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FOR TREATMENT OF PROLI FERATI VE DI SEASES 10
BACKGROUND The bi ol ogi cal significance of the Ras oncogene, and
the rol e oFOBIMMBRas and the enzynme known as farnesyl prESTAF6/19603
transferase in the conversion of normal cells to cancer cells, are 1 5
described in PCT International Publication Nos. W05/ 00497 and

W95/ 10516. Each of those publications al so describes a di stinct class
of conmpounds which inhibit the activity of the enzynme farnesyl protein
transferase, and thereby the farnesyl ation of the Ras protein. 20

PCT International Publication No. W005/10516 refates to tricyclic

am de and urea conpounds of the general fornula (1.0) [err]

5 TRI LIC IDES USE FOR INHIBITION OF
G-PR NCTION AND FOR TREATMENT OF
PROLIFERATIVE DISEASE

10

BACKGROUND
The biological significance of the Ras oncogene, and the

role of both Ras and the enzyme known as farnesyl protein
transferase in the conversion of normal cells to cancer cells, are

15 described in PCT International Publication Nos. W(Q95/00497
and W095/10516. Each of those publications also describes a
distinct class of compounds which inhibit the activity of the
enzyme farnesyl protein transferase, and thereby the
farnesylation of the Ras protein.

20 PCT International Publication No. W095/10516 relates to
tricyclic amide and urea compounds of the general formula (1.0)

(1.0)

25 and their use in a method for inhibiting Ras function and the
abnormal growth of cells. A number of sub-generic classes of
compounds of formula (1.0) are described, which include
compounds of the formulae (5.0c), (5.1c) and (5.2a)
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25 and their use in a nethod for inhibiting Ras function and the

abnormal growth of cells. A nunber of sub-generic classes of conpounds
of formula (1.0) are described, which include conmpounds of the
formul ae (5.0c), (5.1c) and (5. 2a) WD 97/ 23478
PCT/ US96/ 196Qk0 97123478 ' - 2- [ PETTVA}S96/19603
-2 -

5 as well as the 11-R-isomer and 11-S-isomers of compounds
(5.0c) and (5.1c). A number of specific compounds within each
such sub-genus are also described therein, as is the biological
activity of those compounds.

10 SUMMARY OF THE INVENTION

The present invention provides novel tricyclic amide
compounds selected from the group consisting of:
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5 as well as the 11-R-isoner and 11-S-isoners of conpounds (5.0c)

and (5.1c). A nunber of specific conpounds w thin each such suh-genus
are al so described therein, as is the biological activity of those
compounds. 10 SUMMARY OF THE | NVENTI ON _ The present invention
provi des novelWePTZMH i c ani de conpounds sel ected from tTf&/AoHEI§03
consi sting of: [err] WO 97/ 23478

PCT/ US96/ 19603 Br - 3.
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[err] 5 or pharmaceutically acceptable salts thereof.

Optical rotation of the conpounds ((+)- or (-)-) are measured in

met hanol or. et hanol at 25[err]C. This invention includes the
above conpounds in the anor phous state or in the cyrstalline state.
10 Thugo opmemounds of this invention include conmpourrdI/Us6/19603

sel ected fromthe group consisting of: Conpounds 1.0, 2.0, 3.0, 5.0,
6.0, 7.0, 7.0A 8.0, 8.0A 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0,

16.0, and 17.0, or pharmaceutically acCepﬂQbfe salts thereof, wherein
sai d conmpounds are as defined above. 15 Conpounds of this invention
al so i nclude conpounds Bed fromthe group consistilfg of:
Conpounds 18.0, 19.0, - ' 22.0, 23.0 /4 %@.0, 27. 0,
28.0, 29.0, 30.0, Br 70, 34. Br<37. 0, , 38.0,
39.0, 40.0, and 41.0, S pceutically agceprsdl t s thereof,
and wherein said 20 s afe &%Qefined above¥ 3 55@npounds

of this invention also inclyd® conmpounds sel ect ed om t he group
consisting of: (+)-enantiongr Compounds 70.0, 7 72. 0, 73.0, 74.0,

75.0, 76.0, 77.0, 78.0, ). 02 -80. 0, or phar ic &ceptabl e
salts thereof, and 25 wherei} sa prpounds are as d ned abqgye.
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- 14 - Al so, conpounds of this invention include conpounds

sel ected fromthe group consisting of: Conpounds 42.0, 43.0, 44 0,
45.0, 46.0, 47.0, 48.0, 49.0, 50.0, 51.0, 52.0, 53.0, 54.0, 5.0,

56.0, 57.0, 58v@s7hds0, 60.0, 61.0, 62.0, 63.0, 64.0, 65.0, PGJIUSBGI'%‘B 67. 0,
68.0 and 69.0, or pharnaceutically acceptable salts t hereof, wherein
sai d conpounds are as defined above. 11. - Preferred conpounds i ncl ude
the 3,7,8-trihal o conpounds having a (-)-optical rotation. For

exanpl e, Conpounds 22.0, 23 0, 25.0 and 27.0. 10 Preferred
conpounds al so i nclude the \ i hglo conp- RUHY A
(+)-optical rotati orBr-Eg j ConpouBis 8 34. 0,
36.0, 37.0, 39.0 and 41. 0. Preferred co uo 3; ude the
3,1 0-dihalo conpouThs i a6g90) - opt i cal i € (gi le, 15

Conmpound 20. 0.
3, 7-di br onp- 8- chloro
posi ti on. For exanpl e,
Preferred conpounds al so incl
havi ng R stereochem stry at 6
62.0, 64.0, 66.0 and 68.0.

r et conpounds al so incI ] tHe

onppunds having S stereochem qtry at the C—11
0.0, 53.0, 55. 5270 -C

10-di brono- 8- 20 jchl qr ocgnpounds
sition. F Coyrpounds
Preferred conpounds al so i ncl ude

Conmpounds 16.0, 17.0, 39.0, 40.0, 41.0, 68.0 and 69.0.

More preferred conpounds -ounds 16. 0, 39. 0 2 Q. 68 p and 69.0.
Most preferred comppus Bt6 ! o) of . Even nore
preferred i s Conmpound B9. 0 Q 68.0. jlLled in the
art will appreciate thdtn heltri¥ycl{®4.0) ring ed:

[err]
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Those skilled in the art will also appreciate that the S and R

stereochem stry at the C 11 bond are: WO 97/ 23478

PCT/ US96/ 19603 - 15 - .

I nhibition of farnesyl protein transferase by the tricyclic . conpounds
of this invenoepslygs not been reported previously. Thresusbéri9gos
invention provides a method for inhibiting farnesyl 5 protein
transferase using tricyclic conpounds of this invention whi ch: (i)
potently inhibit farnesyl protein transfeddse, but not ger anyl ger anyl
protein transferase |, in V|tro (ii) block the phenot ypi ¢ change

i nduced by a form of tra S nlng Ras whi ch IS a f armdsyl accept or but
not- by a form of Brkap . 1 engi neer eBr Bnyl
acceptor; (iii) block eIIuIar pr ocessi gh is a

farnesyl acceptor but engi neered to~Re afs
acceptor; and (iv) C bnornal cell growth in c S
transform ng Ras. onpounds@of this inventionfhavg been

denonstrated 1 5 to hav an i -t ,m@t|V|ty in ani mal Loogel s,
This invention provides a Metho |nﬂﬂblt|ng t he Nabn rﬁﬁN gromﬁh
of cells, including transfg(ne ceI , by adm ni st ffective
anmount of a conpound of t@iis inventibn. Abnor mal Qro o cel Iis
refers to cell growh 20 independent of normal regulatory nechani sns
(e.g., loss of 7 i nhi bition). This |ncludes A\ abnormal growth
of : (1) t ung- peBfene;

(2) tunor cell § result of
| (73.0)

(75.0




oncogeni ¢ nutation in another gene; and (3) benign and 25 mal i gnant cells

of other proliferative diseases in which aberrant ) Ras activation
occurs. This invention also provides a nmethod for inhibiting

t unor grow h by adm nistering an effective anbunt of the tricyclic
conpounds, deswoisiesatTherein, to a manmmal (e.g., a human) in BET/USHHRE of
such treatnment. 1In particular this invention provides a nmet hod for
inhibiting the growh of tunors expre55|ng ﬁg activated Ras oncogene
by the admi nistration of an effective nmount of the above descri bed
conpounds. Exanples of tunors whi ch may be inhibited include, but are
not limted to, lung Q7LR3478

PCT/ US96/-19603 Br er
(e.g., lung adenocarci ndgma affi ¢ cancers (e\o., reatic
carci-noma such as, for exaﬂple expcr (Hdd)pancreatic N § 4T na@P) col on
cancers (e.g., colorectal r ONEIS sugh as, for nMe\re, col on
adenocar ci noma and col on adefio nyelo d 5 |leukem or exanpl e,
acut e nyel ogenous | eukem a (E:% |d follic ca O

nyel odyspl astic syndrone (MDS) bPadder2carC|nona pi dej mal

carci noma, breast cancers an tate cancers. IS
believed that this invention also provi des a method 10 “for inhibiting
proliferative diseases, both benign and malignant, wherei n Ras

proteins are aberranjl agfed as a result of dogani ¢ nutation in

ot her genes--i.e., Belf is notQl tation to
an oncogenic fornm- ’ i nhibition bei Rg ed by the

admi ni stration of an ¥5 ¢ i 8- @nount. of the tH¥ cyg

descri bed herein, to a spmmal {e.g., a human) h
treatnent. For - exqnpl ¢, the b nign proliferati

neur of i bromat osi s, or Niich Ras is acty
mut ati on or overexzifiiigﬁtgf tyr83|ne ki nase ongogenes (
src,.abl, o . and o
S or pharmaceutically acceptable salts thereof.
Optical rotation of the compounds ({+)- or (-)-) are
measured in methanol or ethanol at 25°C.
This invention includes the above compounds in the
amorphous state or in the cyrstalline state.
10 Thus, compounds of this invention include compounds
selected from the group consisting of: Compounds 1.0, 2.0, 3.0,
5.0, 6.0, 7.0, 7.0A, 8.0, 8.0A, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0,
16.0, and 17.0, or pharmaceutically acceptable salts thereof,
wherein said compounds are as defined above.
15 Compounds of this invention also include compounds
selected from the group comsisting of: Compounds 18.0, 19.0,
20.0, 21.0, 22.0, 23.0, 24.0, 25.0, 26.0, 27.0, 28.0, 29.0, 30.0,
31.0, 32.0, 33.0, 34.0, 35.0, 36.0, 37.0, 38.0, 39.0, 40.0, and 41.0,
or pharmaceutically acceptable salts thereof, and wherein said
20 compounds are as defined above.
Compounds of this invention also include compounds
selected from the group consisting of: (+)-enantiomer
Compounds 70.0, 71.0, 72.0, 73.0, 74.0, 75.0, 76.0, 77.0, 78.0,
79.0 and 80.0, or pharmaceutically acceptable salts thereof, and
25 wherein said compounds are as defined above.
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20 Ilck, and fyn), may be inhibited by the tricyclic conpounds

descri bed herein. The conpounds of this invention inhibit
farnesyl protein transferase and the farnesylation of the oncogene
protein Ras. This invention further pravides a nethod of inhibiting
ras 25 farngewheiptein transferase, in manmal s, especi al bgriosssavsns by
the adm nistration of an effective anount of the tricyclic conpounds
descri bed above. The admi nistration of the conpounds of this
invention to patients, to inhibit farnesyll4 - protein transferase, is

useful_in the treatment of the cancers 30 described above.
The tricyclic conpoundslsoseaiompdundshef rthishdmemfon ihclude compowsdyt i on

i nhibit the abnor o\ t LM sl o’ bound by
theory, it is belglggé\?e ?ﬁ%ﬁ aﬂ%%ﬁ“ﬁ;"%fﬁg@gnﬁ? &mu{'gﬂcﬁ’ghﬁ%@‘ough t he
i nhi bi tion of G;ﬂ"o?-ef‘ﬁ-q,ujr@bi 4.0, st 49.0,220.0351.0:252.0p 931, 0¥4cPng
G;prot F! ][1 i sopr erfs.ef 5610, 3N0s 58ui 3901 6610, 61.0, 6210566310, i64.0,h65.0) eat ment
of proliferatigve g4 ge r r { t hout
wi shing to bebbouérilgdéby t'z’eo%?jclq] a?l? Fsgrﬂ? or phaﬁlgﬁ%ed\}xe%mg c{iﬁé@% (s,%lx%ounds
inhibit ras farndbgreddy ovherein said companndszarg as defined above.
PCg/ tUﬁ%/ 15;603 N Preferred compounds include the-3J/(8-trihalo donpwimisase,
an us show an olifera a y i S sherred cel | s.
DETAI LED DESCRI Pﬁ%’{ﬁ%ﬁ TrEopHEn fagiphy #OP aaﬁ'l@gus%°d“%‘se‘£"2d|§n,§9tq§
fol lowing terns a#®0udSd0 andyeifithed bel ow unl ess ot herwi se i ndi cat ed:
I\N/IH+-represen1150 t he nolmeféreéd | ompduidie alsy ei@zuhme% rnhé h,8,10-trih@l®ds spectrum
+-represents t u . i 0 u r A ecule in the
mass spectrum &%B&E&P@rﬁl{lﬁ}ﬁ gl\fbx? esaqalg}g%%rgei irfBrFeejx?‘e eéft ed by the
group Compounds “29.0,” 31.0, 32.0, 34.0, 36.0, 37.0, 39.0 and 41.0.
Preferred compounds also include the 3,10-dihalo
compounds having a (+)-optical rotation. for example,
15 Compound 20.0.
Preferred compounds also include the 3,7-dibromo-8-
chloro compounds having S stereochemistry at the C-11 position.
For example, Compounds 50.0, 53.0, 55.0 and 57.0.
Preferred compounds also include the 3,10-dibromo-8-
20 chlorocompounds having R stereochemistry at the C-11 position.
For exampie, Compounds 62.0, 64.0, 66.0 and 68.0.
Preferred compounds also include Compounds 16.0, 17.0,
39.0, 40.0, 41.0, 68.0 and 69.0.
More preferred compounds are Compounds 16.0, 39.0,
25 40.0, 68.0 and 69.0. Most preferred compounds are Compounds
16.0, 39.0 and 68.0. Even more preferred is Compound 39.0 or
68.0.
Those skilled in the art will appreciate that the tricyclic
ring system is numbered:

3 \ 8

= 9

30 ' 1 .
Those skilled in the art will also appreciate that the S and
R stereochemistry at the C-11 bond are:

Txwwan oo i

FEERFREREEEY



[err] The foll ow ng solvents and reagents are referred to herein
by the abbreviations indicated: tetrahydrofuran (THF); ethanol 15 (EtCH);

met hanol (MeCH); acetic acid (HOAc or AcOH); ethyl acetate (EtQAc);
N, N- di met hyl f ormam de (DMF); trifluoroacetic acid (TFA); .
trifluoroaceti woemg4tsi de (TFAA); 1-hydroxy- benzot r i az BCEUSKHARA0P;

m chl or oper benzoi c acid ( MCPBA); triethylamne (Et3N); diethyl ether

(Et[err]O; ethyl chloroformte 20 (Clcqﬁ#]Et)
1- (3-di net hyl am nopr opyl ) - 3-et hyl carbodi i ntfe hydr ochl or| de (DEC);
di i sobut yl al um num hydri de (DI BAL); | sopropanol (]

di met hyl sul f oxi de (DVBO) tal n conpg R present

i nvention may exist in 25 d eric forg Nt i omers or
di ast er eoi soners) i ncl ydi nk sioners (i poeuREs wherein the
7-menbered ring is in a fixed ltonf-ormatlon such tRak t 11-carbon

atomis positioned above or bel@wRbde plane of the wnAfused beznene rings

due to the presence of l?lh;llgtlBElOHF filnesi bﬁltdtélﬂe ﬁ%\}lsfera_&e Hf‘fﬁ%ﬁnﬂrﬁ%chc

contenpl ates all such i'soper and rn_a
i ncl udi ng raceni c $AMPoRRds ofnHis mven&leﬁnba%rr@tab%@ iTRPPKieRd dpreviously.
Certain basic tricyhus,cchioninventonapsvidey m method héor nidabitingalfasnesyl

accept abl e salt q&ql t F
pyri go ni trogen55 at g'mstJ ielr’%al f?ngégalqs%%% F 96m8§umf§(adf€hﬂ§7;|§§2?§n
PCT/ US96/ 19603 which: {1) potently inhibit farnesyl proter_m, transferase,; bug snot
Exia][rpl es of hsw L abg&aaylgttiaﬁyﬂr p?@deinfﬁﬁxiﬁitaﬁé arlm vitro; mﬁrm@bkqmec
sulfuric, phosp OL@@ ndtyfic. Ehande ihduce® BY' & folfh %'i"ﬁansfonmﬁ Ra

I N,

mal i c, furrarl c, ascor
m neral and car boxifl Rcfasaesyd agseptor but not by a form of transformmg

10 engineered to be a geranylgeranyl acceptor; (iii) block
intracellular processing of Ras which is a farnesyl acceptor but
not of Ras engineered to be a geranylgeranyl acceptor; and (iv)
block abnormal cell growth in culture induced by transforming
Ras. The compounds of this invention have been demonstrated
15 to have anti-tumor activity in animal models.

This invention provides a method for inhibiting the
abnormal growth of cells, including transformed cells, by
administering an effective amount of a compound of this
invention. Abnormal growth of cells refers to cell growth

20 independent of normal regulatory mechanisms (e.g., loss of
contact inhibition). This includes the abnormal growth of: (1)
tumor cells (tumors) expressing an activated Ras oncogene; (2)
tumor cells in which the Ras protein is activated as a result of
oncogenic mutation in another gene; and (3) benign and

25 malignant cells of other proliferative diseases in which aberrant
Ras activation occurs.

This invention also provides a method for inhibiting tumor
growth by administering an effective amount of the tricyclic
compounds, described herein, to a mammal (e.g., a human) in

30 need of such treatment. In particular, this invention provides a
method for inhibiting the growth of tumors expressing an
activated Ras oncogene by the administration of an effective
amount of the above described compounds. Examples of tumors
which may be inhibited include, but are not limited to, lung

o}f her
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5 known to those in the art. The salts are prepared by contacting

the free base formw th 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 di | ute aqueous base
sol ution sucq% ,%“%pte aqueous NaOH, 10 potassium car bongdgusogasei a and
sodi um bi carbona free base forns differ fromtheir respective
salt forns somewhat in certain physical properties, such as solubility
in pol ar sol vents, but the acid and-blse salts are ot herw se

equi val ent to their respective free base fornms for purposes of 1 5 the

i nventi on. F S Wil %ahhsca%momu)erptadréaqcbemm nRegutical ly

acceptable salts WI t hlag
5

t he inventi on and
consi dered equi vRBBFEC Fﬁfé’l?‘?'gﬁ ?ltﬁhm?s 18{ h%‘aé‘t}? eseﬁ‘8§8f’ﬁgpamrea%orrpounds
for purposes of iwhrcinomaht colon eancers (e.g., Toloreetabsarainomas,t fechyass dox

| nvention can beeﬁhﬁigﬁée%lon ad&ﬁo&ét@mmﬂ&eatw %l&?%‘dehbﬂﬁ)b%Wmd
The conpound gf Ex e 10.1s 0 ta rsta e. Those
as sk o eRABIA, e PRy BlRFaous Ieufmia (AMEHY

skilled in th
anor phous state dhyn'd)d ﬁtﬂhaulatdcamcetrhemzﬁodyyplgsm | symdremet EMEIS),

cyrstal lizing thgy a&@érp'&akbgnaﬁheréﬁh&nﬁitorearcmonﬁol HRALE cahcsi! waat
m xtures such as acetone | et yI acet at e, ethanol,

2-propanol , tert-RIABAte eFﬂ’e‘Perswat er and the 1ike according to
procedures wel | knownlIt st believed. that this inventivmsalse kprovistesi o methastt wi | |

al so appr eci gige tfgat Hﬂt‘?ﬁitﬁ% 6RIeratiVe Xdidessel] HINPBEKIgn 7 ald\ ﬁ&ﬁgh@nm&de
according to

ures descr. bed
i nt er medi at e w ‘HF“Ppéﬁ%r plejas I%fﬁni’)?eéﬂé“g’ ﬁcg{ea{;geast%r%?@ﬁ e Conpound
[7. OA]. 35 oncogenic mutatioRBEPohET| gaheExi\rP he1Ras gene itself is not
err

activated by mutation to an oncogenic form--with said
inhibition being accomplished by the administration of an

15 effective amount of the tricyclic compounds described herein, to
a mammal (e.g., a human) in need of such treatment. For
example, the benign proliferative disorder neurofibromatosis, or
tumors in which Ras is activated due to mutation or
overexpression of tyrosine kinase oncogenmes (e.g., meu, src, abl,

20 Ick, and fyn), may be inhibited by the tricyclic compounds
described herein.

The compounds of this invention inhibit farnesyl protein
transferase and the farmesylation of the oncogene protein Ras.
This invention further provides a method of inhibiting ras

25 farnesyl protein transferase, in mammals, especially humans, by
the administration of an effective amount of the tricyclic
compounds described above. The administration of the
compounds of this invention to patients, to inhibit farnesyl
protein transferase, is useful in the treatment of the cancers

30 described above.

The tricyclic compounds useful in the methods of this
invention inhibit the abnorma! growth of cells. Without wishing
to be bound by theory, it is believed that these compounds may
function through the inhibition of G-protein function, such as ras

35 p21, by blocking G-protein isoprenylation, thus making them
useful in the treatment of proliferative diseases such as tumor
growth and cancer. Without wishing to be bound by theory, it is
believed that these compounds inhibit ras farnesyl protein
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- 19, - Step A Jerr] Conmbi ne 10 g (60.5 nmol ) of ethyl
4-pyridyl acetate and 120 mL of dry CHerr]C[err] at -20[err]C, add
10.45 g (60.5 mml)..of 5 MCPBA and stir at -20[err]C for 1 hour and then
at 25[err] C fowo®7/23478 hours. Add an additional 3.48 g (20.PCTuS548§030f

MCPBA and stir at 25[err]C for 24 hours. Dilute with CHerr]d[err]
and wash with sat urat ed NaHCO3 (aqueous_L and then water. Dry over
MySO4, concentrate in vacuo to a residh and chromat ograph (silica
gel, 10 2% 5.5% (10% NH err]OH in MeOH)/CH err]C [err])to give 8.12 g of
t he pr oduct coagsferase, Musk thpecshowHiniprpliferagize 18ctivity agiiopt Bas
[err] 15 Geahdfoemad® @1i619. 3 ol ) of the product of Step A 17.5:
m. of EtOH and 96.6 nlL of 10% NaCH (aqueous) and heat the m xture at

67C for 2 hours. Add 2 N HC (aqueous pH = 2. 37 and
concentrate in vacRETAML BIXYBESCRE dry EtOH, filter

through cel i telerr] andsyaged! ereld.! i fsmmg mnmre ! g1 dchife

toadjust to

Concentrate the cophined filtrafes iin glve 2.43 the
title compound. ow umless ctherwise in RATI VE EXAVPLE 2

[err] 25 The Mtdrepresensouhd molquigraiord ofi thet neolpculeeirs the

di scl osed i "miasd gﬁécﬁhﬂﬁfi onal Publication No. W05/ 10516.

MH *-represents the molecular ion plus hydrogen of the
10 molecule in the mass spectrum;

Pyridyl N-oxides are herein represented by the group
-4 i\]’o
o \
The following solvents and reagents are referred to herein
by the abbreviations indicated: tetrahydrofuran (THF); ethanol
15 (EtOH); methanol (MeOH); acetic acid (HOAc or AcOH); ethyl
acetate (EtOAc); N,N-dimethylformamide (DMF); trifluoroacetic
acid (TFA); trifluoroacetic anhydride (TFAA); 1-hydroxy-
benzotriazole (HOBT); m-chloroperbenzoic acid (MCPBA);
triethylamine (Et3N); diethyl ether (Et20); ethyl chloroformate
20 (CICO2Et); 1-(3-dimethylaminopropyl)-3-ethyl carbodiimde
hydrochloride (DEC); diisobutylaluminum hydride (DIBAL);
isopropanol (iPrOH); dimethylsulfoxide (DMSO)

Certain compounds of the present invention may exist in
25 different isomeric forms (e.g., enantiomers or diasterecisomers)
including atropisomers (i.e., compounds wherein the
7-membered ring is in a fixed conformation such that the
11-carbon atom is positioned above or below the plane of the
fused beznene rings due to the presence of a 10-bromo
30 substituent). The invention contemplates all such isomers both
in pure form and in admixture, including racemic mixtures. Enol
forms are also included.
Certain basic tricyclic compounds also form
pharmacentically acceptable salts, e.g., acid addition salts. For
35 example, the pyrido-nitrogen atoms may form salts with strong
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- 20 - . PREPARATI VE EXAMPLE 3 [err] .
H Step A [err] 5 Conmbi ne 14.95 g (39 mol ) of
8-chl oro-11-(1- et hoxy- car bony| - 4- pi peri dinyl)-11H benzo] 5
, 6] cycl ohept Rhdeszars Dbl pyridine and 150 nlL of CH err] d [ edcrjusot/ivess add
13.07 g (42.9 mol) of (nBu)[err]NNO err] and cool the m xture to OC
- Slow y add
- 18 -

acids. Examples of suitable acids for salt formation are
hydrochloric, sulfuric, phosphoric, acetic, citi-ic, oxalic, malonic,
salicylic, malic, fumaric, succinic, ascorbic, maleic,
- methanesulfonic and other mineral and carboxylic acids well

5 known to those in the art. The salts are prepared by contacting
the free base form with a sufficient amount of the desired acid
to produce a salt in the conventional manner. The free base
forms may be regenerated by treating the salt with a suitable
dilute aqueous base solution such as dilute aqueous NaOH,

10 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

15 the invention.

All such salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all are
considered equivalent to the free forms of the corresponding
compounds for purposes of the invention.

20 The compounds of the present invention can be prepared
by the procedures described below.

The compound of Example 10 is obtained in the cyrstalline
state. Those skilled in the art will appreciate that compounds
obtained in the amorphous state can be obtained in the

25 cyrstalline state by cyrstallizing the amorphous materials from
solvents or solvent mixtures such as acetone, dicthyl ether,
ethyl acetate, ethanol, 2-propanol, tert-butyl ether, water and
the like according to procedures well known in the art.

Those skilled in the art will also appreciate that the

30 racemic mixture of Compound 7.0A can be made according to
the procedures described below. For Example, the intermediate

of Preparative Example 6 can be used to prepare Compound
7.0A.

35 RAT MPLE 1



10 (dropwse) a solution of 6.09 nL (42.9 mmol) of TFAA in 20 nL of
CHerr]C[err] over 1.5 hours. Keep the m xture at OC overnight, t hen
wash successively with saturated NaHCC3 (aqueous), water and brine. Dry
the organic solution over Na[err]S(err], concentrate in vacuo to a
resi due and clwosmegr aph the residue (5| lica gel, 1 5 Et ORETAISGIE03
gradient) to give 4.32 g and 1.90 g of the two product conpounds 3A(i)
and 3A(ii), respectively. Mass Sp E’ for conpound 3A(i): MHerr] =
428. 2. Mass Spec. for conpound 3A(Ti): MHerr] = 428. 3. WO
97/ 23478 PCT/ US96/ 19603

- 21 - Step 8tep Aerr] Conbine 22.0 g (51.4 mol) of

t he product 3A(i) from ,_Step A 150 nL of 85% Et ueous), 25.85 ¢
(0.463 nole) of 5 Fe ovvd r nd 2 429 (218 m@ﬁG@G\(err], and heat
at reflux over ni ght. (0.222 nole) of F wdelcagBel 1.2 g
(10.8 mmol ) of Cad[err] and he reflux for 2 hours. Add anot her

12.4 g (0. 222 ol €) Of C%ﬁlﬁiﬂt‘!‘dﬂf r‘(@015"’ %nﬂlof)lngetﬂ?PM) pynd BEeﬁ@&'a?ldand

heat at reflux for mgu&f 5@_[ i ‘{’J&E@I 5 gu ‘HSO;U

celite, wash the d@pl o] 7of‘ % t % e the

filtrate i n vasuo MCGPBA eaddsti. atAe20°fomil hour angt themati250€ forhy

concentrate to a nggiduesgy rFB&&%hQBBW (20.2 tifholé)i SUMCPBIA @adgel .

MBOH CH err] O [ert rgartaf?"%]% 52 ours f)GIute with’ fCH:zClz and wash with
saturated NaHCO3 (aqueous) and then water. Dry over MgSOa,
concentrate in vacuo to a residue, and chromatograph (silica gel,

10 2%-5.5% (10% NH40H in MeOH)/CH2Cl2)to give 8.12 g of the

product compound. Mass Spec.: MHt = 182.15

Step B:
O-N"_ —  "O-N{
/ CO,Et \_/ COH
15 Combine 3.5 g (19.3 mmol) of the product of Step A, 17.5

mL of EtOH and 96.6 mL of 10% NaOH (aqueous) and heat the
mixture at 67°C for 2 hours. Add 2 N HCI (aqueous) to adjust to
pH = 2.37 and concentrate in vacuo to a residue. Add 200 mL of
dry EtOH, filter through celite® and wash the filter cake with dry

20 EtOH (2X50 ml). Concentrate the combined filtrates in vacuo to
give 2.43 g of the title compound.

PREPARATIVE EXAMPLE 2

0 CO.H
O

25 The title compound is prepared via the process disclosed
in PCT International Publication No. W095/10516.




t he product compound. MHerr] = 398. 15 - Step C [err]

WO 97/ 23478 . PCT/ US96/ 19603

- 22 - Conmbi ne 16.47 g (41.4 mmol) of the product from Step B,
and 150 nL of 48% HBr (aqueous) and cool to -3[err]C. Slowy add

(dropwi se) 18§yabgakgsbrom ne, then slowy add (dropw se) a pcrasedsssson of
8.55 g (0.124 nole) of NaN(err] in 85 nL of water. Stir 5 for 45 m nutes

at -3 to Oferr]C, then adjust to pH = 10 by addi ng 50% NaOH (aqueous) .
Extract with EtOAc, wash the extracts witB0 - brine and dry the extracts
over Na[err]SOerr]. Concentrate to a resi due and chromatograph (silica
gel , Et QAc/ hexane gradi ent) RE B.¥8 g of the two
product conmpounds 3C(i) 1 0 and 3C(ii), pectivel y. : Mass Spec.
for conmpound 3C(i): MH = 461.2. g, 8Qecey for conmpound 3C(ii):
MH err] = 539. Step D

H

N
H

Combine 14.95 g (39 mmol) of 8-chloro-11-(1-ethoxy-
carbonyl-4-piperidinyl)-11H-benzo[5,6]cycioheptall,2-
blpyridine and 150 mL of CHCl2, then add 13.07 g (42.9 mmol)
of (nBu)4NNO3 and cool the mixture to 0°C. Slowly add

10 (dropwise) a solution of 6.09 mL (42.9 mmol) of TFAA in 20 mL
of CH2Cl2 over 1.5 hours. Keep the mixture at 0°C overnight,
then wash successively with saturated NaHCOj (aciueous), water
and brine. Dry the organic solution over Na;S0O4, concentrate in
vacuo to a residue and chromatograph the residue (silica gel,

15 EtOAc/hexane gradient) to give 4.32 g and 1.90 g of the two
product compounds 3A(i) and 3A(ii), respectively.

Mass Spec. for compound 3A(i): MH* = 428.2.

Mass Spec. for compound 3A(ii): MH* = 428.3.
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[err] Hydrol yze the product 3C(i) of Step C by dissolving

I n concentrated HO and heating to about 100C for 16 hours. Cool
the m xture, then neutralize with 1- M NaCH (aqueous). Extract W th
CHerr]C[err], dry the extracts over MgSOH, filter and concentrate 20 in
vacuo to the twaéeaemnpound. Mass Spec.: MAerr] = 466 .PET/USI6/19603
PREPARATI VE EXAMPLE 4 Br [err]
25 WD 97/ 23478 .
PCT/ US96/ 19603 -2l - o3 . Step A

Step B:

CO,Et
Combine 22.0 g (51.4 mmol) of the product 3A(i) from
Step A, 150 mL of 85% EtOH (aqueous), 25.85 g (0.463 mole) of
5 Fe powder and 2.42 g (21.8 mmol) of CaClo, and heat at reflux
overnight. Add 12.4 g (0.222 mole) of Fe powder and 1.2 g
(10.8 mmol) of CaCly and heat at reflux for 2 hours. Add
another 12.4 g (0.222 mole) of Fe powder and 1.2 g (10.8 mmol)
of CaCl, and heat at reflux for 2 hours more. Filter the hot
10 mixture through celite®, wash the celite® with 50 mL of hot EtOH
and concentrate the filtrate in vacuo to a residue. Add 100 mL
of anhydrous EtOH, concentrate to a residue and chromatograph
the residue (silica gel, MeOH/CHCl2 gradient) to give 16.47 g of

the product compound. MH* = 398.
15

Step C:
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Conmbi ne 25.86 g (55.9 mmol ) of 4-(8-chl oro-3-brono-5, 6- di hydr o-
11Hbenzo [5, 6] cycl ohepta[ 1l , 2-Db] pyridin-11-ylidene)-1- 5

pi peri di ne-1-carboxylic acid ethyl ester and 250 niL of concentrat ed
Herr]SOerr] at -5[err]C, then add 4.8 g (56.4 mmol) of NaN(J err] and
stir for 2 h@gensdpur the mxture into 600 g of ice and pcriossitbgo3wi t h
concentrated NH err] OH (aqueous). Filter the m xture, wash with 300 nL
of water, then extract with 500 nL of CH err]C[err]. 1 0O Wsh the extract
with 200 nL of water, dry over MySO4, theR2 - filter and concentrate in
vacuo to a residue. Chromatograph the residue (silica gel, 10% Et OAc/

CH err] [C| [e]rr]) t 0 gi@emBihed 16.4788%41.4Hnol) of thé p ﬂtolduct cﬁmm;tStemB =
165-167[err] C nt a I'S:
cal cul ated - “@@f?ﬁeﬁl. 2%% ﬁlB% (g@'@f&‘g nd cool 15 3%! §lovﬁf} Lé"f
C, 52.18: H, 4 s@dropwise) 148 bpomyng; then slowly add (dropwise) 2
gr '[A‘er FL , solguon of 8.55 @0(0:)1249 méley of NaNO3nhil BS ahLtdfewaterduStir Ff )
tep A an eRé r.at r r L {heCOO! the
mixture to 5 GRS guiimGEREC3 8 G, Ribh'dafty o pre #0 oy aBGheCR ) |
hydantoin to theS%wmugwsr) fEmracthwﬂlsEé@Am@%@oBle gxtracts WGE add
an addi tional 1.@rifle (ahd difTthe &ltrdche oved NuFSYanCondentrate torgl stir at 20C
for 2 hours. POU?estig'ue ngﬁ&t %h?on’n%o%ré&? &ﬂﬂa 'g(é‘f EtOAc/hexane gradient)
to give 10.6 g and 3.28 g of the two product compounds 3C(i)
10 and 3C(ii), respectively.
Mass Spec. for compound 3C(i): MH* = 461.2.
Mass Spec. for compound 3C(ii): MH* = 539.

COEt
Hydrolyze the product 3C(i) of Step C by dissolving in
concentrated HCl and heating to about 100°C for 16 hours. Cool
the mixture, then neutralize with 1 M NaOH (aqueous). Extract
with CH2Cla, dry the extracts over MgSOy4, filter and concentrate
20 in vacuo to the title compound.
Mass Spec.: MH* = 466.9.
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- 24- basify with concentrated NH err] OH (aqueous) at O[err]C,. and
col l ect the resulting solid by filtration. Wash the solid with 300 niL
of _water, slurry in 200 nL of acetone and filter to provide 19.79 g
(85. 6% yi el d) Weo2Md78roduct. mp. = 236-237[err]C, Mass SpRCTUSI/IRI ] =
584 (d). El enent al anal ysi s: calculated - C, 45.1 1; H, 3.44; N,
7.17 found - 344. 95; H 3.57; N, 7.16. _
Conbine 25 g (447 mml) of Fe filings, ?(90 mol ) of CaCl[err] and
a suspension of 20 g (34.19 mmol) of the product of Step Bin 700 nL
of 90:10 Et OH wat HeRtAS0[err]C. Heat the mixture at reflux over night,
filter through Celite[err] andswagh the filter 1 5 4 ‘2 X 200 nmL of
hot Et OH. Conbi ne t he gyl Saat 0 onas hesr, e-Cln vacuo
to a residue. Extract thel 4 ol b with 600 wash with

300 nL of water and . s) [- MFSO4. Fil ter anuNconfgentM: [N vacuo

to a residue, t hen chr omagbgr aph ( 2
Et OAc/CH[err]Cl[err]) to give 1 A g 20 (60%y| el d) of [t he] product. mp. =
21 1-212[err]C, Mass Sp IVH[ err] 554 (d). N
N
o)\om-rzcn3 0)\00H20H3

Combine 25.86 g (55.9 mmol) of 4-(8-chloro-3-bromo-5,6-
dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1-
5 piperidine-1-carboxylic acid ethyl ester and 250 mL of
‘concentrated HSOg4 at -5°C, then add 4.8 g (56.4 mmol) of NaNO3
and stir for 2 hours. Pour the mixture into 600 g of ice and
basify with concentrated NH4OH (aqueous). Filter the mixture,
wash with 300 mL of water, then extract with 500 mL of CH2Clj.
.10 Wash the extract with 200 mL of water, dry over MgSO4, then
filter and concentrate in vacuo to a residue. Chromatograph the
residue (silica gel, 10% EtOAc/ CH2Cly) to give 24.4 g (86% yield) _
of the product. m.p. = 165-167°C, Mass Spec.: MH* = 506 (CD).
Elemental analysis: calculated - C, 52.13; H, 4.17; N, 8.29

15 found - C, 52.18; H, 4.51; N, 8.16.
Step B:
Br \ —

0% ocH,CH, 0% “ocH,CH,4

Combine 20 g (40.5 mmol) of the product of Step A and
20 200 mL of concentrated H2SO4 at 20°C, then cool the mixture to
0°C. Add 7.12 g (24.89 mmol) of 1,3-dibromo-5,5-dimethyl-
hydantoin to the mixture and stir for 3 hours at 20°C. Cool to
0°C, add an additional 1.0 g (3.5 mmol) of the dibromohydantoin
and stir at 20°C for 2 hours. Pour the mixture into 400 g of ice,
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El emrent al anal ysi s: calculated - C 47.55; H 3.99; N, 7.56

found - C, 47.45; H 4.3 1; N, 7.49. ' WD 97/ 23478
PCT/ US96/ 19603 - 25 - Jerr]
Slowy add (in portions) 20 g (35.9 mml) of the product ) of Step C

to a sol uti onwglorS3ees (116 nMmol ) of NaNJ err] in 120 nL of pcHuse6/19603
concentrated HCO (aqueous) at -10[err]C Stir the resulting m xture

at O[err]C for 2 hours, then slowy add (dropwi se) 150 nL (1.44

" nole) of 50 Herr]PJerr] at O[err]C over24 -1 hour period. Stir at O[err]C
for 3 hours, then pour into 600 g of ice and basify with

ga[lgfp} a aE g?r] pasi kﬁm]éaﬂcgmmau%cﬁlt(raqaéowu)t? 8o aﬂ]g) daitueof ;l:]%
concentrate in va® g‘bfuﬂ’ﬁ 3011‘9 by 11 )h{’géf’ﬁuew%k'wgh%gwa%ﬁht e rdéié'l ‘S{Je (silica

gel , 25% Et OAc/ water, shuwarins20Q gnki of acstope gnt( %l'yFQsIR!?V’@F {8e9Boduct .

mp. = 163- (SSJ@'écyle S&f %?r@dd\ﬂd[ e, 5;1 = P23 10,. Mass SpecElzerTent al
anal ysi s: %g cﬂﬁ 48 9 : N, 5.22 15

found - C, 4886: 35&4 )5 18’ Step E:

Br Elementa! annlys1s calculated - C, 45.11; H, 3.44; N, 7.17

found - C, 4495; H, 3.57; N, 7.16.

A

)

OCH,CHg 0% NocH,CH,4

Combine 25 g (447 mmol) of Fe filings, 10 g (90 mmol) of
CaCl, and a suspension of 20 g (34.19 mmol) of the product of
Step B in 700 mL of 90:10 EtOH/water at 50°C. Heat the mixture
at reflux overnight, filter through Celite® and wash the filter
15 cake with 2 X 200 mL of hot EtOH. Combine the filtrate and
washes, and concentrate in vacuo to a residue. Extract the
residue with 600 mL of CH,Cl,, wash with 300 mL of water and
dry over MgSO4. Filter and concentrate in vacuo to a residue,
then chromatograph (silica gel, 30% EtOAc/CH2Cl2) to give 114 g
20 (60% yield) of the product. m.p. = 211-212°C,
Mass Spec.: MH*+ = 554 (CI).
Elemental analysis: calculated - C, 47.55; H, 3.99; N, 7.56
found - C, 47.45; H, 4.31; N, 7.49.

10
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[err] " Conbine 6.8 g (12.59 nmmol) of the product of
Step D and 20 100 nmL of concentrated HC (aqueous) and stir at

85[err]C overni ght. Cool the mixture, pour it into 300 g of ice and
basify with concentrated NH[ err] OH (aqueous). Extract with 2 x 300
mL of vwoberisCl [err], then dry the extracts over M SQraisp4/19643 |t er,
concentrate in WO 97/ 23478

PCT/ US96/ 19603 - 26 - vacuo to a residue,

t hen chromatograph (silica gel, 10% Me fOAC + 2% NH err] OH (aqueous))
to give 5.4 g (92% vyield) of the title conmpound. mp. = 172-174[err]C,

Mass Spec.: M er rStepIX67. El enent al anal ysi s: calculated - C, 48.69;
H 3.65; N, 5.97 5 - Brfound - C, 48.83; H 3.80g N, 5. 97
PREPARATI VE EXAMPLE 5 '

Br

o)\. OCH,CHg o)\ OCH,CHg

Slowly add (in portions) 20 g (35.9 mmol) of the product
of Step C to a solution of 8 g (116 mmol) of NaNO, in 120 mL of
5 concentrated HCl (aqueous) at -10°C. Stir the resulting mixture
at 0°C for 2 hours, then slowly add (dropwise) 150 mL (1.44
mole) of 50% H3PO2 at 0°C over a 1 hour period. Stir at 0°C for 3
hours, then pour into 600 g of ice and basify with concentrated
NH40H (aqueous). Extract with 2 X 300 mL of CH>Cl,, dry the
10 extracts over MgSO4, then filter and concentrate in vacuo to a
residue. Chromatograph the residue (silica gel, 25% EtOAc/
hexanes) to give 13.67 g (70% yield) of the product. m.p. = 163-
165°C, Mass Spec.: MH* = 539 (CI).
Elemental analysis: calculated - C, 48.97; H, 4.05; N, 5.22
15 found - C, 48.86; H, 3.91; N, 5.18.

o)\ OCH,CH,

Combine 6.8 g (12.59 mmol) of the product of Step D and -
20 100 mL of concentrated HCl (aqueous) and stir at 85°C
overnight. Cool the mixture, pour it into 300 g of ice and basify
with concentrated NH4OH (aqueous). Extract with 2 x 300 mL of
CH,Cly, then dry the extracts over MgSO4. Filter, concentrate in
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10 Step A [err] Hydrol yze 2.42 g of

4- (8- chl oro- 3- brono- 5, 6-di hydr o-

11H benzo[ 5, 6] cycl ohept af[ 1, 2-b] pyridin-11- yl i dene)-1-

pi peri dine-1-carboxylic acid ethyl ester via substantially the 1 5 same

procedure asy@fepiieed in Preparatlve Exanmple 3, Step D,  periSodaiosss 1. 39 g
WO

(69% vyield) of t e product. MHerr] 389. Step B: [err]

97/ 23478 PCT/ US96/ 19603

- 27 - Conmbine 1 g (2.48 nmol) 26f -t he product of Step A and 25
mL of dry toluene, add 2.5 nL of 1 MDIBAL in toluene and heat t he

mxture at refluy,-fht reiuhfé“r ena&ﬂoﬂﬁ% hz(sﬁlc'ii-gélf o M DI BAL in
srofite it

t ol uene and heat I T e Teaction ni by
TLC usi ng 50% I\/E @f%fi Eﬂlgb‘i?s§ )8 (62%05855ﬁ efﬂe

mxture to room tlwmeleacampoumﬁd rﬁ.@ m_laﬂ-lﬂ4RCHCMass SpetaqMHds¥x 467 stir
Egrx51g10n'm_¢dd 1%9%1&%11&& dndlyi8H  calcufad6€QUS48.60198, 8265 2N, syh Et OAc
found - C, 48.83; H, 3.80; N, 5.97.

IVE EXAMPLE

Br == a
\
N
N
H
10 Step A:

O OEt
Hydrolyze 242 g of 4-(8-chloro-3- bromo-S 6-dihydro-
11H-benzo[5,6]lcyclohepta[1,2-b]pyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester via substantially the
15 same procedure as described in Preparative Example 3, Step D,
to give 1.39 g (69% yield) of the product. MH* = 389.

Br Cl
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extracts over MgSOH4, filter and concentrate in vacuo to give 1.1 g 10  of

the title conpound. MH err] = 391. PREPARATI VE
EXAMPLE 6 Br

Br . c , N

H WO 92a¢8nic as well as (+)- and (-)-enanti oner SFTAS6/19603 St ep
A [err] Conbine 16.6 g (0.03 nole) of the product of
Preparative Exanple 4, Step D, with a 2 1 solution of CH3CN and wat er
20 (212.65 niL CH3CN and 70.8 nL of water)” Ad stir the resulting

slurry overnight at roomtenperature. Add 32.833 g (O n:)f of
Nal &4 and then 0.31 g (Gombingnd| § @f4m@})r?fahﬁjp§wuctanf Step A ﬂ@é 5

tenperature (the agi iof adryofolivte? add acscmn)@mllequmIML in toluénetaharifgac

reaction and the tﬁ)rép%%u%eatcl'efms fAﬂgll %)5 hours add another 2.5 mL of 1
M DIBAL in toluene and heat at reflux for 1 hour. (The reaction

5 is monitored by TLC using 50% MeOH/CH,Cl; +NH4OH (aqueous).)
Cool the mixture to room temperature, add 50 mL of 1 N HCI
(aqueous) and stir for 5 min. Add 100 mL of 1 N NaOH
(aqueous), then extract with EtOAc (3 X 150 mL). Dry the
extracts over MgSQy, filter and concentrate in vacuo to give 1.1 g
10 of the title compound. MH* = 391.

P T AMPLE 6
Br
Br — cl
\ ~
N

)
N
[racemic as well as (+)- and (-)-enantiomers]

Br

cl

o‘)\ OCH,CHy

Combine 16.6 g (0.03 mole) of the product of Preparative
Example 4, Step D, with a 3:1 solution of CH3CN and water
20 (212.65 mL CH3CN and 70.8 mL of water) and stir the resulting
slurry overnight at room temperature. Add 32.833 g (0.153
mole) of NalO4 and then 0.31 g (2.30 mmol) of RuO;, and stir at
room temperature (the addition of RuO2 is accompanied by an
exothermic reaction and the temperature climbs from 20° to
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- 28 ~30[err]C). Stir the mxture for 1.3 hrs. (tenperature returned
to 25[err] C after about 30 min.), then filter to renove the solids and
wash the solids with CHerr]C[err]. Concentrate the filtrate.in vacuo to
a residue ango@dyss9g ve the residue in CHerr]Cd[err]. Filteecrtsvensedve 5

I nsol ubl e solids and wash the solids with CHerr]OJ[err]. Wash the
filtrate with water, concentrate to a volune of about 200 nL and wash
with bl each, then with water. Extract wi-t®6 N Hd (aqueous). Cool the
aqueous extract to O[err]C and slowy add 50% NaOH (aqueous) to adjust

to pH = 4 while 30peni nBtihehé Mixthemper At3iras <$ntperitire Eturmetd tovi ce with

CH c TR . n '

Costdue. Surty ThE M A58 phin, e BIECR A e BREB RS, 2

Col | ect the resuvashdhesolids with CH2Glp| t Cancentraim dbey filtratee ins gidcae ton vacuo
to give 7.95 g of rkéifue and @issdlve! thel edsidiid MVICKHSONS.[ eFilter t80@nidve) : 8. 7

(Sf’eplllg?; 7. 8% (%sgf%ie jéoﬁds 7a‘n% {W%Flp]zlm;so%dds“r’wn(tmc 2 -12'3%('%%? 58 g
(53.75 mmol ) of fikeatpr withc watér, iangeptrag to anyoBooe of gboun 280hwl:ous 1: 1
Eﬁ XE ”[ﬁ of EE OH ﬁﬂ?vié%fhilﬂﬂim bleach,f mg(v)vlnﬁ&a&r( 3Ex$rﬁmilh @ NNef err] dgnd
ea e mXxture, a re u Qr n. ° e My X (6] , d
100 . of vt or (aaheRte): “Cool phe dtiegts idler W’ 154 UEMY Baostl ST
keepi ng the NaO¥Hnfequeams) talmjustr foCcpHagd4 28bilerkegping the and separate

the 25 |ay . ééﬁﬁfb | C : i Xd Y ORY | dry
over Na[ err?S%[ errl. ﬁ&@ﬁ%gﬁ% el:‘.:xﬁﬁé\@/%tm&hwhh GHZ'C% 2 @4

cuo to.,a regidue. (24 0 %;aﬂ?
chr omat ogr aph t h&¢ LON5GE |t Xagq °3%f9/%1ﬂ‘é%<aﬁ€‘}’&£¥[ er]'ﬁ_i’%% MY o
gi ve the productml of BtOH andt¢aph30\RFCe Sintlett the rgsulting sokidsc B¥omat ogr aphy .

A total of 18.57fgrftiod MRdPAAFURE sOds 3R vabiAite gve (795 JgHoRYRe ( DVSO- d6,
400 MHz): 8.5 (s ;

300 M) 2 ® . Sonalfobt, fEOMNIR B, 200 Mty 7 B, Ay 2Pes GnZ6tisy 1)

15 7.5 (d, 2H); 3.45 (m, 2H); 3.15 (m, 2H).

Step B:
Br Br
Br — Cl Br = Cl
' \ Y —_— \
N N
o OH

Combine 21.58 g (53.75 mmol) of the product of Step A

20 and 500 mL of an anhydrous 1:1 mixture of EtOH and toluene,
add 1.43 g (37.8 mmol) of NaBH4 and heat the mixture at reflux
for 10 min. Cool the mixture to 0°C, add 100 mL of water, then
adjust to pH~ 4-5 with 1 M HCI (aqueous) while keeping the
temperature <10°C. Add 250 mL of EtOAc and separate the

25 layers. Wash the organic layer with brine (3 X 50 mL) then dry
over NarSO4. Concentrate in vacuo to a residue (24.01 g) and
chromatograph the residue (silica gel, 30 % hexane/CH2Cl2) to
give the product. Impure fractions were purified by
rechromatography. A total of 18.57 g of the product was

30 obtained. !H NMR (DMSO-dg, 400 MHz): 8.5 (s, 1H); 7.9 (s, 1H);
7.5 (d of d, 2H); 6.2 (s, 1H); 6.1 (s, 1H); 3.5 (m, 1H); 3.4 (m,
1H); 3.2 (m, 2H).
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Br

Conbi ne 18.57 g (46.02 mvl) of the product of Step B and 500 ni of
CHCl [err], then add 6.70 nL (91.2 mml) of SOC [err], 5 and stir the

m xture at roowoprmgmr ature for 4 hrs. Add a sol uti on JCTAHIEIY0Y 0. 413
nol e) of piperazine in 800 nL of THF over a period of 5 mn. and stir

the m xture for

1 hr. at room tenperatyre. Heat the mxture at reflux

overnight, then cool to roomterrperat’L?re'and dilute the mxture with 1
L of CHerr]dJ[err]- 10 Wash with water (5 X 200 nL), and extract the

aqueous wash
sol uti ons,
Concentrate
gradi ent of

Br

10

15

' :CHC [err] (3 X 100 nL). Conbine all of the organic

washr with brine (3 X 200 nL) and dry over "‘MgSB¥err].
in vacuo to a residue and chromatogra I

5% 7.5% 10% MeOH/ BH err]C [8r 14

18.49 g of the title 1 5 :

Separ ati on of Enanti oBeLS/

L (]

Combine 18.57 g (46.02 mmol) of the product of Step B
and 500 mL of CHCl3, then add 6.70 mL (91.2 mmol) of SOCly,
and stir the mixture at room temperature for 4 hrs. Add a
solution of 35.6 g (0.413 mole) of piperazine in 800 mL of THF
over a period of 5 min. and stir the mixture for 1 hr. at room
temperature. Heat the mixture at reflux overnight, then cool to
room temperature and dilute the mixture with 1 L of CH2Cla.
Wash with water (5 X 200 mL), and extract the agueous wash
with CHCI3 (3 X 100 mL). Combine all of the organic solutions,
wash with brine (3 X 200 mL) and dry over MgSO4. Concentrate
in vacuo to a residue and chromatograph (silica gel, gradient of
5%, 7.5%, 10% MeOH/CH2Cl2 + NH40H) to give 18.49 g of the title
compound as a racemic mixture.

D - ion of Ena



[err] WO 97/ 23478

PCT/ US96/ 19603 _ - 30 - : The
racem c title conpound of Step Cis separated by preparative chiral
chromat ogr aphy (Chiral pack AD, 5 cm X 50 cmcolum, flowrate 100 .
mL/ mn., 20%wWssblrmexane + 0.2% di et hyl am ne), to gi vecIUusswg6a3f t he
(+)-enantiomer and 9.30 g of 5 the (-)-enantioner. Physi cal
chem cal data for (+)-enantiomer: mp. = 74.5[err]- 77.5C, Mass Spec.
MH+ = 471.9; [err] = +97.4[err] (8.48 n‘gBQn‘L MeOH) . Physi cal

chem cal data for (-)-enantioner: mp. 82.9- 1 0 84.5[err]C Mss Spec.
Mierr] = 471.8; [errfhe racémict titke 38m@§im<2rﬂf Step QViéHeparated by

PREPARAT' VE EXANBLe% i rrc]hlral chromatography (Chlralpack AD, 5cm X 50
cm column, flow rate 100 mL/min., 20% iPrOH/hexane + 0.2%
diethylamine), to give 9.14 g of the (+)-enantiomer and 9.30 g of

5 the (-)-enantiomer.
Physical chemical data for (+)-enantiomer: m.p. = 74.5°-
775°C; Mass Spec. MH* = 471.9; [a]}’ = +97.4° (8.48 mg/ 2mL

MeOH).
Physical chemical data for (-)-enantiomer: m.p. = 82.9°-

10 84.5°C; Mass Spec. MH* = 471.8; [m]lz)5 = -97.4° (8.32 mg/ 2mL
MeOH).

P R EXAMPLE 7

4‘1\ o)\ OCH,CH,4

0% “OCH,CH4

Combine 15 g (38.5 mmol) of 4-(8-chloro-3-bromo-3,6-
dihydro-1 1H-benzo[5,6)cyclohepta[1,2-b]pyridin-1 1-ylidene)-1-
20 piperidine-1-carboxylic acid ethyl ester and 150 mL of
concentrated HySO4 at -5°C, then add 3.89 g (38.5 mmol) of KNO3
and stir for 4 hours. Pour the mixture into 3 L of ice and basify
with 50% NaOH (aqueous). Extract with CH2Cl3, dry over MgSO4,
then filter and concentrate in vacuo to a residue. Recrystallize
25 the residue from acetone to give 6.69 g of the product. 'H NMR

e e L i g 53
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Conmbine 15 g (38.5 mml) of 4-(8-chl oro-3-brono-5, 6- di hydr o-
11H benzo[ 5, 6] cycl.ohepta[ 1, 2-b] pyri di n-11-ylidene)-1- 20
pi peri di ne-1-carboxylic acid ethyl ester and 150 niL of concentrated

Herr]SOerr] at

-5C, then add 3.89 g (38.5 nmmol) of KNO3 and stir

for 4 hours. PworoTeswes mi xture into 3 L of ice and basify PCTARIBI6H 989 %o

NaCH (aqueous).

Extract wwth CHerr]dJ[err], dry over MgSQ err], t hen

filter and concentrate in vacuo to a residu% Recrystallize 25 the

resi due fromacetone to give 6.69 g of thé

WD 97/ 23478
- 31 -

oduct. [err]H NWR
PCT/ US96/ 19603

(CDCls, 200Mi7)er 8.5, obBIMATS (8 180 576168 1H), 7835 45, 1)

:7)) g gsl |(H) 4|7_|) 35 14); 4.15 (q, 2H), 3.8 (m, Z2¥);, 35-33 (ﬂ., 42-H) 33)(—@8((2?4) ZH),, o5
¥ 5022 8_222%'{ YHH)Z 1 25 (% 3g)eplvl[:!“{ = 50?err] ' m

(t, 3H. Mt

10

15

20

o

OCH20H3 OCHzCHa

Combine 6.69 g (13.1 mmol) of the product of Step A and
100 mL. of 85% EtOH/water, then add 0.66 g (5.9 mmol) of CaCly
and 6.56 g (117.9 mmol) of Fe and heat the mixture at reflux
overnight. Filter the hot reaction mixture through Celite® and
rinse the filter cake with hot EtOH. Concentrate the filtrate in
vacuo to give 7.72 g of the product. Mass Spec.: MH+ = 476.0.

Step C:
Br Ci
N NH,

s —————-

A e, o)\ OCH,CH,

- 0 “OoCRH,CH,4

Combine 7.70 g of the product of Step B and 35 mL of
HOAc, then add 45 ml of a solution of Bry in HOAc and stir the
mixture at room temperature overnight. Add 300 mL of 1 N
NaOH (aqueous) , then 75 mL of 50% NaOH (aqueous) and extract
with EtOAc. Dry the extract over MgSO4 and concentrate in
vacuo to a residue. Chromatograph the residue (silica gel, 20%-
30% EtOAc/hexane) to give 3.47 g of the product (along with
another 1.28 g of partially purified product). Mass Spec.: MH* =
554. _

= = g i me e e e i e e a
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Conmbine 6.69 g (13.1 mml) of the product of Step A and

100 nL of 85% EtOH/ water, then add 0.66 g (5.9 mml) of Cad[err]

and 6.56 g (117.9 mmol) of Fe and heat the m xture at refl ux X
1 0 overnight. Filter the hot reaction mxture through Celite[err] and
rinse the fiWigansage Wwth hot EtOH Concentrate the filtr gbeusssi19603
vacuo to give 7.72 g of the product. Mass Spec.: MHerr] = 476.0.

Step C [err] 15 . - Combine 7.70 g
of the product of Step B and 35 nmL of - 32 - HOAc, then add 45
mL of a solution of Br2 in HOAc and stir the m xture at

Eoom terrgoeratﬁrella\éldMRq%nDCI?dmmm: 85 (ks H); 7.5 (s, 1H); 7.15 (s, IHRCH -
aqueous) , then A04 &0 .extf aGt . o.

with EtOAc. Dry ?'ée(sg?t@écti ologi/g? ? mygn@csdnc Nt ?é g'cli &m, 4H), 9-2.75
vacuo to a resi dd, 18y oddrdgr@nzihe 2455 2dm, (3H) i d2%6m, 3D

30% Et QAc/ hexane) to give 3.47 g of the product (along with

anot her 1.28 g9 o&%i ally purified product). Mass Spec.: M=

554, 7/ 23478

PCT/ US96/ 19603

)\ o)\ OCH,CH3

0% “OCH,CH,

Combine 0.557 g (5.4 mmol) of t-butylnitrite and 3 mL of

DMF, and heat the mixture at 60°-70°C. Slowly add (dropwise) a
mixture of 2.00 g (3.6 mmol) of the product of Step C and 4 mL

10 of DMF, then cool the mixture to room temperature. Add
another 0.64 mL of t-butylnitrite at 40°C and reheat the mixture
to 60°-70°C for 0.5 hrs. Cool to room temperature and pour the
mixture into 150 mL of water. Extract with CH2Cl2, dry the
extract over MgSO4 and concentrate in vacuo to a residue.

15 Chromatograph the residue (silica gel, 10%-20% EtOAc/hexane)
to give 0.74 g of the product. Mass Spec.:. MH* = 539.0.
1H NMR (CDCI3, 200 MHz): 8.52 (s, 1H); 7.5 (d, 2H); 7.2 (s, 1H);
4.15 (q, 2H); 3.9-3.7 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.5 (m, 2H);
2.4-2.2 (m, 2H); 2.1-1.9 (m, 2H); 1.26 (t, 3H).

20

Step E:

Br o~ ¢ Br = al

Br Br

wZ

Y

0% “OCH,CHg

Combine 0.70 g (1.4 mmol) of the product of Step D and 8
mL of concentrated HCl (aqueous) and heat the mixture at reflux

Saaat el i




[err]H NVMR (CDCl [err], 300 MHz): 8.5 (s, 1H); 7.5 (s, 1H); 7.15 (s, 1H);
4.5 (s, 2H); 4.15 (m 3H); 3.8 (br s, 2H); 3.4-3.1 (m 4H); 9-2.75 .

(m 1H); 2.7-2.5 (m 2H); 2.4-2.2 (m 2H); 1.25 (m 3H). 5 Step D
[err] Conmbi ne 0.557 g (5.4 mml) of t-butylnitrite
and 3 nL of wo9723478 DMF, and heat the mixture at 60[err]-7 $9pE260%| owl y
add (dropw se) a m xture of 2.00 g (3.6 mmvpl) of the product of
Step C and 4 nL 10 of DMF, then cool :%:?e m xture to room tenperature.
Add another 0.64 niL of t-butylni't¥fte at 40[err]C and reheat the
m xture to 60-70C for 0.5 hrs. Cool to roomtenperature aa pour
t he mi xtenesnight.o Add 30 mls ofiak & .N@Hr@eﬂewsa,htth[%rmﬁa@f[g %
gg y tgﬁ t RO ¢hquios) Maddx e ﬁﬁﬂce(l)}!gtﬂ%»/.e Daoyé\m@umtha everesi due.
romat ogr ap residu i g 8 C
to give 0.74 g of W(Bﬂoix&gtc?mﬁégatéggc%c%gog (B%g &fh&)éa‘mé [err]H

NVR (CDCl [err], 20cmpoynd.s Mass(SpeciH) MH* 5 467. amyp. =7 12393-124,3°C.
4.15 (q, 2H); 3 9-3.7 (m 2H); 3.5-3.1 (m 4H); 3.0-2.5 (m 2H);
2.4-2.2 (m 2H); 2.1-1.9 (m 2H); I Step E
[err] Conbi - - t he product of
Step D and 8

Br

10 Step A

Cl

Br

N
H

Prepare a solution of 8.1 g of the title compound from
Preparative Example 7 in toluene and add 17.3 mL of a IM
solution of DIBAL in toluene. Heat the mixture at reflux and

15 slowly add (dropwise) another 21 mL of 1 M DIBAL/toluene
solution over a period of 40 min. Cool the reaction mixture to
about 0°C and add 700 mL of 1 M HCI (aqueous). Separate and
discard the organic phase. Wash the aqueous phase with CH2Cl2,
discard the extract, then basify the aqueous phase by adding

20 50% NaOH (aqueous). Extract with CH3Cl3, dry the extract over
MgSO4 and concentrate in vacuo to give 7.30 g of the title
compound, which is a racemic mixture of enantiomers. MH* =
469.
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m. of concentrated HC (aqueous) and heat the m xture at reflux WO
97/ 23478 . PCT/ US96/ 19603

-~ 338 - overnight. Add 30 nL of 1 N NaOH (aqueous), then 5 nL of 50%
NaOH (aqueous) and extract with CHerr]C[err]. Dry the extract over

MySO4 and cogwgpphifage i n vacuo to give 0.59 g of the titl epecrusosposmound.
Mass Spec.: MHerr] = 467. mp. = 123.9[err]-124.2[err]C. 5

PREPARATI VE EXAMPLE 8 [err] [racemic as well as (+)-
and (-)-enantioners] 10 Step A - 34 - [err]
H Prepare a solution of 8.1 g of the title conpound from

Step B - Separation of Enantiomers:

The racemic title compound of Step A is separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 50
5 cm column, using 20% iPrOH/hexane + 0.2% diethylamine), to
give the (+)-enantiomer and the (-)-enantiomer of the title
compound.
Physical chemical data for (+)-enantiomer: m.p. = 148.8°C;

Mass Spec. MH* = 469; [o]2’ = +65.6° (12.93mg/2mL MeOH).
10 Physical chemical data for (-)-enantiomer: m.p. = 112°C;
Mass Spec. MH* = 469; [0)2” = -65.2° (3.65mg/2mL MeOH).

PREPARATIVE EXAMPLE 9

Br o |

N
ok
N
H

15 [racemic as well as (+)- and (-)-enantiomer]
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Preparative Exarrpl'e 7 in toluene and add 17.3 nL of a 1M sol ution of
DIBAL in toluene. Heat the mixture at reflux and 15 slowy add

(dropwi se) ‘another 21 nmL of 1 M DI BAL/tol uene sol ution over a period
of 40 mn. Cool the reaction mxture to about O[err]C and add 700 niL
of 1 MHA (agweIg3478Separ ate and di scard the organi c PAEYSI/INMh t he
aqueous phase with CHerr]CJ[err], di scard the extract, then basify
t he agueous phase by adding 20 50% NaOH (agueous). Extract with
CH err]C[err], dry the extract over SESQerr] and concentrate in
vacuo to give 7.30 g of the title conmpound, which is a racemc
m xture of enanti ofitepsA: MH+ = 469. WD 97/ 23478
PCT/ US96/ 19603 - 34 - Step B - NBgpar ation
of Enanti oners: [err] :

Br = cl

Combine 40.0 g (0.124 mole) of the starting ketone and

200 mL of H2S0O4 and cool to 0°C. Slowly add 13.78 g (0.136

5 mole) of KNO3 over a period of 1.5 hrs., then warm to room
temperature and stir overnight. Work up the reaction using
substantially the same procedure as described for Preparative
Example 4, Step A. Chromatograph (silica gel, 20%, 30%, 40%,
50% EtOAc/hexane, then 100% EtOAc) to give 28 g of the 9-nitro

10 product, along with a smaller quantity of the 7-nitro product
and 19 g of a mixture of the 7-nitro and 9-nitro compounds.

MH+* (9-nitro) = 367.
Cl Br = Cl

React 28 g (76.2 mmol) of the 9-nitro product of Step A,
400 mL of 85% EtOH/water, 3.8 g (34.3 mmol) of CaCly and
38.28 g (0.685 mole) of Fe using substantially the same
procedure as described for Preparative Example 4, Step C, to
20 give 24 g of the product. MH+ = 337.

Step C:
Br Cl Br = Ct
/ . ———————- /
N N

15

———.——_—-—-—-..——..';--........ - e e e e — e —
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The racemic title conpound of Step A is separated by preparative chiral
chromat ography (Chiral pack AD, 5 cm X 50 5 cm col um, using 20%

i PrOH hexane + 0.2% di ethyl amine), to give the (+)-enantionmer and the
(-)-enantioner of the title conpound._ Physi cal chem cal data
for (+)-enanydBisssm pP. = 148. 8C PCTRUS96/19609RS S
Spec. M+ = 469; [err] = +65.6[err] (12.93ng/2n. MeCH). 10 Physi cal
chem cal data for (-)-enantionmer: mp. = 112C; Mass Spec. M+ = 469;
[err] = -65.2 (3.65ng/2nL MeOH). - 36 - PREPARATI VE EXAMPLE 9
[err] 15 [racem c as well as (+)- and (-)-enantioner]

V\Dsgw 23478 Combine 13 g (38.5 mmol)RSITtNSPeodif Ot Step B, 140

StePpft of HOAY hnd slowly add a solution of 2.95 mL (57.8 mmol) of
Bry in 10 mL of HOAc over a period of 20 min. Stir the reaction
mixture at room temperature, then concentrate in vacuo to a

5 residue. Add 2Cl2 and water, then adjust to pH = 8-9 with
50% NaOH (aqueous). Wash the organic phase with water, then
brine and dry over NazS0O4. Concentrate in vacuo to give 11.3 g
of the product.

1H NMR (200 MHZ, CDCl3): 8.73 (d, 1H); 7.74 (d, 1H); 7.14

10 (s, 1H); 4.63 (s, 2H); 3.23-3.15 (m, 2H); and 3.07-2.98 (m, 2H).

Step D:
Br — Ql Br = Cl
\ —_— % s
N NH N
(o] Br 2 O Br

Cool 100 mL of concentrated HC] (aqueous) to 0°C, then

15 add 5.61 g (81.4 mmol) of NaNO2 and stir for 10 min. Slowly
add (in portions) 11.3 g (27.1 mmol) of the product of Step C
and stir the mixture at 0°-3°C for 2.25 hrs. Slowly add
(dropwise) 180 mL of 50% H3PO3 (aqueous) and allow the
mixture to stand at 0°C overnight. Slowly add (dropwise) 150

20 mL of 50% NaOH over 30 min., to adjust to pH = 9, then extract
with CH2Cly. Wash the extract with water, then brine and dry
over NasS0O,4. Concentrate in vacuo to a residue and
chromatograph (silica gel, 2% EtOAc/ CH2Cl3) to give 8.6 g of the
product. MH* = 399.9.

25 1H NMR (200 MHZ, CDCl3): 8.75 (d, 1H); 7.77 (d, 1H); 7.56
(d, 1H); 7.21 (d, 1H); and 3.3-3.0 (m, 4H).

§tep E:
N
O &

OH g,

30 Combine 8.6 g (21.4 mmol) of the product of Step D and
300 mL of MeOH and cool to 0°-2°C. Add 1.21 g (32.1 mmol) of
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Conmbi ne 40.0 g (0.124 nole) of the starting ketone and 200 nL of
Herr]SOJerr] and cool to Of[err]C. Slowy add 13.78 g (0.136 5 nole) of
KNOB3 over a period of 1.5 hrs., then warmto room tenperature and stir
overnight. Wrk up the reaction usi ng substantially the sane procedure
~as described Wwoy97Rsepar ati ve Exanple 4, Step A Chromat BGTASMHPEP| i ca
gel, 20% 30% 40% 50% Et OQAc/ hexane, then 100% Et OAc) to give 28 g of
the 9-nitro 10 product, along with a snal &ﬁr quantlty of the 7-nitro
pr oduct and 19 g of a m xture of the 7 |tro and 9-nitro corrpounds

M+ (9-nitro 367. Step B: React 28
mml§ oflthe)9 ni N@Hno@l&ﬂ:@ﬂbﬁh&% e at "'03@)(50?71_1 Br. gkdd E{“@We&g‘?éz? 3.8 ¢

(34.3 mmol) of Cagl {®21]ml) of NaBHZS s@‘r f6r Q8. 0l0er, ther-getustand)

substantially the ce . ve Exanpl e
g At Y o opfliany, ay BRET S XbiboATARCT 1hGD 05 RLARE" by BX
[er r] - partition the residue between CHgClz and water. Separate the

5 organic phase and concentrate in vacuo (50°C) to give 8.2 g of
the product.
1H NMR (200 MHZ, CDCl3): 8.44 (d, 1H); 7.63 (d, 1H); 7.47
(d, 1H); 7.17 (d, 1H); 6.56 (d, 1H); 4.17-4.0 (m, 1H); 7.39 (d, 1H);
3.46-3.3 (m, 1H); 3.05-2.74 (m, 2H).

Step E:

~L 0 b

10

OH g,

Combine 8.2 g (20.3 mmol) of the product of Step E and

160 mL of CH>Cls, cool to 0°C, then slowly add (dropwise) 14.8

15 mL (203 mmol) of SOCly over a 30 min. period. Warm the
mixture to room temperature and stir for 4.5 hrs., then
concentrate in vacuo to a residue, add CH2Cl, and wash with 1 N
NaOH (aqueous) then brine and dry over Na3SO4. Concentrate in
vacuo to a residue, then add dry THF and 8.7 g (101 mmol) of

20 piperazine and stir at room temperature overnight. Concentrate
in vacuo to a residue, add CH2Cls, and wash with 0.25 N NaOH
(aqueous), water, then brine. Dry over Na2SO4 and concentrate
in vacuo to give 9.46 g of the crude product. Chromatograph
(silica gel, 5% MeOH/CH2Cl; + NH3) to give 3.59 g of the title

25 compound, as a racemate. 'H NMR (CDCl3, 200 MHz): 8.43 (d,
1H); 7.55 (d, 1H); 7.45 (d, 1H); 7.11 (d, 1H); 5.31 (s, 1H); 4.86-
4.65 (m, 1H); 3.57-3.40 (m, 1H); 2.98-2.55 (m, 6H); 2.45-2.20
(m, 5H). MH+ = 470.

1
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- 36 - Conmbine 13 g (38.5 nmmol ) of the product of Step B,
140 ' m. of HOAc and slowly add a solution of 2.95 niL (57.8 mmuol)
of Br2 in 10 nL of HOAc over a period of 20 mn. Stir the
reaction W0 97234781 Xture at room tenperature, then conceRCTASE/6M3vacuo
to a 5 residue. Add CHerr]C[err] and water, then adjust to pH =
8-9 with 50% NaOH (aqueous). Wash the organic phase with water,
t hen brine and dry over Na| er'r]3§q err]. Concentrate in vacuo to
give 11.3 ¢ of the product. [err]H NVR (200 MHzZ,
CDC [err]): 8.73Steh GH) Seardfiondof [Erantiombss: 10 (s, 1H; 4.63 (s,

2H); - 3.23-3.15 (m 2H); and 3.07-2.98 (m "2H).
Cool 100 nL of concentrated HC (aqueous) to Of
5.61 g (81.4 mmol) of NaNO2 and stir for 10 mn. &
portions) 11.3 g (27.1 mml) of the product of Step~
the m xture at O[err]-3[err]C for 2.25 hrs. Slowy add

(dropwi se) 180 nL of 50% H[PQerr] (aqueous) and a o tHe

Step D [err]

&5 add
add (in

and stir

m xture to stand atgQ[e c1Sl owl y add (dropw sg) R&RI® 20
m. of 50% NaOH over 30 \m n Ist to pH = 9, then eRNtract

with CHerr]dJerr]. Wi h&yext&Ct wit-h—wates then bHine and dry

over Na[err]SOerr]. Concentipte g¢n vacuo to a residue and

chromat ograph (silica gel, €%

product. M+ = 399.09. 25
(d, 1H); 7.77 (d, 1H); 7.56 N
(m 4H). Step E:H

N S-(-)
H

The racemic title compound from Step F (5.7 g) is
chromatographed as described for Preparative Example 6, Step
5 D, using 30% iPrOH/hexane + 0.2% diethylamine, to give 2.88 g of
the R-(+)-enantiomer and 2.77 g of the S-(-)-enantiomer of the
title compound.
Physical chemical data for the R-(+)-enantiomer: Mass
Spec. MH* = 470; [a},z,s = +12.1° (10.9 mg/ 2mL MeOH).
10 Physical chemical data for the S-(-)-enantiomer: Mass

Spec. MH* = 470; [0}2’ = -13.2° (11.51 mg/ 2mL MeOH).

PREPARATIV LE 10
Br
Br \\ Cl
N
N
H
15 [racemic as well as (+)- and (-)-enantiomer]

i _'_srmwvw-;---v L L] efxeewtsrtmm %




30 Combine 8.6 g (21.4 nmmol) of the product of Step D and
300 nmL of MeOH and cool to O[err]-2[err]C Add 1.21 g (32.1 mmol) of

WD 97/ 23478 PCT/ US96/ 19603

- 37 - NaBH4 and stir the mxture at -O[err]C for 1 hr. Add anot her.
0.121 g WRo@hsmsol) of NaBH err], stir for 2 hr. at O] EGH{USMHB, | et
st and overnight at O[err]C Concentrate in vacuo to a residue then
partition the residue between CHerr]C [err], and water. Separate the 5
organi ¢ phase and concentrate in vacuo (50[€rfr]C) to give 8.2 g of t he
pr oduct . [err]H NVMR (200 MHZ, CDCl[err]): 8.44 (d, 1H); 7.63 (d,
1H); 7.47 (dStapdA: 7. 17 (d, 1H); 6.56 (d, 1H); 4.17-4.0 (m 1H); 7.39
(d, 1H); 3.:46-3.3 (m 1H); 3.05B2.74 (m 2H). 10 Step F: [err]
Combine 8.2 g (20.3 nmmol ) of Jf rouct of Step E and 60 niL of

CH err]C[err], cool BoQfel AW y age-( 4 Cl5 nL
(203 mmol) of SOC [err owWer 3 2 period. War ure to room
tenperature and stir for 43 qi. en ¥acuo to a
residue, add CHerr]CJ[err] andgNash with 1 N aqueous) then
brine and dry over NaJerr] SO ¢ ] Concentrate in vacyo to a residue,
then add dry THF and 8.7 g (181 n#ol) of 20 piperazindand stir at room

t enper ature overni ght. Concentﬂate g

Combine 13 g (33.3 mmol) of the title compound from
Preparative Example 4, Step D, and 300 mL of toluene at 20°C,

5 then add 32.5 mL (32.5 mmol) of a 1 M solution of DIBAL in
toluene. Heat the mixture at reflux for 1 hr., cool to 20°C, add
another 32.5 mL of 1 M DIBAL solution and heat at reflux for 1
hr. Cool the mixture to 20°C and pour it into a mixture of 400 g
of ice, 500 mL of EtOAc and 300 mL of 10% NaOH (aqueous).

10 Extract the aqueous layer with CH2Clz (3 x 200 mL), dry the
organic layers over MgSO4, then concentrate in vacuo to a
residue. Chromatograph (silica gel, 12% MeOH/CH2Cl; + 4%
NH4OH) to give 10.4 g of the title compound as a racemate. Mass
Spec.: MH* = 469 (FAB). partial tH NMR (CDCl3, 400 MHz): 8.38

15 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.06 (d, 1H); 3.95 (d, 1H).
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in vacuo to a residue, add CHerr]C[err], and wash with 0.25 N NaCH

(aqueous), water, then brine. Dry over Na2SO4 and concentrate I n vacuo
to give 9.46 g of the crude product. Chronatograph (silica gel, 5%
MeOH CH err]Cl[err] + NH err]) to give 3.59 g of the title 25 conpound, as
a racemate. RfdhEkAMR (CDA [err], 200 MHz): 8.43 (d, pctidsesnds3d (d,
1H); 7.45 (d, 1H); 7.11 (d, 1H); 5.31 (s, 1H); 4.86- 4.65 (m 1H);
3.57-3.40 (m 1H); 2.98-2.55 (m 6H); 2.45-2.20 (m 5H). Merr] =
470. WD 97/ 23478 - 40 - PCT/ US96/ 19603

- 38- Step G -Separation of Enantioners: [err]

The racemic title cOMPRYNckuRMTeRofpoind oD Step A isCHUpRFRbEUyPhed as
described for Pr ep ara%ti\yee c 1raimchromatogra;9hy (Chiralpack AD, 5 cm X 50
cm column, using 5% iPrOH/hexane + 0.2% diethylamine), to give
the (+)-enantiomer and the (-)-enantiomer of the title
5 compound.

Physical chemical data for (+)-enantiomer: Mass Spec.
MH* = 469 (FABS); [a]>° = +43.5° (c=0.402, EtOH); partial 1H
NMR (CDCls, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H);
7.05 (d, 1H); 3.95 {d, 1H).
10 Physical chemical data for (-)-enantiomer: Mass Spec.
MH+ = 469 (FAB); [0]>’ = -41.8° (¢c=0.328 EtOH); partial 'H NMR

(CDCl3, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.05
(d, 1H); 3.95 (d, 1H).

15 PREPARATIVE EXAMPLE 11
Br ~ Cl
\
N

)
G,
[racemic as well as R-(+)- and S-(-)-enantiomer]
Treat 4-(8-chloro-3-bromo-5,6-dihydro-11H-
benzo[S5,6]cyclohepta1,2-blpyridin-11-ylidene)-1-piperidine-1-

20 carboxylic acid ethyl ester via substantially the same procedure
as described in Preparative Example 6, Steps A-D, to give as the
product of Step C, the racemic title compound, and as the
products of Step D the R-(+)-enantiomer and S-(-)-enantiomer of
the title compound.

25 Physical chemical data for the R-(+)-enantiomer: 13C NMR
(CDCl3): 155.8 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2 (C);
135.3 (C); 133.4 (C); 132.0 (CH); 129.9 (CH); 125.6 (CH); 1193
(C); 79.1 (CH); 52.3 (CH2); 52.3 (CHy); 45.6 (CH2); 45.6 (CH2);
30.0 (CHy); 29.8 (CHz). [}y’ = +25.8° (8.46 mg/2 mL MeOH).

30 Physical chemical data for the S-(-)-enantiomer: 13C NMR
(CDCl3): 155.9 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2 (C);
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5 D, using 30% i PrOH hexane + 0.2%diethylam ne, to give 2.88 g of

R-(+)-enantioner and 2.77 g of the S-(-)-enantionmer of the title
conpound. Physi cal chemi cal data for the R (+)-enantioner: Mss
25 Spec. M+ = 470; [err] = +12.1[err] (10.9 ng/ 2nmL MeCH). 10

Physi cal chem egordadra for the S-(-)-enantioner: Mass PCT/US96/19603
25 Spec. M+ = 470; [err] = -13.2[err] (11.51 ng/ 2nm. MeCH).
PREPARATI VE EXAMPLE 10 [err] 15 (racemic as well as
(+)-and (-)-enantiomner] WO 97/24h78

PCT/ US96/ 19603
[err]

1

0

15

- 39 - St eg A
135.3 (C); 1333 (C); 132.0 (CH); 1299 (CH); 125.5 (CH); 119.2

(©); 79.1 (CH); 52.5 (CHp); 52.5 (CHy); 45.7 (CHy); 45.7 (CH);'
30.0 (CHa); 29.8 (CH). [0l5’ = -27.9° (8.90 mg/2 mL MeOH).

Dissolve 1.160 g (2.98 mmol) of the title compound from
Preparative Example 3 in 20 mL of DMF, stir at room
temperature, and add 0.3914 g (3.87 mmol) of 4-methyl-
morpholine, 0.7418 g (3.87 mmol) of DEC, 0.5229 g (3.87 mmol)
of HOBT, and 0.8795 g (3.87 mmol) of 1-N-t-butoxycarbonyl-
piperidinyl-4-acetic acid. Stir the mixture at room temperature
for 2 days, then concentrate in vacuo to a residue and partition
the residue between CH2Cly and water. Wash the organic phase
successively with saturated NaHCO3 (aqueous), 10% NaH2PO4

~ (aqueous) and brine. Dry the organic phase over MgSO4, filter

20
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and concentrate in vacuo to a residue. Chromatograph the

residue (silica gel, 2% MeOH/ CH,Cl; + NH3) to give 1.72 g of the

product. m.p. = 94.0-94.5°C, Mass Spec.: MH*+ = 614.

Elemental analysis: calculated - C, 60.54; H, 6.06; N, 6.83
found - C, 59.93; H, 6.62; N, 7.45.




Conmbine 13 g (33.3 mmol) of the title conpound from Preparative

Exanple 4, Step D, and 300 nL of toluene at 20C, _ 5 then add 32.5 niL
(32.5 mol) of a 1 Msolution of DIBAL in tol uene. Heat the

m xture at reflux for 1 hr., cool to 20[err]C, add anot her 32.5 niL
of 1 M DI BAL wgbsiissn and heat at reflux for 1 hr. péiqgg s/14583

m xture to 20C and pour it into a mxture of 400 g ice 500 nL
of Et OAc and 300 mL of 10% NaOH (aqueous). 10 Extract the aqueous
layer with CHerr]CJ[err] (3 x 200 nlL), €dr42 the organi c | ayers
over MgSO4, then concentrate in vacuo to a resi due. Chronmat ograph
(silica gel, 12%shgPH.CH err]C[err] + 4% NH[err]O—|) to g| ve 10.4
g of the title conpound as acenmate. Mass - 469
(FAB). partial [errpH NyR 0 MHiz); o

7.57 (s, 1H); 7.27 COQH ; . 3.95 ’StepB-

Separati on of Enantione
Br [err]
H

Combine 1.67 g (2.7 mmol) of the product of Step A and
20 mL of CH>Cl> and stir at 0°C. Add 20 mL of TFA, stir the
5 mixture for 2 hours, then basify the mixture with 1 N NaOH
(aqueouns). Extract with CH2Cly, dry the organic phase over
MgSQy4, filter and concentrate in vacuo to give 1.16 g of the
product. m.p. = 140.2-140.8°C, Mass Spec.: MH* = 514.

10

Combine 0.50 g of the product of Step B, 20 mL of CH2Cl>
and 4.5 equivalents of (CH3)3SiNCO and stir at room temperature
for 3 hours. Extract the mixture with saturated NaHCO3

15 (aqueous) and dry the organic phase over MgS0O4. Filter and
concentrate in vacuo to give 0.8 g of the crude product.
Chromatograph the crude product (silica gel, 5% MeOH/CH2Cl2 +
NH3) to give 0.26 g of the product. m.p. = 170.2-170.5°C, Mass
Spec.:. MH* = 557.

20
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WD 97/ 23478

PCT/ US96/ 19603

- 40 - The racemc title conpound of Step A is separated by
preparative chiral chromatography (Chiral pack AD, 5 cm X 50 cm col um,
using 5% i PrOH hexane + 0.2% di ethylamne), to give the (+)-enantioner
and the (-)-enwmugamasss of the title 5  conpound. PCPiUg%19603
chem cal data for (+)-enantioner: Mass Spec. 25
WMH = 469 (FABS); [err] = +43.5 (c=0.402, EtC]—I) partial [err]H NVR
(CDCl[err], 400 MHz): 8.38 (s, 1H); 7.57 (‘ 11—|) 7.27 (d, 1H); 7. 05
(d, 1H); 3.95 (d, 1H. 10 Physi cal chemical data for (-)-enantioner:

Mass Spec.
[err]H NMR

EXAMPLE 11 [err]

S-(-)-enantioner]

M+ = 469 (FAB); [err] EXAMBLE®-0,328 EtOH); parti al
(CDO [err], 400 MHz):g8.38 (s, 1H); 7.57 (s, B&H); 7.27 (d,
1H); 7.05 (d, H) .

15 PREPARATI VE
@cem Bra land
2-chl oro-3-y o . . dro- 11 H

1H); 3. 95(
Br

benzo[ 5, 6] cycl ohept a[ 1, 2- by -ylidene) - 1- 20
carboxylic acid ethyl ester Vi a ubstantlal—l—y—t-hs- sanme procedure as
described in Preparative Exanpye B Steps A-D, to give pr oduct
of Step C, the racemc title cpnpound, and as the gb Step D

the R-(+)-enantioner and S-(-)-&wmanti onmer of
Physi cal chemi cal

ound. 25

data for the RH(+)-enantioner: 13C

(CDCl [err]): 155.8 (C); 146.4 (CH); 140.5 (CH); 140.2 90) 13672 (O ;
135.3 (O; 133.4 (O); 183mbineCd)s g1§?03 ﬁ&iﬂ)l cﬂfZExthlﬂg—&omﬂé&& of (O;
&

79.1 (O 52.3 (Cﬁzgparatwe ng 231

5

10

15

20

04 (gC'_g 1 mmgl) &H %l)lé title compound

of Preparative Example 1, 5 mL of dry DMF, and 0.5 mL (4.53
mmol) of 4-methylmorpholine, at 0°C, then add 0.6 g (3.12
mmol) of DEC and 0.4 g (2.96 mmol) of HOBT and stir the
mixture overnight at 20°C. Concentrate in vacuo to a residue
and extract the residue with CH2Cly (2 X 50 mL). Wash the
extracts with 25 mL of water, dry over MgSQO,, then concentrate
in vacuo to a residue and chromatograph (silica gel, 10%
MeOH/EtOAc + 2% NH40H (aqueous)) to give 0.6 g (93.7% yield)
of the title compound. Mass Spec.: MH+ = 602 (FABS); partial
IH NMR (CDCls, 300 MHz): 8.48 (s, 1H); 8.16 (d, 2H); 7.61 (s,
1H); 7.29 (m, 1H); 7.18 (d, 2H); 7.04 (d, 1H); 3.71 (s, 2H).
Elemental analysis: calculated - C, 48.81; H, 4.10; N, 6.57
found - C, 49.10; H, 3.79; N, 6.74.

EXAMPLE 3

Dissolve 5.9 g (9.78 mmol) of the title compound of
Example 2 in 300 mL of 1:5 CH2Cl2/EtOAc at 0°C. Slowly add




30.0 (CHerr]); 29.8 (CHerr]). [err] = +25.8[err] (8.46 ng/2 nmL MeOH). 30
Physi cal chem cal data for the S-(-)-enantioner: [err]C NWR

(CDA[err]): 155.9 (C); 146.4 (CH); 140.5 (CH); 140.2 (O); 136.2 (O);

WO 97/ 23478 _ PCT/ US96/ 19603

- 41 - WGothsdd ; 133.3 (O); 132.0 (CH); 129.9 (CH); Ignfseéigeds 119.2
(C); 79.1 (CH); 52.5 (CHerr]); 52.5 (CHerr]); 45.7 (CHerr]); 45.7
(CHerr]): 30.0 (CHerr]); 29.8 (CHerr]). [err] =-27.9 (8.90 ng/2 nL
MeOH) . 5 EXAVPLEM41-  [err] Step A: [err]

(dropwise) 3 mL of 4 N HCI (aqueous) and stir the mixture at 0°C
for 5 min. Add 200 mL of Et20, collect the resulting solids by
filtration and wash the solids with 50 mL of Et;0. Dry the solids
at 20°C and 0.2 mm Hg to give 5.9 g (96% yield) of the title

5 compound. Mass Spec.. MH* = 602 (FAB).
partial '!H NMR (DMSO-d¢, 300 MHz): & 8.66 (d, 2H); 8.51 (s,
1H); 7.95 (s, 1H); 7.67 (d, 2H); 7.47 (m, 1H); 7.15 (m, 1H); 3.99

(s, 2H).
Elemental analysis: calculated - C, 48.77; H, 3.62; N, 6.56
10 found - C, 48.34; H, 3.95; N, 6.84.
EXAMPLE 4
Br = cl
y
N
15 Step A:
Br _—
w5

Combine 0.501 g (1.28 mmol) of the title compound of
Preparative Example 5 and 20 mL of dry DMF, then add 0.405 g
(1.664 mmol) of 1-N-t-butoxycarbonylpiperidinyl-4-acetic acid,

20 0.319 g (1.664 mmol) of DEC, 0.225 g (1.664 mmol) of HOBT, and
0.168 g (1.664 mmol) of 4-methylmorpholine and stir the
mixture at room temperature overnight. Concentrate the
mixture in vacuo to a residue, then partition the residue
between 150 mL of CH2Cly and 150 mL of saturated NaHCOj3

25 (aqueous). Extract the aqueous phase with another 150 mL of
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10 Di ssol ve. 1.160 g (2.98 mmol ) of the title conpound from

Preparative Exanple 3 in 20 nL of DVF, stir at room t enperature, and

add 0.3914 g (3.87 mmol) of 4-nethyl- nor pholine, 0.7418 g (3.87 mbl)
of DEC, 0.5229 g (3.87 mmol) of HOBT, and 0.8795 g (3.87 mmlg) of

1- N-t - but oxycawbemydsss 15 pi peridinyl -4-acetic acid. Stir tHEVPIMWL at
room tenperature for 2 days, then concentrate in vacuo to a residue

and partition the residue between CHerydC[err] and water. Wash the

or gani ¢ phase successively with saturat&d NaHCO err] (aqueous), 10%

NaH2PO4 (aqueous) and brine. Dry the organi &ggﬁseﬁer Sgerr],
filter 20 and corcHaGla: eDry, the\©gganie phase over ME¥Heo &nggﬁgmé"

rﬁsi due (si Lli ca geJacu?c%tgi%séighﬁ.er dh%ﬁnetdg}aphsm aesibipe t(siligavgell. 500 g ‘of

t he product. mp., = . D- ; =

El ement al anal ysi smE' heé‘&PEu?Jf gﬁﬁ%yé@%ﬁ%h ‘Q?Cb%wog’ g%cﬁxeous-).

found - C 59.93: thend boof R MeQH/CH2CI + OV NH#QH faqueous)) to give

PCT/ US96/ 196035  0.575 g of the product. m.p. = 115°-1242C; Mass Speep MH* =[err]
Conmbi ne 1.67 g (2.dg %) of the product of Step A and 20 nL of
CHerr]d[err] an L ir at O[err]C. Add 20 nL of TFA, stir the 5 mxture
for 2 hours, then basify the mxture with 1 N NaCOH

§tep B:

10 Combine 0.555 g (0.9 mmol) of the product of Step A and
15 mL of CH3Cl2 and cool the mixture to 0°C. Add 15 mL of TFA
and stir at 0°C for 2 hours. Concentrate in vacuo at 40-45°C to a
residue, then partition the residue between 150 mL of CH2Cl2
and 100 mL of saturated NaHCO3 (aqueous). Extract the aqueous

15 layer with 100 mL of CH2Cl2, combine the extracts and dry over
MgSO4. Concentrate in vacuo to give 0.47 g of the product.
m.p. = 140°-150°C; Mass Spec.. MH* = 516.

Step C:

N N
- NH,
L Cr r Oy
o 1 O

Combine 0.449 g (0.87 mmol) of the product of Step B, 20
mL of CH,Cl; and 0.501 g (0.59 mmol) of (CH3)3SiNCO and stir at
room temperature overnight. Add 50-75 mL of saturated
NaHCO3 (aqueous) and stir for 0.5 hours. Dilute with CH,Cl,,

20
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(aqueous). Extract with CH2Cl 2, dry the organi c phase over MmgSq err],
filter and concentrate in vacuo to give 1.16 g of the product. mp. =
140. 2-140.8[err]C,” Mass Spec.: M# = 514, 10 Step C ~ [err]

Combi ne 0.50 g of the product of Step B, 20 nL of CHerr]Cd [err] and

4.5 equival en )3Si NCO and stir at room tenperature 3
hour s. Extrac%ﬁés‘r?gfure wth saturated NaHCO err] 15 (aaﬁggﬁgséfﬂéﬁd dry

t he organi c phase over MgS™. Filter and concentrate in vacuo to give
0.8 g of the crude product. Chr omat agggeph the crude product (silica
gel, 5% MeOH CH err]C[err] + NH3) to give 0.26 g of the product. mp.

éz:% 685%?18%8%” Gepffis the lay#i§Cand Wiract TR 'aq%_go.%g layer wifh % /53¢3{de
EXAVPLE 2 mL of CH2Cl;. Dry the Fgmbjned CH2Cl; extracts over MgSO4 and
concentrate in vacuo to a residue. Chromatograph the residue
(silica gel, 500 mL CH2Cly; 1 L of 1% MeOH/CH>Cly + 0.1% NH4OH;
5 1L of 2% MeOH/CHCl, + 0.2% NH40H; then with 3%
MeOH/CHCl; + 0.3% NH40H) to give 0.33 g of the title compound.
m.p. = 145°-155°C; Mass Spec.: MH* = 559.

EXAMPLE 5
Br

Br = cl

\

N
N
e
10 Y
Combine 3.0 g (6.36 mmol) of the (-)-enantiomer of the
title compound from Preparative Example 6, Step D, and 70 mL
of dry DMF. Add 3.84 mL (34.94 mmol) of N-methylmorpholine,
3.28 g (17.11 mmol) of DEC, 2.23 g (16.52 mmol) of HOBT and
15 2.09 (13.55 mmol) of 4-pyridylacetic acid N-oxide from
Preparative Example 1 and stir the mixture at room
temperature overnight. Concentrate in vacuo to remove the
DMF, add 100 mL of saturated NaHCO3 (aqueous) and 10 mL of
CH,Cly and stir for 15 min. Extract the mixture with CH2Cly (2 X
20 500 mL), dry the extracts over MgSO4 and concentrate in vacuo
to a residue. Chromatograph the residue (500 g reverse phase
C18 silica, gradient of 75%, 80%, then 85% MeOH/water + 0.1%
HOAc). Concentrate the desired fractions in vacuo to remove
MeOH and add 50 mL of 1 M NaOH (aqueous). Stir for 15 min.,
25 then extract with CH2Cl2 (2 X 500 mL). Dry the extract over
MgSO4 and concentrate in vacuo to give 3.4 g of the title
compound. m.p. = 148.9°150.5°C; [o]>’ = -56.37° (9.4 mg/2mL
MeOH); Mass Spec. MH* = 605. '

The title compound of Example S can also be isolated as its
30 HCI salt by treating a solution of the product in HCl and CH>Cly at

(-)-enantiomer
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Combine 0.5 g (1.06 mmol) of the title conpound of Preparative Exanpl e
4, 0.4 g (2. 61 nmmol) of the title conpound 5 of Preparative Exanple 1, 5

m. of dry DMF, and 0.5 nL (4.53 mol ) of 4- rrethyl nor phol i ne, at
Oferr]C, then add 0.6 g (3.12 mmol) of DEC and 0.4 g (2.96 mmol ) of
HOBT and stir tyWagomasrg M xture overnight at 20[err] C. = Concentgcaingsos/meyricuo
to a residue and extract the residue with CHerr]dJ[err] (2 X 50 nL).
Wash the 10 extracts with 25 nL of water, dry over MgSO4, then
concentrate in vacuo to a residue and éfromat ograph (silica gel, 10%
MeOH Et OAc + 2% NH err] OH (aqueous)) to give 0.6 g (93. 7% vyiel d) of

the title corrpoundrod«hs&rﬁpa‘aturel\/lﬁllavﬁaz byFABfYentrion dh vacuo tergivéd NVR

(m 110 7 15, (c. B9 HEY 3 (ko 1y F197¢h §0 mgbml. Mot d ool hnar i s

cal cul-ated - C, 48u&t c,-)H 4.10; N, 6.57 found -
C, 49.10; H 3.79; N, E 3 20
Br 6Usm he ([l-g-eplantlomer of the productDloép S%@n‘}}lv g (9.78

mmol ) “of the tidl eEammp&Irﬁi aad following egsentialiyn tisoGame procedyre as

CH err] d [err]/ Et OfgsctibddCabsv®Voy Efifmple 5, the analogous (+)-enantiomer
(Example S5A), i.e., the enantiomer of the title compound of
Example 5, is prepared. m.p. = 149.0°-150.5°C; Mass Spec.: MH*
= 605; [0)2° = +67.1° (7.0 mg/2mL MeOH).

10 The title compound of Example SA can also be isolated as

its HCI salt as described above for Example 5. m.p. = 152.9°C
(dec.); [a]3’ = +41.7° (2 mL MeOH + 1 mL of water).

Using the racemic title compound of Preparative Example
6, Step C, and following essentially the same procedure as
15 described above for Example 5, the racemate (Example 5B), is
prepared. m.p. = 84.3°-85.6°C; Mass Spec.: MH*+ = 607.

EXAMPLE 6
Br
Br Cl
\ ~ .
N (-)-enantiomer

[ j NH,

20




WD 97/ 23478

PCT/ US96/ 19603

- 44 - (dropwise) 3 nmL of 4 N HO (aqueous) and stir the m xture at

Oferr]C for 5 min.

filtration and wash the solids with 50 nL of Et[err]O Dry the solids.

at 20[err]C a%g);:&ﬁ“““g to give © 9 g (96%yield) of the b@?’%\?@?}“ﬁ
N 6

Add 200 nL of Et20, collect the resulting solids by

conpound. Mass = 602 (FAB). partial [err]H , 300
MHz): 8 8.66 (d, 2H); 8.51 (s, 1H); 7.95 (s, 1H); 7.67 (d, 2H); 7.47
(m 1H); 7.15 (m 1H); 3.99 (s, 2H). . 48 -El enental anal ysis:

calculated - C 48. 77; H 3.62; N, 6.56 10 found -

C, 48.34; H 3.9 6. 84. EXAMPLE 4

[err] 15 * A ' Combi ne

0.501 g (1.28 nmol) of the title conmpound of

Pre ti e ExarrpIeSand
then add 0.405 g Br
Br =
. ~

20 nmL of dry DWVF,

10

15

20

. (CH3)3C
oo EJ
(-)-enantiomer[ ] )\/O
N o

Combine 3.21 g (6.80 mmol) of the (-)-enantiomer product
of Preparative Example 6 and 150 mL of anhydrous DMF. Add
2.15 g (8.8 mmol) of 1-N-t-butoxycarbonylpiperidinyl-4-acetic
acid, 1.69 g (8.8 mmol) of DEC, 1.19 g (8.8 mmol) of HOBT and
0.97 mL (8.8 mmol) of N-methylmorpholine and stir the mixture
at room temperature overnight. Concentrate in vacuo to remove
the DMF and add 50 mL of saturated NaHCO3 (aqueous). Extract
with CH2Cl2 (2 X 250 mL), wash the extracts with 50 mL of brine
and dry over MgSO4. Concentrate in vacuo to a residue and
chromatograph (silica gel, 2% MeOH/CH3Cl> + 10% NH4OH) to give
4.75 g of the product. m.p. = 75.7°-78.5°C; Mass Spec.: MH* =

695; [a]>’ = -5.5° (6.6 mg/2 mL MeOH).

Step B:

Br - Br

Br —~ Cl Br Cl

Combine 4.70 g (6.74 mmol) of the product of Step A and
30 mL of MeOH, then add 50 mL of 10% H>SO4/dioxane in 10 mL
aliquots over a 1 hr. period. Pour the mixture into 50 mL of
water and add 15 mL of 50% NaOH (aqueous) to adjust to pH=
10-11. Filter to remove the resulting solids and extract the
filtrate with CH2Clz (2 X 250 mL). Concentrate the aqueous

vwwwrrw*vvw:errr
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(1.664 mmol) of 1 -N-t-butoxycarbonyl pi peridinyl-4-acetic acid, 20 0.319 g
(1.664 mmol ) of DEC, 0.225 g (1.664 mmol) of HOBT, and 0.168 g (1.664
mmol ) of 4-nethyl norpholine and stir the m xture at room tenperature
overnight. Concentrate the m xture in vacuo to a residue, then
partition the wesyshis between 150 nL of CH err]C[err] RETAUSPHEO6M of
saturated NaHCJ err] 25 (aqueous). Extract the aqueous phase w th anot her
150 L of WO 97/ 23478

PCT/ US96/ 19603 -4 - _ 45 CH err]C[err].
Dry the organi c phase over Ngsq err], and concentrate in vacuo to a
resi due. Chronmat Mrenpin vineuo epi rbmo*(slthq: deQH andoextract ftﬁ_alhe‘)(ﬁhe 50 L of
1% MeOH CH err] d (':]ilg M Extédots over M a‘ndOf 2%
MeOH CH err]d [err +0 err

O—l h
product. mp. = 199{*@?‘??“&23{ é’FF}‘ agugﬁgszgdto % ve )6%5?‘7?39 SQéttepeB

[err] 1 i AR 5%@59 2% _ngide Qstxhg/zohﬂplmuéonb Step A
and 15rr1_of Cﬁ[ser G [err] and coof the mxture to Oferr]C. Add 15 ni
of TFA andl stir at O[err]C for 2 hours. Concentrate in vacuo at
40-45[err]Cto a s;gpgcesidue then partition the residue between 150 nlL of
CHerr]dJ[err] and 100 nL of saturated NaHCO err] (aquegus). Extract

the agueous 1 5 layer with 100 nL CH[err]CI[err]
and dry over

e the extracts

Br o Cl

g - [] NH,

Combine 3.64 g (5.58 mmol) of the product of Step B and
30 mL of CHzCla, then add 6.29 mL (44.64 mmol) of (CH3)3SiNCO
10 and stir the mixture for 2 days at room temperature. Add 25
-mL of NaHCO3 (aqueous), then extract with CH2Clz (2 X 250 mL).
Wash the extracts with 25 mL of brine and dry over MgSO4.
Concentrate in vacuo to a residue and chromatograph (silica gel,
gradient of 2.5%, 5.0%, then 7.5% MeOH/CH2Cl; + 10% NH40H) to
15 give the title compound. m.p. = 150.5°-153.0°C; Mass Spec.:

MH* = 638; [0]> = -61.4° (8.18 mg/2 mL MeOH).

EXAMPLE7
Br \ Cl
|
Br
’0
J\O
o x
20 React the title compound of Preparative Example 7 and the

title compound of Preparative Example 1 using substantially the
same procedure as described for Example 2, to give 0.25 g of the

' AR o FREREP iiiimm;nnvtt?vv—vwwvvsa




MySO err]. Concentrate in vacuo to give 0.47 g of the product. mp. =
140[err]-150[err]C, Mass Spec.: M+ = 516. Step C [err] 2 0

Conmbi ne 0.449 g (0.87. mmol) of the product of Step B, 20 mL of
CHerr]C[err] and 0.501 g (0.59 mml) of (CHerr])[err]SiNCO and stir at
room t enper at wem@sggni ght. Add 50-75 nlL of saturated Weriushéiobds
(aqueous) and stir for 0.5 hours. Dilute with CHerr]dJ[err],

97/ 23478 PCT/ US96/ 19603

- 46 - separate the |ayers and extrac®0the aqueous layer with 2 X 100
mL of CHerr]C[err]. Dy the conbined CHerr]C [err] extracts over MgSO4
and concent r atitlei compound,t ehich €isi duRicefic anpitesy AFhatrsisoMmeirsiue

il |, 500 . Ll&ad! f_1{% + 0./1%
H A W“Sgﬁé’%% L F 80y B 167 S s L T Chen w th 3%
MeOH/ CH err]Cl[err] + bhesddGisalt afahe tide pompoundsofy Example 7t ist | e conpound.
mp. = 145[err] - lptepared Gy dtusingSperc 1: hivbwith BE/CH,Cl,, then

EXAVPLE 5 5 concentrating in vacuo to give th&'saltS"’

L, A&7

Br Br
{-)-enantiomer o (+)-enantiomer o
m ’ j\/@ ’
o x o x
10 Example 7A Example 7B

The title compound of Example 7 is a racemic mixture of
atropisomers. Those atropisomers are separated by preparative
chromatography (HPLC), using an Chiralpack AD column (5 cm x
50 cm) and 40% i-PrOH/ hexane + 0.2% diethylamine as the

15 mobile phase to give the (+)- and (-)-enantiomers, Examples 7B
and 7A, respectively.

Physical chemical data for (-)-enantiomer, Example 7A:

m.p. = 114.2°-114.8°C; [a]lz)s = -154.6° (8.73 mg/2 mL, MeOH).
Physical chemical data for (+)-enantiomer, Example 7B:
20 mp. = 112.6°-113.5°C; [m.]lz)5 = +159.7° (10.33 mg/2 mL, MeOH).
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Conbine 3.0 g (6.36 mvl) of the (-)-enantioner of the title conpound
from Preparative Exanple 6, Step D, and 70 nL of dry DWMF. Add 3.84 niL
(34.94 nmmol) of N nethyl norpholine, 3.28 g (17.11 nmmol) of DEC, 2.23 g
(16.52 mmol) of HOBT and 1 5 2.09 (13.55 mml) of 4-pyridylacetic acid
N-oxi de from wo9rRseparative Exanple 1 and stir the m xt ur ePCI/USISHIMNO3
tenperature overnight. Concentrate in vacuo to renove the DVF, add 100
L of saturated NaHCJO err] (aqueous) and 1Q_nlL of CH err]dJ[err] and
stir for 15 mn. Extract the mxture with @ err]C[err] (2 X 20 500 nli),
dry the extracts over MgSdJ err] and concentrate in vacuo to a residue.
Chr omat ogr aph t heStepsiAdue (500 g reverse phase Cl8 silica, gradient of
75% 80% then 85% MeOH wat er—x;0. 1% HOAC) . egtrate the desired
fractions in vacuo t ' )

- \_ NeOH (aqueous).
h™CH err}{d [ & ¢ 500 nL). Dry .

Stir for 15 mn., 2
the extract over ntrate i n“wxCUuoYl e 3.%& of the
title conpound. m p. 150. 5C,_Jepr] -46.3Y (9.4 i

MeOH) ; Mass Spec. M+ = 605. Br The title qonpyuitt of iarrpl e 5 can

al so be isolated as its 3 0 HO Fpalt by treating algsol gtion of if he product
in HO and CH err]Cd[err] at ™y WO 97/ 23478 N N o)
PCT/ US96/ 19603 ' H 47 ) room

tenperature, foll owed by concentration in vacuo toOgiVv
25 the HO salt. Rgh&d 60 g3¢127% Shidoly Gf&le B¢ dBmglall g7 1 ML of
Preparative Example 7 and with 3.78 g (16.6 mmol) of 1-N-t-
5 butoxycarbonylpiperidinyl-4-acetic acid using substantially the
same procedures as described for Example 6, Step A, to give
8.52 g of the product. Mass Spec.: MH* = 692 (FAB). 'TH NMR
(CDCls, 200 MHz): 8.5 (d, 1H); 7.5 (d, 2H); 7.2 (d, 1H); 4.15-3.9
(m, 3H); 3.8-3.6 (m, 1H); 3.5-3.15 (m, 3H); 2.9 (d, 2H); 2.8-2.5
10 (m, 4H); 2.4-1.8 (m, 6H); 1.8-1.6 (br 4, 2H); 1.4 (s, 9H); 1.25-
1.0 (m, 2H).

Br = Cl Br = Cl

15 Combine 8.50 g of the product of Step A and 60 mL of
CHCl3, then cool to 0°C and add 55 mL of TFA. Stir the mixture
for 3 h at 0°C, then add 500 mL of 1 N NaOH (aqueous) followed
by 30 mL of 50% NaOH (aqueous). Extract with CH2Cly, dry over
MgSO4 and concentrate in vacuo to give 7.86 g of the product.

20 Mass Spec.: MH+ = 592 (FAB). |H NMR (CDCl3, 200 MHz): 8.51
(4, 1H); 7.52 (d of d, 2H); 7.20 (d, 1H); 4.1-3.95 (m, 2H); 3.8-
3.65 (m, 2H); 3.5-3.05 (m, 5H); 3.0-2.5 (m, 6H); 2.45-1.6 (m,
6H);1.4-1.1 (m, 2H).
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wat er) . Using the (+)-enantionmer of the product of Preparative
5 Exanple 6 and foll owi ng essentially the sane procedure as

descri bed above for Exanple 5, the anal ogous (+)-enantioner ( Exanpl e
5A), i.e., the enantionmer of the title conpound of Exanple 5, is
prepared. m p.wgokfsOl €rr]-150.5[err] C, Mass Spec.: Mt pcTuREMeod €r 1]
= +67.1 (7.0 ng/2m. MeOH). 1 O The title conpound of Exanple 5A can
al so be isolated as its HO salt as descri bed above for Exanple 5.
mp. = 152.9[err]C (dec.); [err] = +4827{err] (2 nL MeOH + 1 nlL of
wat er) . Using the racemc title conpound of Preparative Exanple
6, Step C, and foftep€ng essentially the same procedure as 1 5 described
above for Exanple 5, the racegate (Exanple 5B), *is prepared. mp. =
84.3[err]-85.6[err] C. Masa.IM M+ = 607.

EXAMPLE 6 Br a cl

[err] WO 97/ 234°A8

PCT/ US96/ 19603

Br Br ——

Treat 7.80 g (13.1 mmol) of the product of Step B with

12.1 g (105 mmol) of (CH3)3SiNCO using substantially the same
5 procedure as described for Example 6, Step C, to give 5.50 g of

the title compound, which is a racemic mixture of atropisomers.

m.p. = 163.6°-164.0°C. Mass spec.: MH* = 635 (FAB). 'TH NMR

(CDCl3, 200 MHz): 8.5 (d, 1H); 7.52 (d, 1H); 7.48 (d, 1H); 7.21

(d, 1H); 4.54, (s, 2H); 4.1-3.6 (m, 4H); 3.45-3.15 (m, 4H); 3.0-
10 25 (m, 5H); 2.45-1.6 (m, 7H); 1.4-1.0, (m, 2H).

MPLES 8A & 8B

(+)-enantiomer

PPN
1O

15 Example 8A Example 8B
The title compound of Example 8 is a racemic mixture of
atropisomers. Those atropisomers are separated by preparative
chromatography (HPLC), using an Chiralpack AD column (5 ¢m x
50 cm) and 20% i-PrOH/ hexane + 0.2% diethylamine as the
20 mobile phase, at a flow rate of 100 mL/min., to give the (+)- and
(-)-enantiomers, Examples 8B and 8A, respectively.
Physical chemical data for (-)-enantiomer, Example 8A:

mp. = 142.9°-143.5°C; [0l = -151.7° (11.06 mg/2 mL, MeOH).
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[err] H Conbine 3.21 g (6.80 nmol ) of

the (-)-enantioner product of Preparative Exanple 6 and 150 nL of
anhydrous DMF. Add 5 2.15 g (8.8 nmol) of

1- N-t - but oxycar bonyl pi peri di nyl -4-acetic acid, 1.69 g (8.8 mml) of

DEC, 1.19 g (8weymmry of HOBT and 0.97 nL (8.8 mmol) of PCT/US96/19603

N- et hyl nor phol i ne and stir the m xture at room tenperature overnight.
Concentrate in vacuo to renove the DVF gnd add 50 niL of saturated
NaHCO err] (aqueous). Extract 10 with CHerr[CJ[err] (2 X 250 nlL), wash
the extracts with 50 nL of brine and dry over MgSOerr]. Concentrate in

vacuo to a residue andPhysicahchemiea)r date fasi (+):-enajuiomen, Example 8B

Do ) LT gt GBI @) (5 Prasc 36 A phIVRKRHC)

nmg/ 2 mL MeOH). 15 Step B: [err] Conbine 4.70 g
(6.74 mmol ) of the product of Step A ang A m. of MeCH, then add 50 niL
of 10% H err]SOerr]/dioxane in 10 nL 20 - uots over a 1 hr. period.
Pour the m xture into 50 niL of rLaé SEj_of 50% NaCH
(aqueous) to adjust to pH 10-11. pve the resulting
solids and extract the filtrate [err] (2 X 250 nmb).

Concentrat e t he aqueous

Combine 3.32 g of the (+)-enantiomer of the title
compound of Preparative Example 8, Step B, 2.38 g of the title
compound of Preparative Example 1, 1.92 g of HOBT, 2.70 g of
DEC, 1.56 mL of N-methylmorpholine and 50 mL of dry DMF and

10 stir at 25°C for 24 hrs. Concentrate in vacuo, then dilute the
residue with CH2Cl;. Wash with 1 N NaOH (aqueous), then with
saturated NaH>PO4 (aqueous) and dry over MgS0O4. Concentrate
in vacuo to a residue and chromatograph (silica gel, 2%
MeOH/CH2Cl2 + NH4OH) to give 3.82 g of the title compound.

15 Mass Spec.: MH* = 604 (FAB).

The hydrochloride salt was prepared by dissolution of the
title compound from Example 9 in dichloromethane saturated
with hydrogen chloride. Concentration in vacuo provided the
title compound from Example 9 as the HCl salt. m.p. = 166.5°C;

20 [0} = +70.8° (9.9mg/2mL MeOH).

Example 9A Example 9B




WD 97/ 23478 . PCT/ US96/ 19603

- 49 - | ayer in vacuo to renove the MeCH and extract again with 250
m. of CHerr]dJ[err]. Dry the conbined extracts over MgSJerr] and
concentrate in vacuo to give the product. mp. = 128.1[err]-131.5[err]C,

25 MBSS Sp@geiasMgt = 595; [err] = -6.02 (9.3 no/2 L Myfuses/eos

Step C J[err] Conmbine 3.64 g (5.58 mol ) of the product
of Step B and 30 nL of CHerr]JC[err], then add 6.29 niL (44.64 mol)
of (CH3)3SiNCO 10 and stir the m xture fo542- days at roomtenperature. Add
25 mL of NaHCJO err] (aqueous), then extract with CHerr]dJ[err] (2 X

250 m). Wash t heThgt (-pehantibier 26f rtheOﬁtléréé}ﬁ pafifd ot/ ﬂ&ﬁiraﬁg@m

ar adi ant of '2”53/(;("%89{93’))3 Sﬁéﬂé%ﬁ%@““’ r?”ﬁ»?% ok B 59 o 1o

15 give the titl|eowmpapbd paraavgsﬁxa{n@hu 18 Gpbstahtallybhthe Spme. :
M+ =638; [err] =prdtkdére 35 J&SE}ﬂbé’d for MExdthple 9 to give 3.58 g of the title

EXAMPLE 7 5 compound of Example 9A.

The HCI salt of the title compound of Example 9A is
prepared by dissolving of the title compound in CH;Cl,, adding
6M HCI (g) in CHCl,, then concentrating in vacuo to give the salt.
mp. = 129°C; [o]> = -72.3° (3.32mg/2mL MeOH).

10 The racemic title compound of Preparative Example 8,
Step A, is reacted with the title compound of Preparative
Example 1, via substantially the same procedure as described
for Example 9 to give the title compound of Example 9B. m.p. =
145.0°C.

15

)\/O“ °

; |' C(CH3)3

React 1.33 g of the (+)-enantiomer of the title compound of
Preparative Example 8, Step B, with 1.37 g of 1-N-t-butoxy-
carbonylpiperidinyl-4-acetic acid using substantially the same
procedures as described for Example 6, Step A, to give 2.78 g of

N (+)-enantiomer
H

20
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[err] 20 React the title conpound of Preparative Exanple 7 and

t he title conpound of Preparative Exanple 1 using substantially the
same procedure as described for Exanple 2, to give 0.25 g of the WO
97/ 23478 PCT/ US96/ 19603

- 50 - tmb@-,,g;m@)ound which is a racemic mixture of atrwuwz

Mass Spec.: M+ = 602. mp. = 167.2-167.8C. The HCO salt of the
title corrpound of Exanple 7 is preparedsgy stirring for 1 hr. with

HCl /CH err]C[err], then 5 concentratlngﬁ vacuo to give the salt.

" EXAMPLES 7A & 7B [err] 10 The title conpound of Exanple

LS B acem e M b Coficr Mall SBELSONREP = BOROFABPIERTY 33440

(5.45 mg12 mL, MeOH).

Step B:

Br =
' \ &
N C(CH3)3
Br

T

’ Treat 2.78 g of the product of Step A via substantlally the
same procedure as described for Example 8, Step B. to give 1.72
g of the product. -m.p. = 104.1°C; Mass Spec.: MH+ = 594, [a]D =
+53.4° (11.42 mg/2 mL, MeOH).

10

Step C:

Treat 1.58 g of the product of Step B with 6 mL of
(CH3)3SiNCO using substantially the same procedure as described
15 for Example 6, Step C, to give 1.40 g of the title compound. m.p.

= 140°C; Mass spec.. MH* =637; [a]5 = +49.1° (4.24mg/2 mL,

MeOH).
Recrystallization from acetone provided the title

compound as a solid. m.p. = 214.5-215.9°C.

20




chr omat ography (HPLC), using an Chiral pack AD colum (5 cm X 50 cm and
40% i - PrOH hexane + 0.2%diethylam ne as the 15 nobile phase to give the

(+)- and (-)-enantioners, Exanples 7B and 7A, respectively.
Physi cal chem cal data for (-)-enantiomer, Exanple 7A mp. =
114. 2-114. 8C,whH@%kds78 = -154.6 (8.73 ng/ 2 nL, MeOH). pCTIO¥s%H5685

chem cal data for (+)-enantioner, Exanple 7B: 20 mp. =
112.6[err]-113.5[err]C, [err] = +159.7[err] (10.33 ng/2 L, MOH).
EXAMPLE 8 [err] WD 97/ 234786 -

PCT/ US96/ 19603 - 51 - Step A

& 10B

[err]

Br \ Cl
‘N
{-)-enantiomer Br o Br JOL
o o
Example 10A Example 10B
5 The (-)-enantiomer of the title compound of Preparative

Example 8, Step B, (3.38 g) is converted to the title compound

(Example 10A) via substantially the same procedure as

described for Example 10, Steps A-C, to give the title compound

Example 10A. m.p. = 152°C; Mass spec.: MH* = 637, [a],zjs =

10 -62.5° (1,12mg/2ml. MeOH).
The racemic title compound of Preparative Example 8,

Step A, is converted to the title compound (Example 9B) via

_substantially the same procedure as described for Example 10,

Steps A-C to give the title compound Example 10B. m.p.
15 111.2°C (dec).

N
(Nj Br
J\/@v’o
0

The title compound is prepared using the racemic title
20 compound from Preparative Example 9, Step F, following
substantially the same procedure as described for Example 2.
1H NMR (CDCl3, 400 MHz): 8.44 (d, 1H); 8.14 (d, 2H): 7.58 (d,
1H); 7.47 (d, 1H); 7.14 (m, 3H); 5.32 (s, 1H); 4.65-4.57 (m, 1H);
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React 6.0 g (12.8 mmol) of the title conmpound of Preparative Exanple 7
and with 3.78 g (16.6 mmol) of 1-N-t- 5 )

but oxycar bonyl pi peri di nyl -4-acetic acid using substantially the same
procedures as described for Exanple 6, Step A to give 8.52 g of the
product. Mass Spewr3sktH+ = 692 (FAB). | H NWR (CDC13, 200 rtvkv$96/18603 ( d,
1H; 7.5 (d, 2H); 7.2 (d, 1H; 4.15-3.9 (m 3H); 3.8-3.6 (m 1H);
3.5-3.15 (m 3H); 2.9 (d, 2H); 2.8-2.5 1 0 m 4H); 2.4-1.8 (m 6H);
1.8-1.6 (br d, 2H); 1.4 (s, 9H); 1.25- SA-0 (m 2H). Step B:
[err] 15 Combi ne 8. 50 of the product of Step A and 60 nL of
CHerr]C[err], tHs68desoRH)o 6{65—3]3% fmd4§Hd 291r2.83f (MFAH)St 2r6%R63mi xt ur e
for 3-h at O[err] Gm,! R adgs 300 @lﬂ a1 MieQggaaqueous) fol | oned by
30 nL of 50% NaCH (aqueous) Extract w'th CHerr]CJ[err], dry over

MySO err] and concentrate in vacuo to give 7.86 g of the product. 20 Mass

Spec.: M+ = 592 (FAB). [err]H NWR ( 1 ): 8.51 (d, 1H);
7.52 (d of d, 3H); 7.20 (d, 1H; 4.1-3.95 (m 2H); 3.8- 3.65 (m 2H);
3.5-3:05 (m 5H); 3.0-2.5 X 6 (m '1411(m 2H) .
@527{23478 Br Br Q3 a

N Br
e
o ™

Example 11A Example 11B
Using the R(+)- or S(-)-enantiomer of the title compound
from Preparative Example 9, Step G, the R(+)-enantiomer
10 (Example 11A) or the S-(-)-enantiomer (Example 11B) is
prepared using substantially the same procedure as described
for Example 2.
Physical chemical data for R-(+)-enantiomer, Example 11A:
m.p. = 167.0°-167.8°C; [a]5 =+32.6° (c = 1, MeOH); 'H NMR
15 (CDCls, 400 MHz): 8.44 (d, 1H); 8.14 (d, 2H): 7.58 (d, 1H); 747
(d, IH); 7.14 (m, 3H); 5.32 (s, 1H); 4.65-4.57 (m, 1H); 3.68 (s,
2H); 3.65-3.39 (m, 4H); 291-2.87 (m, 1H); 2.69-2.63 (m, 1H);
2.45-2.33 (m, 4H). MH* = 605.
Physical chemical data for S-(-)-enantiomer, Example 11B:
20 [a],ﬁs = -38.2° (14.67 mg/2 mL, MeOH); !H NMR (CDCl3, 400
MHz): 844 (d, 1H); 8.14 (d, 2H): 7.58 (d, 1H); 7.47 (d, 1H);
7.14 (m, 3H); 5.32 (s, 1H); 4.64-4.57 (m, 1H); 3.67 (s, 2H);
3.70-3.34 (m, 4H); 2.95-2.87 (m, 1H); 2.69-2.63 (m, 1H); 2.45-
2.31 (m, 4H). MH* = 605.
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Step C [err] Treat 7.80 g (13.1 nmmol) of the

product of Step B wth ) 12.1 g (105 mml) of (CH3)3Si NCO
usi ng substantially the sane 5 procedure as described for
Exanple 6, Step C, to give 5. 50 g of i the title conmpound,
which is a raggygspsfygxture of atrop| sorrers FCRAUSTE/19603

163.6[err]-164.0[err]C. Mass spec.: M+ = 635 (FAB). [err]H NWMR .
(CDC[err], 200 MHz): 8.5 (d, 1H); 7.52 (d, 1H); 7.48 (d, 1H,; 7.21

(d, 1H); 4.54, (s, 2H); 4.1-3.6 (m 4H); 3585-3.15 (m 4H); 3.0-

10 2.5(m 5H); 2.45-1.6 (m 7H); 1.4-1.0, (m 2H).

EXAMPLES 8A & 8B [err] The title conmpound of
Exanple 8 is a racentc m xture of Example 12 atropi sonmers. Those

atropi soners are separated by prg chr omat ogr aphy
(HPLC), using an Chiral pack AD c 50 cm) and 20%
| -PrOH hexane + 0.2% di et hyl am ne & 20 nobil e phase, at a
flowrate of 100 nL/mn., to give the
(-)-enantionmers, Exanples 8B and 8A, res v&1y
Physi cal chem cal data for (-)-enantionef, arrple 8

25 mp. = 142.9-143.5C, [ &g &511 06 ng/2 ni,
MeOH) .
o

The title compound of this Example is prepared using the
racemic title compound from Preparative Example 9, Step F, by
5 following substantially the same procedures as described for
Example 8, Steps A-C. This compound is a racemate.

LES 12A & 12B

10
Example 12A Example 12B

The title compound of Example 12 is a racemic mixture.
Chromatograph 2.45 g of the compound of Example 12, using an
~ Chiralpack AD column and 20% i-PrOH/ hexane + 0.2%

15 diethylamine as the mobile phase, at a flow rate of 100
mL/min., to give 0.970 g of the (+)-enantiomer and 0.982 g of
the (-)-enantiomer, Examples 12B and 12A, respectively.

Physical chemical data for (-)-enantiomer, Example 12A:
1H NMR (CDCls, 200 MHz): 8.43 (d, 1H); 7.58 (d, 1H); 7.48 (d,

20 1H); 7.14 (d, 1H); 5.32 (s, 1H); 4.5-4.75 (m, 1H); 4.4 (s, 2H);
3.9 (d, 2H); 3.2-3.7 (m, 5H); 2.52-3.05 (m, 4H); 1.85-2.5 (m,
6H); 1.5-1.85 (m, 4H); 1.0-1.4 (m, 1H). [al3 = -31.2° (c = 0.453,
MeOH).
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- 53 - ) Physi cal chem cal data for (+)-enantioner,
Exanpl e 8B: 25 mp. =
126.5[err]-127.[err]C, [err] = +145.6[err] (8.38 ng/2 nm., MOH).

EXAMPLE 9 [ ewblor2347s : 5 ConrqrauUI6/B®IY of
the (+)-enantioner of the title conpound of Preparative
Exanple 8, Step B, 2.38 g of the title conmpound of
Preparative Exanple 1, 1.92 g of HOBT, 2. 70593 -of DEC, 1.56 nL
of N-net hyl norpholine and 50 nL of dry DWF and 10 stir at
25[err]C for 24 hrs. Mallad:}mmmal/aiatm fot Hai)-ediahtiomer hExample 12B:
residuer with CH err q e

sat urated NaH2PO4 g%%gg%fh) (M\%eé)rl B lf-lé)‘ uﬁ%l%a lltlf‘ 748 ((h

in vacuo to a resi Hak éﬂ’r c%? mQ 4.4 (s, 2H);

MeOH CH[ err] C [ er r3.9-+«a\:ZH); r |3BH3.7 c(ngli}é) 3. 2822—@ 05f (mhéH);t 1e85c2.9p6und.

15 s S < War, O8O0 v 1014 . 0, o SR 3R

Exanpl e 9 in di chl Me@m)t hane saturated W|th hydr ogen
chloride. Concentration in vacuo provi ded the title conpound
fromExanple 9 as the HO salt. mp. 166. SLerr C, 22
NH,
(-)-enantiomer

)\JQ” ’

10
Step A:

Br

Br
C[CH3)3

(-)-enantiomer

m

React 1.35 g of the (-)-enantiomer of the title compound of
Preparative Example 10, Step B, with 1.4 g of 1-N-t-butoxy-
15 carbonylpiperidinyl-4-acetic acid following substantially the
same procedures as described for Example 6, Step A, to give 2.0
g of the product. Mass Spec.: MH* = 694 (FAB). partial !H NMR
(CDCl3, 300 MHz): 8.38 (s, 1H); 7.60 (s, 1H); 7.25 (d, 1H); 7.05
(m, 1H); 1.45 (s, 9H).

2

20




20 J[err] = +70.8[err] (9.9ny/2nm. MeOH).

EXAMPLES 9A & 9B [err] Exanpl e 9A
Exanple 9B WD 97/ 23478 '

PCT/ US96/ 19603 - 54 -

The (-)- enanthgﬂp, 3 the title conpound of Preparative pCT/USSSN96ds X AMD! €
q) Is

8, Step B, reacted with 2.20 g of the title

conpound of Preparative Exanple 1, via substantially the sane

procedure as described for Exanple 9 to gi66 3.58 g of the title 5
conpound of Exanple 9A The HO salt of the title conpound

of Exanple 9A is prepared by dissolving of the title conpound
in CHerr]C[err], aa. ng gr 6MHA -(g) in CH[err]CI[r], t hen
concentrating in vacuo to g « he salt. 12

[err] = -72.3 (3. 32l 2p=ME
of Preparative Exanple §,

ci0 : | e sgompound
Step A 1S reg g t|tIe
conpound of Preparative le 1, via Suh&tawtT alk# the sane

procedure as descri bed for e 9to glve jhe title conmpound
of Exanple 9B. mp. = 145. O[cerr] C.

N NIKO N NH
2 10

Treat 1.95 g of the product of Step A via substantially the
same procedure as described for Example 8, Step B, to give 1.63
5 g of the product. Mass Spec. MH* = 594 (FAB). Partial 'TH NMR
(CDCls, 300 MHz): 8.38 (s, 1H); 7.60 (s, 1H); 7.25 (d, 1H); 7.03
(m, 1H); 4.64 (d, 1H); 3.90 (m, 2H).

tep C:
Br

Br Cl

w
(o)

10 {-)-isomer
Treat 1.6 g of the product of Step B with 1.3 mL of
(CH3)3SiNCO using substantially the same procedure as described
for Example 6, Step C, to give 1.27 g of the title compound. Mass
spec.: MH* = 637 (FABS); [oz]:';5 = -33.1° (c=0.58, EtOH). partial
15 1H NMR (CDCl3, 400 MHz): 8.38 (s, 1H); 7.59 (s, 1H); 7.25 (d,
1H); 7.04 (m, 1H); 4.60 (d, 1H); 4.41 (s, 2H).




EXAMPLE 10 [err] Step A [err] 20

React 1.33 g of the (+)-enantioner of the title conpound of

Preparative Exanple 8, Step B, with 1.37 g of 1-N-t-butoxy-

car bonyl pi peri di nyl -4-acetic acid using substantially the sane

procedures as @ggsepifrgd for Exanple 6, Step A to give 2. 78 gCcols96/19603 WO

97/ 23478 PCT/ US96/ 19603
- 55 - the product. Mass Spec.: M+ = 694.0 (FAB); [err] =
+34. 1[err] (5.45 ngy/2 L, MeOH). - <b¢p B:

E PLES & 13

Example 13A Example 13B
5 The (+)-enantiomer of the title compound from
Preparative Example 10, Step B, (2.1 g) is converted to the title
compound via substantially the same procedure as described for
Example 10, Steps A-C, to give the title compound, Example 13A.
Mass spec.. MH* = 637 (FABS); [alp = +32.4° (c=0.57, EtOH).
10 Partial 'TH NMR (CDCl3, 400 MHz): 8.39 (s, 1H); 7.59 (s, 1H);
7.25 (d, 1H); 7.04 (m, 1H); 4.60 (d, 1H); 4.41 (s, 2H). partial 1H
NMR (DMSO-dg, 400 MHz): 8.42 (s, 1H); 7.88 (s, 1H); 7.41 (d,
1H); 7.29 (m, 1H); 5.85 (s, 2H); 4.20 (d, 1H).
The racemic title compound from Preparative Example 10,
15 Step A, is converted to the racemic title compound, Example
13B, in an analogous manner. Partial 1H NMR (CDCls, 400 MHz):
8.38 (s, 1H); 7.59 (s, 1H); 7.25 (d, 1H); 7.04 (m, 1H); 4.60 (d,
1H); 4.41 (s, 2H). partial I1H NMR (DMSO-dg, 400 MHz): 8.42 (s,
1H); 7.88 (s, 1H); 7.41 (d, 1H); 7.29 (d, 1H); 5.85 (s, 2H); 4.20

20 (d, 1H).
EXAMPLE 14
Br
Br o~ cl
N
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[err] 5 Treat 2.78 g of the product of Step A via

substantially the sane procedure as described for Exanple 8, Step B, to
give 1.72 25 g
of the product. mp. =.104.1[err]C, Mass Spec.: MH = 594; [err] =

+53. 4 (11. 42 RRh 1% MEOH) . 10 Step C [err] PCT/US96/1960F at
1.58 g of the product of Step Bwth 6 nL of (CH3) 3Si NCO usi ng
substantially the same procedure as described 1 5 for Exanple 6, Step C
to give 1.40 g of the title conpound. mp- 62 - = 140[err]C, Mass spec.: M+
= 637; [err] = +49.1[err] (4.24ng/2 ni, MeCOH)

Recrystal lization frompaget Qne golopViheed:)téifantibile? of the $RIB°eURpoaAd fofsO! i d.
mp. = 214.5-215. errl_]aC. 2]9 : .
eparative Example 10, Step B, and 1.68 g of the title
compound of Preparative Example 1 following substantially the
same procedure as described for Example 9 to give 2.10 g of the

5 title compound. Mass spec.: MH* = 604 (FAB); [a]s’ = +34.1°

(10.98 mg/2 mL, BtOH). partial 1H NMR (CDCl3, 400 MHz): 8.38

(s, 1H); 8.15 (d, 2H); 7.58 (s, 1H); 7.26 (d, 1H); 7.15 (d, 2H);

7.03 (d, 1H); 4.57 (d, 1H).

To prepare the HCI salt of the title compound of Example

10 14 dissolve 700 mg of the title compound in 4 mL of CH2Cl;, add

4 mL of Et0, cool to 0°C and slowly add (dropwise) 1 mL of HCl

(g) in dioxane. Add 2 mL of Et2O and stir at 0°C for 7 min.

Dilute with 30 mL of Ety0, filter to collect the solid product and

wash with 30 mL of EtpO. Dry the solids in vacuo to give 0.836 g

15 of the HCI salt of Example 14. [a]lz)s = +64.8° (9.94 mg/2 mL,

EtOH).
EXAMPLE 14A & 14B
Br Br
Br = cl Br - Cl
y
L/ .
. i L0
(-)-enantiomer m,o racemic )N\O
20 | o
Example 14A Example 14B

The (-)-enantiomer of the title compound of Preparative

Example 10, Step B, (0.60 g) is reacted with 0.39 g of the title

compound of Preparative Example 1, via substantially the same
25 procedure as described for Example 9 to give 0.705 g of the title

compbund. Mass spec.:. MH* = 604 (FABS), [oc],z)5 = -41.8° (EtOH).

Partial 1H NMR (CDCl3, 300 MHz): 838 (s, 1H); 8.15 (d, 2H);

7.58 (s, 1H); 7.26 (d, 1H); 7.15 (d, 2H); 7.03 (4, 1H); 4.57 @,

1H).
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WD 97/ 23478 PCT/ US96/ 19603

- 56 - ) EXAMPLES 10A & 10B [err] 5

The (-)-enantioner of the title conpound of Preparative Exanpl e 8,
Step B, (3.38 g) is converted to the title conpound (Exanpl e 10A) via
substanti al | y wbensafe procedure as descri bed for Exanpexrnsdsngsorps
A-C, to give the title conpound Exanple 10A. mp. = 152[err]C, Mass
spec.: M+ = 637; [err] =10 ° -62.5 (1, 12ng/2nL. MeOH). The
racemc title conpound of Preparative Exa -8, Step A, is converted
to the title conpound (Exanple 9B) via substantially the same

procedure as descri bedTherHEY aajtl of the title cobpownsd Af Examplevb4Ahis title
conpound Exanpl e }?%)arghpvia: sllistaﬂi%}]lﬁ[GQH hgg{egg:%cedu e, gs described for

Exanpl e 11 [e s nmpound i S prepared using
the racemc titIeEﬁmplchpo{mlﬁ f= 063.2? €ptOH).i ve Exanple 9, Step F,

fol | ow ng The racemic title compound of Preparative Example 10,

5 Step A, is converted to the racemic title compound of Example
14B following substantially the same procedure as described for
Example 9. Partial !H NMR (CDCl3, 400 MHz): 8.38 (s, 1H); 8.15
(d, 2H); 7.58 (s, 1H); 7.26 (d, 1H); 7.15 (d, 2H); 7.03 (d, 1H);
4.57 (d, 1H). Partial 'H NMR (DMSO-dg, 400 MHz): 8.77 (d, 2H);

10 847 (s, 1H); 7.95 (s, 1H); 7.74 (d, 2H); 7.43 (m, 1H); 7.27 (d,
1H); 4.35 (d, 1H).

EXAMPLE 15

15 The title compound of Preparative Example 4 is reacted
via substantially the same methods as described for Example 8,
Steps A-C, to give the title compound, which is a racemate. Mass
Spec.: MH* = 635 (FAB). Partial 'TH NMR (CDCl3): 8.45 (s, 1H);
7.60 (s, 1H); 7.35 (d, 1H); 7.05 (d, 1H); 4.45 (s, 1H).

{0
-
N o
N
(+)-cnantiomerE j (-)-enantiomer
_0
N Z lN

L

20

cl Br == Cl

N -
N
N

)3/@,0
o N

Example 16A Example 16B




substantially the same procedure as described for Exanple 2. [err]H

NVR (CDCl [err], 400 MHz): 8.44 (d, 1H); 8.14 (d, 2H): 7.58 (d, 1H);
7.47 (d, 1H); 7.14 (m 3H); 5.32°(s, 1H), 4.65-4.57 (m 1H); WO
97/ 23478 . . PCT/ US96/ 19603

- 57 - 3.65-3.39 (m 4H); 2.91-2.87 (m pthiiseshidess 2. 63
(m 1H): 2. 43"‘2'?"5%?"% 4H). MH+ = 605, Exanpl e
11A & 11B 5 [err] Using the R(+)- or S(-)-enantioner
of the title conpound from Preparatied Exanple 9, Step G the

R(+)-enanti omer 10 (Exarrple 11A) or the S-(-)-enantioner (Exanple 11B)

Exanpl e 2. SI C
11A; m p. —@Gﬂolnlﬂlef
15 (Chdferr], tH@CkaMéZ)pro&dMe (a$, désdribed. fiot Edam@l@ 2 To fgivé cthel 7.

prepar ed using substa p u the titi®r
%@ Wr HPGREUS K- PendfE6TEP &S the ti

i's

bl o ke AT

gd65lg|) 397(r1n4 gg +§’§)n§&ég;%§ (?f tﬂlg‘);g:iif%gp%d tﬂé’b (-%-éﬁm@ﬁmer of ZH%m

4H). MH+ = 605. the title compgund E \%P e$pg Ct’é(ﬁ!a)htlorrer
Exanpl e 11B: Physical chemical data for the R- (+)-enantxomer i3C NMR

(CDCl3): 166.5 (C); 154.8 (C); 146.6 (CH); 140.8 (CH); 140.4 (C);
138.5 (CH); 138.5 (CH); 136.3 (C); 134.6 (C); 133.8 (C); 133.6
(C); 132.0 (CH); 130.0 (CH); 1263 (CH); 126.3 (CH); 125.8 (CH),
10 119.6 (C); 78.4 (CH); 51.1 (CHp); 50.6 (CHz); 45.4 (CH2); 41.5
(CHa); 38.0 (CHz); 30.1 (CHp): 30.0 (CHp). [oly = +30.7° (10.35
mg/2 mL MeOH).
Physical chemical data for the S-(-)-enantiomer: 13C NMR
(CDCl3): 166.5 (C); 154.8 (C); 146.6 (CH); 140.8 (CH); 140.4 (C);
15 138.5 (CH); 138.5 (CH); 1363 (C); 134.6 (C); 133.8 (C); 133.6
(C); 132.0 (CH); 130.0 (CH); 1263 (CH); 1263 (CH); 125.8 (CH);
119.6 (C); 78.4 (CH); 51.1 (CHz); 50.6 (CH2); 45.4 (CHz), 41.5
(CHa); 38.0 (CHz); 30.1 (CHp); 29.9 (CHy). [ey = -30.9° (9.70
mg/2 mL MeOH).

20
Examples 17 & 17A
Br T cl Br == cl
| \
N ﬁ
SPS E
O )\/O
10/

Example 17 Example 17A

25 Treat the (+)-enantiomer or the (-)-enantiomer of the title

compound of Preparative Example 11 via substantially the same
procedure as described for Example 1, Steps A-C, to give the
R-(+)-enantiomer of the title compound or the S-(-)-enantiomer
of the title compound, Examples 17 and 17A, respectively.

mttr?vqwttraterrim” TR H TR TS
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20 J[err] =-38.2 (14.67 ng/2 nL, MeOH); [err]H NVR (CDCl [err], 400

MHz): 8.44 (d, 1H); 8.14 (d, 2H): 7.58 (d, 1H); 7.47 (d, 1H); 7.14 (m
3H); 5.32 (s, 1H); 4.64-4.57 (m 1H); 3.67 (s, 2H); 3.70-3.34 (m 4H);
2.95-2.87 (m 1H); 2.69-2.63 (m 1H); 2.45- 2.31 (m 4H). M+ = 605.
WO 97/ 23478 WO 9723478 PCT/ US96/ 196 @8T/Us96/19603

- 58 - [err] The title conmpound of this Exanple is
prepared using the racemc title conmpound from Preparative Exanple 9,
Step F, by 5 followi ng substantially the ~sbdre procedures as described for
Exanple 8, Steps A-C. This conpound is a racemnate.

EXAI\/PLES 12A & 12B [ er rBhysical chemical data for the R-(+)-enantiomer: 13C NMR
(CDCl3): 169.3 (C); 157.5 (C); 155.0 (C); 146.6 (CH); 140.8 (CH);
140.4 (C); 136.3 (C); 134.8 (C); 133.7 (C); 132.0 (CH); 1300
(CH); 125.8 (CH); 119.6 (C); 78.5 (CH); 51.4 (CH2); 50.9 (CH2);

5 452 (CHp); 43.9 (CHy); 43.9 (CHp); 41.1 (CH3);, 38.8 (CH2); 32.5

(CH); 31.5 (CHp); 31.5 (CHz); 30.1 (CHy); 30.0 (CHp). [a' =

+28.7° (10.1 mg/2 mL MeOH).
Physical chemical data for the S-(-)-enantiomer: 13C NMR
(CDCl3): 169.3 (C); 157.6 (C); 155.0 (C); 146.6 (CH); 140.8 (CH);
10 1404 (C); 136.3 (C); 134.8 (C); 133.7 (C); 1320 (CH); 1300
(CH); 125.8 (CH); 119.6 (C); 78.5 (CH); 51.4 (CHp); 50.9 (CHa);
452 (CH); 43.9 (CHp); 439 (CHz); 41.1 (CHa); 38.8 (CHp); 325
(CH); 31.5 (CHz); 31.5(CHp); 30.1 (CHy); 30.0 (CHp). fo}**=

-28.5° (10.1 mg/2 mL. MeOH).

15
Br
{(+)-enantiomer
Step A:
Br
N
) J{
20 OJ\OCHZCHa (o] OCH3CH3

Dissolve 9.90 g (18.9 mmol) of the product of Preparative
Example 7, Step B, in 150 mL CH>Cl; and 200 mL of CH3CN and
heat to 60°C. Add 2.77 g (20.8 mmol) N-chlorosuccinimide and
heat to reflux for 3 h., monitoring the reaction by TCL '




The title conmpound of Exanple 12 is a racem c m xture. Chr omat ogr aph

2.45 g of the conpound of Exanple 12, using an Chi ral pack AD col um and
20% i -PrOH hexane + 0.2% 15 diethyl anine as the nobile phase, at a flow
rate of 100 m./mn., to give 0.970 g of the (+)-enantiomer and 0.982 ¢
of the ( omer, Exanples 12B and 12A, respective

Physi cal chem%v eﬁgﬁgﬁ a for (-)-enantioner, Exanple 12A: lPxT 'I—F“RII\/R
(cbd[err], 200 MHz): 8.43 (d, 1H); 7.58 (d, 1H); 7.48 (d, 20 1H) 7.14
(d, 1H); 5.32 (s, 1H); 4.5-4.75 (m 1H); 468 (s, 2H); 3 9 (d 2H) ;
3.2-3.7 (m 5H); 2.52-3.05 (m 4H); 1.85-2.5 (m 85(m

97/ 23478
- 59 - ¢higrosugeinimide and reflux ﬁerac{dwoeﬂaﬁ@. Ry CEan‘bFe 12B:
[1ﬁ|;r]$ TIXR( ((j CDﬁ_émdxon 2fixtitké )to fooll fetaperhfure 7arkiB eﬁcda(cﬂhﬁrl;th 71N8Na®?f'§9 (d
OH): 3.2-3.7 %‘Tﬁf@@% 3%"2" %ﬂqu'ggs %@M(ﬁis]&% ﬁ!&iim‘l Y o5 (m
4H); 1.0-1.4 by flashe chro matpz!}alﬂlx d1209 ml,normal silica gel,
EXAMPLE 13 eluting with 30% EtOAc/H20) to obtain 6.281g bﬁrth(} desired

product. M.p. 193-195.4°C. MH* = 510.

i 1014 (M HY%EON/HZ0)> 1AM fn Ballinibadt 2.35 /qgg%‘mgla of N- VWO

Cl

OJ\OCchHa 0)\OCH20H3

To 160 mL of conc. HCl at -10°C add 2.07 g (30.1 mmol)
NaNO2 and stir for 10 min. Add 5.18 g (10.1 mmol) of the
product of Step A and warm the reaction mixture from -10°C to
0°C for 2 h. Cool the reaction to -10°C, add 100 mL H3PO2 and
15 let stand overnight. To extract the reaction mixture, pour over
crushed ice and basify with 50% NaOH/ CH2Cl2. Dry the organic
layer over MgSO;4, filter and concentrate to dryness. Purify by
flash chromatography (600 mL normal phase silica gel, eluting
with 20% EtOAc/hexane) to obtain 3.98 g of product. Mass spec.:
20 MH+=495,

10

Step C:

Br Cl

3. .';-f_ EREFRERE T R EE R R R R




10 Step A

React 1.35 g of th
Preparative Exanpl
car bonyl pi peri di ny

Br
e (-)-enantionmer of the title conpound of
e 10, Step B, with 1.4 g of 1-N-t-butoxy- 1 5
| -4-acetic acid follow ng substantially the samne

procedures as Q@p@phfgd for Exanple 6, Step A to give 2.0 PCTAU§6UH60d he

product. Mass Spec.: M+ = 694 (FAB). partial IH NWR (CDCl[err], 300
MHz): 8.38 (s, 1H); 7.60 (s, 1H); 7.25 (d, 1H); 7.05 (m 1H); 1.45 (s,
9H). 20 WO 97/ 23478 - 67 - PCT/ US96/ 19603

- 60 - Step B:

10

15

20

FEETeREREER R REE RS

Dissolve 3.9 g of the product of Step B in 100 mL conc. HCI
and reflux overnight. Cool the mixture, basify with 50 % wiw
NaOH and extract the resultant mixture with CH2Clz. Dry the
CH3Cl; layer over MgSQOy4, evaporate the solvent and dry under
vacuum to obtain 3.09 g of the desired product. Mass spec.:

MH*=423.

- c
\_ ~
N
&
(+)-enantiomer
N
U
H

Using a procedure similar to that described in Preparative
Example 8, obtain 1.73 g of the desired product, m.p. 169.6-

170.1°C; [0}’ = +48.2° (c=1, MeOH). MH* = 425.

Step E:
Use a procedure similar to that of Example 4 with the
product of Step D as the starting material to obtain the title

compound. M.p. 152.3-153.3°C; [o]5 = +53.0° (c=1, MeOH). MH*

= 593.

EXAMPLE 19

Br Cl

\
N

N
(+)-enantiomer [ j
w )
o &

ke ok o m-t Lt 2 2 kT L2 ] rtrmmm T

BEREFES b




[err] Treat 1.95 g of the product of Step A via substantially
t he sane procedure as descri bed for Exanple 8, Step B, to give 1.63 5
g of the product. Mass Spec. M+ = 594 (FAB). Partial [err]H NWR
(CDCI[err] 300 MHz): 8.38 (s, IH) 7.60 (s, 1H); 7.25 (d, 1H); 7.03

(m 1H); 64 ; 3.90 (m 2H). Step C
Treat 1.6 "&éjﬁ’éﬁp‘-’#oduct of Step Bwith 1.3 nL of (CH[eﬂ‘is)m% Si NCO
usi ng substantlally t he sane procedure as descri bed for Exanple 6, Step
C, to give 1.27 g of the title conpound. Msgs- spec.: M+ = 637 (FABS);
[err] =-33.1 (c=0.58, EtOH). partial 1 5 [err]HNW (CDO[err], 400
MHz): 8.38 (s, 1|—M9 (s, 1H); 7.25 (d, 1H); 7.04 (m 1H); 4.60 (d,
IH); -4.41 (s, ’ WD 97/ 23478 '
PCT/ US96/ 19603 - 6
Br Cl Br Cl
— \ g

NH,
O ¢

Treat 15.0 g (44.4 mmol) of the product of Preparative
Example 9, Step B, with 6.52 g (48.9 mmol) of N-chloro-
5 succinimide in a manner similar to that described in Example
18, Step A and extract as described to obtain 16.56 g of the
desired product, m.p. 234.7-235.0°C. MH+* = 370.

Step B:
Br == cl Br == cl
\ y — \ &
N o NHz N
cl : ° o

10
Treat 16.95 g (45.6 mmol) of the product of Step A in the
manner described in Example 18, Step B, to obtain 13.07 g of the
desired product, m.p. 191.7-192.1°C. MH* = 356.
15

oo

OH ¢

Using the procedure substantially as described in
Preparative Example 9, Step E, treat 10.0 g (28.0 mmol) of the
product of Step B with NaBH4 to obtain the desired product,

20 which is used in the next step without further purification.

Step D:

Oc.




EXAMPLES 13A & 13B [er]r Exampl e 13A

Exanple 13B 5 The (+)-enantionmer of the title conpound from
Preparative Exanple 10, Step B, (2.1 g) is converted to the title

conmpound vi a substantially the same procedure as described for Exanpl e
10, Steps A-C, W@gﬂij‘ﬁ the title conpound, Exanple 13A. PCT/US96/19603

25 Mass spec.: M+ = 637 (FABS); [err] = +32.4[err] (c=0.57, EtOH). 10

Partial [err]H NI\/R(CDCI[err], 400 MHz): 8.39 (s, 1H); 7.59 (s, 1H);

7.25 (d, 1H); 7.04 (m 1H); 4.60 (d, 1H); 4.601-(s, 2H). partial [err]H

NVR (DVMSO-d[err], 400 MHz): 8.42 (s, 1H); 7.88 (s, 1H); 7.41 (d, 1H) ;

7.29 (m 1H); 5.85 (s, Diksolve 21@(1}% (21D .mmol) of the proiect’ of Ste clmlmo
2

conmpound from Prepgﬁﬁt b\f.%((ﬁxa%&e? W%Bstlrﬁhgpﬁpg%dﬁ té%@éﬁ}tr ner qlh‘?'ﬁ. al

racemc title conp 0°C
[err]H NMR (CDd [errpqsctmmonmr)e to 0 2.631 18 of 7irizthylemine{and7 480 (d,
1H); 7.04 (m 1H); 4.(89.9 Gamol) of tﬁéﬁ)anésu‘lﬂor( , chlblidePamo @he [resultdatNVR
(DMSO-dlerr], 490 ti%a%%% dg % %884& g (}5')6 mmélj) ﬁlpbrazmé

7.29 (d, 1H); 5785
EXANVPLE 14 and 100 mL of THF, 1mmedxately followed by d0p]mL. DMF. Stir

overnight at room temperature. Evaporate the solvent and
extract the resultant residue with CHCls and sat'd NaHCOj3;. Dry
the CH2Cly layer over MgSQ,, filter and concentrate to obtain the

10 crude product. Chromatograph the crude product on 1200 mL
silica gel, eluting with 5% CH3OH(sat'd with NH3) in CH2Cl> to
obtain a racemic mixture. Separate the racemic compound by
chiral chromatography using a Chiralpack AD column (§ cm x 50
cm), eluting with 30% iPrOH/hexane with 0.2% diethylamine.

15 Mass spec.: MH+*=426. The desired isomer is the (+)-enantiomer.

SU"-"_r

Step E:
Stir 2.0 g (4.7 mmol) of the product of Step D in 40 mL
DMF under Nj, cool the mixture to 0° and add 0.615 g (6.1
20 mmol) N-methylmorpholine, 1.1668 g (6.1 mmol) DEC, 0.8225 g
(6.1 mmol) HOBT and 1.6042 g (6.1 mmol) of the product of
Preparative Example 1. Stir overnight at room temperature.
Evaporate the solvent and extract the resultant residue with
CH,Cla/water, sat'd NaHCO3, 10% NaH2POg4 and brine. Separate
25 the CH3Cl; layer, dry over MgSOQq, filter and concentrate to
dryness. Purify the resultant residue by flash chromatography
on 400 mL of normal phase silica gel, eluting with 5%
CH30H/NH3-CH2Cl2 to obtain 2.43 g of the title compound, m.p.

145.3-146.1°C; [a]5 = +33.6° (c=1, MeOH). MH+ = 561.

30

"_,:vwrv*uvv?tciiiiiﬁﬁi;



WD 97/ 23478 PCT/ US96/ 19603

- 62 - React 2.6 g of the (+)-enantionmer of the title conpound
of Preparative Exanple 10, Step B, and 1.68 g of the title
conpound of Preparative Exanple |I follow ng substantially the samne

procedure as ¢gyafhifgd for Exanple 9 to give 2.10 g of the
25 5 title corrp}glﬁﬁg. Mass spec.: M+ = 604 (FAB); [err] l:’crr’gig.ﬁl‘fg?r]
(10.98 ng/2 m., EtOH). partial [err]H NVR (CDCl[err], 400 MHz): 8.38

(s, 1H); 8.15 (d, 2H); 7.58 (s, 1H); 7.26-@d,-1H); 7.15 (d, 2H); 7.03
(d, 1H); 4.57 (d, 1H). To prepare the HO salt of the title
conpound of Exanple 10 14 dissol ve 75 g 5§e title conpound in 4 ni

of CHerr]CdJ[err], add 4 nmL of
add (dropwise) 1 niL of HC

stir at O[err]C for 7 min. B
collect the solid product and 5
solids in vacuo to give 0.836 g N5 o

00l to Oferr]C and slowy
Add 2 nL of Et[err] O and
30 nL of Et[err]O filter to
30 nL of Et[err]O Dry the
HC salt of Exanple 14. [err] =

( o ]

+64.8[err] (9.94 ny/2 ni, Et OHNN, EXAVPLE
14A & 14B [err] 20 O_t Exampl e 14A

Exanpl e 14B The (-)-enanty ,gl(é title conpound of
Preparative Exanpl e 10, Step B, is reacted with 0.39 g of the
title conpound of Preparative Z Vi 8 ?ubstanti ally the same 25
procedure as described for Exanple 9 to give 0.785)§M3ntaReEL | e

25 . conpound. Mass spec.: M+ = 604 (FABS); [err] = -41.8[err] (EtOH).

Step A:
Brmm Brm
—— /
CN
N " o cl

Heat 200 mg of the cyano starting material in 17 g
polyphosphoric acid at 190-200°C for 45 min. Pour the
resultant mixture into ice, add 30% HCI and stir for 30 min.
Extract with CH2Cl,, wash with brine, dry over Na3S04, filter and

10 concentrate. Purify by preparative TLC, eluting with
EtOAc/hexane to obtain 21 mg of the desired product (also
obtained 59 mg of the 10-chioro product).

Step B: '
Br Br
e
N
o a

5

.OH cl

Using the procedure substantially as described in
Preparative Example 9, Step E, treat 1.75 g (5.425 mmol) of the
product of Step A with NaBH4 to obtain the desired product.

15

il

R R R EE RS




Partial [err]H NWR (CDCl[err], 300 MHz): 8.38 (s, 1H); 8.15 (d, 2H);

7.58 (s, 1H); 7.26 (d, 1H); 7.15 (d, 2H); 7.03 (d, 1H); 4.57 (d, 1H).
WD 97/ 23478 PCT/ US96/19603

- 63 - The HO salt of the title conmpound of Exanple 14A is
prepared via supaisamdsa@l |y the sane procedure as described f orcrusesioesnpl e
14. Jerr] =-63.2 (EtOH). The racemc title conpound of Preparative
Exanple 10, 5 Step A, is converted to the racemc title conpound of

Exanpl e 14B fol |l owi ng substantially the Banme procedure as described for
Exanple 9. Partial [err]H NVR (CDCl [err], 400 MHz): 8.38 (s, 1H); 8.15

(d, 2H); 7.58 (s, C. 26 (d, 1H); 7. 15 (d, 2H); 7.03 (d, 1H) 4.57

(d, 1H). Partial [err]H NVR (DVSO d6, 400 MHz): 8.77 (d, "1 0 8.47 (s,

1H); 7.95 (s, 1H); 7.74 (d, 2H); 7.43 (m 1H); 7.7 4.35 (d,
1H) . - 15 The
‘title conpound of Prepar 8t4 S reacted ntially

t he sane nmet hods as descri bé ¢ 8, ~———mSt eps A— to ive the

title-conpound, which is a ratkmatk. Spec.: M+ 5 FAB) .
Partial [err]H NVR (CDCl[err]): 8.45 (@, 1H);

Dissolve the residue obtained in Step B in 50 mL CH>Cl3 at

room temperature, add 3.95 mL (5.425 mmol) of SOCIlz and stir

5 at room temperature overnight. Remove excess SOCIly and
solvent under vacuum. Dissolve the residue in CH;Cly, wash
with sat'd NaHCO3; and brine, dry over NasSOg, filter and
concentrate. Add 25 mL THF to the resultant residue, add 2.33
g (27.125 mmol) piperazine and stir at room temperature

10 overnight. Evaporate the solvent, add CH>Cl; wash with sat'd
NaHCOj3 and brine, dry over NaSOy, filter and concentrate.
Purify the resultant residue by chiral chromatography using a
Chiralpack AD column and eluting with 20% iPrOH/hexane with
0.2% diethylamine. Mass spec.: MH+*=392. The desired isomer

15 is the (+)-enantiomer.

Step D:
Combine 770 mg (1.960 mmol) of the product of Step C,
323ul (2.548 mmol) N-methylmorpholine, 344 mg (2.548 mmol)
20 HOBT, 487 mg (2.548 mmol) DEC and 390 mg (2.548 mmol) of
the compound of Preparative Example 1 in 8 ml DMF and stir at
room temperature overnight. Evaporate the solvent, add EtOAc
and wash with sat'd NaHCO3, water and brine, and dry over
Na25804. Purify by flash chromatography on silica gel, eluting
25 with EtOAc to 10, 12% (10%NH40H/CH30H)/EtOAc gradient.
Further purify by preparative TLC (1000p silica gel) to obtain

750 mg of the title compound, [m],z)5 = +23.3° (c=0.322, MeOH).

Lha H_t%vvvr*ratvw#v*rnrai---m FFRH R




7.60 (s, 1H): 7.35 (d, 1H): 7.05 (d, 1H): 4.45 (s, 1H). 20

Exanpl e 16A & 16B [err] Exanpl e 16A

Exanpl e 16B WD 97/ 23478 '

PCT/ US96/ 19603 - 64 - The
R-(+)-enanti et N€ S-(-) enantiomer of the title

Preparative %gg /‘18 ™11 is treated via substantiall y thgﬁgzl&ngéabﬁéscedure
as describedfor Exanple 2 to give the R (+)-enantionmer of the title
conpound or the S-(-)-enantioner of 5 thepjitle conpound, Exanples 16A and
16B, respectively. Physi cal chem cal data for the
R-(+)-enantioner: [err]C NMR (WG.S(Q; 154.8 (C); 146.6
(CH); 140.8 (CH); 140.4 (O; - 138. : .5 (CH); 136.3 (O 134.6
(O; 133.8 (O); 133.6 (CL; 13/ (CW.A130.0 (CH); 126.3 (CH); 126.3

(CH; 125.8 (CH); 10 119.6 .
(CH err]); 45.4 (CHerr]); 41.5 . 38.0 (CH err]): 30.1
(CH err]); 30.0 (CHerr]). [err] (10. 35 rrg/2rr1.MeC]—I)

Physi cal chemi cal data for the S-(-)- : tiromer: 13C NWR (ChC[err]):
166.5 (C); 154.8 (CO); 146.6 (CH; 140 8 ( ; 140.4 (O); 151385(CH)
)

A (cHerr]); 50.6

138.5 (CH); 136.3 (O; 134.6 (O ; 133

)\/@ "
l P
0 racemic

Dissolve 10.0 g (29. 6mmol) of the product of Preparative
Example 9, Step B, in 150 mL. CH2Cl2 and 200 mL. CH3CN at room
temperature. Heat the mixture to 60°C, add 10.45 g (32.6 mmol)
of 1-flnoro-4-hydroxy-1,4-diazoniabicyclo[2,2,2]octane bis-
(tetrafluoroborate) and heat to reflux for 4 h. Cool the mixture
10 to room temperature, extract with CHaClz and 1 N NaOH. Dry the
CH2Cl; layer over MgS04, filter and concentrate to dryness.
Purify the resultant residue by flash chromatography using
1400 mL normal phase silica gel eluted with 10% EtOAc-CH2Cl2 +
2 drops NH40H to obtain 2.00 g of product, m.p. 103.2-103.5°C.
15 MH+* = 355. :

Step B:
—_—
N N
0 g N o F

Using a procedure substantially as described in
20 Preparative Example 9, Step D, treat 1.80 g (5.1 mmol) of the
product of Step A. Purify the crude product by flash
chromatography using 200 mL normal phase silica gel eluted
with 20% EtOAc/hexane. Mass spec.:. MH* = 339.




(C); 132.0 (CH); 130.0 (CH): 126.3 (CH); 126.3 (CH): 125.8 (CH); 119. 6

(O; 78.4 (CH); 51.1 (CH2); 50.6 (CH2); 45.4 (CH2),; 41.5 (CH2); 38.0
(CH2); 30.1 (CHerr]); 29.9 (CHerr]). [err] =-30.9[err] (9.70 g/ 2
m. MeOH). 20 Exanples 17 & 17A [err]

25 Tr ey obfard +) - enanti omer or the (-)-enantiomer of PCHTESISI1960%

conpound of Preparative Exanple 11 via substantially the sane
procedure as described for Exanple 1, Steps A-C, to give the

R-(+)-enantioner of the title conpound or -t%& -S-(-)-enanti oner of the
title conpound, Exanples 17 and 17A, respectively. WO 97/ 23478
PCT/ US96/ 19603 Step C: - 65 - _ Physi cal

chemi cal - data for the R-(+)- [err] € NWR 4 [err]) 169. 3

(O); 157.5 (O); 155.0g.0);

e10. 8 (

(O): 134.8 (C): 133.7 (CK 1300—n . 119. 6
(O); 78.5 (CH); 51.4 (CH'S«gT)Ty50 CHerr]); 5 ¥%&y ‘ 3.9 (CH2)
43.9 (CH2); 41.1 (CH2); 38.8 (@R);g32.5 (CH); 31.5 (&) 31.5
(CH[err]) 301(CH[err€J) 300(CH[err]) e[r] = A )
sing the procedure substantially as described in
Preparative Example 9, Step E, treat 0.47 g (1.4 mmol) of the
5 product of Step B with NaBH4 to obtain the desired product.
Mass spec.: MH+=342. :
Step D: :
Br —~ cl
Br = Cl \ N/
N - N F
OH F
N
|
H
10 Dissolve 0.37 g (1.1 mmol) of the product of Step C in 20

mL toluene under N and cool from room temperature to 0°C.
Add 0.3855 g (3.2 mmol) of SOCI; and stir at room temperature,
then add 10 mL CHCI3 and stir for 3 h. Evaporate the solvent,
extract the resultant residue with 1 N NaOH-CH,Cl;, dry the
15 CH3Cl; layer over MgSOy, filter and concentrate to dryness.
Dissolve the residue in 10 ml. THF under N2, add 0.465 g (5.4
mmol) of piperazine, 10 mL THF and stir overnight at room
temperature. Repeat the extraction procedure to obtain the
desired product. Mass spec.: MH+=410.
20
Step E:

Treat 0.44 g (1.1 mmol) of the product of Step D with N-
methylmorpholine, 4-pyridylacetic acid N-oxide, DEC and HOBT
in DMF as described in Example 5. Evaporate the solvent and

25 extract the resultant residue with CH2Cl2-H20, sat'd NaHCO3, 10%
NaH>PO4 and brine. Dry the CH2Cl, layer over MgSOy4, filter and
concentrate to dryness. Purify the resultant residue by flash
chromatography on 150 mL normal phase silica gel, eluting with



+28. 7[err] (10.1 nmg/2 nL MeCH). Physi cal chem cal data for the

S-(-)-enantioner: 13C NWR (CCferr]): 169.3 (O, 157.6 (C); 155.0
(O; 146.6 (CH); 140.8 (CH); 10 140.4 (CO; 136.3 (O; 134.8 (O; 133.7
(CQ); 132.0 (CH); 130.0 (CH); 125.8 (CH); 119.6 (O; 78.5 (CH); 51.4
(CHerr]); SOxbéfBlmRrrl); 45.2 (CHerr]); 43.9 (CH er rploriuséerredoa( CH2) ;
41.1 (CH2); 38.8 (CH2); 32.5 (CH); 31.5 (CHerr]); 31.5 (CHerr]);
30.1 (CHerr]); 30.0 (CHerr]). [err] = -28.5 (10.1 ng/2 nmL MeOH). 15
EXAMPLE 18 [err] 20 -74 - Di ssolve 9.90 g (18.9
mol ) of the product of Preparative Exanple 7, Step B, in 150 nL

CHerr]C[err] ang% CHIOH/NHIFACH;ENOtain 0.41 FRithé %tROEshpdfad, Add 2. 77
g (20.8 muol) N-cg,Lﬁir gﬁg@gi%ﬁzé’em s spec.: W: &refl ux for 3 h.,
v .

nmonitoring the re

Using appropriate starting materials and procedures as
5 described above, the following compounds could be made:

10

bdas 2 tis S TRIE ot
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- 66 - (30%t CAc/H err]O. Add an additional 2.35-g (10.4 mmol) of N
chl orosucci nimide and reflux an additional 45 nmin. Cool the reaction
m xture to roomtenperature and extract with 1N NaOH and i
CHerr]d[err] . wowysatee CHerr]C [err] layer over MySO4, fil tRGT/AE6IM60% i fy
5 by flash chromat ography (1200 ni normal phase silica gel, el uting
W th SO%EtOAc/H[err]O) to obtain 6.24 g of ,H1e desired product. M p.
193-195.4[err] C. MH = 510. Step B: [err] 10 To 160

m. of conc. HC at -10[err]Cadd 2. 07 g (30.1 nmmol) NaNO2 and stir for
10 min. Add 5.18 g (10. of f A

reaction mxture frim
to -10[err]C, add 100

extract the reaction m X S of7810) crushed ha@6ioy with
50% NaOH/ CH err]C Jerr]. ecnrganlc | ayer ove g4, filter and
concentrate to dryness. ' fl ash chromat ogy aphy (600 inorm&l
phase -silica gel, eluting 9P EL OAc/ hexane) 2 l§ Nﬂ of
product. Mass spec.: 20 M-|+K495 Step C [err]N

o) . o

Cl = o Cl
&

N u ¥ (80.0)

1. Inyitro enzyme assays: Inhibition of farnesyl
protein transferase and geranylgeranyl protein transferase.
10 Both farnesyl protein transferase (FPT) and
geranylgeranyl protein transferase (GGPT) 1 were partially
purified from rat brain by ammonium sulfate fractionation
followed by Q-Sepharose (Pharmacia, Inc.) anion exchange
chromatography essentially as described by Yokoyama et al
15 (Yokoyama, K., et al.,, (1991), A protein
geranylgeranyltransferase from bovine brain: Implications for
protein prenylation specificity, Proc. Natl. Acad. Sci USA 88:
5302-5306, the disclosure of which is incorporated herein by




WO 97/ 23478 PCT/ US96/ 19603

- 67 - Di ssolve 3.9 g of the product of Step B in 100 nL conc.
HCI and reflux overnight. Cool the mxture, basify with 50 %w w
NaOH and extract the resultant m xture with CH err]C[err]. Dry the

CH err] A [ erryyoloaysmg Over MgSJerr], evaporate the sol vent pafussorsssader 5

vacuumto obtain 3.09 g of the desired product. Mass spec.: MH=423.
Step D [err] 10 : Using a procedure simlar to that described
in Preparative Exanpl e 8, obtain 1.7%37¢ -of the desired product, mp.
169. 6- 25 170.1C; [err] = +48.2[err] (c=1, MeOH). M+ =
3m2'[5h he St efoxﬁgeﬂ%né? tgteret £ EI-Illtﬁ?]lQﬁefﬂthtésyﬂ' B}dttéfn FtPalﬂstPél‘asé’fw%aﬂBbe 4

C . i
title P expressgd in EP coh?susmge cD cllgx?esngmer .%a (}go?motgéazll Qmﬁhl?

152. 3- 153. 3[ er r ] Gubuaits] =The+38etbpds risefic were Mimiar toHthose publisb&d 20
EXAMPLE 19

(Omer, C. et al.,, (1993), Characterization of recombinant human
5 farnesyl protein transferase: Cloning, expression, farnesyl
diphosphate binding, and functional homology with yeast
prenyl-protein transferases, Biochemistry 32:5167-5176).
Human farnesyl protein transferasc was partially-purified from
the soluble protein fraction of E. coli as described above. The
10 tricyclic farnesyl protein transferase inhibitors disclosed herein
inhibited both human and rat enzyme with similar potencies.
Two forms of vall2-Ha-Ras protein were prepared as substrates
for these enzymes, differing in their carboxy terminal sequence.
One form terminated in cysteine-valine-leucine-serine (Ras-
15 CVLS) the other in cystein-valine-leucine-leucine (Ras-CVLL).
Ras-CVLS is a substrate for the farnesyl protein transferase
while Ras-CVLL is a substrate for geranylgeranyl protein
transferase I. The c¢cDNAs encoding these proteins were
constructed so that the proteins contain an amino-terminal
20 extension of 6 histidine residues. Both proteins were expressed
in BEscherichia coli and purified using metal chelate affinity
chromatography. The radiolabelled isoprenyl pyrophosphate
substrates, [3H]farnesyl pyrophosphate and [3H]geranylgeranyl
pyrophosphate, were purchased from DuPont/New England
25 Nuclear.
Several methods for measuring farnesyl protein
transferase activity have been described (Reiss et al 1990, Cell
62: 81: Schaber et al 1990, J. Biol. Chem. 265: 14701; Manne
et al 1990, PNAS 87: 7541; and Barbacid & Manne 1993, U.S.
30 Patent No. 5,185,248). The activity was assayed by measuring
the transfer of [3H]farnesyl from [3H]farnesyl pyrophosphate to
Ras-CVLS using conditions similar to those described by Reiss et
al. 1990 (Cell 62: 81) The reaction mixture contained 40 mM
Hepes, pH 7.5; 20 mM magnesium chloride; 5 mM dithiothreitol;
35 0.25 uM [3Hlfarnesyl pyrophosphate; 10 ml Q-Sepharose-
purified farnesyl protein transferase; the indicated
concentration of tricyclic compound or dimethylsulfoxide
(DMSO) vehicle control (5% DMSO final); and 5 mM Ras-CVLS in a

FhErErE T



[err] WD 97/ 23478 PCT/ US96/ 19603

- 68 - Step A [err] Treat 15.0 g (44.4 mol) of the
product of Preparative Exanple 9, Step B, with 6.52 g (48.9 mmol) of
N-chloro- 5 succinimde in a manner simlar to that described_in Exanple
18, Step A andwaxdwnses as described to obtain 16.56 g of the PCT/US8&19603d
product, mp. 234.7-235.0[err]C. MH# = 370. Step B: [err]

Treat 16.95 g (45.6 mmol) of the product of Step Ain the manner
described in Exanple 18, Step B, to obtain 73 07 g of the desired
product, mp. 191.7-192.1[err]C. M# = 356.

total volume of 100 ml. The reaction was allowed to proceed for
30 minutes at room temperature and then stopped with 0.5 ml
of 4% sodium dodecyl sulfate (SDS) followed by 0.5 ml of cold
30% TCA. Samples were allowed to sit on ice for 45 minutes and
5 precipitated Ras protein was then collected on GF/C filter paper
mats using a Brandel cell harvester. Filter mats were washed
once with 6% TCA, 2% SDS and radioactivity was measured in a
Wallac 1204 Betaplate BS liquid scintillation counter. Percent
inhibition was calculated relative to the DMSO vehicle control.

10 The geranylgeranyl protein transferase I assay was
essentially identical to the farnesyl protein transferase assay
described above, with two exceptions:
[3H]lgeranylgeranylpyrophosphate replaced farnesyl
pyrophosphate as the isoprenoid donor and Ras-CVLL was the

15 protein acceptor. This is similar to the assay reported by Casey
et al (Casey, PJ., et al., (1991), Enzymatic modification of
proteins with a geranylgeranyl isoprenoid, Proc. Natl. Acad.
Sci, USA 88: 8631-8635, the disclosure of which is
incorporated herein by reference thereto).

20 2. Cell-Based Assay: Transient expression of
vall2-Ha-Ras-CVLS and vall2.Ha-Ras-CVLL in COS monkey
kidney cells: Effect of farnesyl protein transferase inhibitors on
Ras processing and on disordered cell growth induced by
transforming Ras.

25 COS monkey kidney cells were transfected by
electroporation with the plasmid pSV-SPORT (Gibco/BRL)
containing a ¢cDNA insert encoding either Ras-CVLS or Ras-CVLL,
leading to transient overexpression of a Ras substrate for either
farnesyl protein transferase or geranylgeranyl protein

30 transferase I, respectively (see above).

Following electroporation, cells were plated into 6-well
tissue culture dishes containing 1.5 ml of Dulbecco's-modified
Eagle's media (GIBCO, Inc.) supplemented with 10% fetal calf
serum and the appropriate farnesyl protein transferase

35 inhibitors. After 24 hours, media was removed and fresh media
containing the appropriate drugs was re-added.

48 hours after electroporation cells were examined under
the microscope to monitor disordered cell growth induced by




15 Step C [err] Usi ng the procedure substantially as
described in Preparative Exanple 9, Step E, treat 10.0 g (28.0 mmol ) of
t he product of Step B with NaBH err] to obtain the desired product, 20
which is used in the next step without further purification. Step D

[err] 478
PCT/ US96/ 1960§>9 sHhsé _ g9 . PCTUS619603

Di ssolve 10.0 g (27.9 nmol) of the product of Step Cin 200 mL
CH err]C[err] under N err] with stirring g8 roomtenperature. Cool the
reaction mxture to O[err]C and add 2.63 g of triethylam ne and 4. 80 g

(41.9 mmol) of elapietioRas, Cht%{kd&prg&lng@e\r&gs?gtﬂllﬁig Ra3 beddnet | on at
d rafrasid

Oferr] C add asolutlon 100 nL of
THF, i medi ately PFoiRH e éi’c’ﬁir°"°‘”81'°‘8v&l?%|’gﬁ¥°éﬁ'e¥voom
t enper at ure. Evapremingsdene Gblthentramfdrmed leaﬁm v, t I02lisewmeré athenr esi due

wsderr], 111 or BERHRER e et sied win | 5 Bl ol " !

tan

Chr omat ogr aph bBFfGEféi aHBe PRW H O“H’PW mﬂ‘l thea d %YeFﬁEﬂaPH& with 5%
CH err] OH(sat'd WMtlﬂl Hkﬁ-lﬂrbek)polmeﬂ{rerinﬂodl[aﬂrc}f faobuffer cOht:ﬂnm a2f amddn C

S pack I 0 Pl Wku@h&%ﬁ&w;;zg
with 0.2% di et hyl Rhemdmethylsulfpayl flnoride;\50 WPH@Sl is the
(+)-enantiomer. pepstatin. Cells were lysed by homogemzanon and cell debns

10 was removed by centrifugation at 2000 x g for 10 min.

Cellular protein was precipitated by addition of ice-cold
trichloroacetic . acid and redissolved in 100 ml of SDS-
electrophoresis sample buffer. Samples (5-10 ml) were loaded
onto 14% polyacrylamide minigels (Novex, Inc.) and

15 electrophoresed until the tracking dye neared the bottom of the
gel. Proteins resolved on the gels were electroblotted onto
nitrocellulose membranes for immunodetection.

Membranes were blocked by incubation overnight at 4°C
in PBS containing 2.5% dried milk and 0.5% Tween-20 and then

20 incubated with a Ras-specific monoclonal antibody, Y13-259
(Furth, M.E,, et al., (1982), Monoclonal antibodies to the p21
products of the transforming gene of Harvey murine sarcome
virus and of the cellular ras gene family, J. Virol. 43: 294-
304), in PBS cdntaining 1% fetal calf serum for one hour at room

25 temperature, After washing, membranes were incubated for
one hour at room temperature with a 1:5000 dilution of
secondary antibody, rabbit anti-rat 1gG conjugated to
horseradish peroxidase, in PBS containing 1% fetal calf serum.
The presence of processed and unprocessed Ras-CVLS or Ras-

30 CVLL was detected using a colorimetric peroxidase reagent (4-
chloro-1-naphthol) as described by the manufacturer (Bio-Rad).

3.  Cell Mat Assay:

Normal human HEPM fibroblasts were planted in 3.5 cm
dishes at a density of 5 x 104 cells/dish in 2 ml growth medium,

35 and incubated for 3-5d to achieve confluence. Medium was
aspirated from each dish and the indicator tumor cells,
T24-BAG4 human bladder carcinoma cells expressing an
activated H-ras gene, were planted on top of the fibroblast
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Step E Stir 2.0 g (4.7 nmmol) of the product of Step Din 40 nL
DMF under N err], cool the mxture to O[err] and add 0.615 g (6.1 20 mol)
N- net hyl mor pholine, 1.1668 g (6.1 mmol) DEC, 0.8225 g (6.1 nmol) HOBT
and 1.6042 g (6.1 nmmol) of the product of Preparative Exanple 1. Stir
overni ght at r owowwa3emser at ur e. Evaporate the sol vent andCFRISHI603t he
resultant residue with CHerr]C[err]/water, sat'd NaHCO err], 10%
NaH err] P err] and brine. Separate 25 the gH[err]CI[err] | ayer, dry over
MySO4, filter and concentrate to dryneg " Purify the resultant

resi due by flash chromat ography on 400 nL of normal phase silica gel,
eluting with 5% mormlﬁmrrgtoavm[sﬁvrpf @Hrel@cellshdis ino2omd agrewtha3 g of
the title conpoundméli@m, and allowed to attach overmg%ﬁ Com ound-mduced

33?234]7_36 1[ err] G C[)FO v uﬂuiﬁwn [was ]ass(a 5&1-?% ti%d?)f seria dl]ugons of

- 70 - compound directiyxAppPtie 2oowth mediuny |24 h after tumor cell

5 planting, and incubating cells for an additional 14 d to allow
colony formation. Assays were terminated by rinsing
monolayers twice with phosphate-buffered saline (PBS), fixing
the monolayers with a 1% glutaraldehyde solution in PBS, then
visualizing tumor cells by staining with X-Gal (Price, J., et al.,

10 Lineage analysis in the vertebrate nervous system by
retrovirus-mediated gene transfer, Proc. Natl. Acad. Sci.84, 156-
160(1987)). In the colony inhibition assay, compounds were
evaluated on the basis of two ICsg values: the concentration of
drug required to prevent the increase in tumor cell number by

15 50% (tICsp) and the concentration of drug required to reduce the
density of cells comprising the cell mat by 50% (mICsg). Both
ICsp values were obtained by determining the density of tumor
cells and mat cells by visual inspection and enumeration of cells
per colony and the number of colonies under the microscope.

20 The therapeutic index of the compound was quantitatively
expressed as the ratio of mICsg/tICsg, with values greater than
one indicative of tumor target specificity.

Additional assays were carried out by following
essentially the same procedure as described above, but with

25 substitution of alternative indicator tumor cell lines in place of
the T24-BAG cells. The assays were conducted using either
DLD-1-BAG human colon carcinoma cells expressing as activated
K-ras gene or SW620-BAG human colon carcinoma cells
expressing an activated K-ras gene. Using other tumor cell lines

30 known in the art, the activity of the compounds of this invention
against other types of cancer cells (such as those listed herein on
pages 15 and 16) can be demonstrated.

4.  Soft Agar Assay:
Anchorage-independent growth is a characteristic of

35 tumorigenic cell lines. Human tumor cells are suspended in
growth medium containing 0.3% agarose and an indicated
concentration of a farnesyl transferase inhibitor. The solution is
overlayed onto growth medium solidified with 0.6% agarose

m_




Heat 200 ng of the cyano starting material in 17 g pol yphosphoric acid
at 190-200[err]C for 45 mn. Pour the resultant mxture into ice, add
30% HCO and stir for 30 min. Extract with CH err]C[err], wash with

brine, dry over Na2SO4, filter and 1 O concentrate. Purify by preparative

TLC, eluting Wolodnses Et OAC/ hexane to obtain 21 ng of the desixesnbesduct
(al so obt ai ned 59 ng of the 10-chloro product). Step B:

Br Br [err] 15 Usi ng the procedure
substantially as described in Prepar at 8Qe- Exanple 9, Step E, treat 1.75
g (5.425 mol ) of the product of Step Awith NaBH err] to obtain the

g‘é_sl_} [J‘;gG;)rlggggt f:on.ta.ining V@R Fatn¥t (dncentration of farqgsﬂ.t_rans.fe.rzfse St c

[err] inhibitor as the top layer. After the top layer is solidified, pelgtes
are incubated for 10-16 days at 37°C under 5% CO; to allow
colony outgrowth. After incubation, the colonies are stained by

5 overlaying the agar with a solution of MTT (3-[4,5-

dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide,
Thiazolyl blue) (1 mg/mL in PBS). Colonies are counted and the
ICs0's determined.

10 TABLE ] - FPT INHIBITION
EXAMPLE FPT ICs¢ | EXAMPLE FPT ICso
<0.034 0.010
0.016
4 0.046 16A 0.032
0.026
16B 0.038 11B >0.095
0.023
15 0.022 | 7 0.012
8 0.021 11A 0.0018
0.0021
5 0.0023 12B 0.0025
9 0.0013 10 0.0019
7B <0.003 8B 0.013
14A 0.0026 14 0.062
13A 0.078 13 0.005
S5A >0.099 7A >0.1
8A >0.094 10A >0.094
9A >0.088 6 0.0031
11 0.002 3B ~0.003
12A >0.094 13B 0.005
14B 0.005 5 « HCI salt 0.0038
14A « HCI salt <0.0031 9B 0.003
10B 0.003 17 0.043
17A 0.048 18 0.0031
19 <0.0038 20 0.0062
21 0.0084




Di ssol ve the residue obtained in Step Bin 50 nL CHerr]CJ[err] at
roomtenperature, add 3.95 nL (5.425 mmol) of SOCl[err] and stir 5 at room

t enperature overni ght. Renpve excess SOC 2 and sol vent under vacuum

Di ssolve the residue in CHerr]dJ[err], wash with sat'd NaHCO err] and
brine, dry overwdledmarg SJerr], filter and concentrat e. Pais2&19603 THF
to the resultant residue, add 2.33 g (27.125 mol ) piperazine and stir
at roomtenperature 1 0 overnight. Evaporate the solvent, add
CHerr]C[err] wash with sat'd NaHCO3 -a#H -bri ne, dry over
Na[err]SOerr], filter and concentrate. Purify the resultant residue

by chiral chromatography using a Chi rBA Eﬂ &AD col um1 and eluting with
20% i PrOH hexane w th A oyl (ST e * 0
desired isonmer 1 5 is T

770 mg (1.960 nmol _af the anodur of St Pp C 32’3[¢=rr1L (2.548 ool )
N- et hyl mor phol i nej, 344EXAMPBLEBE48 mjol ) 2GENZYNET, 487 EC
and 390 ng (2.548 pmol ) of t he {c epa [ 1lijn 8
m DMF and stir at room terrperc leﬁf@ﬁ{ N nt,
add Et OAc and wash with sat' d NaHOHPD I€so w v_; 1d GGR T JCsand
over Na[ err] G err] %rrfy by flash @h togra 0
eluting 25 wth OAc to , 12% ( JOYNH ebrg CH[ er CAC gradi dnt .
Further purify by prepatai-tre—t-—~30005-6 -+ }—+-6—0bi-aA
750 ng of the title conpourdd, [err] I= 123, 9[646] (c —0f 322 VeB51)7.
WD 97/ 23478 5B ~0,003 PCT7 US9 Q348603
- 72 - EANVPET—2T
16A 0.032 >38
0.026
16B 0.038 >76
0.023
7 0.012 >300
11A 0.0018 >66
0.0021
9 0.0013 >59
5 0.0023 >66
14A ¢.0026 >62
13 0.005 >63
7B <0.003 >66
8B 0.013 >60
18 0.0031 >50
20 0.0062 _ >38
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[err] Step A 5 Di ssolve 10.0 g (29.6mml) of the

product of Preparative Exanple 9, Step B, in 150 nL CH err]C[err] and
200 nmL CH3CN at room tenperature. Heat the mixture to 60[err]C, add
10.45 g (32.6 nmol) of )

1- f 1 uor 0- 4- hygp9Hisede 4- di azoni abi cycl o[ 2, 2, 2] octane bis-  perasssnoses

(tetrafluoroborate) and heat to reflux for 4 h. Cool the mxture 10 to room
tenperature, extract with CHerr]J]CJ[err] and 1 N NaOH Dry the
CH err]C[err] layer over MgS err], filteg2 and concentrate to dryness.

Purify the resultant residue by flash chromatography using 1400 niL
normal phase silica gel eluted with 10% -LCHerr]C[err] + 2 drops
NH[err-l OH to obtain 2.00 g of pro% ﬁ&pN A h03- olerr]C. 15  MH =355,
Step B: Usi ng a proeeadre s |1y as described in
20 Preparative Exarmle 9, Step D, treat 180 g (5.1 mmol) of the
DL 200 e o e B ekl oGP e
Mass spec.: MH o 3309. as Ras
Processing | Processing

15 0.60 16A 0.5

16B 0.125 11 <0.25

7 - <0.25 5B 0.05

10 <0.025 10A 2.0

12B <0.025 12A 0.95

11A <0.025 11B 2.25

5 0.098 14A < HCI salt 0.015

13 0.420 9 0.010

7B 0.025 8B 0.280

9A 0.85 S « HCI salt 0.010

5A 5.0 14A 0.480

1.0

14 >1.0 13A >1.0

7A >1.0 SA >1.0

17 0.350 | 17A 0.500

14B 0.045 i 6 0.040

18 0.025 19 0.045

20 ~0.030 | 21 0.42

e e ms e e e e e e S 22 e me ea o oo
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WD 97/ 23478
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Step C [err

substantially as described in
treat 0.47 g (1.4 mmuol) of the
obt ai n the desiweeb/3asduct .

Step D
of Step Cin 20

10

nL t ol uene under

tenperature to O[err]C

stir at
3 h.

MmgSq err],

residue in 10 nL ‘W
pi perazi ne, 10 nL st

Repeat the extract
Mass spec.: MH=4]

room tenperature,
Evaporate the sol vent,
N NaOHCH err]d[err],
filter and c

]

Mass spec. :

PCT/ US96/ 19603
Usi ng the procedure
Preparative Exanple 9, Step E,
5 product of Step B with NaBH4 to

MH+=342.

[REITYUS96/19603

Dissolve 0.37 g (1.1 nmol ) of the product

Add 0.38%3 g

N2 and cool

fromroom

(3.2 mmol ) of SCC [err]

then add 10 nmL CHC [err]
ex TABItE #he resul t ant

and

and stir for-
residue with 1

INHIBITION OF TUMOR CEID bR ASSAY
oncentrate {0 dryness. SSol ve t he
T T e o
i on proced ur@T‘tZﬁ)ob a(DLphB (SW620) | ¢d€sped| pr oduct .
0. 2dCs ICsetwM)FICso (M) | (pM)
1 < 1.6 -~ - - >25
4 3.1 -- -~ >25
7 <1.6 <1.6 6.25 >25
5B <1.6 3.1 10 >25
13B <1.6 3.1 >3.1 25
11B <l.6 8 18 >25
9A <1.6 12.5 12.5 18
10A <1.6 2.0 1.6 8
5 <1.6 3.1 6.25 >25
14A <1.6 6.25 12.5 >25
13A 3.1 6.25 -6.25 >25
7B <1.6 1.6 3.1 >25
8A <1.6 <1.6 3.1 >25
2 <1.6 6.25 6.25 >25
16B <l.6 6.25 25 >25
8 <1.6 3.1 3.1 >25
15 3.1 6.25 >6.25 >25
11A <1.6 <1.6 >6.25 >25
9 <l.6 <1.6 6.25 >25
10 <1.6 <1.6 3.1 >25
12A <1.6 2.0 4 >25
SA 12.5 12.5 >25 >25
14 <1.6 6.25 >12.5 >25
13 <1.6 3.1 >1.6 >25
8B <1.6 <1.6 3.1 >25
17 1.6 6.25 25 >25
17A 3.1 4 18 >25
10B <1.6 1.6 1.6 >25
12B <1.6 3.1 6.25 >25
TA <1.6 1.6 3.1 >25
6 <l1.6 4.0 6.24 --
19 <l.6 <l.6 6.25 >25

e _‘_'-sntvvtvwr-r?v- "R
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Treat 0.44 g (1.1 mmol) of the product of Step Dwith N

met hyl nor phol i ne, 4-pyridylacetic acid N-oxide, DEC and HOBT I n
DVF as described in Exanple 5. Evaporate the solvent and 25 extract
the resultant residue with CHerr]JC[err]-Herr]O sat'd NaHCJ err], 10%
NaH[ err] PO er njosimdedfari ne. Dry the CHerr]C[err] layer overpdfaothoséy | t er

and concentrate to dryness. Purify the resultant residue by
flash chromat ography on 150 nL normal phase silica gel, eluting
W th WO 97/ 23478 - 84 -

PCT/ US96/ 19603 - 74 - 5%
CHerr]OH/ NH err]-CH err INHIBI i ] R

m p. 155.0-155.6[err]C; Mass spec. f‘j gésg F%%E ~Usi ng approprl ate

starting materials and procedures as Y bove, the follow ng
conpounds coul d be nad&: Soft Agar Assayr was done with the compound of

Example 10 and the following tumor cell lines: K ras NIH 3T3; H
5 ras NIH 3T3; HTB 177 (NSCLC)K ras mutation; HTB 173 (NC1

H146) (SCLC) ras mut. not detected; A549 (lung) K ras mutation;
HTB 175 (SCLC) ras mat. not detected; HTB 119 (NCI H69)
(SCLC); HTB 183 (NCI H661) (NSCLC) ras mut. not detected; HPAF
II (pancreatic) K ras mutation, MCF-7 (breast) ras mut. not

10 detected; HBL100 (breast) ras mut. not detected; Du4475
(breast) ras mut. not detected; MDA MB 468 (breast) ras mut.
not detected; DU 145 (prostate) ras mut. not detected; MDA
"MB453 (breast); BT474 (breast); PC3 (prostate); DLD 1 (colon) K

~ ras mutation; and AsPc-1 (pancreatic) K ras mutation. Ras

15 mutation status determined by ELISA (Oncogene Science).: The

ICsq (pM) for each cell line was within the range of 0.04 and 3.0.
A Soft Agar Assay was done with the compound of

Example 18 and the following tumor cell lines: K ras NIH 3T3; H
ras NIH 3T3; HTB 177 (NSCLC) K ras mutation; A549 (lung) K ras

20 mutation; and HTB 175 (SCLC) ras mut. not detected. Ras
mutation status determined by ELISA (Oncogene Science). The
ICs0 (uM) for each cell line was within the range of 0.175 and
0.8.

| conmpound,

25 RESULTS:

1.  Enzymology:

The data demonstrate that the compounds of the invention
are inhibitors of Ras-CVLS farnesylation by partially purified rat
brain farnesyl protein transferase (FPT). The data also show

30 that there are compounds of the invention which can be
considered as very potent (ICsp <<0.1 pM) inhibitors of Ras-
CVLS farnesylation by partially purified rat brain FPT.

The data also demonstrate that compounds of the

invention are poorer inhibitors of geranylgeranyl protein

35 transferase (GGPT) assayed using Ras-CVLL as isoprenoid
acceptor. This selectivity is important for the therapeutic
potential of the compounds used in the methods of this
invention, and increases the potential that the compounds will
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[err] 10 WO 97/ 23478
PCT/ US96/ 19603 - 75 - [err]

WO 97/23478 ' PCT/US96/19603

- 85 -

have selective growth inhibitory properties against Ras-
transformed cells. '

2.  Cell-Based: COS Cell Assay
5 “Western blot analysis of the Ras protein expressed in Ras-
transfected COS cells following treatment with the tricyclic
farnesyl protein transferase inhibitors of this invention
indicated that they inhibit Ras-CVLS processing, causing
accumulation of unprocessed Ras (see Table 3). The compound
10 of Example 2, for example, inhibited Ras-CVLS processing with
an ICs¢ value of 0.025 pM, but did not block the
geranylgeranylation of Ras-CVLL at concentrations up to 33 pM.
These results provide evidence for specific inhibition of
farnesyl protein transferase, but not geranylgeranyl transferase
15 1, by compounds of this invention in intact cells and indicate
their potential to block cellular transformation by activated Ras
oncogenes.

3. Cell-Based: Cell Mat Assay
20 Tricyclic farnesyl protein transferase inhibitors of this
invention also inhibited the growth of Ras-transformed tumor
cells in the Mat assay without displaying cytotoxic activity
against the normal monolayer.

25 iv ti- r_Studies:

‘Tumor cells (5 X 105 to 8 X 105) of DLD-1 (human colon
carcinoma cells, ATCC # CCL 221) are innolculated
subcutaneously into the flank of 5-6 week o;d athymic nu/nu
female mice. Tumor bearing animals are selected and

30 randomized when the tumors are established. Animals are
treated with vehicle (B-cyclodextrin for i.p. or corn oil for p.o.)
only or with a compound of the present invention in vehicle
four times a day (QID) for 7 days per week for 4 weeks. The
percent inhibition of tumor growth relative to vehicle controls is

35 determined by tumor measurements.

The average % tumor inhibition for each compound of
Examples 1, 2, 4, 5, 6, 7, 7A, 8B, 9, 10, 11A, 11B, 12B, 13, 14A,
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ASSAYS 1. Invitro enzyne assays: Inhibition of farnesyl

protein transferase and geranyl geranyl protein transferase. 10 _ Both
farnesyl protein transferase (FPT) and geranyl geranyl protein
transferase (GGPT) | were partially purified fromrat brain by

amoni um sul f gbrhiast i onati on fol  owed by Q Sepharose pRhRbdiBEds2:

I nc.) anion exchange chromat ography essentially as described by
Yokoyama et al 1 5 (Yokoyama, K., et al., (1991), A protein

geranyl geranyl transferase from bovine brai 86 4 nplications for protein
prenyl ation specificity, Proc. Natl. Acad. Sci USA 88: 5302- 5306, the

di scl osure of whi [ j r st r &y 97/[.2
e e8! 19003 F6B.) and "B WRRT P8 ISAR' firMa Ribse of 10 %&?g ]Z.o, %ﬁrag?se'ﬁence

thereto). Human f&rB2<Pr é)tdé’t"%i‘?f 70 4ne’ker B was al so expressed in E.

coli, using cDNA clones encoding both the a and b subunits. The
ot actof o+ SR p Ui comf e ol s, 329
O oning, expr @ssiHMPPUR St%scnbe ¥ pHYs pindteationy dinegt. Rhermageuticaly)
horol ogy with yeamiceptable waerigts- pawtbe eithensolidr o digpuidi 086K fuiriny
ggr ,[5|12|7| 51[7)3% ¢ egep%ﬁﬁf?éhg qwﬁﬁﬁél p%"vﬂfe‘f'%,n t.Lﬁ]%[Ef QispelsibfS granules,

capsules, cachets and suppositories. The powders and tablets

may be comprised of from about 5 to about 70 percent active

10 ingredient. Suitable solid carriers are 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 suppositories, a low melting wax such as a

15 mixture of fatty acid glycerides or cocoa butter is first melted,
and the active ingredient is dispersed homogencously therein as
by stirring. The molten homogeneous mixture is then poured
into convenient sized molds, allowed to cool and thereby
solidify.

20 Liquid form preparations include solutions, suspensions
and emulsions. As an example may be mentioned water or
water-propylene glycol solutions for parenteral injection.

Liquid form preparations may also include solutions for
intranasal administration.

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

Also included are solid form preparations which are

30 intended to be converted, shortly before use, to liquid form
preparations for either oral or parenteral administration. Such
liquid forms include solutions, suspensions and emulsions.

The compounds of the invention may also be deliverable
transdermally. The transdermal compositions can take the form

35 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.

Preferably the compound is administered orally.
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the soluble protein fraction of E. coli as described above. The 10
tricyclic farnesyl protein transferase inhibitors disclosed herein

i nhi bited both human and rat enzyne with simlar potencies. Two fornmns
of val[err]-Ha-Ras protein were prepared as substrates for these
enzynes, diffewomwgrisst heir carboxy termnmi nal sequence. BERUS5{1P603
termnated in cysteine-valine-leucine-serine (Ras- 1 5 CVLS) the other in
cystei n-val i ne-1euci ne-| euci ne (Ras-CVLL). Ras-CVLS is a substrate
for the farnesyl protein transferase - §hi-l e Ras-CVLL is a substrate
for geranyl geranyl protein transferase 1. The cDNAs encodi ng these
proteins were coByeferabld the tpharmatentinabt preparation adisnimrunit

am no-termnal 20 doﬁgaeﬂﬁhpn H sfichi forindi Mg fn%g;h‘é'étf‘o% is Babliviaed gnis vere
expr essed in Es (gerl chia cali and Bu.r gel ed using ge al chel ate
affinity chr Yiht QYIS pAOILAIBNE APRROBFIALS qUAgLlEs HP rFE)F ASHYphosphat e
substrates, [[err]¢drpomentyle.gyrapleffoptise camount teradhif e theydaseredny |
pyr ophosphat e, s\/\erﬁu,?é;@ased from DuPont/ New Engl and 25 Nucl ear.

0

Several nethods f uring f.arnesyl. protein X transferase activity
have been descri bed (Rgflé% qé'gmé?y ng%;,“ Scfompound igra ypt ‘géﬁa‘tfgr et al
1990, J. Biol. Cheprepafdfiionl 40#) beMyaried or adjustednlfrd@OabodtNAS ddg @b41; and
Barbaci d & Manne 19850 S 0 f 5 to T ivity was
assayed by measuring r.h'k, ntn%ré ﬁ a%rgfg; gé?n ) é.rl,lr8 }_ﬁ\g% rﬁgs?/@ ?ﬁ%’m

[3H farnesyl pyrophsosfinge toothe partigtlar @pplcaipRy conditions sinilar to

t hose descri bdd) by Rei SBheetactual dosdge Effffloyéd|map 2be Svariethalependingon

“m xture contai ned Mu . o ' \de; 5 mM
di t hi ot hrei t ol ; 3@‘% Q 55“1,“#r [@‘iﬁﬁ%’%ﬁé%ﬁiﬁ?ﬁgg %ﬁe)méi? i

Q Sephar ose- copdifippcheing, Heated.  Io¢terminations of eB“{H’F ORREE Al YU
concentration of taiparticularcsitqationdisowithimethbydkilll 6pthelaart. Gen¢BNEBO)

vehicle control (5 fi i - | : 23478
beT/ US98/ 19603 ( Stfe MRGT i 3hitiatéd dvith "IniHSr %E&és%;ﬂnch are l%é?t g%{nvol i

of 100 mi . Thel § eaths SRtimum dossafi the compeunl. ; JThereafter, the dosage’is

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

20 The amount and frequency of administration of the
compounds of the invention and the pharmaceutically
acceptable salts 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

25 symptoms being treated. A typical recommended dosage
regimen is oral administration of from 10 mg to 2000 mg/day
preferably 10 to 1000 mg/day, in two to four divided doses to
block tumor growth. The compounds are non-toxic when
administered within this dosage range.

30
The following are examples of pharmaceutical dosage
forms which contain a compound of the invention. The scope of
the invention in its pharmaceutical composition aspect is not to
be limited by the examples provided.
35




30 mnutes at roomtenperature and then stopped with 0.5 m of 4%

sodi um dodecyl sulfate (SDS) followed by 0.5 ml of cold 30% TCA.

Sanpl es were allowed to sit on ice for 45 mnutes and 5 precipitated Ras
protein was then collected on GF/C filter paper mat s using a Brandel
cel |l harvest eryo&idsigr mats were washed once W th 6% TGsTarYeHeis and
radi oactivity was neasured in a Wal | ac 1204 Betaplate BS |iquid
scintillation counter. Percent i nhi bition was cal culated relative to

t he DMSO vehicle control. 10 The gerdB8/I-geranyl protein transferase |
assay was essentially identical to the far nesyl protein transferase
assay descri bed above, prhifia a_,,ﬁ BB§d o sle '

[ 3H] ger anyl ger anyl pyrophosphate replace
t he i soprenoi d donor and Ras- CVLL was
simlar to the assay reported by Casey

A pyrophosphat e as
. protein acceptor. This is
et al (Casey, P J., et aI

(1991), Enzymati g—ee-i{-eatton—ot B S-S\ I

i soprenoi d, Proc. | . ] AcddgredientsSci ] ljosure
of which is rp V. T eleren 2.
Cel | - Based Assay: : land
val [ err] - Ha- Ras- QVLR. i n} COb.actoseclJSP ki dney ceI |1szz Ef f bt 1Qf3 f ar desyl
protein transfergsesi nhibi (Cyrk Sﬁrch Food?@-aaé ogesm Rgy and] ongisSord red

cel | growt h induded” by as 4 9% 5

cells were transflected by Punfle' 3

FOS nmonkey ki dney
asm d pSV-|SPORT

ith the p

(G bco/ BRL) g—etrtherRas Cvll_q r
Ras- CVLL, i Qe R fle for
ei t her farnesgl 30
transferase |, r ' y

el ectroporati on, : e.di shes
containing 1.5 m of Dul becco' s-nodified Eagle's media (G BCO Inc.)

suppl emented with t serum and the appropriate farnesyl
nets m% K ok I T
48 hours after Sel emimutgsr aGranumlate! the wixmre xeith deshuNder3. Mill theedamp
m croscope to monid@hyRSREEEESD cOhtse 8RR (bBAVUTA®, W63 cm) if
necessary. Dry the damp granules. Screen the dried granules if
necessary and mix with Item No. 4 and mix for 10-15 minutes.

Add Item No. 5 and mix for 1-3 minutes. Compress the mixture
10 to appropriate size and weigh on a suitable tablet machine.

EXAMPLEB
1. Actxve compound 100 500
2. Lactose USP 106 123
3. Corn Starch, Food Grade 40 70
4. Magnesium Stearate NF | 7 R
Total 253 700

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

20
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- 78 - transform ng Ras. Cells expressing transform ng Ras becone
more rounded and refractil'e and overgrow t he nonol ayer, rem ni scent of
t he transfornmed phenotype. Cells were then phot ogr aphed, washed tw ce
with 1 mM of celabrebasphate- 5 buffered saline (PBS) and r eREVASI§H6h t he
di sh by scraping with a rubber policeman into 1 m of a buffer

contai ning 25 nM Tris, pH8.0; 1 nM et enedi am ne tetraacetic acid,
1 nM phenyl net hyl sul fonyl fluoride; 50 | eupeptin; and 0.1 mM

pepstatin. Cells were IMd bé)@horm geni zation and cell debr| s.,1, 0 was
renoved by centrifugati ide theopresent figventiomihps been described) iny| ar

prgt elg WasI prgCl pldfg ifbtion aﬂdutﬂhenspécmﬁe?mabahments deti t?drltlorﬂﬁmetl c acid
an redl ssolved I n cLr u r
Samples (5-10 m) Ry Iﬂ!ﬁf@ﬁé VS, ni?ﬁ‘t‘gg%t %B?a&gé%’iﬁ% erﬂqg&;lg P Rlovex

Inc.) and 1 5 el ecipperemsrtesthpsenef ordinary rslidkllnqhgya;‘tneérlbéuche bot t om of

thte . glel Psotrrte)ulfeinéte&ésl Vﬂ@diﬂcétﬂﬁ:sg?hé WY ftistlse Giré Ofltéde 1o NfAl

ni trocel | ul ose mentr ec ranes were

bl ocked by i ncubat |%ﬁg’5\/§$ ‘(E:?He] @? the Pf%e&%é’%%‘g’?m ng 2.5%
dried mlk and 0.5% Tween- 20 and then 20 incubated with a Ras-specific
nonocl onal anti body, Y13-259 ~ (Furth, ME., et al., (1982), Mbnocl onal
anti bodies to the p[err] products of the transform ng gene of Harvey
muri ne sarcone virus and of the cellular ras gene famly, J. Virol.

43: 294- 304), in PBS containing 1% fetal calf serumfor one hour at
room 25 tenperature. After washing, nmenbranes were incubated for one
hour at roomtenperature with a 1:5000 dilution of secondary anti body,
rabbit anti-rat 1gG conjugated to hor ser adi sh per oxi dase, in PBS
containing 1% fetal calf serum The presence of processed and
unprocessed Ras-CVLS or Ras- 30 CVLL was detected using a colorinetric

per oxi dase reagent (4- chl oro- 1- napht hol ) as descri bed by the
manuf act urer (Bi o-Rad). 3. Cell Mat Assay: Nor mal
human HEPM fi brobl asts were planted in 3.5 cm di shes at a density of 5
x 10[err] cells/dish in 2 mM growh medium 3 5 and incubated for 3-5d to
achi eve confluence. Medi um was

EFARRETE R ETEFFREIFEE



aspirated fromeach dish and the indicator tunor cells, T24- BAG4 human

bl adder carcinoma cells expressing an activated Hras gene, were

‘pl anted on top of the fibrobl ast : WO 97/ 23478

PCT/ US96/ 19603 - 79 - nonol ayer at
a density of Swdg-,J;@i,@rr] cells/dish in 2 mM growh medi WaThdBhieass owed
to attach overni ght. Conpound-induced colony inhibition was assayed by
addition of serial dilutions of conpound directly to the growth nedi um
24 h after tunor cell 5 planting, and ine®®ating cells for an additional

14 d to allow colony formation. Assays were term nated by rinsing

monol ayers twi ce WHATI®eRxanEDURE er ed saline (PBS), fixing t he
nonol ayers with a 1% gl utara yde solution in PBS, then vi sual i zi ng
tunor cells by staining with X-Gal (Price, J., et al., 10 Li neage
analysis in the verteb?at e Aecvmpgusqﬁeémmy from the growyiconsistingi ef:ed gene
transfer, Proc. Natl. Acad .84, 156- (1F )

i nhibition assay, BeQQRZFUNY

| Cferr] values: the cdncer)
increase in tunor cell Tanbe

In the col ony

drug required to reduce the density of cells co-n‘lsing the cell mat
by 50% (m C[err]). BO&Qmmc : | ues were agbfai ngd by deferm ni ng
the density of tunor cel I's "BSF™F kyalJ i nspectilgn and

enuneration of cells ! and@tzhe nunber o
m croscope. 20 The therapeysic iAndex of the conpound itatively
expressed as the ratio of I & r]TtIderr],; with vaPues gredter than;
one indicativesof tunor target specificity. = Addi ti onal assays
were carried out by follow ng y the sane procedure as
descri bed above, but with 25 subgfit ernative indicator tunor

cell lines in place of the T24 g e assays were conducted
usi ng either DLD- 1- BAG human coPeg cayTi he#fa cel | s expressing as
activated K-ras gene or SW620- BAG hungn c:lcﬁﬁ@h10|nona cells
racemic :] o
N | SN
o g

10 O = . O .

Hll\lll e

- ﬁ}:uwtrcw?twrteriiﬁii
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expressing an activated K-ras gene. Using other tunmor cell lines 30 known

inthe art, the activity of the conpounds of this invention agai nst
other types of cancer cells (such as those |isted herein on pages ‘15
~and 16) can be denonstrat ed. 4. Soft Agar Assay:

Anchor age- i ndepansiat7zsgromt h is a characteristic of 35 tunoPCHaISPE19603] |

| ines. Human tunor cells are suspended in growt h medi um cont ai ni ng
0. 3% agarose and an i ndi cat ed concentration of a farnesyl transferase
i nhibitor. The solution is over | ayed git‘o growt h medium solidified
w th 0.6% agar ose WO 97/ 23478 i

PCT/ US96/ 19603 Br - 80 - confai ning the
same concentration Qf famRes oSt erase i phi bi e\l op %ayer.
After the top |ayer ¥3~ol i 5ELs arﬁr \ yo- %6 days
at 37C under 5% CJ err] col ony out growVW. #AMNe gibat i on

the col onies are stained B over | 4§0hg the agar wi tN a Fol ufi of8.0%) MIT

(3-[4, 5- di et hyl t hi azol I]-2,5-qdgphenyl tetrazoli br om de,

Thi azel yl blue) (1 ng/nmi i n{PBS). Col oni e< are counted a e I err]
determ ned. 10 racemic N &0 FPT | NHI BLT MPLE
FPT 1 err] EXAVPLE EPT | Cjerr] 1 || <0. 034
2 0. 010 ) o N )
0.016 4 : ' 16A 0. 032 ’

0. 026 16B 11B >0. 095

0. 023 15

012

Br
(10.0)
0
O
o ;
Br cl Br o~ cl

* [ L M S *

|

P PP I T T UL LY Sy ‘-’—’"W t‘f‘t!‘r%*'éﬁe."i’};iii"_- ;
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8 0.021
0.0021
9 0.0013 7B

<0. 003 0.0026

14 BRI : PEPUS96/19603
0. 005 >0.1

8A >0. 094 . 9A
>0. 088 . 0. 002
5B -0.003 . 13B
0. 005
* MO salt <0. 0®3
0. 003
18 0. 0031
0. 0062

PCT/ US96/ 19603

TABLE 2 COVPARI SONIOF BPT }ﬂij1CN AND GGPTLINHIBI T

EXAMPLE BHewmE N . N

| NHI Bl TI ON | NHI Bl Tl | GGPT
072 .

ICerr] [err]M : _ .
0.016 4 0. 046 >35. 7 5B
-0. 003 >300

0. 0025

14A

{+) - enantiomer

Br —

l:j ]q
E»v@

5 (-) - enantiomer : (+)-enantiomer

(20.0)

Br Br
Br \ a Br~’ \ Cl

(21.0) (22.0)

) ]
Yo Yo

(+) - enantiomer . (-) - enantiomer

A DGR VL A




16A 0. 032 >38 0.026 .

16B 0.038 >76 , 0. 023
7 0.012 >300 11A 0. 0018
>66 0.0021 . 9 0. 0013
>59 W97/23478 0. 0023 >66 PCT/US96{19603
0. 0026 >62 1 3 0. 005 >63
7B <0. 003 >66 8B 0.013
>60 18 90.0031. - 93 - >50

20 0. 0062 - >38 WO 97/ 23478

PCT/ US96/ 19603 Br - 82 - Br

TABLE 3 : QT TY | N COS CELLS ' -

| nhi bition of EBa Yot of Br

Ras

ICerr] ([err]M (23.0x0. 25

15 0. 60 o 0.5

11 - <0. 25 7 <o 25

10 <0. 025

12A 0.95 1A '%is

5 0. 098 14A % 0.015

(-) - enantiomer

Br Br
Cl
Br—y i cl Br—/ \
=N (250) =N (26.0)
K
N 2 It
|
&)
(-) - enantiomer . (+) - enantiomer

5 (-) - enantiomer . (-)-enantiomer

- —

N R

"-;rn#ckrvavw*'iiﬁ"ﬁiii e

T :‘_'_?vwsrvt EEEES R

i

=i



13 0.420 9 0. 010 7B 0. 025

8B 0. 280 9A 0. 85 5 * HO salt 0. 010
5A 5.0 14A 0. 480 1.0 ' 14
>1.0 13A >1.0 TA >1.0 _ 8A
>1.0 wd.;-”zyns 0. 350 17A 0. 5OQ’CTIUS96II9603 14B
0. 045 6 0. 040 18 0. 025 19
0. 045 20 ~0. 030 21 0.42 WO
97/ 23478 - 94 - PCT/ US96/ 19603

- 83 - TABLE 4 I NHI BI TI ON OF TUMOR

CELL GROMH - MAT ASSAY Tunor

Nor nmal

(T-24) (DLD-1) ($5\6 a )

| err] ([err] M

>25

<1.6 s 6. (290) 5p 3‘3‘1’0) 1

0 >25 13B 3.1 NH 11B

<1.6 8 o 9A 12.5
18 10A <1.6 NT 2 N 1.6 <1.6
3.1 6. 25 >25 14 ] <1.6 6. 25 12, 5 >25

13A 3.1 6.25 ©% B¥r25 >25 :

(+)-enantiomer . (-)-cnantmmer

Br
\
N (31.0) (320
:] Br
| #
A/Q .
(+)-enantiomer (+) - enantiomer

Br~ \ Cl Br~/ a
(33.0) (34. 0)

N Br ]
53)@“ )\/O

5 (-) - enantiomer (+) - enantiomer

4 \
(35.0) (36.0)
N

ip Si@

(-) - enantiomer (+)-enantiomer

IIIIIIII IO 1

2 fswrv#tvc-ecryerrrﬁiiii.




7B <1.6 1.6 3.1 >25 8 A <1.6

<1.6 3.1 >25 2 <1.6 6. 25 6. 25 . >25
16B <1.6 6. 25 25 >25 8 <1.6 3.1
3.1 - >25 15 3.1 6.25 >6. 25 >25

11A <1. 6w 97723478l - © >6. 25 >25 9 PCTIUSD6/19603 <1. 6
6. 25 >25 10 <1.6 <1.6 3.1 >25

12A <1.6 2.0 4 : >25 5A 12.5
12.5 >25 <t.® - 6. 25 >12.5 >25
13 <1.6 . . >25 8B <1:6 <1.6
3.1 >25 6. 25 17A
3.1 4 10B B¢ ~€1

1.6 >25 3.1 7
A . <1.6 ~0 (38.0) 4.0

6. 24 19 6. 25 B0 97/ 23478
PCT/ US96/ 19603 -

| NHI Bl TI ON OF HUMAN TUMOR CELLL G ,O JO0FT
AGAR ASSAY s done with the ¥o of

Exanple 10 and the following t lines: Kras N ras N H
3T3; HIB 177 (NSCLC) K ras nofaryon; B 173 (NCI ( O ras
mut. not detected; A549 (I(&nEnadfiones nut at.i on; HNB ebaiBiopCL. C) ras nut,
not detected; HTB 119 (NCI H69) (scL®); HTB 183 (NCI H661) (NSCLC) ras
mut. not detected; HPAF | (pancreatic) K ras nutat{on; MCF-7 (breast)
o8 etxct asl; Dud4d75

ras mut. not 1 O detectgd;
. BI‘ 4

FEFRER R R R
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(breast) ras mut. not detected; MDA MB 468 (breast) ras nut. not

detected; DU 145 (prostate) ras nut. not detected; MDA MB453 (breast);
BT474 (breast); PC3 (prostate); DLD 1 (colon) K ras nutation; and
AsPc-1 (pancreatic) Kras nmutation. Ras 1 5 nutation status determn ned by
ELI SA (Oncoge i e). The ICerr] ([err]M for e { ne
was within thgg?gr?%%%gf 0.04 and 3.0. A Soft Aga?%s’g%b)l%h‘gjs done
with the conpound of Exanple 18 and the following tunor cell lines: K
ras NIH 3T3; H ras NIH 3T3; HIB 177 Nml.C) K ras mutation; A549
(lung) Kras 20 nutation; and HTB 175 (SCLC) ras nut. not detected. Ras

mut ati on status determ ned /By A (Oncogene S I C[err]
([err]M for each ggll /=5 i@® the rag TRy 0.8. 25
RESULTS: 1 ) strate that

t he conpounds of the in Ft ' C
farnesylation by partially pgrifi ed ¢ brain farfgsyl pr&‘fqu)n
transferase (FPT). The dat g al*o show ® that there @reNonpounde of the

i nvention which can be copsi deredllas very potent (I

[err]M inhibitors of Ras- “N armeyl ati on by ti

rat brain FPT. The daja aljso denonstrate th coprpoufds of the

i nvention are poorer inhiboto eranyl geranyl pr a®i ransferase
(GGPT) assayed using Ras-CVLL as isoprenoid acceptor. This selectivity
is inmportant for the therapgui potential of the—cQnmpounds used in
the nmethods of thig. ! _¢hat the

" Ry 'a&d incregxses \:ﬂ
conmpounds wi | | ,@ : \ ) Q

PCT/ US96/ 19603 e
trans{md cells.
0

sel ective grow h inhi bi tgry ropert i(‘&o)agai nst Ras-N

Br Ci Br = @ Cl
\ \
N i (48.0) N (49.0)
SPS i
X ..

) O O

FEEEER R FEERTE RS PR R R R RS




2. Cel | -Based: COS Cell Assay 5 Western bl ot anal ysis of the Ras
protein expressed in Ras- transfected COS cells follow ng treatnent
vviththe'tricyclic farnesyl protein transferase inhibitors of this

i nvention i ndi cated that they inhibit Ras-CVLS processing, causing
accunul ation ofwmgmessed Ras (see Table 3). The conpound POT/USE1963anpl e
2, for exanple, inhibited Ras-CVLS processi ng wth an I err] val ue of
0.025 pM but did not block the gerany_P% ranyl ati on of Ras-CVLL at
concentrations up to 33 [err]M eSe results provide evidence
for specific inhibition of far nesyl protein transferase, but not
geranyl geranyl transferase 1 5 |, by Beonpounds of this inventi in i ntact

cel'ls and indicate aI élo bl ock cel tion by
activated Ras o] Bz R~ Assay
20 ) Tricyclic far eSYINE ’ transfer ase | , r%i 5?

i nvention al so inhibited -t ransf or ned turzor 53D s in
the Mat assay w thout display cytotoxic activity i nst the normal
nmonol ayer. 25 In Vivo Anti EIQJ St udi es: cells (5 X
10[err] to 8 X 10[err]) of DL&JA hygeg 66l on carci 1 cg +ATCC #
CCL 221) are innolculated subc eously into the fl3 week o;
d athym c nu/nu femal e g8 beari ng ani nmal s g# ed and 30

treated’vvrth
only or
hes a day
1 n(gf t unor

random zed when the tunors ar establ I shed> Animals ar
vehicle ([err]-cyclodextrin for i.p. or corn oil for p.o.)
with a conpound of the present | Fon in vehicle
(Q D for 7 days per week 4 The
growh relative to veBrel# )
measur enents.

of Exanples 1, 2, 4,
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- 86 - ) 16B, and 18 was 7 to 50%for a dose of 10 ng/kg p.o, and 35.4
to 83 for a dose of 50 ngy/kg p.o. For preparing pharnaceutica
conpositions fromthe 5  conmpounds described by this invention, inert,
phar maceut i cakyg/er23478 acceptable carriers can be either sol wl_-—,ﬁjsgg,iw d.
Solid form preparations include powders, tablets, dispersible

gr anul es, capsul es, cachets and suppositories. The powders and tablets
may be conprised of fromabout 5 to about- B8 percent active 10
ingredient. Suitable solid carriers are known in the art, e.qg.
magnesi um car bonat e, TN St earate, talc, sugar I.-

Tabl ets, powders, Bga :
forms suitable for ord
suppositories, a | ow e
gl ycerides or cocoa butter
i s di spersed honobgeneousl
honbgeneous m xture is th pdur e i nto conveni en
all owed to cool and therebyN '
preparations include soluti
exanpl e may be nenti oned wat er - propyl en®”g ol utigns
for parenteral injection. Liquid form preparations may al so

épsage

s als mxy -
g?st né?ted, and t heliactive |ﬂgied|ent
n asNHyg by stirringg” T ﬁbltenn&h

si yed | d

i nclude solutions for anasal adm ni stration. _ Aer 0so
preparations SUItabEﬁ fq oy inclu e T oQs..end solids
in powder form whi conbi nat o eutically

acceptable carrier, suc <6
i ncluded are solid form prepaly
converted, shortly before u
oral or parenteral adnlnlstratl

|qU|d form pr ¢parat Fons for either
chog - liquid f@rns |ncludeo
sol utions, suspensions and e .
i nvention nmay al so be deliver

’ : The cONpou t he
transdermal ly. The t ns er mal
conposi tirons can take the fdm creans, |otionso”“aexdsorMs andy or

enul si ons and can be included in a transdermal patch of the matrix or
reservoir type as ar g—e nventlonal inthe art f t hi s purpose.
Preferably the congoung g

&ﬁlst conpr esse

228 (63.0) Al so
ch are 30 |nten§e be

-

AR R
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e wwmu-rww-gt-rgsrwwsartm_ R



WD 97/ 23478 PCT/ US96/ 19603

- 87 - Preferably, the pharmaceutical preparation is in unit
dosage form In such form the preparation is subdivided into uni t
doses contai ning appropriate quantities of the active conponent, e.dg.,
an effective awowmtsst® achi eve the desired 5 purpose. PCT/USPF/29603
quantity of active conpound in a unit dose of preparation may be
varied or adjusted fromabout 0.1 ng to 1000 nmg, nore preferably from
about I ng. to 300 ny, according to rhggpartlcular application. 10
The actual dosage enpl oyed may be vari ed dependi ng upon the

requi rements of the patien e severity of the o--|t|on bei ng
treated. Determ nasray R sage fBr \ I'situation
is wthin the skill s s eraIIy, ty_eat e nitiated with

| eds tWan ®¥8.0)t he opti dosg ofYth 6%Bhpound
i ggreased by small incrg Aentsruntil, the

smal | er dosages which arv
Thereafter, the dosage is

opti mum ef fect under tthe dircunmst gnces is reached. For convgﬁlfnce
the tetal daily dosag d_and adm ni 8 b P@gs
during the day if desirqd. 2Zrhe anount a qncy

adm ni stration of the G Mdssof the invention g @
pharmaceutical ly acce able salts thereof will b2 regul ated according
to the j udgment of the attending clinician considering such factors as

age, condition and size of patient as well as sevepity
synpt ons bei ng tredBmeg - esdnmended doB: :
adm ni stration of from\u)aw ) ng/day ‘ 1000
ng/day, in two to four OFPNI defd ,

conpounds are non-toxi c wh

FEEEFESERE R



The followi ng are exanpl es of pharnaceutical dosage forms which

contain a conpound of the invention. The scope of the invention inits
pharmaceutical conposition aspect is not to be limted by the exanples
provi ded. 35 WD 97/ 23478

PCT/ US96/ 196030 9723478 - 88 - PCT/US96/19603

Phar maceuti cal Dosage Form Exanpl es EXAMPLE A
Tabl et s No. | ngredi ents . ng/ t abl et 1.

Active conpound 100 500100 - 2. Lact ose USP

122 113 3. Corn Starch, Food G ade, 30 40

as a 10% paste in Purified Water ; Corn Starch,
Food G ade 45Br 5. ¥ e - 3
7 Tot al \ 300 Met hod of
Manuf act ure VX | tE P nd 2 in a Sy ehfo? 10-15 5
m nutes. Granul ate the m xt th 'tem No. 3. MII granul es
t hrough a coarse screen (efg., 4" 0 63 cm if y the
danp granul es. Screen the Hied Les if neces j;avuh [tem
No. 4 and m x for 10-15 mnu es NAddItemNo 5 an® m xf ofN1- o

m nutes. Conpress the m xt approprl ate size ' on a
suitabl e tabl et machi ne. o B ;
Capsul es No. I ngr edl ent ng/ capsul e ng/ capsul e

N (77.0)
[ ] Cl i
T

Br Cl Cl

N q ¥ (79.0) N

ba
E:

or pharmaceutically acceptable salts thereof.

2. The compound of Claim 1 selected from the group
10 consisting of:

* c L M S *

R R RS EF SR RRAEREET




1. Acti ve conpound 100 500 2. Lact ose

USsP 106 123 3. Corn Starch, Food G ade

40 ~ 70 4. Magnesi um Stearate NF 7 7

Tot al 253 700 15 Method of Manufacture o Mx
ltem Nos. 1, 2wadpsrén a suitable bl ender for 10-15 i REEESINMEY |t em
No. 4 and mx for 1-3 mnutes. Fill the m xture into suitable

t wo- pi ece hard gel atin capsules on a ngtable encapsul ati ng nachi ne.

20 VD 97/ 23478 - 101 -

PCT/ US96/ 19603 - 89 - Wi | e

onjunction with the

her nati ves, nodifications

pse of ordinary skill in
variations are

the present invention has been described i
speci fic enbodi nents set forth abole
and variations thereof will be

the art. Al such 5 alternatives,

PCT/U896/19603

WD 97/ 23478

- 90 - "WHAT IS CLAIMED | S racemic

pE S

i ntended to fall wthin the spirit anﬁ: ffpg of the present invention.

Br
Bre/ \ Ci
(7 OA)
rmmnnc[:N:]

4J\v/1:::J -
5 H

Br Br

Cl

(8.0A)
JO




1 A conpound sel ected fromthe group consisting of: [err]

VO 97/ 23478 PCT/ US96/ 19603
- 91 - [err] WD 97/ 23478
PCT/ US96/ 19603
WO 97/23478 PCT/US96/19603
- 102 -

Br Cl Br -~ Cl

Br Cl Br -~ Cl

N {15.0) N (16.0)
Br

JOL

. 0

racemic )N\/@l racemic j’\/@‘ NH,
0] : o] .

* c L " s *

R R R




- 92 - [err] WO 97/ 23478
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11. A pharmaceutical composition comprising an
effective amount of a compound of any of Claims 1 to 10 in
combination with a pharmaceutically acceptable carrier.

10
12. The use of a compound of any of Claims 1 to 10 for
the manufacture of a medicament for the inhibition of farmesyl
protein transferase.
15 13. The use of a compound of any of Claims 1 to 10 for

the manufacture of a medicament for the treatment of

pancreatic cancer, lung cancer, myeloid leukemia, thyroid

follicular cancer, myelodysplastic syndrome, epidermal

carcinoma, bladder carcinoma, colon cancer, breast cancer or
20 prostate cancer.

14. The use of a compound of any of Claims 1 to 10 for
for the inhibition of farnesyl protein transferase in a patient in
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need of such treatment comprising administering an effective
amount of a compound of any of Claims 1 to 10.

15. The use of a compound of any of Claims 1 to 10 for
the treatment of pancreatic cancer, lung cancer, myeloid
leukemia, thyroid follicular cancer, myelodysplastic syndrome,
epidermal carcinoma, bladder carcinoma, colon cancer, breast
cancer or prostate cancer in a patient in need of such treatment

comprising administering an effective amount of a compound of
any of Claims 1 to 10.

16. The use of a compound of any of Claims 1 to 10 for
the manufacture of a medicament for inhibiting the abnormal
growth of cells.

17. The use of a compound of any of Claims 1 to 10 for
the manufacture of a medicament for inhibiting the abnormal
growth of cells wherein the cells inhibited are tumor cells
expressing an activated ras oncogene.

18. The use of a compound of any of Claims 1 to 10 for
the manufacture of a medicament for inhibiting the abnormal
growth of cells wherein the inhibition is of tumor cells wherein
the Ras protein is activated as a result of oncogenic mutation in
genes other than the Ras gene.

19. The use of a compound of Claims 11 for the
manufacture of a medicament for inhibiting farnesyl protem
transferase.

20. The use of a compound of Claims 11 for the
manufacture of a medicament for the treatment of pancreatic
cancer, lung cancer, myeloid leukemia, thyroid follicular cancer,
myelodysplastic syndrome, epidermal carcinoma, bladder
carcinoma, colon cancer, breast cancer or prostate cancer.
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11. A pharmaceutical composition comprising an
effective amount. of a compound of any of Claims 1 to 10 in
combination with a pharmaceutically acceptable carrier.

12. The use of a compound of any of Claims 1 to 10 for
the manufacture of a medicament for the inhibition of farnesyl
protein transferase.

13. The use of a compound of any of Claims 1 to 10 for
the manufacture of a medicament for the treatment of
pancreatic cancer, lung cancer, myeloid leukemia, thyroid
follicular cancer, myelodysplastic syndrome, epidermal
carcinoma, bladder carcinoma, colon cancer, breast cancer or
prostate cancer.
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14. The use of a compound of any of Claims 1 to 10 for the
manufacture of a medicament for inhibiting the abnormal growth of cells.

15. The use of a compound of any of Claims 1 to 10 for the
manufacture of a medicament for inhibiting the abnormal growth of cells
wherein the cells inhibited are tumor cells.

16. The use of a compound of any of Claims 1 to 10 for the
manufacture of a medicament for inhibiting the abnormal growth of cells
wherein the inhibition is of tumor cells wherein the Ras protein is activated as
a result of oncogenic mutation in genes other than the Ras gene.

17.  The use of a compound of Claim 8 for the manufacture of a
medicament for inhibiting farnesy! protein transferase.

18.  The use of a compound of Claim 8 for the manufacture of a
medicament for the treatment of pancreatic cancer, lung cancer, myeloid
leukemia, thyroid follicular cancer, myelodysplastic syndrome, epidermal
carcinoma, bladder carcinoma, colon cancer, breast cancer or prostate
cancer.

19. The use of a compound of Claim 9 for the manufacture of a
medicament for inhibiting farnesyl protein transferase.

20. The use of a compound of Claim 9 for the manufacture of a
medicament for the treatment of pancreatic cancer, lung cancer, myeloid
leukemia, thyroid follicular cancer, myelodysplastic syndrome, epidermal
carcinoma, bladder carcinoma, colon cancer, breast cancer or prostate
cancer.

I

O



WORLD INTELLECTUAL PR TY ORGANIZATION

PCT Internationai Burean

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 9723478
g}j‘l‘)’ ‘;“m"g‘; 40114, 401!12, AGIK AL | 43) Internations! Publication Date: 3 July 1997 (03.07.97)
(21) International Application Number: PCY/US96/19603 | (81) Designated States: AL, AM, AU, AZ, BA, BB, BG, BR, BY,
CA, CN, CZ, EE, GE, HU, 1L, IS, IP, K .KR.KZ.LC.LK.
(22) International Filing Date: 19 December 1996 (19.12.96) LR, LT, LV, MD, MG, MK, MN, MX, NO, NZ, PL, RO,
RU, SG. SI, SK, TJ, T™, TR, TT, UA, UZ, YN, ARIFPO
patent (KE, LS, MW, SD, SZ, UG), Eurasian patent (AM,
(30) Priority Data: AZ, BY, KG, KZ, MD, RU, TI, TM), European patent (AT,
08/577.951 22 December 1995 (22.1295) US BE, CH, DE, DK, ES, FI FR, GB, GR, IE, IT, LU, MC,
08/615,760 13 March 1996 (13.03.96) uUs NL, PT, SE), OAPI paten , BJ, CF, CG, ClI, CM, GA,
GN, ML, MR, NE, SN, TD, TG).
(71) Applicant: SCHERING CORPORATION [US/US]; 2000 Gal-
loping Hill Road, Kenilworth, N3 07033 (US). Published
With international search report.

{72) Inventors: DOLL, Ronald, J.; 126 Union Avenue, Maplewood,
NJ 07040 (US). KELLY, Joseph, M.; 112 Princeton
Road, Parlin, NJ 08859 (US). NJOROGE, F., George;
2597 Juliat Place, Union, NJ 07083 (US). MALLAMS,
Alan, K.; 147 Kings Highway, Hackettstown, NJ 07840
(US). REMISZEWSK]I, Stacy, W 147 Honeysuckle Drive,
Washington Township, NJ 07675 (US). TAVERAS, Arthur,
G.; 43 Crestwood Road, Rockaway, NJ 07866 (US).

(74) Agents: JEANETTE, Henry, C. et al.; Schering-Plough Corpo-
ration, Patent Dept. K-6-1 1990, 2000 Galloping Hill Road,
Kenilworth, NJ 07033-0530 (US).

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of |
amendnents.

(S4) Title: TRICYCLIC AMIDES USEFUL FCR INHIBITION OF
ERATIVE DISEASES.

(57) Abstract

Novel such as formulae (1.0),
(4.0), (22.0), (27.0), (32.0) and (39.0) are disclosed.
Also disclosed are methods for inhibiting the abnor-
mal growth of cells, for inhibiting faraesyl protein
transferase and for treating cancers using the novel
compounds.

G-PROTEIN FUNCTION AND FOR TREATMENT OF PROLIF-

EERETE TSy F?%?ra‘e*!#mmtinr‘




