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ACKGROUND

15 Ha receptor sites are known and are of current interest to
those skilled in the art--for example, see: West, Jr. et al., “Biexponential
Kinetics of (R)-a-[3H]Methylhistamine Binding to the Rat Brain Hs
Histamine Receptor*, Journal of Neurochemistry, Vol. 55, No. 5, pp.
- 1812-1616, 1990; West, Jr. et al., "Identification of Two Hz-Histamine
20 Receptor S_ubtypes“, Molecular Pharmacology, 38:610-613; and Korte et
: al., "Characterization and Tissue Distribution of Hz Histamine Receptors
. in Guinea Pigs by Na-Meth_ylhistamine', Biochemical and Biophysical
1) Research Communications, Vol. 168, No. 3, pp. 979-986..
Arrang et al. in U.S. 4,767, 778 (Issued August 30, 1988)
‘25 disclose a pharmaceutical composition containing a histamine
derivative of the formula:

BN
/=-‘-—(l)—(|3—NHz
HN\/N R: Ry |

30 wherein éach 6f R4, Rz, and Ry, rebresents a hydrogen or a methyl, or
R1 and Ry taken together represent a methylene, and Rs is a hydrogen,
a methyl or a carboxy, with the proviso that Ry, Rp, Ra, and Rgare not -



derivative of the fornula: [err] 30 wherein each of
Rerr], Rerr], and R4, represents a hydrogen or a nethyl, or
‘Rferr] and R err] taken together represent a nethylene, and R3 is a

hydr ogen, a nmethyl or a carboxy, with the proviso that
Rerr], Rerr], Rerr], and R4 are not
-2 . si mul taneously nethyl groups. It is disclosed that the
derivatives behave as conpl ete agonistgoQf the H3 receptors in'rat
brain and produce a maxi mal inhibition of release identical to that

I nduced by hi stam ne (approximately 60%. It is also disclosed that

the histanmine 5 derivatives powerfully inhibit the rel ease and synthesis

of histanmine by simultanepusty methyl grgups.i s disclegediibat the deryatives.
Consequent | y, acCpfhiidas oomﬁlekef%gaﬁl&s%f tAb Hg FbRpHiSHsiin #af brein ang | i kely

the nervus, car dPEiiaBs maximal intiaHioR.at fleage idaticae el TadUcHd bR ol ose
te p?te C: Qe ggr ;valt Lhmi?:gm&al '(as?pwximatdq 60%). hitispisoadiseloded thatetherhistaatne i ve
hypot hal ano- h opﬁ?é&%&%&@?ﬁﬁwimﬂﬁ {@g@{%%s}?gég g&ﬁwgﬁé 8‘rrrrt‘)ﬁj rg'%ng rb%f
cerebral circul at very sélectively stimulating thedHs seceptorsal Consequently, ascordinge
rel ease of inflamyRisofSESHSHE dorivatives are likely to decrease histaminergic
transmission in the digestive tract and in the nervous, cardiovascular
and immune systems. Arrang et al. disclose that the derivatives can be
10 used in therapy as a drug having sedative effects, as a sleep regulator,
anticonvulsant, regulatbr,of hypothalamo-hypophyseal secretion,
antidepressant, and modulator of cerebral circulation. According to
Arrang et al., inhibition of the release of inflammation messengers in
~ various allergic conditions (e.g., asthma) is expected to result from
15  stimulation of the H3 receptors of the lung. It is further disclosed that the
"~ inhibition of release of gastric histamine is likely to exert antisecretory
and antiulcerative effects. According to Arrang et al., modification of
release of the messengers of immune responses is likely to modulate
the latter responses.
20 EP 0 338 939 discloses compounds of the formula:

o
/—v—CH-CH-NH,
T

A

Derwent abstract 86-273706/42 for EP 0 197 840 discloses
25 imidazole derivatives of the formula:_




varLoﬁs allefgic conditions (e.g., asthma) is expected to result from 15
stisul ation of the Herr] receptors of the lung. It is further disclosed

that the ~ inhibition of release of gastric histamine is likely to exert
anti secretory and antiul cerative effects. According to Arrang et al .,
nodi fication of rel ease of the messengers of immune responses is
likely to nodul ate the latter responses. 20 EP 0 338 939
di scl oses conpounds of the fornmul a: [err : Der went
abstract 86-273706/42 for EP 0 197 840 discld0Ses 25 imdazole derivatives
of the formul a: [err] :

- 3- :

wherein Ry is H, methyl or ethyl; R is H or Rz; and Ré is 1-6C alkyl-,
piperonyl, 3-(benzimidazolon-1-yl)propyl, -CZ-NHRs or a group (i):

: | )

wherein n is 0-3; X is a bond, O, S, NH, CO, CH=CH or a group (ii):

_n
~—CH

Rs3 is H, methyl, halo, CN, CF3 or CORg4; R4 is 1-6C alkyl, 3-6C cycloalkyl
or pheny! (optionally substituted by methyi or F); Z is O, S, NH, N-methyl
or N-CN; and Rs is 1-8C alkyl, 3-6C cycloalkyl (optionally substituted by
. phenyl), 3-6C cycloalkyl(1-3C)alkyl, pheny! (optionally substituted by.
15 methyl, halo or CF3), phenyl(1-3C)alkyl, naphthyl, adamantyl or -
p-toluenesulphonyl. 1t is disclosed that these compounds are
psychotropic agents. It is also disclosed that these compounds
-ahtagonise the histamine H3 receptors and increase the speed of
cerebral histamine renewal. :
20 Derwent abstract 90-184730/24 for U.S. 4,925,851
discloses 2- or 4-(2-(1H-imidazol-1-yl)ethyl) piperidine compounds
useful as antitumour agents for inhibiting Iyrﬁphoma, sarcoma, myeloma
and leukaemia. The compounds have the formula:

—
2 CH,CH,— N/\|
o —N

R—N 4 >’
| | R
25 : -

10



wher ef n Rlerr] is H nethyl or ethyl; Ris Hor RZ; and R2 is 1-6C al kyl ,
pi peronyl, *3-(benzi m dazol on-1-yl ) propyl, -CZ-NHR[err] or a group (i):

[err] . wherein nis 0-3; Xis abond, 0, S, NH CO CH=CH or a
group (ii): . [err]

(ri) 10 Rlerr] is H nethyl, halo, CN, CFerr] or CORerr]; R4 is
1-6C al kyl, 3-6C cycl oal kyl or phenyl (optionally substituted by
methyl or F); Zis O S, NH N nethyl or NNCN, and Rlerr] is 1-8C
al kyl, 3-6C cycl oal kyl (optionally substi t utehe by phenyl ), 3-6C

cycl oal kyl (1-3C) al kyl , phenyl (optionally substituted by 15 nethyl, halo
or CF[err]), phenyl (1-3C)al kyl, naphthyl, adamantyl or

p-t 0|hUteneS_U| phony|twhél'etiri__ﬂ igi-CH(CHg) M'JO%Q?H? OdECGFGMeg-Rz; m is 2-
psychotropi c agentss. dt.. Q «li sc at . EsCO .

ant agoni se the hi s@arﬁ%’é i@?h@cgg‘t%r' e@?)@"%‘ﬁ}.ﬁa gétﬁa'gﬁﬁ'g’g?‘!w“' and
cer ebral hi st am ndhedloating graap is at the 2- or 4- gositiomn) withitherprovisddhas@) e 24

for U.S. 4,925, 8515,y of G%t%ﬁ{ﬁﬁﬁbabegppféﬁgéédlﬁtﬁd;@%é.Jshﬁ éfﬁﬁ#g)hs in

pi peri di ne conpounds use S an anour  ag or in
| ynphona, sar c8na, B @pdiRngoes not gxeeadb2®aeni a. The conmpounds have the

fornul a: [err] Derwent abstract 90-180087/24 for EP 372125A discloses
' compounds of the formula:

R>

P

X

10
wherein X is O or S; Ry is halo, CF3, CN, NO2, OH, or 1-6C alkoxy; Rz is
H, 1-6C alkyt, aryl, 7-13C aralkyl, optionally substituted amino or 5- or
6-membered N-containing ring; and R3 is 1-6C hydrocarbyl, 7-13C
aralkyl or 1-13C acyl. it is disclosed that these compounds have alpha2-
15 ° antagonist activity with no dopamine activity and that they are useful for
~ treating depression and other related illnesses (e.g., anxiety or cognitive
disorders).
Derwent abstract 88-309195/44 for U.S. 4935417
discloses compounds of the formula:
20 . :

Ry
. . l
- CH—(CH,),—N N-— (CFb)q—CH
: \
B (CHe y



-4- 7 wherein Ris -CHerr](CHerr])mMe, -COCH err])m Me or

-CO- Cve[err]-Rerr]; mis 2- 18; R is Hor Me; RLis -(CH2)n-R3; nis
0°13; RBis H, i-Pr or t-Bu; and the floating group is at the 2- or 4-
position; with the proviso that (1) the sumof C atons in R err] does
not exceed 13; and (2) the sumof C atons in 5 R and Rl does not exceed

. 25. Derwent abstract 90-180087/24 for EP 372125A di scl oses
conpounds of the formul a: [err] ép wherein X is Oor S
Rlerr] is halo, CFlerr], CN, NO2, OH, or 1-6&Talkoxy; R2 is H 1-6C

al kyl, aryl, 7-13C aral kyl, optionally substituted ami no or 5- or
6-membered N-containing ring; and Rlerr] is 1-6C hydrocarbyl, 7-13C
aral kyl or 1-13C acyl. It is disclosed that these conpounds have alpha2 15

reating depressi & e&“m“@Bﬁerp"&FéﬁS%aﬁé##ﬁé@“tseérgf“'oé(ﬁﬁ%‘@b%ef#%%i&}’a

hydrogen; R is aryl, lower alkyl.or hydrogen; R 3 is lower alkyl, hydroxy
or hydrogen; R4 is aryl or hydrogen; RS is aryl or hydrogen; m is two or

5 three; n is zero, one or two, provided that when R3 is hydroxy, n is one or
two; and q is zero, one, two or three. U.S. 4935417 discloses that these
compounds are calcium channel antagonists useful for treating
mammals having a variety of disease states, such as stroke, epilipsy,
hypertension, angina, migraine, arrhythmia, thrombosis, embolism and

10 also for treatment of $pinal injuries. '

Compounds known in the art include:

()

(1)

O

NH .

HN_N
RN 85651-90-7 | RN 81345-39-3
CA98(23):194919y CA96(17):139642m



di sorders). Derwent abstract 88-309195/44 for U. S. 4935417
di scl oses conpounds of the fornula: 20 - [err]

-5- wherein (according to U-S. 4935417) Rl is aryl, lower alkyl,
cycl oal kyl or hydrogen; R2 is aryl, lower alkyl.or hydrogen; Rlerr] is
| ower al kyl, hydroxy or hydrogen; R4 is aryl or hydrogen; R5 is aryl or
hydrogen; mis two or 5 three; n is zero, one or two, provided that when
R3 is hydroxy, n is one or two; and q is zero, one, tw or three. U S
4935417 di scl oses that these conpounds arf- cal ci um channel antagoni sts
useful for treating manmal s having a variety of disease states, such as
stroke, epilipsy, hypertensi on, angi na, mgraine, arrhythm a,

t hronbosi s, enbolismand 10 also for treatne spinal injuries.
Conmpounds known. in the art include: [err] :

3

RN 81345-38-2

CA96(17):139642m
and (17) .

Known compounds in the art also include compounds of

. the formula:
5 .
HN\/N |
wherein R (Table 1) is:
10 _ : JABLE1
NO. - B BN CA
1 CHz | 106243-44-1 | 106(11):84602r
2 -CH(CHa)p 106243-45-2 | 106(11):84602r
3 . __H - 106243-23-6 | 106(1 1):84602r
4 | -C(S)NHC(CH3)20H2C(CHg) | 106243-93-0 | 106(11):84602r
5 | -C(O)NHCH(CHs)(phenyl) | 106243-90-7 -
6 -C(S)NH(p-chlorophenyl) | 10624 3-85-0 -
7 -C(O)NH(phenyl) 106243-77-0 | won




RN 85651- 90- 7 RN 81345- 39- 3 CA98(23) :.194919y
CA96(17): 139642m T6-

(3)  [err] RN 81345- 38- 2
and CA96(1 7): 139642m Known compounds in the art al so
I ncl ude conpounds of
-7-

8 | -C(NH)N(CHs)(cyclopropyl) | 106243-73-6 |

9 | -C(S)NHCH3 ~ 106243-61-2 | -

10 -CHoCHp.phenyl | 106243-49-6 --

11 -CH2CHa.p-flurophenyl 106243-67-8 |. -

12 : - benzyl . 106243-25-8 |- —

Additionally known compounds include:

|
OCHj

&

RN 51746-84-0 RN 67319-35-1
CAB80(15):82801a" CA89(13):109229v

5
(3) '
[\ Cte—N /\ |
HN A" L\\./'N
RN 58013-30-2
CAB89(23):197598t
CABA4(9):59553v CH,

@
i W

RN 58013-29-9
CA89(23):197598t
CAB4(9):59553v




RN 80101-09-3
CA96(1).6760b

the formula: 5 [err] wherein R
(Table 1) is: 10 TABLE 1 NO. .
RN - CA ~CH err] 106243- 44- 1
106(11) 84602r 2 “CH (CB) 2 - 106243-45-2 106(11
) : 84602r 3 106243-23-6 106(1 1):84602r
4 - C(S)NHC(CH3) 2CH2C( CH3)  106243-93-0 106( 11) 84602r . 5 -C(0)
NHCH ( CH3) ( phenyl ) 106243-90-7 - C(S) NH( p- chl or ophenyl)
106243- 85- 0 7 -0 NH(‘F%enw ) 106243-77-0
-7-
- C( NH) N( CH[ err])(cyclopropyl) 106243-73-6
-C(S)NHCH[ err] 106 248}- 61- 2
-CH err]CH err] - phenyl 1P&§—ZGH§—N/QW
RN 58013-24-4
(6)
/=‘-—CHZCH2 N/\l
HN A" K/N
RN 18505-67-4
CA72(17).:90459v
CA69(3):10467w
) :
| ,=vCHZCH2 N/ﬁ .
N A" l\/N
RN 46906-54-1 /7
5 N :
/—‘—-CH2CH2 /ﬁ
NN ‘\/
RN 46995-00-8 \(N J
- Ch and
© CH,CH,~——N N
ey TN/
Y
- O



11 -CH[err]CH[err]p f 1 ur ophenyl 106243-67-8 - 12 | benzyl

106243-25-8 Addi tionally known conpounds i ncl ude:

(2) (1) [err] RN 51746-84-0 RN.
67319-35-1 CA80( 15): 82801 a CA89(13): 109229v 5

(3) [err] RN 58013- 30-2 CA89(23): 197598t
CA84(9) : 59553v (4) [err] S RN 58013-29-9
CA89(23) : 197598t CA84(9) : 5%553v

In view of the art's interest in compounds which effect the
Hs receptors, novel compounds having agonist or antagonist activity on
Hs receptors would be a welcome contribution to the art. This invention
provides just such a contribution by providing novel compounds having
5 Hga agonist or antagonist activity. '

MMARY OF THE INVENTI

This invention provides compounds of the formula:
10 ' |

ora pharmaceutlcally acceptable salt or solvate thereof, wherein:
. (A)’ mis an integer selected from the group consnstlng
15 of: 0,1, and 2; :
(B) n and p are integers and are each mdependently
~ selected from the group consisting of : 0, 1, 2, and 3
such that the sum of n and p is 2 or 3 such that when
the sum of n and p is 2, T is a 4-membered ring and
20 when the sum of n and p is 3, T is a 5-membered
' ring; ' :
(C) eachRY, R2, R3, R4, RS, R7, and R8 is independently
selected from the group consisting of:
25 - (@) CitoCgalkyl;
' (8) Cgato Cg cycloalkyl; and .
(4) (CHg)q-R9 wherein q is an integer of: 1 to 7, and R®
is selected from the group consisting of: phenyl,
substituted phenyl, -OR19, -C(O)OR19, -C(O)R1°.



-8- 7 (5 '[err]
C@?Z( 17):90459v

[err]

10

15

20

25

30

RN 58013- 24- 4 [err] RN 18505- 67- 4

CA69(3):10467w [err] RN 46906-54-1  (8)

(D)

(E)

(F)

. =10~

-OC(O)R19, -C(O)NR10R11, CN and -SR10 wherein
R10 and R11 are as defined below, and wherein the
substituents on said substituted phenyl are each
independently selected from the group consisting of: -
-OH, -0-(C1 to Cg)alkyl, halogen, C1 to Cg alkyl,
-CF3, -CN, and -NO3, and wherein said substituted
phenyl contains from 1 to 3 substituents; examples

of -(CH2)q-R? include benzyl, substituted benzyl and

* the like, wherein the substituents on the substituted

benzyl are as defined above for said substituted
phenyl; -

R5 is selected from the group consisting of:

)
()
(3
4

()
(6)
)
(8)
(©)

H;

C1 to Coo alkyl;

Cato Cg cycloalkyl;

-C(O)OR1°'; wherein R10" is the same as R10
defined below except that R10' is not H;

-C(O)R10;

-C(O)NR1OR11;

allyl;

propargyl; and o
-(CH2)R9, wherein q and R® are as defined above
with the proviso that when q is 1 then R® is not -OH
or-SH;

R10 and R11 are each independently selected from the
group consisting of: H, C1 to Cg alkyl, and CatoCe
cycloalkyl; and, for the substituent -C(O)NR1°R11, R10 and
R11, together with the nitrogen to which they are bound,
can form a ring having 5, 6, or 7 atoms;

the dotted line (------) represents a double bond that is
optionally present whenm is 1, and T is a 5-membered
ring, and n is not 0, and p is not O (i.e., the nitrogen in the
ring is not bound directly to the carbon atom bearing the



RN 46995- 90- 8
CA96( 1) 6760b

and (9) {err] . RN 80101-09-3
-0-

In view of the art's interest in conmpounds which effect the H3

receptors, novel

conpounds havi ng agoni st or antagoni st activity on

receptors would be a welconme contribution to the art. This invention
provi des just such a contribution by providing novel conpounds having 5
H err] agoni st or antagonist activity. SUVMARY OF THE | NVENT] ON
Thi s invention provides conmpounds of the fordﬂla 10

10

15

20

25

30

double bond), and when said double bond is present then
R2 and R8 are absent; |
(G) whenmis2, each R1is the same or dlfferent substituent for
~ each m, and each R2 is the same or dnfferent substituent for
each m;
(H) whennis 2 or 3, each R3 is the same or different
_ substituent for each n, and each R4 is the same or different
substituent for each n; and
(I) whenpis 2 or 3, each RS is the same or dlfferent
-substituent for each p, and éach R7 is the same or dufferent

substituent for each p.

This invention also provides pharmaceutical compositions
comprising a pharmaceutically acceptable carrier and an effective
amount of a Compound of Formula L.

' This invention further provides a method of treating allergy,
(for example asthma) inflammation, hypertension, raised intraocular
pressure (such as glaucoma)--u e., a method of lowering intraocular
pressure, sleeping disorders (e.g., hypersomnia, somnolence,
narcolepsy and sleeplessness, such as insomnia), states of hyper and

"hypo motility and acidic secretion of the gastrointestinal tract, hypo and

hyperactivity of the central nervous system (for example, agitation and

‘depression) and other CNS disorders (such as Alzheimers,

Schizophrenia, and migraine) comprising administering an effective
amount of a compound of Formula I to a patient in need of such
treatment.

ETAILED DESCRIF E THE INVENTION

As used herein the following terms have the following
meanings unless indicated otherwise:
alkyl - represents a straight or branched, saturated
hydrocarbon chain having from 1 to 20 carbon atoms;
| cycloalkyl - represents a saturated carbocyclic nng havmg

. from 3 to 6 carbon atoms; and



Terr] or a pharmaceutically acceptable salt or solvate thereof,

wher ei n: (A) mis an integer selected fromthe group consisting
15 of: 0, 1, and 2; (B) n and p are integers
and are each independently . : sel ected fromthe group
consisting of: O, 1, 2, and 3 such that the sumof n and
p.is 2 or 3 such that when : the sumof nand pis 2, Tis
a 4-nmenbered ring and 20 vvhen1éhe sumof nand pis 3, Tis .
a 5-nenbered ring; (C)- each Rerr], Rerr],
Rlerr], Rerr], Rerr], Rerr], and Rerr] is independently

sel ect ed fromthe group consisting of: (1) H 25

(2) derr] to C(ferr] alkyl halogen (halo) - represents ﬂpora;&tﬂorocbmynolmaodm

and (4) -(CHerr])[err]Rerr] wherein q is an integer
of: 1to 7, and RO IS selectedfromthei;rog%?1
consi sting of: phenyl, Preferably, for compounds of friermula {29 is Q0R1; R 0,

-QO ORerr], - Quiictéd trom the group consisting of H and C1 to Czp alkyl; and R1 to R4

~10- '5 and RS to R8 are each independently selected from the group consisting
of: H, C1 to Cg alkyl, and -(CHz)q-R® wherein R? is phenyl. Most
-preferably, RS is selected from the group consisting of H and methyl; and
R1, R2, RS, R4, RS, R7, and R8 are each independently selected from the
group consisting of: H, methyl, ethyl, pentyl, benzyl, and 2-phenylethyl

10 Representative compounds of this invention include

compounds of the formula:

R3 R4
R! R? ><
= \(ﬂ { N—R® (D)
H N R3/><
'\./ : R7 RG :
RS .
1 2 /7
R R /N RS
" NI'—'\N O ne g7 - (IA)
\“ - . |
15 R 'R :
RS
1 2 '\ RS

; and

=\ ©Or 8/>( _ps - (I
R N\
HN\/N - ] Re R7.



-OC(()fR[err], -C(ONR[err]Rerr], CNand -SR err] wherein

Rlerr] and Rlerr] are as defined bel ow, and wherein the
substituents on said substituted phenyl are each

i ndependently sel ected fromthe group consisting of: 5

-OH, -O(derr] to (Jerr])alkyl, halogen, Cerr] to C[err] al kyl ,
-CF[err], -CN, and -NO2, and V\/nerein sai d substltuted

phenyl contains from1 to 3 substituents; Ies _
of -(CHerr])[err]-Rerr] include benzyl, 1tuted benzyl and
the like, wherein the substituents on the substltut ed 10

benzyl are as defined above for said substituted

phenyl ; (D R5 is selected frg theRQgr p con3| sting of:

(1) H (2) mlerr] R® '@3 (3)
Cerr] to (Jerr] cycloal kyl ; C(O)CR[err] wherein
Rl err] is the sane as R[err] Fﬂv““. defi ned beI ow -

except that Rlerr]" is not IA —\ Ré- C(O)a[‘é)r l;

(6) -C(ONRLerr]Rerr]; HN N Gl 7 (8
propargyl; and (9) (qt;l{err QQeBr]-R[err], wherein g
and RO are as defined above o with the proviso
t hat vvhenqislthen Rlerr] is not - or -SH,

25 (B) ri 8 | ected fromthe
group consi sting g@'ﬁéﬁw%{ Bhgﬁ a?é?g qe[gﬂﬁa%ﬂﬁaﬁymaﬁf to C[err]
cycl oal kyl; and, for the subBﬁpfﬂgiaﬁ\&@rﬂRP@ﬂﬁ?fRfﬁQfmU'

Rerr], togethgr Vbdmpbhﬁd@o@rmmlwlml 2 tdhryIIas:e bound,

can form a ring having 5, 6, or 7 atoms; 30 (F) the dotted line
(---) represents a doubl e bond that is optionally
present when mis 1, and T is a 5-nenbe ring, and n
is not O, and pis not O (i.e., the nitrog
ring i s not bound directly to the carbon at

in the
bearing the

N—RS (II-1)

-6

f==——CH
. -2
HNI \ e’ N/ (1-2)

N | ;and -
10

(1I-3)

HN\/N R!

wherem R1, R2, RS, RS, and R8 are as defined for Formula 1.
Preferably, for compounds of Formula II, R3, R4, RS, and
15 R8 are H. Preferred compounds of Formula II are represented by
compounds of Formulas IIB and IIC:



doubl’e bond), and when sai d doubl e bond is present then

'R2 and R8 are absent; (G when mis 2, each-Rerr] is the sane
of different substituent for each m and each R2 is the
sanme or different substituent for 5 ' each m . (H

when nis 2 or 3, each R3 is the sane or different
substituent for each n, and each R4 is the sarre or dlfferent

substituent for each n; and (1) when p is 2 or 3, each R6 is

the sanme or different 10 subst4tuent for each p, and each R7
is the sane or different ' substituent for each p.

This invention al so provides pharmaceutical conpositions conprising a

phar maceutical |y acceptable carrj t of a

r and an effecti v R%
Conmpound of Formula I. —R5 Thi s igrenfc er Nuopbdes a
met hod of treating allefgy, _pior exanpl e apthnw), i tion,
hypert ensi on, raised HWAI ar | pressurBN sugN as gl au¢oma)--i.e., a
met hod of lowering intra ar pressure, sI ing disorders (e.g.,
hyper sommi a, sommol ence, (IIB ndicol epsy s| g pssness, ch as
insomia), states of hyper and 20 hypo no ity and acidic secretion of
the gastrointestinal tract, hypo and hyperacti vity of the central

o sorder :yfi_ﬁg‘h( ;gslngﬁfg]ﬁﬁané‘ﬁztéfb' éﬁga for rﬁdﬂﬁﬂl@ﬁ Wl@%ﬁg&efre&\‘?n
33 s o oL kbagd nlhvyeidg frplered gid RY 0

adm ni stering an

patient in neeg ofisetdrtad from twé group consisting ﬂfﬂﬁcl}f@w and (Cldp)qRE
| NVENTI ON wherein R? is phenyl. Preferably, R7 is C1 to Cg alkyl, and most

preferably methyl.
Representative compounds of Formula IIA include

compounds of Formulas IIA-1 and IIA-2:

10
. RS
R! N :
N
=\ (IIA-1)
HN -
\/ ' ; and
R5
/7
R1 R2 N
(ITA-2)

H N\/N R1

15 wherein R1, R2, and RS are as defined for Formula L
Representative compounds of Formula IIT mclude
compounds of Formulas III-1_ and III-2:



As.used herein the following terns have the following 30 neanings unless
i ndi cat ed ot herw se: al kyl - represents a straight or
branched, saturated hydr ocarbon chain having from1l to 20 carbon

at ons; cycl oal kyl - represents a saturated carbocyclic
ring having from3 to 6 carbon atons; and '
-12- hal ogen (halo) - represents fluoro, chloro, brono or
i odo. - Preferably, for conpogq%?_of Formula I, mis 0 or 1;
R5 is selected fromthe group consisting Hand Cerr] to (Jerr]
alkyl; and Rerr] to Rlerr] 5 and Rerr] to R err] are each independently
sel ected fromthe group consisting of: H derr] to C6 alkyl, and
-(CHerr])[err]-Rerr] wherein Rerr] is ph | . Mbst . preferably, R5 is
sel ected fromthe group consistinglof H and nesfyyl ; and Rlerr], Rerr],

Rlerr], Rerr], Rerr], Rerr], and are eac ependent |y sel ecteed from
t he group consisting of: H " pentlyl , ﬂﬁnfxl, and
2- phenyl et hyl . 10 ReNresent ati ve cRnp nds( “this invention
i ncl ude conpounds of tHN{o,/v | a [err]
(1) ' ; and
RS
\
R, R? N

(II1-2)
RS ®
5 wherein R1, R2, and RS are as defined for Formula 1.

Representative compounds of Formula IV include _
compounds of Formulas IV-1, IV-2, IV-3, IV-4, IV-5, IV-6 and IV-7:

10

| ~\

N
F==‘—-CFF—7<:::J
HN N -R®

(Iv-3) - . (IV-4)




[err]  (I1A) 15 [err] (1)
3 . [err]

(1v) wherein mand R err] to R{érr] are as defined for Formula |
Representati ve conpounds of Fornula Il include 5 conpounds of Formnul as
[1-1, I1-2 and I1-3: '

-16-

and V7

5 wherein R1, R2, R3, R4, R5, RS, R7, and R8 are as defined for Formula L.

Representative compounds of Formula IV also include
compounds of Formulas IV-8, IV-9, and IV-10:

10

(IV-10)

wherein R1, R3, R5, and RS are as defined for FormulaI.
Representative compounds of Formula I include:



[err] | S (11-1)
(1)-2) -and 10
(11-3

defined for Fornul a I

Formula I'l, Rlerr], Rerr], Rerr], and 15
conpounds of .Fornmula Il are represented by

and ||l C

(A1)
HN A"
5
(B2)
I=\u "y :
HN A" "
CH;
10 (B4)

,—-\IIIIIIONH

HN N
H,

Qun

(C1)
HiG,

%,

\“
15

) wherein Rlerr], Rerr],

NH

HN. N :N”_

[err]
[err]

Rlerr], and Rerr] are as
Preferably,
Rlerr] are H Preferred
conpounds of Formulas 1B

for conpounds of

-14-

©)
" HgC
HN_N NH
(C2)
HsC,
—U 111
' NH
HN N



[err] (rr. and (rro wherein Rl
and R2 are as defined for Formula I with H being preferred, R5 is as
defined for Formula | with H and nmethyl being preferred and R7 5 i's
selected from-the group consisting of H C[err] to (Jerr] alkyl, and

-(CHerr]){err]-Rerr] wherein RO is phenyl. Preferably, Rerr] is
Cerr] to Jerr] alkyl, and npst . preferably nethyl.
Represent ati ve conpounds of Fornmula I1A incl U{ZE conmpounds of Formnul as
IITA-1 and 1 A-2: 10 [err] -ies :
; and _ [err] o (11A-2) 15
wherein Rlerr], Rerr], and Rlerr] are as defined for Formula I.
Representative conf@®nds of Formula Il include ¢ogpounds of Fornul as
[11-1 and 111-2: HaG
‘s
.,=\lmuC,
NH
HN\/N .
(D)
CH,
T NH
HN\/N .
5 .
E) - ()
10

15



-15- ° [err]

and [err] (rrr-2) 5
wherein R err], R2, and R5 are as defined for Formul-a |
Representati ve conmpounds of Fornmula |V include : conpounds of
Formulas V-1, V-2, V-3, V-4, IV-5 1V-6 and |V-7: : [err]
-19-
K) o

(M)

() | | )

10 (Q : . R)




-(|v-15 : (1V-2) 10 [err]

(1LV-3) (1V-4) _ -16-
[err] : (1v-5) (1'V-6) [err]
and  (1V-7) _ )
-20-
(S)

10

Certain compounds of the invention may exist in different
15 isomeric (e.g., enantiomers and diastereoisomers) forms. The invention
contemplates all such isomers both in pure form and in admixture,
including racemic mixtures. Enol forms are also included.
The compounds of Formula I can exist in unsolvated as
well as solvated forms, including hydrated forms, e.g., hemi-hydrate. In
20 general, the solvated forms, with pharmaceutically acceptable solvents



5 wherein Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], and

Rl err] are. as defined for Fornula I

Represent ati ve conpounds

Formula IV al so include conmpounds of Formulas IV-8, 1V-9, and | V-10:
[err] (1Vv-8) R3 (1v-9) R3 and 1
[err] (1'Vv-10a) wherein Rlerr], Rerr], Rerr],

Rl err] are as defined for Fornula I
i ncl ude: [err]

For mul a |

10

15

20

25

30

Represent ati ve conpounds
«21-

such as water, ethanol and the like are equivalent to the unsolvated
forms for purposes of the invention.

Certain compounds of the invention will be acidic in nature,
e.g. those compounds which possess a carboxyl or phenolic hydroxyl
group. These compounds may form pharmaceutically acceptable salts.
[Examples of such salts may include sodium, potassium, calcium,
aluminum, gold and silver salts. Also contemplated are salts formed
with pharmaceutically acceptable amines such as ammonia, alky!
amines, hydroxyalkylamines, N-methylglucamine and the like.

Certain basic compounds of the invention also form
pharmaceutically acceptable salts, e.g., acid addition salts. For
example, the nitrogen atoms may form salts with acids. Examples of
suitable acids for salt formation are hydrochloric, sulfuric, phosphoric,
acetic, citric, oxalic, malonic, salicylic, malic, fumaric, succinic, ascorbic,
maleic, methanesulfonic and other mineral and carboxylic acids well
known to those in the art. The salts are prepared by contadting the free
base form with a sufficient amount of the desired acid to produce a salt

. in the conventional manner. The free base forms may be regenerated

by treating the salt with a suitable dilute aqueous base solution such as
dilute aqueous sodium hydroxide, potassium carbonate, ammonia and
sodium bicarbonate. The free base forms differ from their respective salt
forms somewhat in certain physical properties, such as solubility in polar
solvents, but the acid and base salts are otherwise equivalent to their
respective free base forms for purposes of the invention.

All such acid and base salts are 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 of the invention.

‘ The following processes may be employed to produce
compounds of Formulal. Unless stated otherwise, reactions are
conducted at an appropriate temperature which allows the reaction to
proceed at a reasonable rate to completion. Also, unless indicated

of
0
and

of



-18-
220 -

[err]
[err]

10

15

20

25

- 19 - [err]

-22.

otherwise, the substituent groups referred to in the followin_g processes
are as defined above for Formula 1.

,=(\ COOH _ ,=-‘(\ COOR
HN N w7 BENN g
(1) @

In Step 1, commercially available compound (1) is
dissolved in a suitable alcohol, ROH wherein R is a lower alky! such as a
C1 to Cg akky! (e.g., methyl, ethyl, isopropyl and the like), preferably
methanol, containing a catalytic amount of concentrated hydrochloric
acid or similar acid. The reaction mixture is heated at a temperature of

" about 50 to about 70°C to produce compound (2). There are many other

esterification methods known in the art that may also be employed.

STEP 2-Preparation A:
COOR COOR
. Z-Cl —
HN_ gNeHCI + (3)‘—_’2 N @

(2)

In Step 2, compound (2) is reacted with compound (3) ina
polar organic solvent at a temperature of about 0 to about 50°C in the
presence of an organic base to produce compound (4). In compounds
(3) and (4), Z represents the protecting group:



Certain conpounds of the invention may exist in different 15 isoneric
(e.g., enantioners and di astereoi soners) forns. The invention

contenplates all such-isoners both in pure formand in adm xture,

i ncluding racem c mixtures. Enol forns are al so included. -
The conpounds of Formula | can exist in unsolvated as . well as solvated
forms, including hydrated fornms, e.g., hem-hydrate. In 20 general, the
solvated forns, with pharnaceutically accept aé)ée sol vent s

(trityl group). Z can be other pfo_tecting groups, such as 2-(trimethyl-
silyl)ethoxymethyl, benzyloxycarbonyl, and the like; however, unless

5 stated otherwise, Z preferably represents the trityl group in the |

“processes described below for making the compounds of this invention.
Suitable organic solvents include: DMF (N, N-dimethyiformamide),
CH2zCl2 and the like. DMF is preferred. Preferably, triethylamine is used
as the base. Other suitable bases include N,N-diisopropylethylamine
10 and the like. "

_ Those skilled in the art will appreciate that other protecting
groups known in the art may be used--such as, for example, base
sensitive groups wherein the protected compounds would be

_deprotected using basic conditions (e.g., NaOH). The processes
15- described herein wherein the protected compound is deprotected under
' acidic conditions may also be carried out under basic conditions when a
base sensitive protecting group is used.

STEP 3-Preparation A:
20
COOR Re
T base TN A
U ey N
(4) : ()

In Step 3, the enolate of compound (4) reacts with RE-L in
an organic solvent to produce compound (5). The reaction is conducted



K

-21 - - such as water, ethanol and the like are equi valent to the

unsol vat ed .fornms for purposes of the inyention.

Certain conmpounds of the invention will be acidic in nature, e.g.
‘those compounds whi ch possess a carboxyl or phenolic hydroxyl 5 group.
These conpounds may form pharnmaceutically acceptable salts. Exanpl es
of such salts may include sodium potassium calcium _ al um num gold
and silver salts. Also contenplated are sal t524‘ or med W th

phar maceuti cal |y acceptabl e amines such as ammoni a, al kyl am nes,

hydr oxyal kyl am nes, N-methyl gl ucam ne and the |ike. 10 |
Certain basic corrpounds of the invention also form har maceut i call y
acceptabl e salts, & atempenaturedaithesange pfabowtd to aboubﬁfg‘m‘m b is arsuitable ogen

atoms ray f ?;mhflg'rlbﬁviﬁgtd}oﬁ s GOITBIEY ol he oS ProRIABR LD (s |
(Sisoppopiamidaiis uspglm& PorgRnic base to.& ti.enolate, Bidt o ¢

oxalic, mal onic,

met hanesul f oni c amther Baitablertssds IﬂOﬂd@W' ydriglel ated Wva like. Suitablewn to

those in the aft. sa agt fr base
formwith a suﬁf | c?r %%@Vﬂﬁfsdf‘g'ﬁ’ﬁﬁqaﬁgm@'&?‘g@{‘dqt‘%a%&%@é“’iﬁkﬁal 'fe

the conventional nRreferably{fiHF (tetrabydeoftran)is usgd.be r egener at ed

treating the salt with a suitable dilute aqueous base sol ution such as 20
di l ute aqueous sodi um hydroxi de ot assi um car bonate, anmmoni a and

sodi um bi car bonate. The freeﬂw I v fromtheir respective salt

fornms sonewhat in certain physical properties, such as solubility in polar
sol vents, but the acid and base salts are otherw.se equival tg3o0 their

respective free base forns for purposes of the invention.
All such acid and base salts are |ntRnded to be

acceptable salts within the ﬁ)o-pe t he i nventLon
et VAl
N m o
(CHy)sST” 0
S ® !
AlR'?

l
® ©

10

In Step 4, the enolate of compound (5) is reacted with
compound (6) in an organic solvent in the presence of a Lewis acid to
produce compound (7). Suitable organic solvents include

15 tetrahydrofuran, diethyl ether, 1,4-dioxane and the like. Preferably,
tetrahydrofuran or diethyl ether is used. Suitable organic bases used to
generate the anion of (5) include lithium diisopropylamide;
LiN(Si(CH3)3)2, and NaH. Preferably, LiIN(Si(CH3)3)2 is used.
Representative Lewis acids include BFa#(C2Hs)20, (CH3)3SiCl and the



all acid and base salts are considered equivalent to the free forns of the
correspondi ng conpounds for purposes of the invention. 30

The foll owi ng processes nay be enpl oyed to produce conmpounds of
Formula 1. Unless stated otherw se, reactions are conducted at an
appropriate tenperature which allows the reaction to proceed at a
reasonabl e rate to conpletion. Also, unless indicated '

-22- ot herwi se, the substituent groups gferred to in the follow ng
processes are as defined above for Fornul A PREPARATI ON OF
COVPOUNDS WVHEREIN mis 0. nis 1 and p 5 Is 1 PRODUCI NG
COVPOUNDS OF FORMULA 1| STEP 1-Preparation A [err]

(1) like, with BFj3*(G»Hs5)20 being preferred) THé taacllon asnondn(:taulat a
avai |l abl e corrpoundtén],é%;aiure W“hﬂ"ﬁéﬁéﬁgfi o? gba‘er r t?:%limﬁ ROH wher ei n

Ris a | ower alkyl nethyl
ethyl, isopropyl and the li ké}ommmdaf'ﬁbswnverte IGQﬂ'tﬂOU rreagtuag

catal ytic amount opofpReRal(7RWih AR12)5!M Ak drganic solvent at a temperature of
5 about 50°C. R12 is a suitable alkyl group such as methyl, ethyl,
isopropyl, butyl, and the like. Methylene chloride is a preferred solvent
for this reaction, but others, such as 1,2-dichloroethane, can be
employed.
| Compound (6) in Step 4 is .prepared' according to known in
10 the art procedures--for example: Cainelli et al., Tetrahedron Letters, Vol.
28, No. 44, p. 5369 (1987); and Uyehara et al., Tetrahedron Letters, Vol.
30, No.32, p. 4275 (1989). In compound (6), RS is as defined above.

TEPS 5, 6 AND 7-Preparation

15
(8)
RB R3 . _ RB RS
tNH —>» Z—N l:N—-->HN\‘,,;N l::
(10) R® (11) RS

. - In Step 5, compound (8) is reduced to compound (9). The
“reaction is conducted in an organic solvent at a temperature within the

20 range of about 20 to about 70°C using a known reducing agent.
Examples of suitable reducing agents include DIBALH (diisobutyl
aluminum hydride) and AlHs. Preferably tetrahydrofuran is used as the
organic solvent, but other suitable solvents include 1,4-dioxane and the
like. _

25 in Step 6, compound (9)is reacted wuth (i) RS-X (when RS
is -C(O)R19, -C(O)OR19', -C(O)NR1OR1 or alkyl) in an organic solvent
optionally in the presence of a siutable base (e.g., triethylamine); or (if)

" R5A-CHO (when RS is alkyl, cycloalkyl, allyl, propargyl, benzylor
substituted benzyl) in the presence of NaBH3(CN) (sodium



15 acid or simlar acid. The reaction mixture is heated at a tenperature

of about 50 to -about 70[err]C to produce conmpound (2). There are many
ot her esterification methods known in the art that may al so be

enpl oyed. STEP 2-Preparation A: 20 [err]

In Step 2, conpound (2) is reacted with conpound (3) in a pol ar
organi c solvent at a tenperature of about O to about 50[err]C in the 25
presence of an organic base to produce Conpqqﬂg_(4): I n conmpounds - (3)
and (4), Z represents the protecting group:

-23- [err]

cyanoborohydﬁde) or other hydrogenating conditions (e.g. Ho/Pd/ROH)
in an organic solvent; to produce compound (10). R5A represents an RS
group that has one less -CHz- group. Preferably, CH2Cly is used as the
solvent when R5-X is used, and tetrahydrofuran or an alcohol is used as
5 the solvent when RSA-CHO is used. X represents a suitable leaving
"~ group such as Cl, Br, I, or -OCHa. The reaction ((i) or (ii)) canbe .
performed at a temperature within the range of about -30 to about 80°C.
Compound (10), when RS is -C(O)NR10H, is prepared by reacting
compound (9) with O=C=N-R10 in an organic solvent, such as CHzCN or
10 toluene. The reaction is performed at a temperature in the range of
about 20 to about 110°C. Alternatively, compounds wherein RS is
-C(O)NR10R11 may be made from compounds wherein RS is -C(O)OR1 o
~ by reacting such compounds with NHR19R11 in an organic solvent (e.g.,
THF) at a temperature of about 25 to about 100°C. Compound (9), or
15 compouﬁd (10) wherein R5 is -C(O)O(t-butyl), can be reacted with
- aqueous acid (e.g., HCI, HBr, and the like), at a temperature of about 25
to about 100°C, to produce compound (11) wherein RS is H.
] In Step 7, compound (10) is deprotected by treatment with
dilute aqueous acid, such as HCI or HBr, at a temperature of about 25 to
20 about 90°C to produce compound (1 1). Other protecting groups are
removed by methods well known in the art. .

In all the preparations that follow, intermediate compounds
wherein the imidazole hitrogén is protected by Z and the nitrogen of the
cyclic four or five membered amine is substituted with ~-C(O)O(t-butyl) or

25 unsubstituted, i.e., hydrogen is bound to the amine nitrogen, such as in
compounds (10) or (9), respectively, such intermediate compounds can
be reacted with aqueous acid (e.g., HCI, HBr, and the like), at a
temperature of about 25 to about 100°C, to produce deprotected final
products wherein RS is H, e.g., compound (11). o
30 PARAT E NDS WHER is 1
' COMPOUNDS OF



(trityl group). Z can be other protecting groups, such as 2-(trinethyl -
silyl)ethoxynet hyl, benzyl oxycarbonyl, and the |ike; however, unless 5
stated otherwise, Z preferably represents the trityl group in the

processes descri bed bel ow for making the conpounds of this invention.
Suitabl e organic solvents include: DVF (N, N-dinethylformam de),

CH2CI 2 and the like. DVWF is preferred. Preferably, triethylanine is used

as the base. Qther suitable bases include N, W7di i sopropyl et hyl ami ne 10 and

the |ike. Those skilled in the art will appreciate that
ot her protecting groups known in the art may be used--such as, for
exanpl e, base sensitive groups wher the prot ect ed conp qawoul d
be deprot ected using basic co g , th}D ses 15
descri bed herein wherein the p npounq %S \ect¥d under
acidic conditions may also b Ned out under Dasygy copdi tions when. a
base sensitive protecting gr used. STEP

3-Preparation A: 20 [err]- ' _ In Steq18) the enol ate of
conmpound (4) reacts with R[err]-L‘1g) an organi c solvent to produce

conpound (5). The reaction i Sepd!Qir8anic acid (12) is heated with a catalytic
amount of concentrated sulfuric acid in a solvent R130H to produce a
compound (13). R13is an alkyl group such as methyl, ethyl, and the like.
5 The reaction is conducted at a temperature equivalent to the boiling
point of the solvent (R130H), for example 65°C for methanol.

STEP 2-Preparation B:
COOR™
(13)._——> z—N\’,N
(14)

In Step 2, compound (13) is reacted with trityl chloride (see
10 compound (3) in Preparation A above) to produce compound (14),
" wherein Z represents the trityl group. Other suitable compounds which
provide protecting groupé (Z) which can be used instead of trityl chioride
mclude SEM (2-(tr|methylsdyl)ethoxymethyl) chloride.

STEP 3-Preparation B:
~ o
| 1
C—OR™
R3 | </ |
’ | RY (15) =N ANr =

(16)

In Step 3, compound (14) (from Step 2) is reacted with
compound (15) 4o produce compound (16). The reaction takes place at
a temperature within the range of about 20 to about 100°C in an organic
solvent containing an organic base. Suitable organic bases include
20 DBU (1, 8-diazabicyclo[5.4.0]undec-7-ene), and TMG (1, 1, 3, 3-
tetramethylguanidine). Suitable solvents include acetonitrile,
tetrahydrofuran, N, N-dimethylformamide and the like.

15



-24- at a tenperature in t he range of about O to about 50[err]C L

i's. a suitable - leaving group such as d, Br, | and the liKke.

Preferably, LDA (lithium di i sopropyl am de) is used as the organic base
to formthe enol ate, but ot her suitable bases include sodi um hydri de
and the like. Suitable 5 organic solvents include tetrahydrofuran,

1, 4-di oxane and the liKke. Preferably, THF (tetrahydrofuran) is used.
STEP 4-Preparation A [err] .od? '

5 In Step 4, compound (16) (from Step 3) is hydrogenated to
produce compound (17). The hydrogenation takes place in an organic
solvent, using Raney-Nickel, at a temperature of about 20 to about 60°C.
Preferably ethanol is used as the organic solvent. Under these
conditions cyclization occurs in situ to provide the desired lactam (17).

10 |
STEP 5-Preparation B:
(17) + R¥—L —>
15 In Step 5, the anion of compound (17) is reacted with R14-L

to place the R14 on the indicated nitrogen atom in compound (18). R14
can be a suitable protecting group such as Si(CH3)2C(CHzs)z or
-C(0O)O(t-butyl), or R4 can be an alkyl, cycloalkyl, benzyl, substitued
benzyl, allyl, or propargyl group. L is a leaving group, such as Cl, Br, I
20 or-OSO2CF3. The reaction is conducted in an organic solvent such as
THF, diethyl ether, 1,4-dioxane or DMSO in the presence of a suitable
base, such as lithium diisopropylamide or NaH. The reaction takes
place at a temperature within the range of about -78 to about 80°C.



In Step 4, the enolate of conpound (5) is reacted with conmpound (6) in
an organic solvent in the presence of a Lews acid to pr oduce conpound
(7). Suitable organic solvents include 15 tetrahydrofuran, diethyl ether,
4-di oxane and the like. Preferably, tetrahydrofuran or diethyl ether
I's used. Suitable organic bases used to generate the anion of (5) :
i ncl ude Iithiumdiisopropyl am de, LiN(SI(CH err])[err])[err], and NaH.
Preferably, LiN(Si (CHerr])[err])[err] is us %H Representative Lew s
aci ds include BF[err]*(C[err]'H[er ])[err]O ? [err])[err]SICl and the
- 25- like, with BFferr]*(C[err]Herr])[err] O being preferred. The
reaction is conducted at a tenperature within the range of about -78
~to about O[err]C. STEP 6-PrepatatiomB: (7) is converted to conpound
(8) by reacting compound (7) with.Al(Rlerr])[err] in an organic
solvent at a tenperature of 5 about 50[err]C RI12 |§ a suitable al kyl
group such as nethyl, ethyl, | sopropyl, butyl, d the like. Methyl ene
chloride is a preferred sol vent for this reﬁ:tl ot hers, such as
1, 2-di chl or oet hane, can be enpl oyed. Oorrpound (6) in
Step 4 is prepared according t nown |’g 10 procedures--for
exanple: Cainelli et al., Tetr dron Leteryg, . \23‘ No. 44, p.
5369 (1987); and Uyehara et al., Tetrahedron bdt 30, No. 32,
p. 4275 (1989). In conpound (6), R3 is as deH ed above.
STEPS 5. 6 AND 7-Preparation A 15 9

5 " Step 6, the enolate of compound (18) reacts with
R-X and then with R7-X to produce compound (19). X represents a
suitable leaving group, such as Cl, Br, I or -OSO2CF3. Each reaction to
place each substituent group on the ring takes place in an organic
solvent using an organic base. Tetrahydrofuran is the solvent usually
10 used; however, other suitable solvents include 1,4-dioxane, diethyl ether
" and the like. Examples of organic bases include lithium
_' diisopropylamide, M+N[Si(CH3)3]2, KH and the like. M+ represents a
suitable metal cation such as Na, Li, K, and the like. The reaction is
. usually conducted at a temperature of about -78 to about 80 °C.
15




[err] (9) | (10)
(11) _ In Step 5, conpound (8) is reduced to conpound

(9)._The + reaction is conducted in an organic solvent at a tenperature
within the 20 range of about 20 to about 70[err]C using a known reducing
agent . Exanpl es of suitabl e reducing agents include DI BALH (diisobutyl

al um num hydride) and AlH err]. Preferably tetrahydrofuran is used as the
organi ¢ solvent, but other suitable solvents30nrcl ude 1, 4-di oxane and the
li ke. 25 In Step 6, conmpound (9) is reacted with (i) R5-X
(when R5 |S-QQRMH] (XQG{HH -C(ONR[err]Rerr] or alkyl) in

(e o i ethyl amine): or (itepY, c&[@%ﬁn@cﬁé?”ﬁﬁ%ﬂﬁfcﬁﬁe ¢rigodhd 070
cxr/g!sgﬁlcgylof ﬁl!a :3% I[ With apedggrhg atgamtyn anrorganic mlmlattasdtahieniemperatumae
P 26- c ano?g%é{%?y g'% %ﬂ"ﬁrgraleén o h%?"deg} 'g(;"n dt\{w(t)l'r\] e.g
H err]/ Pd/ RC]—I) tetrahqupfwagat |actegmeremre ot abpubamébeuhm‘tﬁrd i‘{tﬁe) .
fpreg][ gfgglt s an B ergyjtable re &ts iRattde fEIiJ? tssraneibAdthe likeoOther
y, CGHZA2Z.1s usiqcaﬂ 5 en V\ih% e(;.ri-Xus YS§ fikednd
tetrahydr of uran ororg@nig Yents; lggapgh e used include ioxane and ike.
In reaction path 1 (compound (20) to (22)), R14is alkyl,
cycloalkyl, benzyl, substituted benzyl, allyl, or propargyl. In reaction path
2 (compound (20) to (21)), R14 is -Si(CH3z)2C(CHz)3 or -C(O)O(t-butyl),
10 In Step 8, following reaction path 1, compound (20) is
deprotected by following the procedure in Step 7 of Preparation A to
produce compound (22). Alternatively, following reaction path 2, when
R14 is -Si(CHg)2C(CHa)s, compound (20) is treated with
tetrabutylammonium fluoride in tetrahydrofuran at a temperature of
15 about 0 to about 50°C to produce compound (21), or compound (20),
when R4 is -C(O)O(t-butyl), is treated with dllute aqueous acid (e g.,
HCI, HBr and the like).
- In Step 9, the procedures in Steps 6 and 7 of Preparatlon A
are fblloWed so that compound (21) may be converted to compound

20 (22).
PREPARATION OF COMPOUNDS WHEREIN m 1S 0. n is 1 an
is 2 PRODUCIN MPOUNDS OF FORMULAIV
25 | STEP 1-Preparation C:
_ s
¢ CN —<¢ CN
Z—N \'/N — Z—N\,N_
(23) (24)

In Step 1, compound (23), synthesrzed according to
Degraw et al. J. Med. Chem., 1977, 20, 1671, wherein Z is the trityl
group, is reacted with R8-L in an organic solvent, in the presence of an
30 organic base, at a temperature of about 0 to about 50°C to produce



5 the solvent when Rlerr]-CHO is used. X represents a suitable |eaving
group such as d, Br, |, or -OCH3. The reaction ((i) or (ii)) can be :
performed at a tenperature within the range of about -30 to about 80[err]C
Conmpound (10), when Rerr] is -C(CONRerr]H, is prepared by reacting
conmpound (9) with O=C=N-R[err] in an organic solvent, such as CH3CN or 10
tol uene. The reaction is perfornmed at a tenperature in the range of -
about 20 to about 110[err]C. Alternatively, -.@mpounds wherein R5 is

-C(O NR1OR11 may be nade from conpounds wherein R5 is -C(O)OR[err]" by
reacting such conmpounds with NHR err]R[err] I n an organic solvent (e.g.,-

Compound (10) " vhorSPagnd (54); L ks SyRabiéyeaving Srokn syeh s, ek,
aqueous acid (e.g. halb@n (hidides) sdigcted frokrelhe group ¢onsistings of: €1.0Br, andI; 25
in Sep 71022%2Ln $Oaftete Eiy PG, Cofiais BRBRET-OBELCHa: angithg fike.
aqueous acid, suc u&ablmorgannmas&a ingludentithium diisopropylamide’s to 20 about
90[err]Cto prSd“Cﬁ\IA\EiFBE&‘ (éﬂa tmgl@rPPéﬁPétﬂ?'tﬁﬂ &bﬂHM?\t is

renoved by nethods

preparations t hat tetrahydr Wﬂ"er "zﬁ“&a [ $RjveRts which m%@?éﬁﬁdtiﬁﬁl“de 1 4-

i m dazol e nitrogendiogame @hdthedikey Z and the nitrogen of the cyclic
four or five nmenbered amne is substituted with -C(O Q(t-butyl) or 25
unsubstituted, i.e., hydrogen is bound to the anmine nitrogen, such as in
conpounds (10) or- (9), respeSTEPR- Al di ate conpounds can

be reacted w aqueous acid (e.g., Hd, HBr, and the like), at a
tenperature of "about 25 to about 100[err]C, to produce delgg .otected final
‘products wherein Rerr] is H  e.g., conpound (11) 30 B. RATI ON OF

COVOUNDS WHEREIN mMI1S O, nis 1 and p S ZLLICT NG
COVPOUNDS OF FORMULA |V o STEP 1-Prep éﬁ .
| - (24) + e N
- Br. Z N\/

OR
(25) (26)

in Step 2, the anion of compound (24) is reacted with
compound (25) (wherein R is alkyl) to produce compound (26). The
15 reaction is conducted at a temperature of about -78 to about 50°C in an
organic solvent containing an organic base. Suitable organic bases
include lithium diisopropylamide, LiN(Si(CHa)s)2, and the like.
Preferably, the organic solvent is tetrahydrofuran. Other suitable
solvents which may be used include DMF and the like.

S

Z— NVN R3
(27)

20

(26)




-27- [err] (12) (13)

In Step 1, urocanic acid (12) is heated with a catalytic anount of
concentrated sulfuric acid in a solvent R err]OH to produce a conpound
(13). R13 is an alkyl group such as nethyl, ethyl, and the like. 5 The
reaction is conducted at a tenperature equivalent to the boiling poi nt
of the solvent (Rerr]COH), for exanple 65[err]C for nethanol.

STEP 2-Preparation B: [err] -32- _ (14)

In Step 2, conpound (13) is reacted with trityl chloride (see.10 conpound
(3) in Preparation A above) to produce conpound (14), wherein Z

represents the trityl group. Vigde
protecting groups ng) whi ch I%@Si@gé@ﬁ*@h&%ﬁ&gﬁ %Ifﬁnﬂllgrsltgé% &d

i ncl ude SEM ( 2- (t r Prepatgtien By icompesngn@6his Substiteledwith substituent groups RﬁrEP
3-Preparation B: 7

(frompSt ep 2) is rgac!t‘:ledto proaﬁce comcmu“d ‘?7)(%&3&? {' ?oce [ofs) @)’d (16).
The reaction takesprpﬁpé&dgyt ereaﬁﬁ'Q’bgB@’HPQP@ it )nWﬁ P‘?Hﬂjgp about 20
to about 100[ e ] C in an organic
Br oR (26A)
R® R’

under similar conditions for the reaction of compound (24) with
compound (25) |

10 : In Step 4, compound (27) is reduced using Hz and Raney-
Nickel. The reduction takes place | in ethanol_at a temperature of about
25 (room temperature) to about 80°C. Other reducing agents can be
used such as NaBHdCoClé wherein the reduction takes place in
ethanol at about room temperature. Subsequent cyclization in situ

15 provides compound (28).



sol vént cont.ai ni ng an organi c base. Suitable organic bases include 20 DBU
(1, 8-diazabicyclo[5.4.0]undec-7-ene), and TMG (1, 1, 3, 3-

t et ramet hyl guani di ne). Suitable solvents include acetonitrile,
tetrahydrofuran, N, N-dinethylformam de and the |ike.

- 28- STEP 4-Preparation B:

[err] . ' 5 In Step 4, conpound (16) (from Step
3) is hydrogenated to ’ progdgge conpound (17). The .
“hydrogenation takes place in an organic sol vent, using

Raney- Ni ckel , at a tenperature of about 20 to about 60[err]C.
Preferably ethanol is used as _the organic gﬁﬁiﬁ!ﬂigﬂZé t hese
conditions cyclization occu§§1ﬂ55§ij&éhdlljé Lo ired lactam (17).

10 - STEP 5-Preparation B: [err]
R7
(28)

\ RS
. —\ R®

Z—N N

(29) \

5 In Step 5, compound (28) is reduced to compound (29) in

tetrahydrofuran using LiAlH4 and a reaction temperature of about 0 to
about 70°C. Another suitable reducing agent is BHs.
' In Step 6, compound (29) is converted to compound (30)
according to the procedure described in Step 6 of Preparation A.
10 .In Step 7, compound (30) is deprotected to produce
compound (31) by following the procedure described in Step 7 of
Preparation A. '

15 is 2 PRODUCING COMPQUNDS OF FORMULA IV



15 * In Step 5, the anion of conpound (17) is reacted with
R[err] to place the R14 on the indicated nitrogen atom
in corrpound (18). R14 can be a suitable protecting group
such as Si(CHerr])[err]C(CH eri])[err] or

-C(OQt-butyl), or R14 can be an al kyl, cycloal kyl, benzyl, substitued
benzyl, allyl, or propargyl group. L is a |leaving group, such as d, Br, |
20 or -0sqg err]CF[err] The reaction is conddeted in an organi ¢ sol vent .

such as THF, diethyl ether, 1,4-dioxane or DMSO in the
presence of a sui t abl e base, such as |ithium
di i sopropyl am de or NaH The reaction takes pl ao® at a

tenperature within the range gi_' bout -78 to about . 80[err]C
-29- - STEP garatlon B: derr] '
(19) /—? — R®
Z-N N + (CsHs)aP\)L __’Z_N \’
(32)  (33) (34)

In Step 1, compound (32) is reacted with compound (33) to
produce compound (34). The reaction is conducted in tetrahydrofuran at
5 atemperature of about 25 to about 70°C. Other usable organic solvents
besides tetrahydrofuran include DMF and the like. Compound (32) is
prepared foliowing the literature procedure set forth in J. L. Kelley et al.,
J. Med. Chem., 20, 721"(1_977_). The Wittig reagent, compound (33), is
either commercially available or may be prepared from the
10  corresponding o-halo ketone and triphenylphosphine using standard

reaction conditions known'in the art.

- 15

In Step 2, cbr'npound (34) is reacted with compound (35) to
produce compound (36). The reaction is carried out according to the
procedure set forth in Step 3 of Preparation B.

20 : '



1 4

5 In Step 6, the enolate of conpound (18) reacts with R6- X
and then with Rlerr]-X to produce compound (19). X represents a
sui tabl e | eaving group, such as d, Br, | or -GS err]CF[err]. Each

reaction to pl ace each substituent group on the ring takes place in an
organic sol vent using an organi ¢ base. Tetrahydrofuran is the sol vent
usual ly 10 wused; however, other suitable solvents include 1,4-dioxane,

di et hyl et her and the |ike. Exanples of -@gani ¢ bases include |ithium
di i sopropylam de, MN Si (CH err])[err]][err], KH and the like. M
represents a suitabl e netal cation such as Na, Li, K and the like. The
reaction is usual Iy condugt qout -78 to about 80
[err]C. 15 _ FEP o8 AN =t B:

(19) [err] . ' - 30-

a reducing

In Step 7, conpound (19) is reduced to conpound (20) W t

agent in an organic sol t at a s%ﬂgable tenperat ure. efe¢$bly,
LiAlH err] (lithiumalu i um hydrittle) is used with of uran at
a tenperature of about O abqﬂj O[err]C. Oher 5 uci ng
agents include BHerr] (bo e) a NHIi ke. Oher solvents

whi ch may bé used include 1
reaction path 1 (conpou?s
I

ane and the |ike.HN

glerr] is alﬁyf’ (39) cycloalkyl
,\aﬁyl or pfbpargyl . In reactiop path

13) 2C(CH3) 3 or -C(O -butyl). 10
conpound (20) is '

benzyl, substituted ben

(conpound (20) to (21)), 3 g
In Step 8, follow ng reacti ﬁ ath 1,

(38)

5 In Step 3, compound (36) is hydrogenated at a -
temperature of about 25 to about 70°C using Hz and Raney-Nickel. The
reaction is conducted in ethanol in similar fashion to the reaction '
described in Step 4 of Preparation C.

In Step 4, following the procedure in Step 6 of Preparation
10 A, compound (37) is reacted with R5-X or RSA-CHO to produce
compound (38).

' | In Step 5, compound (38) is deprotected at a temperature
of about 50 to about 100°C using aqueous acid such as 10 % aqueous
hydrochloric acid to produce compound (39). '

15

20



deprotected by followi ng the procedure in Step 7 of Preparation Ato

produce conpound (22). Alternatively, follomﬁng reaction path 2, when
R14 is -Si (CH3)2C(CH3) 3, conpound .(20) is treated with

t et rabut yl anmoni um fluoride in tetrahydrofuran at a tenperature of 15
about 0 to about 50[err]C to produce conmpound (21), or conpound (20),

when R14 is -C(O (t-butyl), is treated with dilute aqueous acid (e.g.

HCl, HBr and the like). | n38t-ep 9, the procedures in
Steps 6 and 7 of Preparation A are foll owed so that conpound (21) may
be converted to conpound 20 (22). C. PREPARATI ON OF COMPOUNDS
WHEREIN mMI1S 0. nis 1 and p i

CCNPCUNDS OF
FORMULA IV 25 STEP 1-Preparatio
(23) (24)

[err
n Step 1, conpound (23),

synt hesi zed according to - Degr et al. : Chen1 1977, 20, 1671
wherein Zis the trityl gro regct h R[err]-L I n an organic
solvent, in the presence of an 3 or gRATC ayf a tenperature of about
?32? about 50[err] C to produce (CH,), (C 2)r

(40) (1)

In Step 1, compound (40) is reacted with di-tert-buty!
dicarbonate ((tBOC)20) in an organic solvent in the presence of an
5 organic base. The reaction is conducted at a temperature of about 0 to
" about 30°C. Preferably, methylene chioride is used as the organic
solvent, but other suitable organic solvents include DMF and the like.
Triethylamine is used as the organic base. Other bases which can be
used include 4-dimethyleminobyridine and the like. In compounds (40)
10 and (41)r represents 10r2. The desired starting reactant (40) can be
| ~ obtained commercially. in compound (41), the BOC group is chosen as
an activating.group on nitrogen which increases the kinetic acidity of the
a-proton such that a lithio salt would result (for example, Step 2). Other
-~ activating groups on nitrogen, known in the art that can also be
15 ° employed include nitroso, phosphoryl, hindered acyl, and formamidyl. -
(see Aldrichimica Acta, Vol. 8, No. 3, 1985).

P 2-PREPARA"

| | OC(CHy)s
R! R!

N
—o1 — ?
(41) + Z—N\}N | _’Z—N\/N - (CHp),

' 43
20 (42) | (“43)

| In Step 2, the anion of compound (41) is reacted with
compound (42), to produce compound (43). The reaction is conducted



conmpound (24) L is a suitable |eaving group such as, for exanple,
hal ogen (halides) selected fromthe group consisting of: C, Br, and I;
-0serr]-Cerr]Herr]-CHerr] (wherein CJerr]Herr] is phenyl):

-OS0[err]-CH err]; and the I|ike. Sui t abl e organi ¢ bases include
Iithiun1diisopropy|anide, 5 LiIiN[Si(CHerr])[err]][err], and the Iike.
Preferably, the organic solvent is: tetrahydrofuran. Qther. suitable

sol vents which may be used include 1, 4- | oxane and the |ike.

STEP 2- PREPARATION C. 10 [err] ' (25)

(26) In Step 2, the anion of conpound (24) is reacted

with conpounth 4Aor amioesmventlemxaingwn otganic base andoFiMEDA (2;3) ]The
15 reactionis c ur. S0[err]C -
in an or gani @gg'gﬁﬁgﬁ’l@mfﬁﬁﬁlh @eoéer?%gaﬁe{%gmg |&teglt;4¥eg organic
bases i ncl udterpetature of about-38 1o about:251C (reom temperatyred:r])[err],

Q h bl | i k
STEE{Q, ZUIA}\% 4_e5REpgmtsjqc{gde dtepul er andu t%echke He anion ofa wl) is %r ;'Jargd

by metalation of (41) with sec-butyllithium in THF at -78°C. Compound
(42) is obtained by reacting compound (32) with an organometallic
reagent R1M, wherein M is Li or MgBr, and then with thionyl chloride

and the like. Teﬁﬁﬁ?&fgﬁ?}ah mﬁltﬁ}ﬁfé?éﬁﬁmé‘edsﬁ tﬁﬁ‘éiv&ntt étﬁéwﬂra@i ran.

~ (SOClp).
10 : .
| TO 5-PREPARATI
R! |
\ N:
— 0¥l
(CHy), S Z-N N (CHy),
(44) | © (44A)
(45)
15 | in Step 3, compound (43) is treated with HCI or similar acid

" in an inert organic solvent such as ethyl acetate or dioxane, at a
temperature of about 0°C to selectively deprotect (43) thus producing
compound (44).



(27) ° (28) '
- 32- ' In Step 3, following the procedure set forth in Step

6 of Preparat|on B, conmpound (26) is substituted with substituent
groups R6 and R7 to produce compound (27). Altematively, conpound (27)
S prepared by the reaction of conpound (24) wth conpound (26A). 5
[err] under simlar conditions for the reaction of conpound (24)
W th conmpound (25). 10 : In.R®ep 4, conpound (27) is
reduced using H2 and Raney- Ni ckel . The reduction takes place in

et hanol at a tenperature of about 25 (roomtenperature) to about

SOLET ) LT o 200509, 25f S, iesun 60 s o P x oot oo
err err erein
about room t enper ainuaccordamceewiththe pyotadure iseb torth in Stepl6 of Prepamition A to

CO”pound (28). produce compound (44A).
: Iin Step 5, compound (44A) is then deprotected to produce
5 compound (45) by following the procedure set forth in Step 7 of
Preparation A.

PREPARATI 'COMPOUNDS WHEREIN m | i n
i r3 PROD MPOUND F FORM  JIA AN
10 '
’ TEP 1-PREPARATI
OC(CH,);
OH
CHO N } |
(41) + Z=N_N ~—> Z=N_N (CHo)r
(32) (46)
15 in Step 1, compdund (41)--see Step 1 of Preparation E--is

reacted with compound (32) in accordance with the procedure set forth
in Step 2 of Preparation E. ris 1 or 2,

PS2 A PREPARATI

(46)\\ (\/OC(CHs)a . \,ocwu.oa
o (48 R' |
| N (CsHs)sFl(\/)R‘A N.

— ? - ?
NN el N e,

N Z=N o
wn (49)

20




-33-° . STEPS 5.6 AND 7- PREPARATI ON C [err]

(30) 5. In Step 5, conpound (28) is reduced to conpound (29)
in tetrahydrofuran using LiAlH err] and a reaction tenperature of about
‘0 to about 70[err]C. Another suitable reducing agent is BHerr].

In Step 6, conpound (29) is converted to conmpound (30) - according to the
procedure described in Step 6 of Preparation A 10 In Step 7,
conpound (30) is deprotected to produce -89nrpound (31) by fol |l ow ng t he
procedure described in Step 7 of Preparation A

In Step 2, compound (46) is oxidized to produce
compound (47). The oxidation is accomplished by treating compound
(46) with an oxidizing ageni, such as MnO3 or PDC (pyridinium
dichromate), in an inert organic solvent, such as tetrahydrofuran or .

5 - methylene chloride, at a temperature of about 20 to about 70°C.

in Step 3, compound (47) reacts, under usual Wittig
reaction conditions, with compound (48) in an organic solvent at a
temperature of about 25 to about 70°C to produce compound (49). In
compound (48), R1A represents an R1 group which has one less -CHa-

10 group. Preferably, the organic solvent is tetrahydrofuran; however, other

suitable solvents, such as 1,4-dioxane and the like, can be used.

TEPS 4 AND 5-PREPAR,

(49) OYOC(Cﬂs)a  fF
N r—N "’
/—\/K< «:«B,

- N\/ma) < /N?:a.s)
A

Z=N AN
15 (44)

In Step 4, compound (43) is produced when compound
(49) is hydrogenated in tetrahydrofuran with Ha using a Pd-C
_ (palladium/carbon) catalyst. Other organic solvents which can be used
20 include ethyl acetate, methanol and the like. Other suitable metal
catalysts such as Pt, Pd-Alx203, Ra-Ni, NiB, and Pd-CaCO3 can also be
employed as the hydrogenation catalyst. '



D. PREPARATI ON OF COMPOUNDS WHEREIN mis 0. n is 1 and p 15 S

2 ,PRODUCI NG COVPOUNDS OF FORMULA |V ' STEP 1- PREPARATI ON D
-34- [err] (32) _ (33) (34)
In Step 1, conpound (32) is reacted with conpound (33) to produce

conpound (34) The reaction is conducted in tetrahydrofuran at 5 a
tenperature of about 25 to about 70[err]C. O her usable organic soI vent s
besi des tetrahydrofuran include DVF and t he -l4(ke. Conpound (32)-
prepared.following the literature procedure set forth in J. L. Kelley et

al . J. Med. Chem, 20, 721(1977). The Wttig reagent, conpound (33), is

ei ther commercial |y ‘avail abl y I ng

[err]-hal o ketone and tri pheﬁﬁﬁ{ﬁﬁ%‘pﬁ(ﬁﬁ’gp%@ﬁ? %gpié%%(@)}glpgﬁﬁqrugﬁoﬁw

condi ti ons known i@nd temta compound (45) is accontpitished-byatiowing the samper r |
prooe_ss described in Steps 3, 4, and 5 of Prepa_ratlon E.

5 . _PREPA E P DS W Nmi n
isior2P ] - NDS OF FOR

STEP 1-PREPARATION G:

N—R44+ (32) —>»
e
(50)

10

in Step 1, the anion of compound (50) reacts with
- compound (32) in an organic solvent at a temperature of about -78 to
about 25°C to produce compound (51) wherein p is 1 or 2. Suitable
15 organic solvents include tetrahydrofuran and the like. Preferably, the
organic base used to generate the anion of (50) is lithium
diisopropylamide or _M'+N[Si(CH3)3]2 wherein M+ is a metal cation such
as Li, Na, or K. Zis trityl. Compound (50) is obtained from the
commercially available unprotected precursor -
20 ' :
O

N
o),

according to known methods--see, ‘for example, Step 5 of Preparation B.



In StEp 2, conpound (34) is reacted with conpound (35) to ~ produce
cqQnmpound (36). The reaction is carried out according to the pr ocedure
set forth in Step 3 of Preparation B. 20

- 35-

10

15

20

STEPS 3,4 AND 5- PREPARATI ON D [err]

-41-

-4-PREP

— N—R5
NH N «ﬂﬁb
69y R

In Step 2, compound (51) is reacted with R1-Q, wherein Q

isLi or MgBr, in'tetrahydrofuran containing CuCN and a Lewis acid,

such as BFs3, (CH3)3SiCl and the like, to produce compound (52). The.
reaction is conducted at a temperature of about -78 to about 20°C.
Tetrahydrofuran is the preferred organic solvent; however, other suitable
solvents include diethyl ether and the like.

In Step (3), compound (52) is reacted with R8-L according
to the procedure set forth in Step 3 of Preparation A. Then the resulting
R8 substituted compound is reduced with either AlH3 or DIBALH (when
p = 1); or with LIAlH4 (when p = 2) at a temperature of about 25 to about

165°C to produce compound (53). The reduction is conducted in

tetrahydrofuran; however, other organic solvents, such as 1,4-dioxane
and the like, can be used. _

In Step 4, compound (53) is converted to compound (54)
according to the processes described in Steps 8 and 9 of Preparation B
for the conversion of compound (20) to compound (22).



(38) ) .5 _ In Step 3, corrpou;nd (36) is hydrogenated at a
tenperature of about 25 to about 70[err]C using H2 and Raney-N ckel. The
reaction is conducted in ethanol in simlar fashion to the reaction

described in Step 4 of Preparation C. In Step 4, follow ng
the procedure in Step 6 of Preparation 10 A, conpound (37) is reacted with
R5-X or Rl err]-CHO to produce conpound (38). In Step 5,
compound (38) is deprotected at a terrperatur-e42- of about 50 to about

100[ err] C using aqueous aC| d such as 10 % aqueous - hydrochloric acid to
produce compound (39). ~ E. PREPARATI ON OF COVPClJNDS V\HEREI NmIS 1.
nis 0 and p : =9 - DS

STEP 1- PREPARATI ON-E—20— ) ' o
[err] i r2 PR IN POUNDS OF F MLA I NDIV

The anion of compound (50), which is prepared by reacting
5 compound (50) with lithium diisopropylamide at a temperature of about
-20°C to about 20°C in THF (see Step 1 of Preparation G) reacts with
compound (42)--see Step 2 of Preparation E-in tetrahydrofuran at a
temperature of about -78 to about 25°C to produce compound (52)--see
Step 2 Preparation G. Other suitable solvents besides tetrahydrofuran
10 can also be used, such as DMF and the like. Other suitable bases which
can be used to generate the anion of (50) include NaN[Si(CHg)3]z,
KN[Si(CHz3)3]2, KH and the like. Compound (52) is converted to
compound (54) following the procedures in Steps 3 and 4 of Preparation

G
15 | | |
PREPARATION OF COMPOUNDS WHEREIN m IS 1. nis 1 an
0o
—R14
i HN\J’N
(55)
o
N—R™
RS (56)
20 |

Compound (55) reacts with R8-M (wherein M is Li, ZnBr or
MgBr) in tetrahydrofuran containing BF3#(C2H5)20 and CuCN at a
-temperature of about -78 to about 20°C to produce compound (56).
Other suitable solvents such as diethyl ether can be used. Compound



In Step 1, conpound (40) is reacted with di-tert-butyl di car bonat e
((tBOCO)[err]O in an organic solvent in the presence of an 5 organic

- base. The reaction is conducted at a tenperature of about O to about
30[err]C. Preferably, nmethylene chloride is used as the organic

sol vent, but other suitable organic solvents include DVMF and the like.
Triethylamne is used as the organi c base. O her bases which can be

used i ncl ude 4-di net hyl am nopyridine.and the43ke: |In conpounds (40) 10

and (41) r represents 1 or 2. The desired starting reactant (40) can be

obt ai ned commercially. In conpound (41), the BOC group is chosen as -an

2 broton auch that B8 BN |6 GomPRUGR AT Inesrigic wih'teb ador 7, .
activating groups stepsiset fortinin Rreparation Grer Rreparation Han al so be 15

enpl oyed ‘i ncl ude nitroso, pheg%uhhsﬁglg%g?ﬁ%@&wma&ﬁ\d ﬂ{d@&g%cia“y

(see Aldrichimca Acta, Vol. )

2- PREPARATI ON E [@¥ailable unprotegted precursor ~ . (42)

(43) . 5 In Step 2, the anion of conpound (41) is reacted with
conpound (42), to produce conpound (43). Theoreaction I s conducted

NH

with R14-L according to known methods--see, for example, Step 5 of
Preparation B. '
10 '
R TION D |

‘ By following the steps in Preparations E, F. G or H with the
15 exception that compound (58) : '

R\ R2

G

— 1
Z-N N R
(58)

is used instead of compound (42) and compound (59)

20 _
R1 RZ
== CHO
- (59)

is used in place of compound (32), compounds (60) and/or (61)



-37- ' I-n an organi c sol vent containing an organi c base and TMEDA
(t.etranet hyl et hyl enedi anine). The reaction is conducted at a

tenperature of about -78 to about 25[err]C (roomtenperature).
Tetrahydrofuran is preferably used as the solvent, other suitable 5
solvents include diethyl ether and the |like. The anion of (41) is prepared
by netal ation of (41) with sec-butyllithiumin THF at -78[err]C. Conmpound.
(42) is obtained by reacting conpound ('32) w44 an organonetal lic

reagent Rlerr]M wherein Mis Li or MgBr, and then with thionyl chl ori de
(sCCiferr]). 10 - STEPS 3 TO 5- PREPARATI ON E: [err]

RS

RL. R? N
et

H&NﬁN R!

(60)
R\ R?
N—R5
— R® (C"(z)p
HNNﬁN,R"

(61)

5 are produced_. Compound (60) is produced following Preparation E or
Preparation F, and compound (61) is produced following Preparation G
or Preparation H. In i'_:bmpound (60), ris 1 or 2 and therefore p is2or3,
and in compound (61), pis 1 or 2. In compound (58), G represents a

- suitable leaving group such as Br, I, -0S02-CgH4-CHg, -OSO2-CHs,
10 -0S0,-CF3 and the like. The preparatlon of compound (58) is
described below.



15 In Step 3, conpound (43) is treated wwth HJ or simlar
aci d in an inert organic solvent such as ethyl acetate or dioxane, at
a tenperature of about O[err]C to selectively deprotect (43) thus

pr oduci ng conmpound (44). - 38-°
In Step 4, compound (44) is reacted with Rlerr]-X or R err]-CHO I n
accordance with the procedure set forth in Step 6 of Preparation Ato
produce conpound (44A). In StemsH, conpound (44A) is then
deprotected to produce 5 conmpound (45) by follow ng the procedure set
forth in Step 7 of . Preparation A F. PREPARATI O\I OF COVPOUNDS
WHEREIN m | S 1. n|SOande ‘
FCRI\/ULAS ITA'AND 111 10

(i?) ' = CHO /=% CHO

@) Z—-N_N Z—N_N

G OH

Z—N. .N R Z—N N R!
N \#

(58) | (63)

§ Compound (62) is produced by the reduction of compound (23) in
~ tetrahydrofuran at a temperature of about 0 to about 70°C using
' _dnsobutylalummu_m hydride as the reducing agent followed by an
aqueous work up. Alternatively, reduction of compound (4) by bis(2-
methoxyethoxy)aluminum hydride also can produce compound (62),

10 see for example R. Kanazawa & T. Tokoroyama, Synthesis, 526(1976).
Compound (59) is produced by reacting compound (62) in an organic
solvent containing an organic base with R1-L and then with R2-L in
accordance with the method set forth in Step 3 of Preparation A.
Preferably, the orga'hic solvent is tetrahydrofuran and the organic base

15 s lithium diisopropylamidé L is a suitable leaving group such as Cl, Br,

I, -OS0,-CF3 and the like.

, Alternatively, the sequence of the preparatlon of compound
(59), from compound (4) or (23), can be switched, i.e., alkylation first to
introduce R and R2 and then reduction.

20 '



(32) ' : (46) 15 In Step 1, conpound (41)--see Step 1

of, Preparation E--is ‘reacted with conmpound (32) in accordance with the
procedure set forth in Step 2 of Preparat|on E. r is 1 or 2

STEPS 2 AND 3- PREPARATION F: 20 [err]

- 39- In Step 2, conpound (46) is oxidized to produce
conmpound (47). The. oxidation is accorrpl I shed by treating conpound (46)
with an oxidizing agent, such as MhQ2 or PDC 4gyri di ni.um di chromate),

in an inert organic solvent, such as tetrahydrofuran or 5 nethylene
chloride, at a tenperature of about 20 to about 70[err]C :
In Step 3, conpound (47) reacts, under usual thg reactici% 2

| yent at a t ture

conditions, with conpound (48) in an organic
of about 25 to about 70[err to produce conpo (49). In copound
(48), R err] represent Wroup whi ch oneW ess _-CH[ err, 0 ©HO0p.
Preferably, the orgz&_g_i SO vent s t ,rofNran; howe ei_,_ t he

# \F

W =COOR (4) | - (59)
W = CN (23)

Compound (59) then reacts with either lithium aluminum hydride (when

- Rl=H)or R1-Q (R1is not H) in tetrahydrofuran at a temperature of about

5 -78 to about 0°C to produce compound (63). Q represents Li or MgBr.
When G represents a halide (i.e., Cl, Br, or I), then compound (58) is
produced by either reacting compound (63) with (H5Cg)3P/CGy4 or
(H5Ce)aPG2 (see Fiser & Fiser, Reagents for Organic Synthesis, Vol. 1,
p1247(1967)). When G represents -OSO2-CgH4-CHs, -OSO2-CHs or

10 -0S03-CFs3, then compound (58) is produced by reacting compound
(63) with CI-S02-CgH4-CHs, CI-SO2-CH3 or CI-SO2-CFs3, respectwely.
~ in methylene chloride containing triethylamine (as base) at a

temperature of about -78 to about 0°C.

15 L PREPARATION OF COMPOUNDS WHEREINmis1.nis1 ANDp



sui tabl e sol vents, such as 1, 4-di oxane and the like, can be used.

STEPS 4 AND 5- PREPARATI ON F: In Step
4, compound (43) is produced when conpound (49) is hydrogenated in
tetrahydrofuran with H2 using a Pd-C (pal | adi unf car bon) catal yst.

O her organi c solvents which can be used 20 include ethyl acetate, nethanol
and the |ike.
Pd-Al[err]Jerr], Ra-Ni, N B, and Pd-CaC( et#4f-can al so be enpl oyed as

O her suitable netal catal ysts such as Pt

t he hydrogenation catal yst.

- 40-

N (66)

N6 N’ (65)
A A

0" "OC(CHa)s OC(CH)s
3
3
: ‘ ‘ : ‘ ‘ : 67)
(69) 4 (68) (
O OC(CHs)a (@) OC(CH;;)s 0] OC(CHs)a
6
+ (70)
Y R®
RY 7 HN. N
=N — - "N |
RISNT (71) R™ gelN (72)
R A | RS
O ' '

OC(CHy)s

In Step 1, compound (65) is produced when compound

(64) is reacted with (t-BOC)20 and triethylamine. The reaction is

5 conducted.in an organic solvent, such as methylene chloride or DMF,
using a temperature within the range of about 0 to about 25°C (room
temperature). ' :

. In Step 2, compound (66) is produced by treating
compound (65) with an oxidizing agent such as pyridinium dichromate.
10 The oxidation reaction is conducted in an organic solvent, such as

methylene chloride, using a temperature of about 25 to about 50°C.



In Step 5, conversion of conpound (43) to conmpound (44) and then to

compound (45) is.acconplished by follow ng the sane process descri bed
in Steps 3, 4, and 5 of Preparation E. 5 G PREPARATI ON OF COMPOUNDS
WHEREIN mMIS 1. nis 1 and p is 1 or 2 PRODUCI NG COMPOUNDS OF
FORMULAS Il AND IV STEP 1- PREPARATI ON G [err]

(50) 10 (91)

In Step 1, the anion of conpound (50) reacts48i-th conmpound (32) in an
organi c solvent at a tenperature of about -78 to about 2’5[err]C to

pr olduge f[:orrpoEng (f51) wherein p is 1 or 2. Suitable 15 organic solvents
used to generate the anion dn 588y comadurd (i Y pholfjoes whdh g bliofss o
~ MeN[ Si (CH err]) [ eroompeund (66)ds eeactet with R3sewheraintli isra suttable leaving Li
hvai Vbl e unpy ot e EHPL PR £E BEIdgEH (g EF Bk, BF1), LOBDACKS and thé ‘Tféa' "y
according to knowfeactiontakesdlace in anosganic solyant, such aptatpahydro
5 . benzene, containing a suitable base, such as NaH, LDA, or
LiN(Sl(CHa)a)g. Preferably, tetrahydrofuran is used as the solvent and
" LDA is used as the base. The reaction is conducted at a temperature of
about 0 to about 80°C.
In Step 4, compound (67) is reacted with R4-L using the
10 same procedure set forth in Step 3 in order to produce compound (68).
In Step 5, compound (69) is produced when compound
(68) is first reacted with R6-L and then reacted with R7-L. Each reaction
is oonducted using the same procedure set forth in Step 3.
In Step 6, compound (71) is obtained when compound (69)
15 is reacted with compound (70)

C,
,=(\|c'>9(c$|-|5)3 ci

Z—N
\&(70)

The reaction takes place in an organic solvent, such as tetrahydrofuran,

20 DMF or benzene, containing a suitable base, such as NaH, LDA, or
LiN(Si(CH3)3)2. Preferably, tetrahydrofuran is used as the solvent and .
LDA is used as the base. The reaction is conducted at a temperature of
about 0 to about 80°C. Compound (70) is obtained by reacting

Z-N N

o5 (70A)



-41- STEPS 2- 4- PREPARATI ON G [err] -

5, In Step 2, conpound (51) is reacted with R err]-Q wherein

Q i's Li or MgBr, in tetrahydrofuran containing CuCN and a Lewi s acid,

such as BF3, (CHerr])[err]SiCl and the like, to produce conpound (52). The
reaction is conducted at a tenperature of about -78 to about 20[err]C

-49-

with P(CgHs)3 in an organic solvent, such as methylene chioride,
CH3CN, tetrahydrofuran and the like, using a temperature of about 25 to
about 50°C. In compounds (70) and (70A), Z represents trityl or SEM.

In Step 7, compound (72) is produced by using compound

5 (71) and following the same procedures set forth in Steps 3, 4 and 5 of
Preparation E.

In the steps of Preparation L, alkylations (i.e., Steps 3, 4
and 5) are only if desired and R3, R4, RS, RS, and R7 are as defined for
Formula L

10 :

In the above processes, certain functional groups may be

incompatable with some transformations described herein and

consequently it is sometimes desirable and/or necessary to protect

certain groupé during the reactions. Certain protecting groups are

15 employed in the above processes but, as those skilled in the art will
recognize, other protecting groups may be used in their place.
Conventional protecting _grb_ups are operable as described in Greene,
T.W., and Wuts, P.G.M., "Protective Groups In Organic Synthesis," John-
Wiley & Sons, New York, 1991; the disclosure of which is incorporated

20 herein by reference thereto. After the reaction or reactions, the -
protecting groups may be removed by standard procedures.

, The compounds of this invention are either agonists or
antagonists of the histamine Hj receptor. The binding affinity of the
25 compounds of the invention to the Hz receptor may be demonstrated by '
the procedure described below: '

Hs Receptor Binding Assay

30 | The source of the Hg receptors in this éxperiment was
guinea pig brain. The animals used weighed 400-600 g. The tissue
was homogenized using a Polytron in a solution of 50 mM Tris, pH 7.5.
The final concentration of tissue in the homogenization buffer was 10%
w/v. The homogenates were centrifuged at 1000 x g for 10 min. in order



Tetrahydrofuran is the preferred organic solvent; however, other suitable

1Q solvents include diethyl "ether and the liKke. . In Step
(3), conpound (52) is reacted with R8-L according to the procedure set
forth in Step 3 of Preparation A Then the resulting R8 substituted

. conpound is reduced with either AlH err] or DI BALH (when p=1); or

with UAIH err] (when p =2) at a tenperature of about 25 to about 15
65[err] C to produce conpound {(53). The reductggpn is conducted in

t etrahydrof uran; however, other organic solvents, such as 1, 4-di oxane
and the |ike, can be used. In Step 4, compound (53) is

Slops 5 and 9 of | POUPHONS ehmps,8f sy a0k o TP SreUng shpBLTRISRIEHOIE,
<F:) %EEZ lég g | g]i 26: then centrifuged at 50'0050 x g for 20 min. in order to seéiinentthe H.

. . I
PRODUCI NG COVPOS(N)EJ@Q@RS&%E %E@ﬂ ‘&é'5§i\fE#’F‘\)ﬂa“é’ﬁe"13EWI"sD n "‘°'“°$ﬁ8*z§H§B%’“§%'

conpound (50), whi (50,080 prgfosn20cmin; each):t Theg embranaswerteiipzen andistoredum
di | sopropyl am d&e ags 3 I?'Héﬁ%do‘c about -20[err]C to about 20[err]C

in THF (see Step 1 of dlgreer@gi; atlon &5 reacts with conmpound (42)--see
Step 2 of Preparation E-- i nAl!ther%t@!e%wew digsolyad @téMggfanﬁoout ‘
G Oher Ui tabl o or agd o the BirtiRy DREC(S0 mMd T1is, pH TEFuch tette &1 °"
such as DVF and th ?'i%é‘.caé%ﬁ@?n s‘ﬁ# étﬂ'@“ﬁaggé Wcﬁ&S(S rﬂ’é%m?’f?é‘%sﬂé&% 6
generate the ani ontheh gddgd (400 pg ef pedtein) tetheredctiontubes.e The, reaction was
compond. (54) 1951 | SeEty thEradior BE3 ik L IFRARAUiNiSeIning (8 CHRIRS) bP
. ' [BH)- -methyl%istamine (80 Ci/mmol) and incubated at 30° for 30-min.
Bound ligand was separated from unbound ligand by filtration, and the
amount of radioactive ligand bound to the membranes was quantitiated
by liquid scintillation spectrometry. All incubations were performed in
15 duplicate and the standard error was less than 10% in all instances.
"~ Compounds that inhibited greater than 70% of the specific binding of
radioactive ligand to the receptor were serially diluted to determine a K;
~ (uM). The results are given in Table 2. '
' In Table 2, the compound represented by (a*) is known in

20 theart.



G 15 l. PREPARATI ON OF COVPOUNDS WHEREIN M IS 1. nis 1 and pis 2
[err] : (55) 20 Conmpound (55)
reacts with Rlerr]-M (wherein Mis Li, ZnBr or MyBr) in
tetrahydrofuran containing BF[err].(Cerr]Herr])[err]O and CuCN at a
tenperature of about -78 to about 20[err]C to produce conpound (56).

O her suitable solvents such as .diethyl ether can be used. Corrpound

-43- I -51-
JABLE 2
Hs | Ha
~ | Binding | Binding
COMPOUND ' COMPOUND

KiuM) Ki(uM)




(56) is converted to conpound (57) in accordance with the reaction

st,eps set forth in Preparation G-or Preparation H, Conpound
(55) is obtained by reacting the commercially avai |l abl e unprotected
precursor 5 [err] _ with Rlerr]-L
according to known nethods--see, for exanple, Step 5 of Preparation B.
10 J. . PREPARATI ON.OF COVMPOUNDS WHEREIN m 1S 2. n IS 0 AND
pis2or 30RMIS2 nlIS1ANDDPI5 1 OR 252- By follow ng
the steps in Preparations E, F, Gor Hwith the 15 exception that conpound
(58) [err] s used instead of conpound (42)
and conpound (59) 20 [err] . INUE _ (59)
is used in place of compound (32), c i or (61)
. H3 ) Hs
o Binding : Binding |
COMPOUND - COMPOUND
Ki(uM) Ki(1M)
_ _ H
N
— 0.60 - 0.11
N N §f Wan N
N, CH N
(® i)
N
HN\ﬁq 0.003 | (*) | o.15
R' is methyi ' HN\/N
‘ 0]
H1 1C5'n H‘l 19.5‘“
I"' .
NH
+) NH 0.077 (-tl)_p 0.45

7% 68%"*




-44- Jerr] ' (60) [err]

(61) 5 are produced. Conpound (60) 'is produced follow ng Preparation E
(o] g Preparation F, and conmpound (61) is produced following Preparation G
or Preparation H In conpound (60), r is 1 or 2 and therefore pis 2 or 3,
and in compound (61), pis 1 or 2. In conmpound (58), G represents a

sui tabl e leaving group such as Br, |, -Os(err]Cerr]Herr]-CHerr],
-Csderr]-CHerr], 10 -0OSO[err]-CF[err] ard3+he |ike. The preparation of
conmpound (58) is descri bed bel ow. .

In Table 2, the **** values for compounds (o) and (p)
represent the % inhibition at a concentration of 2 ug/mL. Itis expected
that at h:gher concentrations higher activities will be obtained.

For preparing pharmaceutical compositions from the

5. compounds described by this invention, inert, pharmaceutically
acceptable carriers can be either solid or liquid. Solid form preparations
include powders, lablets. dispersible granules, capsules, cachets and
suppositories. The powders and tablets may be comprised of from
about 5 to about 70 percent active ingredient. Suitable solid carriers are

10 known in the art, e.g. magnesium carbonate, magnesium stearate, talc,
- sugar, lactose. Tablets, powders, cachets and capsules can be used as
solid dosage forms suitable for oral administration.

For preparing supposntones, a low melting wax such as a
mixture of fatty acid glycerides or cocoa butter is first melted, and the

15 active ingredient is dispersed homogeneously therein as by stirring.
The molten homogeneous mixture is then poured into convenlent sized
molds, allowed to cool and thereby solidify.

* Liquid form preparations include solutions, suspensions
and emulsions. As an example may be mentioned water or water-

20 propylene glycol solutions for parenteral injection.

Liquid form preparations may also mclude solutions for
intranasal administration.

Aerosol preparatlons suitable for inhalation may include
solutions and solids in powder form, which may be in combination witha

25 phérmaceutica_lly acoeptable carrier, such as an inert compressed gas.

Also included are solid form preparations which are
intended to be converted, shortly before use, to liquid form preparations
for either oral or parenteral administration. Such liquid forms include
solutnons, suspensions and emulsions. ~

30 The compounds of the mventlon may also be deliverable
transdermally. The transdermal compositions can take the form-of
creams, lotions, aerosols and/or emulsions and can be included in a
transdermal patch of the matrix or reservoir type as are conventional in
the art for this purpose.



x>

-45 - K PREPARATI ON OF COVPOUND (58): [err] '
(82) (59) [err] = (58)
(63) 5 Cbnpound (62) is produced by the reduction of conpound (23) in
tetrahydrofuran at a tenperature of about O to about 70[err]C using

- di I sobutyl al um num hydride as the reducing agent followed by an aqueous
wor k- up. Alternatively, reduction of conpound (4) by bis(2- )

met hoxyet hoxy) al um num hydri de al so can produgg conpound (62), 10 see for
exanpl e R Kanazawa & T. Tokoroyama, Synthesis, 526(1976). ~Conpound
(59) is produced by reacting conpound (62) in an organic

Preferably the compound is administered orally.

Preterably, the phamaceutical preparation is in unit
dosage form. In such form, the preparation is subdivided into unit doses
containing appropriate quantities of the active component, e.g., an

- 5 effective amount to achieve the desired purpose.
~ The quantity of active compound in a unit dose of
preparation. may be varied or adjusted from about 0.1 mg to 1000 mg,
more preferably from about 1 mg to 500 mg, according to the particular
application.

10 The actual dosage employed may be varied depending
upon the requ:rements of the patient and the severity of the condition
being treated. Determination of the proper dosage for a particular’
situation is within the skill of the art. Generally, treatment is initiated with
smaller dosages which are less than the optimum dose of the

15 compound. Thereafter, the dosage is increased by small increments
until the optimum effect under the circumstances is reached. For
convenience, the total daily dosage may be divided and administe_red in
portions during the day if desired. '

The amount and frequency of administration of the

20 compounds of the invention and the pharmaceutically acceptable saits

- thereof will be regulated according to the judgment of the attending
clinician considering such factors as age, condition. and-size of the
patient as well as severity of the symptoms being treated. A typical
- recommended dosage regimen is oral administration of from 1 mg to

25 2000 mg/day preferably 10 to 1000 mg/day, in one to four divided doses
to achieve relief of the symptoms. The compounds are non-toxic when
administered within this dosage range.

] The invention disclosed herein is exemplified by the
following preparative examples, which should not be construed to limit

30 . the scope of the disclosure. Alternative mechanistic pathways and
analogous structures within the scope of the invention may be apparent
to those skilied in the art.



sol vént containing an organic base with RI-L and then with R-L in
accordance with the nmethod set forth in Step 3 of Preparation A ,
Preferably, the organic solvent is tetrahydrofuran and the organic base 15
is [ithiumdii sopropylamde. L is a suitable |eaving group such as C, Br,

I, -OSderr]-CFerr] and the like. | Al ternatively, the
sequence of the preparation of conmpound (59), from conpound-(4) or
-(23), can be switched, i.e., alkylation firstS&o introduce Rl err] and
Rlerr] and then reduction. 20 :

-46 - [err] W= COOR ([err])

(59) W= CN (23) Conpound w@;reacts W th ‘ei.t her
l'i thi um al um num hydride (when . Rer Rlerr]-Q(Rerr] is not

H in tetrahydrofuran at a terrperature of about 5 -78 to about O[err]Cto
produce corrpound (R3) . Mebar 3 HstdiD . . When G represents a
hal i de (i. d, NPC produced by either
reacting corrpound (63) with (H[err]C[err])[err]P/CG{err] or
(Herr]derr])[err]Pderr] (see Fiser & Fiser, Reddents for Organic

Synt hesi s, Vol . 1, p1247(1967)). Wen G repr ts :
-Csderr]-Cerr]Herr]-CHerr], - eI00ORH err -0sgerr]-CF[err],
t hen conmpound (58) is produce r ting conpo

HN\/N | .
1

CO,CH;

. To a'suspension of urocanic acid 1 (13.8 g, 100 mmol) in
methanol {250 mL) was added concentrated sulfuric acid (10 mL) and
the mixture was heated to reflux for 24 h. The mixture was cooled to §°C

10 and concentrated ammonium'hydroxide (25 mL) was added slowly. The
solvents were removed by rotary evaporation and to the residue was
added water (50 mL) and ethyi acetate (750 mL). The mixture was
shaken, thie layers separated, and the aqueous layer was extracted with
ethyl acetate (500 mL). The combined organic layers were dried over

15 anhydrous sodium sulfate, filtered and evaporated to give 2 as a white
solid (14.9 g, 98%). :

20 COLCHy

To a suspension of the methyl ester 2 (12.2 g, 80.0 mmof)
in tetrahydrofuran (80 mL) was added triethylamine (28 mL, 200 mmol)



(63)"with d-SOerr]-Cerr]Herr]-CHerr], d-SJerr]-CHerr] or

q -SJerr]-CF[err], respectively, i n met hyl ene chl oride containing
triethylam ne (as base) at a tenperature of about -78 to about
Oferr]C. 15 L PREPARATI ON OF COVPOUNDS WHEREIN mis 1, nis 1 AND p
is 2 AND WHEREI N THE DOUBLE BOND | NDI CATED | N FORMULA | - .

| S PRESENT -47- [err]

-56-

and then (2-trimethylsilyl)ethoxymethyl chioride (30 mL, 170 mmol). The
mixture was stirred at room temperature for 1 h and then to this mixture
was added 5% aqueous sodium hydroxide (200 mL) and methylene
chloride (1200 mL). The mixture was shaken vigorously, the layers
5 separated, and the aqueous layer was extracted with methylene
chioride (1200 mL). The combined organic layers were dried over
anhydrous sodium sulfate, filtered, and evaporated to give an orange,
oily residue which was purified by flash chromatography (ethyl acetate)
to give 3 as a slightly yellow solid (10.8 g, 48%). |

10 ,
reparati f Ni r
SElrl
¢
] N \
CO.CH,
HsC NO,
4
15 To a solution of unsaturated ester 3 (10.8 g, 38 mmol) in

acetonitrile '(25 mL) was added nitroethane (15 mL, 209 mmol) and then
1,8-diazabicyclo[5.4.0Jundec-7-ene (6 mL, 40 mmol). The mixture was
stirred at room temperature for. 72 h, the solvents were removed by
. rotary evaporation and the dark, oily residue was purified by flash
20 chromatography (ethyl acetate) to give the nitro-ester 4 as a mixture of
diastereomers (13.3 g, 97%).



In Step 1, conpound (65) is produced when conpound (64) is reacted with
(t- BOC)[err]O and triethylam ne. The reaction is 5 conducted in an organic

sol vent, such as methyl ene chloride or DM, using a tenperature within
t he range of about O to about 25[err]C (room tenperature).
In Step 2, conpound (66) is produced by treating conpound (65) with an

oxi di zi ng agent such as pyridiniumdichromate. 10 The oxidation reaction
is conducted in an organic solvent, such as .gmethylene chloride, using a
) tenperature of about 25 to about 50[err]C

- 48- In Step 3 conpound (67) is produced when the
enol at e of conpagynd ( 6 te R3- erein Lis a suitable-
| eavi ng fhs' '

5 A mixture of the nitro-ester 4 (8.3 g, 23 mmol) and Raney
nickel (8 g) in absolute ethanol (60 mL) was shaken under 60 psi of
hydrogen at 55°C in a Parr apparatus for 6 h. The mixture was filtered
and the filtrate was evaporated to give an oily residue which was

 purified by flash chromatography (a: 5% MeOH/NHs in CH2Clp, b: 7%
10 MeOH/NH3 in THF:Hexane, 2:1) to give two compounds; the first
compound to elute was the _trahs-diastereomer 5t (2.64 g, 39%). The
second compound to elute was the cis-diastereomer 5¢ (1.67 g, 26%).

15

’ To a solution of the trans-factam 5t (2.60 g, 8.8 mmol) in
tetrahydrofuran (175 mL) was added a solution of lithium aluminum
20 hydride in diethyl ether (1.0 M, 44.0 mL, 44 mmol). The mixture was



group, such as halogen (e.g., Cd, Br, or 1), -0serr]CF[err] and the I|ike.
The reaction takes place in an organic solvent, such as tetrahydrofuran
or 5 benzene, containing a suitable base, such as NaH, LDA, or

LiN(Si (CH err])[err])[err]. Preferably, tetrahydrofuran is used as the

sol vent and LDA is used as the base. The reaction is conducted at a

t enper at ure of . about O to about 80[err]C. In Step 4,
conpound (67) is reacted with R4-L using the583 same procedure set forth
in Step 3 in order to produce conpound (68). In Step 5,
conpound (69) is produced when conpound (68) is first reacted with

using the Same pr o 4 totir Bnidaluredor K #dnd ' Rction m'*ﬁ"ﬁwﬁéhe‘é

conmpound (71) is oaddedndigthyhetherdddoumt) ead)salwatadsaqwsJSeaOdwnhsu nd

(70) [err] mi) dropwise, The mlxture was dned rousTé’tﬁilﬁm%ﬁlfélé
takes place in an grganrc sol vent as te K§

benzene, cont ai ni n@%a%lﬂﬂdaﬁ"mé t%gt‘!ﬁ %0 Was PU" ied bY
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sol vent and I{DA Js used a qgg Thgsg ion is conducted at a-

t enper at ure of %at‘?? o fa{’rq' npound (70) is obtained by

reacting [err] (70A)
. E Preparation of pyrrgliging (62). :

SElrl

10

The cis-actam 5c (0.60 g, 2.0 mmol) was treated in the
same manner as described for the preparation of pyrrohdme 6t. The
crude reaction product was purified by flash chromatography (gradient

15 elution; CH2Cla: MeOH/NH3, 6:1 to 4:1) to guve 6¢ as a colorless oil
(0.36 g, 63%).

20



-49-"‘ with P(Clerr]Herr])[err] in an organic solvent, such as

net hyl ene chl ori de, CH3CN, tetrahydrofuran and the |like, using a
tenperature of about 25 to about 50[err]C. In conpounds (70) and
(70A), Z represents trityl or SEM ' In Step 7, conmpound
(72) is produced by using conmpound 5 (71) and follow ng the sane :
procedures set forth in Steps 3, 4 and 5 of Preparation E

In the steps of Preparation L, alkylations {§9e., Steps 3, 4 and 5)
are only if desired and Rlerr], Rerr], Rerr], Rerr], and-Rerr] are as
defined for Formula 1. 10 In the above processes, certain

-functional groups nay be

descri bed herein and .ca'ﬂsaien g a§?H°eP%é€q@8ﬁé§é§@§-%mA‘§ﬁ§?or

necessary to prot @8 ethanot (8 mli)was added ¢oncentrated hydrochloric acik(t miL)
pr ot ecting gt 0UPS (Al ol Wk fbetd 16 frRAEE 18RS IR BIMIs vt oS

skilled in the ar ] otectI ng groups nay be used
in their place. remomwrtolamavamr@matandgtqﬁmwm%woﬁ@dsﬁdei ﬁg

described in Geeagyaous hydrodhlorttid (8 mL)"- Thil!solutRsirivagiextractedowith ethyl
O S h , 30?1 I &S New York, 1991: d |
of Sahi ch 1 i noor BGRALE 43 Xc# mbd ABRihG AdUSPUS JAYAr W pongentiated by ey " ©

reaction or react igeaporation. To theosiduet wag agideddistiliad waterd(165\umtl) agd the

t andar d d e . . : Niag. g '

re el ther agoni sfesing solution was fitered tybIERCE R WBotPul The AEN Wik
bi nding affinity cbncémtrated byotrannevaporation togiv ()7t asatareamscaiemesot or
may be dem)nsgbat ggg?xggwsga;@e@grocedure descri bed bel ow.

H err] Receptor Bin . The source of the Herr]
receptors in this experinent was gui nea pig brain. The animals used

wei ghed 400-600 gy The Fujrffigafion of ((£)-7t).

18 _

To a solution of (£)-7t (336 mg, 1.5 mmol) in
dimethytformamide (5.0 mL) was added triethylamine (1.05 mL, 7.53 -
mmol) and then a solution of di-tert-butyl dicarbonate (t-BOC)20 (720
mg, 3.3 mmol) in dimethylformamide (1 mL). The mixture was stirred at

20 room temperature for 2 h, the solvents were removed by vacuum
distillation (1.0 mm Hg) and the resulting residue was purified by flash
chromatography (gradient elution; EtOAc: hexane, 1:1 to 2:1) to give the
corresponding di---BOC derivative (1)-7't (488 mg) as a white solid. This
material was dissolved in ethyl acetate (3 mL), cooled to 5°C, and to this

25 solution was added a saturated solution of hydrogen chloride in ethyl
acetate (14 mL). The mixture was gradually warmed to room
temperature (30 min) and stirred at this temperature for 16 h. The ethyl



was honogeni zed using a Polytron in a solution of 50 nM Tris, pH 7.5.
The final concentration of tissue in the honogeni zation buffer was 10%
whv. The honobgenat es were centrifuged at 1000 x g for 10 min. in order

-50 - " to renove clunps of tissue and debris. The resulting
supernatants were t hen centrifuged at 50,000 x g for 20 mn. in order
to sedinent the . nmenbranes, which were next washed 3 tines in
honogeni zati on buffer (50,000 x g for 2@gri n. each). The nenbranes
were frozen and stored .5 at -70[err]C until needed. -

Al'l conpounds to be tested were dissolved in DVSO and then dil uted

to the bindi b 50 MM T 7.5) .such . that t . fi |
Ic(r;ngent (raat: gnl \r/]vgs aufeﬁépr mw@ﬁ?@ﬁ%%'sréﬁﬁmaé@%e pipet anld'?tﬁﬁn
added (400 [err]g précmﬂateawa; driad imderchighivacuumo®1 nmitneHgEtcgiver(t)gtasd @

G Tmol) or By %ﬁé‘@%&k&%@ MSTETIRRE S

30[err] for 30 mn. Bound |igand was separated from unbound |igand by
filtration, ang ttll;_r__qﬁ%@ﬁmg&mdi oactive ligand bound to the
menbranes was quantrtiate _ y Titquid scintillation spectronetry. All

i ncubations were perfornmed in 15 duplicate and the standard error.was | ess
than 10%in all instances. The rademieq)It wasresoNed biyddighrPeermanvan 70%

Seriatty il uted WluBCHamatogragti et & Vaice a8 GUIEIEF o' or'e ©
given in Tabl e 2. chromatography column (2.0 gmx 500 cmpé % dsppropanotio kexame).d
by (a*) is knqon iMuiiBle infsctidn (13 injections of about 150 mg each) provided the

. levorotatory enantiomer (-) -7%:
950 mg; lalo =-12.8° ¢ = 0.50, CHClg, and
16 the dextrorotatory enantiomer (+)-7%:
1126
904 mg; [2lp’ = +12.0°, ¢ = 0.50, CHCl;.

Treatment of (-)-Z't with a saturated solution of hydrogen chloride in ethyl
20 acetate as described above for the purification of (+)-7t provided (-)-Zt:

[0 =-34.6°, ¢ = 1.00, H,0.
Similar treatment of (+)-z§ gave (+)-7t:

25 | .
[ol5 =+39.4%, ¢ = 1.00, H,0.



-51-7 TABLE 2 ' H err]

Herr]. Bi ndi.ng Bi ndi ng
COVPOUND ' COVPOUND , -

Klerr]([err]M , K([err]M [err] - 0.014
[err] 0. 007 [err] 0. 003
[err] 0. 006 [err] 0.17 [err]
0. 008 _ -61-

5 o The cis-pyrrolidine 6¢ (394 mg, 1.4 mmol) was treated as
descrlbed for the preparation (1)-71 to give (+)-Z¢ as a cream-colored
solid (288 mg, 95%). Compound (1)-Zc (224 mg, 1.0 mmol) was purified
as described for the purification of (+)-7t to give (t)-Zc as a white solid
(177 mg, 79% recovery); MS (CI) 152 (M + 1).

10 Compounds 8.9, 10t, 10¢c, 111, 11¢, 12t and 12;: were
prepared using the procedure described above for (+)-7t and 7¢. The
procedure is summarized below, A and B, and hence the compounds
produced, are defined in Table 3.

15 K____Besolution of (£)-(7c).

in a manner simil_ér to that described in Example 1, Steps
H and I, racemic (+)-7c was resolved by High Performance Liquid
Chromatography using a Daicel Chiralcel OD chiral chromatography
20 column (5.0 cm x 50.0 cm, 1% isopropanol in hexane) followed by
deprotection with a saturated solution of hydrogen chloride in ethyl
acetate to give the levorotatory enantiomer (-)-7c

[0y =-35.7°, ¢ = 1.00, H,0
and the dextrorotatory enantiomer (+)-7c:

o {old =4+33.2°, ¢ = 1.00, H;0.



[err] 0.076 - Jerr] 0. 066

-52- TABLE 2- CONTI NUED : ’ H err]
H err] Bi ndi ng _ Bi ndi ng COVPOUND
COVPOUND Klerr]([err]M Klerr]([err]M '
[err] 0. 60 ' [err] 0.11 [err]
0.003 [err] 0. 15 R -is nethyl
-62-
_ . SE SE
H  1)MeOH T x -
(N H,SO, (N (A)BICHNOg (
— §
N 2) SEMCI, N\ DBU, MeCN "\
NEt;, THF
CO.H CO,CH,

1) LiAH,
~"Z)Ha1, H,0
«2HCI
JABLE S
| COMPOUND A | B MS(C(M + 1)
8 . H H 138
9 -CH3 -CH3 166
- ﬁi H -CHoCH3 166
Joc -CHoCH3 H 166
1t H -CH,CeHs 228

N [ -CH2CgHs H | 228
12t H -CH2CH2CeHs 242
12¢ -CH2CH2CeHs H 242




[err] 0.077 [err] 0. 45

- 53- In Tabl.e 2, the *** values for conpounds (0) and
(p) - represent the %inhibition at a concentration of 2 [err]g/nL. It
i s expect ed that at hi gher concentrations higher activities will be
obt ai ned. For preparing pharnmaceutical conpositions from

the 5 conpounds descrlbed by this invention, inert, pharmaceutically
acceptable carriers can be either solid or Leguid. Sol i d form preparations
i ncl ude powders, tablets, dispersible granules, capsules, cachets and
"suppositories. The powders and tablets nay be conprised of from about
5 to about 70 percent active ingredient. .table solid carriers are 10
known in the art, e.qg. nagnesiun1carbona£§&hﬂégh§%iun1stearate tal c,

sugar, |l actose. Tabl ets, povMlers, cachets and capsul es can be used as

solid dosage forns SU|tabIe for oral adm nistration. For

preparing suppositories, a |low nelting wax such as a Comox ure of fatty
acid glycerides or cocoa butter is first nelted, and the 15

i ngredi ent is dispersed honogeneously therein as by stls%' The
nol t en honbgeneous mixture is then poured into convenie ﬁglds,
all owed to cool and thereby I dify. ui dq%#'ﬁ?
preparations include sol ptigns, CNISHLDANS and enul si As an

exanpl e may be nent Loned wager or _maLu_p;.gnyl ene o™l utions for

r—
—N_ N
13 2) Br. =N
OCH,CH; - 14

parenteral injectior!
CH,

To a cooled (0°C) solution of diisopropylamine {4 mmol,

561 pL) in dry THF (7 mL) was added n-BulLi {n-butyllithium) (2.6 mL of a

1.6 M solution in hexane) dropwise. After 10 minutes at this

~ temperature, the soiution of LDA was cooled to -30°C and a solution of 1

10 trityl-4-cyanomethyl imidazole 13 (4 mmol, 1.4 g, Tr = trityl)) in THF (6

' mL) was added dropwise. After an additional 30 minutes at this
temperature, a solution of ethyl-2-bromopropionate (4 mmol; 520 pl) in
" THF (5 niL) was added dropwise. The reaction was slowly warmed to
RT (room temperature) (45 minutes) and quenched with 15 mL H20.

15 The reaction was extracted with diethyl ether (3 x 25 mL) and the
combined organic fractions were washed with brine, dried with MgSOy4,
and filtered. Concentration on the rotovap yielded 1.65 g of an oil which
was purified via column chromatography (75:25 hexane:ethyl acetate).
0.75 g (42%) of 14 was obtained as a mixture of diastereomers. MS (CI)

20 450 (M+1). :



“Liqui'd form preparations may al so include solutions for i ntranasal

adm ni stration. Aer osol preparations suitable for

i hhal ati on may incl ude - solutions and .solids in powder form which may
be in conbination with a 25 pharnmaceutically acceptable carrier, such as
an inert conpressed gas. _ Al so included are solid form
preparations which are intended to be converted, shortly before use,
to liquid form preparations for either.gqal or parenteral

adm ni stration. Such liquid forms include . ~sol utions, suspensions and
emul sions. 30 - The conpounds of the invention may al so be
“del i verabl e transdermally. The transdermal conpositions can take the
f orm of creans, |otion¥; aerosols and/or enul sions and can be incl uded
in a transdermal patch of the matrix or reservoir type as are
conventional -in the art for this purpose. | (o)

-54 - Preferably t he conpoungrgs adp nistered orally.

Preferably, the pharmaceuti cal gﬁgﬁathfqﬂﬂs in un dosage form 1In
such form the preparation is sub é b unlt d SeESNH containing
appropriate quantities of the 145 VQ: q,@rmqnent 5 effective
amount to achi eve the desired purposé® The quantity of
active conpound in a unit dose of ~ preparatfon y be varied or
adjusted fromabout 0.1 ng to 1000 ng,
to 500 ng, according to the particul ar appllca-ipn
The actual dosage enpl oyed may be varied dependi ng upon t he
reqU|renents of the patient and the severity of the condition

5 : To a solution of 14 (6.23 mmol; 2.8g) and CoClz¢6 H20

(6.23 mmol; 1.48 g) in absolute ethanol (150 mL) was added NaBH4
(31.2 mmol; 1.18g) portionwise over 30 minutes. After 4 hours, the black
reaction mixture was concentrated to 1/3 the volume, shaken with ice-
cold 3N HCI (50 mL) to dissolve the solids and rapidly basified to pH=9

10  with concentrated NH4OH. The crude reaction was extracted with ethyl
acetate (3 x 150 mL), and the combined organic layers were washed
with brine, and dried (MgSQy4). Purification on a flash column (250 g
SiOg; 937 CH2C|2: 'MeOH/NHs) yielded 1.53 g (60%) of 15 as a white
solid.

15

15
1) LAH/ether
2) BOC,0/(C,Hg)sN




being treated. Deternination of the proper dosage for a particul ar

situation is within the skill of the art. Generally, treatment is initiated
weth smal | er dosages which are | ess than the opti mum dose of the 15
conpound. Thereafter, the dosage is increased by small increnments

until the optinmumeffect under the circunstances is reached. For
conveni ence, the total daily dosage may be divided -and adm nistered in

portions during the day if desired. «65- The amount and
frequency of adm nistration of the 20 corrpounds of the invention and the
pharmaceutically acceptable salts thereof will be regulated according

to the judgnent of the attendin

. _clin C|a I der | ng su ctors as
age, condition and size of tﬂJé’aqso'ut'B% ‘Fé \ﬁeﬂl 'FQH#TF 3@6‘ L)
synpt ons bei ng tr eaasdadded ithiuntaluminuny hydride Iiddié W(‘IM;' 123 rhE OTHé

ngl day. i n one to ToRioh Py bfaeeio B WP"%%OZ%@‘ 7 o SopRpative,

Zy mpt ons. The conpdiluted witk diethylether; and-quenchedsblyrcarefubdrapwise additioni of
osage range. ar € WWvh n
exemplified by ?hesaturated ?l&\gs e Soér at| gﬂ @é%'pgéﬁ JV%%ESH altl]%nglolg\g! be

construed to IimitS9dmL Ggéf‘ tﬂ?@ dﬂu&%m addad, Theiorganicdayeri st i c
pat h\glays and wwmwwhoandrcgnlbfmﬁatedfowmfwmﬁ@& fsolide i nvention
m?é © apparent to thosgokbiufidn gi}{m@&ﬁrom the previoys step imTHF (20

Met hyl Ester (2). mL)was added triethylamine (4.4 mmol; 614 pL) followed by di-t-butyl

.10  dicarbonate (2.75 mmol; 600 mg). After 2.5h, brine was added and the
reaction was extracted into EtOAc (100 mL). . The combined organic
layers were dried (Na2S0Oy), filtered, and concentrated. - 600 mg (48%)
of 16 and 660 mg (52%) of 17 were obtained after chromatography on a
flash column: (150 g SiOy; 65:35 EtOAc:Hexane).

15
D.
CH,
1g—NHC NH 2HCI
80°C
HN N

- (#)18

20 A suspension of 16 (1.2 mmol; 600 mg) in 1INHC! (30 mL)

was heated to 80°C for 1 hour. Compound 16 slowly dissolved and was
replaced by a new solid. The reaction was cooled, filtered, and the
- aqueous layer was concentrated. Compound (+)-18, 170 mg, was
obtained as a clear glass (64%) MS (EI) 151 (M+).
25 ~ In a similar manner, 17 yielded (+)-19 (175 mg, 60%) MS
(EI) 151 (M*).



H [err] To. a suspension of urocanic acid 1 (13.8 g,

100 mol ) in. ~ methanol (250 nL) was added concentrated sulfuric acid (10
ni:) and the m xture was heated to reflux for 24 h. The m xture was
cooled to 5[err]C 10 and concentrated ammoni um hydroxi de (25 m) was added
slowy. The solvents were renoved by rotary evaporation and to the

resi due was added water (50 nL) and ethyl acetate (750 nL). The m xture
was shaken, the |ayers separated, and thggaqueous |ayer was extracted
W th ethyl acetate (500 nlL). The conbined organic |ayers were dried
over 15 anhydrous sodiumsulfate, filtered and evaporated to give a as a
white solid (14.9 g, 98%. B. Prep '%blon of

(2-Trimethyl silyl)ethoxynmethyl-imdazole (3;:r [err]

To a suspension of the nmethyl estepq@ (12.2 g,

tetrahydrofuran (80 nL) was adﬂbd—gsagrh?+an1ne

(28

T o

E Resolution of (+)18 and (+)19. |

5 in 'a manner similar to that described in Example1, Steps H
and I, racemic (+)18 and ()19 were resolved by High Performance
Liquid Chromatography on a Chiralcel OD preparative column (2 x 50
cm) and gave after deprotection: '

10 ‘(#-18 [0 = 487.6°, ¢ = 0.43, MeOH

(318 [0JF =-32.2° ¢ =0.43, MeOH

)19  [0F =+39.0° ¢ =0.18, MeOH and
15

(19 [0 =-36.0° ¢ = 0.20, MeOH.

By using the route described above for preparing (+)-18,
the compounds Iis_ted in Table 4 were prepared:
20



_56- * and then (2-trinethylsilyl)ethoxynethyl chloride (30 m, 170

mol ). The m xture was stirred at roomtenperature for 1 h and then to
this mxture was added 5% aqueous-sodi um hydroxi de (200 nL) and
nmet hyl ene chloride (1200 nmL). The m xture was shaken vi gorously, the

| ayers 5 separated, and the aqueous |ayer was extracted w th nethyl ene
chloride (1200 nm.). The conbined organic |ayers were dried over
anhydrous sodiumsul fate, filtered, and evapozted to gi ve an orange,

oi ly residue which was purified by flash.chromatography (ethyl acetate)

to give 3 as a slightly yellow solid (10.8 g, 48%. 10 C. Preparation
of Nitro-Ester (4). lerr] alﬁﬂéig- To a
solution of unsaturated ester 3 (10.8 g, 385 in acetonitrile (25
m.) was added nitroethane (15 nL, 209 mmvpl) and then
1, 8-di azabi cycl o[ p. 4. 0] un (6 nmL, O mol) ture
stirred at roomt gnper at ugm% h, the Jsol vent spmugrmved b MS
rotary evaporatiop and t hdMAIERIAL | v | |
0]
_ 166
OCH.CH, (M+1)
Br : (C1)
207
(M4)
(ED
207
(M*)
(ED
166
1 (M+1)
cn




20 chromat ography (ethyl acetate) to give the nitro-ester 4 as a m xture of
di astereoners (13.3 g, 97%.

-57- D. Preparation of Lactans (5t) and (5c). ,
[err] - 5 _ A mxture of the nitro-ester 4 (8.3 g, 23
mol ) and Raney ni ckel (8 g) i.n absolute ethanol (60 nL) was shaken
under 60 psi of hydrogen at 55[err]Cin a Parr apparatus for 6 h. The
m xture was filtered and the filtrate .ggp. evaporated to give-an oily
resi due whi ch was purified by flash chromat ography (a: 5% MeOH NH err]
in CHerr]CJerr], b: 7% 10 . MeOH/ NH err] in THF: Hexane, 2:1) to give two
conpounds; the first conpound to elute was the trans-di astereoner 5t
(2.64 g, 39% . The second conpound & was the cis-diastereoner
5¢c (1.67 g, 26%.
A
o)
CHy,
NaH . N—CH,
5 —>
CHg3l S—
—N. _N
.TT N\\’, |
22

To a solution of 15 (1.4 mmol; 570 mg; see Step B of
Example 2) in DMSO (10 mL) at room temperature was added NaH (1.4
~ mmol; 56 mg of a 80% dispersion in mineral oil). After 1.5 hours, CHgzl

10 (1.4 mmol 87 pL) was added, and the reaction was stirred overnight.

: “The reaction was diluted with HoO and extracted into diethyl ether (3 x
25 mL). The combined organic extracts were washed with brine, dried
(Na2S04), filtered, and concentrated. The crude product was purified on
a flash column (100 g SiOz; 85:5 CH2Clz: CH3OH/NHg). Compound

156 22, 290 mg (49%), was obtained.

B.
CH, CH; .
N—CH,; N—CH,
o LAH ' HCI
=2 ’ — 80°C ’. —N «2HCI
Tr—-.-NVN - | HNV
22! - 23

20
By using the route described in Example 2, Steps C and D,
compound 22 was converted to 23 (62 mg, 67%); MS (CI) 166 (M +1).



E. Preparation of pyrrolidine (6t). 15

[err] To a solution of the trans-I|actam 5t
(2.60'g, 8.8 mml) in tetrahydrofuran (175 nL) was added a sol ution of
l'ithium aluminum 20 hydride in diethyl ether (1.O M 44.0 m, 44 mmol).
The m xture was - 58-

stirred at roomtenperature for 4 h and to the reaction m xture was

added di ethyl ether (440 nL) and saturated.g@ueous sodiumsulfate (7

m.) dropwi se. The m xture was dried over anhydrous sodi um sul f ate,
filtered, and evaporated to give an oily residue which was purified by 5
fl ash chromat ography (gradi ent el ution; ﬁ [err]: MeOH/ NH err], 7:1
to 5:1) to give 6t asacolorless.mgg, 469) . F.
Preparation of pyrrolidine (6¢). - : _

_ Tr\
— I
Tr—N_ N —> N\
5 13 24 coN

_ To a solution of diisopropylamine (0.775 mL, 5.5 mmol) in
tetrahydrofuran (15 mL) at -78°C was added a solution of n-butyllithium
in hexane (2.5 M, 2.1 mL, 5.25 mmol) and the mixture was stirred at

10 -78°C for 1 h. To this was added a solution of the nitrile 13 (1.75 g,'5.0
mmol, see Step A of Example 2) in tetrahydrofuran (10 mL) and the
mixture was stirred at -78°C for 1 h. To this solution was added a
solution of methy! iodide (325 uL, 5.2 mmol) in tetrahydrofuran (2.5 mL),
the mixture was stirred at -78°C for 30 min and then warmed to 0°C (1

15 h). To the mixture was added saturated aqueous ammonium chloride (2
mL), the solvents were removed by rotary evaporation and to the residue
was added methylene chioride (200 mL), water (25 mL) and saturated
aqueous sodium bicarbonate (25 mL). The mixture was shaken'
vigorously, the layers separated and the organic layer was dried over

20 anhydrous sodium sulfate, filtered and evaporated to give a yellow solid
residue. This crude product was purified by flash chromatography
(hexane:isopropanol, 4:1) to give the a-methyl-nitrile 24 as an off-white
solid (1.33 g, 73%).



[errT 10 - "~ The cis-lactam5¢c (0.60 g, 2.0 nmol)

was treated in the sane manner as described for the preparation of
pyrrol idine 6t. The crude reaction product was purified by flash
chromat ography (gradient 15 elution; CHerr]CJ[err]: MO/ NHerr], 6:1 to
4:1) to give 6¢c as a colorless oil (0.36 g, 63%. G
"Preparation of (()-7t). : _ [err]
20 -70-
B. Preparation of nitrile-ester (25),
Tr\
N .
K
. 24—>» N -
CO,CH,
2 coN
- To a solution of diisopropylamine (0.550 mL, 3.9 mmol) in

tetrahydrofuran (12 mL) at -78°C was added a solution of n-butyllithium
in hexane (2.5 M, 1.50 mL, 3.75 mmol) and the mixture was stirred at
-78°C for 1 h. To this was added a solution of the a-methyl-nitrile 24
(1.27 g, 3.5 mmol) in tetrahydrofuran (10 mL) and the mixture was stirred
10 at-78°C for 1 h. To this solution was added a solution of ethyl
bromoacetate (420 pL, 3.79 mmol) in tetrahydrofuran (2.0 mL), the
mixture was stirred at -78°C for 1 h and then warmed to 0°C (1 h). To
the mixture was added saturated aqueous ammonium chloride (1.5 mL),
the solvents were removed by rotary evaporation and to the residue was
15 added methylene chioride (200 mL) and saturated aqueous sodium
chloride (40 mL). The mixture was shaken vigorously, the layers
separated and the organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated to give a yellow oily residue. This crude
product was purified by flash chromatography (hexane:acstone, 3:1 to
20 2:1) to give the nitrile-ester 25 as a colorless glass (1.44 g, 90%).

C. Preparation of Lactam (26).
) -Tr\
N
K]
25——> o
26 N
H

25



-59-°¢ To a solution of the pyrrolidine 6t (563 ng, 2.0

mol ) in 95% et hanol (3 nL) was added concentrated hydrochloric acid
(1 nml)- and the m xture was heated to reflux for 16 h. The solvents
wer e renoved by rotary evaporation and to the residue was added 1 N 5

aqueous hydrochloric acid (8 nL). This solution was extracted with ethyl

acetate (3 x 4 nL) and the aqueous | ayer was concentrated by rotary .

evaporation. To the residue was added di stilfijed water (15 nlL) and the _

resulting solution was filtered through a glass wool plug. The filtrate was

colncgntrat ed by rotrary evaporation to give ()-7t as a creamcol-ored 10

sol i 395 ngy, 88%. . Purification,of -7 .

[err] | 15 To a solutionrgt °é8ﬁ'lﬁ%gi?’ﬁ (398, 3skame) iy

gTrgIB) in I ;il abgmmefahanoi?@ ht) WasLa.qdatudsaadxlinwnof eobyait dichloridel. 05 ni,

7. nmo | Q1 P t

(t-BOO)[err] O (72615"9%l ﬁ%rﬁénﬁ_&%ﬁ? i qksq] Pféoﬂrllfarg?n‘c@y)@gykﬁg.m%e

m xturg g/as st rrpd‘llanwvilgh & min) sadiworborohydride mg. 8.5 mmeh re
removed by vagiuMniure wilb Slilrblt 8ot F8lor A, Hebsdivenisivalg 1 esi due

was purified by f asH chromat ogr,a ‘gradi ent’ el on; Et :

hexane,. 1:1 t.0 2: nqmwgd;wéomevaporghegﬁ%es'gdﬁeiﬁ%reﬁét&ﬂ%ﬁ;?ﬁwe _
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@ﬁﬁ ipgq e a%gsﬁﬁﬂtswﬁ andthBh't8 thididie Was

saturated sol uti oH?
added concentrated ammonium hydroxide (10 mL). This solution was
10 extracted with ethyl acetate (2 x 250 mL) and the combined organic -
layers were dried over anhydrous sodium sulfate, filtered and
evaporated to give an off-white solid residue which was purified by flash
chromatography (gradient elution: 8% to 10% CH3OH/NHg in CH2Cl)
~ to give the lactam 26 as a white solid (1.05 g, 83%).
15 '
Preparation of the Pyrrolidine (27

Tr\ S
N _
< ]
. 26— N .
. 27 _ N : '
H
20 The lactam 26 (1.05 g, 2.58 mmol) was treated with a
solution of lithium aluminum hydride in diethyl ether (1.0 M, 13.0 mL,
13.0 mmo!) as described for the preparation of the pyrrolidine 6t (see
Example 1, Step E). The crude product was purified by flash

chromatography (gradient elution: CH2Cla: CH3OH/NHg, 8:1 to 7:1to
. 25 6:1) to give the pyrrolidine 27 as a colorless glass (720 mg, 71%).



acetate (14 nL). The m xture was gradually warnmed to room tenperature
(30 min) and stirred at this tenperature for 16 h. The ethyl ‘

-60- . . acetate was renpoved fromthe precipitated product by pipet and
t he preci pitate was dried under high vacuum (0.1 nmHg) to give
([err])-7t as a white solid (286 ng, 85%recovery); M (Cl) 152 (M +
1). 5 1. Resol ution of (()-7t. The racemc ()-7t
was resol ved by Hi gh Performance _ Li qui &, Chr omat ogr aphy using a Dai cel
Chiralcel QJ chiral chr omat ogr aphy col (2.0 cmx 50.0 cm 4 %

i sopropanol in hexane). 10 Miultiple injections (13 injections of about 150
ng each) provided the - Ievorotatory enantloner (-)-7"1t:

950 ng; [[err]] [ eg.]Preparati i err], and 15 the

dextrorotatory enantiomer (+)- 7—t - ] 904 nm;
[[err]][err] = +12.0[err], ¢ = 0.50, CHCl[efr]. Treatment of (-)-7t
with a saturated solution of hydrpgen chlogtde in ethyl 20 acetate as

N
H

) A suspension of the pyrrolidine 27 (750 mg, 1.91 mmol} in
1 N aqueous hydrochloric acid (15 mL) was heated to reflux for 1 h. The
white precipitate that formed during the course of the reaction was
removed by filtration and the aqueous filtrate was extracted with ethyl
acetate (2 x 5 mL). The aqueous layer was concentrated by rotary

10 evaporation to give compound 28 as an off-white solid (390 mg, 91%).

Compound 28 (75 mg, 0.33 mmol) was purified as
15 described for the pukiﬁcation of Compound (+)-7t (see Example 1, Step
H) to givé Compound 28 as a white solid (57 mg, 76% recovery); MS
(CI) 152 (M + 1). '



[[erf]][err] = -34.6, c = 1.00, Herr]O  Sinilar treatnent of
(+)-7'"t gave (+)-7t: 25 : [[err]][err] = +39.4[err], c =
-61-

1700, Herr]O. _ 1.

Preparation of (([err])-7c). [err] 5 The o

cis-pyrrolidine 6¢c (394 ng, 1.4 nmmol) was treated as described for the

preparation ()-7t to give ()-7c as a creamcol ored solid (288 ny,

9599 . Conpound ()-7c (224 ng, 1.0 nmol) wa§75qrified " as described for
~the purification of ()-7t to give ()-7c as a white solid (177 ng, 79%

recovery); Ms (Cl) 152 (M + 1). 10 Conpounds 8, 9, 10t, 10c,

11t, 11c, 12t and 12c were

. ’ ~
3 e N
\ ]t N

29 ' 30

A

LIN(-Pr);

O

) ,_—_.—(%IN-CHa
Tr—N_ N

N a4

~ To a solution of 1.08 mL of freshly distilled N,N-
diisopropylamine in 1 mL of anhydrous THF was added 3.1 mL of 2.5 M
n-butyliithium at 0°C under nitrogen. The resulting solution was stirred

10  at 0°C for 40 minutes (resulting in the production of lithium
diisopropylamide (LiN(i-Pr)2)), cooled to -23°C and then 0.672 mL of N-
methyl-2-pyrrolidinone 29 was added slowly. The solution was stirred
for 0.5 hours at -23°C and an additional 1 hour at -78°C. A solution of
2.69 g of 4-chloromethyi-(N-trityl)imidazole 30 in 14 mL of anhydrous

15 THF was then added dropwise. The resulting solution was stirred for 4
hours at -78°C and slowly warmed to room temperature. After a couple
of hours of stirring at room temperature, the reaction mixture was
quenched by water and extracted with ethyl acetate. The combined |

~ organic extracts were washed with brine, dried over anhydrous MgSO4

20 and concentrated to give crude product. The crude product was purified
by flash chromatography on SiO2 (1% to about 5% of ammonia
saturated methanol in CHzCly) to give 1.77 (60% yield) of compound 31.



prepared using the procédure descri bed above for'()-7t and 7c. The
procedure is summari zed below, A and B, and hence the conpounds
- produced, are defined in Table 3. 15 K Resolution of ()-(7¢c).

In a manner simlar to that. described in Exanple 1, Steps Hand I,
racemc ()-7c was resolved by H gh Performance Liquid Chronatography
using a Daicel Chiralcel OD chiral chronato%raphy 20 colum (5.0 cmx 50.0
cm 1% i sopropanol in hexane) followed by = /4= deprotection with a
saturated solution of hydrogen chloride in ethyl acetate to give the

| evorotatory enantioner (-)-7c: [err] = -35.7[err], c =
1.0Q, H20 and the dexy@rorotatory enantloner (+)-7c: 25

[[err]][err] =+33.2[err], ¢ =1.00, Herr]O
-62- J[err]
. I¥\C'/N-C|‘h
31 + LAH, —> Tr—N_ N
| ‘o " g2

5 To a solution of 1.54 g of 31 in 8 mL of anhydrous THF was
added 11.34 mL of lithium aluminum hydride solution (1.0 M in diethyl
ether) siowly. The resulting solution was stirred at room temperature for

. 2 hours, and 110 mL of diethyl ether was added. Saturated aqueous
NapSO4 solution was carefully added to the above mixture till hydrogen
10 evolution ceased. The organic fraction was separated, and the aqueous
solution was basified with K2CO3 and extracted with ethyl acetate many
times. The combined organic solutions were washed with brine, dried
over anhydrous K2COg, and then concentrated to give a crude product.
The crude product was purified by flash chromatography on SiO2 (5%
15 CH3z OH (NH3) in CH2Clo) to give 1.273 g (85% yield) of compound 32.

C.

ch - 'F(\C,N_c%
—> H N .
2 N 33 - 2HCI
20 _ .

A solution of 1.2 g of 32 in 100 mL of 0.5N aqueous
hydrochloric acid was heated in a 90°C oil bath for 30 minutes. After the
solution was cooled to room temperature, the mixture was extracted with
daethyl ether (4 x 50 mL). The aqueous solution was concentrated under

25 vacuum to yield crude product which was then recrystallized from 2-

propanolldlethyl ether to glve 0.5 g (85%) of compound 33; MS (FAB) -
166 (M + 1).



TABLE 3 COVPOUND A B

M5(Cl) (M + 1) : 8 . H H

138 - 9 - CH3 -CH err]

166 - 10t H -CH err]CH err]

166 _ 10c -CHerr]CHerr] H 166
| 1t H : -CH err]Clerr]Herr] 228

lic -CHerr](err]Herr] -75 -
121 ' H -CHerr]CHerr]Cerr]Herr] 242
1%; -CH err]CHerr]2C err]Herr] H .

228

| 242 5

N a4 + Tr-NVN
' 35
O
OC(CHy)s
Tr— Nr-r-‘N\/CN->
NV g o=l\

36 OC(CHy)s

_To a solution of 1.194 g of compound of formula 34 and 2.49 mL. of
tetramethylethylenediamine in 7.5 ml of anhydrous. diethyl ether was
_ added 6.06 mi of 1.3 N sec-butyllithium at -78°C. The resuiting solution
10 was stirred for 3 hours 45 minutes at -78°C, and a solution of 1.074 g of
chloromethyl (N-trityl)imidazole 35 in 4 ml of tetrahydrofuran was added
dropwise over 15 minutes. After 15 minutes of stirring at -78°C, the .
reaction mixture was slowly warmed to room temperature for over 1
hour. Saturated aqueous NH4CI solution was added. The mixture was
15 extracted with ethyl acetate. The organic layer was separated, washed
with brine, dried over anhydrous sodium sulfate and then concentrated.
The residue was purified by flash chromatography on SiO2 to give 0.23
g (17%) of product 36. -



EXAVPLE 2 A [err] .
e TR\ N 5 To a cooled (O[err]C) solution of

dtl sopropyl am ne (4 mmol , 561 [err]L) in dry THF (7 nL) was added
n-BuLi (n-butyllithium) (2.5 nL of a 1.6 Msolution in hexane)

dropwi se. After 10 mnutes at this tenperature, the solution of LDA
was cooled to -30[err]C and a solution of 1 10 .trityl-4-cyanonethyl

i m dazole 13(4 mmol, 1.4 g, Tr = trityl)) inedHF (6 - m.) was added
dropwi se. After an additional 30 m nutes at S tenperature, a

sol ution of ethyl-2-bronopropionate (4 mml; 520 [err]L) in THF (5 )
was added dropw se. The reaction was slowy warned to ~ RT (room
tenperature) (45 minutes) aBd quenched with 15 mL Herr]O. 15 The reaction
was extracted with diethyl ether (3 x 25 nL) and the conbi ned organic
fractions were washed with brine, dried wwth MgSq err] . and filtered.
Concentration on-the rotovap yielded 1.65 g of an oiif which was

purified via colum chromat ography (75:25 hexafeNeg a&ﬁ@te). 0.75
g (42% of 14 was obtained as a nygure of furast ergongfs. (Cl) 20 450
- (MHL). : - 3 —> HN\/N .
| 37

5 - A solution of 0.23 g of 36 in 20 mL of 0.5 N HC! was heated
to reflux for 45 minutes. After cooling to room temperature, the mixture
was extracted with diethyl ether three times. The aqueous solution was
then concentrated and the crude product was crystallized with
CH3OH/diethyl! ether to give 0.075 g (70% yield) of the product 37; MS

10 (CDH152 (M+1).

EXAMPLE 7
A

CHNN ot e > NS o
38 | 39

15 .

To a solution of 11.59 g of imidazole acetic acid
hydrochloride 38 in 100 mL of anhydrous methanol was added 1 mL of
© 20 concentrated HCI. The resulting mixture was refluxed for 6.5 hours, and
then cooled to room temperature. After concentration of the solvent,
11.9 g (95%) of the product 39 was isolated.



-64- B. [err] 5 To a sol ution of

14 (6.23 nmml; 2.8g) and CoC [err]*6 H20 (6.23 mmol; 1.48 g) in

absol ut'e et hanol (150 nm.) was added NaBH4 (31.2 mol ; 1.1 89g)
portionwi se over 30 mnutes. After 4 hours, the black reacti.on m xture
was concentrated to 1/3 the volunme, shaken with ice- cold 3N HCl (50

m.) to dissolve the solids and rapidly basified to pH=9 10 with
concentrated NH err] OH. The crude reaction wagzextracted with ethyl

acetate (3 x 150 nmL), and the conbi ned organic | ayers were washed wth
brine, and dried (MgSO err]). Purification on a flash. colum (250 g .
Siqerr]; 93:7 CH2CI 2. MeOH/ jH err]) yielded 1.53 g (60% of 15 as a white
solid. 15 ' C*err] ' _

———

— N
Tr N\/

40

5 " To a solution of 7.8 g of 39 in 70 mL of anhydrous DMF at
0°C was added 12.94 g of trityl chloride (($)3Cl) and 18.4 mL of triethyl
" amine. The resulting solution was stirred at room temperature for 24
hours, and the solvent was removed under vacuum. The residue was
purified by flash chromatography on SiO2 (eluting solvent: CH2Cl2 and
10 increase polarity slowly by addition of ethyl acetate) to give 16.1 g of
product 40 (95% yield).

C.

Q siCH)s
H—-C- N\

CH3Li Li-l'

—_— COOCH
A 3

HsC” SN—SI(CHy)s + T—N_N

40A

CH;
Tr—NVN_CI NH,
B

H
15 43 OCHs



-65-" To a solution of lactam15 (2.46 mmol; 1 g) in THF

(30 nb) was added |ithium alum num hydride in diethy] ether (1M 12.3
nl). The reaction was heated to 50[err]C for 5.5h, cooled to room

t enper at ur e, diluted with diethyl ether, and quenched by careful
dropwi se addition of 5 saturated aqueous Na[err]SOerr]. Wen Herr]

~evol ution ceased, an additional 50 nL diethyl ether and solid Na2SO4
was added. The organic |l ayer was filtergd and concentrated to obtain
870 ng of a solid. To a solution of the solid fromthe
previous step in THF (20 m.) was added triethylamne (4.4 mol; 614

[err]L) followed by di-t-butyl 10 dicarbonate $2.75' mol ; 600 ). After
2.5h, brine was added and t hEO @ Solution08.36 miaof epmpaundA1 in 50 m (100 -

T3 o7 Ponl 2 vy THE whaNEVRASHES A o Wbk AL,
were obtained aft (e;fh% ﬁ%ﬂﬁ@@&%%%ﬁt“@d for 1 'P‘P‘éfsé 'Z&g&nﬁﬂaf\g%)l '@?/a 8&4\] ;
25: 35 Et QAc: Hex age(preﬂéred by t_hefaddition of 25 mL of ¢M LiN(Si(CH3)3)220 a solu%igr& otf .
80[8:;??]6?384‘ gp (i O%Ské h’j@@&l‘r%w&%%fa&a%ﬁgnd swg‘%aced by
a new solid. The rsolutionfon2iboursated8°C ibefaredransienting) avas addad by casnula/er
was concentrated. Guupmst/Riintes.]¥on MifutBs 1a¥6#54.6 mL of BF3*(C2Hs)20 was added
to the above mixture, and the resulting solution was stirred at
-78°C for 2 hours. The reaction mixture was slowly warmed up to room
10 temperature (over 2 hours 45 minutes), and then saturated aqueous
NaHCOg3 solution was added. The organic layer was separated and the
aqueous layer was extracted with EtOAc. The organic layer and EtOAc
extracts were combined and the combined organic solution was washed
with brine, dried over MgSO4 and then concentrated. The residue was
15 purified by flash chromatography (silica gel was deactivated with
- triethylamine, eluting solvent: 1 to 10 % of CH3OH in EtOAc) to give
compound 43 (6.4 g; 60% yield). -

D.
20

To a solution of 6.4 g.of 43 in 250 mL of anhydrous
methylene chloride was added 11.3 mL of 2.0M trimethyl aluminum.

25 The resulting mixture was stirred at room temperature for 45 minutes,
heated to reflux (5 hours), cooled to 0°C, and to this mixture was added
Satunfatéd aqueous NaHCOg3 solution. The organic layer was separated,
washed with brine, dried over Na;SO4 and concentrated. The residue
was purified by flash chromatography (silica gel deactivated with



obtai*ned as a clear glass (64% M (El) 151 (M+). 25 In a

simlar manner, 17 yielded ()-19 (175 ny, 60% MS (El') 151 (Iw+).
-%6- [err] E Resolution of ()18 and ()19. 5
In a manner simlar to that described in Exanple 1, Steps H  and I,
racem c ()18 and ()19 were resol ved by H gh Performance Li quid

_ Chromat ography on a Chiral cel OD preparative colum (2 x 50 cm and
gave after deprotection: 10 ~@79--18 [[err]][err]
=+37.6[err], c=0.43, MeOH (-)-18  [err] =-32.2, ¢ =
0.43, MeOH ' - (+)-19 [Jerr] = +39.0[err], ¢ = 0.18, MH
and triethylamine; eluting solvent EtOAc to 1 to about 2% CH3 OH in EtOAc)

to give 0.91 g of 44a (trans isomer) and 0.39 g of 44b (cis isomer).

E
5
H_LHs
443 —————> /='q—-©NH
| 'I_'r—NVN :
45

To a solution of 0.3225 g of 443 in 8 mL of anhydrous THF

was added 3.28 mL of 1M solution of diisobutylaluminum hydride in

10 toluene dropwise at room temperature. After the addition was complete,
the solution was refluxed for 2 hours and cooled to room temperature.
Water (@ mL) was added slowly to the above solution and 20 ml of '
methylene chloride was -added to the resulting mixture. The mixture was

- vigorously stirred until a white solid precipitated out. Filtration and

15  concentration gave crude product, which was purified by preparative
TLC (deactivated with triethylamine; eluting solvent 7.5% CH3OH in
CH2Cly) to give 0.187 g (60% yield) of 45. -

_ F.
20 .
H £,
45 - = NH *2HCI
HNVN

A solution of 0.148 g of 45 in 12 mL of 0.5N HCI was
heated in an oil bath at 90°C for 0.5 hours. The solution was then
25 cooled to room temperature. The mixture was extracted with diethyl



15 - (-)-19 [err] = -36.0[err], ¢ = 0.20, MeOH

By using the route described above for preparing () 18 -t he conpounds
|isted'in Table 4 were prepared: 20 -67-

TABLE 4 STARTI NG PRODUCT VB

MATERI AL [err] ' : [err] 166 (M)
a) [err] [err] 207

«80-

ether three times, and the aqueous solution was concentrated to give a
. crude product. The crude product was recrystaliized in CH3OH/diethyl
ether to give 70 mg (85%) of 46; MS (CI) 138 (M + 1).
By following the procedures set forth in Example 7, Steps E
5 andF, compound 44b can be converted to the cis isomer of 46.

EXAMPLE 8
A
10
(o
' CHO I
~ | F(\)kc“s
TT-N‘NIJQ o )-1?—-N\N’Jﬂ
“"””’\)L | 48
g O

A mixture of 9.78 g of 4-(N-tritylimidazoyl) carboxaldehyde

and 9.55 g of Wittig reagent 47 in 30 mL of anhydrous THF was refluxed

15 for 21 hours. An additional 4.8 g of Wittig reagent 47 and 10 mL of THF -
were added to the above mixture; the resulting mixture was continually |
refluxed for 30 hours. The solvent was concentrated. The residue was
‘dissolved in CH2Cl2 and washed with water. The organic layer was
separated and concentrated. The residue was purified by flash

20 chromatography on SiO2(CH2Clo/EtOAC) to give 6.14 g (81% yield) of
48.



(Me) -~
(Merr])
166
- 68-

(El)

10

15

20

[err] 207 [err]
(El) : [err] [err]

(Mr1) (C)
_ EXAMPLE 3 A [err]
-81-
B.
NO,
, 0
T—N_N CHy
- 49

Toa mlxture of 4.5gofketone 48 i in 18 mL of CH3CN was
added 6.62 mL of nitromethane and 75 mL of THF. To the above
homogenous solution was added 1.835 mL of DBU (1,8-diazabicyclo-
[5.4.0]undec-7-ene) and the resulting solution was stirred at room
temperature overnight (18 hours). The reaction mixture was poured into
ice cold 0.1N HCI solution and the mixture was extracted with EtOAc.
The combined EtOAc extracts were washed with brine, dried over
MgSO4 and concentrated to give 4.54 g (87%) of product 49.

C.
CH;
NH

49 —————>

— N
_Tr N\/’

. 50

Compound 49 was reduced by mixing 1.5 g of 49, 1.5 g of
Raney-Ni and 1.5 g of anhydrous Na2SOy4 in 50 mL of absolute ethanol
and subjecting the resulting mixture to 60 psi. of Ha for 26 hours. The
reaction mixture was filtered thiough a pad of celite and the pad was
washed with ethanol and CH2Cl. The ﬂtrate was concentrated to yield

1 0.83gof50 (62%)



To a“solution of 15 (1.4 mmol; 570 ng; see Step B of Example 2) in

DMSO (10 nlL) at roomtenperature was added NaH (1.4 mmol ; 56 ng of a
60% di spersion in mineral oil). After 1.5 hours, CHerr]l 10 (1.4 mmol 87
[err]L) was added, and the reaction was stirred overnight. The reaction
was diluted with H20 and extracted into diethyl ether (3 x 25 nmL). The
conbi ned organic extracts were washed with brine, dried (Na2SM4,
filtered, and concentrated. The crude produci8@as purified on a flash
colum (100 g Sigerr]; 955 CHerr]Cd[err]: CHerr]OH NH err]). Conpound
15 22, 290 ng (49%, was obtai ned. B. [err] 20
By using the route describeda N Exanple 2, Steps C and D, conpound 22
was converted to 23 (62 ny, 9‘7%; M5 (Cl) 166 (M + 1).

CH;

: NH «2HCI
5Q —>»

HNVN

81

5 ' A solution of 0.83 g of 50 in 30 mL of 0.5N HCI was heated
to reflux for 45 minutes. After the mixture was cooled to room

temperaturs, it was extracted with diethyl ether. The aqueous layer was
evaporated to dryness to give 0.43 g of crude product 51.

10 E.

St
(tBOC),0 o N, ,OC(CHs)s
(CH;);CO NVN o)

52

To a mixture of 0.34 g of 51 in 5 mL of anhydrous DMF was

15 added 1.69 mL of triethylamine; the mixture was stirred for 5 minutes
and 0.77 mL of di-tert-butyldicarbonate {{tBOC)2O)was added. The
reaction mixture was stirred for 18 hours at room temperature, filtered
and concentrated. The residue was dissolved in water and extracted

_ with EtOAc. The combined organic extracts were washed with brine,

20 dried over anhydrous NazS0O4 and concentrated. The residue was
purified by preparative TLC (1:1 EtOAc/hexane) to give 0.13 g (24%
yield) of 52; MS (m/e) 352 (M+1).



EXAMPLE 4 A Preparation of a-methyl-nitrile (24). [err]

To a so] ution of diisopropylamne (0.775 nL, 5.5 mmol) in

tetrahydrofuran (15 nL) at -78[err]C was added a solution of n-butyllithium
in hexane (2.5 M 2.1 nL, 5. 25 mmol) and the m xture was stirred at 10
-78[err]C for 1 h. To this was added a solution of the nitrile 13 (1.75 g,
5.0 mol , see Step A of Exanple 2) in tetrahydrofuran (10 nL) and the
m xture was stirred at -78[err]C for 1 h.'ﬁ7Q3Ws sol uti on was added a
solution of methyl iodide (325 [err]L, 5.2 mml) in tetrahydrofuran (2.5
m), - the mxture was stirred at -78[err]C for 30 mn and then warned
to Oferr]C (1 15 h). To thepm xture was added saturated aqueous anmmoni um
chloride (2 m.), the solvents were renoved by rotary evaporation and
to the residue was added net hyl ene chloride (200 nL), water (25 i)
and saturated aqueous sodi um bi carbonate (25 nL)43ﬂye m xure was
shaken vi gorously, the'layers separated and ~organi c | ayer was

dried over 20 anhydrous sodiumsulfate, filtere evaporated to give a
yel l ow solid resi due. This crude product HiéSH flash
chromatography ~  (hexane: | &ropamd®™ 4: Ve the
[err]-methyl-nitrile 24 as an off-white S

id (1.33 g, 73%.

e HN
23

5 A solution of 0.13 g of 52 in 6 mL of EtOAc (saturated with
HCI) was stirred for 45 minutes at 0°C, then the solvent was evaporated
under vacuum. The residue was recrystallized in 2-propanol/diethyl
ether to give 0.067 {81% yield) of 53; MS (CI) 152 (M+1).

10 EXAMPLE 9

15 :
To a solution of lactam 54 (10 mmole; 4.079) (synthesized

in a manner similar to 5f) in dry THF (55mL) at -78°C was added a
solution of LDA (11 mmol, 1.18g) in THF (15 mL). After 45 minutes at
this temperature, the reaction was warmed to room témperature for 20

20 minutes and then recooled to -78°C. A solution of (tBOC)20 (11 mmol,
2.41g) in THF (15mL) was added and the reaction was slowly warmed to
room temperature. The reaction was then quenched with water and
extracted into diethyl ether. The combined ether extracts were washed



-70-° B. Preparation of nitrile-ester (25).

[err] . 5 : To a solution of diisopropylamne (0.550 ni,
3:9 nmol) in’ tetrahydrofuran (12 nm) at -78[err] C was added a sol ution
of. n-butyllithium in hexane (2.5 M 1.50 nL, 3.75 mmol) and the

m xture was stirred at -78[err]Cfor 1 h. To this was added a sol ution
of the [err]-methyl-nitrile 24 (1.27 g, 3.5 nmmol) in tetrahydrofuran-
(10 m.) and the m xture was stirred 10 at =Bferr]Cfor 1 h. To this
solution was added a solution of ethyl bromoacetate (420 [err]L, 3.79
mml) in tetrahydrofuran (2.0 nL), the m xture was -stirred at

oL LT 5 M b A S8 dhtion ilde 53y i

added saturated aqueous anmoni um

renoved by rotary giysalized frombexane:R-prepanale Gempaund §848H gd68%)cne -
chloride (200 nL) wad obtdinedaehriaHadhite s6l.UuM - ‘chloride (40 nL). The
m xture was shaken vigorously, the |ayers separated and the organic

| ayer was dried over anhydrous sodi um sulfate, filtered and evaporated
to give a yell&v oily residuB. This crude product was purified by

fl ash chromat ography (hexane: acetone, 3:1 to 20 2:1) to give the
nitrile-ester 25 as a colorless glass (1.44 g, 90%.

o . To a solution of 55 (6.9 mmol, 3.5g) in dry THF (50 mL) at
10 -78°C was added a solution of KN(Si(CH3)3)2 (8.63 mmol, 1.72g) in THF
(20 mL) over 10 minutes. An additional 10 mL THF was used to rinse
the flask and syringe. After one hour at -78°C, neat CHal (8.63 mmol,
1.22g, filtered through basic alumina) was added, and the reaction was
warmed to room temperature. After 2.5 hours, the reaction was recooled
15 to -78°C, quenched with saturated NH4Cl (pH = 7.3) and extracted into
 diethyl ether. The combined ether extracts were washed with brine and
dried (MgSO4). Concentration and purification via flash column
- chromatography (400 g SiOz; 80:10 hexane: 2-propanol) yielded 56
(2.35 g; 65%). -
20
C.

56 —>




C. ’Preparation of Lactam (26). [err] 25

-71 - To a solution of the nitrile-ester 25 (1.39 g,

3.1 mol) in absol ute ethanol (70 m.) was added a sol ution of cobalt y
di chl ori de hexahydrate (736 ng, 3.1 mml) in absolute ethanol (10 ni)
and t hen portionwi se (5 mn) sodi um borohydride (700 ng, 18.5 mmol).

The 5 mxture was stirred at roomtenperature for 2 h, the solvents were
renoved by rotary evaporation and to the bl agg s esi due was added cold
(5[err]C) 3 M aqueous hydrochloric acid (34 nlL). The nmixture was shaken
~until the black precipitate dissolved (5 mn) and then to this m xture was

added concentrated ammmoni um dr oxi de 0 . This salu
extracted with ethyl acetate ? solution é&ﬁm mm‘&m%&'ﬁgmégﬁf'%&o mL)
layers were dried giveonhldiperitdreswds added! ibdsteimethyiskarss! (0181 mmol, 2.1g)

TR0 110 5 B MO ST SR PP B

CH err]Cl[err]) concentrated on the rotary evaporator. Purification via flash
5 chromatography (150 g, SiO5, 80:10:10 CH2Cl2:2-propanol: methanol-
Jammonia) gave 600 mg (80%) of 57.

D.

10

Compound 57 (3.6 mmol, 640 mg) was combined with trityl
chloride (3.9 mmol, 1.48 g) and triethylamine (3.9 mmol, 0.39 g) in dry
- CH2Cl2 (25 mL) at room temperature under nitrogen. After 6 hours, the

15 reaction was quenched with water and extracted with EtOAc/CH2Cla

(4:1) (EtOAc represents ethyl acetate). The combined organic layers

were wéshed with saturated aqueous sodium metabisulfite and dried

(MgSOy4). The crude material was purified on a flash column (175g

SiO2, 95:5 CH2Cl : methanol/ammonia) and yielded 900 mg (59%) of
20 58




to g've the lactam 26 as a white solid (1.05 g, 83°/c) 15 D.
Preparation of the Pyrrolidine (27).

[err] 20 The lactam 26 (1.05 g, 2.58 nmol) was treated
with a solution of lithiumalum numhydride in diethyl ether (1.0 M
13.0 nm, 13. 0 nmmol ) as described for the preparation of the
pyrrolidine 6t (see Exanple 1, Step E). The crude product was
purified by flash - chromat ography (gradiggyt elution: CHerr]Cllerr]:
CHerr]OH/NHerr], 81to 7:1to 25 6:1) to give the pyrrolidine 27 as a
colorless glass (720 ng, 71%.

-72 - E. Preparatlon of Conp éﬁ%

[err] .Toasolutlonof (2.14 mmol, 900mg)indryTHF(30mL)

was added a solution of LAH in diethy! ether (5.34 mL of a 1M solution).
The reaction was heated to reflux for 2 hours, cooled to room
temperature, diluted with diethyl ether, and quenched with saturated
5 aqueous NaSO4. Solid NapSO4 was added and the mixture was
filtered. The filter cake was washed with 150 mL of boiling THF.
Removal of the solvent on the rotary evaporator yielded 920 mg of a
crude solid.
_ To a solution of the crude solid (S20 mg) from the previous

10  reaction in THF (15 mL) was added (t-BOC)20 (2 7 mmol, 0.59q). After
30 minutes, the reaction was diluted with CH2Cl», washed with water,
and dried (MgSQOy). Concentration yielded a crude solid which was
purified on a flash column (200 g SiO,, 80:20 hexane acetone) This
material was further purified via HPLC (SiO», 97: 3 hexane : 2-propanol)

15 to give 230 mg (21%) of 59.

F.

20 .
Compound §9 (0.47 mmol, 230 mg) was combined with 15
mL 1N HCI and heated to 90°C for one hour. The reaction was cooled,
filtered, and extracted with diethyl ether. The aqueous layer was
concentrated in vacuo to give 60 (110 mg, 100%). MS (CI) 166 (M + 1).
25
The following are examples of pharmaceutical dosage
forms which contain a compound of the invention. As used therein, the
term "active compound® is used to designate the oompound_'



5 ’ A suspension of the pyrrolidine 27 (750 ng, 1.91 mmol) in
1 N aqueous hydrochloric acid (15 nlL) was heated to reflux for 1 h. The
white ‘precipitate that formed during the course of the reaction was
removed by filtration and the aqueous filtrate was extracted with ethyl
acetate (2 x 5 nL). The aqueous | ayer was concentrated by rotary 10
evaporation to give conpound 28 as an off-white solid (390 ny, '91%.

F. Purification of Conmpound (28). - =~ -87- Conpound 28 (75 ny,
0.33 Mol ) was purified as 15 described for the purification of Conpound
()-7t (see Exanple 1, Step H) .to give Conpound 28 as a white solid (57
ng, 76% recovery); M (Cl) 152 (M + 1). -
-73- EXAVPINHS A
[err] - '

L)

The scope of the invention in its pharmaceutical composition aspect is
not to be limited by the examples provided, since any other compound of

5 structural formula I can be substituted into the pharmaceutical
composition examples.

Pharmaceutical Dosage Form Examples
EXAMPLE A
Iablets
No, Ingredients mgAablet | mg/tablet

1. Active compound 100 500
2. Lactose USP - 122 113
3. Corn Starch, Food Grade, 30 " 40 -

as a 10% paste in

Purified Water _
4. Corn Starch, Food Grade 45 40
5. Magnesium Stearate 3 - 4

Total . 300 700

10
Method of Manufacture

Mix Item Nos. 1 and 2 in a suitable mixer for 10-15
minutes. Granulate the mixture with Item No. 3. Mill the damp granules
through a coarse screen (e.g., 1/4", 0.63 cm) if necessary. Dry the damp



5 : To a solution of 1.08 nL of freshly distilled N\
di | sopropylanine in 1 nL of anhydrous THF was added 3.1 nL of 2.5 M
nzbutyllithiumat O[err]C under nitrogen. The resulting solution was
stirred 10 at O[err]C for 40 mnutes (resulting in the production of
l'ithium di | sopropylam de (LiN(i-Pr)[err])), cooled to -23[err]C and
then 0.672 nL of N met hyl - 2-pyrrolidi none 29 was added slowy. The
solution was stirred for 0.5 hours at .ggl.err]C and an additional 1
hour at -78[err]C. A solution of 2.69 g of :

4-chl oronmethyl -(N-trityl)imdazole 30 in 14 nL of anhydrous 15 THF was

t hen added dropw se. The resul ti.ng ,sol ution stirred for 4 urs
at -78[err]C and SrMies.SHcreen the daed granyles & npcessary 993&“66‘051 gemhﬁo. of
hours of stirring4adnd Addicrerrasaniiutes.t Aeid Itan NS ahd nix fonBs3 minutes.

quenched by water ;and extracted wth ethyl .acetate. . The gﬁg
organi c extracts Rﬁé@*@ﬁ '\)&?‘%W%ﬁ%’%@@&%@&dmﬁﬁgﬁé %@Bmand
concentrated to ginvachinede product. The crude product was purified by

flash chromatcgﬁraphy on SIAX2 (1% to about 5% of ammonia sat ur at ed
met hanol in err]C[err to give 1.77 (60%vyield) of conpound 31.
| 1aterrl) tog ExaMples @ * "

1 Active compound 100 500
2. Lactose USP ' 106 123
3. Corn Starch, Food Grade 40 70
4 Magnesium Stearate NF 4 S A
Total .. 250 700
10 |
Method of Manufacture -

Mix Item Nos. 1, 2 and 3 in a suitable blender for 10-15
minutes. Add ltem No. 4 and mix for 1-3 minutes. Fill the mixture into
suitable two-piece hard gelatin capsules on a suitable éncapsulating

15 machine.

While the present invention has been described in
conjunction with the specific embodiments set forth above, many
alternatives, modifications and variations thereof will be apparent to

20 those of ordinary skill in the art. All such altematives, modifications and
variations are intended to fall within the spirit and scope of the present
invention.



-74- ' B. 31 + LiAlH err] [err] 5 To a

"solution of _1.54 g of 31 in-8-nlL of anhydrous THF was added 11.34 ni .
of* I'i t hi um al umi num hydri de solution (1.0 Min diethyl . ether) slowy.
The resulti nﬁlmumumuﬂ@ mlarred at roomtenperature for 2 hours,
and 110 nL o s added. Saturated aqueous Na2SO4

sol ution was &ar®ful | y a ded to the above nmixture till hydr ogen 10.

evol ution ceased. The organic fraction was segarated, and the aqueous
solution was basified with Klerr]COerr] and extracted with ethyl acetate
many times. The conbi ned organic solutions were washed with brine,
dried over an I fr err], and then concentrated to give a
crude product. et was purified by flash chronat ography
on Sigerr] (5%15 CH3 CH (NH3) in CHerr]OJerr]) to give 1.273 g (85%

yi el d) of conmpound 32. gﬁ 20
A solution of 1.2 g of 32 in 100 A"%’f“’e“gﬂﬂé ué!éfg’ma hydr ochl oric acid

was heated in a 90[err]C oil bath for 30 minutes. After the sol ution
was cooled to roomtenperature, the m xture extr&qted W th di et hyl
ether (4 x 50 nL). The aqueous sol ut1| on was_c \ent), ed under

RY R?
©Clo
=\ Y'--7\T N—R® 0
HVN | (C),\ L

r”

or a pharmaceutically acceptable salt or solvate thereof, wherein:
(A) mis an integer selected from the group consisting
of: 0, 1,and 2; ,
10 (B) n and p are integers and are each independently
' selected from the group consisting of : 0, 1, 2, and 3
such that the sum of n and p is 2 or 3 such that when
the sumof n and p is 2, T is a 4-membered ring and
when the sum of nand pis 3, T is a 5-membered
15 ring;
(C) eachR1, R2 RS, R4, RS, R?, and R3 is independently
selected from the group consustlng of.

() H .
: (2) CqtoCg alkyl;
20 - (8) Cato Cg cycloalkyl; and

(4) -(CHg)q-R9 wherein q is an integer of: 1 to 7, and R®
is selected from the group consisting of: phenyil,
- substituted phenyl, -OR19, -C(O)OR19, -C(O)R10,
: -OC(O)R19, -C(O)NR10R11, CN and -SR19 wherein
25 ~ R'0and R11 are as defined below, and wherein the
- substituents on said substituted phenyl are each
independently selected from the group consisting of:
-OH, -O-(C+ to Cg)alkyl, halogen, C1 to Cg alkyl,
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25 vacuum to_yield crude product which was then recrystallized from 2-
. propanol / di et hyl ether i 0.5 g (85% of conmpound 33; MS (FAB)

S MM, e

194 g of cortpoéndt o a 34 and 2.49 nL of
tetrarret hyl et hyl enedi anmine in 7.5 ml of anhydrous diethyl ether was

-90-

-CF3, -CN, and -NO,, and wherein said substituted
phenyl contains from 1 to 3 substituents;

(D) RS is selected from the group oonslstlng of:

(1) H; '
5 (2) CitoCoo alkyl;
- (8) Cato Cg cycloalkyl; _
(4)  -C{O)OR!'; wherein R10' is the same as R10
defined below except that R10' is not H;
. (5) -C(O)R19;
- 10 (6) -C(O)NR1ORT1T;
(7) aliyl;
(8) propargyl; and
(9) -(CH2)q-R9, wherein q and R? are as defined above
with the proviso that when q is 1 then R? is not -OH
15 or -SH;

(E) R10and R are each independently selected from the
group consisting of: H, C4 to Ce alkyl, and Cz to Cg
cycloalkyl; and, for the substituent -C(O)NR19R11, R10 and
R11, together with the nitrogen to which they are bound,

.20 - can form a ring having 5, 6, or 7 atoms;
(F) . the dotted line (~--—) represents a double bond that is
“optionally present when'_m'is 1, and T is a 5-membered

ring, and n is not 0, and p is not 0, and when said double
bond is present then R2 and R® are absent;

25 (G) whenmis 2, each Rl is the same or different substituent for
each m, and each R2 is the same or different substituent for
each m; S

(H) whennis?2or3, each R3is the same or different
substituent for each n, and each R4 is the same or different

30 ~ substituent for each n; and |

() whenpis2 or3, each R6 is the same or different
substituent for each p, and each R7 is the same or different
substituent for each p. '

-_
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added 6.06 m of 1.3 N.sec-butyllithiumat -78[err]C. The resulting
sql ut rom10—was atirrce‘ﬁfor 3 hours 45 mnutes at -78[err]C, and a

sol uti chloromethyl (N-trityl)imdazole 35 in 4 m of
tetrahgﬂm ﬁ dropwi se over 15 mnutes. After 15 m nutes
of sti , the reaction mxture was slowy warned to-

roomterrperature for over hour. Saturated agueous NH4AClI sol uti on was
added. The m xture was 15 extract ed with etty acetate. The organic |ayer
was separ at ed, washed with brine, dried over anhydrous sodium sul fate
and then concentr at ed. The residue was purified by flash

chromat ography on SiQ2 to give 0.23 g (17% of product 38.

-76- B. [er] The commound of Claim 1 whereinl said compgounhd3 ¢
of 36 in 20 nL of | ter
cooling to room teﬁpﬁlﬁtﬁggﬁtﬁm@w@&conssﬁ g&%@ PQ@?%ﬁavm[g%% 91‘3
ether three tines. The aqueous sol ution was then concentrat ed and t he
crude product was crystallized with™ g3

| \H_ <N>
[—\ ~  (IIA-1)

_ N .
10 HN\/. : ; and

(I1A-2)
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CH err] OH/ di ethyl ether to give 0.075 "g (70%vyield) of the product 37; M
10 (C—:I—)—}S—Z-(—Mtl-)\ EXAMPLE 7
To a solution of 11.59 g of

|m daz M’I Ilﬂ”eﬂmmln) hydrochloride 38 in 100 nL of anhydrous mnet hanol
was ad ncentrated HC . The resulting m xture was refl uxed
for 5.5 hours, ahd °  * then cooled to roomtenperature. After
concentration of the soI vent, 11.9 g (2%g. of the product 39 was

i sol at ed. _ ' -77- B.
[err] o

wherein R1, R2, R3, R5, and R8 are as defined for Formula L.

3. The corhpound of 'Claim 1 wherein said compound
is selected from the group consisting of compounds haying the formula:

5 5
R
\
AN R\ R? N
| R1\ IJN |
' I_\ CH . \J ' —
HN\/N HN\/N R!
(ITI-1) , . (I11-2) ;
10 ’
R1 - ,Rs
| N

[~ °H

HN-\/N R®

(IV-5) Re
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5 : To a solution of 7.8 g of ‘39 in 70 nL of -anhydrous DVF at
O[errmg of trityl chloride (([err])[err]C) and 18.4 nL
of trlﬁ'MH e. The resulting solution was stirred at room

t enper ”,"c'"lamn l,uhours and the solvent was renpved under vacuum The
resi due* wess d by flash chromatography on Sigerr] (eluting

sal vent: CH2CI 2 and 10 increase polarity slowy by addition of ethyl

acetate) to give 16.1 g of product 40 (SX@yield). C
[err] 15 g . '

and
wherein R1, R2, R3, R4, R5, RS, R7, and R8 are as defined for Formula L

4 The compound of Claim 1 whereinmisOor 1.

5. The compound of Claim 4 wherein R5 is sele_cted
from the group consisting of H, C1 to C2¢ alkyl and (CH2)q-R? wherein
10 R9is phenyl.

6.  The compound of Claim 5 wherein R1 to R4 and R6

to R8 are each’ mdependently selected from the ‘group consisting of H,
CitoCs alkyl and - (CH2)¢R9 wherein R9 is phenyl

15
7.  The compound of Claim 6 wherein each R! to R4
and RS to R8 are independently selected from the group consisting of H,
methyl, ethyl, pentyl, benzyl, and 2-phenylethyl.
20 ' 8. The compound of Claim 7 wherein RS is H or methyi.
9.  The compound of Claim 1 having the formula
selected from the group consisting of:
| | R R AL |
N—R5 | /—‘—C - 'N—RS® |
HN'\/N B) HNvN (11C)
| 25 . R’ and R’
-
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- -78-° : solution of 8.15 nL of conpound 41 in 50 ni
of rrl‘rytrreus'—THE—v’m:slgaged 26.25 mL of 1.4Mmethyllithium at
-78[err]C mutron was stirred for 1 hour at -78[err]C, and

a solution g‘“ ﬁ“‘mmt red by the addition of 25 nL of 1 M

UN( Si ( CH3) 3) atsofution of 5 9.55 g of 40 in 100 nL of anhydrous THF

at -78[err]C and stirring the solution for 2 hours at -78[err]C before

transferring) was added by cannul a over 93Q ninutes. -Ten m nutes |ater,

4.6 nL of BF[ferr]*(Cerr]Herr])[err] O was added to the above m xture,
and the resulting soI ution was stirred at -78[err]Cfor 2 hours The

reaction m xture Y. wa room 10 hours '
45 ninutes), and t %rlﬁtsg{?c%ﬁgﬁgt?le 9’°“Rré>ﬂe§1§ ?’“#t The.
organi c | ayer was a@qmg&i-nihﬂhamn R® is phenghus Iayer was extract ed vvrth
Et OAc. The organic |ayer and Et OAc extracts were conbi ned and the

conmbi ned organi c sol ution was washed with brine, dried gver MgSO4 and
then concentrated. The resi di®. wakha gompoundiofClaim 9 wiereim RYria CudoBey

(silica gel 2 triethylamne, eluting solvent: 1 to
?m%ﬁﬁ'ﬁoigf' ¥ht'R2 is H.

10 % of CH err to give conpound 43 (6.4 g; 60%yield).
D. 20 [err] To a solution of 6.4 g of 43 in 250 nL
of anhydrous . nethylene ¢fl OrTﬁbcbmpoﬁddQSf Clain? 1nhavihg héidrmulaet hyl

alum num 25 The resul ti.n xture was rr d at roomtenperature for 45
m nut es, - ?é{ froq'nr{ﬁegroupeo sut oft

10

HN
(IV-10)

wherein R1, R3 and R6 are.'each independently selected from the group
15 consisting of H, C1 to Cg alkyl and -(CHz)¢-R® wherein R%is phenyl.

12. The compound of Claim 11 wheretn RS is selected
from the group consisting of H and methyl.

20 ~ 13. The compound of Claim 12 wherein R1 is H.

‘ - 14. The compound of Claim 1 wherein said compound-
is selected from the group consisting of:

_
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heated to reflux (5 , cooled to O[err]C, and to this m xture was

~aned Saturated aqueous NaHCO err] sol ution.

The organic | ayer was
Na2SO4 and concentrated. The

separate th brine, dried over .
reS| due ““\mm by flash chromat ography (silica gel deactivated
' ' - 7

trlethylanlne, eIutlng solvent EtOAc to 1 to about 2% CH err] OH in Et OAc)

to give 0.91 g of 44a (trans isoner) and 0.39g-of 44b (cis isoner). 5
[err] To a solution of 0.3225 g of 44a in 8 nL of
anhydr ous THF was added 3.28 nL of 1M solution of dilsobutylal um num

hydride in 10 toIHQ dropwi se at room tenperature. gﬁ%fr the addition was
2 hours and’ cool ed to room

d slowy to the abo )l ution and
Zﬁsutiﬁ.g m Xt ure. The

[ ol i 8 pryci pijsat ed out.
HN\/N ENH

conpl et e, the"sdl ution was refluxed for
t enperature. Water (2 nL) way/a

20 M of met hyl ene ¢ : \

m xt ure was vigoroqg

Filtrati on and

(B)
5
(B2)
,=\llllll - ) NH
HN\/N
CHy
10 (B4)
/-——\IIIIIIO .
" "
CHy
(C1)
HsG,
HN A" y
15
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(B1)

() -
 HgC
HN\/N )
(C2)
,_'mm. .
NH
H“L\éﬁN



concentration gave crude product, which was purified by preparative

TLC (d mﬂm,ml I ethylam ne; eluting solvent 7.5% CH err]OH in
CH[err] | 0.187 g (60%yield) of 45. F. 20

[err] _ A solution of 0.148 g of 45 in 12 mL of 0.5N
HCI mas heated in an oil bath at 90[err]C for 0.5 hours. The solution
was then 25 cooled to ‘room tenperature. The m xture was extracted with
di et hyl -96- - 80- et her
three tines, and the aqueous sol ution was concentrated to give a crude
product . The crude product was recrystallized in CH err] OH di et hyl
ether to give 70 5% of 46; M5 (Cl) 138 (M + 1) By

foll owi ng the proc es set fg{th in Exanmpl e 7, Stepgcﬁ) 5 and F, conpound

44b can be converted to the ci oner of 46.
/——'\IIIIIIC'
NH
HN, ’,

EXAMPLE 8

(D)
CH,
| HNA" "
5 ;
(E) | . (F)
10
15
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A mxture of 9.78 g of

4 (N—trlt "Im oxal dehyde and 9.55 g of Wttig reagent 47
in 30 m ﬂnmwas refluxed 15 for 21 hours. An additional 4.8
g of Wttig reagent" 4 10 mL of THF wer e added to the above
m xture; the resulting mxture was continually refluxed for 30 hours.
The sol vent was concentrated. The residue was di ssolved in :
CHerr]C[err] and washed with water. The orggmic | ayer was separ at ed
and concentrated. The residue was purified by flash 20 chromat ography on
SiJerr](CHerr]C[err]/EtOQAc) to give 6.14 g (81%yield) of 48.
B. [err

Lerrl ® | | L

HsC;

(M) | | (N)

5 ; ’
©) @
HN N
10 @ ®
| CHy
— NH | H
HN_ N | —

7
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To a m xture of 4.5 of ketone 48 in 18 mL of CHSCN was
added G‘EENEE‘BT‘“TTTﬁﬁBLhane and 75 mL of THF. To the above honogenous
'solutlonLuﬁ 35 m. of DBU (1, 8-di azabi cycl o-

[5.4.0]u lﬂﬂﬁ he resulting solution was stirred at room
tenperature bv hours). The reaction m xture was poured into 10
ice cold 0.1N HCI solutlon and the m xture was extracted with Et OAc:

- The conbi ned Et CAc extracts were washed wth, Qéine dried over MySO4
and concentrated to give 4.54 g (87@@ of . product 49 C. 15
[err] Tr- N N Compound 49 was reduced
by m xing 1.5g of 49 1.5g of Raney-Ni and 1.5 g of anhydrous Na2SO4 in
50 nL of absolute &hanol 20 and subj ecting the resulf)ng mixture to 60
psi. of H2 for 26 hours. The reaction m xture was fil ed rough a

pad of celite and the pad shed with ethano | 2. NThe
filtrate was concentra o yiel d 0.83 g of 50 620

HN__N
) V)
HN/_m | /':"(\O
‘\/’. | \cHa Hhk\ééN .NH
X
— NH
N N |
| CHy . N

\

<\::
%

10 (Y)
H
O
Hi N
hk\’;  and HhL\gﬁN
15. The compound of Claim 14 having the formula:

15
| (B1)



-82-° ~ D. [err] 5 - - A solution of 0.83 g
of 50 0. 5N HCl was heated to reflux for 45 ninutes. After
the mi xture was cooled to room tenperature, it was extracted with

gi g; h)c/lr’m,ﬂ mm’ﬂ"ﬂ% us | ayer was c evapO{gﬁ re]ol tQ dryness to give 0;r33

a mxture of 0.34 g® of* 51 in 5 nL of anhydrous DMF was 15 added 1.69 nlL of
triethylanmne; the mxture was stirred for 598i-nutes

16.  The compound of Claim 14 having the formula:
(B2)

5 . .
17. The compound of Claim 14 having the formula:
(C1)
H3Q"
L)
HN A" "
10 |

18. The compound of Claim 14 having the formula:

(C2)
HsC,

.'/-_—=\nm|
HN\/N "
15 o -

19. A pharmaceutlcai composition, for use in treating
allergy, lnﬂammatlon hypertension, glaucoma, sleeping disorders,
states of hyper and hypo motility of the gastrointestinal tract, hypo and

20 hyperactivity of the central nervous system, Alzheimers, Schizophrenia,
and migraines, comprising a pharmaceutically acceptable carrier and an
effective amount of a Compound of Claim 1.
\
This Sheet Has Been R

™



and 0. 77 mt—of—di-tert-butyl di carbonate ((tBOC)20)was added. The
@Bure was stirred for 18 hours at roomtenperature, filtered

reaction g
and conc @ MIIM’H j due was di ssolved in water and extracted W th
m‘c extracts were washed with brine, 20 dried over

EtOAc. T

‘anhydr ous Na2SO4 ahd orcentrated. The resi due was purified by
preparative TLC (1:1 Et OAc/ hexane) to give 0.13 g (24% yield) of 52; M
(me) 352 (MH1). - 100 - - 83-

F. [err] 5 A sol ution 0900.1390f 52 in 6 nL of -

Et OAc (saturated with HC ) was stirred for 45 minutes at 0C, then the
sol vent was evapor at ed under vacuum The residue wag recrystallized in
2- pr opano/ di et hyl et her200 gAunethodaof treating gllasgy,) inlammations (c1) 152
(M1). 10 hypertension, glaucoma, §i¥épgRdiSorders, states of hyper and hypo

motility of the gas_tréintestinal tract, hypo and hyperactivity of the central
nervous system, Alzheimers, Schizophrenia, and migraines comprising

5 administering an effective amount of a compound of Claim 1 to a patient
in need of such treatment.

21.  The use of a compound of Claim 1 for the
manufacture of a medicament for use in treating allergy, inflammation,
10 hypertension, glaucoma, sleeping disorders, states of hyper and hypo
motility of the géstrc)iritestin_al tract, hypo and hyperactivity of the central
nervous system, Alzheimers, Schizophrenia, and migraines.

_ 22. The use of a compound of Claim 1 for the treatment
15  of allergy, inflammation, hypertension, glaucoma, sleeping disorders,
states of hyper and hypo motility of the gastrointestinal tract, hypo and
" hyperactivity of the central nervous system, Alzheimers, Schizophrenia,
and migraines.

20 23. . A method of preparing a pharmaceutical '
composition comprising admixing a compound of Claim 1 with a
pharmaceutically acceptable carrier.

_ 24. A process for preparing a compound of Claim 1
25 comprising: '

-_—
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M To a solution of |actam 54 (10 mol e;

' 73, in a manner simlar to 5t) in dry THF (55nL) at

-78 m m@gﬁ j" solution of LDA (11 mmol, 1.18g) in THF (15 ni).
After* 45 mn this tenperature, the reaction was warnmed to.room
tenperature for 20 20 ninutes and then recool ed to -78[err]C. A solution

of (tBOC)[err]0 (11 nmol, 2.41g) in THF (15n) was added and the
reaction was slowy war med to roomtenperd®ure. The reaction was then
guenched with water and extracted into diethyl ether. The conbined

et her extracts were washed - 84-

with brine and dried (I\/gSCIeg) Concentration yielded a solid that was
recrystallized from hexane: propanol (goggound 55, 3.5 ﬁe (FSS39% was
obt ai ned as an off-white solid. :

2NN - Q'-"”'*hL~4’hl
(10) Rs_ | (11) R

_ 1)  deprotecting compouhd.(10) by treatment with dilute
5 aqueous acid, at a temperature of about 25 to about 90°C, to produce
compound (11); .

am -

(21)

10 1) deprotecting compound (20) by treatment with dilute
aqueous acid, at a temperature of about 25 to about 90°C, to produce
compound (22), said reaction following reaction path 1 when R14 is
alkyl, cycloalkyl, benzyl, substituted benzyl, allyl or propargyl; or

2) (a) treating compound (20), when R14 is

16  -Si(CH3)2C(CHg)s, with tetrabutylammonium fluoride in tetrahydrofuran
at a temperature of about 0 to about 50°C to produce compound (21); or
treating compound (20), when R14 is -C(O)O(t-butyl), with dilute
aqueous acid to produce compound (21);

(b) reacting compound (21) with (i) R5-x whenR5is

20 -C(O)R'9, -C(O)OR1?', -C(O)NR1OR11 or alkyl in an organic solvent

\X
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[err} To a solution of 55 (6.9 mmol, 3.59) in dry

THF (50 m.) at 10 rr]C was added a sol ution of

KN( Si (Cmmmmm E‘ﬁ (8.63 mml, 1.72g9) in THF (20 m.) over 10

m nut es O mL THF was used to rinse the flask and
syringe. *After one hour at -78[err]C, neat CHerr]l (8.63 nmol, 1. 22g,
filtered through basic alumna) was added, and the reaction was war nmed

to roomtenperature. After 2.5 hours, the regqggion was recooled 15 to
-78[err]C, quenched with saturated NH[err]CI (pH = 7.3) and extracted into
di ethyl ether. The conbi ned ether extracts were washed with brine and

S 8L ot o ok 5
(2.35 g; 65%. 20 RS is alkyl, cycloalkyl,Gallyl, gropaigyl, benzyl or substituted benzyl,
-85 under hydrogenating conditions, or in the presence of NaBH3(CN), in an
* organic solvent; wherein R5A represents an RS group that has one less
5 -CHa- group and X represents a suitable leaving group; said reaction (i)
or (ii) being performed at a temperature within the range of about -30 to
- about 80°C; and '
: (c) deprotecting the compound produced in 2)(b) by
treatment with dilute aqueous acid at a temperature of about 25 to about
10 90°Cto produce compound (22);

(I11) -

R7
R7 .
6 Rs _ N— HS
R NH

—\ R% | HN\/N

Z=N N - / @1
(29) \
R7

N—R5
RB
=N
(30)
15 1) reactmg compound (29) with (i) RS-X ,when R5 is

-C(O)R10 -C(O)OR1%, -C(O)NR1OR11 or alkyl in an organic solvent

optionally in the presence of a suitable base; or (ii) with R5A-CHO, when

RS is alkyl, cycloalkyl, aliyl, propargyl, benzyl or substituted benzyl,

under hydrogenating conditions, or in the presence of NaBH3(CN), in an
- 20 organic solvent; wherein RSA represents an R5 group that has one less

-
eet Has Been ‘Replaced

R




To a* solm%mml, 2.199) in dry CHCl [err] (40 nl) at room
terrperat s added I met hyl silane (10.51 mmol, 2.1Q). ~After one
hour at w, tion was diluted with nethanol and _
concentr at @'L evaporator. Purification via flash 5

chr omat ography (‘15(’) os err], 80:10:10 CH2Cl 2: 2- propanol : net hanol -

/[ ammoni-a) gave 600 ng (80% of 57 D. [err] 10
Conpound 57 (3.6 nmol, 640 ny) was conbined W8h trityl = chloride (3.9
mol , 1.48 @) andtriethylamne(39mml 0.39 g) in dry CH2Cl 2 (25

M) at room tenperature under nitrogen. ‘After 6 hours, the 15 reaction was

quenched wi th wat e Cgf%b ﬁﬂ X%e ésﬁgfé Wbavmg grofip saidreaéion (i)

represents ethyl acet I ne anl c |

saturated aqueous Ydd) Dﬁ!m ﬁtt%t%mﬂ (ﬁty@dwﬁﬁln tf‘%é@ﬂ? Of?PQUE rﬁ‘?
mat eri al was puri falslt®0°€, to uudewmpéaﬂ@(:m) angi Jerr], 95:5

' S*Z[C'GE (ra]r r]: methanoVammoni a)2)and déﬁogeec‘?‘naoo%rﬂﬂodrﬁ:? %O)ng &Qat'?ﬁent with dilute

5 aqueous acid at a temperature of about 25 to about 90°C to produce
compound (31);

(1Y)

10 ,

' 1) reacting compound (37) with (i) R5-X ,when RSis

-C(O)R19, -C(O)OR1%', -C(O)NR1OR11 or alkyl in an organic solvent

optionally in the presence of a suitable base; or (ji) with R5A-CHO, when

RS is alkyl, cycloalkyl, allyl, propargyl, benzyl or substituted benzyl,

15 under hydrogenating conditions, or in the presence of NaBH3(CN), in an
organic soh)ent; wherein RSA represents an RS group that has one less
-CHgz- group and X represents a suitable leaving group; said reaction (i)
or (ii) being performed at a temperature within the range of about -30 to
about 80°C, to produce compound (38); and |

20 : 2) deprotecting compound (38) by treatment with dilute
aqueous acid at a temperature of about 25 to about 100°C to produce -

~ compound (39);

This Shee:
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-86 -+ To a solution of 58 (2.14 mmol, 900ng) in dry THF

(30 n) was added a solution of LAHin diethyl ether (5.34 nL of a 1
M’ sol reaction was heated to reflux for 2 hours, cooled to
room MIW ,I"a"l”e H”Hi d| I ut ed with diethyl ether, and quenched with
sat ur ated aqueous r]Sgerr]. Solid Na2SO4 was added and the
m xture vvas flltered The filter cake was washed with 150 ni of
boi I'i ng THF. Renoval of the solvent on4pge rotary evaporator vyielded
920 ng of a crude solid. To a solution of the crude
solid (920 ng) fromthe previous 10 reaction in THF (15 nl) was added
(t-BOC)20 (2.7 mmol, 0.59g). Bter 30 mnutes, the reaction was
diluted with CH2Cl 2, washed §Mdh wat er, and dried (MySg err]).
Concentration yiel ded a crude sol | d V\H ch was purified on géfl ash

" colum (200 g Si @2, 80:20 hexaneR! ac¢tone). This matRY i al
further purified via HPLC (Sidefr], %7 3 hexane: 2-propanof) 15N to give

230 mg (219% of 59. [err]

Conpound 59 (0.47 mol, 230 wa ' netwrPh 15 N JX and
heated to 90[err]C for houny The c tion was cHLy. ered,
and extracted with di'etg N hrl Thé aq&eous Iaye? ( L)}

(44) | T (adh)

1) reacting compound (44), wherein r is 1 or 2, with (i)
5 R5X, when RS is -C(O)R10 -C(O)OR1?", -C(O)NR1OR'1 or alkyl in an
' organic solvent optionally in the presence of a suitable base; or (i) with
R5A-CHO, when RS is alkyl, cycloalkyl, allyl, propargyl, benzyl or
substituted benzyl, under hydrogenating conditions, or in the presence
of NaBH3(CN), in an organic solvent; wherein R5A represents an R5
10 group that has one less -CHz- group and X represents a suitable leaving
group; said reaction (i) or (ii) bemg performed at a temperature within
the range of about -30 to about 80°C, to produce compound (44A); and
| 2)  deprotecting compound (44A) by treatment with
dilute aqueous acid at a temperature of about 25 to about 90°C to
15 produce compound (45);
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concentrated in vacuo to give 60 (110 ng, 100% M5 (Cl) 166 (M + i). 25
The folTow ng are exanples of pharmaceutical dosage forns which

c‘ont ain i nvention. As used therein, the ~ = term
actlve ”ﬂl - to designate the conpound
e

- 87- scope of the invention in its pharnmaceuti cal
corrp05| t | on .aspect | s not to be limted by the exanpl es provided, since
any ot her conpound of 5 structural fornula {pgan be substituted into the
phar maceuti cal conposi ti on exanpl es. Phar maceuti cal
Dosage Form Exanpl es EXAMPLE A

Tabl et s No I ng(r\;agi ents . ng/tabl et ng/tabl et

e | (54)
1) deprotecting compound (53), wherein p is 1 or 2, by
treatment with dilute aqueous acid, at a temperature of about 25 to about
5 90°C, to produce compound (54), said reaction being used when R14 is
alkyl, cycloalkyl, benzyl, substituted benzyl, allyl or propargyl; or
"~ 2) (a) treating compound (53), when R14 is
-Si(CH3)2C(CHg)3, with tetrabutylammonium fiuoride in tetrahydrofuran
ata temperature of about 0 to about 50°C; or treating compound (53),
10 when R4 is -C(O)O(t-butyl), with dilute aqueous acid;
(b) reactung the compound produced in 2)(a) with (i)
RS-X when RS is -C(O)R19, -C(O)OR1Y', -C(O)NR10R1 or alkyl in an
organic solvent optionally in the presence of a sutable base; or (i) with
R5A-CHO, when RS is alkyl, cycloalk_yl allyl, propargyl, benzyl or
15 substituted benzyl, under.hydrogenating conditions, or in the presence
of NaBH3(CN), in an organic solvent; wherein RSA represents an RS
group that has one less -CHz- group and X represents a suitable leaving
group; said reaction (i) or (ii) being performed at a temperature within
the range of about -30 to about 80°C; and
20 (c) deprotecting the compound produced in 2)(b) by .
treatment with dilute aqueous acid at a temperature of about 25 to about
90°C to produce compound (54);

(VII)
0
“N—R™
—_— >
R8” (56) |

25
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1 ——Ac—t—n—ve—eenqaeu#é - . 100 500 2. Lact ose
3. Corn Starch, Food G ade,

113
o I, o o o opmste o ™ e

Magnesi um St'earat & . 3 7 Tot al

300 700 10 Met hod of Manufacture

Mx ItemNos. 1 and 2 in a suitable mxer foll086-15 m nutes. Granul ate
‘the mxture with ItemNo. 3. MI| the danp granules - through a coarse
screen (e.g., 1/4',. 0.63 cm |f necessary Dry the danp

[temNo. 4 'and mx for 1b- Hfép%"%"g“ﬂaﬁdﬁén'°*°3ﬁﬁﬁ@aﬁ§§"??x or"“ith

m nut es. Conpéerapound (m)dvﬁh @ suitable base ah adempeasature ofa
sui tabl e tabl et aboﬁﬁd“@%ncﬁreactmg said anion with compound (32) EXA'VPLE B
Capsul es No. I ngredi ent ng/ capsul e ng/ capsul e
CHO
=N N
5 (32)

in an organic solvent at a temperature of about -78 to about 25°C;

2) reacting the product of 1) with R1-Q, wherein Q Is Li
or MgBr, in a suitable solvent containing CuCN and a Lewis acid, said

10 reaction is conducted at a temperature of about -78 to about 20°C;

3) reacting the enolate of the product of 2) with R8-L,
wherein L represents a suitable leaving group, in an organic ‘'solvent,
said reaction is conducted at a temperature of about 0 to about 50°C;

4) reducing the resuiting R8 substituted compound

15 from 3) with LIAIH4 at a temperature of about 25 to about 65°C in an
organic solvent; _

5) deprotecting the reaction product of 4) by treatment _
with dilute aqueous acid, at a temperature of about 25 to about 90°C, to .
produce compound (57), said reaction being used when R14 is alkyl,

20 cycloalkyl, benzyl, substituted benzyl, allyl or propargyi; or

6) (a) treating the reaction product of 4), when R14 is
-Si(CHa)ZC(CHs)a, with tetrabutylammonium fluoride in tetrahydrofuran
at a temperature of about 0 to about 50°C; or treating the reaction
product of 4), when R4 is -C(O)O(t-butyl), with dilute aqueous acid;

25 ' (b) reacting the compound produced in 6)(a) with (i)
R5-X ,when R5 is -C(O)R19, -C(O)OR19', -C(O)NR1OR11 or alkyl in an
organic solvent optionally in the presence of a suitable base; or (ii) wuth
R5A-CHO, when RS is alkyl, cycloalkyl, allyl, propargyl, benzyl or
substituted benzyl, under hydrogenating conditions, or in the presence

30 of NaBH3(CN), in an organic solvent; wherein R5A represents an RS

group that has one less -CHz- group and X represents a suitable leaving

This Sheet Has Been Replaced




N Act ive corrpound— 100 500 2.

g?g; 2ﬁ1|ﬂﬂmllmm4llll " Illlﬁlo 108 70 .4 w23 ﬁ/agnem um Stcg;pat e NF

Tot al 250 700 -
10 Met hod of Manuf acture . Mx ItemNos. 1, 2 and 3 in
a suitable blender for 10-15 mnutes. Add Item No. 4 and mx for 1-3
mnutes. Fill the mxture into sui t abl.eygmo- pi ece hard gelatin
capsul es on a suitable encapsulating 1 5 machine. Wi | e
the present invention has been described in conjunction with the
speci fi ¢ enbodi nrents set forth rnatives, nodi f‘ cations

e, ..man calt
and variations th&eyp: W'ﬁlreﬁﬁt'%{bﬁhpéﬂ%@mﬁf’mga3613 t@F'H?q{ﬁWeé‘ﬂh M in
the art. Al such thetrangaof about +80ctof abboutiBOIC; and - vari ations are

intended to fall within the spiri | ion.
WHAT |'S CLAIMED | S P ag&@%%ﬁ'& boifipflid Bréiyced in 66 by
treatment with dllute aqueous acid at a temperature of about 25 to about
5 90°C to produce compound (57);

(VIII).
0
N_R14 _
—_—
R (s6) - |

_ '19 | 1) preparing the anion of'compound (56) by reacting.
compound (56) with a suitable base at a temperature of about -20 to
about 20°C, and reacting said anion with compound 42

R1
— Cl

Z— N\/N
- (42)
15 : _
in a suitable solvent at a temperature of about -78 to about 25°C
_ 2) reacting the enolate of the product of 1) with RE-L,
wherein L represents a suitable leaving group, in an organic solvent,
said reaction is conducted at a temperature of about 0 to about 50°C;
20 8) reducing the resulting R8 substituted compound
from 2) with LiAIH4 at a temperature of about 25 to about 65°C in an
organic solvent; |
4)  deprotecting the reaction product of 3) by treatment
with dilute aqueous acid, at a temperature of about 25 to about 80°C, to

Thls She
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[erry  or a pharmaceutically acceptable salt or
sol vate thereof, wherein: (A) mis an integer

sel ect ed—fromthegroup consisting of: 0, 1, and 2; (B)

‘'nand p are in ' \gyar e each independently selected from
the grou ﬂ N _ Mﬂ \0, 1, 2, and 3 such that the sumof n and p is
2 or 3 s e sumof nand pis 2, Tis a 4-nenbered

ring and when the sumof n and pis 3, T is t0O&-nenbered ring;
(C each Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], and Rerr] is

i nd_epfandent_l y sel ected fromthe group consisting of:
(3) & (o qerr] RroAUGe gompoung (57), saidrbactich iR dsdd hon 514 is alkyl,

-(CH err]) [ er r] - Rieycidalkylcbenzyl osubstituted hengyl, adlijt oripropargylneti RO i s

| st i o - :
a0 e e 0 Sty i3 vt s
C(ONRerr]Rerr],~ CHas. With tetrabutylammaniymsfluprige in tettahydrofuran
el ot i oy U Bkl 4t M 0,  reating the reacton
oroon bone Plen pieietof oo &S QION- 534y Yl aveows i .
al kyl, -CF[err], -CN, and - N2, afp) reheting thesconipeuhd producatl in 5)(a) with (i) -
phenyl contains fragd Lo PREYDSE(G 0! B(O)OR19', -C(O)NR1OR11 or alkyl in an
organic solvent optionally in the presence of a suitable base; or (i) with
10 RSA-CHO, when RS is alkyl, cycloalkyl, allyl, propargyl, benzyl or
substituted benzyl, under hydrogenating conditions, or in the presence
of NaBH3(CN), in an organic solvent; wherein R5A represents an RS
group that has one less -CH2- group and X represents a suitable leaving
. group; said reaction (i) or (ii) beihg performed at a temperature within
15 the range of about -30 to about 80°C; and
. (c) deprotecting the compound produced in 5)(b) by
.treatment with dilute aqueous acid at a temperature of about 25 to about
90°C to produce compound (57);

20 - (IX) using compound (58)E

Rl R2
G

'-z— N;N R!
(58)

in place of compound (42) and compound (59):

25
R\ R?
—( CHO
Z—=N_N
- (59)
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¥

90 =&, (D__R5 is sel m‘ted——f—pemthe group con5| sting of:

(1) H err Cerr] alky (3) GBto
cerr] cycl oal kyLlIII“LmI“I“ﬁIII“lhl (4) C(O)CR[err] wherein Rlerr] is the
same as Rierr] det bel ow except that R err] is not H,
(5) -AORerr]; "(6) -C(ONRerr]Rerr]; (7)
al lyl; (8) propargyl; and - (9
-(CHerr])[err]-Rerr], wherein g and R[err]_ e as defined above with

t he proviso that whenqlslthen Rlerr] is no -OH or -SH; ' (E)

Rlerr] and Rlerr] are each independently selected fromthe group
consisting of: H (ferr] to (Jerr] alkyl, and C3 to C6 Cécloal kyl; and, for

t he " substi t ineplaceqfoprmpaund (32) te prodies epmpeund( PY], together with
the nitrogen to whi ch they are bound, can forma ring having 5, 6,
or 7 atons; (F) the dotted line (-) represents a double bond that is
optional ly present when mis 1, and T is a Jy¥renbered ring, and n is
not O, and p is not O, and when said double pond is present then R2
.and R err] are absent; (G Mhen , each Rl is the sane .
or different substituent for each err] is the sane or
di fferent substituent for each m ?

= (CHy),

~HN N R
\F (60)

5 by following the steps in (V) above, or to produce compound (61)

R. R?
N—R5

= RE(CHD),

* , HN N R!

(61)

by following the steps in (VI) above, wherein for-oompound (60)ris 1 or
10 2 and for compound (61) p is 1 or 2, and wherein G in compound (58)
. represents a suitable leaving group;

R 1N (71) s N
4 R4 )
BS

vocm)s o

1)  treating compound (71) with acid in an inert organic
solvent at a temperature of about 0°C to cause seléctive deprotection of
the pyrrohdme ring; '

15
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(H .when nis 2 or 3, is the same or different substituent for

each n, and each S the same or different substituent for each n;
afid () \M’Q’ﬂ” y ach Rlerr] is the sanme or different.
substituent for each Rerr] is the sane or different
substituent for each- p he ccmpound of Caim1l wherein said conpound is
selected fromthe group consisting of conmpounds having the formul a:

Lerr] 91 -110- 92 '
wherein R[err] Rlerr], Rerr], Rerr], and Rerr] are as defined for
Formul a 1. : '

2) - reacting the reaction product of 1) with (i) R5-X,
when RS is -C(O)R19, -C(O)OR1?', -C(O)NR19R1 or alkyl in an organic
solvent optionally in the presence of a suitable base; or (ii) with.
R5A-CHO, when R5 is alkyl, cycloalkyl, allyl, propargyl, benzyl or

5. substituted b’enzyl. under hydrogenating conditions, or in the presence
of NaBH3(CN), in an organic solvent; wherein R5A represents an RS
group that has one less -CHz- group and X represents a suitable leaving
group; said reaction (i) or (i) being performed at a temperature within
‘the range of about -30 to about 80°C; and

10 2) deprotecting the reaction product of 2) by treatment
with dilute aqueous acid at a temperature of about 25 to about 90°C to
produce compound (72); or

_ (XI) Preparing compounds of Claim 1, wherein RS is H,
15 by reacting an intermediate compound of one of the above process
steps (I), (II), (HII), (IV), (V), (VI), (VII), (VII), (VIII), (IX), or (X),
with aqueous acid, at a temperature of about 25 to about 100°C, said
intermediate compound hav:ng the imidazole nitrogen protected by Z
- and having the nitrogen of the cyclnc four or five membered amine
20 substituted with -C(O)O(t-butyl) or unsubstituted.
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j'l;

3. The compound of Claim1 wherein said conpound is selected from

the group consi sting of - conpounds having the fornula: {err]
o3 [err] wherein Rerr], R2, Rerr], R4, R5,
R[err] Rlerr], and Rlerr] are as defined for Forrrula 1.

The corrpound of Cdaiml wherein-mixL 0 or 1. 5. . The

corrpbund of Claim4 wherein Rerr] i.s selected fromthe group
consisting of H (err] to Clerr] ABSTRACE (CH2)[err]-Rlerr] wherein

Rierr] is phenyl.

10

15.

20

25

IMIDAZOLYL OR IMIDAZOYLALKYL SUBSTITUTED WITH'A

FOUR OR FIVE MEMBERED NITROGEN CONTAINING
HETEROCYCLIC RING

Disclosed is a compound of Formula I:

Ry R
, N\
R‘\/ﬂz cr
cioo/ TN 06
[T\ \T N—R I
HN_ N e’ \of, ®
A v P\Rs

ora pharmaceutically écoeptable salt or solvate thereof.
Also disclosed are pharmaceutical compositions

| compri'sing' a pharmaceutically acceptable carrier and an effective

amount of a Compound of Formula L :

' Further disclosed is a method of treating allergy (for
example asthma), inflammation, hypertension, raised intraocular
pressure (such as glaucoma)--i;e., a method of lowering intraocular
pressure, sleeping disorders, states of hyper and hypo motility and
acidic secretion of the gastrointesti'nal tract, hypo and hyperactivity of the
central nervous system (for example, agitation and depression) and
other CNS disorders (such as Alzheimers, Schizophrenia, and
migraine) comprising administering an effective amount of a compound
of Formula I to a patient in need of such treatment.



6. + Thé conmpou
are each

consi sting of H,
-(CHerr])[err]-
conpound of. C ai

C
B

n

| ndependently se
pentyl, benzyl,

Caim 7 wherein R[err] is Hor rrethyl
Claim1 havi ng WHETf GSnCLATMEDe&Sed from t he

e

al kyl ,

Pis phenyl |
mhereln each Herr] to R[err]sand

[ed fromthe grpup cor@ sting of vH;
8

consisting of: 4.

94

[£Edrhpound of the formula :

or a pharmaceutically acceptable salt or solvate thereof, wherein :

(A) mis an integer selected from the group consisting of: 0, 1, and 2;
(B) n and p are integers and are each independently selected from
the group consisting of: 0, 1, 2, and 3 such that the sumofnand p is
2 or 3 such that when the sum of n and p is 2, T is a 4-membered
ring and when the sum of nand p is 3, T is a 5-membered ring;

(C) each R', R?, R?, R4, R%, R, and R® is independently selected
from the group consisting of :

(1) H;

(2) C, to Cg alkyl;

(3) C; to C¢ cycloalkyl; and

(4) =(CHy)-R® wherein q is an integer of: 1 to 7, and R® is
selected from the group consisting of: phenyl, substituted
phenyl, -OR™, -C(O)ORY, -C(O)R', -OC(O)R"™, -
C(O)NR™R", CN and —SR'" wherein R" and R"are as
defined below, and wherein the substituents on said
substituted phenyl are each independently selected from the
group consisting of: -OH, -O-(C, to Ce)alkyl, halogen, Cito Ce
alkyl, -CFs, -CN, and -NO,, and wherein said substituted
phenyl contains from 1 to 3 substituents;

_—
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wherein R err] i
al kyl ,
10.

R err]

consi sting of:
as defined in C

i ndependently se

al kyl

The conhpou
is H and
Caim1l having t

07 AUG 1999
formul a sel ecft ¢
(== -
him 1 and Rl err],

e

He group consisting of H Clerr] to C[err]
flerr]Rlerr] wherein RO is phenyl.

ein Rlerr] is (Jerr] to (Jerr] alkyl,

2 is H S 11, The conmpound of

d fromthe group -
0 wherein R err] is

Rl err] a%d Rlerr] are each

cecred 1T

g the group consisting

of H Cerr] to (err]

R iy wledtediremnthegioupwresising e err] is phenyl .

(O H;

(2) C, to Cy alkyf;

(3) C; to C; cycloalkyl;

(4) —C(O)OR', wherein R is the same as R" defined
below except that R" is not H;

(5) -C(O)R™;

(6) —C(O)NR™R";

(7) allyi;

(8) propargyl; and

(9) ~(CH>)¢-R®, wherein q and R® are as defined above with
the proviso that when q is 1 then R® is not —OH or —SH;

(E) R and R" are each independently selected from the group

consisting of: H, C, to Cg alkyl, and Cs to Cg cycloalkyl; and, for the
substituent -C(O)NR™R"', R™ and R, together with the nitrogen to
which they are bound, can form a ring having 5, 6, or 7 atoms;

(F) the dotted line (——) represents a double bond that is optionally

present when m is 1, and T is a 5-membered ring, and n is not O,

and p is not 0, and when said double bond is present then R? and R®

are absent;

(G) when m is 2, each R' is the same or different substituent for

each m, and each R?is the same or different substituent for each m;

(H) when n is 2 or 3, each R® is the same or different substituent for

each n, and each R* is the same or different substituent for each n;

and

(1) when p is 2 or 3, each R® is the same or different substituent for

each p, and each R is the same or different substituent for each p.

The compound of Claim 1 wherein said compound is selected from the

group consisting of compounds having the formula :

T

L I

*
c
L 'y

s *



12. ; The co 3 ‘f‘_" pherein Rlerr] is selected fromthe group.
95 13. The

consi sting of §Hy =
conmpound of Cljaitm [ érr] is H 14. The conpound of Claim1l
wherein said corpoémwgnecud from the group consisting of: [err]
96 [err] .

. 91
RS
5
F\—‘b“ "o
H /N R® )
R |
(I1-2)
HN\/N R®

RS
I W
y Nl \N (I1A-1)
A :
and
RS
. R! R? N/
_ ,M (IIA-2)
_—

Y g



[err]

=28 [err]

| AL

@ Z.AUG 1999.

— 92

wherein R', R?, R?, R%, and R® are as defined for Formula 1.

3. The compound of Claim 1 wherein said compound is selected from

the group consisting of compounds having the formula :
5

R!
—\ \CH /-—MJ

HN\/N HN N R

(I1r-1) . (I-2) ,
RG R7
RO
N
HN\/N \Rs
: (Iv-2) _
R! R®
——CH
HN /N Re
(IV-4) .
RS
1 2
H‘ /RS R R N/
—r—CH N
H —N R® —N RY
(Iv-5) R® (IV-6)

* ¢ L M s *



15. ,The icorrpOL‘EE" R B \ yavi ng the fornula: [err] 16. The
conpound of d e if or mul a: [err] 17. The
conpound of dHhi He if or mul a:

93

R‘

(Iv-7)

wherein R!, R, R?, R*, R%, R®, R?, and R® are as defined for Formula

4. The compound of Claim 1 Wherein misOor1.

5. The compound of Claim 4 wherein R® is selected from the group
consisting of H, C; to C alkyl and (CH,),-R® wherein R® is phenyl.

6. The compound of Claim 5 wherein R* to R* and R°® to R® are each
independently selected from the group consisting of H, C, to Cs alkyl,
and —(CH,),-R® wherein R? is phenyl.

7. The compound of Claim 6 wherein each R' to R* and R® to R® are
independently selected from the group consisting of H, methyl, ethyl,
pentyl, benzyl, and 2-phenylethyl. '

8. The compound of Claim 7 wherein R® is H or methyl.
S. The compound of Claim 1 having the formula selected from the
group consisting of :
' A\ 2/\
—Rs /
—— N—R =\ C N—RS
H N
Y H N Y
N\/ /7 (IIB) ond N\/ L (IiC)

- T+ ¢ L M 5 =



[err]
forrr_ul a:

| %)
P
CEm
Ry
Ui

0,248 1993,

£

04

wherein R’ is selected from the group consisting of H, C; to Cg alkyl,
and —(CHy)-R® wherein R? is phenyl.

10.  The compound of Claim 9 wherein R is C, to Cs alkyl, R' is H, and
RZisH.

11.  The compound of Claim 1 having the formula selected from the
group consisting of :

and

a—

HN_ N
(IV-10)

wherein R® is as defined in Claim 1 and R', R® and R® are each
independently selected from the group consisting of H, C, to Cs alkyl
and —(CH,),-R® wherein R®is phenyl.

12.  The compound of Claim 11 wherein R’ is selected from the group
consisting of H and methyl.

* [ L ] S *

=1 18. The conpound of C aim 14 having the



19.
ant agoni st ,

effective 4 udof Claiml.

met hod of ' - rageutical conposition conprising
' ' ipflar maceuti cal | y acceptabl e
1 of the fornula

conpri si ng SEl ect ed fromthe

(I'X): [err]

ound of d a#gll

A phdREEE, uT.- ition, for use as an H3 receptor agonist or

100 20. A
adm xing a

carrir. 21.

i ndi cat ed,

| owi ng Procedures (1) to

13.  The compound of Claim 12 wherein R'is H.

14. The compound of Claim 1 wherein said compound is selected from

the group consisting of :

(A1)
[~ < .:NH
HN\/N .
(B)
(82)
/—=\mm
HN__N NH
CH, )
(84)
[——\ll(INO
M N ) NH
CHs :
(C1) '
HaG_

HN\/N
AN 0

HN\/N

HN

(C2)

A

HyC,

HNZ

N

/——\IIIIIIONH

NH

NH



beiaPlamubhy ot DA TR BT

EPLACEMENT Sumny|

1) deprJL'bbhHg pe iy {10) by treatnEnt wi th dilute aqueous acid, at

a tenpega utfi@&ﬁfﬁ@@ err]C, to produce conpound (11): [err]

101 LT pr tiecting conpound (20) by treatnment with dilute
aqueousfiatid, . at_a i tenperature of 25 to 90[err]C, to produce
-sai d react on followi ng reaction path 1 mhen R14

N2

conpoun 22)

is al ky vyl , substituted 96 benzyl al lyl.
propargyl; or (C3) 2) (a) t r eft4) n& conpound (20)
when Rlerr] is -Si(CHerr])[err] ®#CHS)3, with

tetrabutylamoniumfluoride in tetr
to 50[err]C to produce conpound (21), w,
Rlerr] is -CCOQt-butyl), w eous acid TTT royuce

conmpound (21); N( D) : |ng conpiagind  M21) i
NeH}X,anNeH]is-&%w&) 'quaﬁﬂﬂ,,
-C(ONR[err]R[err] or alkyl in an organic solvent optionally in

the presence of a suitable base; or (ii) with Rerr] -CHO when Rerr] is

(D)

drofuran at a tenper@yre of ‘0
treating compoun

CH,

HN\¢¢N

NH

(E) . @

A gy



B9, propargyl, benzyl or substituted benzyl, under
ang, or in the presence of NaBH3(CN), in an

Rlerr] represents an R5 group that has one

X represents a suitable |eaving group; said

(c) deprotecting the conpound

at ment with di l ute aqueous acid

at a tenperature of A¥to 90[err]C to produce (N)

conpound
(22); (111) [err] 102
1) reacting conmpound (29) with Rl err]-X whe -C(ORerr],
-QORerr], - (ONRerr

al kyl in ary rggmic Ndent optionally
in the presence of a

HN__N NH ?Hz
Cf”z . CH,
©) - ' ® o
n-CsHyq HiC
— NH HN;;N NG
HN AN ) CHs
@ ® o

AR



G “:f;émjth Rlerr] -CHO when Rlerr] is alkyl, cycloalkyl,

, zyl or substituted benzyl, under hydrogenating

condj t ib ibresence of NaBH3(CN), in an organic solvent; wherein
Rb group that has one | ess -CH2- group and X

eavi ng group; said reaction (i) or (ii) being

: dture within the raggf of -30 to 80[err]C, to produce
conpound (30) and 2) deprotecting conmpouttd (30) by treatnment with dilute
aqueous acid at a tenperature of 25 to 90[err]C to produce conpound (31);

(1v) [err] 103
1) reacting conpound (37) with (1) R5-X when RS is -C(ORerr],
-(OORerr], - CCONRerr]R err] or alkyl (211 an ergani c sol vent
optionally in thqypresence of a
H

HN\/N . and S .

15.  The compound of Claim 14 having the formula :

(B1)

16.  The compound of Claim 14 having the formula :

(B2)

o

17.  The compound of Claim 14 having the formula :

T

MOy g



sui t abl apatih Rlerr] -CHO, when R err] is alkyl, cycloal kyl,
al lyl, g i Benzyl or substituted benzyl, under -
hydroge !at' lor in the presence of NaBH err] (CN), in
an orga ;lc ifn R5A represents an R5 group that has
ane | es [ 0 gnd X represents a sui tabl e | eavi ng
group; $laid reaction ¢Ir (ii) being pe{’%ormed at a t enperat ure
wi t hi n the—tange—6f 80[err]C, to prfdoduce conpound (38); and
2) deprotecting conpound (38) by treatnent with dilute aqueous acid at a
tenperature of 25 to 100[err]C to produce conpound (39); [err]

104 1) reacting conpound (44), whereinr is 1 or 2, with
(i) Rerr] -X, when R5 is - C(ORerr], -CCOORerr],
-C(ONRerr]Rerr] or alkyl in an q@ganlc sol vent optlonally in
the presence of a suitabl e base; (iigy th Rlerr] -CHO, when Rerr] is
al kyl , cycl oal kyl, allyl, pr%pa{ gyl, benzyl or substituted
benzyl, under hydrogenatlng co ons, or in the presence of

NaBH3(CN), in an organic erein R err] represents an
R5 group that has one less -CH err up \ NH and X represents a
sui tabl e | eaving group; said rea¢fN ) or(ii) being

on
performed at a tenperature within tMange of -30 to 80[err]C, to produce

18.  The compound of Claim 14 having the formula :

(C2)

/—-—\mm@
HN /

19. A pharmaceutical composition, for use as an H; receptor agonist or
antagonist, comprising a pharmaceutically acceptable carrier and an
effective amount of a Compound of Claim 1.

A R



ity T B Tl K] _ 2) deprotecting conpound (44A) by treatnent
wi t h di | it E=ac 1 a tenperature of 25 to 90[err]C to
. ? ) 3 [

produce A ALK prr] 1) deprotecting
conpoundij (p3)5—whe - piits 1 or 2, by treatnent wit dilute

aqueous pckd ure of 25 to 90[err]C, to produce conpound (54),
105 si d reaction beingfused when R14 'p& al kyl, cycl oal kyl, benzyl,
substi t ut=d A —artyt-or propargyl; 3 2) (a) treating conpound
(53), when R14 is -Si(CHerr])[err]C(CH3)3, with t et rabut yl amoni um

fluoride in tetrhydrAfroctaed & Rieparinged AAhampaeautigal composition comprising
: admixing a compound of Claim 1 with a pharmaceutically acceptable

" carrier.

21. A process for preparing a compound of Claim 1 of the formula
indicated, comprising a procedure selected from the following

Procedures (l) to (IX) :
)
Ra RS RS RS
Z=N AN [ N T
(t0) R - @y R

1) deprotecting compound (10) by treatment with dilute aqueous
acid, at a temperature of 25 to 90°C, to produce compound (11);

(In ]
RS B
R~ R*
1 —
—— e S N
N HN. N N5
— \ 3 4 R
4 N\/NR" R R (22T/ R® R
(20) 2\\ o8 /
R7
- NH
Z—N_ 2N
¥ Rr3 R*

(21)

-

A g o



4y T L T EMNTYTT .
to 50[ ¢F 5y ieAHERG | conpound (53), when R14 is ~C(O O(t-butyl), with
diluteg cid, T} (b) reacting the conpound produced in 2)(a) with
(i) RS§ is -C(ORerr], -C(ORerr],
-C(O NR[ £ yl in an organi c sol vent optionally in the
presenge™o St-tate® bhse; or (ii) with Rerr] -CHO when R5 is

al kyl ,fcycl oal kyl, propar gyl , b?‘ﬂﬁyl or substituted benzyl ,

under hydrogenattng conditions, or in presence of NaBH3(CN), in
an organi c solvent; wherein R er r%@ represents an _ﬁer r] . group that
has one | ess -1Qideeratecting comporndi (20) by Jreatnaentyvith dilyte agieous acid, gt@qyi ng
group; saidr ' [ I beD LN ; ature

wi thin the raﬁg@b%%ﬂ{réoaft 258%[ g? rc]beCﬂo grnogﬁ&; %%%)‘Jﬂ%e%rzz)t seacggi'tr?g the conpound
produced i n 2)folipwing reaciian petit 1when R™ is alkyl, |aycloalisylu denzyl.agubstituteda

t enperature of t 10~0r oduce conpound (54); [err]
1) preparing -tbﬁé;)ghlayg&gﬁaé%r lb?Jrer])d (56) by reacting conpound (56) with a
suitabl e base &t a tenperature of -20 to 20[err]C, and reacting said anion

wi th conmpound (32) (a) treating compound (20), when R™ is —Si(CHs),C(CHa)s, with
tetrabutylammonium fluoride in tetrahydrofuran at a temperature of 0
to 50°C to produce compound (21); or treating compound (20), when
R" is —-C(O)O(t-butyl), with dilute aqueous acid to produce
compound (21);
(b) reacting compound (21) with (i) R®-X, when R® is -C(O)R'", -
C(O)OR™, -C(O)NR'R" or alkyl in an organic solvent optionally in
the presence of a suitable base; or (i) with R® —CHO, when RS is
alkyl, cycloalkyl, allyl, propargyl, benzyl or substituted benzyl, under
hydrogenating conditions, or in the presence of NaBHs(CN), in an
organic solvent; wherein R* represents an R® group that has one
less —CH,- group and X represents a suitable leaving group; said
reaction (i) or (ii) being performed at a temperature within the range
of —30 to 80°C; and
(c) deprotecting the compound produced in 2)(b) by treatment with
dilute aqueous acid at a temperature of 25 to 90°C to produce
compound (22); (1I1)

(30)

* [ L L] S *



4 o CHO [err]
tfa tenperature of -78 to 25[err]C _
Io}: . &) with Rlerr] -Q wherein Qis Li or MgBr, in a
sui t ablet ‘nfng CuCN and a Lewis acid, said reaction is

2)

conducted tufe of -78 to 20[err]C, 3) reacting

t he enétbate—af-t-ho—o: aduft of 2) with R[@@g] -L wherein L represents

a suitable leaving group, in an organic vent, said reaction is conducted
at a tenperature of 0 to 50[err]C 4) reducing
the resulting R err] substituted conpound from3) with LiAIH4 at a
tenperature of 25 to 65/ err]C in an organic solvent; 5)

deprotecting the reaction product of 4) by treatnment with dilute agueous
acid, at a tenperature of 25 to 90[err]C, to produce compound (57), said
reacti on being used when Rerr] is alkyl, cycloal kyl, benzyl, substituted

benzyl , allyl or propargyl; or 6)
(a) treating the reaction product of 4), when Rerr] is
-Si(CHerr])[err]C(CHerr])[err], W th

tetrabutyl amoni um fluoride in tetrahydrofUran at. a tenperature
of 0 to 50[ err] @) reacting eampoignd (28) with ¢ RS, phed iRtis oC(QR.WrEQ)ARErr] is -
C(O Q(t-butyl), Mibbogil ids ; i (dt)
reacting the corggk)%%dﬁpr%%%lé@a}{fggpés Qﬂcdsvﬁ“{‘i%“ 8p§|oz%ly_|9(1thmé%seﬁfgré?]a
is -C(OR[err], suttid tRser of (ii)- GORNR-HORWben|Rois alkily (cycleali, @liyani ¢
sol vent I I 1N ssuit abl e
bases or (11) wPrePagYl, benzyl gr sUBsHERE behayi? uhdér 'Wd.iﬁgamﬁi' g?]d)éf'gdr'ﬁﬂsi gfm Kyl |
cycloal-kyl, al | ym,ther presegge ,ofbblaBI(CHY), Juban i ergerig solvent, wherein R
benzyl, under hydgageRath i §rol6 tat BBS ond'ieds-EHE PEGFERFK Rpresents a

suitable leaving group; said reaction (i) or (ii) being performed at a

temperature within the range of —30 to 80°C, to produce compound (30);

and

2) deprotecting compound (30) by treatment with dilute aqueous acid at a

temperature of 25 to 90°C to produce compound (31);

(Iv)

R(
Ra

=————

Z—=N_N RS (39)

(37) :
R‘

NH

-—

O



107«f

reprg
grou

reacfi

W th
depr

conpound (57);

-.H-JIJ

iﬁa?ﬁi%

(7))

a suitable | eavi ng group;

(|) or (ii) ing perfornmed at a- t enperature
“the Tarmge—of~-30 to 80[err]C and ~(c)

atecting the coopgund produced in 6) %&3 by treatnment with
di | ute aqueous acid at a t enper at ure of

[err] 1) preparing the anion of
conmpound (56) by reacting conpound (56) with a

to 90[err]C to produce

at a tenperature of -20 to 20[err]C, and reacting said anion with
conmpound 42 :

1) reacting compound (37) with (I) R%-X, when R® is -C(O)R"’, -C(O)OR'?, -
C(O)NR™R" or alkyl in an organic solvent optionally in the presence of a
suitable base; or (i) with R® —CHO, when R® is alkyl, cycloalkyl, allyl,
propargyl, benzyl or substituted benzyl, under hydrogenating conditions, or
in the presence of NaBH3(CN), in an organic solvent; wherein R
represents an R° group that has one less —CH,- group and X represents a
suitable leaving group; said reaction '(i) or (i) being performed at a
temperature within the range of —30 to 80°C, to produce compound (38);
and

2) deprotecting compound (38) by treatment with dilute aqueous acid at a
temperature of 25 to 100°C to produce compound (39);

V)

RS
Al T R
3 N
K NG
—N N O =N N Ok
P 444

RS
R !
/?N )
HIL_N (cz :

(45)

A

§] "_ NaBH3(CN), in an organic solvent; wherein R err]
: group that has one less -CHerr]-

sui t abl e base



[err] FEDE '.r" in a suitable solvent at a tenperature of -78
to 25[e 2) reacting the enolate of the product of 1)

W th WI Ljrepresents a suitable |eaving
group, l@ sofvent, said reaction is conducted at

a terrpe a ure of 0 to 5p[<=rr]C

108 3) |} qetHgthe resulting Rlerr] gﬁ‘ﬁltm ed conpound from2) wth

Li Al H e& #ie of 25 to 65[ ]C in an organic solvent; 4)
depr ot ecting the reaction product of 3) by treatment with dilute agueous
acid, at a tenperature of 25 to 90[err]C, to produce conmpound (57), said
reacti on being used when R14 is al kyl, cycloal kyl, benzyl, substituted
benzyl, allyl or propargyl; or 5) (a) treating the reaction product
of 3), when Rerr] is -Si(CHerr])[err]C(CHerr])[err],

1) reacting compound (44), wherein r is 1 or 2, with (i) R® -X, when R®is —
C(O)R™, -C(O)OR'?, -C(O)NR™R"! or alkyl in an organic solvent optionally
in the presence of a suitable base; or (i) with R** ~CHO, when R® is alkyl,

n
0,

cycloalkyl, allyl, propargyl, benzyl or substituted benzyl, under
hydrogenating conditions, or in the presence of NaBH3(CN), in an organic
solvent; wherein R* represents an R® group that has one less —CH- group
and X represents a suitable leaving group; said reaction (i) or (ii) being
performed at a temperature within the range of —-30 to 80°C, to produce
compound (44A); and

2) deprotecting compound (44A) by treatment with dilute aqueous acid at a

temperature of 25 to 90°C to produce compound (45);

1) deprotecting compound (53), wherein p is 1 or 2, by treatment wit dilute
aqueous acid, at a temperature of 25 to 90°C, to produce compound (54),

N



of 0 t i afasesmal - the reaction product of 3), when Rlerr] is -
' ] | llJut e aqueous aci d; (b) reacting the conpound
() Rerr] -X when R5 is -C(O R10,

-C(O 0;' rr] -C(ONR®erg] R err] or alkyl in an organi ¢ sol vent
option Y +n"‘t“hE“"5F‘é"§én

e of aswtable@s or (ii) with R err]-CHO
when Rlterr] is alkyl vl oal kyl, allyl opar gyl, benzyl or substituted
benzyl ,  und&r hydr ogenati ng conditions, in the presence of

NaBH3(CN), in an organic sol vent; wherei n Rlerr] represents an R err]

group that has qggy fdesfor bbhs Js{ed UR146sgdaun§| A GRIOBRGE Dléndyl S iRty

| eavi ng group; said rea

t enperat ure wtmenzylmlyt@rrrgepamyi GO to 80[err] C, and (c)
deprotecting theyconpound produced in 5)(b) by treatment wth dilute
aqueous aci d at & tenperature of 25 to 90[err]C o produce onpound

(57): (1X) using cdapdreating s8mpound:(53), when RY g a&%ﬁ)z@%n\ﬁlﬂ( 42) and

conpound (59): tetrabutylammo?uﬂﬁ\ fluoride in tetrahydrofuran at a temperature of 0
to 50°C; or treating compound (53), when R'* is —C(O)O(t-buty!), with
dilute aqueous acid; |
(b) reacting the compound produced in 2)(a) with (i) R® X, when R®
is —C(O)R"?, -C(O)OR'?, -C(O)NR™R" or alkyl in an organic solvent
optionally in the presence of a suitable base; or (i) with R —~CHO,
when R® is alkyl, cycloalkyl, allyl, propargyl, benzyl or substituted
benzyl, under hydrogenating conditions, or in the presence of
NaBHs(CN), in an organic solvent; wherein R* represents an R®
group that has one less —CH, group and X represents a suitable

. leaving group; said reaction (i) or (ii) being performed at a

temperature within the range of —30 to 80°C; and
c¢) deprotecting the compound produced in 2)(b) by treatment with
dilute aqueous acid at a temperature of 25 to 90° to produce

compound (54);
(VII)
O
N—R™
-
RS (56)

1) preparing the anion of compound (56) by reacting compound (56) with a
suitable base at a temperature of —20 to 20°C, and reacting said anion with
compound (32)

[T



(59) in place. of. conpound (32) to produce
by following the steps in (V) above, or to
err] (61)

106

CHO

Z—N\/'N
(32)

in an organic solvent at a temperature of —78 to 25°C;
2) reacting the product of 1) with R' —Q, wherein Q is Li or MgBr, in a
suitable solvent containing CuCN and a Lewis acid, said reaction is
conducted at a temperature of —78 to 20°C;
3) reacting the enolate of the product of 2) with R® —L wherein L represents
a suitable leaving group, in an organic solvent, said reaction is conducted at
a temperature of 0 to 50°C;
4) reducing the resulting R® substituted compound from 3) with LIAIH, at a
temperature of 25 to 65°C in an organic solvent;
5) deprotecting the reaction product of 4) by treatment with dilute aqueous
acid, at a temperature of 25 to 90°C, to produce compound (57), said
reaction being used when R' is alkyl, cycloalkyl, benzyl, substituted benzyl,
allyl or propargyl; or
6)
(a) treating the reaction product of 4), when R" is —Si(CH;)2C(CHs)s,
with tetrabutylammonium fluoride in tetrahydrofuran at a temperature
of 0 to 50°C; or treating the reaction product of 4), when R" is —
C(O)O(t-butyl), with dilute aqueous acid,
(b) reacting the compound produced in 6)(a) with (i) R® —X, when R®
is —-C(O)R'°, -C(O)OR"?, -C(O)NR'R" or alkyl in an organic solvent
optionally in the presence of a suitable base; or (ii) with R® —CHO
when R® is alkyl, cycloalkyl, allyl, propargyl, benzyl or substituted
benzyl, under hydrogenating conditions, or in the presence of

* . C L ] S *



Js 1 or 2, and wherein G in conpound (58)

rligre[sP%s %%e I’ectvi ng group;

'oI vent at a1

ftemperature of O[err]C to cause sel ective

depr ot g
of 1)

I|d|ne ring;

when R5|S-C(é)?%{[err] - C(O)CR[err]

C(O)NR[err]'R[err] or aI kyI in an organic sol vent optlslpnally in the

presence of a suitablNaB&£EN),dn an oyganic solvensr whereftHR
allyl, Prtbas @t a8k fes@ —CREP FdubUrRf X @ Proébnts W dhitable

cycl oal kyl

leaving group; said reaction (i) or (i) being performed at a
temperature within the range of —30 to 80°C; and _

(c) deprotecting the compound produced in 6)(b) by treatment with
dilute aqueous acid at a temperature of 25 to 90°C to produce

compound (57);

(VIII)
0 R!
RB
N—R™ — N—RS

-
HN_ N
rs” (s6) ' 1o 67

1) preparing the anion of compound (56) by reacting compound (56) with a
suitable base at a temperature of —20 to 20°C, and reacting said anion with

compound 42

Cl

Z—-N g
(42)

in a suitable solvent at a temperature of —78 to 25°C
2) reacting the enolate of the product of 1) with R®—L, wherein L represents
a suitable leaving group, in an organic solvent, said reaction is conducted at

a temperature of 0 to 50°C;

_

(V) above, wherein for conpound (60) r is 1 or

1) treating conpound (71) with acid in an inert

reacting the reaction product

Wienresents @n R al kyl |

2



hydrogeﬁi Epr in the presence of NaBH3(CN), in an organic

sol vent; [s -azrfze,resents an Rl err] group that has one | ess

-CH err] Ji Xfrégpresents a suitable | eaving group; said reaction
(i) or (i efif grmed at a tenperature within 'the range of -30 to
80[err] G

with dil

' : epfiotliect 1 ng the reacti on-product of 2) by treatnent
e agueous acik:l at a tenpergture of 25 to 90[err]C to produce
conpound E2—or Xt!) Preparing cﬁ#pounds of Caiml, wherein R5 is
H, by reacting an _intermedi ate conpound of one of the above process
steps (1), (11)3) (edueing the tesulting R'(supstitpied) compaung fromy@) with LAl atgr () ,
W t h aqueous acj t b .100[err]C, said

i nternedi ate co%gno%mﬁﬁa@{ﬂ%gaﬁﬁg&ﬁ‘n%%@%?%gﬁllvﬁ?tbgen prot ect ed by Z and
havi ng t he ni t r 4pdeprofectingetheyrebétionf praduatof B) by tieatrnentewithagdiute aqueous

substituted wth .- - [ . . Of
conpound or forﬁﬂﬁggf))a%@??%ﬁtﬁg 9@58;\?8%&8(3:%%@&1@1&0 rinﬁo&?d (?Qg% sid>" @
ma?uf acture of reattich beingoted when & issliah cyfioalkylcherayl, sybstituted benzyl,

ant agoni st . :

allyl or propargyl; or

5)
(a) treating the reaction product of 3), when R is —Si(CHa),C(CHs)s,
with tetrabutylammonium fluoride in tetrahydrofuran at a temperature
of 0 to 50°C; or treating the reaction product of 3), when R" is —
C(O)O(t-butyl), with dilute aqueous acid;
(b) reacting the compound produced in 5)(a) with (i) R® —-X, when R®
is ~C(O)R™, -C(O)OR™, -C(O)NR™R" or alkyl in an organic solvent
optionally in the presence of a suitable base; or (ii) with R —CHO,
when R® is alkyl, cycloalkyl, allyl, propargyl, benzyl or substituted
benzyl, under hydrogenating conditions, or in the presence of
NaBH,(CN), in an organic solvent; wherein R® represents an R®
group that has one less —CH,- group and X represents a suitable
leaving group; said reaction (i) or (i) being performed at a
temperature within the range of —-30 to 80°C; and
(c) deprotecting the compound produced in 5)(b) by treatment with
dilute aqueous acid at a temperature of 25 to 90°C to produce
compound (57); ' |

.(IX) using compound (58):

R1 RZ
G

Z—-N_ N R
(58)

in place of compound (42) and compound (59):
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Ry R

F__.?(cmo

z—N N
(89)

in place of compound (32) to produce compound (60):

by following the steps in (V1) above, wherein for compound (60) r is 1 or 2
and for compound (61) p is 1 or 2, and wherein G in compound (58)
represents a suitable leaving group;

\
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H
A - K

0" OC(CHy),

1) treating compound (71) with acid in an inert organic solvent at a
temperature of 0°C to cause selective deprotection of the pyrrolidine ring;

2) reacting the reaction product of 1) with (i) R® -X, when R® is -C(O)R'°, -
C(O)OR'", -C(O)NR™R™ or alkyl in an organic solvent optionally in the
presence of a suitable base; or (i) with R —CH, when R® is alkyl,
cycloalkyl, allyl, propargyl, benzyl or substituted benzyl, under
hydrogenating conditions, or in the presence of NaBH;(CN), in an organic
solvent; wherein R® represents an R® group that has one less —CH,- group
and X represents a suitable leaving group; said reaction (i) or (ji) being
performed at a temperature within the range of —30 to 80°C; and

2) deprotecting the reaction product of 2) by treatment with dilute aqueous
acid at a temperature of 25 to 90°C to produce compound (72); or

(X1) Preparing compounds of Claim 1, wherein R® is H, by reacting an
intermediate compound of one of the above process steps (f), (il), (), (IV),
V), (VI), (ViI), (Viit), (IX), or (X), with aqueous acid at a temperature of 25 to
100°C, said intermediate compound having the imidazole nitrogen protected
by Z and having the nitrogen of the cyclic four or five membered amine
substituted with —C(O)O(t-butyl) or unsubstituted.

22. Use of a compound or formula | according to any of Claims 1-18 in
the manufacture of a medicament for use as an H; receptor agonist or
antagonist.
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