, 2,
allylic CH,S), 2.62-2.80 (m, 1, CHS), 2.56-2.60 (m, 1,
CH,S patrtially obscured by the DMS@) signal), 2.26-
2.45 (m, 2,CHCO), 1.88-2.10 (m, 8, allylic CH), 1.80—
1.86 (m, 3, COCHh), 1.66-1.80 (m, 2, CH), 1.63 (br s, 6,
vinylic CHg), 1.55 (s, 6, vinylic CH), 1.14-1.24 (m, 3, CH)),
0.76-0.90 (m, 6, CH); HPLC tr = Diacid product at 11.98
(25%) and 12.83 (18%) mity = Monobenzyl ester at 17.98
(20%) and 18.53 (13%) min; Positive ion Electrospray MS:
Calculated: diacid &HssN4sOgS; mVz 667.4 (M + H),
monobenzyl ester fHN4OsS; miz 757.4 (M + H);
Found: diacidm/z 667.7 (M + H), monobenzyl estem/z
757.7 (M+ H).

63. N-Acetyl-(S-(E,E-farnesyl)-(p,L)-cysteinyl)4 -(S-ben-
zyl)-cysteinylL-phenylalaninyl-L-aspartic acid (2 diaster-
eomers)plus 30% monobenzyl ested4.0 mg;H NMR
(DMSO-dg) 6 7.96-8.46 (m, 4, NH), 7.167.40 (m, 5,
aromatic H), 5.065.12 (m, 3, olefinic H), 4.264.70 (m,
4, oo CH), 3.62-3.80 (m, 2, benzylic Ch), 3.00-3.60 (m,
4, allylic CH,S and benzylic Ch), 2.40-2.96 (m, 6, CHS
and CHCO), 1.88-2.08 (m, 8, allylic CH), 1.86 (s, 3,
COCH), 1.85 (s, 3, COCH), 1.58-1.64 (m, 6, vinylic CH),
1.54 (s, 6, vinylic CH); HPLC tg = Diacid product at 22.47
(21%) and 23.35 (31%) miltg = Monobenzyl ester at 25.97
(11%) and 26.77 (11%) min; Positive ion Electrospray MS:
Calculated: diacid @HsgN4sOsS, m/z 823.4 (M + H),
monobenzyl ester £gHgN4OsS, Mz 913.4 (M + H);
Found: diacidm/z 823.6 (M + H), monobenzyl estem/z
913.7 (M+ H).
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