BENZO(S,6]CYCLOHEPTAPYRIDINES, COMPOSITIONS
AND METHODS OF USE

The present inventioh telates to benzo(3,8]-
cyélohepta pyfidihes and to -pharmaceutical composiktions
and methods of using such compounds. ' _

United States Patents 3,325,924, 3,717,647 and
4,282,233, European published Application No. 0042544 and
Villani et Al., Journal of Medicinal Chemistry, vol. 153,
No. 7, pp 750-754 (1972) and Arzn. Focrch 35 1311-1314
(1986) describe ce:tain'll-(4-§iperidylidene)—ng
benzo(3,8]cyclohepta(l,2-b]oyridines as aantihistamines.
U.S. Patent 4,355,036 describes certaia N-subsitizutad

piperidylidene compounds. .
The invention in its chemical compound aspect
is a compound having the structural £ornula I:
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or a pharmaceutically acceptable salt or solvate thaeraof,

whereinz

one of a, b, ¢ and d represents N or NR? where R? is o-,
-CH4 or - (CH4) 4CO,H whece n is L to 3, and the remaining
a, b, ¢c and d groups are CQ, which cemaining a, b, ¢ and
d groups optionally may be substituted with Rl ot Rz:

. Rl and R2 may be the same or different and each
independently represents halo, -CFy. -ORlo,'—CORlo,
-sr10, -w(rl0),, -w0,, -0c(0)r}?, -co,rl®, -oco,rll,
alkynyl, alkenyl or alkyl, which alkyl or alkenyl group
may be substituted with halo, ~orl0 o —COZRLO;

.R3 and r? may be the same or-differeat and each
independently represents d, any ot the substituents of Rt
and RZ or 83 and r? together may reprasent a saturated
or unsaturated Cg-C; fused ring; i

RS Rs, 37 and r® each independently represent
g, ~CF3, alkyl or aryl, which alkyl ocr aryl may Qe
substituted wich -or}0, -sr0, -n(r!%),, -vo,, cOr'?,
OCoRLO; ocozall, COZRLO, OPO3R1° or one of'Rs, Rs, *7 and
x8 may be taken in combination with R 2s defined below %2
rapresent '(CHZ):“ where ¢ is L to & which miy bHe
substituted with lower alkyl, lower aikoxy, -C¥3 or arvl;

r10 tepresents H, alkyl or azvl;

_Rll represents alkyl or arzvl;

X represents N or C, which I nav contain an
optional double hond ko cardon atom li;

the dottad line between cacZon atoms 5 and § -
reoresents an optioﬁal double hond, such that wnen a
double bond is present, A and 8 independently rspresent
H, -Rlo, -ORLO or -OC(O)RLO, and when no doubla dond is
present between carhon atoms 3 and 6, A and 3 'sach
independently repcesent gy, -(OR%?)Z: alkyl and 4,
(alkyl),, -d and -0c(0)RL0, # .and -0, =90, acyl and H,
=NQR‘O ot ~O-(C32)9—0- wher=2 92 is 2, 3 or 4 and 39 is as
previously.defineé;
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Z cepresents O, 5 or d,5 such zhat

(a) when.z is 0, R may be taxan in combination
with R3, 8, R7 or R® as defined above, or represents d,
aryl, alkyl, -SRll, -N(R}O)Z, cycloalkyl, alkenyl,
alkynyl or -D wherein -D represents Netsrocycloalkyl,

N ! Z 1 3 :
—E::ﬁziﬁ _ or —E;;;::‘ wherein R3 and 3% ara as

previously defined and W-;é 0, s or yrl9 wherein Rlo_is

as defined abova,

said cycloalxkvyl, alkyl, alkenyl and alxynyl
being optionally substituted with from 1-3 groups
selected from halo, -CoN(R10),, ary1, -co,ald, _opl2,
-SR12, -n(r10),, -u(al%)co,all, —copl?, -¥0, or D,
wherein -D and R0 are as defined above and 312

"represents Rlo, -(CHZ)mORlo or -(CHz)qCOERlo wherein 19

is as Praviously defined, m is 1 9 4 apd q is 0 to 4,
said alkenyl and alkyayl R 3zouds aot
containing -OH, -SH or —N(Rlp)zion 2 carton contaiaiag a

double or triple bond respeé:ively;

-(b) when 2 rapresents S, R sa2pc2senes in
addition to those 2 groups above, arvlioxyv

(c) when Z represents d3, R ce2p t
~Coor?, _£-cO0R1® or -2-0al2 yhers = is alkanedi;
may De substituted with arvl, -ORIQ, -33-9, -N(R
=D where D,.Rlo and r12 are as'pceviously'definai

In a preferred embodiment of the iaventi
tepresents O or S, and R represents ailxyl, cvcloalkvl,
alxenyl, aryl or alxyl substituted wish -ozl2, -s3t2,
-N(r19), or -corl2. Moce praferably, whan 2 ra
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ot S, R-tepcesents alkyl having from 1 to 3 cachon atoms,
or alkyl of from L to 3 carbon atoms substituted with
—onlz, -SRLZ, -N(RIO)Z, or corl2, 2referably one or Yoth
of R3 and r% is halo, e.g. chloro or fluoro. The most
preferred value of R3 and/or R* is a halogen locatad at
carbon atom 8 and/or 9, as sh~wn in the following
numbered ring structure: ' '

The nitrogen preferably is located at position "a". R,
Rs, R7, Rs, A and B preferably are #. X preferably is a
single or double bonded carbon. The Zond between
positions 5 and 6 preferaﬁly is a single bond. The bond
between the piperidyl ring and the cycloneptyl ring
preferably is a double bond.

Preferably when 2 is 4y, R i3 ~-Z-COOR™Y or
-g-orkZ,

Compounds of the iavention include:

1i-(l-acetyl-4-piperidylidene)-5,.1~-dihydzo-34~
benza(3,6]cyclohepta(l,2-blovridine;

l1l-(l-methoxyacetyl-4-piperidylidane)-5,lL-dinvydr-o-
_.5SH~benzo(5,6]cyclohepta(l,2-b}lpyridine; '

11-(l-benzoyl-4-piperidylidene)-§,1l-dihydro-33-
benzo[3,6)cyclohepta(l,2-bloyridine;

11-{1-(3-chlorophenylacetyl) -4-piparidylidene}-5,LL-
dinydro-53H-benzo(3,6]cyclonepta(l, 2-b]dycidinz;
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11-{1-(3,4-dimethoxybenzoyl)-4-pipecridylicdene]-5,LL~
dihydro-SH-benzo(S,6]cyclohepta(l,2-b]pyridine;

8-chloro-ll-(l-acetyl-4-piperidylidene)-6,ll-dihydro-
SE-benzo(3,6]cyclohepta(l,2-b]joyridine;

8-chloro-ll-(l-orovionyl-4-pipecridylidene)-5,11~
dihydro-58-benzo(5,6]cyclohepta(l,2-blpyridine;

8-chloro-ll-(l-trimethylacetyl-4~piperidylidene) -
6,ll-dihydro-sgfbenzo[S,G]cyclohepta[l,Z—blpy:idine;

8-chloco-1l-({1l-(t-butylacetyl)-4-piperidylidene]-
6,11-dihydro-3H-benzo(5,8]cyclohepta(l,2-b]oycidine;

8-chlo:o-ll—(l—méthoxyacetyl-4-pipe:Ldylidene)46,11-
dihydro-5H-benzo(5,8]cyclohepta(l,2~-b]oyridine;

8-chloro-1ll-(l-(ethoxyacetyl)-4-piperidvliidene]-5,Ll1~
dihydro-SH-benzo(3,8]cyclohepta(l,2-d]oyridine;

3-chlo:o-li {1-(2-hydroxyoropionyl) -1~
azoerzdylzdene] -6, ll-dlnjdro-nd-
benzo(3,6]cyclohapta(l, 2~ b]ovr1d1-=-

'9-chloro—ll-(l-methoxyacntjl -4~ -pise d/lxdeﬂn)-o,l‘

dLHydro—:H-benzo[:,6]c1cloneota[l,2 ~d]ovridine;

8—chloro~ll-[le(Z-meﬁhoxygropibnyl)-4-
Piperidylidene}=-6,1l1-dihydro~3d-cenzo(35,5] -
cyclohepta(l,2-b]pyridine;

8~-chloro-ll-(l-(2-oxopropionyl)~4-piperidyli
6,L1-dinydro-3d-benzo(3,8] -cvclonraora(l,2-oi}
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a-chloro-ll-[l—(l-ethoxyca:bonyimethyl)-4-
oiperidylidene]6,ll-diaydro-3H~-benzo (3,6}~
cyclohepta(l,2-bloyridine; '

8—chloco—11-[l-(t-butokycarbonylaminoacetyl)-4—
piperidylidene]-6,11-dihydro-SH~
benzo(5,6]cyclohepta(l, 2-blpyridine;

8-chloro~ll~(l~-trifluoroacetyl-4-piperidylidene)-
6,11-dihydro-3H-benzo(3,8]cyclohepta(l,2-blpyridine;

8-chloro~1l~-(1l- benzoyl~4~oiperidyli&eﬁe)-6,11-
dlﬁvdro-SH—benzo[:,Glcyc lonhepta(l,2-bloyridine;

8-chloro-11-(1-(3,4,5-trinethoxybenzoyl) -4~
piperidylidene}-6,11-dihydro-5H-
benzo(5,5]cyclohepta(l,2-bloyridine;

8-fluoro-ll-(l-acetyl-4-~piperidylidene)~6,1ll-dihyd-o~
ngbenzo[s,o]cyclohepta[l 2-o]pyridine;

8-fluoro-1l-(l-n-butyryl-4-piperidvlidene) -5, i~
diaydro-5H-benzo(5,38]cyclonepta(l, 2-b]oyridine;

S—Elqoro—llo(l~methoxyacetyl-4-pi:e:iﬁylid
dihydro-5H-benzo(5,6]cycloheptal(l,?2 -o]:yrxd"

‘“ -4

_9-Eluoro-1ll-(Ll-acetyl-4-pigeridylidene)-§,Ll1l-dihydro~

SH-benzo[S dlcyclohepta(l,2-b]pyridine;

9-fluoro-1l- (l-metnoxyacetz‘-4-ox*er idylidene;=-5,L1~
dihydro~3H-benzo(3,8}cvclonasota(l,2-0! ins
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8, 9-diEluoro~1ll- ({L-methoxyacetyl- 4-oxoerLd/LLd°qn)-
§,11~ ~dinydro-58-benza(s, olcyclohepta[l 2- o]aycxd ne;

8_methy1-11-(l-methoxyacetyl~4-pipecidylidene)-s,ll-
dihydro-5H-benzo(5,6]cyclohepta(l,2-plpyridine;

8-chloro-1ll-(l-cyclopropylcarbonyl-4-piperidylidene)-~
6,ll-dihydro-5H-benzo(S,6]cyclohepta(l,2~-b]pyridine;

8-chloro-1ll-{l-n-butyryl-4-piperidylidene)-5,11-
dihydro-sH@-benzo(5,6]cyclohepta(l,2~b]pyridine;

-methoxy-ll (L-acetyl-4 -oxperxdylxdene) -5,11-
dxhydro—:H-benzo[S 6jcyclohepta(l, 2~ oloyrxdxne,

9-chloro-ll~(l-acetyl-4-piperidylidene) -6, Ll~dihydro-
sd-benzo(5,8]cyclohepta(l,2-b]pyridine;

8,9~difluoro-Lll-(l-acetyl-4-piperidylidene)~6,11-
dihydro-5H-benzo(S5,6]cyclohepta(l,2-b]pyridine;

3-methyl-ll-{l-acetyl-d4-piperidylidene)~5,..~dihydzo~
Sd-benzo[5,6]cyclohepta(l,2-o]layridine; '

8,9-dichloro~ll-(1-~- acetyl {-piperidylidenet-5,LL~
dxhydro—:grbenzots,olcyclonegta[l,2-o]gy:.::ne{

8-chloro-11={1-(2-(2-hydroxyethoxy)etayl)-3-

‘piperidylidene]-6,1l-dihydzo-5H~benzo(5,8ivclonepta~

[l'Z-b)gyridineé

9-chloco-11-[1-[4-(4-t—butylghenyl)-4-hyd:bxybutyl]—
4-piperidylidene]~6,1ll~-dihydzo~38-benzo(5, 5]
cyclohepta(l,2-b]lpyridine; '
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g-chloro-11l-(l-ethoxydicarbonyl-4~piperidylidene) -
6,11-dihydro-SH-benzo(5,6]cyclotiepta(l,2-b]pyridine

8-chloro-ll-(l-aminoacetyl-4-piperidylidene)-5,1L1-
dihydro-sgfbenzo[s,6]cyclohepta[1,2~q1pyridine

8-chloro~ll-(l-formyl-4-piperidylidene)-6,1l-dihydro-
5H~benzo(5,6]cyclohepta(l,2-b]pyridine;

8-chlo:o-ll¥(l-thiobenzoyl-4-pipe:idylidene)-6,11-
dihydro—sgrbenzo[S,6]cyclohepta[l,z—blpyridine;

8—chloro-ll {l-thxoethoxycarbonyl 4-oxpe:1dylxd°nnl-
6, ll-dlhydro—SH-benzo[S,ulcyclohepta[l 2~ o]syrzd;

a-ChLo:o-ll-[1-thi¢ace:y1—4-gipec1dy11dene1-s,11-
dihydro-5H-benzo(5,8]cyclohepta(l,2-b]oyridine;

8-Bromo-ll-(l-acetyl-4-piperidylidene}-6,1ll-dihydro-
5E-benzo(5,6]cyclohepta(l,2-b]loyridine;

8-Chloco-ll-(l-acetyl 4-piperidyliden e)-o,-;-dh1zd:o—
5H-benzo (5,81 cyclohepta(l,2-b]pyridine ¥-oxide;

_.8-Chloro—ll—(l-acetvl 4—oxoec1 ivlidene)~llZ-benzo-
[:,o]cyclohepta[l 2-bloyridine;
8-Chlo:o-il-(l-acetyl-4-pigerazinyl)-5,ll-dihyd:o-5§f
benzo(5,8]cyclohepta(l,2~-bjpoyridine;

8-Chioro-ll-(l-methylaminocarbeayl-d-pigeridyvlidene) -~
6,ll-dihyd:o—sgfbenzo[s,slgyclohepta[l,z—b]pyridi:e;

~ 13-(l-acetyl-d-piperidylidene)5,i3~dihydro~5i-
naphtnof2', 3'-:,o]cvclohepta[l, -o]oyzidine;
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84Chloco-ll-[1-acry10yl—4-piperidyLidene]-6,11—
dinydro-3H-benzo(5,6)cyclohepta(l, 2-blpyridine;

g8-Chloro-ll-(l-(2-methoxy-2-methylbropionyl)-4-
piperidylidene]-6,1l1-dihydro-5Hd~-benzo(5,6]~
cyclohepta(l,2-b]pyridine;

l-Methyl-8-chloro-ll-(l-acetyl-4-piperidyliiene)~
6,11-dihydro-5H-benzo (5,8]cyclohepta(l,2-b]pyridiaiunm
iodide; ' .

§-Chloro-1l-(l-acetyl-4-piperidinyl]-11s-
benzo (5,6]cyclohepta(l,2-blpyridine;

S-Hydroxy-8-chloro-ll-(l-acetyl-4-piperidylidene)-~
6,11-dihydro-58-benzo(5,8]cyclonspta(l,2-bjpyridine;

8-Chloro-ll-(l-dichloroacetyl-4-piperidylidane]=-6,11~
dihydro—sg:benzo[S,G]cyclohegta[l,Z-b]gytidine;

S-Methyl-8-chloro-ll- [l-acetjl piperidylidene}~35-~-
henzo (S, 6]cyclohegta[l Z-bIPleA-:-

3-Methyl-8-chloro-l1l-(l~acetyl-di-3iperidylidene]-33-~
benzo[S,é]cyclohepta[l,ZbeQYrid:ra;
S-Chloro—ll tl-acetyl 4-013er1dvliiaqe]-6,ll-dihydro—_

5H-benzo (5,8]cyclohepta(l,2-blpyridin-3-one;

S~Methyl-8-chloro-(l-acetyl-d4-piperaziayl)-
dihydro-5H-benzo(5,8]cyclonepta(l,2-dbloyridine;

8~Chloro-ll-(l-acetyl-2-methyl-d4-piperazinyl}-6,11-
d-hydro—;g:benzo[5,9]c1clonepta[-,Z-b];yrxda:e;
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-Chloto-ll-[l-acetyl-(s)-2,6—dimethy1-4-
.peridylidene]—G.ll-dihydro-Sg:benzo[5,6]cyclohepta
2=blpyridene; -

Chloro-ll-(l-acetyl=-(2)-2,6-dimethyl -4~
' peridylidene]-6,1l-dihydro~SH-benzo (S, 6]
clohepta(l,2-blpyridine;

Chloro=-ll-(l-acetyl-2,6~dimethyl-4-piperazinyl] -
l11-dihydro-5H~-benzo{5,6]cyclohepta(l,2-blpyridine:

Chloro-llh(l-mehhoxyacetyLF4-piperazinyl)-G,il-
nydro-5H-benzo {5,6]cyclohepta(l,2-blpyridine;

9fdifluoro-ll-(l-acetyl~4-gigeridylidene)-6,11-
hydro-SH-benzo [5,6]cyclohepta{l,2~blpyridine-N~
ide; ' '

Chloro-ll-(1-Eormyl-4-pigerazinyg)—6;ll-dihydro?5§:
nzo (5,8]cyclohepta(l,2=-blpyridine;

-(l-Acetyl-4-piperidylidene)-6,ll-dihydro-3Z-
nzo(5,6lcyclohepta(l,2-c]oyridine;

(S-Chloro-s,G-dihydro-ng:benzo(S,6lcyclohegca[l,2-
;yridin—ll-yf]hexahYdrogyrrolo[l,z-alpytazin-a(2§)-

2;

-(1~-(aminocarbonyl)-4-piperidylidene-6,1ll-diaydro-
-benzo (5,6]cyclohepta{l, 2-cloyridine; and

3-dichloro-ll-(l-acetyl-4-piperidylidene)~6,1l~
1ydro-5H-benzo(5,6])cyclohepta(l,2-b]lpyridine.



-11-

Particularly prefarcad compounds iaclude:

8-Chloro-1ll-(l-acetyl-4-piperidylidene)-5,1lL-diaydro-
SH-benzo(3,6]cyclohepta(l,2-bjpycidine;

8~Chloro-1ll-(l-methoxyacetyl-4-piperidylidene)-5,11-
dihydro-sgfbenzols,6]cyclohepta[l,2-b]pyridine;

8-Chloro-1ll-(l-propionyl-4-piperidylidene)-6,11~-
dihydro-3H-benzo(3,6]cyclonepta(l, 2-blpyridine;

8~Fluoro-1ll-(l-acetyl-4~piperidylidene)-5,1ll-diaydro-
5d-benzo(5,6]cyclonepta(l, 2-b]pyridine;

9-a1uo:o-11-(1-acet91-4-oiaecidylidene)-s,Ll-dihyd:o-
5H-benzo(5,6]cycloheptall, Z-b]avc ine;

8-Bromo-ll-[l-acetyl-4-piperidylidene]-§,1l-dihvdro-
5H-benzo(5,6]lcyclonepta(l,2-blpyridine;

8,9~-Difluoro-ll-(l-acetyl-4-oiperi ]l

3sliden =)-6,ll—
dihydro~3H-benzo(5,6]cyclonepra(l,2-bl>

J

vridi

-(l-Acetyl- 4-01:er1dvl)-o,ll-d1*,
aenzo(:,slcyclohepta[l 2-o]pyridine;

3, B—chnloco-ll-(l-acetyl -4-oiperiiy
dxn;droﬁsgybenzo[:,o]cycloneoca[ 2=-blovzridine;
"8-Chloro-ll-(l-acetyl-4-piperazinvl)-5, ll-d'“vd'O-JJ-
denzo(5,6]cyclohepta(l,2-b]pyridine; aad

38~Chloro-ll-(L-acetyl-4-piperidiavst}-5,1.-dirvdzo-51~
Senzo(3,6]cyclonepta(l,2-2)pyridiza M-oxids,
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The invention also is diracted at a 2rocess foc
pcoducing a compound having structural formula I wherein
the substituents are as previously defined by:

a) reacting a compodnd of formula II with a
compound of formula III, wherein L represents a suitable
leaving group

11l

b) diéecé conversion of an N-alkyl compound of
formula ¥V with a compound of formula III

~

i
v

st T+ .
B |
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or, ¢) cyclization of a compound of €oarmula XII

y

The invention also is directed at a-compound of
the formula XII '

wherein the substituents have the same definitions as ia
formula I. ] )

The invention also involves a composition which-
comprisas a compound of formula I as defined adove: in
combination with a pharmaceutically acceptable carriar.

The invention EFurther involvas a method of
treating allergy or inflammation in a mammal which
comprises administering the above definad compound of

Eormula I to said mammal in an amount effactiva to treat
allergy or inflammation, respectiwvely. '
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The invention also comprises a method for

making a pharmaceutical composition comorising mixing a
compound of formula I with a pharmaceutically acceptable
carriec.

As used herein, the following terms are used as

defined below unless otherwise indicated:

alkyl - (including the alkyl portions of alkoxy,
~alkylamino and dialkylamino) - repcesents straight
and branched carbon chains and contains from one to

twenty carbon atoms, prefarably one to six carbon
atoms;

5lkanediyl - représents a divalent, straight or
branched hydrocarbon chain having from L to 20 carbon
atoms, preferably 1 to 6 carbon atoms, the two
available bonds being from the same ot different
carbon atoms thereof, e.g., methylene, athylene,
ethylidene, -CH,CH)CH,-, ~CH,CHCHy, -CHCH,CHy, ete.

cycloalkyl - represents saturated carbocyclic cings
~oranched or unbranched of from 3 =2 20 carbon atoms,
oreferably 3 o 7 carbon atoms;

hete:ocycloaikyl - repteéencs a saziratad, dranched
or unbranched carbocylic ring conzaiaiag £rom 3 to i5
caebon atoms, prefarably from 4 D 5 cardbon atoms,
which carbocyclic cing is iaterrupcad dy 1 %o 3
_hetero groups selected from -Q0-, -5- OC -nrl9- -
(suitable heterocycloalkyl gcoups iacluding 2- or 3-
tetrahydrofuranyl, 2- or 3-tatrahydrzothienyl, 2-, 3-
or ‘4-piperidinyl, 2~ or 3-pyrrzolidinavyl, 2- or 3-

| piperizinyl, 2- or i-dioxanyl, ‘ats.); o
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alkenyl - represents straight and oranched cacSon
chains having at least one carbon to carbon doubla
bond and containing from 2 to.l2 carbon atoms,
preferably from 3 to 6§ carbon atoms;

alkynyl - represents straight and branched carbon
chains having at least one carbon to cacbon triple
bond and containing from 2 to 12 carbon atoms,
preferably from 2 to 6 carbon atoms; '

aryl (including the aryl porﬁion of aryloxy) -
represents a carbocyclic group containing ﬁ:om 6 to
15 carbon atoms.and-having at least one aromatic'cing
(e.g., aiyl is a bhenyl ting), with all available
substitutable carbon atoms of the carhocyclic group
being intended as pcséible points of attachment, said
carbocyclic qroup being optionally substituted with
one or more of halo, alkyl, hydroxy, alkoxy, phenoxy,
CFy, amino, alkylamino, dialxylamino, -coorll or
~N0,; and

halo - represents £luoro, chloro, >como and iocdo.

Certain compounds of the 'iavaation may-gxist ia
diffarent isomeric as well as conformational Zocas. The
invention contemplates all such isome:zs both in purse Eorm
and in admixture, including racemic mixtures.

The compounds of the invention of Zormula I can
exist in unsolvated as well as solvatad foras, including
‘hydhated forms, e.g., hemihydrate. In general, the
solvated forms, with pharmaceutically acceptable solvents
such as water, =thanol and the like are aquivalant to the
unsolvated focrms for ?ucposes of the iavention.
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As noted above, the opyridine and Ttenzen2 cing
structures of formula I may contain one or moce
substituents Rl, RZ, R3 and RY. Similarly, the
heterocyclic ring D may contain one or moce of 33 and
R4. In compounds whera there is mocre than one such
substituent, they may bYe the same or diEferent. Thus
compounds having combinations of such substituents ara
within the scope of the iavention. Also, the lines drawn

‘into the rings from the Rl .Rz &3 and R4 groups indicate

that such groups may be attached at any of the avax’abla
positions. For example, the al and 2 groups may be
attached at the L, 2, 3 or ¢ positions while the 13 and
R4 grogps.may be attached at any of the 7, 8, 9 or 19

_ positions.

Certain compounds of the invention will de
acidic in nature, e.g. those compounds which possess a
carboxyl ot phenolic hydroxyl group. These compounds may
form pharmaceutically acceptable sal:s. ' Sxamples of such
salets may include sodium, potassium, calcium, aluminum,
gold and silver salts. Also contemplated are salts
formed with pharmaceutically acceptablia amines such as
ammonia, alkyl amines, aydroxyalkylamines, N-
methylglucamine and the like .

Certain basic compounds'of zhe iavention also

qu:m pharmaceutically acceptable sal%s, e.3., 2cid addi-

tion salts and quaternar?'ammonium saLts. foc g;ample.
the pytido- ot gy:izino— nitrogen atcas may £ocm salts
With strong acid, while compohnds having dasic substi-
tuents such as amino groups also E£orm salts with weakec
acids. Examples of suitable acids for salt focmation ara
hydrochloric, sulfucic; ohosphoric, acetic, citric,
oxalic, malonic, salicylic, malic, fumaric, succiaic,
ascorbic, malaic,. methanesulfanic and other ainsral and

carboxylic acids well %nown to those he ars., The

in ¢
salts are preparaed by contacting the Zree dase £ozm with

L)
-
-
-
-
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a sufficient amount of the desicrad acid %o 2coduce a sal-
in the conventional manner. The frae base forms may be
tegenerated by treating the salt with a suitable diluts
aqueous base solution such as dilute aqueous sodium
“hydroxide, potassium carbonate, ammonia and sodium
bicarbonate. The quéte:né:y ammonium salts are otrepared
by conventional methods, e.g., by reaction of a tertiary
amnino group in a compound of formula I with a
'quatehnizing compound such as an alkyl iodide, atc. The
. fzee base forms differ from their respective salt focas
" somewhat in ceftain physical propertias, such as
solubility in polar solvents, but the salts are othecrwise
_equ;vaient to theig tespective free base forms for
purposes of the invention. ' |

All such acid, base and quaternary salts arce
intended to be pharmaceutically acceptable salts within
the scope of the .invention and all acid and base salts
are considered equivalent-to the free forms of the
corresponding compounds for purposes 5f£ the invencion.

The following processes may be employed to
produce compounds of general structural ZIormula I.

A. A compound of general Zocmula ;I nay de
reacted with compound III in the prasence of dase o
sroduce compounds of genergal struc:u:a{ foraula

W’

I1I
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Representative examples of appropriatz dases arz dyridins
and triethylamine. L designates a suitadls leaving
group. For example, if Z is O or S, a compound of
compound III may be an acyl halide (e.g., L = halo) oc

acyl anhydride, (e.g., L is -O-é-q) " Alternatively, if
the leaving group is hydroxy a coupling reagent may be
employed to form Compound I. Examples of coupling agants
include N,N'-dicyclohexylcarbodiimide (DCC) and N,N'-
carbonyldiimidazole (CDI). The leaving group may also de
alkoxy, in which case the compounds of formula I may Dde
produced by refluxing a compound of Eornula II with an
excess of a compound of formula III.

IE compound III is a compound R-CH,-L, L can 3e
any easily displaced group, such as halo, p-toluene
sulfonyioxy, methyl sulfonyloxy, trifluofomethyl-
sulfonyloxy and the like.

Compounds of geﬁe:él_formula 11 may be pcaparad
by cleaving the'qroup COOR? from the corresponding
carbamétes IV, for example, wvia acid hvdrolysis {=2.g.,
HCl) or base hydrolysis (e.g., XOH):

wherein R is a group which does not pravent the claavags
reaction, e.9., 32 is an optionally substizuated aikyl
such as ethyl.
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Altaernatively, depending upon the nature of 22, as
determined by one skilled in the act, Compound 1Y m&y e
treated with an organometalliC'réaqent (e.g9., CH3Li), a
reductive reagent (e.qg., 2n in acid), etc., to form
compounds of formula IE.

Compound IV may be prepared from the N-alkyl
compound shown as Eormula V below, in the manner
disclosed in U.S. Patents 4,282,233 and 4,335,036.

It also will be apparent to one skilled in the
art that there ace other methods for Converting Compound
V to Compound'II. For example, tresatment of Compound ¥
with B8rCY via von Braun reaction .conditions would pcovidé
nitrile IVa. Subsequent hydrolysis of the nitrils unde:
either aqueous basic or acidic conditions wouid produce
Compound II. This method is prefacabls when theres is
substitution on the piperidine or piperazine ring.
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B. The compounds of formula [ whec2 Z i3 O oc
S may be made by an altecnative process using dicect
conversion of the N-alkyl compound V with an apécopciate
compound of formula III such as an acyl halide oc acyl'
anhydride. Preferably the reaction is cun in the |
presence of an appropriate nucleophile (e.g. LiI, etc.)
and solvent (e.g., toluene, dioxane or xylenes). Aan
appropriate base, may be added, and heating may be
- required. Typically, a temperature ranging from 30-150°C
(preferably L00-120°C) is utilized.

.
2-C-L ]
X1 s L

Reat

Compound V is prepared as described ia part A above.

PREPARATION OF DOUSLE 30ND COMPOUNDS

Compounds of the formula Ia, where X is a
carbon atom having a double bond to carcbon 1L, may be
prepared from compound Va as described above. - Compounds
of formula Va may be produced by the methods disclosed
generally in 0.S. Patent 3,326,924 or alternatively -may
be prepared by a ring closure reaction, wherein the
desired'cycloheptene cing is formed by treating compound
VI with a super acid. Suitable super acids for tiais
purpose include, for axample, HF/3F,, CF3504d (triflic

acid), CH3S034/BF,, atc. The reaction can de performed
in the absence of, or with, an inect co-solvent such as
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CdyCly. The temperature and time of the rzaction vacy
with the acid employed. ¢or example, with HF/3F3 as the
super acid system the temperature may bYe controllad so as
to minimize side reactions, such as HF addition to the
~exocyclic double bond. - For this purpose, the temperaturs
is generally in the range of from about +5°C to -30°C.
With CF3S04H as the super acid system, the reaction wmay
be run at elevated temperatures, e.g., from about 25°C

to about 150°C and at lower temgeraﬁures but the r=2action
then takes longer to complete.

Generally the super acid is employed in axcess, -

preferably in amounts of from about 1.5 to about 30
"equivalents. .

k] 3 .
W= 3
<
3\ /, qt acid
Besy

a3

§ -

R - 3

<L =

) {
alkyl e
Vi

A ketone compound of formula VI may e formed Sy hydrs-
lysis of VII e.g.. such as by r=zacting a Grignacd
intermediate of formula VII with an zgueocus: acid (e2.35.,

aqueous HCl). 12 in formula VII reprasents chaloro, Sramo
or iodo. '
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The Grignard intecrnmediate %Il is focmed by the
reaction of the cyano compound YIII with an apocopriate ‘
Grignard ceagent LX prepared from l-alkyl-4- _
halopiperidine. The reaction .is generally perfocmed in
an inert solvent, suc@ as ether, toluene, or tetra-
-hydrofuran, under general Grignard conditions e.qg.,
temperature of from about 0°C to about 75°C, :
Alternatively, other organometallic derivatives of the 1~
alkyl-4-halo piperidine can be employed.

VIII V1L
The cyano compound of formula VILI-is produced

by converting the tertiary obutyl amide of formula X with
a suitable dehydrating agent, such as 20Clj3, SCCla, 9205¢
toluene sulfonyl chloride in pyridine, oxalyl chlocide in
pyridine, etc. This reaction can be perforned in the
absence of or with a co-solvent, such as xvlane.

| The dehydrating ageat such as ?2CClj3 is 2aployed
in equivalent amounts or greater and sraferably in '
amounts of. from about 2 to about, 15 2quival
suitable temperature and time can be 2mploved for .
performing- the reéctidn, but generally heac is added co
accelerate the reaction. Preferably ¢!

he rzaction is
'gecformed at or near reflux.
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VIII

The tert-butylamide of formula X may be
produced by reaction of a compound of formula XIa and
XIb, in the presence of base, where G is chloro, bcomo or
iodo. '

4
ocH,
-—H: | & .
I @ ﬂ .<
. GNRC (Cit)

XTh

The compound of formula XI may be Eormed by
hydrelysis of the corresponding aitrile wiersin the
appropriate cyano-methyl pyridine, such as 2-cyano-3-
methylpyridine, is reacted with a tertiary dutyl compound
" ia acid, such as concentrated sulfuric acid or. '
concentrated sulfuric acid in glacial acetic acid.
Suitable tertiary butyl compounds iaciude, >Sut ars not
limited to, t-butyl alcohol, t-butyl chloride, t-butyl
bromide, t-butyl iodide, .isobutylane or any other - -
compound which under hydrolytic condizions foras t-butyl
carboxamides with cyano compounds. The temperaturs of
the reaction will va:y'depenéinq upon the r=zactants, but
generally the reaction is conducted in the cange of from
about 50°C to about 100°C with t-butyl alconol. . The
creaction may be performed with inert solvencs, but is
usually cun neat.
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An alternative orocess foc the focmarion 2E&

cdmpounds having genecal structural focmula Ia involves
dicect cyclization of the Compound XII as shown bYelow.

acid

' Cyclization to form the cycloheptene cing is
accomplished with a strong acid (e.g., triflic,
~ polyphosphoric, HBF/BF,), and may be tecformed in an inerct
solvent, such as ether, toluene or THF. The tempecatursa
and time may vary with the acid employ=d, as described in
process A above. '

Compounds .of formula XII whec2 2 = O oc S.mavy
be prepared by treating a compound of Zormula VI with an
" approoriate acyl halide or acyl anhydcide of focaula
III. Most preferably this rzaction {5 raa

o
a <o

prasence of a good nucleoohila, such a3 LiI, in i
appropriate solvent, such as toluene, iioxane or xylene,
and at.a temperature ranging Erom 350-133°C, prefarabl:
100-120°C. )

- g3

¢
G
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A second method of pceparing compounds of

formula XII involves creacting an unsudstituted

oiperidylidene compound of formula XIY with the

"appropriate acyl halide or acyl anhydride of foramaula III

in the presence of base, such as pyridine or ttiethyl-
amine. Alternatively, if L = OH in compound III, then
coupling of compound XIV with compound III may caquice
use of a conventional coupling ceagent, such as DCC or
€DI. IE compound III is of the Eformula RCH,L, compounds
of formula I where Z = H, will be pcoduced. In such
case, the lszaving group can be any ‘easily displaced
group, such as halo, p-toluene sulfonyloxy, metnyl

" sulfonyloxy{ trifluoromethyl sulfonyloxy, etc.

'4’5 + III —_—>m (Il
P $
¢—<;s?-‘

%

X1v

Compounds of formula XIV ar2 pcoduced Irom the
corcesponding carbamates of formula X7, 7ia acid_
aydrolysis, using for example, aqueous ihydrochlocic acid,
or base hyd:olysis using fot example, zotassium ,
hydzoxide. Alternatively, some compounds can be praparad
by treating the carbamate, Eormula XV, with 2n
ocrganometallic reagent, sucn as methyl iLithium or a
reductive ceagent, such as zinc in acis, etc., depending
upon the natucre of the 2 group. ~For 2xampls, if }% is a
simple alkyl group, CO,R% may be cleavad by aixaline
hydrolysis at 100°C. C '
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The carbamate compounds of formula XV may de
orepared from the apobropriate alkyl compound of Eocmula
VI by treatment with a chloroformate, prefarcably in an
-inert solvent, such as toluene, wi;h warming to
approximately 80°C. Other alternative methods are
available for .the conversion of XIII to XII as oraviously
described (e.g.'Von Braun raaction conditions).

A 3
\ f
. N\ ad
". -
D ]
-
> . / INZ
1'/:~t r
4 X al
A= T
&S____,_\ " 7
=t
XV
Compounds of formula VI may dbe pregarad as dascribed in

prtocess A above.

PREPARATION OF PIPERAZINT ANALOGS
Compounds of the piperazine type iId, whera ¥ is
¥ in Formula I, are best prepared via alkylation of the
appropriately substituted piperazine Coapound X71 with
Coméound XVII containing the appropciakaly sudstituted
halide (such as Cl, Br, I) or other similac lesaviag gcoup
(tosyloxy or mesyloxy). The ceac:ion-usually_is
conducted in an inert solvent such as THF or rzoluene,

]

()
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" optionally with a base such as tziathylamine oc 2otassiunm
carbonate, typically at a temperatuce rings of amdient to
ceflux to produce Compound XVIII.

xvI . XVII : . XvIIL

In this reaction R® is #, CO,R%, C(Z)R or alkyl. The
preparation of compound XVII where L. is Cl is analogoué
to the procedure described in 0.S. 2atent No.

3,409,621, One skilled in the art can prepars othec
derivatives of XVII (e.g. L is 3z, I, mesyloxy,
‘tosyloxy). When RC is C(Z)R these ara compounds of tha
invention. When R® is H, alkyl or CO,3%, zhesa ara
convacrted to compounds of the iavaat
praviously descrided herein.

[

An alternative routza Zor genazratiag Compound
XVIIX is by reductive amination of tha aza katone XIX
with the appropriately substituted pigacazine XVI.

A 2 _
% 2, _4 . .
E’] \‘4\. 7 : XVIII
< x..——z-—‘;— p . ;- l‘ -
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The ceaction tyéically is carried out in a
polar solveat, such as methanol or athanol optionally in
the presence of a dehydrating agent such as 34 molaculac
sieves. fhe_intecmediate Schiff base can be raduced to
Compound XVIILI by employing a variesty of reducing agents
such as NaCNBH, or catalytic hyarogenation, for example,
hydrogen over Pd/C.

When R® is C(Z)R, these ars the compounds of
the present invention. When R is H, CO,8% or alkyl,
these are converted to compounds of the inveation as
previously described.

PREPAﬁATiON OF'SINGLE'BCND COMPOUNDS

Compounds of the formula Ic, where X is a
carbon atom having a single bond to carbon atom L1, aay
be prepared by the following methods.

A Compounds of £ormula VI may te converted to
the corresponding alcohol Compound XX by employing an
aporopriate reducing agent. The reducticn can ve

accomplished with a varisty of caduciag agents (2.g.
1

NaBH, or LialH,) in an inert solvent such as THF or

akther,
A .3
. F
as ol al
K \ = oy
- QA I —'a‘
a‘-—'}" / 2ZN\ o~
ad al —> -
;’-—.‘—- —d 32 Z -—-i'
«” 2t }'_a!
Ny
!Lk'rl ]
aixyt
VI XX

Compound XX aay be cyclized to Comgound XXI +via a varciac:
of methods. for exampls, the cyclization may =e
concucted under conditions siailar o those descrized ZIar
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the cyclization of compound ¥I to compound ¥ 45113,

£nc
"exampla2, ?PA oc triflic acid.
al
P
A Iy
?
‘—k '_\
a.uyl.
The alkyl then may be converted to compounds of the
o:esent quentzon by oraviously described methods.
' 3. Alternatively, compounds of the invention

can be prepared EFrom XII by methods siamilar to those
described above to reduce compound XII to compound XXII
and to cyclize compound XXIX to compound Ic.

(9]

cycliza e
S

In formula XXIII the doudbla Sonrd can de
catalytically hyrogenated to cOmpound X1V dv a vaciaty
of catalysts, such as 2t, .Rh, Ru or ?d on variou
supports as described in U.S. Patent Nos. 3,412, 565
3,326,924; and 3,357,986. '



Alternatively, the double bond can be
isomerized to the bridgehead using a superacid, such as
triflic acid at high temperature (e.g. 130-200°C) to
produce Compound XXV. Subsequent cata;ytic_hydrogenation
preferably using Rh or Ru will -then provide Compound

XX1V.
) ,

L kX

3 af}i

——
| A
' ——_— R
a3 NG
- \‘
35 - ?.1
,.S 1 - —t—-gs
TTNg”

XXIV

“hen RC is C(Z)R the compounds of £ormula XXIV ars
compounds of the present invention. when RC is d, alk
or cozaa, the comgounds are converted to compounds of
prasent iavention as previously described.

C. A third method for the praparation of the
subject compounds is by the use of the aggrogriatély'
substituted Grignard reagent XXVI (or other corresponding
metalated reagent M @.g., organolithium, atc.). Campound

XXVI can be reacted with compound XVII where L is a

1
nhe

S

c

lsaving group (e.g. chloride) to provide the desirad

Compound XXI.
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XVII XXVI XXI

These reactions generally are conducted in an inerct
solvent such as_ethér, toluene, or THF at a temperatur:
- range of about -78 to about +30°C.

_Alternatively, the metalating substituent and
the leaving substituent could be interchanged and éeac:aq

under the same conditions to produce the same compound
XKI. : : O

Comgound XXI. can be converted to comgounds of the
invention as praviously described. Further details on
these ptocesses are describéd in U.S. 2atent YNos.
3,419,565; 3,326,924; 3,357,986 and in Org. Chem. 50 »o.
339 (1985). S |

D. Altecnatively, compounds of formulae XXVI
and- XXVII, the preparation of which is disclosed in U.S.
2atant Yos. 3,419,565; 3,326,924; and 3,357,986, can de
ﬁsed to provide Compound XXI. This can de accomplished
by reductive rsmoval of the alcohol under a variaty of

conditions e.g. the methods disclosed in J.A.C.S. 104 2.
4976 (1982) and in J. Ocrg. Chem. 50 3. 339 (1935).




{ .
alxyl 1xkyl

LXVI ' XXVII . XXI

Compound XXI may de converted to compounds of the Presanc
invention as previously described.

SUBSTITUTION QOF THE ‘BRIDGEHEAD

The following process may be employed to
produce compounds of structural formula I substitutad at
one or more of the bridgehead carbon atoms. For the
compounds XXX through XXXIII which ares substituted at one
bridgehead carbon atom, the substitution group shown may
“ave a bond drawn into the cycloneptane riag through the
bridgehead, Tather than to a specific bcidqehe?d cardon
atom. This is used to indicate that actachment of the
substitution group to a particular bdridgehead cardon atom
is a2 function of the stattiné.compound. for axample, i£
the methdxy group of cdmpound XXXI beloaw is attached ©o
bridgehead carbon 5, the carboayl group on tha bridgenhead
of cpmgpﬁnd XXXIII will be positioned at carbon 5 also.
dowever, both isomers substituted at sositions 5 and/oc &
are contemplated as 5e£ng within the scope of khe
invention.

B8y substituting an isomer of the pracursoc
cdmpound, a compound can be synthesized having tie -
substitution on the bridgehead carbon atoms diffacent
€com that disclosed in the drawing.



-33-~

Y

LXVIII ' X(IX

The bridgehead of Compound XXVIII, which is
disclosed in 0U.S. Patent 3,326,924, is first brominated
with an appropriate brominating agent, such as N~
bromosuccinimide (NBS) in the presence of an initiatoc,
such as azobxsxsobutyryl nitrile (ABIN), benzoyl peroxiis
or the like in an inert solveat, such as CCl4, benzsne o¢
a similar solvent. Heat or ‘lLight may be requicad to
initiate the reaction. The bromine on the dridgehead may
then be eliminated with base to form the olafinic
Compound XXIX. =xamples of suitable dases for
elimination include diazaﬁicycloundecane (DBU) ,

dlazabxcyclononane (DBN) and diazabicyclooctane
' (DABCO). Blimination is typically pezformed in an inac:
solvent at ceflux temperature. Examplss of suitadles
inert solvents include CH,C1l,, CCl,, oluene,
tatranydrofuran (TH“), dxoxane, and CiCl,, #ith CHCL,
being a:nﬁnrred )

\ltnrnatxvely, Compound XXVIii may de railuxed
in the presence of an oxidizing agent to yiald compound
XXIX. “Represéntative examples of oxidizing agents
suitable for oxidlziﬁg Compound XXVIII iaclude 2,3-_
dichloro-5,6~-dicyano~1, 4~quinone (DDQ) and Se0;.
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XXIX ' XXX

Compound XXIX may be converted to Compound XXX
by adding excess powdered AgNO,5 in methanol, followed by

the addition of excess 3r,, thchfhromoethecificatés the

unsubstituted bridgehead carbon atom. The bridgehead

bromine is then eliminated with excess base, such as 0BO

to provide a compound of formula XXX. The cesaction may

be run in an inert solvent such as Ci2Cly at raflux
temperature. The resultant isomeric mixture may de
separated by column chromatography oc any'other
aporopriate method. .

s
Y wqel - == 2
1 3 'y Na=("' 1 =N
RL 1 ,'" ' 1 3\\ : ;:-.&'
\ i ‘. _'. ;’-'—— a .—'-5. }41/ 1071
.\\ "/ T k*{ . i r
< 3 & oL
] 23xyl ﬁ-r —}
g e
1.&7&

. . XXX XXVI | XX

A compound of formula XXXI is prapared by
treating the S5-substituted or 6-subssitzuted isomer

represented by compound XXX with a Grignard r2agent XXz

or similar metalated reagent in an inec: solwvent, such
. Cocmpound XXVI

ather, benzene, or tatranydcotfuran (THT

)
'is prepared. in a known manner from magnesium and the 4-

i
chloro N-substituted piperidine. The c2acticn may de

as
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cefluxed if necessary, after whicn it may be quenched
with NH4Cl to form compound XAXI.

XLXI ) XXXII . XXXIII

A compound of formula XXXI may be hydrolyzed
with any strong, aqueous acid, for example, 80-95% H,S50,
or HCL, having a pH less than';, at a temperature not:
higher than room temperature for not generally longer
than one hour to produce an intermediate compound of
formula XXXII.

After complete hydrolysxs, compound AKIL Ray
be dehydrated with CF3S03H (tci:lxc acid) or a similar
acid to yield compound XXXIII. Examples of other acids
for dehydrating compound XXXII at carbon atom il iaclude,
for example, HF/3F3, CH3SO3H/BF3, etc. The czaction can
be performed in the absence of or with an inerz co-
solvent such as GHZCIZ. The tnmpe:ature and time of the
ceaction vary with the acid employed. when triflic acid
is used as the super acid system, the temperature may be
controlled to minimize side reactions. For ex :ple,
Compound XXXII having a carbonyl at carbon atoem 3 is dest
dehydrated when the temperature is maintained ia the
range of from about 40°C to about 30°C, orefaradbly about

75°C. Alternatively, dehydration of a compound having a
carbonyl at carbon atom & is best accomplished at
‘elevated temperatuces, such as from about 100°C to 130°C.
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Cémpound.xxxrlr can then De converted %0
compounds of the invention as previously desccided.
Ketone XXX can pe reduced to the corresponding.
~alcohol XXXIV using a variety of reducing agents (e.g.
NaBH, in MeOH, LiAlH, in ether).. The alcohol can then be
converted to an appropriate leaving group (L) such as
halide (e.g. Cl, Br, I) or other derivative (e.g3.
tosyloxy) thereby providing compound XXXV. Ffor example,
~ the chloride of XXXV (L=Cl) can be obtained Erom the '
alcohol using SOCl, in an inert solvent such as toluene.

XXX KXXIV XXXV

Alkylation of the appropriately substituated
piperazine compound XVI with XXXV then providas XK(VI.
The reaction is usually conducted in 2a insct sol:
such as THF or toluene, ovtionally wizh 3Zass,
triathylamine or potassiunm carbonate,';ygically at
ambient to reflux temperature.

. d ')
2 i * 31*5
‘E:'§i~. | * * ——-‘wj*
. Dy
.*5 ‘|t 3’ B
? le

X1V XV | KXXTI
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Compound XXAVI can then be hydrolyzed with any strong

aqueous acid, for example 80-95% H3504 or HCl to pcrovide
the desired keto compound XXXVIIL.

« B
a%qf 'y : '
;_..& «! €
X ) }
. : &
& .

XXXVI ' XXXVII
The bridgehead carbonyl of compound XXXVIII or
XXXIII may be reduced to an hydroxy 3roup by treating
compound XXXVIII with an aporopriatzs reducing agent, such as

NaBH4 in CH3OH or LiAlH4 in ether to produce a compound of
formula XXXIX.

XXXVIIL XXXIX

Compounds XXXIX, XXXVII or XXXII nay be used to
Generate other substitutions in the aridgehead using
available methods. '

“hen RC is C(Z)R, these arz the compounds cf the
‘invention. %hen R jig 4, cQZRa or alkyl, these compouads
are converted to compounds of the invention as praviously
desccibed._ '
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Another method of making compounds of formula t
where Z represents sulfur, comprises ceacting a compound
of formula I where Z is oxygen witﬁ Py5g, Lawesson's
reagent, or another reagent capable of introducing sulfuc
in place of oxygen.

' The reaction may take place at elevated
temperature in pyridine, toluene or other suitable
solvents. Lawesson's reagent has the formula

- S S5\ -
e, O ‘9<5/ @-cc3

In thi§ and other reactions, numerous
conversions of a compound of Eormula I (2= 0) to another
“compound of formula I (Z = S) are possible.

In the above processes, it is sometimes
desirable and/or necessary to protect cectain Rl, Rzl ]3
and R4.etc.,.qcoups during the reactions. Conventional
orotecting groups are operaSla. " For axample, the groups
listad in column 1 of the following tabls may be
protacted as indicated in column 2 of the tadlas:

N« I
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otected 2. Protac

-O0alkyl, -CObenzyl, -O0Cohenyl
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Other protecting groups well Xnown in the act also may >e
used. After the reaction oc ceactions, the protecting
groups may be removed by standacd procedures. '

) The compounds of the ‘invention possess
platelet-activating factor ("PAF") antagonistic
propecties. The compounds ¢of the invention are,
thecefore, useful whenever PAF is a factor in the diseasa
ot disorder. This includes allargic diseases such as
asthma, adult cespircatory distress syndrome, ucticaria -
and inflammatory diseases such as cheumatoid arthritis
and osteoarthritis. For example, PAF is an important
mediator of such brocesses as platelet aggregation,
smooth muscle. contraction (especially ‘in ling tissue),
vascular permeability and neutrophil activation. Recenc
evidence implicates PAF as an underlying factor involwved
in aicway hyperreactivity.

The PAF antagoniséic propectias of thaese
compounds may be demonstrated by use of standard
oharmacological testing procedures as described below.
These test procedures are standard tasts used to
‘'detecmine PAF antagonistic activity ahd ko a2valuata the
usefulness of said compounds for counzacacting the
biological effects of PAF. The ia vi:zo assay i3 a
simpla screening~test, wnile the in 7170 test aiaics
clinical use of PAF antagonists to drovida data which
simulates clinical use of the compounss desc:i?ed herein,

E

-

A, 2AF Antagonism Assav

In vitro Assay:
P:éparation of platelet-rich nlasma (2RP): Human dlood
(50 ml) was collected from healithy mala donors in an’
anticoagulant solution (5 ml) containiang sodium citzaze
(3.83%) and dextrose (23%). 3lood was cenctrifuged a2z 119 X
g for 13 min. and the supernatant PR2? carafully

transferced into a polypropvlene tude. 2latelat-goor-
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plasma (PPP) was preparad Dy cengrifuging 2R2 ar 12,960 X
g for 2 min. in a Beckman Microfuge 8. PRP was usead
within 3 hours of drawing the blood.

Platelet Aggregation Assay: When an aggregating agent
such as PAF is added to PRP; platelets aggregate. an
aggregometer quantifies this aggregation by measuring
light (infra-red) transmission through PRP and comparing
to PPP. The aggregation assays were performed using a
dual-channel aggregometer (Model 440, Chrono-Log Corp..
Havertown, PA). PRP (0.45 ml) in aggregometer curattes
was continually stirred (37°C). Solutions of test

" compounds or vehicle were added to the PRP, and after
incubation for 2 min., 10-153 ul aliquots of PAF solution
were added so as to achieve a final concentration of

1-5 x-lo‘au. Incubations were continued until the

- increase in iight transmission reached a maximum (usually
about 2 min). Values for inhibiticn were calculated 3y
comparing maximal aggregation obtained in the absence and
the presence of the compound. For =2ach experiment, a
standard PAF antagonist, such as alprazolam, was used as
a bYositive internal control. The ial

3}
.ll
-~ 2
‘e b

hitory concen-

tration (ICgqg) is the concentraticn compound in

_amicromoles at which 350% of the aggra2gation is inhidited
sizn c

as measured by the light transmissicn ta
of PRP as compared to PPP., The test zesults ara shcwn
Yelew ‘in Tables Ia, Ib and Ic. )
PAF is also a known broachccenstrictive agent
in..mammals. Hence, PAF antagonism can e svaluated 3y
measuring inhibition by the compounds of the inveation In

2aF-induced bronchoconstriction in zuinea pigs.
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3. PAF-Induced 8ronchosdasa in Guinea 2igs

In Yivo Assay

Non-sensitized quinea piés were Eisted
overnight, and the following morning were anesthetized
#ith 0.9 ml/kg i.p. of dialucethane (9.1 g/ml of |
diallybarbituric acid, 0.4 g/ml of ethylurea and 0.4 g/ml
of urethane); The trachea was cannulated and the animals
were ventilated by a darvard rodent cespicator at 353
strokes/min. with a stroke volume of 4 al. A side arm to
the tracheal cannula was connected to a darvard pressure
transducer to obtain a continuous measure of
intratracheal pressure, which was.recorded on 'a Harvard
polygraph. The jugular vein wWas cannulatad for the
administration of compounds. The animals were challanged
i.v. with PAF (0.4 ug/kg in isotonic saline containiag
0.25% BSA) and the peak increase in inflation pressure
that occurred within S min. after challange was
tecorded. Test compounds were aéministared sither orally
(2 acs. prior to PAF as a suspension {na 0.43%
‘methylcellulose vehicle) or iatcavenously (19 ain. grior
to PAF as a solution in dimethylsulizaxida).,

The compound 8-chloro=-ll-{l-aceztyl-i-
piperidylidene)-6,11-dihydro~-5d~-denzs:3, 5}
oloyridine at a dose.of 1 mg/xg given int
inaibited PAF-induced bronchospasm Sv 753%
tais procedure. Sim;larly. the comecound 3-£luoro-li-(l-
acetyl-4-piperidylidene)-5,1ll-diaydro-55-benzo(3, §) )
cyclohepta(l,2~-b]opyridine wnen administaced at 3 mg/kg
(id) inhibited PAFf~induced dronchospasm bdy 998%. The
compound 9-fluoro-1ll-(l-acetyl-i-pigacidylidene)-4,L1-~
dihydro-sgfbenzots,Glcyclogheta[l,Z-b!pyridine when

vclonepta(l, 2-

administered at 3 mg/kg (iv) inhidizad 2af-induced
oronchospasm by 97%. '
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The compounds of the invention also possess
antihistaminic properties which may be assessed by test
procedure C below. Test procedure C, “Pcevent&on of
histaminic-induced lethality" demonstrates basic anti-
histaminic activity of representative compounds of
structural formula I. Protection against_histamine
lethality i{s indicative of strong antihistamianic
properties.

Test procedures D, E and F demonstrate the
extent of CNS activity induced by the compounds of the
invention. The presence of strong CNS activity
.indicates a high probability of sedation caused by the
compounds, a typically undesircable side effect of
antihistamines. Consequently, a low level of CNS
activity is preferred in most circumstances.

C. Antihistamine Activity Assay

Prevention of Histamine-Induced Lethality in
Guinea Pigs. Some of compounds shown below in Table I
also were evaluated for antihistamine activity by theirc
" ability to protect female albino guinea pigs (250-350 g)
agaiﬁst death induced by the intravenous injection of
histamine dihydrochloride at L.l mg/kg, which is
approximately twice the LDgg9. DOoses of the antagonists
were administered orally to separate groups of fasted
animals 1 hour prior to the challenge with histamine and
protection from death recorded for 30 minutes after
histamine. EDgg values were determined for each drug bf
probit analysis. ’

ClS Activity Assavs
D. Antagonism of Physostigmine Lethality. The
physostigmine~induced lethality test is indicative of CJS

activity and the test described is a modification of the
technique reported by COLLIER et al., Br. J. Pharmac..,

32, 295~310 (L968). Physostigmine salicylate (1.0 mg/xg
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s.c.) oroduces 100% lethality when administaced ¢o> 1
gcouped 10 per plastic cage (Ll x 25 %z .3 cm

agents were administered ocally 30 miauzes 2
physostigmine., The number of survivors wera countad 20
minutes after physostigmine administration,

E. Antagonism'of Acetic Acid Wcithing. The
acetic acid writhing test is a second tast useful for
determining CNS activity, and is essentially that
described by HENDERSHOT and FORSAITH, J. Pharmac. Zxp.
Ther., 125, 237-240 (1959), except that acetic acid
rather than phenylquinone was used to elicit writhing.

Mice were injected with 0.6% aqueous acestic acid at 10
mg/%g i.po. 1S m}nutes-afher ocal ddministration of the
test drug. The number of writhes for each animal was
counted during a 10 ainute peciod startiag 3 minutas
after acetic acid treatment. A writhe was defined as a
sequence of arching of the back, pelvic rotation and hiand
Limb extension. '

F. Antagonism of Zlectro-Conwvulsiwve Shock
(ECS). The ECS test is a third tast usaful for
" determining CNS activity. ZFor tha =C3 zast, a
modification of the method of TOMAN =2z 2., J.
Neuroonysiol., 9, 231-239 (1945), was usad. Oas hour

aftar oral administration of the =ast drug or vaaicla,
4+

7
elactrodes. This shock intensity preduces zoni
convulsions, defined as ext=nsion o2 =2a hin
at lsast 95% of vehicle-traated mice.

Of the above tast proceduras ZIor msasur
,activity, the physostigmine~induced iathality cest is

s
3

Q.

e

.‘-

]

[0}

n

-

.

.oelieved to be a major index of ncn-sadaziag
‘characteristics, since it raflects mainily canc:ca
anticholinergic ootency which is beliaved to contribute
to sedative actiwvity. '
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Representative cresults of rhese L2st groceduces
with compounds of the invention are dctesented below in
Tables IA, IB and IC.



Campound

1.-5, R=H J
R -(.l =

250 R=Clj;
13=cl riay

4-0 R-l"l
k3¢l RjI=

R2-Cl-,0CH
13=Cl lt"-l}
220

Rs-ClloCloCly

k31 244
Z-0

R--'w(.l! CHL-
k3-Cl A=
20

Antihistaminic Activity

TABLE 1A

CNS Activity PAF Antagonis:n‘(in vitro)
Guinea pig thsost.igmine Acetic ECS
oral dose lethalit.y wriming test
{nry3/kg) ' ED Dose 4 PAF
Dose % Survival uu?gg) (mg?ﬁg) (nlg/gg) (micromoles) Antagonism
[ ]
5 O 60 320 5320 © 3320 * .
1 10 . 0
5 £O 100 320 5160 5320 0.7 50
1 10 60
5 10 100 * * * 10 9
1 10 .0
5 FO 80 5320 320 320 6 50
1 10 . 80- '
5 FO 100 >320 - 5320 " 5320 . ’
110 40 :
5 K) ul) L2320 >320 >320 10 0
1 10 100

9¥




Compound

RCUCll
wiof 1w
2:0

R“"Ql'zf H
RI=p Ry’
2=0

Re=Cily 20
f3=r 4=y

R2=Clly 2=0
k341 R=pe

Antihistaminic Activity

'i'mu.m TIA (continued)

CNS Activity

PAF Antagonism (in vitro)

Guinea pig Physostigmine Acetic ECS
oral dose lethality writhing - testc
(n3/kg) . - EDg ED ED 0 Dose i i PAF
Boge % Survival (mg?f(g) (m?gq) (mg/Eg) (micramoles)  Antagonism
» .
5 10 80 >320 >320 >320 3 _ 60
1 PO © 40 . o
. L)
~J
5 10 100 <320 <320 <320 10 9 '
110 100
5 1O 20 . * » 0.7 50
5 10 ol * * * 0.9 50




Conpxound

- R3=pe, R,
: R‘C“3 2=0

R3. Rr= ) \>
R=Cily =
20

rR3¢1, Rré=y
ReCU=Ql, 20

r3=c1, ®i=u
R=NIICI
2=0

_ 'PaBLE 1A (continued)

PAF Antagonism (in vitro)

Antihistaminic Activity

CNS Activity

Guinea pig ~ Physostigmine Acetic ECS
oral duse lethality weithing test
{npy/kyg) ED ' ED EDgq Dose 3 PAR
Nose - % Survival (nqﬁgg) (mgﬁgg) (mg/gg) {(micromolas)  Antagonism
¥ - . . - :
1.2 50
£y
5 35 @
25 63
50 29




TABLE 1A (continued)

Cannpund antihistaminic ActiviLy - CNS Activity - PAF Antaqonism (in vitro)
Guinea plg Physost.igmme Acetic . ECS
oral dose luthalu.y - writ.hiug test
(my/kg) ¢ ED 0 _ Dose % PAP
Ixse % Survival (nr_a?gg) (mg?Eg) - (m/Kq) {(micromoles) Antaqonisa
[ . i . .
r3=cy, whant 5 50
R=Cll3 2=0
A=Oll |
w1, wha _ LT - 1.0 50
R=Cll3 =0 '
A=C113
-9
3=C1, wW=n 1.2 sp ©
RClly 2=0
A=Keto
w3, ri=n © EDeg = 6.1 8.9 " 580 - 5100 50
A=l d8o .
CZR’-CN:;“ '
R=OC My 44 EDey = 5320 2320 >320 . 175 50
wf, w1 0.18 .
2:0

*Not ‘Tested
saytandacd Known Antihistamine ,
1 Expected Lo hawe sume activity at a hlghu. dose
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A3 seen from the data of Tadlas A, I3 and icC
and from the PAF induced bronchospasm innidition test
cesults, the compounds of structural focmula I a2xhidit:
PAF antagonist and antinistaminic properties to varying
deqrees,';.e., certain compounds have strong 2AF
antagonistic activity, but have weaker antihistaminic
activity., Other compounds are strong antihistamines but -
weaker PAF antagqnists. Several of the compounds are
both stzoﬁg PAF antagonists and potent antihistamines.
Consaquently, it is within the scope of this invention: to
use each of these compounds when cliaically
approprlate. for example, if a strong Par. antagonxat is
cnquirad but weaker antxhistamxnxc activity is
necessary, such a compound could be c"osep by the
clinician. Alternatively, if both potent 2AF antagonisa
and antinistaminic activity are requizad, a diffarent
éompound of the invention would bSe u: ‘Lzed by the
clinician. ’

for preparing pharmaceutica:i compositions f::m
the conpounds described by this iaveation, in2
"ceutically acceptable carriecs can e aither solid

liquid. Solid form preparations iacl:ide powder
tablets, dispersidle granules, capsula2s, cachets and
suppositories. The powders and tadblass may de comprisad
of Ecom about 5 to about 70 geccent aszive iagradiant.
Suitable solid carciacs are Xnown i
magnesidm cacbonatg} nagnesi;n s&zaraz2, t;}c
lactose. Tablets, powders, cachets and capsu
usad as solid dosage forms suitable I3r oral
admlnxatration. | _
for preparing suooos =orias, 2 low meliting wax
such as a mixture of fatty acid glycerides or cocoa
outter is ficst meltad, and the ac:tive i1g diasnc is
dispécsed homogeneously therein as 2v sticzing. The
molten homogenecus mixture is &h len soucrad inzo convenisa
sized molds, allowed to cool and therza2dy solidify.
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Liquid form ptepacations'inélude solutions,
suspensions and emulsions. -As an example may be |
mentioned water or water-grooylene glycol solutlons foc
parenteral injection.

Liquid form o:nparatxons may also include
solutions for intranasal administcation.

Aerosol preparations suitable for inhalation
may include solutions and solids in powder form, which
may be in combination with a pharmaceutically acceptabla
carrier, such as an inert compressed gas.

Also included are solid form preparations which
are intended ko be converted, shortly befocre use, to
liquid Eo:n pcnoaratlons for either oral or parenteral
administratxon. 'Such liquid forms include solutioas,
sqsgensxons and emulsions.

The compounds of the invention may also be
deliverable transdermally. The transdermal compositioas
can take the form of cr=sams, lotions, aerosols and/oc
emulsions and can be included in a transdermal patch of
the matrix or reservoir tyve as arza conventional ia the
" art for this purpose.

Prefacably the compound 'is St

?referébly, the pharmaceutical é:epa:atiqn is
in unit dosage form. 1In such fora, tha praparation is
subdivided into unit doses containing aporodria
quantities of the active component, 2.3., an effactive
amount to achieve the desired purpose.

The quantity of active compound in a unit dose -
-of prepacation may be varied or adjusted fcom about 0.1
mg to 1000 mg, more preferably £zom about )l mg. to 100
mg, according to the particular application. The
aporopriate dosage can be determianed 57 compaciang the
activity of the compound with the aczivity of a known
antihistaminic compound such as 3-chloro-§,ll-diaydro-ll-

(L-ethoxycarbonyl-4-piperidylidene)-33-benzo(3,5]
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cyclonepta(l,2-bjpyridine, which compodnd is disclosed in
U.S. Patent No. 4,282,233,

The actual dosage employed may de wvaciad
depending upon the requirements of the patient and the
severity -of the condition being treated. Determination
of the proper dosage for a pacticular situation is witain
the skill of the art. Generally, treatment is initiated
with smaller dosages which are less than the opotimum dose
of the compound. Thereaftar, the dosage is increased by
small increments until the optimum effect under the
ciccumstances is rsached. For coavenience, the total
daily dosage may be divided and admiqistered.in foctions
ducing the day if desiced. )

The amount and frequency of administration of
the compounds of the invention and the pharmaceutically
acceptable salts thereof will be requlated accocding to
the judgement of the attending clinician considering such
Eactors as age, condition’and size of the patient as well
as severity of the symptom being t:eaﬁed. A typical
racommended dosage regimen is oral administration of
" 10 mg to 1500 mg/day p:eEe:aﬁiy 10 to 750 mg/day, ia
to four divided doses to achiave caliai of the

"
0
a

T rh
X
(o]

symptoms.' The compounds are non-toxic wnen administarad

within this dosage range. ' ’
The following examplas arz iat

illustrate, but aot to limit, the prasent iavenstion,

=
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PREPARATIVE
SXAMPLE I

A. M-(1,1-DIMETHYLETHYL) -3 -METHYL-2~0YRIDINE CAR3OXAMIDE
A
NP e N “

3 C‘
!
NHC (CH 3) 3

Q

Suspend 2-cyano-3-methyl oytidxne (400 g) in tQ
butanol (800 mL) and heat to 70°C. add concentcated
sulphuric acid (400 mL) dropwiae over 43 minutes.
.Mainhaln the temperature at 75°C, until the teaction is
complete, and for an additional 30 miautes. Diluts =hae
- mixture with watar (400 mL), charge with toluene (3500 aL)
and bring to pH 10 with concentratead aqueous ammonia.
Kalntain the temperature at 50-33°C ~.u:i.nc; the work up.
Separate the toluene phase, and reex=ract the agueous
layer. Combine toluene phases and wash with watar.
Remove. the toluene to yield the titls compound M-(1,1l-
dimethylethyl) -3-methyl-2-pfridine carboxamide, as
oil, from which solid product is cryscallizad. (Yia
97%, as determined by an internal standard aésay with gas
chcomatography).

B. 3%[2-(3-CHLOROPHENYL)ETHYL]-N-fl.; LTAST
PYRIDINE CARBOXAMIDE
Y B - .

CH L

| N 3

¥PNe0 2 T
NHC(CH,) 5 . NHC (CZ,)

Dissolve the titla Eompound of 2zeparative
Example 1A, N-(l,l-dimethylathyl)-3-metayl-2-oyridine
carboxamide (31.5 g.) in tetrahvdrofiran (500 mL) and
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cool the rasulting solution to -140°C. Add n-butyllirchiunm
(2 eg.) in hexane while maintaining the tempecatucre at
-40°C. The solution turns deeso purple-c2d. Add sodium
bromide (L.6 g) and stic the mixtuce. Aadd solution of m-
chlorobenzylchlocide (26.5 g., 0.174 mole) ia
tetrahydrofuran (125 mL) wnile maintaining the
temperature at -40°C. Stir the reaction mixture until
the reaction is complete as determined by thin layec
chromatography. Add water to the reaction until the
color is dissipated. Extract the reaction mixture with
ethyl acetate, wash with water, and concentrate to a
residue which is the title compound. (¥Yield 92% as shown
by chromatography).'

-

C. 3-(2-(3-CHLOROPHENYL)ZTHYL]-2~BYRIDINE-CARBONITRILE

C1

.\/

! [
ey N&

f_\

N

NHC(CS:)B

Heat a solution of the titls compound of-
?reoaratxve Sxample 1B, 3-(2-(3-chloroghanyl)=thyl]-N-
(1L, l-dxmethylatnyl)-2—oyr1d1ne carboxan de (175 3, 0.354
mole) in. phospnorous oxychlocide (525 aL, 363 g, 53.53
mole) and reflux for 3 hours. Detecamine complation of
the reaction by thin layer chromatograpny. Remove any
excess phospho:ous oxychloride by distillation at raducad
oressucre and quench the ceaction in a mixture of watac
and isopropanol. 3ring to 98'5-7 by adding 50% aéueous
sodium hydroxide solution waile maintaining the
temperature delow 30°C. Filcer the c:zvstalline slurcy of
crude product and wash with water., 2ucify the crude
pébduct by sluccying the wat cake in 10% isopropanol, 2and
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cool to .0-5°C. Filter the product, =wash with hexane ind
dcy at a temperature below 50°C to yield the title
| compound. (Yield: 11l8g (HPLC purity 35.7%), m.p. 72°C-
73°C, 89.4% of theory). ‘
D. 1-(METHYL~4~PIPERIDINYL) (3~ (2-(3-CHLOROPHYENYL) STYYL) -
2~PYRIDINYL]METHANONE HYDROCHLORIDE

s § ~
e <N A o =

Nt
|

o
3

N\
Y

Dissolve the title compound of Praparative
‘Example 1C, (118 g, 0.487 mole) .in dcry tetrahydrofucan
(L.2L) and add ¥-methyl-piperidyl magnesium chloride (395
" mL, 2.43 mole/liter, 0.585 mole, l.2 =2q.) ovar 15
minutes. Maintain the temperature at 40°C-50°C by
cooling with~“vater as neceSSﬁ:y. £oc 39 aiautes.
Detecmine completion of the reaction >v thia-layec
chromatograpay. Quench the reaction dv :aducing tie. pd
to below 2 with 2N HCL and stiz the crasulziag solution at
25°C for 1 hour. Remove the bulk of :he taktrahydrofurcan
5y distillation and adjust the rasulzing solution to 2d
3.5 by addition of aqueous sodium hyd:zoxide. Cool to O
to- 5°C*and filtar off the crystalline hydrochloride salt .
oroduct. Wash with ice cold watsc and 4dcy to constant
weight at 60°C to yield the title compound. (¢i2id:
168.2 g (HPLC purity 94%), m.p. 133°-135°C, 393% of
theory). | '
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€. 8-CHLORO-11-(L-METHYL-4-PI2ERIDYLIDENE)~5,L1L~
OIHYDRO-5H-BENZO(5,6]CYCLOHE2TA[L, 2-5] 2¥RIDINE

Y

Dissolve the title compound of ?repafative
Example 1D above (59 g, 0.1l5 mole) in hydrofluoric acid
(120 mL, 120 g, 6.0 mole) at -35°C and add botron
trifluoridine (44.3 g, 0.66 mole) over 1 hour. Detarains
completeness of the reaction by thin-layer
chromatography. Quench the teaction using ice, water and
‘potassium hydroxide bringing.the solution to a final pH
‘of 10. Extract the product with toluene and wash with
water and brine. Concentrate the toluene solution to a
residue, and dissolve in hot hexane. Remove the
insolublas b7 filtration ‘andf concentzate the £iltzata co
yiald the title compound as an ofZ-whit2 powder.
(Yield: 45.7 g (HPLC opurity: 953), 32% of theocry).

Alternative Step E: 8-CHLORO-1ll-(l-M2THV¥L-
1-PIPERIDYLIDENE) -6, 11-DIHYDRO-3d~-8EN20(5,5]
CYCLOHE2TA([1, 2-b] ~PYRIDINE

" React the titla compound of 2reparativas Ixample
1D above (177 g, 0.49 mole) in trifluocomethanesulisnic
acid (430 =L, 814.1 g, 5.31-moie) at 30-95°C for 13 hours
under nitrogen. Determine the complateness of the
te2action dy thin-layer chromatograpny. <20l che cz2acz=ion
and quench the ceaction with ice-~watzc and ‘adjust the 32d

to & with dbarium carbonate. =xtracz the pcoduct wizh
methylene chnloride, and concentrate under zeduced
oressure to about 1 liter. Wash with water, and ex:=zact
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the product into 1 N HCLl which is tceated with 30 g of.
activated charcoal, and filter through celitae. Adjust
the pH of the filtrate to 10 with aqueous sodium
hydroxide (50%), extract the product into methylane
chlocide, and cemove under reduced pressuce to form a
residue. Dissolve the residue in hot hexane, and filtar
to remove insolubles. Concentrate the filtrate to yvield
the title compound as a.beige powder. (Yield: 126 g
(HPLC purity 80%), 653% of theocry). '

F. 8—CHLOR0~ll-(l-ETHO*YCARBONYL-4-?IPERIDYLIDENE)-5'll-
DIHYDRO-SH-BENZQ(S,GICYCLOHE??A[l'Z-bl?YRIDINE

1

COZ\...ZCZ-I3

Diss0lve the titlg compound 2% ?ze2
Zxample 12 above (45.6 g, 0.lL4L mole) ia sol:
at 80°C and to it gradually add achyl cahlo cos
mL, 45.9 g, 0.423 mole). Following complate addi
maintain’ the temperaturs at 30°C for . hour, %
diisopropylethylamine (2.7 =mL, 2.00 5, .9l5 mole) and
additggnal ethyl chloroforaata (4.1 =5, 4.85 g, 0.0429
mole). Monitor complateness of the raaction 3y tihin
layer chromatography. Upon éompletiép, cool the ¢a
mixture. to ambient temperatute, and wash the toluene
solutibn with water. Concentrate the organic laver to a
cesidue and dissolve in hot acetonitzila (320 aL).
Decolorize the solution with 14 g of activated

charcoal. Remove the activa:ad chaccoal by filtzsation
and concentrate the fil:rate to a ccvstalline sl [

-

irc
Cool the mixturas to 0-5°C, and isolata the o:odu Lt v
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filtration. wWash with cold acetonikzila and dcv rha
ocroduct at delow 70°C to yield the tizle compound.
(¢ield: 42.4 g (HPLC purity 97.4%), 80% of theocy).

G. 8-CHLORO-11-(4-91?3RIDYLIDEN§)-G:ll-DIH!DRO-SH-
BENZO(5,6]CYCLOHEPTA (1, 2-b]) PYRIDINE -

Y

' C02C32C?3

Hydrolize the title compound of 2reparativa
Sxample 1E, 8-chloro~1ll-(l-methyl-4-piperidylidene)-5,Ll1~
dihydro-sa-bengo[s,Glcyclohepta[l,z-b}py:idins (39 g,
0.10L mole) with KOH (50 g) in etharol (305 mEL) and watar
(270 L) at. reflux under an'a:gon atmosphere for 64
hours. Partially distill off the sthanol and dilute the
cesidue with brine; and extract with ethylacetats (3x).
Wash the comdined organic ohfises with water and dry with
Na5S04. Remove the solvent to giwas a s0olii which can se
cecrystallized from toluene to give th2 tizla compound as
a1 whita solid. (Yield: 24.5 q, 77%, z:el

L35°C) .

ag zoiat L34~

4. 3y substltuting in step 13 above, an agor
sukstituted acyl or alXkyl halide lis:ed in Ta
for meta—cn;o:obenzyicalo;ide, and employiag bdasicalliy -
ﬁhe-same methods as steps C through G, the 2coducts
listed in Table II are prepared by the drocess of
?regétative Sxample 1 above. Reaction =imes are
determined by TLC or APLC. In some iastances

gutificatlon of the product by chromatograpay is
necessary.
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TABLZ - IY

Product

halide Melting 2oint

A=H 133.3-134.3°Cc2

cen, :: o R3=cl, a%=ci, a=g 1350-152°C®
' €1 :
’I=cgy, =i=m, a=8@ 142-144°cC
s:csz.@.;g .
3
. R3=8z, =R%=#, a=u lis-li8°C
B
1¢? .
o R3=0cq,, ¥=H, a=3 crude solid
it i
AR
La&f:l)' 33, ri- Y. A=H glass
: 8.

Then repeat stesp B8 with

4 ) R3=c1, %=d, a=ci; glass

(o

Step B8 raquirad trifluoromethanesulionic acid.
Recrystaliized from toluene,
Recrystallized €rom acetone and gentane.
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2REPARATIVE
EXAMPLE 2

PREPARATION OF 9-FLUORO-1L-(4-PIPERIDYLIDENE)-6,!]1~
DIHYDRO-sﬂ-BENZOIS.GICYCLOHEPTA[l,Z-b]?YRIDINE

A. N—(l,l—DIMETHYLETHYL)-3-[2-{4—?400ROPHENYL)ETHYL]-Z-
" PYRIDINE CARBOXAMIDE

O”i——»m@

W C(CH4) 3 - NH C(CH4) 4

Cool a solution of Y¥-(1, l-dimethylathyly-3-
methyl-2-pyridinecarboxamide (38.4 g, 0.2 mole) ia dry
THF (250 aL) to -40°C and add n-butyl lithium (135 oL,
0.44 mole). Add sodium bromide (1.9 g, L3 mmol.) and
stir €or 13 aianutes. Add 44Eluorobenzylchlo:ide (31.3
0.22 mole) and stir for 2.5 houcs whilas warmiag to

o)

~-3°C. Quench the reaction w%th watar and extract tHe
ozoduct twice with ethyl acetate, then wash with driae
( 2X). Dry the organic phase over' Na,30,, Iilter and
remove the solvent to give the titls zompound. (50.0 g3,
Yield 99%, m.p. 59-61°C.)

3. 3-[2-(4-?LUOROPﬁENYL)ETHYL]*Z-?!RIDINE CARSONITRILE

PN B |
\V'C’o/, g O N

NH C(Cq )3
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Heat tHe title compcund of 2ceparative Zxampie

2A above (60.0 g,0.2 mole) ia 20ClLy (200 mL) to Lla°C
under an argon atmosphece foc 3.5 nours. Pour the
reaction mixture onto ice and basify with ¥NaOH (39%)
solution. Extract the mixture with ethyl acetate (3x)
and wash with water. Wash with brine and dty ovar
Na,S04. Remove the solvent and pass the residue.thcough
a coarse stoz (60~200 mesh) column to give the title
compound as a white solid (40 g, Yield 388%, m.p. 48-
49°C.).

C. 9-FLUORO-S,6-DIHYDRO-(1H)-3ENZO(5,5]CYCLOHEPTA(L, 2~

b]?YRIDIN‘ll-QNE
=
/ . .
L: l | > > ,»\Tr)\N/"?
: P K
N CY < '

Cyclize the titla compound = 2zaparativa
Zxampla 23 above (31.5 g, 139 mmol) in pol:
acid (1.24 %g) at 200°C for 5.5 houcs. 2
basify with MaOH solution (50%). Extzact the product

’4
organic phase wikth Na,50,, filvar and -amovs tha solvant

to give the titla compound (20.4 g, yi=id
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0. 9-FLUORO-LL-(L-METHYL-4-2I3SRIDINYL)-5,1L-DL[HYDRO-54~
8ENZ0(5,5]CYCLOPHEPTA(L, 2-b] 2YRIDIN-1L-0L

L))

Dissolve the title compound of Preparative
Example 2C above (L0.0 g, 44 mmol) in THF (lOO aL) and
add slowly to .a cooled (- 40°C) solution of the Gcignacd
reagent prepared Erom V—metﬂyl 4-chloco-giperidiene (57.9
mL, 88 mmol) in THF (70 mL). Sticz the mixture for aoout
1 hour while warming up to 0°C. Queanch the reaction with
NH4C1 solution and ext:act_with ethyl acatake (2x). Wash
the organic phase with brine and dry over Na,S0,, filtar
and cemove the solvent. Purify the rasidue with £lash
chromatography and elute with methanol (33%) in CH ACLy to
giva the titla compound as wijite granular crystals.
(L0.1 g, Yield 70%, m.p. 1l26-127°C aftar cecoystalli-
zation from diisopropyl ether.)

l'

E. 9-TLUORQ-1ll-(l-METHYL-4-PI2SRIDYLIVNZ)-5,3iLl-DIHYIRD~
5H-BENZO[5,SICYCEOHEPTA[l:2-'IPYR’ SINE

/\/"\A .

)~
ole

C}?

Add the titla compound of 2za2parative Zxample
.2D adbove (7.3 g, 22.3 mmol) to a mixtur2 of cooled :-!3504
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and CF3503d (l:1), 146 mL). Stic the c=action mixzuce
for 0.5 hours at ice bath temperature and then at room
temperature for 1.5 hours. Pour the reaction mixture
onto ice and basify with NaOH (50%) solution. Exzract
ghe product with ethyl acetate (3x) and wash with briae.
pry the organic phase over Na,50,, Eilter and remcve the
solvent to give ‘a crude oil. Charcoal the oil and
cecrystallize from ethyl acetate and isopropyl ether
give the title compound. (5.6 g, Yield 32%, m.p. 134.3-
135.5°C.)"

o

L
-

F. 9-fLUORO-11-(lL-ETHOXYCARBONYL-4-PIPERIDYLIDENE)-6,11~
-DIHYDRO-~5H-BENZO (5, 6] CYCLOHEPTA[L, 2~-b] PYRIDINE

Stiz a solution of the titls compound o2
dreparative Example 2% above (5.0 g, L5.2 mmol) and
triethylamine (2.6 g, 26 mmol) in dcy toluene {33 aL) a-=
80°C under an argon atmospuera, and add 2thyl-
,Ehloroformate (9;8-q, 90 mmol) wvwia a syringe. 3ti
reaction at this temperature for 30 minutes and at oo
temperature for one hour. ~Filter the ceaction ané rcam
the solvent. " Pass the residue through a coarse Sidj
column (60-200 mesh), and elute with CHClj co viaid th
title compound as a white solid. (4.5 g, ¥Yield 763%, a.3.
112-114°C after trituration with pentane).

2l

0

72
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G. 9-FLUORO-1l-(4-PIPERIDYLIDENE)-~-5,l1-DIZYPRO-3H~-
BENZO(5,6]CYCLOHBERTA(L, 2-b] 2YRIDINE

w -

s CH
COZChZC“3

Reflux the titla compound af Pcepaﬁative
Example 2F above (3.83 g, 10.4 mmol) with XOH (4.6 g) in
50 mL of ‘ethanol/#,0 (lL:1l) for 4 hours under an aégon
atmosphere. Pour the ceaction aixtuce into a bdbrine
solution and extract with ethyl acetate (2x), dry over
Na,S04 and filter. Remove the solvent to give the title
compound (2.86 g, Yield 90%, m.p. 133-140°C.).

. 3v employing the app:opéiately substicuized Senzvl
nalide listed in Table III ia place s¢ ]

chloride in step 2A above, the desizad producis shown in
the second column of Table III ac2 praparad d¥ amploving
_basically the same process as descritad i A
Wockup time is detecmined by either 71T or H2LC. In
instances purification of the preducz dy ciac

is necessary. -
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TABLE IIIL

Product

of Step G

. Melting 20iat

134-135°c?

138-140°c®

120-1220°¢3

123-124C°

Recrystalli;ed from ethyl acetate and Dentane.
Triturated with pentane.
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PREPARATIVE EXAMPLZ 3

A. 6,11-Dihydro-1ll-(l-methyl-i-oiperidvlidene)-54-
benzo(5,6]cycloheptal(l,2—-c]oyridine

The compound S,G‘dihYdEO‘llé:bEAZO[sp6]
cyclohepta(l,2-clpyridine-~ll~one, may be prapared by
following the methods described in U.S. Patant No.
3,419,565. This ketone may be converted to the title
compound by the methods previously described in '
Preparative Example 2, steps D and E.

B. . .1ll-(1-Cyano-4-piperidylidene)=6,1L-DIXYDRO-5H-~
benzo[S,S]évcldheOta[l,2-c19vridine

To a solution of 400 mg (1.35 mmole) % il-{i~-methyl-4-
piperidylidene)-6,1l-dihydro-5g~benzo:5,5jcvclonhapta

"(L,2-c]pyridine in 5.0 mL of benz=zne 2
and under an argon atmosphere was adéad drogpwise a
solution of 158 mg.(l.59 mmole) of cvznogen dromide in 4.
mL of benzene. After 30 min. the mix:tura was pourgd into
water and extracted once with 2tOAc. The orsganic layéc
was isolated, washed once with brine, dried over Na,SOy4.,
£iltered, and concentrated in vacuo. The residue was
ourified via £lash chromatograpnay [ﬂf? MeO# in CH,Cl,] to
give 1530 mg (37%) of the title compound as a solid: m.p.
212-214°C. '

toom La2mperature

PN ]
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C. 11-(1-piperidylidene)-5,11-dihvdco-54-
benzo(5,5]cycloheota(l,2-cloycidine

qCl/x0/4
—— b
b Lo

¢
o

A mixture of L40 mg (0.46 mmole) of ll-(lL-cyano-4-~
piperidylidene)-6,;l-dihydro—sgybenzo[5,6]cycloheQCa[1,2-
clpyridine 'in 20 mL of 30%. aqueous HCL was refluxed -for
about 224 hrs. The mixture was poured into ice water,
basified with 25% aqueous NaOH, and extracted twice with
Ci,Cl,;. The combined organic portions wers dried over
Na,S04, filtered, and concentrated in 7icuo. The producet
was purified via £lash chromatography (3% MeOH saturated
Wwith NHy in CH,Cl,] to give 95 mg (753) of the title
compound as a glass,.

A. 3-Chloro-llH-benzo{5,8lcvclonrapza(l, 2~
blovridin-ll-one ' '
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Reflux a mixture of 3-chloro-3,5-dihydzo-13-
benzo(5,6]lcyclohepta(l,2~blpycridin-ll-one (25.99 g, 0.197
mol.), recrystallized N-bromosuccinimide (21.35 g, 0.120
mol) and 167 mg (.102 mmol) of azobisisobutyrylaitrile in
400 mL of carbontetracnlocride under an argon ataosphere
Eor 1.25 hours. Cool the:solution slowly to 30°C and
filter off the resultant precipitate. '
| Reflux the precipitate with 1,8-diazadicyclo
{5.4.0]undec~-7~ene ("DBU") (20 mL, 0.134 mol) in CH,Cl,
(400 mL) €or 1 hour. Wash with watar (3X), dcy over
‘magnesium sulfate, €ilter and concentrate in vacuo.
Recrystallize the crude product from CHZClz/toluene to
. give the title. compound as colorless needles (8.91q,
yield 351%). ' '

B. 8-Chloro-ll-(l-methvyl-4-oineridinvl)-11l3-
benzo(3,6)cycloheptall,2-bloyridin-ll-ol

sagent
of N-methyl-4-chloropiperidiene (1l.0 mmole) in THF at
-45°C and under a nitrogen atmosphere was added dzopwise

ovel 15 min. a solution of 1.06 gm (4.39 mmole) of 3~ .
chloco-llg-benzo(5,6]lcyclohepta(l,2-blpyridin~1i-one in
23 mL of dry THF. After 2 hr. 40 min. the ceaction
mixture «#as dourad into water and extractad thra22 tiaes
with EtOAc. The organic poctions were combined, washed
two times with brine, dried over 4gSO,, filtecad, and
concentrated in vacuo. The cr2sidue was puciiied via
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€lash ch'omatography (10% MeOH in CH,Cl,| o givs 970 1g
(65%) of the title compound as a glass.

C. 8-Chloro-1ll-{l-methyl-4i-oipecidilidene)-11§~
benzo(S5,6]cyclohepta(l,2-blpyridine

Y

A mixture of 847 mg (2.48 mmole) of 8-chloro-
ll-(l-methyl-4-piperidinyl)~1lH~-benzo(5,8]cyclonepta(l, 2~
blpyridin-ll-ol in 5 mL of concentratad sulfuric acid and
5 mL of trifluoromethane sulfonic acid was heated at 70°C
for 4 hr 10 min. The mixture was cooled to room )
temgeratd:e, oouraed into ice cold 30% agqueous KQH, and
extracted thize times with C£2C12. The organic gortions
were combined, washed once with watsr, dcisd over MgSO,,
£iltared, and concentrated in vacuoc o yiald 755 ag (34%)
of the title compound as a glass,

D. 8-Chloro-11-{1-{2,2, z—t'Lcu_oroernoxvc=cbonv1)-
_4~giperidylxdene)-llH-benzo[a,Sl cvcloneota(l, 2-5]
ovycidina
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To a mixture of 755 mg (2.24 mmolz) = 3-
chloro;ll-(l-methyl-4-piperidylidene)-11§:benzo(3.5]
cyclonepta(l,2-blpyridine and 1.5 mL of triethvlamine in
25 mL of dry toluene at room témperaturé and under a
ﬁitrogen atmosphere was added 650 uL (4.72 mmole) of
2,2,2-trichloroethyl chloroformate. The mixturs was then
heated to 90°C. Additional amounts of the chloroformate
(500 ul. and 300 uL) and triethylamine (1.0 aL each time)
were added to the mixture after 2 hr. and 3 hr. 40 ain.,
respectively. After a total reaction time of 5 hr. tae

" mixture was poured into water and extractad thr2e tizes
with CH,Cl,. The combined organic portions were driad
over MgSO,, filtered and concentrated ia vacuo. TIh '
residue was purified via £lash chromatograpay (/3 =04
in bHZClz] to afford 639 mg (563%) of the title compound
as a glass. '

. 8-Chloro~ll-(4=-oiperidyliisne)-ll3-benzol3,5]

m

Acsaza

A mixture of 219 mg (0.43% mmola) of 3-chldro-

(]
)
1)

11-(1-(2,2,2-trichloroethoxycarbonyl}~-4-oizaridylid
lli-cenzo(5,6]cyclonepta(l,2-b]lpy<idine and 525 =g
mmole) of zinc dust in -4 mL of acetis acii was heacad at
§0-70°C. After 2 hr. 20 aia. anothaz 347 =g (3.37 mmol2):

of zinc dust was added. After anothar 30 ain. ghe

-~
w

.

€Y wa
u

mixture was basified with 19% agueous MNaOH and extractad
four times with CHCl,. The combined organic portions



wera washed once with wateZ? dried over 4g50y, Eilver=ad,

and concentrated in vacuo. The residue was purified via

Elash chromatography (5-6% MeOH/NH; in CHCl3] to yield 71
mg (533%3) of the title compound as a glass.

PREPARATIVE EXAMPLE S

A. 5¥Methoxy-8—chloro-llﬂ-benzo[5.6]qycloheota[1,2-
blovridia-ll~one

B. 6-Methoxy-8-chloro-llH-benzo(3,6lcvclohectal(l, 2~

blovridin-ll-one

2y i

Q=

m
w
1

Add 3r, (5.16 al, 99 mmol) to a aixtures o
chloro-l1lH~-benzo (5,6]cyclonepta(l,2-b]lpyridin-~-1lli-on
(3.15 g, 33.7 mmol) and powdered AgNC, (23.13 g, 137
amol) in 300 mL of dry methanol at cscm tamperaturs undar
an argon atmosphere. After 8 hours, add additional aAglNOj
(5.90 g, 34.7 mmol) followed by additicnal 3r, (1.7 aL,
33.0 mmol). After 0.5 hours gouf the mixture iato watsr
and extract (4xi with CH,Cl,. Combine the organic’
phases, dry over magnesium sulfate, filter and
concentrate in vacuo to give a mixture of the crude dromo

W -

ethers.

Dissolve the crude product in Cd,;Cl, (200 aL)
at room temperature and place under an argon :
atmosghere. Add ©OBU (20 =L, 134 mmol) and reflux for 1.3
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hours. Add additional DBU'(lQ mL, 57 mmol) and ca2g€lux
the mixtuce for an additional hour. Pour the mixture
into water and extract (3X) with CH,Cl,. Combine the
ocganic phases, wash with watac and dcy over magnesium
sulfate. Filter and concentrate ig_vacuo.' The two
isomeric vinyl ethers, title compounds A and B, are
separated via flash chromatography (40% - 75% athyl
acetate in hexanes] and recrystallize from ethyl acetate
hexanes to give title compound A (L.5L g, 14.3%, amp 1335
to 158°C) and title compound B (3.63 g, 353%, mp lal :to —
162°C). ' | |

C. Sngthoxgr8~chloro—ll—(l-methvl-4-oineridinyl)-llH~
benzo [S,Slcyclohepta[l;z-b]oycidin-ll—ol

Add a 1.5 M Grignard solution of N-methyl 4-

- chlocropiperidine (150 a@L, 22.5 mmol) in THF dropwise over
a 7 minute period to S-methoxy-3-chlocco-lli-benzo(3,5]
cyclohggta[1,?-b]py:idin-ll-one (5.00 g, 13.4 amol) in
THF (70 aL) at 0°C and under an argon atmospher2. Quench
the reaction after 30 minutes with a satucrated solugion
of Nd4CL (pH 8) and extract (3X) with CHClL;. Combine the
organic portions, wash «with brine, dzv over sodium
sulfate, €ilter and concentcate in vacuwo. ?2urify via
€lash chromatograpay (CH40H 5% in CH,Cl,) to give the
titla compound (3.580 g, 53%) as a solid. The solid mav
be cecrystallized from isopropyl ethec to give a white
oowder (mp 183-170°C). '
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D. 8-Chloro-ll-(l-methyl-4-oioecidylidene)-6.Ll-dihvdra-
SH-benzo[5,6lcy¢loheota[l,Z-blayridin-S-one

Dissolve S-Methoxy48-cﬁlo:o—ll-(l-méthyf-4—
piperidinyl)~llH-benzo (5,6]cyclohepta(l,2-b]lpyridin-11l-ol
(4.26 g) in CH40H (6 mL) at 0°C under an argon
atmosphere. Add slowly a cooled solution .of 92% aqueous
H,504 (54 mL). Allow the mixture ts waram to coom
temperature Eor 35 minutes. Pour the solution onto ice,
basify with aqueous NaOH (25%), and sxtract wi:h
methylene c:iloride (3X). @ombine the organic zortions,
wash with brine and dry over sodiua sulfata. Fil and

S
f

3

iz
- concentrate in vacuo. Triturate ths cesidue with
ispropyl ether to give an intermediata, 3-chloco-ll-
hydroxy-ll-(l-methyl-4-piperidinyl)-5,li-dihydro-58-~
venzo(3,8]cyclonepta(l,2-b]pyridin-5-ona as a white
(3.58 g., 92%, m.p. 170 to 174°C as HC! salt).

Dissolve the intermediate zompound (3.58 g, -

vz .
solid

10.0 mmol) in trifluoromethane sulifsnic acid (350 aL) and
heat to 45°C under an argon atmosphersz £or 3 hours. 2our
the mixture onto ice, basify with agueous ¥aOH {23% w/v),-
and extract WitthHCl3 (3%). Ccmbine =he organic
oortions, wash with brine and dry over sodium sulfate.
filter and concentrate in vacuo. Chromatograph on silica
gel (53 CH3OH in CH2Cl,) to give the title compound as an
off white solid (1.703 g, 50%, 338% casad on racoverad
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starting matecrial). An analytical sampla was pr20acad 2y
cecrystallization of the product with etayl acetata/
isoprooyl ether (mp L62-163°C).

E. Ethyl-4-(8-chloro~S-~athoxycarbonyloxv-114-
benzo(5,6]cyclohepta(l,2-bloyridin-1ll-vlidene)-1-
piperidine carboxylate

Ao

Dissolve the 8-Chloro-ll-{(i-metayl-4-
piperidylidene)-6,ll-dihydro-5H~benzo(5,]cyclonepta(l, 2~
bloyridin-3~one (617 mg, 1.82 mmol) and tziathylamine {9.30
aL, 3.53 mmol) in toluene (lzﬁmL) at 30°C undar an argon
atmosphere. Add dropwise over 2 minutes 2:tayl chlocoformace
(0.87 mL, 9.10 mmol). Aftesr 25 minutas csol the mixtuara Yo
toom tsmperature, filtar, and concentrata in vacuo. 2urily

CH,Cl,) to yield the title compound as a jlass (334 ag,
98%).
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i

F. 8-Chloro-ll-(4-oiperidylidene)=-6,1l-dirvdro-54-
benzo(5,6)cvcloneota(l,2-blovcidia-5-ona

Mix ethyl 4-(8-chloco-5—ethoxycarbonyloxy-l;gr
benzo[s,Glcycloheppa[l,Z-blpyridin—ll-ylidene)-l-gipe:idine
gacboxylége (8397 mg, 1.91 mmol) and.aqueous XOH (29 mL, 133
w/v) 1n-ethénol (L5 mL) and reflux under an argon atmosphera
for 25 hours. ?Pour thé mixture into water and extract with
CuCl, (3X). Combine the organic poc:tions, wash with brine,
. dry over sodium sulfate, Eilter, and concentrate in vacuo.
Purify the residue via E£lash chromatosgrapay (2% CH,0H
saturated with ¥NH, iIn CH,Cl,) and &riturate with isopropyl
ether to give the title compound as a white solid (417 ag,
§7%, mp 194-I36°C (dec)). %

-Hydroxy=-8-chloco-Lll-(4-oiveridvlidene)-5,11-diavdra-
d-benzo(3,6)cyclohenta{l,2-b]oyridine

3
5

. Mix 8-Chloro-1ll~(4i-piperidylidene)-5,Ll-diaydco-~
SH-benzo[S,alcycloheptall,g—b]pyridin-s-one 1400 =g, 1.23
amol) in c3308 (20 mL) at 0°C under an arjon atmosphera, and
add in 3 pocrtions Nasﬂ4 (total 23] mg, 5.10 amol). Aftar 30

N
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minutes, pour the mixture into watec and extcac: (3X) wich
ethyl acetate. Combine the organic goctions, wash with
orine, dry over sodium sulfate, filter and concentrate ia
vacuo. Triturate the solid with isopcooyl ethec/sthyl

acetate to give the title compound as a white solid (331 nxg,
87%) . -

PREZPARATIVE EXAMPLE 6

8-Chloro-1ll((Z)-2,5~dimethvl-d4-oiperidylidene)-5,11~
dithcd-SH4benzo(5;Glcycloheota[l,Z—blgycidine

A.. 1,2,6-trimethyl-d4-chlocooioeridine

ox cL
Q Hj\
S
¥ 3
] > S|

- %

. The s;artiné matecial, 1,2,5-tzinetayl-i-
oiperidinol, may be prepared by the method disclosed in
Acchi Xem, Volume 27, pages L39-192 (1355). T0 a cool
(ice-bath) solution of L,2,6-trimethy.-4-piparidinol (L2.23,
-85.3.mmel) ia 120 mL of dry benzene was slowly added
thionylchloride (L7 mL, 233 mmole). The dack .ceaction
mixture was then warmed to 70°C for 29 mia. The zeaction
‘was cooled and then suspended in watar foliowed 3!
filtration. The filtrate was extracted once with
diathylether. The aqueous layEc was sapacaced and then
 basified with 30% NaOH solution. The produc: was then
extracted twice with CH,Cl,, washed once «with b;;ne, 3

£
pe
m
v}

(N325°4), filtered and solvent removed to jive a ccude JcCown
liquid which was distilled (2-4 mmHg, §2-84°C) to 3ive the
title compound (8.0g, 53% yield).
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B." 8-chloro-11-(1,2,6-trimethvl-d4-pioeridinyl)-5,11-
dihydro-SH-benzo (5,6]cycloheota(l,2-b]lovridin~ll-ol

-~ oK

The chloride, 1,2,6-trimethyl-4-chloropiperidins
(4.2g, 26 mmol) was slowly dripped into a solution of dry

THF (18 mL) containing Mg (633 mg, 26.3 mm). The Grignard’

-

reagent was then formed after heating for & hours at 79°C.

To a cooled (ice-bath), stirred solution of 3-
chloro-s,6-dihydr6-lL§:benzdtS,Glcyélohepta[l,Z-b]gyridin—
ll-one (6.3g, 26 mmol) in THF (50 mL) was added the above
Grignard reagent. The reaction was allowed to stir for 1
hr. at this temgerature and then qguenched with NH,CL

solution. The product was éttracted 3X with EtCAc, washsad

once wWith brine, dried (Naj;s04), €filtszad and solven
‘removed to give a crude brown material which was
chromatographed to give the title cocmgound (3.1lg, 333 vial

as a vellowish glass.

<

3)
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C. 8-chloro-ll-(l-methyl-(Z)-2,5-dimetxvl-4-
niperidvlidene)-6,1ll-dihvdro~5d-benzo (5,6}
cycloheota(l,2-bloyridine

A mixture of 8-chloro-1l-(1l,2,8-trimethvl-4¢-
piperidinyl)-6,1l-dihydro-3Sd~-benzo(S,6]-cyclonepta(l,2-b}
oyridin-11l-ol (5.0g, 1l4.1 mmol) in 83% 4,504 (130 aL) was
heated in an oil bath (60-85°C) for 3 hours. The reactisn
was cooled and diluted with water followed by basification
“ith 25% aq. N¥aOH solution. The cruce product was 2xXtraccad
with CH,Cl,, washed with brine, driad (Na,50,), filterad and
solvent removed. Purification and separation of the = and 2
isomers via chromatégraghy (2% +» 5% YeOH saturaced with YNH.4
in CH,Cl,) gave the title ifmpound (300 =g, 63).

. 8—chloro-ll-(1~cvano—(z)-Z,S-d;:a:h'.
6,l1l~-dihvdro-SH~-benzo(5,6]cvclonaota!

~

A solution of 380 mg (2.35 mmol) of 23-ch
(l-methyl-(2)=2,6-dimethyl-d4-piperi i-di
5i-benzo(5,6)cycloneota(l,2-p]pyzsidine in Senzene (4
Was slowly dripped into a stirred scluation of 3-CN (
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1.2 mmol) ia benzene (4.5 AL) at :zoom tzmperatucre. This was
allowed to stic for 25 hr under argon. The ceaction mixtuca
was suspended between water and EtQAc. The EtOAc layer was
washed with brine and dried (NasO,). AEtar Eiltration the
solvent was removed and the crude material was
chromatographed (3% MeOH in C52C12) to give the tiéle
compound (251 mg, 8l% yield).

E. 8-chloco-1l-((Z)-2,6-dimethyl~4-oineridvliidene)-5,11~
dihydro-5H-benzo(3,6]lcvcloheota(l, 2-blovridine

A mixture of 8-¢hloro-ll-(l-cyano-{2)-2,8-
dimethyl-4-piperidylidene)~5,11l-dinydzo-58~
benzo(3,6]cyclohepta({l,2~-b]lpyridine (200 mg, 0.55 mmol) in
80% HCL (20 mL) was allowed go caflux Eoc 7 hours. The
mixture was cooled and then basifiad with 233% NaOH. The
product was extracted 2X with CH,CL,, saparactad, washed once
with drine, dried (NasQ,), Ei}teced and solwvent ramoved to
give the title compound (173 ng, 93%‘yield) as a whikte
glass. -

7
(U]

7. aygfollowing & similar set oE'pcocedures in staps D
above 8-chloro-ll-(l-methyl-(Z)-2,5§-dimechyl-4- _
piperidylidene)-6,1ll-dihydro-5d~benzo{3,6]cycloneota(l, 2=
bloyridine was converted to 8-chloro-il-((Z)-2,6-dimetayl-d4-
pipecidylidene-s,ll-dihydco-igfbenzots,6]cydlohepta{l,2-
bloyridine.
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PREPARATIVE EXAMPLZ 7

8-Chloco-ll-(4-piperidylidene)-§,1l1l-dihvdro-3-methyl-
SH-benzo(5,6]cyclonenta(l,2-b}jovridine

A. 3,5-DIMETHYLPYRIDINIUM N-OXIDZ

A solution of 285 mL (l.3L mol) of 35% peracstic
acid was slowly added to a stirred solution of .149g (.39
mol) of 3,5~dimethylpyridine during which the tamperature
tose to 85°C and was maintained at this temperature during
addition. After the temperature of zhe mixture dropped to
about 35°C the reaction was stored a:z 5°C overnight.

After partial rémoval of 133 mllof acetic acid via
distillation under vacuum, the ceaction was washed with
NaHSO4 solution and;then ne%fralized wish 10% NaOH sol:
to pH of about 7. The product was sx:=cracted witd CH,
give the title compound as a whits soiid (yi=ld L42

B. L-METHOXY-3,5-DIMETHYLPYRIDINIUM MSTHYL SUL?ATE

-

Vi 7
2 H - ‘ ety - |
kx \N-
§ bez,

Dimethylsulfate (42.0g, 0.33 mol) was slowly added
to a mechanically stirzed solids of 4l.3g (0.33 mol) of 3,5-
dimethylpyridinium N-oxide. The mixture was then heatsd on
team bath for L hr. Then vacuum was applied while cooling
Lo give a brownish solid of the titla compound in
quantitative yield.
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C. 2-CYANO-3,53-DIMETHYL2YRIDLNE

7 7 '
| — -
“y
X N oY
]
=3 )

To a cooled (0°C) solution of 49.0g (.399 mol, 3.0
‘eq.) of sodium cyanide in 135 mL of watsr (air fzee) was
dripped in 83.0g (0.33 mol) of l-methoxy-3,5~dimetayl
pyridinium methyl sulfate in 100 mL watar (aic frae) i i
hr., keeping temperature below 3°C. The reaction aixt
was stored at about .3°C overnight. The mixture was {i
and washed with water to give 40g of the titls compound
(yxeld 91l%). An analytxcal sample was- recrysgal_;z 4 Zcom

isopropyl ether and pentane (4:1) to give 1 =x.D. 53L-52°C.

a
ace
1

tared

D. N-(l,L-dimeghyletayl)—3.5—dimethgl—2-9ycidine
carboxamide - .

: NN
2
swﬁlla
N ' /*\VJ-"t.J

To a sticrad solution of 29.3g (!
cyano-3,5-dimethylpycridine in 100 aL of ac
added 20 =i of conc. sulZuric acid wizhian 1) aiautas (Z2aD.
rose tp 35°C), Eollowed by 20 aL of t-dutan w0l ovar an
additional 15 minutes. The solution was waraed a: 753°C .fer
30 minutes after waich it was coolad to coom tampecatucze and
bagified with 25% NaOE. The product was extzactad 3X wizh
EtOAc (600 mL), which was comolned and wasned lx with drine,
dried (Na,804) , £iltaced and concentratad Ln vacuo to g;v?
the title compound (3l.26g, 98%) as a VELlOdl:ﬂ oil,

[1) B
,_.
3]
- O
’-.
(o
"
[y %4
1
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<

E. 3-Chloro-ll-(4-pipecidylidene)=5,ll-diavdca=-3~

metayl-3d-benzo(3,6]cyclohenta(l, 2-b)oycidine
By substituting in step 13 above ¥N-(l,L- )

dimethylethyl)—3,S-dimethy1-2-pyridine carboxamide for N-
(l,l-dimethylethyl)-3-methyl-2-9yridiﬁe carboxamide and

. employing basically the same methods as steps 8 thcough G,
one obtains 8-chloco-1ll~(4~-piperidylidene)~6,ll-dihydco-3-
methyl-5H-benzo(5,6]cyclohepta(l,2-bloyridine. Reaction
times are detetmined_by TLC or H2LC.

PREPARATIVE =SXAMPLE 8

Ll-(4-Pinaridyl)-6,ll-diaydro-58-benza(5,5]
cyclohepta(l,2-bloyridine

A. (L-Methyl-4~oiperidinyl) [3-(2-ohsavlatiayl)-2-
. pyridinyllmethanol

gipe:1q1nyi)[3~(2-9henyiethyl)-ngyridinyl]methanone (waich
can be prepared in the same manner as described in
Preparative Sxample 1, Steps A-D) in 70 mL of methanol. was
added portionwise 0.8g9 (21l.1 mmole) of sodium doronydride.
The next day the solution was concentrated in vacuo to give
a slurcy which was dissolved in watar and extracted wirh
CACl,. The combined organic portions wece dried over MGSOy,
filtered, and concentrated in vacuo to provide a liguid
which was distilled (52 190-135°C 1 nm 3g) :o give 4.4 3ns
(37%) of the title compound as a viscous oil.
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8. 1ll-(l-Methyl-4-oiperidyl)=-6,ll-dinydro-3d-benzo(5.5]

cyclohepta(l,2-bloyridine

A mixture of 3.5 gm (ll.3 mmole) of 4-(l-methyl-
piperidyl)-2-(3-(2~-phenylethyl)poyridyl]methanol and 200g of
golyphosphdcic acid was heated between 130-170°C for- L3 -
hours. The mixture was cooled to room temperature, poured
into water, basified with aqueous NaOH and extracted with
ether. The combined organic portions wera concentrated ina
vacuo and the product recrystallized from {sopropyl etayl Lo
give the title compound as a white solid: ap lll-ll4i°C.

C. In a similar manner to tfiat descrided in Zxampla
1, Steps F-G, ll=(l-methyl-4-piperidyl)-5,.i-diaydro-5d-~
benzo(5,6]cyclohepta(l,2-blpyridine can Se soavertad to Ll-
{{-piperidyl) -6,ll-dihydro-5H~-benzo(5,5icyclonepta{l,2-d]
ovridine. |
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sxaMele L

8-CHLORO-1L1~(1-METHOXZACETYL-$-2[2ERIDYLIDENE)~5,11~
DIHYDRO-SH-~-BENZO(S,5]CYCLOHE2TA(L, 2-2) 2YRIDINE

9

cL cikxf:x,_
o o) RN,
) che dp%yuas..-..
Lx} P
) YR - N

Dissolve the title compound of 2raparatory Zxampla
1G above, 8-chloro-ll-(4-piperidylidene)=-6,ll-diaydro~35d~

benzo(5,6]lcycloheptafl,2~-b]pyridine (3,00 gm, 9.7 mmol) and
" 1.2 mL (L4.8 mmol) of pycidine in dcy methyiene'chlo;iie (20
mL) at 0°C. under an argon atmosphers Add methoxyacetyl
chloride (1.1 mL, 12.0 mmol) dropwiss, and slowly warm to
coom temperature. After l.5 hours take up the mixture in
methylene chloride and wash with brine. Dry over Na,s0,,
£ilter, and concentrakte in vacuo to give a casidue and
purify -.via flash chromatograpny. Trizurats the pdroduct wich
pentane and recr?stallize fofpm ethyl acetata/pentane & gi&e
the title compound as a wWnike solid. (L.39 g, Yiald 53%,
m.o. 134-196°C.). '

SXAMPLE 2

8 OR 9-SUBSTITUTVD—IL (‘*:UBSTITUT:3—4- PERIDYLIDEHBS-
6,11-DIHYDRO-54~3ENZ0 (5, 5! CYCLCEIRTA
(1,2-b]2YRIDINE CO%’OUNDS
3y substituting the acid natide and ami

in the first and second columns, casoectively,
delow for the methoxyacetyl chlocide and compound oi .
2reparatory Ixample 1G, raspectively in the 2rocess
described in Zxample 1, above the product compounds liszad
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in the thicd column of Table IV were pcégaced. Workup tiaes
wecre determined by monitoring the ceaction by TLC. Reac:ion
times and temperatures vary slightly. In some iastances
purification of the product by chromatography was not
necessary. '
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TABLE L¥

orcduct

a.
G
z/\.{
(R3 ard RY same Product
Acid Halide as in amine) Melring Point Comments
cicor, == & _®* &= = c
~CgHs <1 -# Cgdls O S glassy
| ~ solid
-CH, <l -4 -CHy o 155-157°C?
C(CH3) 5 <1 -2  <@pf o 138-150°C>
CHC(CHy)y €1 H ~CH,C(CH4) 3 O L37-139°C”
172 50
N Hy 0.  173-130%
ocH,
”~
~0CHy
~C0,Cyils €l -4 -0 O 125-123°C°
—<! o) 136-138°C

-Cl -d
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TABLE IV (Cont'd)

Product

Acid dalide

~C3,0CH;

clor, &= &gt
oL@, <l A
~SC,fis <1 -4
Cyils <L =
3,003, <L -1
~CH(CH;)00H; L A
Qc(O)Cq3 <l -8
~CH,0CH, s <l
- ~CH,0CH, Gy i
<o, 4

(R3 ard R4 same’

Product

Coments

as in Amine) Melting Zoint
= oc
|, O 119-122°C3
SCHs 0 167.5-168.5%C
~Coilg o §.28-130°C?
CH0CH; O 197-199°C
~CH(CH3)0CH; O 128-130°CC 3
-:C(O)CH3 0 1530-1529CF
~CH,0CH; O 104-;_o7°c°
om0 —
03 O §7-39°¢
oy 0 114-115°CC

triturated
frem pentane
after flash
chromategraphy

ccitucated
Irom iscorcovl
acher after {lash

chromatograghy

glassy solid



Acid Halide

90

TABLE TV (Cont'd)

Product

(R? and_a4'same

as in Amine)

AN

Srcduct

Melting . Point Commencs

cloo-g, = =23 gt R= 2= °c
LG  F - CHCHH; O 123-125°C°
C0H; B F -0y O 113-1159¢S
~ci, i - o —
k.

-G -+ -2 -y o —_
~CH,0CH, - F -c%zzéac:g 0 Z51-132°C%
<o <L -4 -COoNa®o —
'CsH.s ) <L A CgHs s 147-150°C*
~CH; <1, -3 -c:13. ) —
Gy <l -1 -ciy o 177-179°C
-G,y <l -# S 153-135°C
-Ci; ocay H -G o —

Yoy

3lassy

-
™

glassy

solid
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TA3LE IV {Cont'd)

2roduct

comments

(R3. ard 34 same Sroduck
Ag:id Ha_lide ' as in Amine) Melring 2oint
Clco-R, = &5 g} R= °c
-CH, 4 -l -G —
Qi = -F Ol 138-139°C
-, R G2 155-156°C
/ \, -4 - —@ 297-223°C
ClL - Cl
- -4 - G 137-133°C
| /oc-r3 _GZH3 |
-@- o4y -4 -H -@oc«h 138-141°C
CH, ac H Ciy 155-156
7N
i, g v CHs 150-152
CHCHCH) CL  H ~CH,C=Cip 157-133

ql._assy solid
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Table IV (Cont'“)

Amire 2roduct

()

N\

l 2

(R3 and R4 same ?roduct
Acid Halicde as in Amine) Melting Point Comments
ClCO-R, 8= = g3 g¢ R=" = °C
C(CH3)0CH; CL H C(CH3)0CHy O 147-149
~CHC1, CL H Kl o 153-155

whige <lass

Ci3

~33-138 slass

. . OJX, . .
E, . 3
Ce3 : ~ glass Zailowing
- Q)

axidacicn wizh

20C in CHCl,



Amine

(R3 and R4 same
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Table I'7 (Cont'd)

sroduct

I x

o)

Acid Halide as in amine) Conments
Clco-R, 2= R &% R= 2= °C
. <
”\‘l.ﬂli a A\
o3 s O 177-179°C
‘
o \ @
-C3,0CH, =/ . Glass
t <
@ \'-}4 '
:. P
8 Recrystallized from 'acetone and genzane.
E Recrystallized from ethylacetate and isopcopylacher.
€ Recrystallized €rom ethylacetate and pantane.
d Recrystallized from isopropyl ether.
® Following reduction with NaBH, in msthanol.
£ Recrystallized with ethylacetate and diztavlather.
9 The z=0 compound produced is converzr:ied £9 &l

compound by a conventional sulfucazion
employing Lawesson's

ceagent.
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2XAMPLE 3

8-CHLORO-~11-(1-ACETYL-4~P2I2ERIDYLIDENE) -5,1lL-DI{YDRO~54~
BENZO[S,G]CYCLOHS?TA[l.2-?1?YRID[NE

—————
XN

(c23€31-40
CX,C1 /7yeidine .

34\@:I

An alternate method of making the title
compound is.- to dissolve the title &ohpound of Presparative
Example 1G (3.02 g., 9.72 mmole) and pyridine (3.9 aL,
48.1 mmol) in dry methylene chloride (40 mL) at 0°C undar
an argoh atmosphere and add droopwise acetic anhydride
(4.5 mL, 47.7 mmole). Slowly warm th2 reaction mixtuze
to room temperature, After 2 flours, take up the mixturs
in methylene chloride, wash with water (2x) and with
brine. 0Ory the mixturs ovedy sodium sulZate, filtag and
concentrate in vacuo to give a produc: which is
cacrystallized EFrom acetone and pentaze =9 gi
compound as a white solid. (2.41 gm, “i=21d 7
157°C.).
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EXAMPLE 4
8 OR 9-SUBSTITUTED-1ll-(l-SUBSTITUTED-4~-2IPERIDYLIDENE)~

6,1L-DIHYDRO~-SH~BENZO(5, 6] CYCLOHERTA
(1,2-b]PYRIDINE COMPOUNDS

| By substituting the acid anhydride and amine
listed in the first and second columns, respectively, of
-Table V below for the acetic anhydride and compound of
Preparative Example 1G, tespectively in the process
described in Example 3 above, the product compounds
listed in the third column of Table V were prepared.
Workup times were determined by monitoring the ceaction
by TLC. Reaction times and temperatures vary slightly.
In some instances purification of the product by '
chromatography was not necessary.



(®3 and ’% same
as in Amine)

Acid Anhydride

Product
Melting Point

Coaments

O(CCR), &= & . &Y  m- 2= °C
ci, R=ClL R =®CH4; 20 glass
RO=H,
R°=CH3
X=N
cy rRi=cl RlsH  ®Cl; %0 slass
. . R™=R =C33
o 4
ci, RZ=R}=H RCd; =0  3lass
R7=R°=H
X=CH
¢ "\’I, o \//\'(""\*
Ty B =T L12-115°C
- U i
¢ o/'\
5. ~ N 142-144°C
\ \ = K\ 1 '
Q‘ \~‘ -~ \
<’ )
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- EXAMPLE S
8-chloro-ll-(l~acetyl-(2)-2,6~dimethyl-4-
oioe:idylidene)-G,Ll-dihydrﬁ-SH—benzo[S,G]
cyclohepta(l,2-bloyridine

Pt | '

- .Q

. To a solution of 8-chldro-Ll=-(l-acetyl=(2z)-2,5-
dimethyl-4-piperidylidene)-6,1ll-dihydro~5Hd~benzo(5,5]
cyclohepta(l,2-blpyridine (50 mg, 0.147 mmol) and M,N-
dimethylaminopyridine (24 mg, 0.19 =mol) in dry CH,C1,
(2.6 mL) was added acetic anhydride (60 ul, 0.63 mmol).
The reaction was stirred for 18 hours. The reaction was’
quenchied with water and then diluted ¥a,CO, solution.
The product was extracted with Cd,Cl, and washed with
brine, dried (Na,S0Q4), filtered and solvent removed to
give a crude which was isolated from pra2paracive TLC
:lates (eluted with-S5% MeOH in CHCLlj3) to give the title
compound (42 mg, 75% yield).

. 8y a siamilar procedure 8-chloro-ll-(l-acetyl-

(£)-2,6-dimethyl-4-piperidylicdene)-5,11-dikydro-3d-benzo-~
(5,6]cyclohepta(l,2-b]pyridine was praparad.
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ZXAMPLE 6

8-CHLOR0-1L-(1-(ETHOXYCAR&ONYLMETHYL)-4-9[?ERIDYLIDENE]-
6,ll-DIHYDRO—SH—BENZO[S,GICYCLOHE?TA[l'Z-b]?YRIDINE

X
zeC-OCSIzCE!’

. Dissolve the title compound 6f Praparativa
Example 1G (3.0 g., 9.7 mmol) in triethylamine_(z.d aL,
14.3 mmol), toluene (20 mL) and tetrahydrofuran (10 aL)
at room temperature under an argon atmosphere. Aadd
dropwise ethyl bromoacetate (1.30 mL, l1.7 mmol). After
1.5 hours, filter the mixture and concentrate in vacuo.
Purify .the residue via flash chromatograpny. Triturats
the product with pentane anQ&recrystaLlize Erom
" isopropylether to give the title compound as a whikta
solid., (2.5 gms, Yield 653%, m.p. 80-32°C.).

SXAMPLE 7

(1
W
fu
pe |
o
i
3
o
s
14

Substitute the appropriats zall
Ecom Tadle VI below into the process >i Ixampla 3 Lo
yield the product compounds listed in zolumn 3 of Tabls _
VI. - The completion time for tha rzaczion is determined
by-monitoring the reaction by TLC. The c=2action tinme and
temperature vary slightly. In some iastances
purification of the product by chromatogragay is hot

necessarcy.



Halide

Chﬁbﬁ

-CHZwIZQ{ZCH RB:CJ-! r::g R3=Cl, R“:g, 2=, ' ' glassy

)@y ; Recl, Rb, whcL, b, zai, glassy
' ) - s e o : D
‘ R=“C‘~z‘-'--2r'1@c (Ci4)3  solid

H
a

Reaction utilizes I and K2C03 ia toluene; Raflux 8
. hours.

Obtained by reduction of the orecursoc Xatone wikh
NaBH,; in methanol. '



8-CHLORO~11-[ 1= (t-BUTOXYCARBONYLAMINOACETYL) ~4~
PIPERIDYLIDENE]~6,1l1~-DIHYDRO~5H~BENZO-
‘ {5,6]CYCLOHEPTA[L, 2-b])PYRIDINE

o :

9
I Xo zc::-rz:wudac (Y
—*—.——.

SEC/4ORT/%E I

L1

1 2
°J\cuzsxc':c = I

Dissolve ¥~-t-butoxycacbonylglycine (l.34 3,
10.5 mmol), l-(3-dimethylamiﬁoprogyl)-3-ethylca:bodiimide
hydcochloride (DEC) (2.80 g, L4.6 mmol), l-
hydroxybenzotriazole hydrate (HOBT) (l1.98 g, 14.7 mmol},
in triethylamine (Et3N) (2.0 aL, 14.3 amol) and dry
methylene chloride (30 mL) at 9°C and under an argon
atmosphére. Add dropwise a golution of the title
compound from Preparatige Example 1G ij.o G
in dry methylene chloride (13 amL). Afzesr 1.5 hours, taks
up the mixture in methylene chloride and wash '
and then with brine. Dry over sodium sulfats, Ii
concentrate in vacuo to give an oil which is puri
with flash chromatography (5% MeOH in CJHCly).
Recryst€allize the pg:tfied product £rom athyl acetatsa and
pentane to give the title compound as a white solid. -
(4.15 gm, Yield 91%, m.p. 209-211°C). '
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TXaMpLz 9

8-CHLORO-L1-(1-AMINOACETYL-4-PIPERIDYLIDENE)-5,L1~
DIHYDRO-~SH-BENZO(S, 6] CYCLOHEPTA(l, 2-b] PYRIDINE

Mix the title compound of 2xample 8 (2.30 3.,
5.34 mmol) in a saturated hydrogen chloride solution in
. dioxan (35 amL), and stic at room temperature undec an
argon atmosphere overnight. Concentrate the mixture in
vacuo and triturate the resultant gummy product with
ethanol and diethylether to give the ti:ls compound as a

white solid. (2.28 g., Yiel¥d 2313%).

SXAMPLE 10

8~CHLORO-1l-(l-FORMYL~4-2I2ERIDYLICINE) -5,11-DIZYDRO~
5d-BENZO(S5,6]CYCLOHEPTA(L,2-2]j 2YRIDINE
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X4

14

ODissolve the title compound 2f ?reparza:
zxample 1G (5.0 g., L6.1L mmol) in 100 mL of ethvi Eormata
and feflux the mixture for 4 hours. Concentrate the
mixture in vacuo and triturate the product with hexane o
give the title compound as a white solid (2.2 gm, 403
yield, m.p. L47-149°C.).

SXAMPLE 11l

8-CHLORO-11- (1l -METHYLAMINOCARBONYL-4-2I2SRIDYLIDENE) -
6,1l1-DIHYDRO-5H-BENZO (5, 6] CYCLOHEPTA(Ll, 2-b] 2YRIDINE

To a mixture of 2.013g (6.53 mmols) of 3-chloro
11-(l-acetyl-4-piperidylidene)-6§,1l~dinydzo-3H~
benzo(5,6]cyclohepta(l,2~blpyridine and 1.J aL of
triethylamine in 30 mL of dry TYF it -19°C and uniar 2
nitrogen atmosphere was added dropwisa over 10 ainutas
0.40 mL (6.78 mmole) of methylisocyanats. The amixturs
w#as slowly warmed to room tempecature. Aftar 4 hours it
Qas pduced in water and extracted 3x with CH,Cly. T
ocrganic portions were combined, dried owver 4GSOy,
Eiltered and concentrated in vacuo to afford a product
which was recrystallized Erom CH,Cl,/«thyl
acetate/hexanes to give 1.70g (71%) of the zitlie compound
as white crystals: m.p. 194.5-1986°C.
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EXAMPLE 12

S-Hydroxy-s-chloro-ll-(1-acetfl-4-otee:1uvlidene)-6,ll-
dihydro-SH-benzo(5,6]cyclohepta(l,2-h!ovridine

To a mlttura of 32.6 mg (0.10 ammole) of 5~
hydroxy-a-cnloro -11- (4-oxoe:1dylxdene) -6, ll-dlnyd:o Sd;
benzo (5,6]cyclohepta(l,2-blpyridine and 9.7 ul (0.12
amole) of pyridine in a solution of 2 alL of methanol and
1 mL oE.CHZCLZ at 0°C and under a nicrogen atmosphers was
added 11.3 . (0.12 mmole) of acetic anhydride. Aftar 30
min. the mixture was poured into wacar wnich was
subsequently adjus&ed to pH of about 9 with aqueous
sodium hydroxide. The mixtfire was exsractad 2x wita .
CH,Cly. The organic portions were ccmbined, washed once
with brine, dried over Na,80,, Ziltsrad, and concentratsd
in vacuo to yield 31.2 mg (35%) of tka =zitls compound as
a glass.

[

5
b 4
‘o
[
m
gt
[N}

N-MET&YL—B—CHLORO-ll-(1-ACETYL-4-?I?ERfDYLIDENE)-6,ll—
DIHYDRO-5H-BENZO(5,6]CYCLOHEPTA(L, 2~
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3
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H
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A mixture of 500 mg (1.42 =mol2) of 3-chloco-
11-(l-acetzl-4-piperidylidene)-6,ll-dihydro-iﬁ;benzo[S,S]
cyclohepta[l,Z-pryriaine and 175 4l (2.3l mmole) of
methyl iodide in 30 mL of toluene Qas'heated at 100°C Eor
about 19 hours. The reaction mixture was cooled to coom
temperature and the solvent decanted off. The cemaining
residue was recrystallized thce Erom CH,Cl,/isopropyl
ether/hexanes to give 432 mg (61%) of the title compound
as tan crystals: m.p. 245-~247°C.

EXAMPLE 14

8-CHLORO;II-(leCETYL-4-PIPSRIDYLIDE&E)-6,ll-DIHYDRO—SH—
BENZO (S5,6]1CYCLOHEPTA(L, 2-b] PYRIDINE-N-OXIDE

To a mixture of 711 mg (2.:. =moles) of 3-
chloro-ll-(l-acetyl- 4—oioer1uy11dere.-o.ll -2

2aydro~3H-
benzoJS,Gl qyclohepta[1,2-blpyr1dzne in 30 al of 4=
CH,Cl, at ~10°C and under a nitéqgen atmesohe >
246 mg (1,60 mmole) of m~-chloroperoxyzenzoic acid, Aftsr
95 min. the mixture was taken up ia CH,CLl, and washed
once with 10% aqueous sodium bisulfi-2 and once wica 193
aqueous sodium hydroxide. It was drisd over nagnesiun
sulfate, Eiltered, and concentrated Ia vacuo. The
oroduct was purified via flash chromatograpny (3-3% “eOH
in CH5Cl,) and recrystallized from =2thyl acetate/hexaneé
to give 175 mg (26%) of the title cocmpound as a hemi-
ethyl acetate solid: m.p. 90.5-93°C '
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In a similac manner 3,9-difluoco-ll-(l-acetvsi-.
4-piperidylidene)-6,1ll-dihydro-5d-benzo(53,8]cyclonepta
(L,2-blpyridine was converted to 8,9-dilluoro-ll(1l-
acetyl-4-piperidylidene)-6,Ll-dihydro-Sﬂ:benzo[S,Gl
cyclonepta(l,2-blpyridine-N-oxide.

EXAMPLE 15

8-CHLORO-11-( 1-ACETYL-4-P[2ERAZINYL)=-6,Ll1-DIHYDRO-5H-
BENZO(S5,6)CYCLOHEPTA(L,2-b] PYRIDINE

A mixture of 1.98g (7.50 mmole) of 8,11~
dichloro-&,llédihydro-igfbenzoGS,G]cyclohegta[l,z—
bloyridine, 1.16g (9.05 mmole) of M-acetylpiperazine, and
2.0 mL of triethylamine in 20 alL of dry THT was refluxed
under a nitrogen atmosphere for 18 hr. It was then
ooursd into 5% aqueous sodium hydroxide and extracted
three times with methylene chloride. The combined
organic'gortiohs were dried over MgSCy. filetarad and
concentrated in vacuo to yield a prcduct which was
purified by Elash chromatography (3% CH40H ia CHClj) =9

afford 1.7lg (64%)-of the title compcund as a glass.

EXAMPLE 16

3y employing the agpropriacery substitutad
piperazine listed ia Table VII in place of N-acetyl
piperazine the desired products wers prepared under
basically the same conditions as described above. dorkup
time was determined by TLC.
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TABLE Y11

Prcduct

M. D,

- 146-148°C
glass
glass

%
143-1.46 °c
glass

Caments
tun at ambient
temp, then raflux

cun at ambient
tamo., then ceflux

employed large:
axcass (1l squiv.)

. of oigerazine with

0 S:;N o at
ambient temp.

oiperazine was

limiting ceagent



107

SXAMPLE L7

8-CHLORO~-11-(l~ACETYL-4-PIPERIDINYL}-11%-33N20
[S,GICYCLOHEPTAII,Z-b]?YRID[NE

A mixture of 1.179 (3.32 mmol) of 3-chloco-(L-
qcetyl-4-gipgr;dy;idene)7$,llfdihydro—sgfbenzo{s,6]
cyciohépta[l,Z-b]pyridipe in 4 mL of trifluoromethane
sulfonic acid was neated between 130-200°C for 3 déys
under a nitrogen atmosphere. The mixture was cooled to
room temperature, poured into l0% agueous sodium
hydroxide and extracted three times with CH,CLl,. The
organic portions were combined, dzied over MgSOy,
filtered, and concentrated in vacuo. The rasidue was
pu:iﬁied'via £lash chromatoqéaphy {5% MeOH in CH,Ci,| to
give 534 mg (46%) of the title compound as a glass.

The following ars examples 9of pharmaceutical
dosage forms which contain a compound of the iavantion.
As. used therein, the tarm “"active compound" is used to
designats the compound 3-chloro-ll-(l-acetyl-4-
giperidyiidene)-6,117dihydro-3§7benzo(3,Slcyclohepta-
(1,2-bjpyridine. The scope of the iavention in izs
pharmaceutical composition aspect is not %o e liaited bv
the"examplés-ptdvided, since any other compound of
structural formula I can be substitutad into the
pharmaceutical composition examples.



108
2hacmaceutical Dosage Forn E£xamoles

Example A

Tablets )

No. Ingredient gg/tablet mg/tablet
1. Active Compound 100 500
2. Lactose US? 122 113
3. Corn Starch, Food Grade, 30 40

as a 10% paste in

Purified Water
4. Corn Starch, Food Grade - 45 10
S. Magnesium Stearate 3 . 7

Tokal = 300 700

Method of Manufactuze

Mix item nos. L and 2 in a suitable mixer for L0-15

' minutes. Granulate the ﬁ;xtuze'with item no. 3. Mill
the damp granules through a coarse screen (e.g., L/4") i
needed. Ory tThe damp granulds. Scresn the dried
granules if needed and mix with item no. 4 and mix Sor
10-15 minutes. Add item no. 5 and aix £or l-3 minutas.
Compreés the mixture to appropriate size and weight on a
suitable Fablet machine. '
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Sxample 3
Capsules
No. ' Ingcaedient mg/caosule mg/caosule
1. Active Compound _ " 100 500
2. Lactose USP 196 L23
3. Cocrn Starch, Food Grade, 40 70
4, Magnesium Stearate NF L 7
Total 250 700

Method of Manufacture

Mix item' nos. 1, 2 and 3 in a.suitable blender foc i2-i
minutes. Add item no. 4 and mix Eor L-3 miautes. Till
the mixture into suitable two-piece hard gelatin capsules
on a suitable encapsulating machine.

While the present iavention has been described
in connection with certain specific s2mbodiments thereof,
it will be evident to one of ordinary skill in the art
that many alternatives, modifications and variations aay
De-made. All such alternatives, modiZizazions and
variations are intended to be iacluded within the spirit
and scope of the invention.
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A compound having the structural fscmula [

or a oharmaceutically acceptable salt or solvats thar=20¢
wherein: )

one of a, b, ¢ and d represents N or NR? where R9 is o-,
-CH3 or ~-(CH3)nCO,H wheré.n is 1 o 3, and the ramaining
a, b, ¢ and d groups are Cd, which reamaining a, b, ¢ and
d groups optionally may be substituted with R! or 22;

al and R2 may Ye the same of different and each
independently cepresents halo, ~Cfqs -or19, -CSRLQ
-sal0, -u(rl0),, “-yo,, -0c(0)r*Y, —cc2a10 rl
alkynyl, alkenyl or alkyl, which alkyi: or
may be sudstituted with halo, -OR0 =z -Co,

.—.\

’

—CCO,R
keayl group
9

',un—n
.—

~e

R3 and_R? may be the same or different and each
independently represents #, any of tha2 substituents of &!

and R2, or R3 and RY together may reprasent a saturacsd
or unsaturvated Cg~C7 fused ring;

R5, 8, 27 and R3 zach independently rspresent i,
alkyl or aryl, which alkyl or aryl may e sudstitut

C?3
i 8
with -0k19, -s5R10, -y(Rr10,),, -no,, CoRL0, ccorid,

o
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ocozall, co,R0, 0p04r10, oc one of 3%, 3%, =7 and 3% aay

be taken in combination with R as defined below to
cepresent -(CH,) .~ whece ¢ is 1 to 4 which may be
substituted with lower alkyl, lower alkoxy, -C?¥, or aryl;

Rlo tepresents H, alkyl or aryl;

’:l cepresents alkyl or aryl;

X represents N or C, which C may contain an optional
double bond to carbon atom 1ll;

the dotted line between carbon atoms 5 .and 6 tepresent
an optional double dond, such that when a éouble osond
present, A and B independently represent H, -ng, -ort
or -OC(O)RLO, and when no double bond is present between
carbon atoms S and 6, A and B8 each independently
cepresent H,, -(ORlO)Z, alxyl and-d4, (alkyl),, -# and
-OC(O)RLO, H and -ORlo, =0, aryi and d, =NORLJ oc
-0-(CH,) ,-0- where p is 2, 3 or 4 and R10 is as
'greviousiy define%f _ % '

3

e ey W)

Z rapresents O, S or #, such that

(a) when_z is 0, R may be takaan in combinatizn wizh 33,
2%, 37 or &8 as defined above, or capcasants H,
aryl, alkyl, -sr!l, -n(x19);, cycloalxyl, alxeayl,
alxynyl or =-D wherain -D re?casents hataracycloalkyl

1 3

N 88 '
£F o D
X £ 'l | “_3 °
] . : AN Y _
_~ :'(l.‘ @ )

[ - == . - -
= or X,/ whezaia 33 and R% aze s
oreviously defined and W is 0, § or N9 Lharein 322

is as defined above,
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said cycloalkyl,'alkylv alkenyl and alxynyl being
optionally substituted with from L-3 groups selected from
halo, -CON(R}0),, aryl, -coprd, -0rl2, -srl2, _y(al9),,
-8 (rL%) co,r!0, -cor'?, -n0, or -D, wherein -D and R0 are
as defined above and R!2 represents RLO, -(caz)moalo ocr
-(Caz)qcozalo whecrein R0 is as previously defined, m is
1l to 4 and q is 0 to 4,

said alkenyl and alkynyl R groups not containing -OH, -su
or -N(Rlo)z on a carbon containing.a double or tripla
bond respectively:

(5)3 when % cepresents S, R repcesgnts in addition to
those R groups above, aryloxy or alkoxy; and

(c) when % cepresents H,, R represeacs -COOR:0, -z-
coorl? oc -}'::--OR-‘-2 where E is alkanediyl which may be
substituted with -orl0, -gglo, -2(R20), or -0 whera
D, gl0 and rR12 are as praviously defined,

A compound as defined abave,. - . wherszia z is 3

or S.

A compound as defined above . = - -~
whereian R c=presents alkyl, cvcloalkyl, alkanyl, aryl or
aliyl substituted with orl2, salz, V(Q—O), or cort

A compound accordxng to thé. . abo&e
~wherein 7 is O. '

A compound accocding t0 the . ahove

wherein a cegresents V.



wherein X
atom.
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A compound accocdiag to the ; iZove
cepresents a single or double bonded carbon

A compound accordinq to the . above

wherein R3 cepresents halo and R4 represents nydrogen.

A compound according to the above

wherein'RS, RG, R’ and Rr® represent H.

wherein A

A compound abco:dinq ko  the:r - . - above
and B represent H.

The compound of the:aboyeshich is:

8-Chloro-ll-(l-acetyl-4-oiperidylidene)-5,11-
dihydro-5H~benzo(3,6]cyclonepta(l,2-blpyridine;

8-Chloro~-1ll-(l-methoxyacetyl-d~piperidylidens) -
6,Ll-dihydro-sgybenzots,Elcyclohegta[l,2-_
blFsridine; '

a-Chlo:o-ll-(l-§:opioqyl—4-;ipe:idylidene}h
6,11l-dihydro-58~benzo(5,5]crzlohepta(l, 2~
blpyridine;

S-FLuoro—llf(l-acetglf{-pipe:idylidene)-s,ll-
dihydro-igrbenzots,alcycloheptall,z-blpyridlne;

9~Fluoro-1ll-(l-acetyl-4-piperidylidene)-§,L1L-
dihydro-Sg;benzo[S,Glcyclohepta[l,2-b|pyridine;

3-3romo-li(l-acetyl-4-o0iperidvylidene]-5,L1~
dihydro-58-benzo(5,3jcrclonepta(i,2-b]pyridine;
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8,9-Difluoco-11-(l-acetyl-4-gipecidylidene)-
6,ll-diﬂydro-SH-benzo[S,alcyclohepca[l,2-
blpyridine;

8-Chloro-1l-(l-acetyl-4-piperidinyl)=6,11-
dihydro-sgfbenzo[s,6]cyclohepta[l,2-b]py:idine

N-oxide;

3,8-Dichloro-ll-(l-acetyl-4-pipecridinyl)-6,LL-
dihydro-5H-benzo(5, 8] cyclonepta(l,2-b]pyridine;

11-(L-Acetyl-4-piperidyl)=-6,Lll-dihydro—-5H-
. bénzo[S,6]cyclqhepta[l,27b]pgridine; oc

8-Chloco-ll-(l-acetyl-4-piperazinyl)-5,11-~
dihydro-5H~benzo(5,6]cyclorepta(l,2-blpyridiae.

A pharmaceutical composition as defined
. above in combinacion with a
pharmaceutically acceptable carrciar.

%

A Rethod for maxking a pharmaceutica
composition comprising mixing a coampotnd of &
with a pharmaceutically acceptable cacziarc.

A process for producing a coapound haviag
structural formula I as defined above . charactarized

oy:



115
a) reacting a compound of focmula II with g

~compound of formula III, where L crepresents a suitable

Leaving group

+ ReeCeely, ———> [

IIX

b) dircact conversion of an N-alkyl compound of
formula Vv with a compound of formula IIr

i
C-L

I1I

oc, c) cyclization of a comzound of Efocamula KII

Y
=]
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A compound of tha €ocmula AII

XIT

wherein the substituents have the same definition as in
formula T -

The use of a compound as -defined .above .. . for

the preparation of a pharmaceutical composition for anti-
~inflammatory and/or anti4alla;gy application.
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CLAIMS: _

1. A compound -having the structural formula I

or a pharmaceutically acceptable salt or solvate thereof,
wherein:

one of ‘a, b, ¢ and d repréSents N or NR? where RY is O,

~CH3 or ~-{CH2),CO5H where n is 1 to 3, and the remaining

a, b, c and d groups are CH, ° whereln one or more of the
remaining a, b, ¢ gnd_ﬁ grouﬁs -are substltuted with Rl_or R2-
Rl and R2 may be the same or different-and each

independently represenﬁs halo, -CF3r -or10, —corlO,

-sr10, -N(R10),, -No,, -0c(0)r1®, -cO,rl0, -ocO,rll,

. alkynyl, alkenyl or alkyl, which alkyl or alkenyl group

may be *substituted with halo, -OR0 or -CO,rl0;

R3 and R4 may be the same or different and each
ipdepehdently represents H, anyﬁof'the substituents of Rl
and R2, or R3 and R4 together may represent a saturated
or unsaturated Cg-~C7 fused ring;

R3, R6, R7 and RS each independently represent H, -CF3.
alkyl or aryl, which alkyl or aryl may be substituted
with -OR10, -gRrloO, -8(r10),, -No,, COR1O, ocOR1O,

_\'\\

oy i
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ocozn?x. 002810. OPO331°. or one of 3%, *6, R? and &8 nay

be taken {n combinatfon with R as defined below to
represent ~{CHy) - vpe:e'r is 1 to 4 which may be
substituted with loweér alkyl,.lowe:r alkoxy, -CF, or aryl;

R0 represents H, alkyl ,or aryl;
-R}} :ep:gséhts.llkfl or aryl;

X represents N or c. which C may contain en. ontional
double bond to carbon atonm 11;

the dotted line between carboil atomns 5 and 6 represents
an optional double bond, such thet when a double bond is
present, A 2nd B independently repreésent 5, R;oy o}
or —oc(o)RLO. and when no double bond s present between

-+ carbon atoms -5 and 6, A =nd B each independently
represent Hy, -(0RY),, alkyl and E, (alkVJ.}E -~ and
~oc{0)r}?, E and -or}D, =0, aryl and ¥, =8OR*? or
-0~(C52)p-0- where p is 2, 3 or 4 2nd R is as
prevlously def&ned

Z tepresents O-or 8 such cthat

" (a) when Z i5 O, B may be taken {n combination with ®°,
| RG. )7 or RS 25 defined above, or represents ¥,
aryl, alkyl, ) ’

cycloalkyl - representing saturated carbocveclic rinas -
branched or unbranched of f£rom 3. to 20 ‘carbon atdms,

. ‘ ) alkenyl.
_alkynyl or -D wherein -D represents heterocycloalkyl

. % 3 .
(7 > .‘fb‘v
3 '
- é 3 : J;___j*;‘!.;
L} .
"“ . or ~ 9::“ wherein R3 and R are ‘as
ey -

)

previously defined and W is O, 8 or NR10 yherein
R10 ig ag defined above,

[y Ty llllj i
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sald cycloalkyl, alkyl, alkenyl and alkynyl being
optionally substituted with from l-3 groups selected fron
halo, -CON(R* %15, aryr, -or'?, -srl2, -n(rlY),,
-u(al°)c0231°, -conlz, -NO, or ~D, vhe:ein -D and R10 are
as defined abové and R}2 represents Rlo, -(CHz)nORlo or
-(cuz)qcozn1° vherein R0 {s as previcusly defined, m is

. ) to 4°'and q is 0 to 4;'

said alkenyl ;ﬁd alkynyl R groups not contafianing -OH, -SH

o:-—N(R;olz onl a cerbon containing a2 double or triple

bond respectively; ang

(b} " when 2 represents S, R represents in a2ddition to
those R groups abaove, aryloxy or alkoxy;

saié alkyl - (1néiuding the alkyl portions of alkoxy,

alkylamiho and dialkylamino) - representing straight
and branched carbon chains and contains from one to

.

twenty earbon atoms,

said alkenyl - rep;esenéing straight and branched carbon

chains having at least one carbon to carbon double

bond and containing ffom 2 to 12 carbon atoms,
said alkynyl

=~ representing straight and branched carbon
chains having at least one carbon to carbon triple
bond and containing from 2 to 12 carbon atoms, ,and

said aryl- (inciuding the aryl portion of aryloxyj--

2.

representiné carbocyclic group containing from § to
45 carbon atoms and having at -least one aromatic ring,

A compound as defined in claim 1

wherein R represents alk&l, cycloalkyl, alkenyl, aryl or

alkyl substituted with ORlz, SRlz, N(Rlolz

3.

wherein a represents N.

or CORlz.

A compound according to claim 1 or 2

[T
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T 4. A compound according to any of claims 1-3 above

wherein X represents a single or double bonded carbon
atom.

'5; . A compound according to any of claims 1-4 above
wherein R3 represents halo and R% represents hydrogen.

6. A compound according to any of claims 1-5 above
wherein R5, RG, R’ and RS represent H.

7. A compound accordihg to any of claims 1-6 above
wherein A and ‘B represent H.

8. The compound of claim 1 which is:

9, -A pharmaceutical composition as defined in any’
one of claims .1-8 above in combination with a
‘pharmaceutically acceptable carrier.

10. A method for making a pharmaceuticgl
composition comprising mixing a compound of formula I
with a pharmaceutically acceptable carrier.

11, A process for producing a compound having
structural formula I as defined in claim 1 characterized
by

AR
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a) reacting a compound of formula II with a
compound of formula III,

leaving group

where L represents a suitable

III

- b) direct conversion of an N-alkyl compound of
formula v with a compound of formula III

+ a

i —_— I

R-C-L

‘I1x

AR
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12. A compound of the Formula XII

whefein the substituents have the same definition as in
formula I of claim 1.

. 13.  The use of a compound as claimed in claim 1. for

the préparation of a pharmaceutical composition for anti-
inflammatory and/or anti-allergy application.

R



