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Title: TRIC TC RE DT JA S ©

JTYST

1. ia) < the T -3
This invention relates to new tricyclic non-
peptide vasopressin antagonists which are useful in
treating conditions where decreased vasopressin levels
are desired, such as in congestive heart failure, in
disease conditions with excess renal water reabsorption
and in ccnditions with increased vascular resistance and

coronary vasoconstriction.

2. a » nf + Tnver

Vasopressin is released from the posterior
pituitary either in response to increased plasma
osmolarity detected by brain osmoreceptors cr decreased
tlood vclume and blood pressure sensed by low-pressure
volume receptors and arterial baroreceptors. The
hormone exerts its action through two well defined
receptor subtypes: vascular Vi and renal epithelial V3
receptors. Vasopressin-induced antidiuresis, mediated
by renal epithelial V2 receptors, helps to maintain
normal plasma osmolarity, blooc¢ volume and blood
cressure.

Vasopressin is involved in some cases of
congestive heart failure where peripheral resistance is
increased. Vi1 antagonists may decrease systemic

vascular resistance, increase cardiac output and prevent
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vasopressin induced coronary vasoconstriction. Thus, in

conditions with vasopressin induce increases in total
peripheral resistance and altered local blood flow, Vi-

antagonists may be therapeutic agents. V3 antagonists
may decrease blood pressure, induced hypotensive effects
and thus be therapeutically useful in treatment of some
types ¢f hypertension. -

The blockage of'Vz receptors is useful in
treating diseases characterized by excess renal
reabsorption of free water. Antidiuresis is regulated
cy the hypothalamic release o0f vasopressin (antidiuretic
hormone) which binds to specific receptors on renal
collecting tubule cells. This cinding stimulates
adenylyl cyclase and promotes the cAMP-mediated
incorporation of water pores into the luminal surface of
these cells. V2 antagonists may correct the fluid
retention in congestive heart failure, liver cirrhosis,
nephritic syndrome, central nervous system injuries,
lung disease and hyponatremia.

Elevated vasopressin levels occur in
congestive heart failure which is more common in older
patients with chronic heart failure. 1In patients with
hyponatremic congestive heart failure and elevated
vasopressin levels, a V2 antagonist may be beneficial in
promoting free water excretion by antagonizing the
action of antidiuretic hormone, On the basis of
biochemical and pharmacological effects of the hormone,
antagonists of vasopressin are expected to be
therapeutically useiful in the treatment and/or
prevention of hypertension, cardiac insufficiency,
coronary vasospasm, cardiac ischemia, renal vasospasm,
liver cirrhosis, congestive heart failure, nephritic
syndrome, krain edema, cerebral ischemia, cerebral
hemorrhage-stroke, thrombosis-bleeding and abnormal

states cf water retention.
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The following prior art references describe

peptide vasopressin antagonists: M. Manning et al.,

J. Med. Chem., 35, 382(1992); M. Manning et al., J. Med.
Chem., 35, 3895(1992); H. Gavras and B. Lammek,

U.S. Patent 5,070,187 (1991); M. Manning and

W.H. Sawyer, U.S. Patent 5,055,448(1991) F.E. Ali,

U.S. Patent 4,766,108(1988); R.R. Ruffolo et al., Drug
News and Perspective, 4(4), 217, (May) (1991). P.D.
Williams et al., have reported on potent hexapeptide
oxytocin antagonists (J. Med. Chem., 35, 3905(1992))
which also exhibit weak vasopressin antagonist activity
in binding to V] and V2 receptors. Peptide vasopressin
antagonists suffer from a lack of oral activity and many
of these peptides are not selective antagonists since
they also exhibit partial agonist activity.

Non-peptide vasopressin antagonists have
recently been disclosed, Y. Yamamura et al., Science,
252, 579(1991); Y. Yamamura et al., Br. J. Pharmacol,
108, 787(1992); Ogawa et al., (Otsuka Pharm Co., LTD.)
EP 0514667-Al1; EPO 382185-A2; W09105549 and
U.S.5,258,510; WO 9404525 Yamanouchi Pharm.Co.,Lltd.,

WO 9420473; WO 9412476; WO 9414796; Fujisawa Co. Ltd.,
EP 620216-A1 Ogawa et al, (Otsuka Pharm. Co.) EP 470514A
disclose carbostyril derivatives and pharmaceutical
compositions containing the same. Non-peptide oxytocin
and vasopressin antagonist have been disclosed by Merck
and Co.; M.G. Bock and P.D. Williams, EP 0533242A; M.G.
Bock et al., EP (0533244A; J.M. Erb, D.F. Verber, P.D.
Williams, EP (©532240R; K. Gilbert et al., EP 0533243A.

Premature birth can cause infant health
problems and mortality and a key mediator in the
mechanism of labor is the peptide hormone oxytocin. On
the basis of the pharmacological action of oxytocin,
antagcnists of this hormone are useful in the prevention
cf preterm labor, B.E. Evans et al., <. Med. Chen. 23,
3919(1992), <. Med. Chem., 36, 3993(1993) and references

- 3 -
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therein. The compounds of this invention are
antagonists of the peptide hormone oxytocin and are
useful in the control of premature birth.

The present invention relates to novel

tricyclic derivatives which exhibit antagonist activity
at V] and/or V2 receptors and exhibit in wvivo

vasopressin antagonist activity. The compounds also
exhibit antagonist activity at oxytocin receptors.
SUMMARY OF THE INVENTION
This invention relates to new compounds

selected from those of the general formula I:

R1
Y
3
A-B R,

Formula I

Wherein Y is (CH2)n, C, S, NH, NCOCH3, N-lower alkyl
(C1-C3), CH-lower alkyl (Ci-C3), CHNH-lower alkyl
C1-C3), CHNH2, CEN[lower alkyl (C1-C3)]2, CHO-lower
alkyl(Ci1-C3), CHS-lower alkyl (C1-C3),

wherein n is an integer from 0-2:

A-B is

— (CHy =N or N—(CH,) -~

LT

3




wherein m is an integer from 1-2, provided that when Y
is -(CH2)pn- and n=2, m may also be zero and when n is

zero, m may also be three, provided also that when y is
-(CH2)pn and n is 2, m may not also be two.

5 Rl is hydrogen, halogen (chlorine, bromine, fluorine,
iodine), OH, -S-lower alkyl(C3-C3), -SH, -S0O lower
alkyl(C1-C3), -SO2-lower alkyl(Cj-C3), -CO-lower
alkyl(C1-C3), -CF3; lower alkyl(C1-C3):; O-lower
alkyl(Ci1-C3), -NO2, -NH2, -NHCO lower alkyl (Ci-C3), -

10 N-{lower alkyl(Ci-C3)])2, -SO2NH2; -SO2NH lower
alkyl(C1-C3) or -SO2N[lower alkyl(C1-C3)]2;
R2 is hydrogen, C., Br, F, I. -OH, lower alkyl (C1-C3),
':’ 0-lower alkyl(Ci1-C3), cr Ri1 and R2 taken together are

methylenedioxy or ethylenedioxy:

socs 15 R3 is the moiety:

O

s .. Il
(XXX ] _CAr

wherein Ar is a moiety selected from the moiety




X=Ry —{Efgyx—ﬂgo ,

[

NHCOR,, - 5 =R,

hk::q’x-_Rw

xS

R4 is hydrogen, lower alkyl(C1-C3):; -CO-lower
alkyl (C:1-C3):

Rs and R7 are selected from hydrocgen, (C1-C3) lower
alkyl, (C1-C3) lower alkoxy and halogen;

R¢ 1s selected from (a) moieties of the formula:




L]
L ] LX)
e o °
LA X ] L]
L]
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' - . ! -
-r\IJCOAr, lNCOIN Ar, l\'lCO(CH2 )n -cycloalkyl,

Rl Ra Rb Ra
R,
, R, - N-SO,CH
'I\IICOCHZAT , _N_Soz I 2 2 ,
R | ' R,
a Ra R R7 -
ﬁ ‘[ R2 O R2
I
-N-P -N-P
| O@ - T TN 4
R, R,
Rf 2 R7
-I\SO2 JowerakylC.C,), -1\502 -‘bwea lkeny]CsCs)
I o |
R, R,

N
-NH-C-O-lower alkyl(Ca-Cs)straight or branched

O
I

-NH-C-lower alk)'l(C3-Ca)straigl1t or branched,
i
-NH-C-O-lower alkenyl(C,-C;)straight or branched,
N
-NH-C-lower alkenyl(C,-C,)straight or branched,
wherein cycloalkyl is defined as C3 to Cg cycloalkyl,

cyclohexenyl cr cyclopentenyl:; Ra is hydrogen, CH3,
CoHs, moieties cf the formulae:
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/
—(C - ) _ . ,
(CH )\ N\Rb (CHlq— N 7

7N\ -
—CH{Y-N ) + ~@H¥-N O

- (CH2)20-lower alkyl(C1-C3) or -CHRCH20H: Qg is one, two
or three; Rp is hydrogen, CH3 cor -C2HS:

(b) a moiety of the formula:
-X-R10: wherein Rjpo is lower alkyl(Ca-Cg), lower alkenyl

(C3-Cg)., -(CH2)p~cycloalkyl(C3-C6),

R, R,
-(CHZ)p ,
R, R,
R
{CH,), '@ )
N
R,
S
RR
/ s
oy, —)
O

and p is zero to three:
X is O, S, NH, NCH3,
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C=0O orabond
/

and Rs and R7 are as previously defined

{c) a moiety cf the formula:

I'?b
- N- COJ

wherein J is Ry, lower alkyl(C3-Cg) branched or
unbranched, lower alkenyl(C3-Cg) branched or unbranched,
-lower alkyl(C}-Csl branched or unbranched, -0-lower
alkenyl (C3:-Cg) branched or unbranched, tetrahydrofuran,

tetrahydreothiophene, the moieties

R, S
ISP
S N\_7 |2 '
O N
O-on
RB

or -CH2-¥' wherein K' is halogen, -OH, tetrahydrofuran,
tetrahydrothiophene or the heterocyclic ring moiety:

Dy

N

\ /
G=F
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wherein 0, E, F and G are selected from carbon or

nitrecgen and wher=in the carbon a-oms may ke opticnally
substituted with halcgen: (C3-Ci)lower z2lkoxy, -CO-lcower
alkvl( C:-C3), CH2., (C1-T2)lower alkoxy, -CO2-lower

alkyl(Ci1-C3i), and F2 and Rp are as hereinbefore defined;

(d) a moiety seiected from those of the formulae:
R
I.‘\
— N- COCHATr
R(‘
Q
I
-Q-C-lower alkvH(C-C2) -S-lower alkyl(C-C3)
R
o //Rr P
STCHL -N , —NH(CH,) —CON ,
N q
~
R,
NHC A e
( Hz)q— N\ , —O- (CH2)2—N\
Ry,
wherein F. is selected from halegen. (Ci-C3)lower alkyl,

-O-lower alkyl(C:-73) and CH, Rp is as hereinbkefore
defined;

Ar' is a moiety seclected frcm the group

in

~-10-
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R, R,
R, |, \ ,
R, W S
R, i
T .
' R
fr .
R, N

Rg and Ry are independently hydrogen, lower alkyl
(C1-C3): O-lower alkyl(C1-C3); S-lower alkyl(Ci1-C3},
-CF3, -CN, -OH, -SCF3, -OCF3, halcgen, NO2, amino cr NH
lower alkyl(C1-C3), -N-[lower alkyl(C1-C3)]2,

-N(Rp) (CH2)g-N(Rp)2:

W' is O, S NH, M-lower alkyl(C1-C3), NCO-lower
alkyl(C1-C3) cor NSO2-lower alkyl(Ci-C3) cr NSO2lower
alkyl(C1-C3);

R25 is selected from the moieties

o0 30
o8
_é‘l}

I

23
=D

- 11 -
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and the moiety zQ

represents: (1) phenyl or substituted phenyl optionally
substituted by one or two substituents selected from
(C1-C3) lower alkyl, halogen, amino, (C3-C3) lower
alkoxy, cr (C1-C3) lower alkyl amino; (2) a S-membered
aromatic (unsaturated) heterocyclic ring having one
heteroatom selected from O, N or S; (3) a 6-membered
aromatic (unsaturated) heterocyclic ring having one
nitrogen atom; (4) a 5 or 6-membered aromatic
(unsaturated) heterocyclic ring having two nitrogen
atoms; (5) a S-membered aromatic (unsaturated)
heterocyclic ring having one nitrogen atom together with
either one oxygen or one sulfur atom; wherein the 5 or
6-membered heterocyclic rings are optionally substituted
by (C1-C3) lower alkyl, formyl, a moiety of the formula:

P
— (CH,) (N
q \,

b

halogen or (C1-C3) lower alkoxy. For example, the fused

heterocyclic ring may be represented by furan, pyrrole,
pyrazole, thiophene, thiazole, oxazole, imidazole,
pyrimidine or pyridine ring which may be substituted or

unsubstituted.
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DETAILED DESCRIPTION OF THE INVENTION

Within the group of the compounds defined by

Formula I, certain subgroups of compounds are broadly
preferred. Broadly preferred are those compounds
wherein R3 is a moiety:

O
Il
—CAr

and Ar is selected from the moiety:

wherein Rg, Rg and R7 are as hereinbefore defined.
Especially preferred are compounds wherein R3

is the moiety:
0
If
—CAr

and Ar is selected from the moiety:

7 N NHCOR,,  and \“ >——Rs

Rg 1s MNHCOAr' and Ar' is

- 13 -
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wherein Rg, Rao, R25 and W' are as hereinbefore defined.

Also especially broadly preferred are
compounds wherein Y in Formula I is -(CH2)pn- and n is

|
- (CH2) m —N or I'\J - (CHZ) m_
RJ

zero or one; A-B is

!

3

and Rq. R5, Rg, R7, Rg, R9 and RlQ are as hereinbefore

defined; and m is an integer from 1-2.
The most broadly preferred of the compounds of

Formula I are those wherein Y is -(Cii2)y- and n is one;

A-B is

(CH )N or N-(CH, ~ ;misoneortwo

3 R,

R3 is the moiety:

—CAr

- 14 -
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-NCOAr, or -NCOCH,Ar, -NCON -Ar

Rn Rn R Rb

-NCO(CH, )}, -cycloalkyl, XR -

R

and Ar' is a moiety:

Cycloalkyl Ra, Rp and W' are as previously defined and
Rg and Rg are preferably ortho CF3, Cl, OCH3, CH3, SCHj3
or OCF3j substituents or Ar' is a disubstituted
derivative wherein Rg and Rg are independently Cl, OCH3,

CH3 and F.
The most highly broadly preferred of the
compounds of Formula I are those wherein Y is -(CH2)np-,

n is zero or one and

- 15 -
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the moiety 2 ()

represents a phenyl, substituted phenyl, thiophene,
furan, pyrrole or a pyridine ring;
A-B is

- (CHZ) m_ N or N _(CHZ) m_

m is one when n is one and m is two when n is zero;

R3 1s the moiety:

O
Il
—CAr
wherein Ar is
R, R,
NHCOR,,  and \ .>—R ]
-N
R R

and Rg is selected from the group

- 16 -
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"NCOAr, . NCocH A

where Ar' 1s selected from the moieties:

| R, F Ry
-@- ﬂ“‘-’ 3
R W N

and Ra, Rp, R1, R2, R4, R5, Re., R7, Rg, Ro, R25 and W'
are as previously defined.
Most particularly preferred are compounds of

the formulae:

and

wherein m is an integer one or two; P] and R) are as

previously defined;
PR3 is the moiety:

O
Il
—CAr

wherein Ar is selected from moieties of the formulae:

- 17 -

yece: -
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-NCOAr, NCO(CH,) | cycloalkyl,

R R,

-NCONAr,  NCOCH,Ar, -X-R,

L
R, R, R

a
wherein cycloalkyl is defined as C3-Cg cycloalkyl,
cyclohexenyl or cyclopentenyl and wherein Ar' is

selected from the moieties:
R
R5 ® F% R5
AN
, Rg,-@}ﬂa
2% N
Rg

Rz is independently selected from hydrogen, CH3 or
-CoHs; and Rg, R7, Rg., Rg, R1Q. R25, X and W' are as

hereinbefore defined.
Alsc particularly preferred are compounds of

the formulae:

_18_
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wherein m is an integer one or two; R} and R2 are as
previously defined;
R3 is the moiety:

)
Il
~CAr

wherein Ar is selected from moieties of the formulae:

Rg is
-NCOAr, NCO(CH,) , cycloalkyl,
R, R,
-NCONATr, NCOCH,Ar, -X-Ry,.
| 2 10
R, Rb R

- 19 -
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I

-NH-C-O-lower alkyl(C,-Cj)straight or branched

@)
I
-NH-C-lower alkyl(C,-C)straight or branched,

I
-NH-C-O-lower alkenyl(C,-C/)straight or branched,
I
-NH-C-lower alkenyl(C,-Cy)straight or branched,
wherein cycloalkyl is defined as C3 to Cs cycloalkyl,

cyclohexenyl or cyclopentenyl and wherein Ar' is
selected from the moieties:

RS RB RB Rﬁ
C w K ' AEi\}RB

R

9

Ra is independently selected from hydrogen, CH3 or -
CpHs; and Rs, R7, Rg, Rg, R1pg, R25, X and W' are as
hereinbefore defined.

Compounds of this inventicn may be prepared as
shown in Scheme I by reaction of tricyclic derivatives
of Formula 3a and 2b with a substituted or unsubstituted
6-nitropyridine-3-carbonyl chloride 4 to give the
intermediates 53 and 5&. Reduction of the nitro group
in intermediates 5a and £h gives the 6-amino-3-
pyridirnylcarbony: derivatives £a and &b. The reduction
of the nitro group in intermediates %a and Zb may be
carried cut under catalytic reducrtion conditions
(hydrogen-Pd/C; Pd/C-hydrazine-ethanol) or under

- 20 -
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chemical reduction conditions (SnCl2-ethanol; Zn-acetic
acid; TiCl3) and related reduction conditions known in

the art for converting a nitro group to an amino group.
The conditions for conversion of the nitro group to the
amino group are chosen on the basis of compatibility

with the preservation of other functional groups in the
molecule.

Reaction of compounds of Formula &3 and &b
with aroyl chlorides, heteroaroyl chlorides,
arylsulfonyl chlorides, diarylphosphinyl chlorides,
diphenoxyphosphinyl chlorides, alkyl (C3-Cg) carbonyl
chlorides, alkenyl (C3-Cg)carbonyl chlorides,
alkozy (C3-Cg)carbonyi chlorides, alkenyloxy (C3-Cg)car-
ponyl chlorides, alkyl(C3-Cg)sulfonyl chlorides,
alkenyl (C3-Cg)sulfonyl chlorides cycloalkylcarbonyl
chlorides, arylcarbamoyl chlorides or heteroaryl-
carbamoyl chlorides as illustrated in Scheme 1, gives
the novel compounds 82 and 8b of this invention. The
reactions may be carried out in sclvents such as
chloroform, dichloromethane, dioxane, tetrahydrofuran,
tcluene and the like in the presence of a tertiary base
such as triethylamine, diisopropylethylamine or pyridine
at 0°C tc 50°C. 1If more than one aroyl, heteroaroyl or
arylsulfonyl group, etc. is introduced during the
reaction, mild base treatment (NaOE, KOH etc.) in a

lower alkancl removes the second such group tc give the
products 8a and 8k.

_21..
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R

oL

Y
H?
(o}
AN
R R,
—N
NH,

6a
Ar'COCI
Ar'CH,COCI
7 cycloalkyl(CHz)nCOCl
Ar'NCOCI
R
8a

Hs = -NHCOAr'; -NHCOlNAr'; -NHCO(CHa)ncycloalkyl;

R,

-NHCOCHzAr'

- 23 -
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alkyl(C 4-C4)COC!
alkyl(C 5-Cg)0-COCI
alkenyl(Cs-CB)-COCI
alkeny(C,-Cg)-OCOC!
alkyl(C 5-C)SO,CI
alkenyl(Ca-CB)Sozcl

_24_
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8a

R

Rg = -NHCOalkenyl(Ca-CB).

-NHS0,alkyl(C4-C

R,
-NHSO & Q
A S
R R

. R ]

Il
- NHP—

o

g):

R

1 nt'd.

@)

-NHCOalkyl(C4-Cq), - NHCO,alkyl(C,-

-NHCOZalkenyl(Cs-CB)

—

- 25 -
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Reaction of tricyclic derivatives of Formula
6a and 6b with either a carbamoyl derivative 2 or a

isocyanate derivative 10 gives compounds (Scheme 2) of
Formula lla and l1lb which are vasopressin antagonists
and/or oxytocin antagonists of Formula I wherein Rg is

-NHCONATr ]
|
R,

and Rp is H, CH3 or C2Hs.

- 26 -
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~ N SN
NHCONAr NHCONAr'
|
R, R,
11a 11b

Reaction of tricyclic derivatives of Formula
3a and 3b with a 6-chloro or a 6-fluoropyridinine-3-

carbonyl chloride 12 gives intermediates 13a and 13b
(Scheme 3).

- 27 -
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oL

Y
o N (CHdm
0 —
=~ A ~ n R,
R R
5 U N’ x N

C (F)
Q (F)
13a 13b

The intermediates l3a and l13b may be reactec

(14) wherein R)p is as previously defined and

with Rj0X~

X is O, S, NH or NCH3 to give derivatives of 15a and 15b
as shown in Scheme 4.

- 28 -



25

30

The compounds of Formula I wherein Y, A-B,
R1., R2 and R3 are as defined and the R3 (-COAr) aryl
group is

_29-

-~
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wherein Rg is as previously defined may be prepared as

shown in Scheme 5 by first synthesizing the pyridinyl
moieties 1% which are to be attached to the tricyclic

benzazepine units.

16

The prefcrmed pyridinyl moieties 15 may be
activated for coupling by reaction with peptide coupling
reagents or preferably activated by conversion to the
pyridine-3-carbonyl chlorides 17. The coupling may be
carried out in inert solvents such as chloroform,
dichloromethane, tetranydrofuran, dioxane, toluene and
the like in the presence of a tertiary amine such as
triethylamine. The reactions may also be carried out in

pyridine and related alkyl pyridines.
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18a 18b

The starting materials 3Ja and 3b in Scheme 1
can be made by literature methods. For example,
intermediate 6,11-dihydro-SH-dibenz({b,e}azepines and
substituted derivatives are prepared according to
literature procedures: L.H. Werner, et al., J. Med.
Chem.,8,74-80 (1965); A.W.H. Wardrop et al., J. Chem.
Soc. Perkins Trans I, 1279-1285 (1976).

Substituted 5,11-dihydrodibenz(b,e)azepin-6-
one are prepared by literature procedures: J. Schmutz

- 31 -
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et al., Helv. Chim. Acta., 48, 336 (1965); and reduced
to substituted 6,11-dihydro-5H-dibenz[b,e}azepines with

lithium aluminum hydride, borane, borane-dimethylsulfide
and agents know to reduce an amide carbonyl to a
methylene group. Intermediate 10,11-
dihydrodibenz [b, f} [1,4)thiazepines are prepared by
literature procedures - for example, see K. Brewster et
al., J. Chem. Soc. Perkin I, 1286 (1976). Reduction of
either dibenz(b,f][l,4)oxazepines [A.W.H. Wardrop et
al., J. Chem. Scc. Perkin Trans. I, 1279 (1976)] and
dibenz (b, f]} (1,4)oxazepin-11(10H)-ones and
dibenz[b, f] (1,4]thiazepin-11(10H)-ones - 5. Schmutz et
al., Helv. Chim. Acta.,48, 336 (1965); may be carried
out with lithium aluminum hydride in inert solvents such
as dioxane and the like. The tricyclic 6,7-dihydro-5H-
dibenz (b,d]azepine intermediates of Formula 32 may be
prepared by the literature procedures: T. Ohta et al.,
Tetrahedron Lett., 26, 5811 (1985); Wiesner et al., J.
Amer. Chem. Scoc., 212, 675 (1955); or derivatives may be
prepared by coupling procedures illustrated in Scheme 7.
The reduction of nitro compounds of structure type 31
followed by ring closure, affords lactams 22 which are
reduced to give tricyclic azepines cof Formula 33.
S,1i-Dihydrc-6H-pyrido(3,2-2] [1]benzazepines
are prepared by literature procedures - J. Firl et al.,
~iebiqgs Ann. Chem. 469, (1989). 1lE-Pyrido(Z2, 3-
b) (1,4)benzcdiazepin-¢(5H) ones have been repcrted by
J.F.F. Liegecis et al., <. Med. Chem 35, 2107 (1993) and
these derivatives are reduced to liZ-pyrido(([2, 3-
b][1,4)benzodiazepines. The synthesis c¢f tricyclic
1,4,5,10-tetrahydropyrazclo-[4,3-c] (l]benzodiazepine and
the 3-chloro derivative have been repcrted -
G. Palazzinc, et al., J. Heterccyclic Chem., 28, 71
(1989) . 4,10-Dihydro-58-thieno{3,2-2i[1l]lbenzazepine 2la
and 9,10-cdinydro-4H-thieno([2,3-z]{.]benzazepine 21b may
be prepared by coupling tributyltin derivatives 19 and

- 32 -
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20 with 2-nitrobenzyl bromide in the presence of

tetrakis(triphenylphosphine) palladium(0O) as shown in
Scheme 6.
Following coupling cf intermediate 24 to give
the tricyclic azepine 22, the nitro group is reduced to
give the 6-aminonicotinoyl derivative 28. The
derivative 2% is then reacted with the appropriate acid -
chlorides as illustrated in Scheme 7 to give the
products 27 and 27a.
Also depicted in Scheme 7 is the synthesis of
intermediate tricyclic azepine 3) and 33. The tricyclic
lactam derivatives 29 and 32 may be prepared by
reduction of nitro intermediates 28 and 21, followed by
ring closure of the ccrresponding amino derivatives.
actam intermediates 29 and 32 may Dbe

—

These tricyclic
reduced with lithium aluminum hydride (LAH) or borane to
give the tricyclic azepines 20 and 33.
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Scheme 7 (Continued)
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Scheme 7 (Continued)
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Tricyclic intermediates 42 for the synthesis
of selected vasopressin antagonists of this invention
wherein Y in Formula I is -CH2- and m is one, may be
prepared as shown in Scheme 8. Suitable 1l-nitro-2-
chloro or 1l-nitro-2-bromo heterocycles 35 undergo
halogen exchange when reacted with a alkyllithium
reagent such as t-butyllithium, g-butyllithium or n-
butyllithium to give intermediates 37 which react with
anhydrides of Formula 38. R12 is tert-butyl, secondary
butyl, n-butyl, 2,6-dimethylpiperidine or a hindered
non-nucleophilic dialkylamine. The nitro products 39
are reduced with hydrogen and a suitable catalyst or
chemically reduced (Zn-acetic acid, TiCl3 etc.) to the
amino intermediates 40. Ring closure to the cyclic
lactams 41 is conveniently carried out by heating in
xylene or an inert solvent at 100°C to 200°C. The

- 39 -
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cyclic lactams of structure type 41 are readily reduced

by borane in tetrahydrofuran, borane-dimethylsulfide in
tetrahydrofuran or lithium aluminum hydride in a
suitable solvent such as dioxane to give the tricyclic
compounds 42.

Alternatively phenyllithium derivatives 37k,
which are prepared by lithiation of protected
benzaldehyde derivatives or by lithiation of 2-chloro or
2-bromo protected benzaldehyde derivatives, are reacted
with derivatives 38b wherein Z is as previously defined.
Derivatives 38b are prepared by standard procedures such
as ring closure of l-amino-Z-carbocxy heteroaromatic
compounds or l-amino-2-benzoic acid derivatives, with

acetic anhydride (Scheme 8).
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Alternatively,

as shown in Scheme 9, some of

the tricyclic derivatives of structural type 42 may be

prepared by “palladium” type coupling or "copper”
induced coupling of halogenated derivatives 43 to give
tricylic lactams 44. Reduction of the lactam carbonyl

group gives the intermediates 42.

Coupling of halogen

derivatives 45 to effect ring closure with activated

copper or "palladium' type reagents which induce aryl

coupling gives lactams 46.

46 gives derivatives 47.

Borane reduction of lactams

Ullmann cross couplings of

halogenated hetterocycles and 2-bromonitrobenzenes and
related cross couplings by low valent palladium species

such as (Pd(PPh3)4] and PACl2(PFhi)2
synethetic procedures; N. Shimizu et
Lett. 34, 3421 (1993) and references

et al., Tetrahedron. 37,

B117 (1992)

- 42 -

are known

al., Tetrahedron
therein; N. M. Ali
and references



therein; J. Stavenuiter et al., Heterocycles, 26 2711

(1987) and references therein.
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sl 30 ,

. Tetrahydro-1H-1-benzazepin-5-ones £1 and the

. tetrahydro-1H-1-benzazepin-2,5-diones 52 are useful

cempounds for the synthesis of intermediate tricyclic
ceoe heterocyclic structures 53 and 54 (Scheme 10). The
tetrahydrobenzazepin-5-ones 51 and 22 may be formulated

o 33 to give hydroxymethylene derivatives or reacted with

_43_
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either the Vilsmeier reagent or the N, N-

dimethylformamide dimethyl acetal to give the
dimethylaminomethylene derivatives. The construction of
heterocyclic rings from a-hydroxymethyleneketones by
reactions with hydrazine, N-methylhydrazine,
hydroxylamine or formamidine to give pyrazoles, N-
methylpyrazoles, oxazoles or pyrimidines respectively,
is a standard literature procedure. See Vilsmeier
formylation - Tetrahedron, 49, 4015-4034 (1993) and
references therein and ring fcrmations - J.Heterocvclic
Chem., 29, 1214 (1992) and references therein.

Substituted and unsubstituted
tezrahydrobenzazepin-2-ones are known compounds which
are prepared by reaction of a-tetralones with sodium
azide under acidic conditions. [J. Zhem. Scg¢. 456
(1937); Tetrahedron 49, 1807 (1993)] (Schmidt reaction).
Reduction of tetrahydrc-lH-benzazepin-2-ones gives the
terrahydro-~1H-benzazepines 48 which acylation gives
compounds 42. Ozidation of N-acyl tetrahydro-1H-
benzapines of type 4% to give the 5-one derivatives is a
known ozidative procedure; R. L. Augustine and W. G.
Pierson, J. Qra. Chem., 34, 1070 (19869).

The synthesis of 3,4-dihydro-1K-l-benzazepine-
2,5-diones (52:Rj5=H) has been reported as well as the
conversion cf 3,4-dinhydro-l1Z-l-benzazepine-2,5-diones to
4-[ (dimethylaminc)methylene) -3, 4-dihydrc-14-1-
benzazepine-2, 5-diones with }, N-dimethylformamide,
dimethylacetal: [W.-Y. Chen and N. W. Gilman, J.
Herercocyglic Chem., 20, 663 (1983)]. The preceding
reference describes the synthesis of 2-methyl-5,7-
dihydropyrimido[35,4-d) (llbenzazepin-6(6H)-ones which may
be reduced tc remove the lactam carbonyl group to give -
tricyclic derivatives cf structural type 54 wherein 2 is

& pyrimidine ring.

- 44 -
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The compounds wherein the aryl group in the R3

moiety -COAr is

R,

\—iz>*_an33Rﬁ

R,

are prepared as shown in Scheme 1l1. The tircyclic
derivatives 33 and 3b are reacted with a substituted or

unsubstituted 4-nitrobenzoyl chloride £5 to give the
derivatives 56a and f£6k. Reductions of the nitro group
in derivatives 56a and 56b gives the 4-aminobenzoyl
intermedites 5272 and £7h which are then reacted with an
acid chlcride represented by formulia 58 to give the
products 593 and £8%Db.

The compounds wherein the aryl group in the R3

moiety -COAr is

R,

10

R,

are prepared by reactin of tricyclic azepines 33 and 3b
with a substituted benzoyl chloride illustrated by
structural formula 6Q (Scheme 12) to give the products
&la and &1b. In a similar manner reaction of
heteroaroyl chlcrides 82, £3, or &4 with the tricyclic
azepines 33 and 3b gives the products £2a and £3b
wherein the aryl groups are as illustrated in Scheme 13.

_49-
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A mixture of 48.52 g (0.20 mol) of 2-
aminobenzophenone-2'-carboxylic acid and 500 ml of
xylene is refluxed for 67 hours, cooled to room
temperature and filtered. The solid is washed with
Xylene to give 43.3 g (97.8%) of SH-dibenz([h,g)azepine-

6.11-dione as light tan crystals, m.p. 245-248°C. To

- 51 -
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4.46 g (0.020 mol) of the preceding compound in 25 ml of
tetrahydrofuran is added 12 ml (0.12 mol) f a 10 molar
solution of boron-dimethylsulfide in tetrahydrofuran.

An additional 10 ml of tetrahydrofuran is added and the
mixture 1s stirred overnight and then is refluxed
(solids dissolve) for 4 hours. The solution is cooled
and 15 ml of methanol added dropwise. The mixture is
concentrated under vacuum, 50 ml of 2N sodium hydroxide
is added and the mixture refluxed for 2 hours. The
solid is filtered, washed with water, air dried and
extracted with dichloromethane. The extract is dried
(Na2S04) and the solvent removed to give 3.25 g (83%) of
crystals, m.p. 117-122°C.

Bo‘brpnco t‘varng?p 2

A- BT AY

Chlorine gas is bubbled into a mizture

(partial suspension) cf 1.0 g (450 mmol) of S5H-

dibenz [b,e]-azepine-6,11-dione in 50 ml of glacial
acetic acid. The temperature cf the mixture rises to
38°C. On standing, as the temperature of the solutions
decreases, a white solid precipitates. The mixture is
filtered to give (.40 g of solid (mixture of starting

material and procduct in ratio of 1:8). The filtrate on

standing gives 0.10 g cf product as crystals, m.p. 289%-
293°C.
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10

15

20

25

30

35

To 5.88 g of 10,11-dihydro-N,N-dimethyl-11-
oxodibenz (b, fl1[1l,4)oxazepine-2-sulfonamide in 5 ml of

tetrahydrofuran is added 20 ml of a molar solution of
borane-dimethylsulfide in tetrahydrofuran. The mixture
is stirred overnight and then refluxed for 2 hours. The
mixture is chilled, diluted with 10 ml of methanol and
then concentrated, methanol added again and the mixture
concentrated. To the mixture is added 20 ml c¢f 2N NaOH
and the mixture refluxed for 2 hours. The mixture is
extractecd with dichloromethane, the extract dried
(MgS04) and filtered. The filtrate is passed through a
thin pad of hydrous magnesium silicate and the pad
washed with dichloromethane. The filtrate is
concentrated to give 4.8 g of crystals. m.p. 99-102°C.
Recrystallization from diisopropylether-dichloromethane
gives 3.96 g of crystals, m.p. 109-110°C.

Mass Spectrum (FAB) 305(M + H).Anal.Calc'd. for
C15H16N203S:C,59.2; H,5.3; N,9.2; S,10.6.

Found: C,57.6; H,5.2; N,8.9; S,10.1.

Reference E;-c’amp'ln 4
2=C rA—- a=1 ‘v ND +hvidine

To a hot (70°C) solution cf 2.62 g (17 mmol)
of 6(5H)-phenanthridinone in 120 ml cof acetic acid is
added chloriﬁe gas for 10 minutes. The solution is
allowed to cool to room temperature and the mixture
filtered. The crystals are filtered to give 1.35 g of
crystals, m.p. 310-318°C.

To the preceding compound (1.57 g) in 25 ml of
tetrahydrecfuran is added 12 ml of a 10 molar solution of
poron-dimethylsulfide in tetrahycdrofuran. The mixture
is refluxed for 18 hours, cooled and 15 ml of methanol
is added. The mixture is concentrated under vacuum and
50 ml of 2 N sodium hydroxide added. The mixture is

- 53 -
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refluxed for 2 hours and the solid filtered off and
washed with water and air dried to give the product as a

solid.
fera Examplia

A mixture of 11.15 g of 5H-dibenz[b,e)azepin-
6,11-dione and 600 mi of glacial acetic acid is heated
on a steam bath until the solid dissolves. To the
solution (70°C) is added chlorine gas. Chlorine is
bubbled throughout the soluticn until a precigitate

begins tc form. The mixture is ailiowed to cool to room

temperature and is filtered to give 7.3 g of product,
m.p. 290°C to 295°C.
Reference Examrie §

To a mirxture of 7.28 g 9-chloro-5SE-dibenz-
[b,e)azepin-6,11-dione in 25 ml cf tetrahydrofuran under
argon is added 8.5 ml of 10 molar boron-dimethylsulfide
in tetrahydrofuran. The mixture is stirred 18 hours at
room temperature, 30 ml of tetrahydrofuran added and the
mixture refluxed for 3 hours (solids dissolved). The
solution is cooled to room temperature and 25 ml of
methanol added dropwise. The volatiles are removed
under vacuum. To the residue is added 100 ml cf 2 N
NaOE. The mixture is refluxed overnight and filtered.
The sclid is extracted with dichleoromethane and the
extract is washed with 2' N citric acid, water and dried
(Na2S04). The solvent is removed to give 4.2 g of solid
which is triturated with ethyl acetate-hezane (l1:2) to
give crystals, m.p. 137°C to 141°C.

10, 11=-Dinhydrodipenz (b, f1 12,414 Riszepipe

To a mizture of 3.3 g ¢f 1C,1l1-dihydro-1i-
oxodibenz (b, £)[1,4)thiazepine in 25 ml of
tetrahydrcfuran is added 4.0 ml cf 10 molar borane-

dimethylsulfide in tetrahydrofuran. The mixture is

_54_
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stirred at room temperature for 18 hours, 50 ml of
anhydrous methanol added and the solvent removed. An
additional 30 ml of methanol is added and the solvent
removed to give white crystals. A sample is purified by
chromatography on silica gel with hexane-chloroform-
ethyl acetate (2:1:1) as solvent to give white crystals,
m.p. 145-148°C.

The following compounds are prepared as
described in Reference Example 7.

BngrgnQﬁ E:xamg'!e a

="hl AvAll

ference e
-Me+-h 10, 11-di i 7 1101 1+hs
o c p D
- TAvr~=10 11 =ashvdr s han £1 01 1+hs
afar v

4,8-Dichlorn-12,13-dihydrodibenz(b,f11,41thiazepine

faro o v la
g-Chlorn=-4-methyl=10,11-dihydrodipenz(b, 172,41~

:bjazgpino

far e

g8-Me+hoyxy-10, 1=dihvdrecdibenz(b, 11, 4)thiazepine

Reference Examole 17

T="hIArA=d=moarho) o 17 =

€173

The fcllowing compounds are prepared as

described in Reference Example 3.

arg e Fv le

2«-Chigre=10,11-4dihvdradibenz b, f1 "1, 41-n0xazevine




4-Methyl-7-chlero-10,11-dihvdrodibenz b, f1(1,41-
20 orazepine
Bpfp:engg Ezamg]g 23

1-Chloro=4-methyl-10,11-dihydrodibenz b, f113,41~

25

efo F mple

N-(2-Iodophenvl)-2-icdophenylacetamide
A solution of 13.32 g (0.05 mol) of 2-
iodophenylacetic acid in 75 ml thionyl chloride is
30 refluxed for 2 hours, and the volatiles removed under
vacuum. Toluene is added (3 times) and the solvent

removed under vacuum after each addition to give 2-
iodophenylacetyl chloride as a gum. 7o the preceding
compound (0.05 mol) in a mixture cZ 100 mi cf toluene-
35 dichloromethane (1:1) is added 11 g (0.05 mol) of 2-
iodoaniline and (0.10 mol) of diisorropylethylamine.

..56_
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The mixture is stirred at room temperature overnight and

the solvent removed. The residue is dissolved in
dichloromethane and the solution washed with 1N HC1,
saturated sodium bicarbonate, brine and dried (Na2S0g4).
The solvent is removed and the residue recrystallized
from methanol-ether to give 16.0 g of light brown
crystals, m.p. 160°-163°C.

R a v a

- <N= (2-=3 o

To a suspension of 1.39 g (3 mmol) of 2-iodo-
N- (2-iodophenyl)benzeneacetamide in 30 ml of
tetrahydrofuran-dichloromethane (l1:1) is added 3.75 ml
of 2.0 molar borane-dimethylsulfide in tetrahydrofuran.
The sclution is stirred I hour at room temperature and
then relfuxed for 16 hours. The mixture is cooled and
water slowly added dropwise until gas evolution ceases.
The volatile are removed under vacuum and the aqueous
residue made alkaline with 2N sodium hydroxide. The
mixture is extracted with ether (50 ml) and the extract
is washed with brine and dried (Na2S0O4). The solution
is filtered through a thin pad of hydrous magnesium
silicate and the filter pad is washed with ether and the
filtrate evaporated. The residual solid is washed with
isooctane to give 1.20 g of white solid.
Recrystallization ZIrom diethylether/hexane gives white

crystals.

To a sclution cf 0.90 g cf Z2-iodo-N-(2-
iodophenyl)benzeneethanamine in 4 ml cf tetrahydrofuran
is added C.41 g of triethylamine, and 0.57 g of 4-
nitrobenzoyl chloride. The mixture is stirred at room
temperature for 2 hours and the solvent removed under
vacuum. The residue is dissolved in ethyl acetate-
dichloromethane (5:1) and the solution washed with 1N
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HCl, saturated NaHCO3, brine and dried (Na2S04). The
solution is filtered through a thin pad of hydrous
magnesium silicate. The filtrate is evaporated and the
residual solid triturated with diethyl ether and hexane
to give 1.10 g of product as a white solid.

fo ~ro 1o

2 4-Dinhydro=1H-1-henzazepine-2,5-dione

To a solution of 225 ml of glacial acid and
8.5 ml of concentrated sulfuric acid is added 4©.54 g
(0.30 mol) cf 2'-nitroacetophenone and 47.02 g
(0.50 mol) of glyoxylic acid (hydrated). The mixture is
heated at 100°C fcr 16 hours. The mixture is cooled and
poured over crushed ice. After the ice melts, the
mixture is filtered and the solid washed with cold
water. The solid is dried and recrystallized from
dichloromethane-hexane to give 20.1 g of 3-(2-
nitrobenzoyl)acrylic acid as white crystals, m.p. 153-
158°C. A solution of the proceeding compound (9.0 g) in
80 ml of ethanol and 1.6 g of palladium-on~carbon is
hydroggnated in a Parr hydrogenator under 30 pounds per
square inch cf hydrogen for 20 hours. The mixture is
filtered through diatomaceous earth and the solvent is
removed. The residue (7.0 g) is chromatographed on
silica gel with hexane-ethyl acetate (l:l) as solvent to
give 4.0 g cf 3-(2-aminobenzoyl)propionic acid as an
orange solid, m.p. 103°-107°C. A 0.50 g sample of the
preceding compound, 0.36 ml of triethylamine and 0.43 ml
cf diethoxyrhosphiny! cyanide in 20 ml of
dichlcromethane is stirred at room temperature for 5
days. The sclvent is removed, ethyl acetate is added
and the mixture washed with water, 2 N citric acid, 1M
NaHCO3, brine and driec¢ (NaSO4). The solvent is
removed and the residue purified by chromatography over
silica gel with ethy! acetate-hexane (1l:1) as solvent to
give 0.190 g of light brown crystals, m.p. 168°-170°C.
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A mixture of 0.250 g (1.43 mmol) of 3,4-
dihydro-1K-l1-benzazepine-2,5-dione and 5.5 ml (4.93 g,
41.5 mmol) of N,N-dimethylformamide, dimethylacetal is
heated at 90°C for 1.5 hour. The mixture is cooled,
diluted with diethyl ether and filtered. The solid is
washed well with diethyl ether and dried to give 0.26 g
of tan crystals, m.p. 203°-205°C.

far e 1

To a solution of 0.308 g (3.26 mmol) of
acetamidine hydrochloride in 15 ml of methanol under

argon is added 0.176 g of (3.26 mmol) of sodium
methoxide and the mixture stirred for 5 minutes. To the
mixture is added 0.50 g (2.17 mmol) of 4-
[ (dimethylamino)methylene}-1, 2,3, 4-tetrahydro-54-1-
benzazepine-2,5-dione and the mixture stirred at room
temperature overnight. The mixture (containing thick
precipitate) is diluted with 3 ml of methanol, chilled
and filtered. The filtrate is concentrated to dryness.
The residue and original solid are combined and
chloroform added. The mixture is washed with water, the
organic layer is treated with activated carbon and then
filtered through a thin pad of hydrous magnesium
silicate. The filtrate is evaporated to give 0.41 g of
crystals, m.p. 257°-258°C.

The preceding compound is heated with 5
equivalents of lithium hydride in dioxane for 24 hours
to give the product as a solid.

afara Feample
&=Dihvdropoyri -h ) -
To a suspension of 11.67 g of 2-thiobenzoic
acid in a mixture of 32 ml of ethanol and 11 ml of water
is added portion wise 12.72 g of solid sodium
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bicarbonate. After the complete addition, the mixture

is stirred for 15 minutes and 10.0 g of 2-chloro-3-
nitropyridine added portionwise. The mixture is
refluxed for 2 hours, cooled and then concentrated jin
vacuo. The residual aqueous solution is diluted with

15 ml of water, acidified with 2N HCl and extracted
twice with 250 ml of ethyl acetate. The extract is -
concentrated under vacuum to give a yellow solid
residue. The residue is dissolved in a minimum of ethyl
acetate by heating on a steam bath. The solution is
cooled overnight and filtered to give 2.5 g of starting
material. The filtrate is concentrated, chilled and
filtered to give 12.5 g of 2-(3-nitro-2-
pyridinylthio)berzoic acid as a yellow solid. The
prececing compound (5.0 g) and C.7% g of Pd/C in 60 ml
ethanol is shaken in a Parr hydrogenator under 45 psi

o O
&)

hydrcgen for 18 hours. The mixture is filtered
through diatomaceous earth and the filter cake washed
with 200 ml of dichloromethane. The combined filtrate
is evaporated in vacuo to give a solid. The solid is
triturated with ethancl and filtered to give 3.6 g of
yellow solid. This solid (3.0 g) is again hydrogenated
with Pd/C (0.50 g) in 50 ml of ethanol and 30 ml of
acetic acid under 45 psi of hydrogen for 18 hours. The
mixture is filtered through diatcmaceous earth and the
filter cake washed with methanol. The combined filtrate
is concentrated in vaguo to give 1.6 g cf solid. This
solid in 25 ml ¢f N,N-dimethylformamide is again reduced
with 0.80 ¢ of Pd/C under 45 psi of hydrogen to give
.57 g of solid. Recrystallization from ethyl acetate
gives $.28 g of 2-(3-amino-2-pyridinylthio)benzoic acid.
The preceding comgound (0.2C g) is heated in 2-
hydrcxypyridine at 170°C to give S, é-dihydropyrido(2, 3-
R1[1,4)benzothiazepine as a yellow solid. The preceding

compound is reacted with borane-dimethylsulfide as
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described for Reference Example 3 to give the product as
a solid.

Reference Example 37
Nitra=D - o s
A stirred solid mixture of 13.7 g of
anthranilic acid, 20.2 g of g-bromonitrobenzene, 13.8 g
of anhydrous potassium carbonate and 0.1 g of copper
metal is heated at 200°C in an oil bath. The reaction
mixture is heated for 2 hours, cooled and the solid
washed with ether (3 X 100 ml). The solid is dissolved
in hot wate<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>