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ABSTRACT OF THE DISCLOSURE

The invention concerns novel renin-inhibitory peptides

which are useful for treating renin-associated hypetrtension,

congestive heart failure, hyperaldosteronism, and diseases

caused by retrovitruses i1ncluding HrLv-|
compositions containing them, and

and -111. Processes

for preparing the peplides,
methods of using them are included. Also included
the compounds Lo determine the

is a

diagnostic method which uses
presence of renin-associated hypertension, or

hyperaldosteronism.

—
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DIOL-CONTAINING RENIN INHIBITORS

BACKGROUND OF THE INVENTION

Renin is a natural enzyme which is released into the
blood from the kidney. It cleaves its natural substrate,
angiotensinogen, releasing decapeptide, angiotensin I. This
is in turn cleaved by converting enzyme in the lung, kidney
and other tissues to an octapeptide, angiotensin 11.
Angiotensin 11 raises blood pressure both directly by causing
arteriolar constriction and indirectly by stimulating release
of the sodium-retaining hormone aldosteroﬁe from the adrenal
gland causing a rise in extracellular fluid volume.
Inhibitors of renins have been sought as agents for control
of hypertension, congestive heart failure, and
hyperaldosteronisn.

European Application No. 86/106458 covers certain renin-

inhibiting N—(acyldipeptidyl)—aminoglycols of the formula

i R fl q R Rs
C C N C C\\ //C—H
N/ N/ N\ 7N / TcH—(CHy)
R, N C c N i OH

A H OH

H

@)

Rj

wherein R; is alkoxy containing one to six carbon atoms or

lower alkyl containing one to six carbon atoms; R, is benzyl

or napthylmethyl, Rj is lower alkyl containing one to

six carbon atoms or imidazolemethyl; R4 is benzyl, Rs is hydrogen
or lower alkyl and n is O. These compounds are useful as

renin inhibitors.



European Application No. 87,/100424 covers renin
inhibiting peptidyl-amino-diols of formula

wherein A is a substitutent; W is C=0 or CHOH; U is CHp or
NR,; R; is lower alkyl, cycloalkylmethyl, benzyl,

10 4-methoxybenzyl, halobenzyl, (l1-naphthyl)methyl,
(2-naphthyl)methyl, (4-imidazoyl)methyl, w,u-dimethylbenzyl,
1-benzyloxyethyl, phenethyl, phenoxy, thiophenoxy or anilino;
R, is lower alkyl, [(alkoxy)alkoxy]alkyl, (thioalkoxy)alkyl,
lower alkenyl, benzyl or heterocyclic ring substituted

15 methyl; R, is lower alkyl, cycloalkylmethyl or benzyl:; Rg 1s
vinyl, formyl, hydroxymethyl or hydrogen; R; 1s hydrogen or
lower alkyl; Rg and Rg are independently selected from OH and
NH,; and Rg 1is hydrogen, lower alkyl, vinyl or arylalkyl.

Structurally the positions of the various amino acids of

20 the compounds of the instant invention may be designated by

reference to the octapeptide which is the minimal

angiotensinogen segquence cleaved by renin, namely:

HIS® — PRO? — PHE® — HIS® — LEU'®— VAL''— VAL'2 — TYR'?
scissile bond
25 Pg — Py — Py — F2 — By — P, — Py — Py’

A designation for the compounds of this invention is
illustrated below. The CAD is considered to occupy the

p,-P,' positions. For example
. / NN
30 0 N—S-PHE—NHCH(COZCHS)CO—CAD
./ I
] .
— P,y Py ——F2 - Py-Py'



10

15

20

25

30

The present invention concerns novel peptides which
inhibit renin. It also concerns pharmaceutical compositions
containing these novel peptides, methods of treating renin-
associated hypertension, congestive heart failure, and
hyperaldosteronism, as well as the use of the peptides as
diagnostic tools, and the methods for preparing the peptides.

Since HIV protease, like renin, is an aspartyl protease,
these compounds can also be used to treat diseases caused by

retroviruses including HTLV-1 and -11T.
SUMMARY OF THE INVENTION

The present invention relates to novel peptides of the

formula
A - X -Y - W ' (1)

and the pharmaceutically acceptable acid addition salts
thereof wherein A, X, Y, W are as defined herein below.

The invention also includes pharmaceutical compositions
comprising an effective amount of the above peptide of
formula I in admixture with a pharmaceutically acceptable
carrier or excipient and a method for treating
renin-associated hypertension in a patient suffering
therefrom comprising administering to said patient the above
pharmaceutical composition in unit dosage form.

Further the invention includes a pharmaceutical
composition comprising an effective amount of a peptide of
formula I above in admixture with a pharmaceutically
acceptable carrier or excipient, and a method for treating
hyperaldosteronism in a patient suffering therefrom
comprising administering to said patient the above
pharmaceutical composition in unit dosage form.

Further the invention includes a pharmaceutical
composition comprising an effective amount of a peptide of
formula I in admixture with a pharmaceutically acceptable

carrier or excipient, and a method for treating congestive
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heart failure in a patient suffering therefrom comprising
administering to said patient the above pharmaceutical
composition in unit dosage form.

The present invention also includes the use of peptides
of formula I above as diagnostic tools for the identification
of cases of hypertension due to renin excess.

The present invention also includes the use of peptides
of formula 1 to treat diseases caused by retroviruses.

The invention further includes methods for preparing

peptides of formula I above.
DETAILED DESCRIPTION

The following table provides a dictionary of the terms

used in the description of the invention.

TABLE 1
Abbreviated
Designation Amino Acid
PHE L-Phenylalanine
HOMOPHE Homophenylalanine
LYS L-Lysine
NAPHTHYLALA 1-Naphthylalanine
CYCLOHEXYLALA Cyclohexylalanine
TYR(OMe) O~-Methyl-L-tyrosine
TYR L-Tyrosine
TZA 4-Thiazolylalanine
HIS L-Histidine
ASN L-Asparagine

C-Terminal Group

CAD ~HNCHCH (OH )CH(OH)CH, CH(CH3 ),

.
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TABLE I (Continued)

Abbreviated
Designated C-Terminal Group
CAH ~-NHCHCH(OH)CH(OH)CH, CH(CH3 )2
A
]
Protecting Group
2 Benzyloxycarbonyl
BOC Tert-butyloxycarbonyl
TRT Triphenylmethyl
Acyls
IVA Isovaleryl
BNMA Bis-(l-naphthylmethyl)acetyl
BBSP 2-Benzyl-3-(t-butylsulfonyl)
propionyl
2-BMA 3-(Benzyloxycarbonylamino)-3-
methylbutanoyl
BMA 3-Amino-3-methylbutanoyl
Esters With
~0OCHj4 Methanol
-0C,Hg Ethanol
-OCH(CHj3 ) 2-Propanol
~-OC(CHj; )3 tert-Butanol
solvents and Reagents
CHCl, Chloroform

DMF N,N-Dimethyl formamide
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TABLE 1 (Continued)

Abbreviated

Designated solvents and Reagents
DMSO Dimethylsulfoxide

HOBT Hydroxybenzotriazole
DCC N,N‘—Dicyclohexylcarbodiimide
HOAC Acetic acid

EtsN Triethylamine

THF Tetrahydrofuran

CH,Cl, Dichloromethane

MeOH Methanol

EtOAC Ethyl acetate

The peptides of the present invention are represented by

the formula
A-X-Y~-W I

or a pharmaceutically acceptable acid addition salt thereof,

wherein
R 0 - - 0
. N . ST
A is BOC, IVA, NvVA, BNMA, BMA, BRBSP, 2, /N—ﬁ- , Q N-ﬁ— .
R 0 -7 0
— O ® 9
CH " {]
¢ onf N~/ cO R"O

wherein G is hydroxyl or halide,
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wherein D is -N

VAR
oF
| —
4@ s

\ !
CHCO—
CO,CHj
=0
D ~NCH, CO,CHjy ,
|
CHj
-OCH,4 ,

—mew>, or

\_/

-N(CHy )2,
wherein R and R' are each independently hydrogen, straight

or branched chain lower alkyl, or R and R' are P-CH,CHjp,
wherein P can be OR", SR", NR"R"' or NR"COR" wherein R" and
R"' can be hydrogen, or straight or branched chain lower
alkyl, or P is NR"R"' where it forms a heterocyclic ring

containing from 4 to 6 carbon atoms or containing one or more

e

atoms selecte rom ' , Or . 1s a saturate ring
t lected f s, O NR" N i t ted ri
N /

containing 1 to 5 carbon atoms wherein Q is CH,, O, S, or NR;
X is absent, PHE, HOMOPHE, NAPHTHYLALA, CYCLOHEXYLALA,
TYR, or TYR(OMe) with the proviso that when A is BNMA, BBSP,

or
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.0

CHCO—

Cif
D

X is absent;
Y is GLY, -v——~CH—CO-, ~N-—CH-CO~-, —N———gH—CO—,
! | [ !
Ry4 SRy Ry4 SO-R, R14(?Hz)n
NHR,

wherein R,

-N-—CH-CO-, -N—CH-CO-,
R, s CHy-C=C-CH,NHR, Ry,4 CHpCH=CHCH;NHR,

—I\‘J———C','H—CO— . —t;f———(EH—CO— ,
R,4 OR, Ry, CH,CN
-?———?H-CO—, —v———qH—CO—, or
Ry4 NHR7 Ry4 CO2Ry2
-?———?HCO—
R N

1a N

R7 Rg

is lower alkyl, alkenyl, alkynyl, aryl,

heteroaryl, aralkyl, (CHz)n—NHRz, wherein n is an

integer of from 2 to 4, and R, is
ﬁ‘NHCHg, E—NHCHQ, ﬁ-NHNOZ, F—SCHg, ?—NHCﬂg,
' |

0
C-Rga,
"
0
lower

Rg—, is

wherein Rg

S NH NCN NCN
—ﬁ-?HNHRﬁ, ﬁ—CHZCHzNHﬁfRS, wherein R, is hydrogen,
0 Ry 0 0
alkyl, or aryl, Ry 1s H, lower alkyl or aralkyl,
S—NHCﬂg, ﬁ—NHCH3, ﬁ—NHNOz, ﬁ—SCHg, E—NHCHg, ﬁ”Rg
O S NH NCN NCN 0O
is hydrogen, lower alkyl or aryl,
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wherein R; is Ry, C-NHCHj, ﬁ—NHCHg, F~NHN02, (-SCHy, ﬁ-Nucng,
|

0] S NH NCN NCN
S-Rg, S-ORQ, ﬁ—?H—NHRS, ﬁ-CHZCHQNHRS, H,
0 0 0 R, 0
wherein R,, is hydrogen, lover alkyl, alkenyl, alkynyl,
Rys
aralkyl, or (CHz)nN\\
Ry

wherein Rg is lower alkyl or together with R;, when R; 1s
lower alkyl, forms a heterocyclic ring containing from 4 to 6
carbon atoms optionally containing one or more S, 0, or NR;
Ry is alkyl or aralkyl; Ryj is H or lower alkyl; Ry, is H or
CH,, and Y is also HIS or TZA with the proviso that when ¥ is
HIS or TZA, A is BBSP;

W is

OH

|
-NH — R
Rio OH

where R;, is lower alkyl, cycloalkyl, cycloalkylmethyl or
benzyl and Ry, is lower alkyl.

preferred compounds of the present invention are those
of formula I wherein A is BOC, BNMA, BBSP, BMA,

N
N-S- ,
o
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~\
wherein D is =N 0

OO N/ '

5 X is absent, PHE, NAPHTHYLALA, TYR(OMe) with the proviso
that when A is BNMA, BBSP, or

X is absent

’

9@

cHeo-—

Cc=0 .
10 D
Y is -NH—?H—CO—, —NH—?H—CO—, —NH?H—CO—, -NHCHCO-,
!
SR, (L;Hz)n OR, CH,CN
NHR
-NH?HCO—, or —NH?H—CO—; and
15 CH, CO2R| 2
\

C=C-CH, NHR,

OH

W is -NH‘\Y//J\\\(/ R,, where Ry, is cycloalkyl or
R,, OH
20 cycloalkylmethyl.

More preferred compounds of the present invention are

those of formula I wherein Y is —NH—?H—CO— wherein R,, 1s
COuR, 2

hydrogen, or lower alkyl.
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Other more preferred compounds of the present invention
are those of formula I wherein Y is —NH—?H-CO- or
SR,
-NH—?H—CO— wherein R, is lower alkyl, alkenyl, or alkynyl.
OR,
Other more preferred compounds of the present invention
are those of formula I wherein Y is -NH—?H—CO- wherein R, is

(§H2)4
NHR,
_ﬁ—NHCHg, —S—NHNOZ, —E—SCHg, 'S'NHCHg or ‘ﬁ—Rg.
S NH NCN 0] O
Other more preferred compounds of the present invention
are those of formula 1 wherein Y is -NHCHCO- wherein

c':Hzc;c—CHzNHR2
R, 1is -ﬁ—RS.
0]
Other more preferred compounds of the present invention
are those of formula 1 wherein Y is —NH?HCO—.
CH,CN
still other preferred compounds of the present invention

are those of formula I wherein A is

(6] CHj (@) 0] @]

/ N\ 1] N ] / \ 1 / \ n
0] N-S-, N-S-, CH3N N-S-, or HN N-S-
~__/ I e n s M _/ I
CH, 0 (0] O

and X is PHE, NAPHTHYLALA or TYR(OMe) .
Still other preferred compounds of the present invention

are those of formula 1 wherein W is

OH
R

" ~

-NH ~ \/\ (
OH

R1o
wherein RlO is cyclohexyl or cyclohexylmethyl.

particularly preferred compounds falling within the
scope of the invention include the following compounds, their

isomers, and pharmaceutically acceptable acid addition salts.
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BOC-PHE-NHCH(CO,CH; ) CO-CAD,
BMA-PHE-NHCH( CO, CH; )CO-CAD,

7~
HN\ /N-ﬁ—NAPHTHYLALA—NHCH(COZCHg)CO-CAD,
— 4
6]
TN
CH;3N N-E~NAPHTHYLALA—NHCH(COZCH3)CO—CAD,
\.../

CH3\\ 0
N—ﬁ—NAPHTHYLALA-NHCH(COZCHS)CO—CAD,
CH,
BOC-NAPHTHYLALA-NHCH (CO, CHy )CO=-CAD,
IVA-NAPHTHYLALA-NHCH (CO,CHy )CO-CAD,
BMA-NAPHTHYLALA~-NHCH (CO, CHjy )CO-CAD,

0
! \ ]
HN  N-S-TYR(OMe)-NHCH(CO,CH;)CO-CAD,
s M
O
O
TN

1
CHsN  N-S-TYR(OMe)-NHCH(CO,CHy, )CO-CAD,
\ / "
0
BOC-TYR (OMe ) ~NHCH( CO, CHj3 ) CO-CAD,
[VA-TYR(OMe ) -NHCH(CO, CHjy ) CO-CAD,
BMA-TYR (OMe ) -NHCH(CO, CHy ) CO~CAD,
/T

I
O\_ N—ﬁ—PHE—NHCH(COzEt)CO—CAD,
v
0

0]
/TN 1]
HN N—ﬁ—PHE—NHCH(COz Et)CO-CAD,
\_ ./
(0]

@)

!

m=

\
CHaN  N-

-PHE-NHCH(CO,Et)CO-CAD,
N

0]

CHj4 0
~ ]

//N—ﬁ—PHE—NHCH(COzEt)CO—CAD,
CHj o

BOC-PHE-NHCH(CO,Et)CO-CAD,
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IVA-PHE-NHCH(CO,Et ) CO-CAD,
BMA-PHE-NHCH(CO,Et )CO-CAD,
0

A
0 N-?—NAPHTHYLALA—NHCH(COzEt)CO-CAD,
A4 ]

o O

TN
HN N-
\N s

~-NAPHTHYLALA-NHCH(CO,Et)CO-CAD,

TN
CHGN N_
AN |

=0 Oz

~NAPHTHYLALA-NHCH(CO,Et)CO-CAD,

CH

n=0 O

3

\\N— —-NAPHTHYLALA-NHCH({CO,Et )CO-CAD,
a8

BOC-NAPHTHYLALA-NHCH(CO,Et)CO-CAD,

IVA-NAPHTHYLALA-NHCH(CO,Et)CO-CAD,

BMA-NAPHTHYLALA-NHCH(CO,Et)CO-CAD,

0
™\ {1
HN N-?—TYR(OME)—NHCH(COZEt)CO—CAD,
AR |
6)
0
—
0] N—S—TYR(OMe)—NHCH(COZEt)CO—CAD,
A’ I
0
i
Il— - .\ l
CH4N N—?—TYR(OMe)—NHCH(COZEt)CO—CAD,
|
6]
CH 0]
SN

N—ﬁ—TYR(OMe)—NHCH(COZEt)CO-CAD,
CHg4
BOC-TYR (OMe ) -NHCH (CO,Et ) CO-CAD,
IVA-TYR (OMe ) -NHCH (CO,Et ) CO-CAD,
BMA-TYR (OMe ) -NHCH (CO,Et ) CO-CAD,
0
HN 'N—g—PHE—NHCH(COZ—i—Pr)CO-CAD,

A— I}

0
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~ 0
CH,4N N—%-PHE-NHCH(COZ~1—Pr)CO—CAD,

\ |

0

CH,4 0

N )

N-F—PHE—NHCH(C02—1~Pr)CO—CAD,

|

CH// 0

3
BOC—PHE—NHCH(COZ-i—Pr)CO—CAD,
IVA—PHE-NHCH(C02-1~PI)CO“CAD,
BMA—PHE—NHCH(COZ—i—Pr)CO*CAD,

0]
T

I
0] 'N—S—NAPHTHYLALA—NHCH(COz—i—Pr)CO—CAD,

./

HN N- ~NAPHTHYLALA—NHCH(C02~i—Pr)CO—CAD,

—NAPHTHYLALA—NHCH(COz—i—Pr)CO—CAD,

\fN—E—NAPHTHYLALA—NHCH(coz-i—pr)co—CAD,
cu;” 0
BOC_NAPHTHYLALA-NHCH (CO,-i-Pr)CO-CAD,
IVA-NAPHTHYLALA-NHCH (CO,-i-Pr)CO-CAD,
BMA-NAPHTHYLALA-NHCH (CO,-i-Pr)CO-CAD,
e
Q\ /N—ﬁ—TYR(OMe)—NHCH(COz—i—Pr)CO—CAD,
0O
0
HN \N—%—TYR(OMe)—NHCH(COz—i—Pr)CO—CAD,
0
0
CHQN;ndN-%-TYR(OMG)—NHCH(COz—i—Pr)CO—CAD,
0
CHa 9
N—&-TYR (OMe ) ~NHCH (CO,-i-Pr)CO-CAD,
CH;/ 6
BOC—-TYR (OMe ) ~NHCH ( CO,-i-Pr)CO-CAD,
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IVA-TYR(OMe) ~-NHCH(CO,-i-Pr )CO-CAD,
BMA-TYR(OMe)—NHCH(COz—i—Pr)CO—CAD,

0]

/0 1
HN\ IN—ﬁ~PHE—NHCH(OEt)CO—CAD,

o u

@]

7\ 1
CH4N N-S-PHE~NHCH (OEt )CO-CAD,

— b

CH, 0]

AN i
N-S-PHE~-NHCH(OEt )CO-CAD,

e h

CH,4 (0]

BOC-PHE-NHCH(OEt )CO-CAD,
IVA-PHE-NHCH(OEt)CO-CAD,
BMA-PHE-NHCH(QEt)CO-CAD,
o)
/1
0 N—S—NAPHTHYLALA-NHCH(OEt)CO—CAD,

AW B

O

N |
HN N—S—NAPHTHYLALA—NHCH(OEt)CO—CAD,

f— 1

0

0

Vo h
CHaqk. N—S—NAPHTHYLALA-NHCH(OEt)CO—CAD,

g 1

et O

CHQ\\ 0

"
//N—S—NAPHTHYLALA—NHCH(OEt)CO—CAD,

I

CH, o]

BOC—NAPHTHYLALA—NHCH(OEt)CO—CAD,
[VA-NAPHTHYLALA-NHCH(OEt)CO-CAD,
BMA—NAPHTHYLALA—NHCH(OEt)CO—CAD,

O
O"\N—%—TYR(OME)—NHCH(OEt)CO—CAD,
o .

O
Hﬁ;~;N—%—TYR(OMe)—NHCH(OEt)CO—CAD,
0]

-

aain,
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0]

VA 1
CHgN N—ﬂ—TYR(OMe)—NHCH(OEt)CO—CAD,

\. B

(6]

CH, 0

~
N~S—TYR(OMe)-NHCH(OEt)CO-CAD,

U

CHj4 O

BOC—TYR(OME)—NHCH(OEt)CO—CAD,
IVA—TYR(OMe)—NHCH(OEt)CO—CAD,
BMA—TYR(OMe)—NHCH(OEt)CO-CAD,
0}
YN
0 N-%—PHE—NHCH(SCHg)CO—CAD,
/ 1
A O
0
v

HN N—ﬁ—PHE—NHCH(SCHS)CO—CAD,
N

~

o O

AT
CH3N N—?—PHE—NHCH(SCHQ)CO—CAD,
N/ |

O

CH,4 o)
S
//N—'—PHE—NHCH(SCHS)CO—CAD,
CH,4 0
BOC-PHE-NHCH ( SCH, ) CO-CAD,
1VA-PHE-NHCH (SCH,)CO-CAD,

BMA-PHE~-NHCH (SCH4 ) CO-CAD,

s
@] N—S~NAPHTHYLALA—NHCH(SCHS)CO—CAD,
S

\

o)

0

s
HN  N-S-NAPHTHYLALA-NHCH(SCHj3)CO-CAD,

\.. 7 1

o)

0

VAN g
CH4N N—”—NAPHTHYLALA—NHCH(SCH3)CO—CAD,

N/

0

CH, 0

~
//N—F—NAPHTHYLALA—NHCH(SCHs)CO—CAD,

|

CH,4 0

BOC—NAPHTHYLALA—NHCH(SCHS)CO—CAD,
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IVA-NAPHTHYLALA-NHCH (SCH,)CO-CAD,
BMA-NAPHTHYLALA-NHCH(SCH;)CO-CAD,

0]
S ]
0 N-S-TYR(OMe)~-NHCH(SCH4)CO-CAD,
o/ n
A"“—‘\\ “
HN N“ﬁ—TYR(OMe)~NHCH(SCH3)CO—CAD,
../
6]
0]
N\ I
CHgN  N-S-TYR(OMe)-NHCH(SCH,)CO-CAD,
AV |

0]
CHj, O
~ i
//N—ﬁ—TYR(OMe)—NHCH(SCHQ)CO—CAD,
CH,
BOC-TYR(OMe)~-NHCH{SCH,4)CO-CAD,
IVA-TYR(OMe)-NHCH(SCH;)CO~CAD,
BMA-TYR(OMe ) -NHCH(SCH,4)CO-CAD,
0
VRN il
O N-S—-PHE-NHCH ( NMe, ) CO-CAD,

-PHE-NHCH (NMe, ) CO-CAD,

~PHE-NHCH (NMe, ) CO-CAD,

CH,
~
N-S-PHE-NHCH (NMe, ) CO-CAD,
cug// 0
BOC-PHE~NHCH ( NMe, ) CO-CAD,
IVA-PHE-NHCH (NMe, ) CO-CAD,
BMA-PHE-NHCH ( NMe, ) CO-CAD,
P
o N—ﬁ—NAPHTHYLALA—NHCH(NMeZ)CO~CAD,

\_;/
O
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0
HN; /N—%—NAPHTHYLALA—NHCH(NMez)CO-CAD,

0

e O
CH3N ;N-E-NAPHTHYLALA—NHCH(NMe2)co—CAD,

0

CHy O
N-S-NAPHTHYLALA-NHCH (NMe, ) CO-CAD,

cHy 0

BOC-NAPHTHYLALA-NHCH(NMe, )CO-CAD,

IVA-NAPHTHYLALA-NHCH(NMe, )CO-CAD,

BMA~NAPHTHYLALA-NHCH(NMe, )CO-CAD,
O

TN 1
O‘ N—ﬁ—TYR(OMe)—NHCH(NMeZ)CO—CAD,
. 7/ O
0
™\ "
HN N—ﬁ-TYR(OMe)—NHCH(NMez)CO—CAD,
N
6]
0]
2|
CH3N N-S—TYR(OMe)—NHCH(NM82)CO—CAD,
N N
0]
CHj, O

;rN—g—TYR(OMe)—NHCH(NMeg)CO—CAD,
CH,4
BOC-TYR (OMe ) -NHCH (NMe , ) CO-CAD,
[VA-TYR(OMe ) -NHCH (NMe, ) CO-CAD,
BMA-TYR (OMe ) -NHCH (NMe, ) CO~CAD,

7N fl
HN N—?—PHE~NHCHI(CH2)4NHCSNHCH3|CO—CAD,

AN !

0

0

/ \ 1]
CH;N  N-S-PHE-NHCH| (CH, ) ,NHCSNHCH; ]CO-CAD,

N I .

0

CH, 0

~ I"

N—%—PHE—NHCHI(CH2)4NHCSNHCH3]CO—CAD,
|

CHj
BOC-PHE-NHCH| (CH, ) 4 NHCSNHCH; |CO-CAD,
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IVA-PHE~-NHCH[ (CH, ) 4NHCSNHCH4 }CO-CAD,
BMA-PHE—NHCH[(CHZ)4NHCSNHCH3]CO~CAD,

0
Of—“N—g—NAPHTHYLALA—NHCH[(CH2)4NHCSNHCH3]CO-CAD,
0
T
N N-S-NAPHTHYLALA-NHCH[ (CH,) 4NHCSNHCH,]CO-CAD,
I 8
0
CHSN: TN-%—NAPHTHYLALA—NHCH[(CH2)4NHCSNHCH3]CO—CAD,
0
CHy O
//N—ﬁ—NAPHTHYLALA—NHCH[(CH2)4NHCSNHCH3]CO—CAD,
CH, 0

BOC-NAPHTHYLALA—NHCH[(CH2)4NHCSNHCH3]CO—CAD,
IVA-NAPHTHYLALA-NHCH( (CH,) 4NHCSNHCH,; ]CO-CAD,
BMA—NAPHTHYLALA—NHCH[(CH2)4NHCSNHCH3]CO—CAD,

0

N
6] N—S—TYR(OMe)—NHCH[(CHz)gNHCSNHCHg]CO—CAD,

AN i

0

0

N 1
HN\ N-E~TYR(OMe)—NHCH[(cn2)4NHCSNHCHn]C0~CAD,

/

O

N
CHQN\ N—S—TYR(OMe)—NHCH[(CH2)4NHCSNHCH3]CO—CAD,

7 H

O

CHq 0

~ ]
N—S—TYR(OMe)-NHCH[(CH2)4NHCSNHCH3]CO—CAD,

1]

CHq 0

BOC-TYR (OMe ) -NHCH{ (CH, ) 4{NHCSNHCH3 ] CO-CAD,
IVA-TYR(OMe ) -NHCH( (CH,) 4NHCSNHCH,]CO-CAD,
BMA-TYR (OMe ) -NHCH([ (CH, ) {NHCSNHCH, ]CO-CAD,
BNMA-NHCH (CO,CH,) CO-CAD,
BNMA-NHCH (CO,Et ) CO-CAD,

BNMA-NHCH (CO,-1-Pr)CO-CAD,
BNMA-NHCH (OEt ) CO-CAD,
BNMA-NHCH ( SCH, ) CO-CAD,
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BNMA-NHCH ( NMe, ) CO-CAD,
BNMA-NHCH[ (CH .) 4NHCSNHCHj ]CO-CAD,

.
cH— CO—NHCH (COzCHz) COT™CAD
}\O
N\

0 N
/

©

C”"'CO""NH(:H (C()QF‘J'.) CO’C[\D ,
C=0
\ /
O N
\_/
“
A
CH"‘CO"NHCH (Coz-i—}?r) cO—CAD,
£
0 N—”‘C"O
_/

LCH“CO"‘NHCH (ORE) CO—CAD,

<

c=0
N\ /
0 N
—/



8

CH— CO—NHCH (SCH3) CO—CAD ,

| A

C=0

()

4

CH—CO—NHCH (NMe3) CO-CAD

c=0

ANA

5 . / .
0 N
—/

L

/N
0 N
—/

CH—CO—NHCH|[ (CH,) NHCSNHCH;3] CO —=CAD,

A

C=0

BBSP-TZA-CAD,

0
/TN f

10 o N—S—PHE—NHCH(COZCHG)CO—CAH,
_/ 8

0
/ )
0 N—g—PHE—NHCH(OEt ) CO-CAH,

15 2
i .
o N—'S—PHE-NHCH[ (CH;) 4NHCSNHCH3 }CO-CAH,
s

0
/ \ It
(0] N-S-PHE-LYS(COCHg4)-CAD,
n__/ Il
20 0
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Ve

0O

H
0 N-%—PHE—LYS(COH)—CAD,
oo

S—

0

BMA-PHE-LYS(COCH3 )-CAD,
BMA-TYR(OMe)—LYS(COCHg)—CAD,

0
\.

r—

CH,-N

A\

CH3-N

'N-

/

N-
/

TN

N-

o/

CH3N

\.

Vet

\ 1l
N—%—PHE-NH?HCO—CAD,
v |

0
%—PHE—LYS(COCHg)—CAD,
0
1
ﬁ—PHE-LYS(COCHg)—CAD,
0

]

S - PHE-NHCHCO-CAD,

I

0 CH, C=C~-CH, NHCOCH

O

0 CH, C=C-CH, NHCOH

BMA—PHE—NH?HCO—CAD,

CH, C=C-CHy NHCOCH;

BRSP-NHCHCO-CAD,
c':Hzc;C—CHZNHCOCH3
BBSP-LYS(COCH5 )-CAD,
BBSP-NHCH(CO,CHy )CO-CAD,
BBSP-NHCH (CO,C,Hg )CO-CAD,
BBSP-NHCH ( SCH, CH=CH, )CO-CAD,
BRSP-NHCH ( OCH, CH=CH, )CO-CAD,

/N

CH4N

CH3N

\
~

N-
/

TN

N-

v

"
F—PHE—NHCH(OCHZCHZCHZ)CO—CAD,
|

)
1l
ﬁ—PHE—NHCH(SCHZCH:CHZ)CO—CAD,
0

BMA—PHE-NHCH(SCHZCH:CHZ)CO-CAD,
BMA-PHE-NHCH ( OCH, CH=CH, ) CO-CAD,

CH3N

\

—

-~

.N—
J

0
I}
ﬁ—PHE-NHCH(CHZCN)CO—CAD,
0
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BMA-PHE-NHCH (CH,CN)CO-CAD,
BBSP-NHCH (CH,CN)CO-CAD,
0 ’
V2

I

O\ N—%“PHE—NHCH(SCHZCECH)CO—CAD,
S— |
0

0

xv)N—%~PHE'NHCH(OCH2CECH)CO~CAD,
0

BMA-PHE-NHCH( SCH,C=CH)CO-CAD,

BMA-PHE-NHCH (OCH,C=CH)CO-CAD,

BBSP-NHCH (SCH,C=CH)CO-CAD, and

BBSP-NHCH (OCH,C=CH)CO-CAD.

Most preferred compounds are:

0

e I
o N-%—PHE—NHCH(COZCHg)CO—CAD,

_—y |

~ 0
CH, ‘
/,N—E—PHE—NHCH(cozcns)co—CAD,
CH, 0
/-

NN
O\_ N—?—PHE—NHCH(OEt)CO-CAD (fast isomer),
AN

o)

TN ||
o) N-S-PHE-NHCH (OEt )CO-CAD (slow isomer),

\\____/ “

0

0

VAR t
(o N—S—NAPHTHYLALA—NHCH(COZCHG)CO-CAD,
s g

BBSP-HIS-CAD (slow isomer),
BBSP-HIS~-CAD (fast isomer),

0
/N li
0 N—ﬁ—PHE—NHCH(COZ—i—Pr)CO-CAD,
\___—I

o

1VA-PHE-NHCH (CO,CHg4) CO-CAD,
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CH,q

CH,

/TN

0

\

N

0

-/

./

o)

(N4

/
0

o
0

NS -TYR(OMe) - ~NHCH (CO,CHj )yCO-CAD

i
N—%-TYR(OMe)-NHCH(COZCH3)CO-CAD
|
0

0

N- s ~PHE-NHCHCO- CAD,
0 CH ,C=C-CH,NHCOCHy
Q
ﬁ—PHE—NH?HCO—CAD,
0 CH,C=C-CH,NHCOH
0

A\ I
N-S-PHE-NHCHCO-CAD,

../

0

AN

/'_’\

0
\

0

s

S

P /~\

o)

A —

/N

0

-

S

I |
0] CHZCEC—CHZNHCSNHCH3

4

O
% PHE-NHCH(SEt)CO- caD (fast isomer),
0
O
? PHE-NHCH(SEt)CO-CAD (slow isomer),

Il i
N—F—PHE—NHCH(S*J\SJ )CO”CAD,

[}

0

|
N—E—PHE—NHCH(OCHZCH=CH2)CO—CAD
1
O

0

i
N-ﬁ—PHE—NHCH(OCHQCH=CH2)CO—CAD

0

BMA—PHE—NHCH(OEt)CO*CAD,

0

\ /

0

\

J

0
"
N—?—PHE—NHCH(SCHZCH=CH2)CO—CAD
1
o
0

n
N—S—PHE-NHCH(SCH2CH=CH2)CO—CAD
1}
0

(East

(slow

(fast

(slow

isomer),

isomer},

isomer),

isomer),
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BOC-PHE-NHCH(SEt)CO-CAD (fast isomer),
BOC-PHE-NHCH(SEt)CO-CAD (slow isomer),

0
/— N\ I
0 N-?—PHE-NHCH(CHZCN)CO-CAD,
\_ ../ |
0]
o 0]
TN 1]
0 N-?~PHE—NHCH(OEt)CO—CAH,
A [
0
0
TN ]'
HN N-S-PHE-NHCH(CO,CH;)CO-CAD,
/ 1
0]
I
VAR
CH,N N~ﬁ—PHE—NHCH(COzCH3)CO—CAD,
. ../
(0]
0
2N
q\ /N—?—PHE—NHCH(COZH)CO—CAD,
- |
O
6)
N
0 N-S-PHE-GLY-CAD, and
—
0]
0
Al
0 N-S-PHE-LYS(CSNHCH,)-CAD.
../ g

The compounds of the present invention have the
advantage of increased hydrophilicity. This property makes
the compounds more readily absorbed. Compounds of the
invention have demonstrated in vivo activity.

The compounds include solvates and hydrates and
pharmaceutically acceptable acid addition salts of the basic
compounds of formula I above.

The term pharmaceutically acceptable acid addition salt
is intended to mean a relatively nontoxic acid addition salt
either from inorganic or organic acids such as, for example,
hydrochloric, hydrobromic, hydroiodic, sulfuric, phosphoric,
acetic, citric, oxalic, malonic, salicylic, malic, benzoic,

gluconic, fumaric, succinic, ascorbic, maleic, tartaric,
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methanesulfonic, and the like. The salts are prepared by
contacting the free base form with a sufficient amount of the
desired acid to produce a salt in the conventional manner.
The free base forms may be regenerated by treating the salt
form with a base.

The modified peptides of the present invention possess
one or more chiral centers and each center may exist in the
R(D) or S(L) configuration. The present invention includes
all enantiomeric and epimeric forms as well as the
appropriate mixtures thereof. Additionally, the preferred

stereochemistry for W is as depicted below.

(3 ©OH OH
| 1
~NH-CH--CH-CH-CH,CH(CHj),

Rio ® @

wherein R;, is as defined above.

Some of the above novel peptides may be prepared in
accordance with well-known procedures for preparing peptides
from their constituent amino acids. Other of the novel
peptides of the present invention are prepared by a step-wise
procedure or by a fragment coupling procedure depending upon
the particular final product desired.

The following scheme illustrates novel methods of

preparing certain peptides of the present invention.
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Scheme I

O
ST "
O_ N-S-PHE + H,NCHCO,CH,Ph — >
pN— | '
0 CO,CHy,
(1) (2)

)
n=0

0 N—'—PHE—NH$HCOZCH2Ph -
AN
0 CO,CHy

(3)

0 HZNCH(CH2~<:>)CH(OH)CH(OH)CHZCH(CHG)2

/N |

0 N—?—PHE—NHCHCOZH >
NI

|
0 CO,CH,4 (5)
(4)

O
_/— \ l | S \
o /N—ﬁ—PHE-NH?HCO—NHCH(CH24<_~/ ) CH (OH) CH(OH ) CH,CH(CHy) 5
N

0 CO,CHjq

(6)

According to Scheme I above, morpholinosulfamylphenyl
alanine (1) is reacted with amino malonate methyl benzyl
ester (2) to form the diester (3). The reaction takes place
in an inert solvent such as methylene chloride or DMF with
hydroxybenzotriazole and dicyclohexylcarbodiimide at
temperatures from 0°C to 25°C.

The benzyl ester (3) is reacted with hydrogen gas in the
presence of a catalyst such as 10% on palladium on charcoal
to afford the carboxylic acid (4). The reaction takes place
in a solvent such as methanol.

The carboxylic acid (4) is then reacted with amine (5)
in an inert solvent such as methylene chloride or DMF with
HOBT and DCC at temperatures from 0°C to 25°C to form (6), a

compound of the present invention,



Scheme 11
BOC — NHCHCO,H + H,NCHCH=CH-CH,CH (CH3) 5 —_—
CO,CH;
(1) (2)

BOC — Nn|cn<:o—— NHCHCH=CH-CH,CH(CH3),  ——
CO,CH;

(3)

oH OH
BOC — NHCHCO — NHCHCH-CH-CH,CH(CH3) 2 —
CO,CHj

(4)

N\
OH OH 0 N-S0,-PHE
| n—/

HC1 * H,NCHCO-—NHCHCH-CH-CH,CH (CH3) 5 —

CO,CHy (e)

(5)

OH OH
0 N-—802—PHE——NH?HCO———NHCHCH-CH-CH?CH(CHﬂ,
CO,CH,

(7

According to Scheme 11 above, methyl BOC-amino-malonate
(1) is reacted with the unsaturated amine (2) to form (3).
The reaction takes place in an inert solvert such as DMF,
CH,Cl,, or THF with HOBT and DCC at temperatures from 0°C to
25°C.

Compound (3) is hydroxylated to compound (4) in THF

using N—methyl—morpholine—N—oxide and catalytic amounts of



osmium tetroxide. ’'The reaction is run at room temperature

for one to three days.
Removal of the BOC-group to give (5) can be accomplished

with HCl gas in CH,Cl, or CHCl, at room temperature for one
5 to four hours.
l"‘—.ﬂ
Coupling with OM_JN-SOZ—PHE (6) to give (7) is

accomplished in an inert solvent such as DMF, CH,Clp, or THF

using an organic base such as EtsN to neutralize the HCl salt

present. The coupling is accomplished with DCC and HOBT at
10 temperatures from 0°C to 25°C.

Scheme TITT

VAN

0 N - SO, ~ PHE — NHCHCO,H + H,NCHCH=CH - CH,CH (CH3)

, > :
CO,CH;

(1) (2)

— 0 N — SO, - PHE — NHCHCO — NHCHCH=CH - CH,CH (CH3) 2
/ I

CO,CH;
(3)
O OH
— 0 N— SO, ~ PHE — NHCHCO—— NHCHCH - CH~ CH,CH (CH;) 5
CO,CH;

(4)

According to Scheme III above, reaction of (1) with (2)
in an inert solvent such as DMF, CH,Cl,, or THF with pDCC and
HOBT at temperatures from 0°C to 25°C gives (3).
15 Compound (3) is hydroxylated to (4) in THF using
N—methylmorpholine—N—oxide and a catalytic amount of osmium
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tetroxide. The reaction is run at room temperature for one
to three days.

The strategy of peptides chain assembly and selection
and removal of protecting groups is discussed in Chapter 1,
"The Peptide Bond," in "The Peptides. Analysis, Synthesis,
Biology," E. Gross and J. Meienhofer, Eds., Academic Press,
New York, NY, 1979, Vol. 1, pp. 42-44.

" The DCC/HOBT method of coupling is well-known to those
skilled in the art and is discussed in Chapter 5, "The
Carbodiimide Method" by D.H. Rich and J. Singh in "The
Peptides. Analysis, Synthesis, Biology," E. Gross and J.
Meienhofer, Eds., Academic Press, New York, NY, 1979, Vol. 1,
pp. 241-261.

pPeptide coupling depends on activating the carboxy
terminus of the amino protected amino acid and condensing it
with another peptide containing a free amino terminus. In
addition to the DCC coupling method described above, other

methods of activating the carboxyl group of a protected amino

"acid include:

1) The azide method - described in Chapter 4 of the above
reference.

2) The mixed anhydride method - described in Chapter 6 of
the above reference.

3) The active ester method - described in Chapter 3 of the
above reference.

The term lower alkyl refers to straight or branched
chain alkyl radicals containing from 1 to 6 carbon atoms
including but not limited to methyl, ethyl, n-propyl,
isopropyl, n-butyl, iso-butyl, sec-butyl, 2-methylhexyl,
n-pentyl, l1-methylbutyl, 2,2-dimethylbutyl, 2-methylpentyl,
2,2-dimethylpropyl. n-hexyl, and the like.

Aryl means phenyl, naphthyl or other aromatic groups,
including mono- Or bicyclic, which may be substituted,
especially monosubstituted, by F, Cl, Br, I, CF,, OH, OR, oOr
R, wherein R is lower alkyl.

Heteroaryl means aromatic heterocyclic rings containing

at least one heteroatom gselected from O, S, and N and from
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3 to 5 carbon atoms including but not limited to thiazoles
and imidazoles.

Aralkyl is as described above for alkyl and aryl,
including but not limited to benzyl.

The compounds of the present invention are useful for
treating renin-associated hypertension, congestive heart
failure, and hyperaldosteronism. They are also useful as
diagnostic tools for determining the presence of renin-
associated hypertension or hyperaldosteronism.

Pharmaceutical compositions which comprise an effective
amount of the compound in combination with a pharmaceutically
acceptable carrier are part of the present invention. An
important aspect of the present invention is a method of
treating renin-associated hypertension in a mammal which
comprises administering a pharmaceutical composition
containing an effective amount of a compound of the invention
in combination with a pharmaceutically acceptable carrrier to
the mammal.

Another equally important aspect of the present
invention is a method of treating hyperaldosteronism in a
mammal which comprises administering a pharmaceutical
composition containing an effective amount of a compound of
the invention in combination with a pharmaceutically
acceptable carrier to the mammal.

An additional aspect of the present invention is a
method for treating congestive heart failure in a mammal
which comprises administering a pharmaceutical composition
containing an effective amount of a compound in combination
with a pharmaceutically acceptable carrier to the mammal .

Yet another aspect of the present invention is a process
for preparing a compound of formula I wherein Y is —-NH-CH-CO-

|C02R12
wherein R;, is hydrogen lower alkyl, alkenyl, alkynyl or
aralkyl which comprises:
a) reacting an N-sulfamyl amino acid with a primary amine to

form the corresponding N-sulfamyl benzyl methyl ester:
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b) reacting the N-sulfamyl benzyl methyl ester with hydrogen
gas in the presence of a catalyst to form the corresponding
N-sulfamyl methyl ester acid; and
c) reacting the N-sulfamyl methy! ester acid with the
appropropriate free amine to form a desired compound of
Claim 1, formula I;
d) optionally hydrolyzing the methyl ester to the free acid to
form a desired compound of Claim 1, formula 1.

Yel another aspect of the instant invention is a process

for preparing a compound of formula I wherein Y is

~NH-EH-CO-, -NH-CH-CO-, -NHCH-CO-, -NH-CH-CO- or -NH-CHCO~
I
SR SO-R, OR, NHR; N
RN
R; Ry

wherein R, is lower alkyl, alkenyl, alkynyl, aryl, heteroaryl,
aralkyl, (CHz)n—NHRz, wherein n is an integer of from 2 to 4,
R, is C-NHCH;, ﬁ—NHCHH, ﬁ—NHNOz, C-SCHj; , ﬁ—NHCHg, C-Ry,

0 S NH NCN NCN O
ﬁ—?HNHRS, ﬁ—CH2CH2NHﬁ—RS, R; is hydrogen, lower alkyl, or aryl,
O Ry 0 0
R4y is H, lower alkyl or aralkyl, Rg is ﬁ—NHCH3, ﬁ‘NHCHg, ﬁ—NHNOz,
O S NH

S-SCH3, ﬁ—NHCH3, S—Rg, Rs 1s hydrogen, lower alkyl or aryl,
NCN NCN O
R; is R,, C-NHCH; , G-NHCHj, C-NHNO, , C-SCHy, C-NHCHj,

0 S NH NCN NCN
S_RS’ C-ORy, C-CH-NHRs, C-CHoCH,NHRs, H, Rq is lower
0 0 0 Ry 0
alkyl or together with R;, when R; is lower alkyl, forms a
heterocyclic ring containing from 4 to 6 carbon atoms
optionally containing one or more S, O, or NR; Rq i5 alkyl or
aralkyl; Ry, 1s lower alkyl or aralkyl, which comprises:
(a) reacting morpholinosul famyl-PHE-NH, with glyoxylic acid
in acetone to produce morpholinosul famyl-FPHE-o-hydroxy
glycine;
(b) reacting the morpholinosulfamyl-PHE-o-hydroxy-glycine in
ethanol-sulfuric acid to produce morpholinosul famyl-PHE-«-
ethoxyglycine, ethyl ester;
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(c) or optionally reacting the glycine of a) above with
egpanethiol in the presence of HOAc-H,S0, to produce
q;;N-SOZ—PHE—NHCH(SEt)COQH;
(d) hydrolyzing the ethyl ester of b) above in the presence
of base to produce morpholinosulfamoyl—PHE-w-ethoxyglycine; and
(e) reacting the products of (c) or (d) above with the
appropriate free amine to produce the desired compound of
Claim 1, formula I.

Yet another aspect of the instant invention is a process
for preparing a compound of formula I wherein Y is
—NH—?H-CO wherein n is an integer of from 2 to 4 and R, 1is

(?Hz)n
NHR,
G-NHCHy, C-NHCH, G-NHNOp, G-SCHa, C-NHCHg, C-Ry, -C-CHNHRs,
'
O S NH NCN NCN O 0 R,

ﬁ—CH2CH2NHﬁ—R5, R, is hydrogen, lower alkyl, or aryl, Ry
0O 0
is H, lower alkyl or aralkyl, Rs 1s ﬁ'NHCHg, S—NHCHg,
0] S

S—NHNOZ, S—SCHS, ﬁ—NHCHS, ﬁ'Rg, R¢ is hydrogen, lower alkyl
NH NCN NCN 0
or aryl, R; is Ry, E—NHCH3, C-NHCH; , C-NHNO, , ﬁ—SCHg,

0 S NH NCN
C-NHCHy, C-Rs, G-ORq, C-CH-NHRs, S—CHZCHZNHRS, H, Rg is
NCN o} 0 0 Ry 0
lower alkyl, forms a heterocyclic ring containing from 4 to 6
carbon atoms optionally containing one or more S, O, or NR;
Ry is alkyl or aralkyl; Ry, is lower alkyl or aralkyl, which
comprises:
(a) reacting BOC-LYS(Z) with l1-cyclohexyl-2-amino-3, 4-
dihydroxy-6-methylheptane to produce BOC-LYS(Z)-CAD,
(b) reacting BOC-LYS(Z)-CAD with a strong acid to produce
LYS(2)-CAD, )
(c) coupling LYS(Z)-CAD with morpholinosulfamyl-PHE to
produce morpholinosul famyl-PHE-LYS(2)-CAD,
(d) removing the 2z from the product of step (c) above to
produce morpholinosul famyl-PHE-LYS-CAD, and
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- 34 -

(e) reacting the product of step (d) above with the desired
acylating agent to produce a desired compound of Claim 1,
formula I.

Yet another aspect of the instant invention is a process
for preparing a compound of formula I wherein Y 1is —NH?HCO-

CH,CN

which comprises:
(a) treating Z-ASN in pyridine with DCC to give Z- NHLHC07H

(HZLN
(b) reacting Z-NHCHCO,H with 1-cyclohexyl-2-amino-

éHZCN
3,4-dihydroxy-6-methylheptane to produce Z—NH?HCO—CAD,

CH,CN

(c) removing the Z-group with hydrogen in the presence of

palladium on carbon to give HyNCHCO-CAD,
éHZCN

(d) coupling the product of c¢) above with morpholinosul famyl-

.
.

PHE using DCC to give a desired compound of formula I.
Yet another aspect of the instant invention 1is a process

for preparing a compound of formula I wherein Y 1is

—NH?HCO— wherein Ry, 1is ﬁ“NHCg, ﬁ“NHCHg, ﬁ—NHNOz,
CH, C=C~-CHyNHR, 0 S NH

E‘SCHg, S-NHCHg, S‘Rg, ﬁ-?HNHRg, SCHZCHZNHS—RS, R; 1is

NCN NCN 0 0 Ry 0] 0

hydrogen, lower alkyl, or aryl, R4 is H, lower alkyl, or
aralkyl, Rg is ﬁ—NHCHg, ﬁ—NHCHg, ﬁ—NHNOz, S—SCHg, ﬁ-Nchg,

0) S NH NCN NCN
ﬁ—Rg, Rs 1s hydrogen, lower alkyl, or aryl, which comprises:
0]
(a) reacting morpholinosul famyl-PHE with diethyl amino-
malonate HCl in the presence of a coupling agent to give
o 'N-50, -PHE-NHCH(CO2Et) 2,
(b) alkylating the malonic ester w1th C1CH,C=C-CH,NHBOC 1in
the presence of NaH to give O N SO, -PHE- NHC(COzEt)z,

LHZC C-CH, -NHBROC
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(¢) hydrolyzing the ester with NaOH and decarboxylating the
malonic acid by heating in dioxane/toluene to give
Q::N—SOZ—PHE—NH?HCOZH, |
CH, C=C~CH, NHBOC
(d) coupling the product of (c) above with l-cyclohexyl-2-
amino-3, 4-dihydroxy-6-methylheptane with DCC to give
d N-$0, ~PHE-NHCHCO-CAD,
o CH, C=C~CH, NHBOC
(e) removing the BOC-group with HCl gas in dichloromethane
to give Q::N—soz—PHE—NH§Hco—CAD,
CH,CzC~CH, NH,

(f) reacting the product of (e) above with an appropriate
acylating agent to give a desired compound of formula I.

Preferably in step (a) above the coupling agent is DCC.

The effectiveness of the aforementioned compounds is
determined by a test for in vitro renin inhibitory activity.
This activity is determined by a standard radioimmunoassay
for angiotensin I. In this assay the enzyme, renin,
incubated for two hours at 37° in the presence of a
substrate, angiotensinogen, generates the product,
angiotensin 1. Test compounds are added to the incubation
mixture. Relative activity is reported as the 1Cgo, which is
the molar concentration of test compound causing a 507%

inhibition of the renin activity.
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TABLE TI
Compound
|
0} NS-PHE-NHCH (CO,CH4)CO-CAD
s |
0
0
‘e | .
0] NS-PHE-NHCH(CO,-i-Pr)CO-CAD
Nn— ! }
0]
0
I )
(0] /Nﬁ—PHE—NHCH(OEt)CO—CAD (fast isomer)
A
0
0

Wl .
6] Nﬁ—PHE—NHCH(OEt)CO—CAD (slow isomer)

CHy oI
~N |
/N|S—TYR(OMe)—NHCH(C(bﬂHS)CO—CAD
1
CHqy O
N
—
0] Nﬁ—NAPHTHYLALA—NHCH(COZCHS)CO—CAD
\"“’/
0
CH; O
N
NS-PHE-NHCH (CO,CH,)CO-CAD
74
CHj
IVA-PHE—NHCH(COQCHQ)CO—CAD
0
TN N
o) N—?—TYR(OMe)—NHCH(COQCHS)CO—CAD
N |
BBSP-HIS-CAD (slow isomer)
BRSP-HIS-CAD (fast isomer)

ICqq (NM)

0.8
160
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0
/Nl
0] N-S
I
6

0
Tl
0 N-§
N g
. 0

|

0 N-S
\. ., ]

0]

TABLE II (Continued)

~PHE-NHCHCO-CAD
CH,C=C~CH,NHCOCH,

~PHE-NHCHCO-CAD
]
CH,C=C-CH,NHCOH

-PHE~NHCHCO-CAD
|
CH,C=C-CH,NHCSNHCH,

-PHE-NHCH (SEt)CO-CAD (fast isomer)

~PHE-NHCH (SEt)CO-CAD (slow isomer)

~PHE-NHCHCO-CAD
e

-PHE-NHCH (OCH,CH=CH, )CO~-CAD (fast isomer)

-PHE-NHCH (OCH,CH=CH, )CO-CAD (slow isomer)

BMA-PHE-NHCH(OEt )CO-CAD

ICgq (M)

24.0

18.0

13.0

0.045
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TABLE II (Continued)

Compound ICgy (M)
0]
2! _ _ : :
0 N-ﬁ-PHE—NHCH(SCHZCH=CH2)CO-CAD (fast 1somer) 0.17
0
0]
/| .
0 N-S-PHE-NHCH{SCH, CH=CH; )CO-CAD (slow isomer) 38.0
s
0]
BOC-PHE-NHCH(SEt)CO-CAD (fast isomer) 1.4
BOC-PHE-NHCH(SEt)CO-CAD (slow isomer) >10.0
|
o N—ﬁ—PHE—NHCH(CH2CN)CO—CAD 0.4
R
0
RN
0 /N—ﬁ—PHE-NHCH(OEt)CO—CAH 25.0
0
- O
TN
HN N—'ﬁ—PHE—NHCH(COZCHg)CO-CAD 0.6
\____‘l,
0
0]
Ao
CH3N N-S-PHE-NHCH(CO,CH; )CO-CAD 0.3
s M
)
0O
N
0 N—ﬁ—PHE—NHCH(COZH)CO—CAD 12.0
p—
0
)
TN
0 N-S~-PHE-GLY-CAD 5.0
s |
0
0]
N
0 N- S-PHE-LYS (CSNHCH; )-CAD 0.19
AN 1 .

o=
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/N
when O jN—SOQ—PHE—NHCH(COQCHg)CO—CAD was administered

orally at fs—or 30 mg/kg to high renin hypertensive Cynomolgus
monkeys, it showed a dose dependent reduction in blood
pressure. At 30 mg/kg PO it showed a 24 mm Hg reduction in
blood pressure two hours post dose. The plasma renin activity
at this time was inhibited by >98%.

As can be seen from the above results, the compounds of
the present invention have a significant effect on the
activity of renin and thus are useful for the treatment of
hypertension, hyperaldosteronism, and congestive heart
failure.

For preparing pharmaceutical compositions from the
compounds described by Lhis invention, inert,
pharmaceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders, tablets,
dispersible granules, capsules, cachets, and suppositories.

A solid carrier can be one or more substances which may also
act as diluents, flavoring agents, solubilizers, lubricants,
suspending agents, binders, or tablet disintegrating agents;
it can also be encapsulating material. In powders, the
carrier is a finely divided solid which is in admixture with
the finely divided active compound. In the tablet the active
compound is mixed with carrier having the necessary binding
properties in suitable proportions and compacted in the shape
and size desired. The powder and tablets preferably contain
from 5 to 10 to about 70 percent of the active ingredient.
Suitable solid carriers are magnesium carbonate, magnesium
stearate, talc, sugar, tragacanth, methylcellulose, a low
melting wax, cocoa butter, and the like. The term
"preparation" is intended to include the formulation of the
active compound with encapsulating material as carrier
providing a capsule in which the active component (with or
without other carriers) is surrounded by carrier, which is
thus in association with it. Similarly, cachets are
included. Tablets, powders, cachets, and capsules can be

used as solid dosage forms suitable for oral administration.
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The compound of the present invention may be
administered orally, buccally, parenterally, by inhalation
spray, rectally, or topically in dosage unit formulations
containing conventional nontoxic pharmaceutically acceptable
carriers, adjuvants and vehicles as desired. The term
parenteral as used herein includes subcutaneous injections,
intravenous, intramuscular, intrasternal injection, or
infusion techniques.

For preparing suppositories, a low melting wax such as a
mixture of fatty acid glycerides or cocoa butter is first
melted, and the active ingredient 1is dispérsed homogeneously
therein by stirring. The molten homogeneous mixture is then
poured into convenient sized molds, allowed to cool, and
thereby solidify

Liquid form preparations include solutions, suspensions,
and emulsions. As an example may be mentioned water or
water/propylene glycol solutions for parenteral injection.
Liquid preparations can also be formulated in solution in
aqueous polyethyleneglycol solution. Agqueous suspensions
suitable for oral use can be made by dispersing the finely
divided active component in water with viscous material,
i.e., natural or synthetic gums, resins, methylcellulose,
sodium carboxymethylcellulose, and other well-known
suspending agents.

Also included are solid form preparations which are
intended to be converted, shortly before use, to liquid form
preparations for either oral or parenteral administration.
Such liquid forms include solutions, suspensions, and
emulsions. These particular solid form preparations are most
conveniently provided in unit dosage form and as such are
used to provide a single liquid dosage unit. Alternately,
sufficient solid may be provided so that after conversion to
liquid form, multiple individual liquid doses may be obtained
by measuring predetermined volumes of the liquid form
preparation as with a syringe, teaspoon, or other volumetric
container. When multiple liquid doses are so prepared, it is

preferred to maintain the unused portion of said liquid doses
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at low temperature (i.e., under refrigeration) in order to
retard possible decomposition. The solid form preparations
intended to be converted to liquid form may contain, in
addition to the active material, flavorants, colorants,
stabilizers, buffers, artificial and natural sweeteners,
dispersants, thickeners, solubilizing agents, and the like.
The liquid utilized for preparing the liquid form preparation
may be water, isotonic water, ethanol, glycerine, propylene
glycol, and the like, as well as mixtures thereof.
Naturally, the liquid utilized will be chosen with regard to
the route of administration, for example, liquid preparations
containing large amounts of ethanol are not suitable for
parenteral use.

Preferably, the pharmaceutical preparation is in unit
dosage form. In such form, the preparation is subdivided
into unit doses containing appropriate quantities of the
active component. The unit dosage form can be a packaged
preparation, the package containing discrete quantities of
preparation, for example, packeted tablets, capsules, and
powders in vials or ampules. The unit dosage form can also
be a capsule, cachet, or tablet itself, or it can be the
appropriate number of any of these in packaged form.

The quantity of active compound in a unit dose of
preparation may be varied or adjusted from 1 mg to 500 mg,
preferably 5 to 100 mg according to the particular
application and the potency of the active ingredient. The
compositions can, if desired, also contain other compatible
therapeutic agents.

In therapeutic use as renin inhibitors, the mammalian
dosage range for a 70 kg subject is from 1 to 1500 mg/kg of
body weight per day or preferably 25 to 750 mg/kg of body
weight per day optionally in divided portions. The dosages,
however, per day may be varied debending upon the
requirements of the patient, the severity of the condition
being treated and the compound being employed. Determination
of the proper dosage for a particular situation is within the
skill of the art. Generally, treatment is initiated with
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small dosages which are less than the optimum dose of the
compound. Thereafter the dosage is increased by small
increments until the optimum effect under the circumstances
is reached. For convenience, the total daily dosage may be
divided and administered in portions during the day if
desired.

The following examples are provided to enable one
skilled in the art to practice the present invention. These
examples are not intended in any way to limit the scope of

the invention but are illustrative thereof.

EXAMPLE 1
O
SN N
O\ N—?~PHE—NHCH(COZCH3)CO—CAD
i |
0

A mixture of morpholinosulfamyl-PHE-NHCH(CO,CH,)CO,H
(0.5 g), DCC (0.25 g), HOBT-H,0 (0.16 g) and 10 ml DMF is

stirred at 25° for ten minutes. The resulting slurry is

treated with a solution of NHZCH(CH2%<::> )CH=CHCH,CH(CHj3),

(0.30 g) in 5 ml DMF. After stirring at 25° for 24 hours the
reaction ig filtered and concentrated under vacuum. The
residue is dissolved in CH,Cl, (75 ml) and this solution is
washed with 5% aqueous Na,CO, (25 ml), dried over MgSO,, and
evaporated. The major product is isolated by flash
chromatography on silica gel.

This product (0.4 g) is dissolved in THF (10 ml) and
N-methylmorpholine-N-oxide (0.22 g) and osmium tetroxide
(0.01 g) is added. The reaction mixture is stirred for
72 hours and is filtered and concentrated under vacuum. The
residue is dissolved in ethyl acetate (75 ml) and washed with
10% Na,SO, (25 ml), 10% citric acid (25 ml), saturated aqueous
NaHCO; (25 ml) and saturated aqueous NaCl (25 ml). The major
product is isolated by flash chromatography on silica gel,

eluting with CHCl,;-MeOH (99:1) to afford a crisp foam upon
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evaporation of solvents. MS (FAB) 655 (m+l). (FAB is fast

atom bombardment).

EXAMPLE 2
)
™\ I\
Q¥_ N-S-PHE-NHCH (CO,CH,4)CO-CAD
AT |
0]

A mixture of morpholinosulfamyl—PHE«NHCH(COQCHa)COQH
(0.5 g), DCC (0.25 g), HOBT-H,0 (0.16 g) and 10 ml DMF was

stirred at 25° for ten minutes. A solution of

H?_NCH(CHZO )CH(OH ) CH (OH) CH,CH(CHy) ,-HC1 and

N-methylmorpholine (0.15 ml) in 10 ml DMF was added to the
slurry and stirred for 48 hours. The reaction was filtered
and concentrated under vacuum. The residue was dissolved in
EtOAc (200 ml) and this solution was washed with water
(100 ml), saturated aqueous NaHCO4 (100 ml), water (100 ml)
and saturated sodium chloride (30 ml), dried over MgSO,, and
evaporated. The product was isolated by flash chromatography
on silica gel. The structure was confirmed by NMR and mass
spectroscopy.
Calcd. for Cg HgoN40oS (MW 654.74):

c, 56.86; H, 7.70; N, 8.56
Found: C, 56.44; H, 7.61; N, 8.86

EXAMPLE 3
]
(CHa)zN—%-PHE-NHCH(C02CH3)CO—CAD

Substitution of dimethylsulfamyl-PHE-NHCH(CO,CHy)COoH
for morpholinosulfamyl—PHE—NHCH(COZCHg)COZH in Example 2
afforded the desired product whose structure was confirmed by
NMR and mass spectroscopy.
calcd. for C,gH4gN40gS (MW 612.71):
c, 56.84; H, 7.90; N, 9.15
Found: C, 57.19; H, 8.20; N, 9.29
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EXAMPLE 4
0O
N
0 N-S-PHE-NHCH(OEt )CO~-CAD
./ g

Substitution of morpholinosulfamyl-PHE-NHCH(OEt)CO,H for
morpholinosulfamyl-PHE-NHCH(CO,CH,)CO,H in Example 2 afforded
the desired product. Chromatography on silica gel, eluting
with a gradient of 0-2% MeOH in CHCl,, gave the fast moving
diastereomer. The structure was confirmed by NMR and mass
spectroscopy.

Calcd. for Cq HgyN40sS (MW 640.76):
Cc, 58.10; H, 8.18; N, 8.74
Found: C, 58.12; H, 8.33; N, 8.43

Continued elution from the column gave the slow moving
diasteromer. The structure was confirmed by NMR and mass
spectroscopy.

Calcd. for Cg HgoN4O0gS (MW 640.76):
Cc, 58.10; H, 8.18; N, 8.74
Found: C, 58.60; H, 8.41; N, 8.56

EXAMPLE 5

O
N
0] 'N—S—NAPHTHYLALA—NHCH(COZCHa)CO-CAD

A N— g
A mixture of morpholinosulfamyl-NAPHTHYLALA-
NHCH (CO,CH4)CO,H (0.5 g), DCC (0.25 g), HOBT-H,0 (0.16 g) and
10 ml DMF is stirred at 25° for 10 minutes. The resulting

slurry is treated with a solution of
NHZCH(CH2%<::> )CH=CHCH,CH(CH,),-HCl and N-methylmorpholine

(0.15 ml) in 10 ml DMF. After stirring at 25° for
twenty-four hours the reaction is filtered and concentrated.
The residue is dissolved in EtOAc (75 ml) and this solution
is washed with 5% aqueous Na,CO; (25 ml), dried over MgSOy
and evaporated. The major product is isolated by flash

chromatography on silica gel.
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This product (0.4 g) is dissolved in THF (10 ml) and
N-methylmorpholine-N-oxide (0.22 g) and osmium tetroxide
(0.01 g) is added. The reaction mixture is stirred for
seventy-two hours and 1is filtered and concentrated. The
residue is dissolved in EtOAc (75 ml) and washed with 10%
Na,S05 (25 ml), 10% citric acid (25 ml), saturated aqueous
NaHCO,; and saturated aqueous sodium chloride (25 ml). The
major product is isolated by flash chromotography on silica

gel.

EXAMPLE 6

0]
Nl
O N—S—NAPHTHYLALA-NHCH(COQCH3)CO—CAD
AN | i
A solution of 560 mg (1.17 mmole) of morpholino-
sul famyl-NAPHTHYLALA-NHCH(CO,CH3)COoH, 360 mg (1.29 mmole) of

HZNCH(CH24<::> )CH (OH)CH(OH)CH,CH(CHg),-HC1, and 174 mg

(1.29 mmole) of HOBT in 25 ml CH,Cl, was treated with 0.24 ml
(1.75 mmole) of Et3N followed by 266 mg (1.29 mmole) of DCC
and the mixture allowed to stir at room temperature
overnight. The solvent was removed under reduced pressure
and the residue taken up in EtOAc. After filtering, the
EtOAc was washed with H,0, saturated NaHCOs, and saturated
NaCl. Drying over MgSO, and removal of the solvent under
reduced pressure gave the crude product which was purified by
chromatography on silica gel, eluting with a gradient of 0-2%
MeOH in CHCl,. The structure of the product was confirmed by
NMR and mass spectroscopy.
Calcd. for CgygHgpN40S-0.1CHCl; (MW 716.74):

c, 58.82; H, 7.33; N, 7.82
Found: C, 58.75; H, 7.44; N, 7.57
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EXAMPLE 7

o} N-
\__/

e

]

-PHE-NHCH(CO,-1i-Pr)CO-CAD

Substitution of morpholinosulfamyl-PHE-NHCH(CO;-1
Pr)CO,H for morpholinosul famyl-PHE-NHCH (CO,CH3)COLH in
Example 2 afforded the desired product whose structure was
confirmed by NMR and mass spectroscopy.

Calcd. for CgaHgaN409S (MW 682.79):
c, 58.05; H, 7.97; N, 8.21
Found: C, 58.04; H, 7.92; N, 7.99

EXAMPLE 8
CHg 0
~_n
N-S-TYR (OMe ) -NHCH (CO,CH, ) CO-CAD
1
CH, 0

Substitution of dimethylsulfamyl-TYR(OMe)
NHCH (CO,CH4)CO,H for morpholinosulfamyl-NAPHTHYLALA
NHCH (CO,CH,)CO,H in Example 6 afforded the desired product
whose structure was confirmed by NMR and mass spectroscopy.
Calcd. for CghoHgoN409S (MW 642.73):
Cc, 56.06; H, 7.84; N, 8.72
Found: C, 56.12; H, 7.81; N, 8.90

EXAMPLE 9
0
/N N
0 /N-%—TYR(OME)—NHCH(C07CH3)CO—CAD
. | ’
0

Substituting morpholinosulfamyl-TYR(OMe)-

NHCH (CO,CH4)CO,H for morpholinosul famyl-PHE-
NHCH (CO,CH;)CO,H in Example 2 afforded the desired product
which was purified by chromatography on silica gel, eluting
with a gradient of 0-4% MeOH in CHCl,. The structure was
confirmed by NMR and mass spectroscopy.
Calcd. for Cg,HgpN4O;,S (MW 684.77):

c, 56.12; H, 7.65; N, 8.18
Found: C, 55.82; H, 7.78; N, 8.24



10

15

20

25

EXAMPLE 10
IVA-PHE-NHCH (C0O,CH4)CO~-CAD

Substituting IVA-PHE-NHCH(CO,CH,)CO,H for
morpholinosul famyl-PHE-NHCH(CO,CH;)CO,H in Example 2 afforded
the desired product whose structure was confirmed by NMR and
mass spectroscopy.
Calcd. for Cy,HgNjO, (MW 589.75):
Cc, 65.17; H, 8.72; N, 7.13
Found: C, 65.03; H, 8.68; N, 7.39

EXAMPLE 11

BBSP-HIS-CAD (Isomer A)

A solution of 1.6 g (1.8 mmole) of BBSP-HIS(TRT)-CAD
(fast moving isomer) in 100 ml of 80% HOAc was warmed on a
steam bath for five minutes, then diluted with 200 ml of H,O.
After extracting with Et,0, the aqueous solution was
concentrated. The suspension obtained on diluting with H,0
was made basic with NaHCO,, and extracted with CHCl,. The
CHCl,; was washed with saturated NaCl and dried over Na,SO,.

‘After removal of the solvent under reduced pressure, the

residue was chromatographed on silica gel, eluting with a
gradient of 0-4% MeOH in CHCl,;. There was obtained 0.53 g of
pure product. This was converted to the methanesulfonic acid
salt, dissolved in H,0, and freeze-dried. The structure was
confirmed by NMR and mass spectroscopy.
Calcd. for C,4Hg4N4OgS-CH3S04H-2.3 H,O (MW 784.28):

C, 53.60; H, 8.05; N, 7.14
Found: €, 53.57; H, 7.83; N, 7.00°
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EXAMPLE 12

BBSP-HIS-CAD (Isomer B)

Using 2.2 g (2.48 mmole) of BBSP-HIS(TRT)-CAD (slow

moving isomer) and proceeding as in Example 11, there was

obtained 0.93 g of product. This was converted to the
methanesul fonic acid salt, dissolved in H,0, and
freeze-dried. The structure was confirmed by NMR and mass
spectroscopy.

Calcd. for C34H54N4OGS'CHSSO3H'1.6 HQO (MW 771.67):
c, 54.47; H, 7.99: N, 7.26
Found: C, 54.49; H, 7.88; N, 7.08

EXAMPLE 13
Ve
0  N-S0,-PHE-NHCHCO-CAD
\_/ !
CH, C=C~-CH,; NHCOCH

A solution of 1.35 g (2.0 mmole) of

Q::jN—soz-PHE—NHQHco—CAD in 40 ml CH,Cl, was cooled in
CH, C=C-CHyNH,

ice and 250 mg (2.2 mmole) of acetylimidazole added, and the
solution allowed to stir at room temperature overnight. The
solvent was removed under reduced pressure and the residue
taken up in EtOAc, and washed with 1N HC1l, H,O, saturated
NaHCO,, and saturated NaCl. Drying over MgSO4 and removal of
the solvent under reduced pressure gave the crude product
which was purified by chromatography on silica gel, eluting
with CHCl,/MeOH (98/2). There was obtained 1.23 g of product
as a white foam. The structure was confirmed by NMR and mass
spectroscopy .
Calcd. for CasHggNgOgS:0.4CHCLy (MW 753.58):

C, 56.42; H, 7.41; N, 9.29
Found: C, 56.14, H, 7.53; N, 9.24
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EXAMPLE 14

/N
O N~SO, -PHE-NHCHCO-CAD
- !
CH, C=C-CH, NHCOH

A solution of 1.35 g (2.0 mmole) of

O:_TN—SozPHE—NH§HCO—CAD in 20 ml CH,Cl, was cooled in
CH, C=C~CH, NH,

ice and treated with 0.18 ml (2.0 mmole) of formic-acetic
anhydride and 0.3 ml (2.0 mmole) of Et;N, then allowed to
stir at room temperature overnight. The solvent was removed
under reduced pressure and the residue taken up in EtOAc and
washed with 1IN HCl, H,0, saturated NaHCO;, and saturated
NaCl. Drying over MgsO, and removal of the solvent under
reduced pressure left the crude product which was purified by
chromatography on silica gel, eluting with CHCl,/MeOH (98/2).
There was obtained 1.06 g of product as a white foam. The
structure was confirmed by NMR and mass spectroscopy.
Calcd. for Cj4Hg3N50gS-0.45CHCl; (MW 745.53):

c, 55.50; H, 7.23; N, 9.39
Found: C, 55.59; H, 7.29; N, 9.19

EXAMPLE 15

/ \
0 /N—SOZ—PHE—NHFHCO-CAD
\..
CH, C=C-CH, NHCSNHCH3

A solution of 1.35 g (2.0 mmole) of

dr_\N-SOZ—PHE—NHCHCO—CAD in 20 ml CH,Cl, was cooled in
— éHzc;c-CHzNﬂz

ice and treated with 154 mg (2.1 Mmole) of methyl
isothiocyanate and 0.6 ml (4.2 mmole) of EtzN and stirred at
room temperature for three days. The solvent was removed
under reduced pressure and the residue taken up in EtOAc and
washed with 1IN HC1l, H,O0, saturated NaHCO,;, and saturated
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NaCl. Drying over MgsSO, and removal of the solvent under
reduced pressure left the crude product which was purified by
chromatography on silica gel, eluting with CHCl,/MeOH (98/2).
There was obtained 810 mg of product as a pale yellow foam.
The structure was confirmed by NMR and mass spectroscopy.
Calcd. for CagHgeNgO7S,-0.8CHCL,; (MW 823.36):

c, 51.66; H, 6.88; N, 10.11
Found: €, 51.85; H, 6.96; N, 10.08

EXAMPLES 16 AND 17

[l
0 /N—%—PHE—NHCH(SEt)CO—CAD
- |

A solution of 3.3 g (7.7 mmole) of

7/~
0] N-SO, -PHE-NHCH(SEt)CO,H and 1.08 g (8.08 mmole) of HOBT

N/
in 100 ml CH,Cl, was cooled in ice and 1.67 g (8.08 mmole) of
DCC added, followed by a cold solution of 2.15 g (7.7 mmole)

of HZNCH(CHZ—\‘ ) YCH(OH)CH(OH)CH,CH(CHj3 ), -HCL

and 1.13 ml (8.08 mmole) of Et;N in 30 ml CH,Cl,. After
stirring at 22° overnight, the mixture was filtered and
evaporated under reduced pressure to an oil. The oil was
dissolved in EtOAc and washed with saturated NaCl, 1IN citric
acid, saturated NaCl, saturated NaHCO; and saturated NacCl.
The organic phase was dried over MgsO, and evaporated to give
the crude product as a foam, 5.22 g. Chromatography on
silica gel, eluting with EtOAc/CHCl; (50/50) gave the faster
eluting isomer as a crystalline solid. The solid was
triturated with Et,0 and dried under vacuum, giving a white
solid, 1.36 g. The structure was confirmed by NMR and mass
spectroscopy.
Calcd. for C;,Hg,N40;S, (MW 656.91):

c, 56.77; H, 7.84; N, 8.53
Found: C, 56.84; H, 7.96; N, 8.49
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Continued elution from the column gave the slower
eluting isomer as a white solid, 1.49 g. The stiructure was
confirmed by NMR and mass spectroscopy.

Calcd. for C;,HgaN40;S, (MW 656.91):
C, 56.77; H, 7.84; N, 8.53
Found: C, 56.58; H, 7.93; N, 8.47

EXAMPLE 18

\
0 N-S0Q, -PHE-NHCHCO-CAD
— |

A solution of 2.42 g (4.97 mmole) of

TN
0 _JN—SOZ—PHE-NHCHCOZH and 0.7 g (5.22 mmole) of HOBT in
- |

|
L
80 ml CH,Cl, and 5 ml DMF was cooled in ice and treated with
1.08 g (5.22 mmole) of DCC followed by a cold solution of

1.39 g (4.97 mmole) of HyNCH(CH;= Y JCH(OH)CH(OH)CH,CH

(CH;),-HCl and 0.73 ml (5.22 mmole) of Et;N in 20 ml CH,Cl,.
After stirring at room temperature overnight, the mixture was
filtered and the solvent removed under reduced pressure. The
residue was taken up in EtOAc and washed with 1N citric acid,
saturated NaCl, saturated NaHCO,;, and saturated NaCl. After
drying over MgSO,, the solvent was removed under reduced
pressure to give 3.7 g of the crude product as a brown solid.
Trituration with Et,0 left 2.3 g of partially purified product.
Chromatography on silica gel, eluting with EtOAc/CHCl, (50/50)
gave 2.05 g of the product as a white solid. The structure
was confirmed by NMR and mass spectroscopy.
Calcd. for Cz3HgoN40O;S3 (MW 710.98):

c, 55.75; H, 7.09; N, 7.88
Found: C, 55.95; H, 7.28; N, 7.87
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EXAMFLES 19 AND 20

/N
(.)\ N-SO, ~PHE-NHCH(OCH, CH=CH, )CO-CAD
—

A solution of 1.91 g (4.47 mmole) of

VAR

0] N—SOZ—PHE~NHCH(OCH2CHﬁCH2)COZH and 0.62 g (4.56 mmole) of
N,

HOBT in 40 ml CH,Cl, and 5 ml DMF was cooled in ice and
treated with 0.94 g (4.56 mmole) of DCC, followed by a cold
solution of 1.25 g (4.47 mmole) of

H,NCH(CH,~ ) )CH(OH)CH(OH)CH,CH(CH;), HCL and 0.63 ml

(4.56 mmole) of EtzN in 15 ml CH,Cl,. After stirring at room
temperature overnight, the mixture was filtered and the
filtrate evaporated under reduced pressure. The residue was
taken up in EtOoAc, filtered, and washed with 1IN citric acid,
saturated NaCl, saturated NaHCO3, and saturated NaCl. Drying
over MgsO, and removal of the solvent under reduced pressure
gave 2.8 g of the crude product as a foamn. Chromatography on
silica gel, eluting with EtOAc/CHCl; (50/50) gave the faster
eluting isomer. Trituration with Et,0 gave 0.72 g of the
product as a white solid. 'The structure was confirmed by NMR
and mass spectroscopy.
Calcd. for CagHg N4OgS:0.5H,0 (MW 660.86):

c, 58.16; H, 7.93; N, 8.48
Found: C, 57.98; H, 8.05; N, 8.41

Further elution from the column gave the slower eluting

isomer which still retained about 10% of the faster eluting
isomer. Evaporation of an Et,O solution gave 0.62 g of the
product as a white foam. The structure was confirmed by NMR
and mass spectroscopy. ‘
Calcd. for CspHg N4OgS-0.5H,0 (MW 660.86):

c, 58.16; H, 7.93; N, 8.48
Found: C, 58.11; H, 8.08; N, 8.29
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EXAMPLE 21
BMA-PHE~-NHCH(OFEL)CO-CAD

A solution of 1.58 g (2.18 mmole) of

Z-BMA-PHE-NHCH(OEt )CO-CAD in 100 ml of EtOH was treated with
0.3 g of 20% Pd/C and the mixture purged with hydrogen for
four hours. The mixture was filtered and the solvent removed
under reduced pressure. The residue was trituated with Et,0
to give 1.2 g of a white solid. Chromatography on silica gel,
eluting with a gradient of 0-15% MeOH in CHCl,; gave 0.86 g of
the product as a white solid. The structure was confirmed by
NMR and mass spectroscopy.
Calcd. for CyyHg54N405-0.3CHCl; (MW 626.62):

C, 61.91; H, 8.73; N, 8.94
Found: C, 61.86; H, 9.15; N, 9.01

EXAMPLES 22 AND 23
S\ 4
0  N-SO,~PHE-NHCH(SCH, CH=CH, )CO~CAD
N
O NSO, -PHE-NHCH(SCH,CH=CH, )CO,H (2.0 g, 4.51 mmole)

and HOBT'H,;0 (0.67 g, 4.96 mmole) were dissoclved in a mixture
of 5 ml DMF and 80 ml CH,Cl,. After cooling to 0°, DCC

(1.02 g, 4.96 mmole) and a solution of H2NCH(CH24<i:> )

CH(OH)CH(OH)CH,CH(CH, ), -HC1 (1.36 g, 4.86 mmole) and Et,N
(0.7 ml, 4.96 mmole) in 25 ml cold CH,Cl, were added. After
stirring overnight at room temperature the mixture was
filtered, evaporated under reduced pressure to a gum and
redissolved in EtOAc. The solution was washed with 1N citric
acid, saturated NaCl, saturated NaHCO; and saturated NaCl.
The organic phase was dried over MgSO, and evaporated to a
foam, 3.18 g. Chromatography on silica gel, eluting with
CHCl,/EtOAc (60/40) gave the faster eluting isomer as a
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crystalline solid, 0.79 g. The structure was confirmed by
NMR and mass spectroscopy.
Calcd. for Ca,HgaN40O7S, (MW 668.92):
c, 57.46; H, 7.83; N, 8.37
Found: C, 57.50; H, 7.92; N, 8.37
continued elution from the column gave the slower
eluting isomer as a white foam, 0.81 g. The structure was

- confirmed by NMR and mass spectroscopy.

Calcd. for C32H52N4O7SZ (MW 66892)!
c, 57.46; H, 7.83; N, 8.37
Found: C, 57.07; H, 7.72; N, 8.04

EXAMPLES 24 AND 25
BOC-PHE-NHCH(SEt)CO-CAD

A solution of 5.48 g (14.3 mmole) of
BOC~PHE-NHCH(SEL)CO, 1l and L.97 g (14.6 mmole) of HOBT in
100 ml CH,Cl, and 10 ml DMF was cooled in ice and treated

with a cold solution of 4.05 ¢ (14.3 mmole) of
HgNCH(CHZ%\ ) )CH(OH)CH(OH)CHZCH(Cﬂg)2°HCl and 2.0 ml

(14.6 mmole) of EtsN in 70 ml CH,Cl,, followed by 3.0 g

(14.6 mmole) of DCC. After stirring at room temperature
overnight, the mixture was filtered and the solvent removed
under reduced pressure. The residue was taken up in EtOAc,
filtered, and extracted with IN citric acid, saturated NaCl,
saturated NaHCO;, and saturated Nacl. After drying over
MgSO,, the solvent was removed under reduced pressure leaving
8.57 g of the crude product. chromatography on silica gel,
eluting with CHClg/EtOAC (75/25) gave the faster eluting
isomer. Recrystallization from EEZO/hexane gave 2.26 g of

the product as a white solid. The structure was confirmed by

NMR and mass spectroscopy.
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Calcd. for CaaHgsaN;0gS (MW 607.85):

c, 63.23; H, 8.79; N, 6.91
Found: C, 63.34; H, 9.03; N, 6.84

Continued elution from the column gave 2.22 g of the

slower eluting isomer as a solid. The structure was confirmed
by NMR and mass spectroscopy.
Calcd. for CapHgaN3OgS-0.5H,0 (MW 616.87):

c, 62.31; 1, 8.82; N, 6.81
Found: C, 62.41; H, 8.79; N, 6.74

EXAMPLE 26

/N )
0] N-SO, ~PHE-NHCH(CH, CN)CO-CAD
R—

A solution of 1.57 g (5.0 mmole) of
/TN ) . . .
O N-SO,-PHE in 25 ml DMF was cooled 1in 1ce and treated

with 0.67 g (5.0 mmole) HOBT and 1.03 g (5.0 mmole) of DCC.
To this was then added a solution of 1.9 g (5.5 mmole) of
H,NCH(CH,CN)CO-CAD in 15 ml DMF and the solution stirred at
room temperature overnight. The mixture was filtered and the
solvent removed in vacuo. The residue was taken up in EtOAc
and washed with 1N citric acid, saturated NaHCOa, and
saturated NaCl. Drying over MgSO, and removal of the solvent
under reduced pressure gave the crude product.
Chromatography on silica gel, eluting with CHCl;/MeOH (95/5)
gave 1.9 g of the product as a white foam, mp 203-204.5°.
Calcd. for Ca, HqoNg07S-0.25CHCL; (MW 665.59):

Cc, 56.39; H, 7.46; N, 10.52
Found: C, 56.12; H, 7.46; N, 10.34
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EXAMPLE 27

/N
0 N—SO?-PHE-NHCH(OEt)CO—CAH
R4 ’

A solution of 0.77 g (1.85 mmole) of
Vo
0 N—SOZ—PHE—NHCH(OEt)COZH, 0.28 g (2.04 mmole) of HOBT,
0.5 g (1.85 mmole) of HyNCH( (__\ )CH(OH)CH(OH)CH?CH(CH3)9-HC1
_/ ) .

and 0.21 ml (2.04 mmole) of EtzN in 25 ml DMF was cooled in
ice and treated with 0.42 g (2.0 mmole) of DCC. After
0.5 hour at 0°, the mixture was allowed to stir at room
temperature for 24 hours. The mixture was filtered and the
residue washed with CH,Cl,. The combined organic phases were
washed with H,0, saturated NaHCO3, and saturated NaCl.
Drying and removal of the solvent under reduced pressure gave
the crude product. Chromatography on silica gel, eluting
with a gradient 0-2% MEOH in CHCl,4 separated the two
diastereomers present. There was obtained 70 mg of the pure
faster eluting diastereomer.
Caled. for CggHgoN4OgS-0.8CHCl; (MW 722.24):

Cc, 51.22; H, 7.09; N, 7.76
Found: C, 51.27; H, 7.93; N, 7.22

EXAMPLE 28

TN
HN N—SOZ—PHE—NHCH(COZCHS)CO—CAD
A—

/TN
A solution of 2.3 g (2.9 mmole) of Z-N N-SO,-PHE-
.

NHCH (CO,CH4 ) CO-CAD in 50 ml MeOH was treated with 0.25 g of
10% Pd/C and stirred in a hydrogen atmosphere for two hours.
The mixture was filtered through Celite and the filtrate
concentrated under reduced pressure to yield 1.9 g of the

product. The structure was confirmed by NMR spectroscopy.
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The material was converted to the acetate salt and

freeze-dried.

Calcd. for Ca Hg NgOgS:CyH,40,-1.38H,0 (MW 738.67):
C, 53.65; H, 7.88; N, 9.48

Found: C, 53.44; H, 7.51; N, 9.41

EXAMPLE 29

TN

CHyN  N-SO,~NHCH(CO,CH, ) CO-CAD

N

/N
A solution of 1.1 g (1.7 mmole) of HN  N-SO,-PHE-

NHCH(CO,CH; )CO-CAD in 20 ml EtOH was treated with 0.5 ml
(6.0 mmole) of 37% aqueous formaldehyde and 5 ml of formic
acid and heated at reflux for three hours. The mixture was
diluted wih EtOAc and washed with 10% K,CO, and saturated
NaCl. Drying over MgSO, and removal of the solvent under
reduced pressure gave the product as a foam. It was converted
to the acetate salt and freeze-dried. The structure was
confirmed by NMR and mass spectroscopy.
Calcd. for CuoHgaNgOgS-0.5C,H,0,-1.0H,0 (MW 715.83):

C, 55.37; H, 8.03; N, 9.78
Found: ¢C, 55.32; H, 8.01; N, 9.73

EXAMPLE 30

—\
(0] N-SO, -PHE-NHCH(CO,H)CO-CAD
N
Vo
A solution of 1.2 g (1.8 mmole) of O N-SO, -PHE-
s

NHCH(CO,CH, )CO-CAD in 30 ml THF was treated with 2.7 ml of 1IN
NaOH and stirred at room temperature for 18 hours. The THF
was removed under reduced pressure and the residue taken up
in H,0 and washed with EtOAc. The aqueous layer was brought
to pH 2.7 with 1N HCl, and the mixture extracted with EtOAc.
Drying over MgsSO, and removal of the solvent under reduced



pressure gave 1.1 g of the product as a foam. The structure
was confirmed by mass spectiroscopy.
Calcd. for CagHsigN,06S-1.0H,0 (MW 658.73):
C, 54.70; H, 7.65; N, 8.51
5 Found: C, 54.72; H, 7.62; N, 8.28

EXAMPLE 31
0 'N-S0,-PHE-GLY-CAD

A solution of 5.55 g (16.5 mmole) of GLY-CAD-HCl in
60 ml DMF was treated with diisopropylethylamine until basic.
10 This solution was added Lo a cold solution of 5.2 g

TN

VAR
(16.5 mmole) of o N-SO,-PHE, 2.39 g (17.4 mmole) of HOBT,

and 3.62 g (17.4 mmole) of DCC in 20 ml of DMF. After two
hours at 0°, the mixture was stirred at room temperature
overnight. The mixture was filtered and the filtrate

15 concentrated under high vacuum. The residue was taken up in
EtOAc and washed with 1N citric acid, saturated NacCl,
saturated NaHCO,, and saturated NaCl. Drying over Na,SO, and
removal of the solvent under reduced pressure gave 9.44 g of
the crude product as a foam. Chromatography on silica gel,

20 eluting with CHCl,;/MeOH (95/5) gave 7.74 g of the product as
a solid foam, mp 90-93°. The structure was confirmed by NMR
and mass spectroscopy.
Calcd. for C,ooH gN40;S-0.37CHCl,y (MW 641.53):

C, 54.99; H, 7.60; N, 8.73
25 Found: C, 54.94; H, 7.73; N, 8.62
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EXAMPLE 32

N .
O  N-SO,-PHE-LYS(CSNHCHgz)-CAD

AN—

N
A solution of 2.1 g QL ‘N-SO,-PHE-LYS(CSNHCH,) and
1.1 g HOBT in 10 ml DMF was cooled to 15° and treated with

0.8 g DCC. The mixture was stirred for 10 minutes at 15° and

treated with a solution resulting from the mixing of 1.1 g
HZNCH(CH24<::> )CH (OH)CH(OH)CH,CH(CHgy)5-HC1, 0.55 ml EtgN

and 10 ml CH,Cl,. After stirring for 48 hours at room
temperature, the CH,Cl, was removed under reduced pressure
and the solids filtered off. The filtrate was evaporated
under high vacuum and the residue taken up in CH,Cl, and
washed with H,0, pH 7 phosphate buffer, and 5% K,CO4. Drying
over MgSO, and removal of the solvent under reduced pressure
gave the crude product. Chromatography on silica gel,
eluting with CHCl,/MeOH (9/1) gave the product. The
appropriate fractions were combined using CH,Cl, to give
1.8 g of a foam. The structure was confirmed by mass
spectroscopy.
Calcd. for CggHgoNgO;S,-0.5CH,Cl, (MW 783.35):

Cc, 54.43; H, 7.85; N, 10.73
Found: C, S4.30; H, 7.89; N, 10.89

EXAMPLE 33
CH40- (CH, ) ,NHSO,-PHE-NHCH (CO,CHjy ) CO-CAD

Substitution of CHgO-(CH,),NHSO,-PHE-NHCH(CO,CH3)CO,H

N
for O N-SO,-PHE-NHCH(CO,CH3)CO,H in Example 2 gives the

desired product. The structure is confirmed by NMR and mass

spectroscopy.
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EXAMPLE 34

N
0 /N—SOZ-PHE—NHCH(COQCHg)CO—CAD

N
A solution of 314 mg (1.0 mmole) of O N-SO, ~-PHE,

395 mg of H,NCH(CO,CH3 )CO-CAD-HCI, and 135 mg (1.0 mmole) of
HOBT in 20 ml DMF is cooled in ice and 0.14 ml (1.0 mmole) of
Et,N added, followed by 207 mg (1.0 mmole) of DCC. After

15 minutes at 0°, the mixture is allowed to stir at room
temperature overnight. The mixture is filtered and the
solvent removed under high vacuum. The residue is taken up
in EtOAc and washed with H,0, LN HCl, saturated NaHCO;, and
saturated NaCl. Drying over MgsO, and removal of the solvent
under reduced pressure gives the crude product which can be
purified by chromatography on silica gel. The structure is
confirmed by NMR and mass spectrosCopy.

INTERMEDIATES FOR
EXAMPLES 1-10, 33

M82N502 -PHE

A solution of PHE (3.3 g) in IN NaOH (20 ml) was treated
with a solution of N,N-dimethylsulfamyl chloride (2.3 ml) in
THF (20 ml) and stirred vigorously at 25° for three hours.
The reaction mixture was then treated with additional 1N NaOH
(20 ml) and N,N-dimethylsul famyl chloride (2.3 ml) and
stirred three hours further at 25°. Finally 1IN NaOH (20 ml)
and diethyl ether (80 ml) were added. The mixture was shaken
and the aqueous layer was separated and acidified to pH 1 by
addition of IN HCL (25 ml). The product was extracted into
ethyl acetate, the solution dried over MgsSO,, and evaporated
to give a gum which slowly solidified (4.0 g). The structure

was confirmed by NMR spectroscopy.

CH;0-(CH, ) ,NHSO, ~PHE
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Prepared as above, substituting CH30-(CH;),NHSO,Cl
(prepared according to the method of G. Weib and G. Schulze,
Ann. 729, 40 (1969)) for N,N-dimethylsulfamyl chloride. The
product is isolated as its dicyclohexylamine salt.

VR
0 N~SO, ~-PHE
N,

A solution of 66 g (0.4 mole) of PHE in 120 ml of 3.33N
NaOH was treated dropwise over 30 minutes with a solution of
37.1 g (0.2 mole) of morpholinosul famyl chloride (prepared
according to the method of R. Wegler and K. Bodenbennen,
Ann. 624, 25 (1959)) in 80 ml of THF. The solution was
stirred at room temperature for six hours, then acidified to
pH 2 with concentrated HCl. The mixture was extracted with
EtOAc. The EtOAc phase was washed with 1IN HCl, dried over
MgSO,, and evaporated to a solid. Recrystallization from H,O
gave 27 g of the pure product, m.p. 157-158°.

N\
O  N-SO,-TYR(OMe)
./

Prepared as above, substituting TYR(OMe) for PHE. The

structure was confirmed by NMR spectroscopy.
Me, NSO, ~-TYR(OMe)

Prepared as above, substituting TYR(OMe) for PHE. The
product was isolated as its dicyclohexylamine salt, m.p.
157-159°.

H,NCH(CO,CH; )CO,CH, Ph

Methyl, benzyl isonitroso malonate was prepared from
methyl, benzyl malonate (obtained from Aldrich Chemical Co.)
by the procedure described in Organic Synthesis, Col. Vol. V,
p. 373. The crude product thus obtained was reduced to the
title compound by the procedure described in the Journal of
the American Chemical Society, Vol. 75, p. 1970, April 20,
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1953. The crude product was used without further
purification in the following step.

BOC-NHCH( CO,CH, )CO, CH, Ph

H,NCH(CO,Me )CO,CH, Ph (94 g) was dissolved in ethyl ether
(750 ml) and cooled to 59, pi-t-butyldicarbonate (91.7 q)
was added and the mixture was held at 4° overnight. The
mixture was stripped Lo an orange oil (135 g). This oll was
chromatographed on silica gel, eluting with hexane-ethyl
acetate (85:15). The product was recovered as an oil which
solidified upon standing (67 g). MS (FAR) 324 (m+l).

H, NCH(CO, CH, ) CO, CHp Ph- HC1

Treatment of BOC-NHCH(CO, CH; )CO, CHy Ph with HCl gas in
CH,Cl, over 5 hours afforded the desired hydrochloride salt
after concentration under vacuum. The structure was confirmed

by NMR and mass spectroscopy.
H,NCH(CO,-1-Pr)CO,CHyPh-HC1

Following the procedures for preparing
HZNCH(COZCHS)COZCHzPh-Hcl pbut substituting isopropyl benzyl
malonate the desired product was prepared. The structure was

confirmed by NMR and mass spectroscopy.

/ \ I
0  N-S-PHE-NHCH(CO;CHy)CO,CH,Ph
N/ 1

To a mixture of morpholinosul famyl-PHE (3.14 g),
H, NCH(CO,CHy ) CO, CHp Phi-HCL (2.60 g), EtsN (1.53 ml) HOBT-H,0
(1.42 g) in DMF (50 ml) was added DCC (2.17 g) and the
reaction was stirred at 25° for twenty-four hours. The
reaction was filtered and concentrated under vacuum. The

residue was dissolved in EtOAC (200 ml) and washed with



10

15

20

25

30

saturated aqueous NaHCO; (100 ml) and three times with water
(100 ml). The solution was dried over Mgs0O, and concentrated
to afford the crude product which was purified by flash
chromatography on silica gel.

The following compounds are obtained in an analogous
manner:

CH40- (CH, ) ,NHSO, - PHE-NHCH (CO,CH3) CO,CH,Ph

0
N
0 N—%—NAPHTHYLALA-NHCH(COZCHB)COZCHZPh ,
AW |
0
CH, 0
N , -
//,N—s—pnm—mncn(co?cu3)co7CH?ph ,
I - e
CH,4 0
0
L
9 /N~S—PHE—NHCH(COZ-i~Pr)C09CH9Ph ,
- 1] - B
0
CH, 0
~N i
//N—ﬁ-TYR(OMe)—NHCH(COZCHQ)COZCHZPh .
CH,4 0

IVA-PHE-NHCH (CO,CH,)CO,CH,Ph , and

0
I
0 N—%—TYR(OMe)—NHCH(COZCHS)COZCHZPh.
A— |
0
0
|
/N—ﬁ—PHE—NHCH(COZCHG)COZH
.-
0

To a solution of morpholinosulfamyl-PHE-
NHCH (CO,CH4)CO,CH,Ph (5.32 g) in 100 ml methanol was added
20% Pd/C (0.53 g). The suspension was stirred under a
hydrogen atmosphere for three hours, filtered, and the
solvent removed under reduced pressure to afford the product

of sufficient purity for use in subsequent reactions.
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The following compounds are prepared in an analogous

manner:
— 8
O N—%-NAPHTHYLALA-NHCH(COQCHg)COQH ,
U0
CH30—(CH2)2NHSOZ~PHE—NHCH(C02CH3)COZH ,
CH, (@)
~ It
N—ﬁ—PHE—NHCH(C02CHg)C02H ,
CHj
(6]
TN ] . .
Q N—ﬁ—PHE—NHCH(COz—1~Pr)COZH ,
T 0
CH, IL')
N—ﬁ-TYR(OMe)—NHCH(COZCHg)COZH ,
CH, (0]
IVA-PHE-NHCH(CO,CH; )CO,H , and
(0]
TN
0] N-S~TYR(OMe ) -NHCH(CO,CH; )COoH
A7 L

0

YR H
0 N-S-NAPHTHYLALA

et

0

The tetra-n-butyl ammonium salt of napthylalanine
(1.82 g) was dissolved in 25 ml of THF and treated with
morpholinosul famyl chloride (0.37 g). The reaction was
stirred for 21 hours at 25°. The suspension was evaporated
and partitioned between EtOAc (50 ml) and IN HCL (50 ml).
The ELOAc layer was separated, and washed twice with 0.5N
NaOH. The combined basic layers were acidified to pH=1-2 and
extracted with EtOAc (50 ml), dried over MgsO, and
concentrated. The crude product was concentrated three times
from toluene (100 ml) to afford thenproduct as a crisp foam.

The structure was confirmed by NMR spectroscopy.
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0
/T Il
O N-S-PHE-NH,
N/ ]
0
N . , ,
0] /N~§—PHE (10.0 g) was dissolved in a 1:1 mixture of
\.

CH,Cl, and THF (250 ml total) and cooled to -50°. Then
carbonyl diimidazole (5.4 g) was added and the reaction was
warmed to -15° over a 3 hour period. Ammonia gas was bubbled
into the solution for 1 hour and the reaction was allowed to
warm to 20° over a 2 hour period. The reaction was
concentrated to a gel and triturated with an Et,0 and water
mixture to afford a solid. The solid was collected, washed
with water and Et,0 and dried in vacuo to afford 6.0 g of
product. The structure was confirmed by NMR and mass

spectroscopy.
o
N l%
o) N-S-PHE-NHCH(OH)CO,H .
s |
0]
0
N
To O N-—?—PHE—NH2 (5.9 g) in acetone (300 ml) was added
N 6

glyoxylic acid-H,0 (3.64 g) and the reaction was heated to
reflux for two days. The reaction was then cooled and
concentrated and dissolved in EtOAc. The EtOAc layer was
washed with saturated sodium chloride, and twice with
saturated aqueous NaHCO,;. The combined basic layers were
acidified to Congo Red with concentrated HCl. The aqueous
layer was concentrated and taken up in EtOAc. The solids
were filtered off and the EtOAc layer was washed with brine,
dried over MgSO, and concentrated 'to afford the product

(5.27 g) as a white foam. The structure was confirmed by NMR

and mass spectroscopy.
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0]
N
O N-%—PHE-NHCH(OEt)COQEt
A
0
SN . )
To O N-ﬁ-PHE—NHCH(OH)COQH {5.11 g) dissolved 1n EtOH
— 0
(100 ml) was added concentrated sulfuric acid (1 ml). 'The
reaction was stirred at 25° for five days. It was then

concentrated to an oil, dissolved in EtOAc and washed with
saturated aqueous NaHCO; and saturated sodium chloride. The
EtOAc layer was dried over MgSO, and concentrated. The
residue was purified by flash chromatography on silica gel

and the product was isolated. The structure was confirmed by

NMR and mass spectroscopy.

0]
TN 0
o N—ﬁ—PHE-NHCH(OEt)COzH
—
6]

To qrvTN—g—PHE-NHCH(OEt) (4.11 g) dissolved in EtOH
b

(50 ml) was added 1N NaOH (20 ml). The reaction was stirred
1 hour at 25°C and quenched with 1IN HCl (23 ml) and
concentrated. The residue was dissolved in EtOAc, washed
with saturated sodium chloride, dried over MgSO, and
concentrated to afford the product (3.77 g) as a white foam.
The structure was confirmed by NMR and mass spectroscopy.
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INTERMEDIATES FOR EXAMPLES 11 AND 12
BBSP-HIS (TRT)-0CH;

A solution of 10.0 g (0.035 mole) of (+)-BBSP
(EP-236,734), 14.47 g (0.035 mole) of HIS(TRT)-OCH;, and
4.75 g (0.035 mole) of HOBT in 250 ml CH,Cl, was cooled in
ice and treated with a solution of 7.25 g (0.035 mole) of DCC
in 30 ml CH,Cl,, then allowed to stir at room temperature for
two days. The mixture was filtered, and the filtrate washed
with 1IN citric acid, saturated NaHCOj, and saturated NaCl.
Drying over Na,SO, and removal of the solvent under reduced
pressure gave the crude product which was purified on silica
gel, eluting with a gradient of 0-2% MeOH in CHClj;. The
product was crystallized from Et;O/hexane to give 12.89 g of
a pale yellow solid.

BBSP-HIS ('TRT)

A solution of 12.89 g (0.019 mmole) of
BBSP-HIS(TRT)-OCH,; in 150 ml ‘dioxane was cooled to 0° and
19 ml of IN LiOH added, and the solution allowed to stir at
room temperature for 16 hours. The solution was concentrated
under reduced pressure, acidified with NaHSO,, and extracted
with CHClz;. The CHCl,; was washed with saturated NaCl and
dried over Na,SO,. Removal of the solvent under reduced
pressure gave 12.2 g of the product as a white solid. The

structure was confirmed by NMR and mass spectroscopy.
BBSP-HIS(TRT)}~-CAD
A solution of 2.44 g (8.73 mmole) of H;NCH(CHp~ Y )

CH(OH)CH(OH)CH,CH(CHy ), -HC1 in 75 ml DMF was cooled in ice and
1.8 ml (12.9 mmole) of Et;N added. The suspension was then
treated with 5.8 g (8.73 mmole) of BBSP-HIS(TRT), 1.18 g

(8.73 mmole) of HOBT, and 1.8 g (8.73 mmole) of DCC. After

15 minutes at 0°, the mixture was stirred at room temperature
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overnight. The mixture was filtered and the DMF removed
under high vacuum. The residue was taken up in EtOAc and
washed with saturated NaHCO,, then with saturated NacCl .

After drying over Na,; S04 and removal of the solvent under
reduced pressure, the residue was chromatographed on silica
gel, eluting with a gradient of 0-0.75% MeOH in CHCl,;. There
was obtained 1.6 g of the fast moving isomer and 2.2 g of the
slow moving isomer. The structure was confirmed by NMR and

mass spectroscopy.
INTERMEDIATES FOR EXAMPLES 13-15
C1CH, C=C-CH, NHBOC

A suspension of 2.89 g (20.6 mmole) of
ClCH,;C=C~CH,NH, -HC1 in 30 ml of dioxane was cooled in ice and
4.5 g (20.6 mmole) of di-tert-butyldicarbonate added,
followed by 10.4 ml (20.8 mmole) of 2N NaOH. ‘The cooling was
removed and the solution allowed to stir at room temperature
for two hours. The solution was diluted with EtOAc and the
layers separated. The EtOAc layer was washed with H,O, 1IN
citric acid, H,0, saturated NaHCO;, and saturated NaCl.
Drying and removal of the solvent under reduced pressure left
4.2 g of the product. The material was of sufficient purity

for use in the following step.
dfm\
N=~S0, -PHE-NHCH(CO, C, Hg ),
. ah
A solution of 12.57 g (0.04 mole) of 0 N-SO, -PHE,
R

5.4 g (0.04 mole) of HOBT and 8.47 g (0.04 mole) of diethyl
aminomalonate-HCl in 200 ml DMF was cooled in ice and 5.6 ml
(0.04 mole) of EtyN added, followed by a solution of 8.34 g
(0.04 mole) of DCC in 25 ml DMF. After 1/2 hour at 0°, the
solution was left stirring at room Lemperature overnight. The
mixture was filtered and the solvent removed under high
vacuum. The residue was taken up in EtOAc and washed with 1N
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HCl, H,0, saturated NaHCO,, and saturated NaCl. Drying over
MgS0O, and removal of the solvent under reduced pressure left
18.1 g of the product as a viscous oil. The material was

used directly in the next reaction.

N\

(0] N-SOQ_PHE-NH-C(COZCZHS)Z

NI ! .
CH, C=C-CH, NHBOC

Under nitrogen, a suspension of 3.5 g (72 mnole) of
NaH-mineral oil (50%) was washed free of the mineral oil with
THF, then suspended in 75 mlL DMSO. This suspension was

;TN
treated dropwise with 17.0 g (36 mmole) of O  N-SO,-FHE-

CH(CO,C,Hg ), in 50 ml DMSO and stirred at room temperature.
After stirring for four hours, the dark solution was treated
with 7.47 g (36 mmole) of ClCH,C=C-CH,NHBOC and 1.0 g of KI.
After 40 hours, the solution was treated with IN citric acid
and extracted with EtOAc. The EtOAc was washed two times
with H,0, then saturated NaCl. Drying over MgSO4 and removal
of the solvent under reduced pressure left 22.7 g of a brown
0il. Chromatography on silica gel, eluting with CHCl,;/MeOH
(99/1) gave 14.2 g of product, sufficiently pure to use in

the following reaction.

7 \
0 N-SO, -PHE-NHCHCO,H
./ !
CHZ C= C"CHZ NHBOC

Vann
A solution of 9.82 g (15.4 mmole) of O N-SQ, -PHE~

NH?(COZCZHS)Z in 45 ml dioxane and 45 ml EtOH was treated
CH, C=C-CH, NHBOC

with 24 ml (48 mmole) of 2N NaOH and stirred at room

temperature overnight. The solvent was removed under reduced

pressure and the residue taken up in H,0 and washed with

Et,0. The pH was brought to 2.5 with dilute HCl and the

mixture extracted twice with EtOAc. The EtOAc was washed
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with saturated NaCl, dried over MgSO,, and the solvent
removed under reduced pressure. The residue was taken up in
100 ml dioxane and 100 ml toluene and heated at reflux for
three hours. Removal of the solvent under reduced pressure
left 7.8 g of the product as a golden brown foam. The
product was sufficiently pure for use in the following step.

O N=S0,-PHE-NHCHCO-CAD

R |

CH, C=(~CH, NHBOC

P
A solution of 5.65 g (1.05 mmole) of O N-SO, ~PHE-
_
NH?HCOZH , 1.42 g (1.05 mmole) of HOBT and 2.93 ¢
CH, C=C-CH, NHBOC
(1.05 mmole) of HyNCHCH(OH)CH(OH)CH,CH(CH, ), -HC1 in 50 ml DMF

was cooled in ice and 1.48 ml (1.05 mmole) of Et;N added
followed by 2.2 g (1.05 mmole) of DCC in 10 ml DMF. After
15 minutes at 0°, the mixture was stirred at room temperature

overnight. The mixture was filtered and the solvent removed

under reduced pressure. The vesidue was taken up in ELOAc
and washed with 1IN HC1l, H,0, saturated NaHCOj;, and saturated
NaCl. Drying over MgsSO, and removing the solvent under

reduced pressure gave the crude product which was purified by
chromatography on silica gel, eluting with CHCl,;/MeOB (99/1).
There was obtained 5.36 g of pure product as a pale yellow

foam.
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0] N—SOZ-PHE-NHCHCO—CAD
\_/ I

CH, C=C-CH,NH,

: TN
A solution of 5.3 g (6.9 mmole) of O  N-SO,-PHE-
A
NHCHCO-CAD in 50 ml CH,Cl, was treated with HCl gas

éHZCEC—CHZNHBOC
for five minutes, then stirred at room temperature for
1.5 hours. The solvent was removed under pressure, CH,Cl,
added, and the solvent removed again. The residue was taken
up in CH,Cl, and treated with cold CH,Cl, that had been
saturated with ammonia. The NH,Cl was filtered off, and the
solvent removed under reduced pressure to give 4.05 g of the

product as a white solid.
INTERMEDIATES FOR EXAMPLES 16 AND 17

VAR
0 N-SO, -PHE-NHCH(OH)CO, Et
e/

A solution of 13.0 g (33.5 mmole) of OF-\N-SOZ—PHE—
_/
NHCH(OH)CO,H in 200 ml ab. EtOH was treated with 2 ml
concentrated H,S0, and stirred at room temperature overnight.
Evaporation under reduced pressure gave a syrup which was
taken up in EtOAc and washed with saturated NaCl, saturated
NaHCO;, 1N citric acid, and saturated NaCl. Drying over
MgS0O, and removal of the solvent under reduced pressure gave
the crude product. Chromatography on silica gel, eluting
with EtOAc/CHCl,; (50/50) gave 8.75 g of the product as a
white foam. The structure was confirmed by NMR and mass
spectroscopy.
/T

0  N-SO,-PHE-NHCH(SEt)CO,Et
N/

/N
A solution of 4.4 g (10.0 mmole) of OL_JN—SOZ—PHE—

NHCH(OH)CO,Et in 50 ml CH,;Cl, was treated with 2.6 ml
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(29 mmole) of EtSH and 0.15 g of anhydrous 2-naphthalene-
sulfonic acid and heated at reflux for two hours. The
mixture was filtered and the filtrate evaporated to an oil.
The oil was taken up in EtOAc and washed with saturated
NaHCO,, saturated NaCl, 1IN citric acid, and saturated NaCl.
Drying over MgSO, and removal of the solvent under reduced
pressure gave the crude product as a foam. Chromatography on
silica gel, eluting with CHCl;/EtOAc (60/40) gave 3.83 g of
the product as a glass. The structure was confirmed by NMR

and mass spectroscopy.

N

\ .
) _/N—SOZ ~-PHE-NHCH(SEL)CO,H

N\

A solution of 3.54 g (7.7 mmole) of O  N-SO,-PHE-

NHCH(SEt)CO,Et in 25 ml dioxane was treated with 15.4 ml of
1N NaOH and stirred for 45 minutes, then treated with 7.7 ml
of 1N HCl. The solvent was removed under reduced pressure,
an additional 7.7 ml IN HCl added, and the material taken up
in EtOAc. The EtOAc was washed with saturated NaCl, dried

over MgsO,, and the solvent removed under reduced pressure to

give 3.37 g of the product as a foam. The structure was
confirmed by NMR and mass spectroscopy. The material was

used without further purification.
INTERMEDIATE FOR EXAMPLE 18
/N
O N-SO, -PHE-NHCHCO,H
./ l
. _dv»‘\
A solution of 4.07 g (10.5 mmole) of O N-SO, ~-FPHE-
. ./
NHCH(OH)CO,H and 2.4 ml of 2-mercaptothiophene in 50 ml HOAcC
was cooled in ice and 5 ml concentrated H,SO, added over a

two minute period. After stirring at room temperature
overnight, the solvent was evaporated under reduced pressure.
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Water was added, and the gummy precipitate taken up in Et,0.
The Et,0 phase was washed with H,0, then saturated NaCl. The
Et,0 was then extracted with saturated NaHCO;, and the NaHCOj
extract acidified with concentrated HC1l, and then extracted
with EtOAc/Et,0 (75/25). The organic phase was then washed
with saturatred NaCl and dried over MgSO,. Removal of the
solvent under reduced pressure gave 4.54 g of the crude
product as a tan solid. Chromatography on silica gel,
eluting with EtOAc/CHCl,;/MeOH (45/45/10) gave 2.61 ml of the
product as a pale yellow foam. The structure was confirmed

by NMR and mass spectroscopy.
INTERMEDIATES FOR EXAMPLES 19 AND 20

™\
0  N-S0,-PHE-NHCH(OCH, CH=CH, )CO, CH, CH=CH,

A solution of 3.0 g (7.74 mmole) of OF-WN—SOZ—PHE—
A—y

NHCH(OH)CO,H in 100 ml allyl alcohol was treated with 1 ml
concentrated H,S0, and stirred at room temperature overnight.
The mixture was evaporated to an oil, taken up in EtOAc, and
washed with saturated NaCl, saturated NaHCO,;, 1N citric acid,
and saturated NaCl. Drying over MgsSO4 and removal of the
solvent under reduced pressure gave 4.55 g of the crude
product as an oil. Chromatography on silica gel, eluting
with hexane/EtOAc (70/30) gave 2.52 g of the pure product as
an oil. The structure was confirmed by NMR and mass

spectroscopy.

7N\
O N-SO,~-PHE-NHCH(OCH,CH=CH, )CO,H
./

/TN
A solution of 2.52 g (5.39 mmole) of O N-SO, -PHE-

_—j
NHCH(OCHZCH=CH2)COZCHQCH=CHZ in 25 ml dioxane was treated
with 10.8 ml of LN NaOH and stirred for one hour, then
treated with 5.4 ml of LN HCl and the mixture evaporated

under reduced pressure to an oil. The oil was suspended in
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EtOAc/Et,0 (75/25), 5.4 ml of 1IN HCl added, and the solution
washed with saturated NaCl. Drying over MgsO, and removal of
the solvent under reduced pressure left 2.05 g of the product
as a foam. The structure was confirmed by NMR and mass
spectroscopy. The material was used without further

purification.
INTERMEDIATES FOR EXAMPLE 21
Z-BMA-PHE-OMe

A solution of 6.28 g (25.0 mmole) of Z-f-aminoisovaleric
acid (J. Chem. Soc. 2001 (1973)) and 3.45 g (25.5 mmole) of
HOBT in 150 ml CH,Cl, was cooled in ice and a suspension of
5.39 g (25.0 mmole) of PHE-OMe-HC1l and 3.55 ml (25.5 mmole)
of EtzN in 100 ml of cold CH;Cl, added, giving solution. The
solution was treated with 5.26 g (25.5 mmole) of DCC and
stirred at room temperature overnight. The mixture was
filtered and the solvent removed under reduced pressure. The
residue was taken up in EtOAc and washed with 1N citric acid,
saturated NaCl, sataurated NaHCOj3, and saturated NaCl. After
drying over MgsO, the solvent was removed under reduced
pressure to give 11.38 g of the crude product.

Chromatography on silica gel, eluting with hexane/EtOAc
(70/30) gave 9.65 g of the product as a viscous oil. The

structure was confirmed by NMR and mass spectroscopy.
Z-BMA-PHE-NH,

7-BMA-PHE-OMe (4.74 g, 115 mmole) was dissolved in
100 ml MeOH at -40° and saturated with anhydrous NH; gas.
After stirring ac room temperature for two hours, the mixture
was evaporated under reduced preséure to a foam, 4.49 g. The
structure was confirmed by NMR and mass spectroscopy. The
material was used in the following step without further

purification.
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Z-BMA-PHE-NHCH(OH)CO,H

A solution of 4.35 g (10.9 mmole) of Z-BMA-PHE-NH, and
1.21 g (13 mmole) of glyoxylic acid-H,0 in 75 ml acetone was
heated at reflux for 18 hours. An additional 1.0 g of
glyoxylic-H,0 was added and the refluxing continued for
24 hours. An additional 0.5 g of glyoxylic acid-H,O was then
added and the solution refluxed an additional 24 hours. The
solvent was then removed under reduced pressure and the
residue taken up in EtOAc. The EtOAc was washed with
saturated NaCl, saturated NaHCO,, saturated NaCl, 1IN citric
acid, and saturated NaCl. After drying over MgSO4 and
removal of the solvent under reduced pressure, there was
obtained 4.86 g of the crude product. Trituration with Et,;0
gave 2.99 g of the product as a white foam. The structure
was confirmed by mass spectroscopy. The material was used in

the next step without further purification.
Z-BMA-PHE-NHCH(OEt )CO,Et

A solution of 2.95 g (6.26 mmole) of Z-BMA-PHE-
NHCH(OH)CO,H in 25 ml ab. EtOH was treated with 0.5 ml
concentrated H,S04 and stirred at room temperature overnight.
The solvent was removed and the residue taken up in EtOAc and
washed with saturated NaCl, saturated NaH(Oj, saturated NacCl,
IN citric acid, and saturated NaCl. After drying over MgSO,,
the solvent was removed under reduced pressure. The residue
was twice resubjected to the reaction conditions until the
reaction had gone to completion. The crude product was
chromatographed on silica gel, eluting with EtOAc/CHCl,
(50/50), then rechromatographed, eluting with hexane/EtOAcC
(75/25). There was obtained 2.46 g of the product. The

structure was confirmed by NMR and mass spectroscopy.
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Z-BMA-PHE-NHCH(OEt)CO,H

A solution of 2.46 g (4.66 mmole) of Z-BMA-FHE-
NHCH(OEt)CO,Et in 60 ml dioxane was treated with 9.3 ml of 1IN
NaOH and stirred at room temperature for one hour, then
treated with 4.66 ml of 1IN HCl and the solvent removed under
reduced pressure. An additional 4.66 ml of 1IN HCl was added
and the residue taken up in EtOAc and washed with saturated
NaCl. After drying over MgsO, the solvent was removed under
reduced pressure to give 1.31 g of the product as a white

foam. The structure was confirmed by mass spectroscopy.
Z-BMA-PHE-NHCH(OEL )CO-CAD

A solution of 1.31 g (2.91 mmole) of Z-BMA-PHE-
NHCH(OEt)CO,H and 0.4 g (2.97 mmole) of HOBT in 50 ml CH;Cl,
and 4 ml DMF was cooled in ice and treated 0.62 g
(2.97 mmole) of DCC followed by a cold solution of 0.82 g

(2.91 mmole) of H2NCH(CH2a<::> YCH(OH)CH(OH)CH,CH(CH; ), - HC1
and 0.42 ml (2.97 mmole) of EtgN in 20 ml CH,Cl,. After
stirring overnight at room temperature, the mixture was
filtered and the solvent removed under reduced pressure. The
residue was taken up in EtOAc, filtered, and washed with 1N
citric acid, saturated NaCl, saturated NaHCO;, and saturated
NaCl. Drying over MgsO, and removal of the solvent under
reduced pressure gave the crude product. Chromatography on
silica gel, eluting with CHCl,/EtOAc (75/25) gave 1.58 ¢ of

the product as a white foam.
INTERMEDIATE FOR EXAMPLES 22 AND 23
7N
O N-S0,-PHE-NACH(SCH, CH=CH, )CO,H
N/

Vo
A solution of 17.4 g (44.9 mmole) of O N-SO, -PHE-
A

NHCH(OH)CO,H in 250 ml HOAc was cooled in ice and 20.6 ml
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(181 mmole) of 707 allyl mercaptan added, followed by 15 ml
of concentrated H,SO,. The mixture was stirred at room
temperature overnight and the solvent then removed under
reduced pressure. The residue was mixed with ice and
extracted with Et,0. The Et,0 was washed with saturated
NaCl, then saturated NaHCO;. The NaHCO, wash was brought to
pH 1 with concentrated HCl and extracted with Et,0. The Et,0
was washed with saturated NaCl. Drying over MgsSO, and
removal of the Et,0 under reduced pressure left the crude
product. Chromatography on silica gel, eluting with
CHCl,/MeOH (96/4) gave the product. Crystallization from
EtOAc/isopropyl ether gave 4.0 g of a solid. The structure

was confirmed by NMR and mass spectroscopy.
INTERMEDIATES FOR EXAMPLES 24 AND 25
BOC-GLY-0OCH,CCl,

A solution of 26.28 g (0.15 mole) of BOC-GLY and 27 g
(0.18 mole) of 2,2,2-trichloroethanol in 250 ml CH,Cl, was
cooled in ice and 0.18 g of 4-dimethylaminopyridine added,
followed by 31.6 g (0.153 mole) of DCC. After stirring at
room tempeerature for 3.5 hour, the mixture was filtered and
the solvent removed under reduced pressure. The residue was
taken up in EtOAc and washed with 1IN citric acid, saturated
NaCl, saturated NaHCO,;, and saturated NaCl. Drying over
MgsO, and removal of the solvent under reduced pressure left
the crude product. Chromatography on silica gel, eluting
with hexane/EtOAc (90/10) gave 45.0 g of the product as a
crystalline solid. The structure was confirmed by NMR and

mass spectroscopy.
BOC-NHCH (Br )CO,UHo CCl 4
BOC-GLY-OCH,CCly (22.5 g, 73.3 mmole) and

N-bromosuccinimide (22.5 g, 73.4 mmole) was added to 300 ml
CCl, in a quartz reaction flask illuminated by a Corex-
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filtered 450 watt Hanovia mercury lamp and irradiated for one
hour at 40°. The succinimide was filtered off and the
filtrate was evaporated to a white, crystalline solid

26.85 g. The structure was confirmed by NMR. The material
was used without further purification in the following

reaction.
BOC-NHCH(SEt)CO,CH,CCly

A suspension of 1.2 g (25 mmole) of NaH-mineral oil
(50%) was washed free of mineral oil with THF, then
resuspended in 100 ml of THF, and treated with 2.15 ml
(29 mmole) of ethanethiol. After one hour at room
temperature, the suspension was cooled to 07 and a solution
of 9.46 g (25 mmole) of BOC~-NHCH (Br )CO,CH,CCl, in 50 ml THF
was added over 15 minutes, and the mixture left stirring at
room temperature overnight. The solvent was removed under
reduced pressure and the residue taken up in EtOAc and washed
with 1N citric acid, saturated NaCl, saturated NaHCO,, and
saturated NaCl. Drying over MgsSO, and removal of the solvent

under reduced pressure left 7.11 g of the crude product as a

red oil. Chromatography on silica gel, eluting with
hexane/EtOAc (70/30) gave 7.56 g of the product as a yellow
oil. The structure was confirmed by NMR and mass
spectroscopy. Some replacement of the trichloroethyl group

by ethanethiol had occurred. The crude material was used in

the following reaction.
H,NCH(SEt)CO,CH, CCly - HCL

BOC—NHCH(SEt)COZCHZCClg (7.04 g, 19.2 mmole) was
dissolved in 200 ml CHpCl, and occasionally purged with
anhydrous HCl gas ovel five hours. After standing at room
temperature overnight, the mixture was filtered and
evaporated under reduced pressure to an orange oil.
Trituration with Et,0 gave an orange syrup, 5.47 g. The
structure was confirmed by NMR, which also showed the
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presence of some H,NCH(SEt)COSEt-HCL. The crude material was

used in the following reaction without further purification.
BOC-PHE-NHCH(SEt)C0O,CH,CCL,

A solution of 4.71 g (17.7 mmole) of BOC-PHE, 2.47 g
(18.3 mmole) of HOBT, and 5.38 g (17.7 mmole) of
HyNCH(SEt)CO,CH,CCl,-HCL in 125 ml CH;Cl, was cooled in ice
and 3.78 g (18.3 mmole) of DCC was added, followed by 4.1 ml
(28.9 mmole) of EtyN. After stirring at room temperature
overnight, the mixture was filtered and the solvent removed
under reduced pressure. The residue was taken up in EtOAc,
filtered, and washed with IN citric acid, saturated NaCl,
saturated NaHCO,, and saturated NaCl. Drying over MgSO,,
treating with charcoal, and removal of the solvent under
reduced pressure gave 9.43 g of the crude product as a dark
red oil. Chromatography on silica gel, eluting with
hexane/EtOAc (80/20) gave 6.08 g of the product as a white
foam. The structure was confirmed by NMR and mass
spectroscopy, which also showed the presence of some
BOC-PHE-NHCH(SEt)COSEt. The material was used in the next

reaction without further purification.
BOC~PHE-NHCH(SEt)CO,H

A solution of 5.89 g (11.5 mmole) of BOC-PHE-
NHCH(SEt)CO,CH,CCl, in 25 ml dioxane was treated with 20 ml
of 1N NaOH and stirred for two hours. The solution was then
treated with 12 ml of IN HCl and the solvent evaporated. The
residue was taken up in EtOAc and 12 ml of 1N HCl. The
organic phase was washed with saturated NaCl and dried over
MgSO, . Removal of the solvent under reduced pressure gave
5.96 g of the product as a foam. The structure was confirmed

by NMR and mass spectroscopy.
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INTERMEDIATES FOR EXAMPLE 26
Z-NHCH(CH, CN)CO,H

A solution of 33.6 g (0.126 mole) of Z-ASN in 250 ml
pyridine was treated with 27.5 g (0.133 mole) of DCC and
stirred at room temperature overnight. The mixture was
filtered and the filtrate evaporated. The residue was taken
up in H,0, filtered, and the pH brought to 2 with dilute
HCl. After cooling overnight, the product was collected and
recrystallized from 1,2-dichloroethane to give 20.6 g of

product.
Z~-NHCH(CH, CN)CO-CAD

A solution of 1.78 g (7.2 mmole) of Z-NHCH(CH,CN)CO,H
and 0.97 g (7.3 mmole) of HOBT in 50 ml of CH,Cl, was cooled
in ice and treated with 1.48 g (7.3 mmole) of DCC, followed

by a solution of 2.0 g (7.2 mmole) of HZNCH(CH24<::> )

CH(OH)CH(OH)CH,CH(CH, ), -HCl and 0.93 g (7.5 mmole) of
diisopropylethylamine in 20 ml CHpCl,. After two hours at
0°, the solution was stirred at room temperature overnight.
The mixture was filtered and the filtrate washed with 1IN
citric acid, saturated NaHCO,, and saturated NaCl. Drying
over MgsSO, and removal of the solvent under reduced pressure

" left a white solid. Recrystallization from EtOAcC provided

2.6 g of the pure product.
H,NCH(CH, CN)CO-CAD

A solution of 2.6 g (5.5 mmole) of Z=-NHCH(CH,CN)CO-CAD
in 30 ml MeOH was treated with 0.4 g of 5% Pd/C and stirred
in a hydrogen atmosphere for 2.5 hours. The mixture was
filtered and the filtrate evaporated in vacuo to give 1.9 g

of the product as a foam.
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INTERMED IATES FOR EXAMPLE 27
BOC-CYCLOHEXYLGLYC INE

A solution of 94.4 g (2.66 mole) of BOC-phenylglycine in
1 1 of 2-propanol was treated with 5 g of 10% Rh/C and
reduced at 25°, 50 psi. The mixture was filtered and the
solvent removed under reduced pressure. The product was used

without further purification.

RBOC~NHCHCO-N(CH, )OCH4

A solution of 102 g (0.4 mole) of BOC-cyclohexylglycine
in 600 ml CH,Cl, was cooled to -50° and 58.4 ml (0.48 mole)
of N-methylpiperidine added followed by 42 ml (0.44 mole)
of ethyl chloroformate. This solution was added dropwise
to a solution of 42.5 g (0.44 mole) of
0,N-dimethylhydroxylamine-HCl and 58.4 ml (0.4 mole) of
N-methylpiperidine in 200 ml CH,Cl,. After 30 minutes the
mixture was washed with 10% citric acid, saturated NaHCOj;,
and saturated NaCl. After drying, the solution was filtered
through silica gel, and the solvent removed under reduced
pressure. There was obtained 87.6 g of the product. The

structure was confirmed by NMR spectroscopy.

BOC-CYCLOHEXYLGLYCINAL

A solution of 40 g (0.119 mole) of BOC-
CYCLOHEXYLGLYCINE, O,N-DIMETHYLHYDROXAMIDE in 550 ml Et,0 was
cooled in ice and 148 :al (0.148 mole) of a 1M solution of
LiAlH, in Et,0 added over 0.5 hour. After an additional
15 minutes, the mixture was treated cautiously with 28 g of
KHSO, in 100 ml H,0. The mixture was filtered through Celite
and washed with 10% citric acid and saturated NaHCO;. After

drying the solvent was removed under reduced pressure to give
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the crude BOC-CYCLOHEXYLGLYCINAL. The material was used

immediately in the following reaction.
BOC-NHCHCH=CHCH,CH(CHj),

L

To a suspension of 23.8 g (0.19 mole) of KH (as a 35%
suspension in mineral oil) in 100 ml DMSO at -5° was added
dropwise over one hour, 42.1 ml (0.199 mole) of
hexamethyldisilazane. This was then treated with 78.35 g
(0.19 mole) of the triphenylphosphonium salt derived from
isovaleryl bromide. After cooling to -78°, the mixture was
treated with 23 g (0.095 mole) of BOC-CYCLOHEXYLGYCINAL in
100 ml of toluene. After stirring at room temperature
overnight, the mixture was washed with H,0, saturated NaCl,
and saturated NaHCO,4. Drying and removal of the solvent
under reduced pressure gave the crude product.
Chromatography on gsilical gel, eluting with CHCl,/hexane
(80/20) gave 19 g of the product. The structure was
confirmed by NMR spectroscopy.

BOC~NHCHCH(OH)CH(OH)CHZCH(CHS)2

-

|
N

~

A solution of 5.25 g (18.0 mmole) of BOC-NHCHCH=
L
CHCH,CH(CHg), in 100 ml THF was treated with 6.0 g (44 mmole)
of 4-methylmorpholine, N-oxide and 0.05 g (0.18 mmole) of
osmium tetroxide and the mixture stirred at room temperature
for four days. The THF was then removed under reduced
pressure and the residue taken up in EtOAC and washed with 10%

Na,SOz, 10% citric acid, saturated NaHCOg, and saturated NaCl.

Drying and removal of the solvent under reduced pressure gave
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the crude product. The desired diastereomer could be isolated
by chromatography on silica gel, eluting a gradient of 10-30%
EtOAc in hexane. There was obtained 1.87 g of product.

HzﬁjHCH(OH)CH(OH)CHZCH(CH3)2-HCl
A solution of 1.87 g (5.71 mmole) of
BOC-NHCHCH(OH)CH(OH)CH,CH(CHy ), in 50 ml of 2N HCl in MeOH
S
was allowed to stand overnight. Removal of the solvent under

reduced pressure left 1.5 g of the product. The structure

was confirmed by NMR spectroscopy.
INTERMEDIATES FOR EXAMPLE 28
/N
Z-N N-SO, -PHE
N/

L-Phenylalanine (1.65 g) was converted to its
tetramethyl ammonium salt and dissolved in a mixture
of THF (50 ml) and 2-propanol (12 ml). 4-Carbobenzyloxy-
piperazinosulfamyl chloride (1.59 g) was added and the
reaction was stirred for 16 hours in a stoppered flask. The
resulting suspension was evaporated and the residue was
partitioned between dichloromethane and 1IN HCl. The organic
layer was washed with 1IN HC1l then extracted with 0.3N NaOH.
The basic extract was immediately acidified to pH 1 with
concentrated HCl and extracted with ethyl acetate. This
extract wvas dried over magnesium sulfate and evaporated to
give the desired product as an off-white solid (1.35 g). The

structure was confirmed by NMR spectroscopy.
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BOC-AMINOMALONIC ACID, METHYLESTER

To a solution of 16.17 g (13.5 mmole) of BOC-amino-
malonic acid, methyl benzyl ester in 250 ml MeOH was added
0.66 g of 20% Pd/C catalyst. The suspension was purged with
hydrogen gas for 1.5 hours, after which the suspension was
filtered and the solvent removed under reduced pressure at
30°, giving a syrup, 12.5 g. The product was kept at 4° until

used in the following reaction.
BOC~NHCH(CO,CHy )CO-CAD

A solution of 2.2 g (9.4 mmole) of BOC-aminomalonic
acid, methyl ester, 1.34 g (9.9 mmole) of HOBT, 2.89 g

(10 mmole) of HZNCH(CH2—<::> )CH(OH ) CH(OH)CH, CH(CHj ) - HC1,

and 1.5 ml (10 mmole) of EtsN in 100 ml CH,Cl, was cooled in
ice and treated with 2.04 g (9.9 mmole) of DCC in 100 ml of
CH,Cl,. After 0.5 hour at 0°, the mixture was allowed to
stir at room temperature for 24 hours. The mixture was
filtered and washed with H,0, saturated NaHCOz, and saturated
NaCl. Drying and removal of the solvent under reduced
pressure gave the crude product. Chromatography on silica
gel, eluting with CHyCl,/MeOH (9/1) gave 2.2 g of product.
The structure was confirmed by NMR and mass spectroscopy.

H,NCH(CO,CH; )CO-CAD- HC1

A solution of 6.25 g (14 mmole) of BOC-NHCH(CO;CHj)CO-CAD
in 65 ml of 2.3M HCl in MeOH was stirred at room temperature
overnight. The solvent was removed under reduced pressure
giving the product. The structure was confirmed by NMR and
mass spectroscopy. The product was used in the next reaction

without further purification.
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7N\ :
Z-N N-SO, -PHE-NHCH(CO,CH, )CO-CAD
/

AR
A solution of 2.36 g (5.3 mmole) of Z-N /N—SOQ~PHE,

0.72 g (5.3 mmole) of HOBT, 1.99 g (5.0 mmole) of
H,NCH(CHp,~ ) )CH(OH)CH(OH)CH,CH(CH;),-HCL, and 0.74 ml

(5.3 mmole) of EtyN in 60 ml CH,Cl, was cooled in ice and
treated with 1.09 g (5.3 mmole) of DCC in 10 ml CH,Cl,.

After 0.5 hour at 0°, the mixture was allowed to stir at room
temperature for 48 hours. The mixture was filtered, and the
filtrate washed with H,0, saturated NaHCO3, and saturated
NaCl. Drying and removal of the solvent under reduced

pressure gave the crude product. Chromatography on silica
gel, eluting with CH,Cl,/MeOH (9/1) gave 2.5 g of the
product. The structure was confirmed by NMR and mass
spectroscopy.

INTERMEDIATES FOR EXAMPLE 31
BOC~-GLY-CAD

A solution of 2.66 g (15.2 mmole) of BOC-GLY, 2.2 g
(15.9 mmole) of HOBT, 4.25 g (15.2 mmole of

HZNCH(CHZ-\ .> YCH(OH)CH(OH)CH,CH(CH; ), -HC1, and 2.16 ml

(15.5 mmole) of EtaN in 40 ml DMF was cooled in ice and
treated with 3.32 g (15.9 mmole) of DCC in 5 ml DMF. After
two hours at 0°, the mixture was allowed to stir at room
temperature for 24 hours. The mixture was filtered and the
filtrate concentrated under high vacuum. The residue was
taken up in EtOAc and washed with H,0, 1IN citric acid,
saturated NaHCO,, and saturated NaCl. Drying and removal of
the solvent under reduced pressure gave the crude product.

Chromatography on silica gel, eluting with CHCl;/MeOH
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(97.5/2.5) gave 6.6 g of the product. The structure was

confirmed by NMR and mass spectroscopy.
GLY-CAD-HC1

A solution of 6.62 g (16.5 mmole) of BOC-GLY-CAD in
60 ml CH,Cl, was treated with 30 ml of TFA and stirred at
room temperature for two hours. The solvent was removed
under reduced pressure, CH,Cl, added, and the solvent removed
again. The residue was then taken up in CH,Cl, and HCl gas
bubbled in. Removal of the solvent under reduced pressure
gave the product. The material was used in the next reaction

without further purification.
INTERMEDIATES FOR EXAMPLE 32
7N\
O\_JN—SOZ-PHE—LYS(Z)—OCHS

A mixture of N-(4-morpholinosulfonyl)-PHE (3.15 g,
10 mmole), DCC (2.1 g, 10 mmole), HOBT (1.3 g, 10 mmole) and
DMF (20 ml) was stirred at 20° for five minutes. The
resulting slurry was treated consecutively with
LYS(Z)-OCH4-HC1 (3.32 g, 10 mmole), Et,N (1.4 ml, 10 mmole)
and CH,Cl, (10 ml). The reaction was stirred for 48 hours at
20° then CH,Cl, was evaporated. Ethyl acetate was added and
the solids were removed by filtration. Evaporation of the
filtrate gave a wet solid that was triturated with water,
dissolved in CHCl, and washed with 5% K,CO5. The organic
layer was dried over MgSO4 and evaporated to a pale yellow
solid. Trituration with ethyl acetate gave 5.3 g of a

colorless solid.

SN
O N-SO,-PHE-LYS(CSNHCHg)-OCHg
N/

/N
A solution of O N-S0,-PHE-LYS(Z%)-OCHy (5.28 g,

-
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8.95 mmole) in THF (125 ml) was treated with 20% Pd/C

(0.55 g) and stirred under an atmosphere of hydrogen. After
three hours, methanol (125 ml) was added and catalyst removed
by filtration. The resulting solution was treated with
methyl isothiocyanate (0.7 g, 9.6 mmole) and stirred 18 hours
at 20°. Evaporation gave a solid that was recrystallized
from hot CHCl, by dropwise addition of ether to give the
desired product (4.25 g). The structure was confirmed by

mass spectroscopy.

;N ,
0 N-SO, -PHE-LYS(CSNHCHy )
AN

/! .
A solution of 4.25 g (8.2 mmole) of O  N-SO,-FPHE-

LYS (CSNHCH, )-OCH, in 50 ml THF was treated with 20 ml of 1N
NaOH and stirred at room temperature for 24 hours. The
solution was diluted with H,0 and the pH brought to two with
2N HCl. The solution was extracted with CH,Cl,. Drying the
organic layer over MgsO, and removal of the solvent under
reduced pressure left 3.98 g of the product. The structure

was confirmed by mass spectroscopy.
INTERMEDIATES FOR EXAMPLE 34
BOC-NHCH(CO, CH; )CO~NHCHCH=CH-CH, CH(CH3 ) 2

P

A solution of 234 mg (1.0 mmole) of BOC-
NHCH(CO,CH; )COoH, 210 mg (1.0 mmole) of

/
HZNCH(CHZ—/\_/\ )CH=CH-CH,CH(CH;),, and 135 mg (1.0 mmole) of

HOBT in 15 ml DMF is cooled in ice and 207 mg (1.0 mmole) of
pcCc added. After 0.5 hour at 0°, the mixture is allowed to
stir at room temperature overnight. The mixture is filtered

and the solvent removed under high vacuum. The residue is
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taken up in EtOAc and washed with H,0, 1N HCl, saturated
NaHCO,, and saturated NaCl. Drying over MgsO, and removal of
the solvent under reduced pressure gives the crude product
which can be purified by chromatography on silica gel. The
structure is confirmed by NMR and mass spectroscopy.

BOC-NHCH(CO,CH3 )CO-CAD
A solution of 4.24 g (10 mmole) of BOC-NHCH(CO,CHj)CO-
NHCH(CH24<::> yCH=CHCH,CH(CH3), in 100 ml THF is treated with

3.5 g (30 mmole) of N-methylmorpholine-N-oxide and 100 mg
(0.4 mmole) of osmium tetroxide is added. After stirring for
72 hours, the mixture is filtered and concentrated under
reduced pressure. The residue is taken up in EtOAc and
washed with 10% Na,S0O,, 10% citric acid, saturated NaHCO:,
and saturated NaCl. Removal of the solvent under reduced
pressure gives the crude product. The correct product is
isolated by chromatography on silica gel.

H, NCH(CO,CH; )CO-CAD-HC1

A solution of 4.58 g (10 mmole) of BOC-NHCH(CO,CH,)CO-
CAD in 50 ml CH,Cl, is saturated with HCl gas and left

stirring for two hours. The solvent is removed under reduced

pressure, CH,Cl, is added and the solvent removed again. The
crude product is thus obtained, sufficiently pure for use in

the next reaction.
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1.

CLAIMS
A peptide of the formula
A -X-Y-W I

or a pharmaceutically acceptable acid addition salt

thereof, wherein

A is BOC, IVA, DBNMA, BMA, BBSP, 2,

N -
I g

N_S—r Q N_S—r
- 1] : I

R' 0O 0]

wherein R and R' are each independently hydrogen,
straight or branched chain lower alkyl, or R and R' are
P-CH,CH,, wherein P can be OR", SR", NR"R"' or

NR"COR" wherein R" and R"' can be hydrogen, or straight
or branched chain lower alkyl, or P is NR"R"' where it
forms a heterocyclic ring containing from 4 to 6 carbon

atoms or containing one or more atoms selected from S,

’ ~
O, or NR". O N is a saturated ring containing 1 to 5

~ /’

carbon atoms wherein @ is CH,, O, S, or NR;
X 1is absent, PHE, HCMOPHE, NAPHTHYLALA,

TYR, OR TYR(OMe) with the proviso that

when A is BNMA or BBSP,

/
X is absent. .
Y is GLY, -I;]-—-'(','H—CO—, -I;l——(fH—CO—, -I;I——-(EH—CO—V’:;‘
R4 SRy Ry4 SO-R, Ry4 (gﬂz)ngf
NHR -,
.
*NemCH-CO~, ~N——CH-C0-, "

R,4 CHp,C=C-CH,NHR, R,4 CH,CH=CHCH,NHR,
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~v———?H—CO—,
Ryq OR,
-?———CHCO-
l
R 4 CH,CN

or ~v——~$H-CO—

Riq CO2Ry 2

wherein R, is lower alkyl, alkenyl, alkynyl, aryl,

heteroaryl, aralkyl, (CHz)n—NHRz, wherein n is an

integer of from 2 to 4, R, is
C-NHCH, G-NHCH,, G-NIONOy, (-SCHy, C-NHCH,
l

O 3 NH NCN NCN

ﬁ—Rg, —ﬁ—?HNHRS, ﬁ—CHZCHzNHﬁ—RS, R; is hydrogen,

o) O R, 0 0

lower alkyl, or aryl, R4 is H, lower alkyl or aralkyl,

Rg is E—NHCHS, E-NHCH3, ﬁ—NHNOzu E-SCHS, S—NHCHS, ﬁ—RG
0 S NH* NCN NCN 0

Re¢ 1s hydrogen, lower alkyl or aryl,

R; 1s Ry, ﬁ-NHCHg, ﬁ‘NHCHg, ﬁ—NHNOz, ﬁ-SCH3,

0O S NH NCN

C-NHCH;, C-Rs, C-ORg, C-CH-NHRs, G-CHpCHpNHRs, H,
' l I

NCN

0 0 0 Ry 0

Ry is lower alkyl or together with R;, when R; is lower
alkyl, forms a heterocyclic ring containing from 4 to 6
carbon atoms optionally containing one or more S, O, or
NR; Ry is alkyl or aralkyl; R;, is hydrogen, lower alkyl
/R13
aralky}, alkenyl, alkynyl, or (CHQ)HN\ , where R;3 1s
Rys :
H or lower alkyl; R;4 is H or CHz; Y is also HIS or TZA
with the proviso that when Y is HIS or TZA, A is BBSP;
and W is '



10

15

20

25

30

35

OH
/L\

-NH.__ .-
v Yo
Rig OH

where R;, is lower alkyl, cycloalkyl, cycloalkylmethyl

or benzyl and R,, is lower alkyl.

A peptide according to Claim 1 wherein A is BOC, BNMA,
BBSP, BMA,

X is absent, PHE, NAPHTHYLALA, TYR(OMe) with the proviso

that when A is BNMA or BBSP,

X is absent;

Y is —NH-?H-CO—, —NH?HCO—, -NH?HCO—,
SR, CH, CN CH, C=C-CH, NHR,
-NH~CH-CO-, —NHFH—CO—, or ’NH?H-CO—; and
|
(CHy ), OR, CO9Ry 2
NHR,
?H
W is —NH\\r//“\\T,,R,, where R, 1s cycloalkyl or
Ryo OH
A
cycloalkylmethyl.

A peptide according to Claim 2 wherein Y is —NH—?H—CO—
CO,R, 5

wherein R,, is hydrogen or lower alkyl.
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A peptide according to Claim 2 wherein Y 1is —NH—?H-CQ-
SR,
or -NH-?H—CO— wherein R, 1is lower alkyl, alkenyl, or
OR,
alkynyl.

A peptide according to Claim 2 wherein Y 1is -NH—?H-CO<
(§H2)4
NHR,

wherein R, i8 -ﬁ~NHCH3, —ﬁ—NHNOz, —ﬁ_SCHg, —E—NHCHS,
S NH NCN NCN
or —S_RS'
O

A peptide according to Claim 2 wherein Y is —NH?HCO—

CH,CN
A peptide according to Claim 2 wherein Y 1is
—NH?HCO—
CH,C=C-CH, NHR,
A peptide according to Claim 1 wherein A is
0 CHy O 0 0
SN i ~ I N i A N |
N-S- N-S-, CHgN N-S-, or HN  N-5-,
A | R\ (' s
CHy, O 0 0
X is PHE, NAPHTHYLALA, or TR(OMe), and W is
OH '
-NH (//k\\ . : wherein Ry, is cyclohexyl or
~ — < 10 Y Y
R,, OH
cyclohexylmethyl.
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()
/7N e
9. 0] N=-S-DDBE~-NHCH(COy, CHy YCO=-CADy
\n_/ I -
Q)
CHj4 0
o "
10 N=-S~PHE-HIOCH{CO, CHy )CO-CAD .
10, - i
('Hjy 0
_ 0
SN ) . L .
11. 0 N-S-PHE-HITCH(OEL)CO-CAD (fast dsomer).
\__/ N
L 0
Or
VAN "
12. O I-l~i‘3'~l’llli‘.~ll!l(.fll(()I-Il )CO-CAD (slow isomer ).
.../ i
Q]
0
TN .
13. 0\ N—i‘?—Nl\PH'I‘HY[,I\l,l\-~NH(,‘H((T()Z(IH,,)Cﬂ—-Cl\l).
0
(0]
AR |
14, 0 N-5-PHE-NHCH(CO,~i-Pr)CO-CAD,
\__/ il :
(0]
0]
/TN Tl
15, O\ N~i€—'l‘YR (OMe ) -NHCH( CO,CH4)CO~CAD.
S )
(
16. IVA-PHE-NHCH ( CO,CH, ) CO-CADe
CH, 0
. "
17. NS-TYR(OMe ) -NICH({CO,CH,)CO-CAD,
=7l -
cH, 0
/N
18, U\ N»s——I’ma—ull(irn(:n—(:m).
-
CH,C=C~CH,HHCOCH
SN N
19, 9] N-S-PHE-NHCHCO-CAD,
s 1 |
0 CH,C=C--CH,NHCOH
0
VN i
20. 0] N—ES—PllE—r-HI('?HC()-—Cl\I).
_../ i
6] CH,C=C~CHyNHCSNHCH 4
0
N |
21, O\ JN—L}—PIIE-NHCH (SEt)CO-CAD (fast isomer),
.. ]

Q
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0
22 0O N g PHE-NI t
. -8~ B-NHCH({SEt)CO-CAD (slow i .
i (SEt) ( 1somer)
0
0 U
2 N I
3. (0] N-S-PHE-NHCH(S—'~.g - )CO-CAD.
N/ I b
0
0
VAR I
24, 0 N-S-PHE-NHCH (OCH,CH=CH, )CO~CAD (fast isomer).
\N__/ il ’
0]
QO
TN
25. O N—S—PHE~NHCH(UCH?CH=CH?)CO—CAD ({slow isomer),
./ 1] )
0
26, BMA-PHE-NHCH (OFEt ) CO~-CAD,
0
VRN |
27, o) N-5-PHE-NHCH (SCH,CH=CH, )CO-CAD (East isomer),
n_s I
0 ‘
0
/N N
28, @] N-S-PHE-NHCH(SCH,CH=CH, )CO-CAD (slow isomer).
N/ I
0
29, BOC-PHE-NUXH (SEL)CO-CAD (fast isomer).
30. BOC-PHE-NNCH (S13t) CO-CAD (slow isomer).
0
/ N
31. 0] -S-PHE-NHCH(CH,CN)CO-CAD,
./ 1|
O
0O .
7N 1
J2. ()\ JN—-S—PHE—NHCH((_)E't)CO—CM!.
_— 1"
O
0
) AR
33. HN N—ﬁ—PHE—N[ICII(COzCHg)CO--CAD.
S/
O
QO

/N H
34, CH4N N-S-PHE-NHCH (CO,CH,4)CO-CAD,
A !

0
VAR I}

35, 0) N-S-PHE-NHCH(CO,H)CO-CAD.
s

o)
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