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molecular processes arises from the method analysis—
determination of K, for an intermolecular process often
requires a concentration titration which, for a small K.,
can be a substantial perturbation in the solvent compo-
sition. The analysis of an intramolecular process at a
constant concentration precludes complications from
changes in solvent activity.
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Fmoc amino acid chlorides have been shown to be useful reagents in the solid-phase synthesis of hexapeptides
containing up to four sequential secondary amino acids. The oxytocin antagonist cyclo-(p-Phe-Ile-p-Pip-Pip-
D-(N-Me)Phe-Pro) (1) was prepared in 70% overall yield starting from Boc-L-Pro-O-(PAM)-resin. In the synthesis
of 1, the high reactivity of Fmoc-L-pipecolic acid chloride used in the di- to tripeptide step averted diketopiperazine
formation seen with active ester couplings. The use of Fmoc-amino acid chlorides in the subsequent couplings
provided a rapid method for assembly of the linear hexapeptide. The two potent cyclic hexapeptide oxytocin
antagonists L-366,682 and L-366,948 were prepared in 456-48% overall yield on a 20 mmol scale using the
methodology developed for the synthesis of 1. A particularly difficult coupling was encountered that involved
acylation of a sterically hindered N°-Cbz-piperazic acid N-terminus with Fmoc-L-isoleucine. Excess Fmoc-L-
isoleucine acid chloride in the presence of tertiary amine base gave only 30% conversion. The efficiency was
improved to 76% by utilizing the acid chloride with AgCN in toluene. Further investigation revealed that this
combination of reagents produces an activated form of the isoleucine 2-alkoxy-5(4H)-oxazolone derivative.

Introduction

Ozxytocin (Figure 1) is a peptide hormone that plays a
key role in the initiation and maintainence of uterine
contractions associated with labor during pregnancy.?
Recent evidence supports the concept of oxytocin receptor
blockade as a new mechanism for treating preterm labor
to prevent premature birth.® The cyclic hexapeptide
L-365,209 (Figure 1), a chemically modified derivative of
a natural product isolated from Streptomyces silvensis,
is a member of a structurally novel class of oxytocin an-
tagonists* and has served as the basis for a medicinal
chemistry program aimed at improving its potency and
aqueous solubility.%8 1.-365,209 is a cyclic peptide con-
sisting of six amino acids of alternating configuration and
containing an N-methylated phenylalanine at position 6
and the unusual amino acid, dehydropiperazic acid, at
positions 4 and 5.7 We became interested in developing
a solid-phase peptide synthesis method for the rapid
production of L-365,209 analogs in order to define struc-
ture—-activity relationships for this novel class of antagonist.
The presence of four sequential secondary amino acids in

tDedicated to Professor Ralph F. Hirschmann on the occasion of
his 70th birthday.

L-365,209 poses special problems. In particular, the slower
rate of acylation of secondary amino acids requires special
carboxyl group activation,® and sequences of three or more
secondary amino acids are known to be acid labile.? These

(1) A portion of this work has appeared in preliminary form: Perlow,
D. 8.; Williams, P. D.; Tung, R. D.; Freidinger, R. M.; Chen, F. M. F;
Benoiton, N. L.; Veber, D. F. Proceedings of the Twelfth American
Peptide Symposium; Smith, J. A., Rivier, J. E., Eds; ESCOM: Lieden,
1992; pp 564-565.

(2) Pritchard, J. A;; MacDonald, P. C.; Gant, N. F. Williams Obstet-
rics, 17th ed.; Appleton-Century Crofts: Norwalk, 1985; p 295.

(3) Anderson, L. F.; Lyndrup, J.; Akerlund, M.; Melin, P. Am. J.
Perinat. 1989, 6, 196-199.

(4) Pettibone, D. J.; Clineschmidt, B. V.; Anderson, P. S.; Freidinger,
R. M,; Lundell, G. F.; Koupal, L. R.; Schwartz, C. D.; Williamson, J. M.;
Goetz, M. A.; Hensens, O. D.; Liesh, J. M.; Springer, J. P. Endocrinology
1989, 125, 217-222.

(5) Freidinger, R. M.; Williams, P. D.; Tung, R. D.; Bock, M. G.;
Pettibone, D. J.; Clineschmidt, B. V.; DiPardo, R. M.; Erb, J. M,; Garsky,
V. M.; Gould, N. P,; Kaufman, M. J.; Lundell, G. F.; Perlow, D. S.;
Whitter, W. L.; Veber, D. F. J. Med. Chem. 1990, 33, 1843-1845.

(6) Bock, M. G.; DiPardo, R. M.; Williams, P. D.; Pettibone, D. J.;
Clineschmidt, B. V.; Ball, R. G.; Veber, D. F.; Freidinger, R. M. J. Med.
Chem. 1990, 33, 2321-2323.

(7) The amino acids in L-365,209 and its analogs are numbered to
reflect the structural homology of the D-Phe-Ile dipeptide in L-365,209
with the Tyr®Ile® dipeptide moiety found in oxytocin.

(8) Tung, R. D.; Rich, D. H. J. Am. Chem. Soc. 1985, 107, 4342-4343.

(9) Anteunis, M. J. O.; Van Der Auwera, C. Int. J. Pept. Prot. Res.
1988, 31, 301-310.
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compound 1 X-Y = CH,CH; H
L-366,948 = m
Figure 1.

limitations suggested the use of Fmoc-amino acid chlorides
(Fmoc-AA-Cl), reagents for peptide synthesis recently
described by Carpino and co-workers.® Herein, we report
an efficient solid-phase synthesis protocol utilizing
Fmoc-AA-Cl's for the synthesis of 1.-365,209 analogs and
a modification utilizing an Fmoc-AA-Cl in the presence
of AgCN for an especially difficult coupling.

Results and Discussion

An early target for synthesis was compound 1 (Figure
1), the analog of 1.-365,209, in which the 4- and 5-position
dehydropiperazic acids are replaced with the more readily
accessible pipecolic acids (Pip). It was anticipated that
cyclization of a linear hexapeptide intermediate having a
primary amino terminus rather than a secondary amino
terminus would maximize cyclization rate and thus min-
imize the opportunity for epimerization of the activated
carboxyl terminus. Previous experience in a different
cyclic hexapeptide system had shown that cyclization rate
and yield were maximized using an L-amino acid carboxy
terminus and a D-amino acid N-terminus.!! The L-
Prol-p-Phe? bond was therefore chosen as the point of
cyclization.’

The synthesis of 1 was thus begun using Boc-L-proline
covalently attached as its ester to a PAM!? resin (Scheme
I). A manually operated, motor-driven shaker system was
employed for all wash cycles, couplings, and deprotections
(see Experimental Section). Following deprotection of the
Boc-L-Pro-O-resin with HCI in dioxane, Boc-D-(N-Me)-

(10) Carpino, L. A.; Cohen, B. J.; Stephens, K. E.; Sadat-Aalace, S. Y.;
Tien, J.-H.; Lang'ndge.D C.J. Org Chem. 1986, 51 3732-3734.

(11) Brady, S. F; Varga, S.-L; Freldmger, R. M Schwenk, D. A.;
g/{:)l;d:lﬁ:gh M,; Holly, F. W, Veber, . F. J. Org Chem. 1979, 44

(12) PAM = 4-(hydroxymethyl)phenylacetamidomethyl poly(styrene—
codivinylbenzene) resin: Mitchell, A. R.; Erickson, B. W.; Ryabtsev, M.
'17‘;5 7H;>3%g2es, R. S.; Merrifield, R. B. J. Am. Chem. Soc. 1976, 98,
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Scheme I°
Boc-Pro—0O-Resin

a
Boc-Yé—Pro—0-Resin
b
Fmoc-Pip—Y®é —Pro—0-Resin
c,de

Fmoc-X2—Ile—D-Pip—Pip—Yé—Pro—0-Resin
f

H-=X2 —|lg=——D-Pip—Pip—Y&—Pro—NHNH,

Pro’ X2 led

Y8-——Pip®—D-Pip*

3Key: (i) HCl-dioxane; (ii) Boc-D-(N-Me)Phe-OH or Boc-D-
(DNP)His-OH, BOP, DIEA, DMF; (b) (i) HCl-dioxane; (ii) Fmoc-
Pip-Cl, DIEA, DCM, 5 °C; (¢) (i) piperidine~-DMF; (ii) Fmoc-AA-
C), DIEA, DCM, 25 °C; (d) same as step c¢; (e) Fmoc-D-Phe-Cl,
DIEA, DCM, 25 °C; or Fmoc-D-Trp-OH (or Fmoc-p-§-Nal-OH),
BOP, DIEA, DMF; (f) (i) piperidine-DMF; (ii) NH,NH,, MeOH,
50 °C; (g) (i) i-CsH,,ONO, pH 3, -20 °C, DMF,; (ii) dilution to
0.003 M, (iii) DIEA to pH 8, DMF; BOP = [(benzotriazol-1-yl)-
oxy)tris(dimethylamino)phosphonium hexafluorophosphate; DIEA
= djisopropylethylamine; DCM = dichloromethane.

Phe-OH was coupled using the BOP reagent!® (step a). In
order to minimize peptide loss from formation of cyclo-
(D-(N-Me)Phe-Pro), the dipeptide amine salt obtained by
deprotection with HCl in dioxane was shaken with
Fmoc-L-Pip-Cl (2 equiv) at 5§ °C in dichloromethane
(DCM) for several minutes, and then diisopropylethyl-
amine (DIEA) was added to obtain a “pH 8 supernatant
(estimated by spotting an aliquot on wetted pH indicating
paper) (step b). The reaction mixture was shaken for 12
h at 5 °C to ensure complete reaction. When the coupling
was attempted using an active ester procedure (BOP
reagent) at 5 °C, 60% of the peptide was lost to diketo-
piperazine formation. The half-life of the neutralized
dipeptide resin in DMF at ambient temperature was found
to be approximately 15 min as determined by amino acid
analysis of resin aliquots withdrawn at several time in-
tervals. Thus, the high reactivity of the Fmoc-AA-Cl and
the low temperature contributed to the high yield obtained
in step b. All subsequent couplings (steps c-e) were per-
formed at ambient temperature in DCM by adding the
Fmoc-AA-Cl (2 equiv) to the amine free base, followed by
addition of DIEA to “pH 8. After a coupling time of 1
h for steps c—e, hydrazinolytic removal of the peptide from
an aliquot of each resin indicated complete (>99%) con-
version to a new component as determined by HPLC
analysis. Attempts at cleaving the linear hexapeptide from
the resin by transesterification gave low yields of product.

(13) Castro, B.; Dormoy, J. R.; Evin, G.; Selve, C. Tetrahedron Lett.
1975, 16, 1219-1222.



4396 J. Org. Chem., Vol. 57, No. 16, 1992 Perlow et al.
Scheme II
H
o o Fmoc=N
o~ Resin o .
COZCHzph ~Resin o COzCHaPh
see Table 1 N*
¢ 4 "y
(o]
1 oy 1 H
N N1 N
Ql/k“/\g/ y H,, Pd-C CN(“\H/\%/ ~C0CHzPh

Complete cleavage of the hexapeptide from the resin re-
quired relatively vigorous hydrazinolysis conditions (step
f). Following aqueous workup to remove excess hydrazine,
the hexapeptide hydrazide was obtained in good yield and
in greater than 95% purity as determined by HPLC
analysis. The linear hexapeptide hydrazide was cyclized
in high yield through formation of the acyl azide (step g).
The crude product was purified by stirring with mixed bed
ion exchange resin to remove acidic and basic impurities,
delivering 1 in 70% overall yield and with a purity of 99%
as determined by HPLC analysis.

Using this methodology, a number of analogs of L-
365,209 were produced and were used to study structure—
activity relationships in this novel class of oxytocin an-
tagonist.’ 1.-366,682 and L-366,948 (Figure 1) were iden-
tified as very potent and selective antagonists and were
required in larger quantities to support pharmacological
testing.* The synthesis of 1.-366,682 and L-366,948 pro-
ceeded as described for compound 1 (Scheme I) with the
following exceptions. The 2,4-dinitrophenyl protecting
group on the imidazole ring of p-His® was labile under
conditions of Fmoc group removal and was completely
removed by four treatments with piperidine-DMF. This
necessitated the use of a larger excess of activated
Fmoc-AA-Cl in steps c and d, due to acylation of the im-
idazole. Deacylation of the imidazole occurred on treat-
ment with piperidine in the Fmoc deprotection steps. A
single treatment with excess Fmoc-L-Ile-Cl in step d gave
a conversion of only 90%. Complete conversion was
achieved with a second treatment of reagent. Difficulty
was encountered in preparing the acid chloride of Fmoc-
D-tryptophan due to its low solubility in DCM, and the

(14) Clineschmidt, B. V.; Pettibone, D. J.; Reiss, D. R.; Lis, E. V.;
Haluska, G. J.; Novy, M. J.; Cook, M. J.; Cukierski, M. A.; Kaufman, M
J.; Bock, M. G.; Freidinger, R. M.; Veber, D. F.; Williams, P. D. J. Pharm.
Exp. Ther. 1991, 256, 827-832.

Table 1. Iled-p-(N*-Cbz)Piz* Coupling in the Conversion of
Tetrapeptide Resin 2 to Pentapeptide Resin 3

(See Scheme II).
additive® conversn®
entry®  reagents® (equiv) (equiv) solvent® (%)
1 Fmoc-lle-Cl (2) DIEA (2) DCM 10
2 Fmoc-Ile-Cl (10) DIEA (10) DCM 30
3 Fmoc-Ile-Cl (10) none DCM 50
4  Fmoc-Ie-Cl (10) pyridine (10) DCM 49
5 Fmoc-lle-OH/BOP  DIEA (2) DMF 5
2/2)

6 Fmoc-Ile-Cl (10) AgCN (4) toluene 76
7  Fmoc-lle-Cl (10) DIEA (10) toluene 30
8  oxazolone 6 (10) none toluene 73
9  oxazolone 6% (10) none toluene 14
10  oxazolone 64 (10) HCN (1) toluene 50

¢ All couplings were run at ambient temperature for 12 h. *BOP
= [(benzotriazol-1-yl)oxy]tris(dimethylamino)phosphonium hexa-
fluorophosphate. ¢DIEA = diisopropylethylamine. ¢DCM = di-
chloromethane, DMF = dimethylformamide. ¢Estimated by
HPLC analysis of the tetra- and pentapeptide hydrazides resulting
from hydrazinolysis of the resin after coupling. /A solution of ox-
azolone 6 was prepared by treating Fmoc-Ile-Cl with AgCN in tol-
uene followed by filtration (Scheme III). #Prepared by treating
Fmoc-Ile-Cl in DCM with aqueous NaHCO; (ref 14).

coupling was therefore carried out using the BOP reagent
in DMF (step e). L-366,682 and L-366,948 were obtained
in 45-48% overall yield and were purified by crystallization
of the free base.

An especially difficult coupling was encountered in the
synthesis of § (Scheme II), an analog that contains the
unusual amino acid, piperazic acid, at position 4. A variety
of coupling conditions were trled as shown in Table 1.
Acylation of the stencally hindered D-(IV?-Cbz)-piperazic
acid?22 N-terminus in resin 2 with a 2-fold excess of
Fmoc-L-Ile-Cl and DIEA gave only a 10% conversion to
the pentapeptide resin 3 (entry 1). A larger excess and
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Scheme III
b ©
5 AgCN
Cl e
H toluene
NH-Fmoc

higher concentration of reagents improved the efficiency
to only 30% (entry 2). Coupling with the acid chloride in
the absence of DIEA improved the conversion to 50%
(entry 3), suggesting that the DIEA converts the Fmoc-
AA-Cl to a less reactive oxazolone!® at a rate similar to
acylation of the piperazyl amine by the acid chloride. Use
of the weaker base, pyridine (entry 4), in an attempt to
set up an equilibrium between oxazolone and acid chlo-
ride'® gave the same result as the reaction with no added
base. Active ester coupling gave a lower conversion com-
pared to the acid chloride at the same concentration
(compare entries 1 and 5). During the course of our earlier
solution-phase syntheses of cyclic hexapeptides related to
L-365,209 we observed that AgCN in toluene improved the
coupling efficiency of Fmoc-AA-Cl's.1617 Using this me-
thod, 76% conversion of resin 2 to resin 3 was obtained
with one treatment (entry 6), and 96% conversion was
achieved with two treatments. Improvement in yield due
solely to a solvent effect was ruled out (entry 7).

To understand the yield enhancement observed in the
AgCN-promoted reaction, several additional experiments
were run. Treatment of Fmoc-Ile-Cl with an equimolar
amount of AgCN in toluene was found to produce the
corresponding 2-(fluorenylmethoxy)-5(4H)-oxazolone 6
(Scheme III) with a half-life of approximately 10 min as
determined by 'H NMR monitoring of a reaction run in
toluene-dg. The product was identical by *H and 3C NMR
to a sample of 6 prepared by other methods.!%® Because
acylation of resin 2 (Scheme II) using the conditions of
entry 6 in Table I was found to require a minimum of 5
h, it is inferred that the reactive species is related to ox-
azolone 6. Indeed, treatment of resin 2 with a solution of
oxazolone 6 generated by treating Fmoc-Ile-Cl with AgCN
in toluene for 1 h followed by removal of the silver salts
gave a conversion equal to the in situ method (compare
entries 6 and 8). However, treatment of resin 2 with
preformed oxazolone 6 prepared by the method of Car-
pino®® gave a very low conversion of 14% (entry 9). This
same reaction with the addition of HCN (0.1 equiv with
respect to oxazolone) improved the conversion by greater
than 3-fold (entry 10), suggesting a role for the HCN by-
product produced in the AgCN-promoted reaction. More
detailed mechanistic studies of this reaction are currently
under investigation.

Completion of the synthesis of the cyclic hexapeptide
4 unexpectedly yielded two isomers in a ratio of 3:2 that

(15) Carpino, L. A.; Chao, H. G.; Beyermann, M.; Bienert, M. J. Org.
Chem, 1991, 56, 2635-2642.

(16) Tung, R. D. Unpublished work from these laboratories.

(17) For use of AgCN and acid chlorides in the formation of esters see:
Takimoto, S.; Inanaga, J.; Katsuki, T.; Yamaguchi, M. Bull. Chem. Soc.
Jpn. 1976, 49, 2335-2336.

(18) We thank Professor Benoiton for providing experimental details
and an NMR spectrum for oxazolone 6 prior to their publication. Be-
noiton, N. L.; Chen, F. M. F. Peptides 1990. Proceedings of the 21st
European Peptide Symposium; Giralt, E., Andreu, D., Eds; ESCOM:
Lieden, 1991; pp 47-48.
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were separated by preparative HPLC. Removal the Cbz
group from each of these isomers gave products that were
found to be identical by HPLC, TLC, NMR, and FAB
mass spectroscopy (5). A possible explanation is that two
stable rotomeric forms of 4 were isolated, perhaps cis—trans
isomers about the hindered Ile-(N?-Cbz)Piz* amide bond.!®
Upon removal of the Cbz group the rotational barrier
about the Ile?-Piz* bond is altered such that 5 is isolated
as a single compound.

In summary, Fmoc amino acid chlorides have proven to
be effective reagents for use in the the solid-phase synthesis
of highly N-alkylated peptides as exemplified by the 70%
overall yield obtained for cyclic hexapeptide 1. The potent
oxytocin antagonists L-366,682 and L-366,948 were pre-
pared efficiently on a 20 mmol scale using this metho-
dology. We have also shown that an activated form of the
2-(fluorenylmethoxy)-5(4H)-oxazolone derivative of iso-
leucine, obtained by treatment of Fmoc-Ile-Cl with AgCN,
performs well in a case where steric hinderance limits the
coupling efficiency of other protocols.

Experimental Section

General. Fmoc-L-isoleucine, Fmoc-D-phenylalanine, Fmoc-
D-tryptophan, Ne-Boc-N=-DNP-p-histidine were purchased from
Bachem Inc. p-g-napthylalanine (p-8-Nal) was purchased from
Synthetek, Inc. and protected using the TMSCl/Fmoc-Cl pro-
cedure of Bolin et al.? Boc-D-(N-methyl)phenylalanine was
prepared by the method of Benoiton and Cheung.?! Pipecolic
acid (Pip) was resolved and protected as described below. b-
(N%-Chz)-Piperazic acid (D-(N?-Cbz)-Piz) was prepared using a
slight variation on the method of Hassal and co-workers.22 The
Boc-L-Pro-PAM-resins were purchased from Applied Biosystems
Inc. and Bachem Inc. All solvents were reagent grade and stored
over 4A molecular sieves (DCM = dichloromethane, DMF =
dimethylformamide, DIEA = diisopropylethylamine). Tetra-
hydrofuran (THF) was distilled from CaH,~NaBH, under inert
atmosphere. Dioxane was dried and freed of peroxides by passage
through a column of activity I neutral alumina.

The motorized shaker apparatus and reaction vessels were
custom designed and produced in house with the following
specifications. The reaction vessels for a 1 mmol scale measured
3 cm X 9 cm with a female ground glass joint on top to accom-
modate a drying tube and a fritted disk and stopcock on the
bottom for draining by vacuum. The vessel used for the 20 mmol
scale was of the same design measuring 9 cm X 22 cm. The
motorized shaker apparatus allows for a 90° shake of the reaction
vessel at the rate of 32 shakes/min.

Analytical HPLC was run on a Spectra Physics SP4270/8800
using a Vydac 0.5 cm X 15 ¢m C,; reversed-phase column.
Gradient conditions are as follows. Mobile phase A: 0.1% tri-
fluoroacetic acid in water. Mobile phase B: 0.1% trifluoroacetic
acid in acetonitrile. AT ¢ = 0 min, A:B = 95:5; at ¢t = 15 min,
A:B = 0:100; flow rate = 2.0 mL/min. UV detection at 215 nm.
TLC plates were purchased from Analtech, Inc. “Uniplate” silica
gel GF (10 x 20 cm, 250 um). Determination of reaction pH was
estimated by spotting an aliquot on wetted E. Merck pH sticks,
!H NMR spectra were measured at 300 MHz, and *C NMR
spectra were measured at 75.4 MHz on a Varian XL-300 with
(CH,),Si as an internal standard. Optical rotations were measured
on a Perkin-Elmer 241 polarimeter at ambient temperature using
a 1-mL capacity cell.

(19) Isolable rotamers of cyclic tetrapeptides have been reported.
Rich, D. H.; Bhatnagar, P. K. J. Am. Chem. Soc. 1978, 100, 22182224,

(20) Bolin, D. R.; Sytwu, L.-1.; Humiec, F.; Meienhofer, J. Int. J.
Peptide Protein Res. 1989, 33, 353-359.

(21) Cheung, S. T.; Benoiton, N. L. Can. J. Chem. 1977, 55, 906-910.

(22) A synthesis of optically active N*-Chz-piperazic acid has been
reported. Hassal, C. W.; Johnson, W. H.; Theobald, C. J. J. Chem. Soc.,
Perkin Trans. 1 1979, 1451-1454.

(23) Full details on the synthesis of optically pure, differentially pro-
tected piperazic acid used in these studies will be published separately:
Caldwell, C. Merck Research Laboratories, Rahway, NJ, personal com-
munication.
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Solid-Phase Peptide Synthesis

(retention time = 11.16 min). The solution was evapordted under
reduced pressure to an oil which was purified by stirring for 1
h with 10 mL of Bio-Rad analytical-grade mixed-bed resin AG
501-X8 in 30 mL of 3:1 DMF-water. The resin was removed by
filtration, and the filtrate solvents were evaporated under reduced
pressure. Compound 1 was obtained as a white solid by lyo-
philization from dioxane (520 mg; 70% of theoretical). TLC: R,
= (.32 (98:2:0.2 CHCl;-CH,0H-NH,OH). HPLC: tg = 11.14
min, purity = 99%. 'H NMR (CDCL): 67.87(d,J = 7.1 Hz, 1
H), 7.67 (d, J = 8.6 Hz, 1 H), 7.23 (m, 10 H), 5.48 (t, J = 7.6 Hz,
1 H), 5.30 (d, J = 4.4 Hz, 2 H), 4.53 (m, 3 H), 4.00 (m, 1 H), 3.83
(m, 1 H), 3.49 (m, 2 H), 2.83 (s, 3 H), 2.15 (m, 1 H), 0.81 (m, 5
H). FABMS: m/z =741 (M + H*). Anal. Caled for CoHsNgOq,
1.35 H,0: C,65.91; H, 7.73; N, 10.98. Found: C, 65.95; H, 7.60;
N, 10.84.

Cyclo-(D-Trp-1le-pD-Pip-Pip-D-His-Pro) (L-366,682). Step
a: Boc-D-(DNP)His-Pro-O-(PAM)-resin. Boc-Pro-O-
(PAM)-resin (33 g, 20 mmol) with a loading of 0.61 mequiv of
nitrogen/g was placed in a shaker flask and swelled for 2 h by
the addition of 250 mL of DCM. The resin was then treated with
200 mL of the following: DCM wash (3X; 2 min each), 4 N
HCl-dioxane deblocking (2X; 15 min), DCM wash (3X; 2 min
each), DMF wash (3X%; 2 min each), 10% DIEA-DMF neutrali-
zation (2X; 2 min each), DMF wash (2X, 2 min each). The resin
was then shaken for 5 min with a solution of Boc-D-(DNP)His
(17.8 g, 40.0 mmol) in 200 mL of 1:1 DCM-DMF and DIEA (10.5
mL, 40.0 mmol). Solid BOP reagent!! (17.6 g, 40.0 mmol) was
added to the flask. After the reaction mixture was shaken for
10 min, more DIEA (1.0 mL) was added to bring the supernatant
to pH 8, and the reaction was shaken for 15 h at ambient tem-
perature. The supernatant was drained, and the resin was washed
for 2 min each with 200 mL of the following: DMF (2X); DCM;
CH;0H; DCM; CH;0H; and DCM (3X). An aliquot of the resin
was N-deprotected and hydrazinolyzed as described above (HPLC
tg = 1.8 min).

Step b: Fmoc-Pip-D-(DNP)His-Pro-O-(PAM)-resin. The
resin was treated with 200 mL of the following: 4 N HCl-dioxzane
deblocking (2X, 15 min each) and DCM wash (6%, 2 min each).
The resin was cooled to 5 °C in a cold room and to it was added
a 0 °C solution of Fmoc-Pip-Cl (50 mmol) in DCM (200 mL). The
mixture was shaken for 5 min, and then DIEA (10.5 mL, 60.0
mmol) was added. The mixture was shaken for 2 min, and the
supernatant was adjusted to pH 8 by the addition of more DIEA
(3 mL). The resin was then shaken for 15 h at 5 °C. The su-
pernatant was drained, and the resin was washed for 2 min each
with 200 mL of the following: DCM (3x), CH;0H, DCM, CH,OH,
and DCM (3X). An aliquot of the resin was N-deprotected and
hydrazinolyzed as described above (HPLC tg = 3.05 min).

Step ¢: Fmoc-p-Pip-Pip-p-His-Pro-O-(PAM)-resin. The
resin was treated with 200 mL of the following: DMF wash (3X,
2 min each); 20% piperidine-DMF deblocking (2X, 15 min each);
DMF wash (3%, 2 min each); DCM wash (3%, 2 min each). To
the resin was added a solution of Fmoc-p-Pip-Cl (50 mmol) in
DCM (200 mL) at ambient temperature. The mixture was shaken
for 5 min, and then DIEA (8.7 mL; 50.0 mmol) was added. After
15 min of shaking, the supernatant was adjusted to pH 8 by the
addition of more DIEA (2.3 mL, 13.0 mmol), and the reaction
mixture was shaken for 15 h. The supernatant was drained, and
the resin was washed for 2 min each with 200 mL of the following:
DCM (4x); CH;OH; DCM; CH;0H; and DCM (3X%). An aliquot
of the resin was N-deprotected and hydrazinolyzed as described
above (HPLC ty = 2.74 min).

Step d: Fmoc-Ile-D-Pip-Pip-D-His-Pro-O -(PAM)-resin.
The previous deprotection-coupling cycle was repeated using
Fmoc-Ile-Cl (50 mmol). The resin was washed for 2 min each with
200 mL of the following: DCM (2X), DMF (2X%), and DCM (2X).
Hydrazinolysis of an aliquot of resin indicated 90% conversion
to the pentapeptide, and thus the resin was treated with more
Fmoc-Ile-Cl (50 mmol) in DCM (200 mL) and DIEA (60 mmol
to obtain a pH 8 supernatant). Greater than 99% coupling
efficiency was achieved after the second treatment as determined
by N-deprotection and hydrazinolysis of a resin aliquot (HPLC
tg = 4.64 min). The supernatant was drained, and the resin was
washed for 2 min each with 200 mL of the following: DCM (4X);
CH0H; DCM; and CH,0H.

Step e: Fmoc-D-Trp-Ile-p-Pip-Pip-D-His-Pro-0-(PAM)-
resin. The resin was treated with 200 mL of the following: DCM
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wash (3X, 2 min each), DMF wash (3%, 2 min each), 20% pi-
peridine~-DMF deblocking (2%, 15 min each), and DMF wash (3X,
2 min each). Fmoc-D-Trp (21.3 g, 70 mmol) and DIEA (13 mL,
75 mmol) in 200 mL of DMF were added to the resin, and the
mixture was shaken for 5 min. Solid BOP reagent!! (31 g, 70
mmol) was added, and after the mixture was shaken for 15 min,
the supernatant was adjusted to pH 8 by the addition of more
DIEA (0.5 mL). The resin was shaken for 15 h, the supernatant
was drained, and the resin was washed for 2 min each with 200
mL of the following: DCM (4X); CH;0h; DCM; CH;OH; and
DCM (3X). An aliquot of the resin was N-deprotected and hy-
drazinolyzed as described above (HPLC tg = 6.24 min).

Step f: H-D-Trp-Ile-D-Pip-Pip-D-His-Pro-NHNH,. The
resin was treated with 200 mL of the following: DMF wash (3%,
2 min each) and 20% piperidine-DMF deblocking (2X, 15 min
each). The resin was washed for 2 min each with 200 mL of the
following: DMF (3%), DCM (4X), CH;0H, DCM, and CH,OH.
The resin was dried at 0.5 Torr for 24 h. Amino acid analysis
of the dried resin (49 gm) indicated a peptide loading of 0.3
mmol/g. The resin was stirred with 1:1 methanol-hydrazine (600
mL) under an atmosphere of nitrogen at ambient temperature
for 1 h and at 50 °C for 1 h. The excess hydrazine and methanol
were removed under reduced pressure at 50 °C, and methanol
(600 mL) was added and evaporated under reduced pressure three
times. The residue was suspended in methanol (600 mL) and
filtered. The filtrate was evaporated under reduced pressure, and
the resulting glass was dried in vacuo for 15 h. The glass was
dissolved in n-butanol (400 mL) and extracted with water (3 X
150 mL) to remove traces of hydrazine. The n-butanol layer was
then evaporated under reduced pressure, and methanol (200 mL)
was added and evaporated under reduced pressure. The hydrazide
(HPLC retention time = 6.24 min, purity = 92%) was dried in
vacuo for 15 h (10.63 g, 68% of theoretical).

Step g: Cyclo-(D-Trp-Ile-D-Pip-Pip-D-His-Pro) (L-366,682).
The hydrazide (10.63 g, 13.5 mmol) was split into two equal
batches. Each batch (6.75 mmol) was dissolved in dry, degassed
DMF (100 mL) and cooled under an atmosphere of nitrogen to
-15°C. A solution of 4.52 M HCI-THF (7.5 mL, 0.34 mmol) was
added, and the reaction was further cooled to -25 °C. Isoamyl
nitrite (0.92 mL; 6.8 mmol) was added in small portions over 1
h, monitoring for the disappearance of excess isoamyl nitrite by
spotting aliquots on starch-KI paper. When a slight excess
(positive test) persisted for 30 min, the addition was stopped.
HPLC analysis indicated complete conversion to the acyl azide
(retention time = 7.46 min). The reaction was diluted with dry,
degassed DMF (1 L) that had been precooled under nitrogen to
-25 °C. The solution was brought to pH 8 by the addition of DIEA
(5.9 mL). The reaction temperature was maintained at ~20 °C
for 24 h. A new product was detected by HPLC analysis (tg. =
7.58 min). The two batches were combined at this point, and the
solvent was evaporated under reduced pressure. The resulting
oil was partitioned between CHCl3 and 10% aqueous NaHCOj.
A precipitate formed at the interface on standing and was filtered
and dried to give the title compound (7.25 g, purity = 97% by
HPLC analysis; 48% of theoretical). Crystallization from MeOH
gave material that was essentially homogeneous by HPLC analysis.
TLC: R;=0.42 (80:20:1 CHC},-CH,0H-NH,OH). HPLC: ¢y
= 7.58 min, purity = 99.9%. ‘H NMR (DMSO-d;): 4 8.19 (m,
2 H),757(d,J =178Hz1H),7.50 (s, 1 H), 730 (d, J = 8.0 Hz,
1 H),7.14 (d,J = 1.3 Hz, 1 H), 6.98 (m, 4 H), 6.72 (s, 1 H), 5.26
(d,J =41Hz,1H),5.03 (d, J = 1.3 Hz, 1 H), 4.75 (m, 1 H), 4.54
(m, 1 H), 4.22 (m, 1 H), 3.97 (m, 1 H), 3.70 (m, 1 H), 3.36 (m, 1
H), 0.74 (m, 5 H). FABMS: m/z = 756 (M + H*). Mp: 165-180
°C dec. Anal. Caled for C4H;;NgQOg, 1.8 HyO: C, 60.94; H, 7.24;
N, 15.99. Found: C, 60.90; H, 6.98; N, 16.12.

Cyclo-(D-8-Nal-Ile-D-Pip-Pip-D-His-Pro) (L-366,948). This
compound was produced in a manner similar to L-366,682, only
Fmoc-p-8-naphthylalanine was substituted for Fmoc-p-tryptophan
in step e. The crude product was dissolved in CHC], (1 L) and
extracted with water (2 X 1 L), and the organic layer was evap-
orated under reduced pressure to give an oil. Crystallization from
EtOAc-MeOH gave the title compound as a white solid (6.80 g,
45% of theoretical). TLC: R; = 0.556 (80:20:1 CHCl,-CH,0H-
NH,OH). HPLC: ty = 8.62 min, purity = 99.7%. 'H NMR
(DMSO-d): 68.35(d,J =80Hz, 1 H),818(d,J=86Hz1
H), 7.85 (d, J = 8.0 Hz, 1 H), 7.80 (d, J = 8.6 Hz, 2 H), 7.72 (s,
1 H), 7.46 (m, 5 H), 6.92 (d, J = 8.0 Hz, 1 H), 5.27 (d, J = 4.6 Hz,
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1 H), 5.03 (d, J = 4.0 Hz, 1 H), 4.74 (dd, J = 5.7, 4.3 Hz, 1 H),
4.62 (dd, J = 5.6, 4.3 Hz, 1 H), 4.50 (t, J = 8.6 Hz, 1 H), 4.21 (m,
1 H),3.94 (d,J = 13.4 Hz, 1 H), 3.72 (d, J = 8.57 Hz, 1 H), 3.05
(m, 2 H), 2.78 (m, 3 H), 0.68 (d, J = 6.4 Hz, 2 H), 049 (t, J = 7.7
Hz, 3H). FABMS: m/z =767 (M + H*). Mp: 220-230 °C dec.
Anal. Caled for C,Hy NgOg, 1.0 EtOAc, 2.5 H,O: C, 61.39; H,
7.50; N, 12.45. Found: C, 61.36; H, 7.17; N, 12.69.

H-p-(N*-Cbz)Piz-Pip-p-His-Pro-O-(PAM)-resin (2). The
title resin was prepared on a 1 mmol scale, using steps aand b
to obtain the tripeptide resin as described above for 1.-366,682.
The tripeptide resin was treated with 20 mL of the following:
DMF wash (3%, 2 min each), 20% piperidine-DMF deblocking
(2%, 15 min each), DMF wash (3%, 2 min each), and DCM wash
(3%, 2 min each). D-(N*-Fmoc, N’-Cbz)-Piz-CI¥%% (1.21 g, 2.6
mmol) was dissolved in 20 mL of DCM and shaken with the resin
at ambient temperature for 5 min, and then DIEA (2 mmol) was
added. The mixture was shaken for 10 min, and the pH of the
supernatant was checked. No further DIEA was required to obtain
a pH 8 solution. The resin was shaken for 2 h at ambient tem-
perature. The supernatant was drained, and the resin was washed
for 2 min each with 20 mL of the following: DCM (4X), CH;OH,
DCM, CH;0H, and DCM (3%). The resin was N-deprotected by
treatment with 20 mL of the following: DMF wash (3%, 2 min
each), 20% piperidine-DMF deblocking (2X, 15 min each), and
DCM wash (3%, 2 min each) to give resin 2. An aliquot of the
resin was hydrazinolyzed as described above (HPLC ¢y = 4.32
min).

Fmoc-Ile-D-(N*-Cbz)Piz-Pip-D-His-Pro-O-(PAM)-resin (3).
Resin 2 was treated with a toluene solution (20 mL) of Fmoc-Ile-Cl
(3.53 g, 10 mmol), and the mixture was shaken for 5 min. To the
resin mixture was then added AgCN (0.5 g, 3.7 mmol) in portions
until a neutral pH was obtained. After being shaken for 12 h,
the resin was washed for 2 min each with 20 mL of the following:
toluene (2X); DCM (2X); and toluene (2X). The resin was then
retreated with Fmoc-Ile-Cl (10 mmol) in toluene (20 mL). No
additional AgCN was required to give a neutral pH. The mixture
was shaken for 12 h. An aliquot of resin was N-deprotected and
hydrazinolyzed as described above (HPLC tg = 4.65 min) and
indicated a conversion of 96%. The cycle was completed by
washing the resin for 2 min each with 20 mL of the following:
DCM (4x); CH;OH; DCM; and CH;OH.

H-p-Phe-Ile-(Cbz)-D-Piz-Pip-D-His-Pro-O-(PAM)-resin.
Resin 3 was treated with 20 mL of the following: DMF wash (3X,
2 min each), 20% piperidine-DMF deblocking (2X, 15 min each),
DMF wash (3X, 2 min each), and DCM wash (3X, 2 min each).
During the piperidine-DMF washes, the silver salts dissolved and
were thus conveniently removed. To the resin was added a so-
lution of Fmoc-pD-Phe-Cl (2 mmol) in DCM (20 mL), and the
mixture was shaken for 5 min. To the resin mixture was then
added DIEA (2 mmol). The mixture was shaken for 10 min, and
the supernatant was checked for pH. No further DIEA was
needed to obtain a pH 8 solution. The resin was shaken for 2
h at ambient temperature. The supernatant was drained, and
the resin was washed for 2 min each with 20 mL of the following:
DCM (4x), CH;OH, DCM, CH;0H, and DCM (3%). The resin
was N-deprotected by treatment with 20 mL of the following:
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DMF wakh (3%, 2 min each), 20% piperidine~-DMF deblocking
(2%, 15 min each), and DCM wash (3%, 2 min each).

Cyclo-(p-Phe-Ile-D-(N?*-Cbz)Piz-Pip-D-His-Pro) (4). The
hydrazide was generated (800 mg) and cyclized as described above
for compound 1 (HPLC ¢g = 6.88 min). Two major products were
detected by HPLC analysis in a ratio of 3:2. Preparative HPLC
separated the isomers: 4a (80 mg; HPLC ty = 8.41 min, purity
= 99%) and 4b (60 mg; HPLC ¢ = 8.78 min, purity = 99%).

Cyclo-(D-Phe-Ile-D-Piz-Pip-D-His-Pro) (5). Each isomer from
above (4a and 4b) was N-deprotected by stirring with 10% Pd/C
(25 mg) in 1% acetic acid in ethanol (6 mL) under 1 atm of
hydrogen for 16 h at ambient temperature. The catalyst was
removed by filtration, the solvent was removed under reduced
pressure, and the residue from each reaction was purified by
preparative HPLC. Spectroscopic characterization of the product
obtained from each reaction indicated that they were identical.
HPLC: tg = 7.70 min, purity 99%. 'H NMR (DMSO-dg): 5 8.73
(s,1H),8.32(d,J=80Hz 1H),7.60(d,J=171Hz 1H), 1735
(d, J = 8.5 Hz, 1 H), 7.22 (m, 6 H), 5.16 (m, 3 H), 4.95 (d, J =
5.2 Hz, 1 H), 4.70 (m, 1 h), 4.40 (dd, J = 7.3, 7.0 Hz, 1 H), 4.18
(m, 1 H), 3.75 (m, 1 H), 3.59 (m, 1 H), 0.72 (m, 6 H). FAB MS:
m/z =718 (M + H*). Anal. Caled for C5H;Ny0y, 1.65 CF;CO,H:
C, 52.38; H, 5.96; N, 13.64. Found: C, 52.44; H, 5.95; N, 13.94.

2-[(9-Fluorenylmethyl)oxy]-4(S)-(1(S)-methylpropyl)-5-
(4H)-oxazolone. Method A. To a rapidly stirred solution of
Fmoc-Tle-Cl (353 mg, 1.00 mmol) in dry toluene (20 mL) was added
AgCN (146 mg, 1.1 mmol). The reaction was stirred for 30 min,
filtered through washed Celite, and evaporated under reduced
pressure,

Method B. The method of Carpino and co-workers was uti-
lized."* To a rapidly stirred solution of Fmoc-Ile-Cl (353 mg, 1.00
mmol) in dry DCM (20 mL) at 0 °C was added a solution of
saturated aqueous NaHCO;. After 20 min, the DCM layer was
separated, dried over Na,SO,, filtered, and evaporated under
reduced pressure.

The 'H and 3C NMR spectra of the oxazolones produced by
the two methods were identical with the exception of a small peak
at 108.7 ppm, ascribed to a trace of HCN, observed in the 1°C
NMR spectrum of the AgCN derived ozazolone. 'H NMR
(CDCly): §17.75(d, J = 7.5 Hz, 2 H), 7.60 (m, 2 H), 740 (t, J =
7.4 Hz, 2 H), 7.30 (t, J = 7.4 Hz, 2 H), 4.56 (m, 2 H), 4.36 (t, J
=17.5Hz, 1 H),4.19 (d, J = 4.4 Hz, 1 H), 1.92 (m, 1 H), 1.46 (m,
1 H), 1.29 (m, 1 H), 0.97 (d, J = 6.9 Hz, 2 H), 0.90 (t, J = 7.4 Hz,
3 H). 'H NMR (toluene-dg): 6 7.50 (d, J = 6.7 Hz, 2 H), 7.40 (dd,
J =13.2,6.2 Hz, 4 H), 7.15 (m, 4 H), 4.29 (m, 2 H), 4.04 (t, J =
7.6 Hz, 1 H), 3.68 (d, J = 4.7 Hz, 1 H), 1.68 (m, 1 H), 1.15 (m,
1H),084 (d,J = 6.8 Hz,2H), 0.73 (t, J = 7.4 Hz, 3 H). ®*C NMR
(toluene-dg): 6 174.9, 158.7, 143.5 (2 C), 141.8 (2 C), 128.2 (2 C),
127.5 (2 C), 120.4 (2 C), 72.0, 70.2, 46.7, 37.7, 25.2, 15.3, 11.6.
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