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9201 Corporate Boulevard

Rockville, MD 20850

Re: NDA 20-785
THALOMID™ (thalidomide) Capsules
Amendment to Pending Application
Serial No.: 044
CONFIDENTIAL
Patent Certification Statement

Dear Dr. Weintraub:

In order to comply with Section 305.(b)(2) of the Food, Drug and Cosmetic Act. Celgene
Corporation submits the following certification in accord with 21 CFR 314.50 (1) (i1):

In the opinion and to the best knowledge of Celgene Corporation. there are no patents that
claim the drug or drugs on which investigations that are relted upon in this application
were conducted or that claim a use of such drug or drugs.
Furthermore. there is no listed drug in the book of “Approved Drug Products with
Therapeutic Equivalence Evaluations-17 Edition™ and therefore there are no patents for
which certification is necessary.
Please do not hesitate to contact me with any questions or comments.
Sincerely.
St

WL cen
Steve Thomas. Ph.D.
Vice President. Pharmaceutical Development
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The following information is submitted as. called for by 21
C.F.R. §8314.53(a):

(i) _Eatent number and date patent will expire:

5,385,901 -— Expires Oct. 2, 2012
5,463,063 -- Expires Oct. 20, 2013

(ii) Type of patent (i.e., dmug, drug product (fcmulat:.omand
. composition) ), or method of use:

5,385, 901 -- composition and method of use
5,463,063 -- method of use

(iii) Name of pat:e.m: owner - .

3, 385 301 -- The Rockefeller University
New York, New York

3,463,063 -- Caelgene Corporation
. Warren, New Jersey

The undersigned declares thatt Patent Nos. 5,385,901 and
5,463,063 cover the formulation, composition, and/or method of use
of Synovir (thalidomide). This product is the subject of this.
application for which approval Ls being sought.

Applicant’s Agent
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whersir R is seieczed from the group consisting: of hy-
drogen. aikyt radiczis of 1-6 cxrbom atoms. ther phenyi
radical. and &= benzyl radical; aud whersin R” is se-
lected. fronz ther group consisting: of ther phthaiimida
radical and the sucsinimido madical aod of the scncmre

whersir X is CFp or C=0; R” is & —CHy T3,
=iy, = CH s, ~ i CEeCHy, or

/N

—Cp—-N Q

p—

and hydrolysis sroducts of said compounds whersin R
is H and de giveriding ring or botht the riveriding and.
tbemdomga:ehydmlymmmulmr.heml
of abnotmal concenmmatons of TNF c manifested in
septic shock, cackexiz and HIV infection withoue sub-
mﬂycﬂ'e:::;memotomm
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3.385,901
1 2
5 Compounds of 2= giutamtaie w2 sermag =3y Tz used
as strnng =ateras [or sBe preses: imvennon (o dus
case ziso. (ke 1d halides, =sters ¢ azidas o zium-
‘minic acicd may be smpioyed instead of tis 2 ixseifl Iz
is koown that givtaminic icids caeds @ for= I.-mer=-
bered ings with 1 {re= amino . Tais r=cox is
undesirabie or the purpases of ks srssest zvention.
Theming TOUD QST Hersiore oo sussgrees or pro-
) tected priorta the ring-closing reac=ion. The srotacton
RELATED APPLICATIONS. Q. of the aming group may be carisd out. wisz usmg,
This it 2 conrinnarign of Ser: Na. 07/834.38%8 led.  producss of the giutaminic acid sesiss. by iz
. Febx 12, 1992 nawe abandaned, whick izt isa con—  thephthalyl, suceteyi or like rdical iz 3 =2zzes kzowe

nest Possible COBY

METHOD OF TREATING ABNORMAL
CONCENTRATIONS OF TNF e

This invention was made with Government support §
under AL 1251605 ALO07012-25 awarded by the Alleszy
and. [nfections. [ostioe:. The Government has. ceeun
rights in. the invenrion.

. timeagor of Ser: Na. 077655087 filed Feir. 14» 1991,
aow absadoned..

BACKGROUND OF THE INVENTION
Debifination. ie loss of weighe. srengeiy, vascziar
weiicness, and ather symproms are zarmmrsi sequeiae of.
many disezses whick aflict humans. Thesemzy inciode,

perse. The proportions of the comzonsats usez or e
ting formarion must be suck thar e lease | =3 of =

1S compound vielding the unide nioege is use Q0 one

mol of the zintxeinic acid componene.

The ffrst compound listad above is prasarss Sy r=acs-
ing 27.7 g. of N-pnthalyl glumminic acikd witz éd g. of 2
33% solution of ethyl amine in watsr 2nd slowiv heat-

for example bacterial infections suchk as tberenlosiss 10 ing iz az ol batk 160°-180° C., the ixtore Seizz maiz-

viral infections, pardeniarty rereoviral infections melud-
ing HIV infections suck 2s AIDS; varicus forms of

acthritis particnlarly rheumaroid and degeneragves ul-

cerative colitss regional enterits; and the like: Human

Mnmtwforwta.ﬁm?’-
reaction product is recrysallised fom aicokai by trac
tuonaden. [t meits at 209° C, :

The last compound listed-above pregar=< by -ac::z

patients with these symptoms may preseat with az acute 13 13 g of phiziyi ziuaminic acid apavdride 222 § g of

condition suck as septc shack or witl 2 chronic condi-
domn suclt 23 cachexiz,.

U.S.-Par. No. 2,330.991 descsibes-a class of therapen-
e agents of the genersi formmia [

. CHy I
/ N\
[o: 03 ?-R'
o= =0
N/

i
R

wherem R is seiected from the grous consisting of hy-

drages. aikyl radicais concnining -6 carban atoms. (B2 <0

phenyl mdicai, and the beazyt r2gical; and wherstn X' is
seleeeed fom the group canstsung of the piathaiimido
radical and the succintmmido radical,

The subject mawer of kis pate=t and of any other

patents or publicadons idendiied in chis disclosure are 45

inegrporated herein by retezencs.
Preferred compounds within the scope of the above
formnia L [or use ix this inventon ace:

Tonetaiim :
As described in the patent, the compounds are nro-

. dnced by rescting an aliphade dicarboxylic acid, wikick S

conmizs fve caxrbon atams in 2 swaight chaig, e xmeth-
yiepe gtoups of whick ire substtured by the sabstm-
ents it accordance with the appropriaus genei for-
mmia, with ures. or substitution products thereof or witk

3 primary amine or 1 acd amide it el manner thae 4

water is split off 1od the cng is closed, If 2n amxina
gZroup is present i che aliphatic cazin, s gyoup must
aot exise i {Pee forme in this stage of the procsss, since
atherwise thepe is the dagger of this 2on0 group parse-

ipaning iz an undesiradle manner in the reaction, Instesd 45

of using the dicarboxylic acid, it is also possible 3 ex-
ploy functionai destvagves dhersat, such as acid halides,

urexin 75 o= Of absoiute xyleaes for + hours a2 (=e boii-
ing point of the mixture: Formadan of 1 subiizmats akas
phnzwithsvohxﬁonofzmcnia.mim:iom
The xyiczs is tien distilled off iz vaczo 1xd w22 sesidus

. recoysilized Som 95% acohal oy fmczgmaron. Iz

addidon g some sithalimyide and zoe2aivi zivsamine
the required \fz-pn:h:lyl gintamims 1cid wosde is ob-
tained. having 1 meiting poine of 253°-271°

In the pate=r, t2e compounds ars discicsas 15 javing
low taxicity 2ad 23 usefn fop c=eus spasmeiviEe g
aunnhistaminic sfacrs. Ths compousnd S-pasisiimidc.
2,5-dioxcoiperidine is disclosed 25 ez sas=culaniy
usetizl as a sedagve. This compound was =arkeesd s 2
sedagve umndsr e genemic zame =aiidomuise [t was
subsequenzly discover=d 0 e czmatogesic ind was
withdrzwn SOz == markes,

Despirz s aratogenicity, thaiidomids =25 (oxz desn
empioved {or 22 Tmammsnt of «vtismz zodosuct e
prosmz (ENL) iz acoure inflarysaiory stare cegusTieg
iz lepromatous leprosy. Ses, (or axampie Meiiin, G, W,
and M. Xazeestein. V. Zogh L e 257:1135 (1962).
More rece=tiy, it has bess shown 3 0o userz! in the
TeCRent of ZTAR-versus-qost disease 3y Vogsisany, G.
B. S. Taviar., G. Gordon and A, D. Hess. Tr=nspianr
Proe. 13:504(1936); for tweament of reaswmyaroid arthri-
ds by Q. Gurerzez-Rodriguez, 2. Sarzsa~-dace and O.
Guderrez-Mortes. The Jourral of rewmesziogy 162
158 (1989); nd for T=mrment of apitRcus wicseeton i
patents posigve for HIV andbody. 3riz Jfes /. 298:452
(1989).

The ounor aecsssis facsar (TaNE-s) i5 B2 o7 seveszl
cytokin=s :zicased mainly by monogulesr ptzgocytss
wgether with several oter cytakizss iz resvonse @
Maummlxum-.zrzu-
mediated icxnne rssponse @ over=aros infaemons. As
it mme suggosts, it is associated with thedasmsson of
mmor cails, [t is 2ot present @ S=susmsie a=sums iz
a0rmal seT2. 3ut Ippears, ol very m2oidly, = s=sponse
10 immunosRreniarors suck 1S bactseai 2ad «icai infes-
dons, parteaiarty HIV infectons. (1 tas crse of zkromic
infeemon it cray be found in thesers 22 relacvaly UgR OF
low leveis {or axt=aded pertods of === [z =3y aso-
appear sucdsaiy (2 R concs=mIness 3 s=Iosse ©
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release of 2 toxig by an invading bacterta. [ is markedly f&@p;mgf@mvmnawm‘

dmmE.VL ) - f , . o
TNF-; has been recognized 1s manmifesting 1 dose | Vi OF the WerIpeutc purpeses.of the
dependent toxicity. [f present at low icvels for too long
a peviod it cesuits in cachexia. At high leveis even jora 3§ (CPresentedt by formuiz [T
short ume it resulls in sepue shock.
Cachexia is 2 general weight loss and wastng occur-
ring in the course of a cxronic disease. More specifi-

Q ke
g (S
caily, it is a weight loss nat accounted for by decreased U N-
caioric inrake: It is associared with cancer, the opport- 10. . l e =0
aistic infecsions of AIDS, inflammatory diseases. para~ x”

sitic diseases. mberculosis. higir dose [L-2 therspy and.

ther like. [1 is a chronmic condition refated 10 chronic . . » :

disenses. - whersie X is. Cy or C=0: R is B —CHRCH:.
Sepdc siock. is an acute-condition usnaily, bux oot 1 =i, ~CHRCHS, —CECE=Cly, or

- always acributed to infeetion or-to toxic subsaaces in

thedssue. [t is characterized by hypotansion due g loss.

of vascuiar wone. [t may result i patienr coflapse, or Vama

even dextl if not wexted promprly and eficiendy. ey a
The rewoviruses are 2 broad groug of RNA viruses 10 °

which, during their replicadon, empioy the reverse: /

Tanseripron eazyme (RT) to convert a RNA message . .

@ DNA. The rawoviridae family of viruses inciudes aud hydrolysiz produces of said compomnds whersin R*

<ow vima‘;). s;:u:rxa;t:u.*mc.;3 %::y viruses) zn):fzx the imide ring: 2re hydratyzed.

oncarsavirnses (types A, B, . fuImOoT viruses).. o o L. .o

The rewoviruses have hesn shown 9 infecs murine Eﬂﬁﬁrmmm&mm

avian, feline, primate. ind human speciss. the above defintion arerepr=sented by the formmiass
The buman immusodeficiency virns (HIV-1) or

human T-Cell lympiowepic viruse (BETL V- witck 0.

causes Acguired [mmune Defdency Syndrome

o v
- 1
(AIDS), AIDS reiated compiex (ARC) and other _
AIDS reiated diseases is a recrovirns, TNF-. fooctons '/\‘3/3‘ {[
. g .
I00C a

. i am autocTine manner iz the induczon: of HIV-l exe

pression (G.. Poli et al. PNAs Vol 37 p 782, 1950). is oo il

It is appacent, theretore, that it is nac=tsary o conmroi
ther concsamation of TINF-q in the serz to avoid the NephtiradyieD L-ghocmic 35
debiliranng sffects of ibnormal concasradons of s ) e =
sywokine including, for example, caghexiz and septic
shock, 0 - o]

Other cyrokines whick are aecsssary for 1 proper 1]
immune r=ponse are ziso producsd by mononuciear
phagocytes. These inciude, for example. vartous inter-
lenking suck as M-I, [L-6, [L-3 and the zranulccyte
macTophage colony sumuianng factor. GM-CSF. Sdil 45
other cytokines are producad by the Tcails, It is desir-
able  conmol the concsaraton of TNF without ap-

ather cywikiges,

Hererorore, anninflammatory and immunosuppresive 0
steraids suc a3 predaisoione and dexamethasone have
beer empioyed w3 Tess the debilitatng efects of TNF-
a~Uniormunately, these themspeuric agenars aisa block the
producton of cther cytokines so that the patients bes
come susceptible w3 life torearening infectons, 55

BRIEF SUMMARY OF THE INVENTION

It has ngw been discovered thac the debilitating ef-
fects of wxic conceneratons of TNF-,, wirether icute
ctduunir.:nbecomuad.inhmbywadngz 60
bzman padsst i need of suck treamment with ag agb-
d:ﬁﬁnmgmmox‘acommmwitﬁnmescapeof
the above descripdon. Typicaily the tweamment may be
efther oral or parenteral ‘or sxample inTavenousiy or
&5

It has further be= discoverad that csrwin com-
pounds withig the scope of the abave formuia as weil as
other closely related compounds ire <pecially usesul

000418
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. 5.385,501

I 6 .

FIGS. 4 throug 7 saow 2z r=sults of smdies:con-
duct=q 0 sswblisa ‘2 untity of t2e compounds of ths
mvengon (0 infoit HIV-1 AT wcary.

The <rzwmgs azd tite Yaiages of this disclosurs wiil

5 be bewsr understood by recogmzing the meanings of
cermur agbrevanons. CA7-ML zteans csil wall provein
of Mycabacrermanr leprae. ENT. means erythema nodge
suxx leprosum. GM-CSF =eans zranuiocyts macro-
phage coiony-stmuiatng ficmr. PPD mesns purified.

10 prow=x destvative of mbersaiin. PBMC means periph-
el blcod mononucizsr cails,

The studies described heswinaiter will be recognized.
by those skilled ix the azr 23 esmblishing that the com-
pounds of this invenrtion selactively inhibit the produc-

15 tor of humpar TNF-z withoue substantiaily afecting
the-predactoz of otkes proteins or of ol serum pro~
=i, Therefore. aithough e compounds of the inven-
tiom will nat cure diseases. they will significantly im-~
prove the qmiiry of life of the matiears. An imporrant

0 consequencs of de study is che finding thar TNF-o
secration is not torily inhibited. Thizis imporrane sincs,
as indicated above: TNF-2 aprears 10 be an essenrial

There follows 2 compiets dsseription of one proca-

23 dwefor esublishing the zbilicy of the compouncds of this

- invention tq inbibit the producson of TNF-q withour
mixbigeg the production of ather sytokines,
Monocyts Isoladoa.

U PBMC cbmined by Ficsil-dHypaque (Pharmacia Fine
Chemicais, Piscaraway, NJ.) dezsity ceamifugston
wers rosened. WILR Jeunracsnidasa-reated (Vibrio chol-
erae neuraminidaser Calbicesem-Seiring Corp. La
Jolla, Calif} shesw srvrirocytes (Sco Laborxrories.

is Frisiville, R.L) (SRBC rosetsing), ind e nonrosetted.
cails wers counted (E~ copuiaton monocytes en-
rcked). 109 cuils wees cuitezed 2t 37° C. In 24eweil
plates (Corming Glass Works, Cormez, N.Y.) in | miof
RPMI 15480 (Gibea Laborwoni=s, Grand Isiand. N.Y.

2% T
=0

T,
Most of the gon-hydrolyzed compounds whose for- 4 suplesmentat with 1052 AB= sere=y. 100 U/mi pemicii-

lim, 100 3/mi sTemtomye. ad 2 mM l-gintamine
Adberent S catls wers used or :2e studies,
Cyiokinz Agoaist
LPS of Salmonetia minnesors 595 (List Biological
Laborxtories. Campoeil, Calif) was dilurad in PBS, pH
7.4 and used 2t | g/mi: ?micd;mt:indeﬂvaﬁve;of

muias are given above can be preparsd by the processes
described in the aforesaid U.S. Pac. No. 2.8330.991. The
prepazaton of the phrhalimidine compounds is da-
saibed i U.S. 2. Nao. 3.705,162. U.S. Pac. Ne.
3,363,986 d=cribes the preparagion of the morpholing 45
prepared by standard hydroiysis procedures sevesai of
Mwﬂ?bemmmgmm mbereaiin (PPD) was purczased fom Starens Serumin-
The compounds. used ix the nvearion can exist as _ SUM% Copennage. Dearark: CVP-ML was prepared
racemic mixtures. The racemic mixtures and separxe 0 USR% known and published metzads The concentra-
isomers ar= included. withiz the scope of the inventioz, 3908 Of the sumulanng agexss wers those knowan w©
The compounds may be admyimistered aione, bug will ~— 2dwce opamal TNTF-; proteiz groducsion by caimred

acrmailly be cmpioyed in 2 compesition comaining 2
pharmacenticnily sccepmble carsier. Ity beadvann-
geous, as will be discussed more fuily below m
tep the selected campound or compounds wogether wit
a effective 2moune of 2 therapentic agent approprisce
for weating the canse of the abrormal concentrarion of

monocytes. The =mdoroxin conteer of solutons ind
mycobaczesizi presaragons was estmared by the Limu-

revinis 53 las ameshocyte lysate assay (LAl Whittaker M. Al

Bioproducts, Walkersville. Md). All solutons used
contained less thag 10 pg/mi of exdoroxin,

. - Cyrokine [rducson

TNF..Echewid:aMzgu:if&:m Adberenr E~ coils wess stimulaced with | zg/mi of

condiition under treatment is shock cansed by thre sud-
den relesse of large amounrs of 2 toxin becanse of bacta.
ﬁ’ oy " .

TEE DRAWINGS

a3
FIGS. Iz 1& 1= % 3, shaw the effees of thalidomide

on TNF-; producton in the presence of various rez-
genrs,

LPS, (0 pg/mi of PPD. or 10 ug/=t of CWP-ML for
tp @ {3=i0 1. AL various c=ss. supermaranes were
hagvested, coiinged (o ramove c=ils agd debris, and
kept ozex wnnl use (—20° Q).
T.\rl?",: Asszy
TNT-: conesarraton in the superagtants was detas--
@mined with 3 TNF-; specaic SLISA, specific for the |
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bioiogicaily active molecuie. Assays were performed in
96eweil piztes (Nunc Lmmunopiates, Roskilde. Den-
mark) coateg with the asfinicy-purified raisbic 2ant-TNE-

Prorte:t Synzhenus
Human monocytes werscuitursd iz Taflon beakersin

« dntibody (0.5 ugs/mis [2-16 by +° C.) and biocked for
2 h at room emperarure with PBS/0.05% Tweer 20
(Sigma Chemicai Ca. St. Louis, Mo.) contaiging 3

b1

methiontne-ree REMI withh 109% AB—serammat 37 C.
for! h wier 200 ;;Q’/:nl-"s-a:c:mn::-( 1,153 uC/m-

=2ol: ICY Biomsedicais [ne. Calif) was idded 0 the:

mg/mi BSA. After washing, 100 pl of TNF-; s@a«  cuimres for the zext 3 b with or without the sumuiatng
daxds, sampies. and controis were zppiied o the weils. aad the suppressive agent. At theead of the iibefing
and. the plates were incnbated for 1Z-24-h ac 4™ CAfter period. 35S-labeled cails wers washed twics in icecold.
the tncubagon. piates were washert aod. 2 second. ang- 10. PBS and lysed dicsetly i SO0 ui lysis soiudon (10 mM
body, torseradisiy peroxidase (HRP)-conjugared mouse  Trs-HCT buffes; pif 7.4 150 NaCl | =M EDTA  and
monocicaal anti-TNF-», diluted 1:2,000 in PBS/BSA/- 195 SDS). Rasoiving 8% SDS-PAGE was. performed.
Tiveen, was appiied ta the weils and. ncubated for 2k gvemight. The get was wasbed, dited. 1nd analyzed by
atroon: remperamirs. Thecalor reaction was deveioped - autoradiography at -0~ C using XAR-5 radxcgnph:c
wirle the OPD substrawe (0.4 mgs/mi osphenylenediz- 15 Eln:(Kodak. Rochester, ‘4":) Wit 1 inteasifying:

mine [Sigms. Chemical Co.] i 24 mM cimic acid, 51
mM sodiuzz phosphate, pE 5.0 [phosphate-ciute
butfar: Sigma Chemical Ca.] conaining 0.012% hydro-

screen.
RESULTS QF THIS STUDY

gex peroxide (H;Or Fisher Scientdific Co.,. Pitsburgh, Monocytes wers exricied from J9MC of zormal
Pa.]) and absorbance read at 492 om in an auromated 20 donorsand sumuiated in virrs for 18-20 b with bacetial

ELISA reader (Dynmatec Laboratories. [ne, Alexan-
deiz, Va).

IL-1 Assays

LPES and myccbacterial producs. rownm agomist of

monocyts TNF-z synthesis and sectegon. Thalidomide

LDS-sumulated TNF-s. production (FIG.
1A) with 2 5052 inhibitory concenmraton (ICsx) of | —

ju s} Iadsmdamdmgamml:wmmgo% inhibirion observed ar 10 pg/mi

ELISA kit (Cistron Biotechnalogy, Pine Brook, N.J.)
according ta the manufacturer’s specifications. IL-{
levels are expressed as pics-grams per milliliter of pro.-
IL-S Assay

IL.-6 leveis were determined using 2 biclogical assay
as descrihed by Finketomn et ai. Proc. Nal. Acad. Sct.
USA. 31:967% (1986). Proiiferation of TI D1 hybridomz.
cdllmzspeun::ﬂyscnsnveto L0 was measured by
cajorimeric determinaton of hexosaminidase leveis,.
Laudegren et al J. mmunol, Methods. 67:379 (1934),
and vajues for (L6 i the sampies were obtained by
interpoiation fom 2 sundard curve. | U/mi of IL$
corrssponds © the concsxrragon that yieids haif-max-
mai growth.

Gramulocyte/Macropiage CSF GM-CSE Assay

GM-CSF levels wers determmined using 2 commereiaj
ELISA 4t (Genzyme, 3oston, Mass.) according (o the
manufacmrer's specifications, and wers expressed as

5Q

(18=20-1 assay). Sumilar resuits wers cbtained when
PPD and CWP-ML wer= used as stnians (FIG. 1. B
and C, respectively).

FIG. 1 shows the =ffece of talidomide on (A) bacze-
rial ezdotoxin (LES. | pg/mi),. (B) PPD, (10 ug/mi).
and (C) CWP-ML (10 ug/m=i)- inducsd TNF: produc-
don. Monocytes were stmuitazegusly incuabarad with 2

. ag/mi to 10 ug/ml of thaiidomids = the caiture me-

dimz, Conmrol ceiis were cuimued iz mediv zione, A

i dose-dependent izhibitdon of T F-; secretion by thaiid-

13

omide is appazenr, No detact2bie production of TNF-3
protein was cbserved in super=arzmie of unstumuiated
monocytss. Daa cepreseat == = 3D of 15(A), two
(B), andt one (C} different sxperizents, rospecively.
The izhibidon of TNF-2 seczeson by thalidomide
was degendsat 1gon the stz:. cf =osocyte sumuiagon
as shown in Tible [. Pretzcupaccen of unstmuoiated
mogocyres witl halidomids. fotlowed by rzmeavai of
the ding before LIS sumuizdon, did 2ot lead 0 sup-
pression. By comrarison, waez L2S agd halidomide
were zdded stuitanecusiy (o e crimees, irreversibie

picograms per milliliter of protein. : ion ocswrred., witen = d was o
Thalidomide [nhividon moved aftar 1 few aours (Tabie 1). Trerafore 2e tha-

TRhe thalidomide used iz this study was the purnified
deug (2ezmic mixmre: D<=} and L (-] forms) (ot Na.

lidomida sensitdve r=acstion(s) cesuss cniy after e L3S
manm of TNT-z productoz. .

JB-l-i14: Andrulis Researeh Corporation, Beirsviile, TABLE t

Md.). The compound was shown o be at least 99% 3 3

pures a3 analyzed by Fourier Transform Infraved Speec. 07 5 o o =3 0 = 00

=um. [t was then diluted in DMSO (Sigma Chemicai 55 3 G - 0 &8 0 - 0 =16

Ca.); farther dilutons wers done in starile PBS. g t‘u N ?:3 - =~ ss=;.‘s
Perceanage mhibiton of TNF-; secreton was caleu- o - v @ - 6=

lated 1 100X (ITNF-; experimentai/TNF-gz coR- e 0 0 O3 = = 2333

wol)l: wiers TNF-y cxperimental represents TNF- = :

seeTetion by stmulated monocytes thar werecnitured iz 60 Human monocytes cultared 3 Iwell plates wers

due presence of thalidomide, and TNF-¢ control regre-
senrs TNT-x secretion by samulared monocytes that
wese cuitured in the absenes of Be drag. Monocytes
culiured in madinm conmining equivaient amounes of

prezucabated with the ingibitery deeg withh or without
the stmuiagng igent. After - L 2o cnitites were
washed, medives was repizcsd, wnd L3S was xdded
agam {of e nexz 16 h Cultwrs susermamars were re-

DMSQ in the preseace or absence of the stmuiagng 45 cavered art the giffacent periods and TN - lavels detar-

‘agent wes used 13 conwrois for thalidomide-created

ceils, Neither thalidomide sor DMSQ had any «tfeczon
cedl viabiiity or funcion 1t the concentracons used.

minent s described, LPS-induciag reisnse of TNT-2 DY
;monocytes caitucad for 20 k it the 13sencs of halido-
xide (A). No izatbitory 1ezon of alidomide was de-
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tacted when-the drug was wasied away before tae
addirion of the sumulatng ageat (B). Thalidomids-
induced inhtbidon of TNF- produczon in the present of
LPS aiter + h of sumulaton (C), which persisted evex
after the drug was washed away (D). Conmol expen-
menar in witich dralidomide was kept in the cuitures with
the stmuiating agent during the whole assay (E). Daa
represent mean = SD of two different experiments.
Theinhibirion of LPS-stimulated TNF-, secreton by
taafidomide ocours in a2 setting iz witich many other
mnebmgmmwmtbmmmvem
mdnced ryeckanisms. Thus. 2 simnle expiasagon for the:
effact of the diug on TNF-. producdon couid be-a
upp:motovmﬂpmtmsynm
. FIG. 2 illustrates the effect of thaiidomide on the
p:mandqmm:yox pmtmsymnmdama'a.:-h
puise of 35S.mevhionine. The total incorporation of
isotope intg TC.A-precipitable proteins as weil as the
imrensity of most of the individual bands on SDS-PAGE
dmsmggzummmedmmngedm
thaiidomide reamment.
In F1G. 2 can be seen the eifeee of thalidomide onr
protein synthesis by homan pmn::-d. bicod mono-
cyws. Electropharetc analysis of lysates from mono-
cyres: m:n.bam with 13S-methionine was performed.
Calls were samuiated in vitro witlt and without LPS in
tbeprmcrmofmﬂmmdealm‘
pas/mi. TCA-precipitable radicacgivity (10% TCA pre-
cigirzton) was measured by liquid scindilator couar-
mg.Thezmmor radigacniviry in the peilets exprassed
ascpmX 10~320d the mean of three precivi-
tazes with 2 SD of 10%. Neither tonai radioacgvity nor
the pactern of most of the protein bands in be gt was
afectad by thalidomide (lane 1) unstmmiated cails,
JJXIO-lcpmmTCAmmﬂm’)chsmu
laged with 1 pg/mi LPS. +.2X 10~+com in TCA precip-
izazes (lane 3) ceils sthmulared with LS in the presencs
c:lpg/m!thzhd@de.*’xlo-zmm‘r&\prm
irazes (lane 4} csils stimuiatad with LS in the presencs
of pg/mi thaiidomide, 4.1X 10~ cpm in TCA precio-
ares (lanes 3 mdo)c:ﬂsxncubawd.cnlyvn:kmahdo
mide at | or + pg/mi. respecdvely, 32X 10— and
28X 10— com in TCA precipitates, respecively.
Severzl cytokines ire producsd by monocyres in
e w0 LS in addidon 0 TNF-e, ncieding [L-1
and [L-6. FIG. 3 shows that thalidomide sxerts a setec-
gve effect by suppressing only TNF-¢ secsegdon L2S-
stimuiated monocytes. Whareas 4+ ug/mi thaiidomide
sappressed TNF-q prodocdon (4+1.9%5 inhibigon) FIG.
3A). neitier [I.-1 (FIG. 3B), L6 (FIG. 3 C), aor GM-
CSFpmdns:on(FIG.JD)wasmﬂmmdbvmedmg.
Simmilar but mors extensive sciecive suppression was
observed with much higher (up © 20 1g/mf) concenera-
mnsoxchhdomdc.l:wasdsoobservedmmem
(+) enanriomer ppearad (0 be more acdve than the
L{~) cmantomer.
FIG.Jshow:me!cvdso:dxifzeazcmmamcd
iz cuiture of human monocytes stimuiated
witly LPS for 6§ i (A-C) or 20 k (D) in the presenc=or
absence of 4 or 10 pg/mi of thalidomude, Datz represeat
. mean == SD of six different experimenrs for TNF-z and
[L-1 determinations and thres expertaents for [L-6 and
GM-CSF measurements. About <1.9==!4.6% and
52.3==14.7% izhibidon of TNF-z secredon was found
it the presence of + and 10 ug/mi of thalidemide. re-
spectivety. “Cone” dlustraces unstimuiated ceiis cul-
tured in mediuga. No cffes: an IL-1. L. or GM-CSF
secTetion was detected in these cuitres,

b5

10

The foilownz studv esmblishes the uality of com-
pouncs of e mvencon for reducing TNT -z cancentra-
dor iz ZIV infazzons. TNF-q is known 0 inducs HIV
repiicadcn. Sicuizety. it is knawn that pesioheral bicod
monocyzas {rocy HIV infected padexts seovste higher
amounars of TNF-= tian ¢o monocytes {fonx uninfectsd
individuais. TNF-z 5 a cyrokine capable of .inducing
viral exsression ix cetls chronicaily infected: withk HIV.
The art. therstfors, has: long beewr concerned. widy dis-—
covering producss capable of inhibitdng TNT-» produc.

tior in. HIV infected patents. The compounds of this

invennon are capabie of so doing. This fact was eszab-
lished i studies using the kugwrr and. commierciaily
available szronicaily infested c=il lines Ul and ACH-2,
2 promonocyne c=il lineand 2 T{ymphocydecall line.
TEe procadure s=pioyed. is described by Polt ot al.
(1990) Proe. Narl Acad, sct. U.S.A. Vol 87, pp
782-785.

Brietly, the etoression of HIV was upreguiated by
the-addigon of 107 m of phorbal [2-myristate [3-ace-
taze (PMA) or | pg/mi of TNFg 0 ACH-Z and Ul
c=ils, TE= cails were suspended ag +X 105 per ml in
RMP! 1640 medinm (M.A. Bioproducs) suppiemented
witly 105z (voi/vel) femal caif seruss i the presencs of
the selectad amoune of stmuiator ar 377 C i 5%
CO»/955 air for +3 hours, the superzatanrs collected
and tested for the presencs of Mg —dependent reverse
musemwumg the procadur= of Willy ez ai
(1988) J. Virol 62, 139-1+7.

For == st 10 gl of sugenn:zms weze added q 30
pl of 3 =ixters contuning § ug per 2t of polyirAa)
HdT) 1213, (Phar=maciz), 3 mM MgCly and 10 pex/ul
of 32P.-labeied deoxytiymidine 5°- Sioiosphate (dT L2
Ametshac), agd th=sixmree was inczbared for | § hours
ag 37° C. Eiziar sucroliters of tie oixmire ware spotted
ooe DE31 paper (Wharman), air-drted ind washed 3
tmes iz 12X standard saiine cirrate burder, 2ad two addi.
donal tmes with 9555 ekanol. The paperwas drisd, cut

and radisacTvity assaved. The rasuirs are shown in the:
figures.

FIG. $ sRows ths r=suits of asts iz wiick S, 10 and 30
sg/mi of waiidorsids (THAL) and @e mown TNT:
inhiotmor s=msexvivilize (PTNN) wers used @ inbibit
tevesse canscTiptase producton with e csdl line Gll
Forthe comparisomn. reverse Tanscitprse ICIVILY in the
absencs of (3= inhibiter was akenr as [00%. [t will be

‘semm tRat at 2 concsmtragon of SO ugs/mi. tulidomide

was as effesgve 23 PTN.

FIG. 3 saows ta= r=suits of a simzfar test with 2 Ul
ceil line stmuiated with PMA comparing thaiidomide
and. PTN with other cormpounds of e ivendon in-
ciuding tie D isomer of thalidomide. The other com-

"pounds of = izventon uce ideanSed in-chis ind the

following dgurss by e latters used mnder thewr formu-
las herz=zbove.
FIG. 6 siows a sizsiiar smady in whick the same com-

pounds wes= tasted, with ACH-Z stxuiated witkt TNF-

4

FIG. 7 records ke r=sults of 3 test using the ACH2
c=il ne stmulated with PMAL

Thecampounds of the inveaton or their phammacen-
wﬂymbmcmvbcmmpmnnym
a1 pharmaceatienl carvier it standard {ormt such as @i~
lezz, pills. lozenges, drage=s and simziiar shaped 2nd/or
camprsased pregasacons. [t is also possible 10 produce
egmisions or suspessions of the compounds it water or
2queous Ttedia such as unsweszmed frme juces and by
means of suitinle cmulsifying or ldispersing agents.
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They may so be smploved in the t‘orm of sowders
Siled into geiann capsuies or the ke

Such powders and ZuITuUsTS for use in the pregaration
of tabiers and ather shzped and/or comoressed prepasa-
tioes may be diluzed by mixing and muiling witit 2 solid ~ o a N o
. pulveruient extending 2gent @ the desirad degree or !L '
ficmmess or by impregranng the aiready milled. finely
pawdered, solid carrier with a suspensiox of the comx~
poands in water or witk 2. scluton diereof in ag organic (0
solvent and then removing the water or solveat.

Whes preparing tblers.. pills, dragees. and the ke
Mw«mwmmy

ir wiicte . is hydeogen.. 2ikyt of | @ 6 cacborr atoms,.
Rlis.

- vided they are compatibie witk agent 0 be adminis-
tered. Such diluting agents and other exsipients are for
inseance. sugar. lactose, levuiose. starcil bolus. aibas as.
dmmgmm;mgdzm.gmm
YERsE eXITact, 28a5, wragacanth, xechyl ceilulose, pectin:
~ and as lubricants stearic: acid. aic. magnesiun stearate,

and others. .

They may be administered in the form of supposita~
ries, typicaily udlizing such commoniy used sunposi-
tory vehicies, 28 cocoz buger.

The compounds mydsobeadmmsn::dpm
ally =opioying aqueous soludons: or suspensicos. of

wazersaluble compounds or suspensions. The compost— 3

mmybemdemmmc_g.mmcrcmetsalm:
and oy conmin a buifer; for cxampie 1 phospbare
bufler.

. As indicated above. the compound cmpicyed in the
invention may be the only actve ingredisnr aciminis-
c:atorz:mybecoadmmadmtkanoth:maa-

peuric agent in an amounst which is effective 3 Teac s
conditicn associared with the debilitadng effect. For

exampie, if the cause of the condidon is 2 X raicased :

by an infeczous bactaria, an andbiotce sucl as eCACY-
cline, penicilin, strepromrycin and the ke =ay be coad-
mimisteved. If there is Bypotension associated with lack
of vascular tone, 3 vasopressive agent sucl 1s epinepa-
dne or dovamine may be coadministered. [f the padent
is uoder Tesment with 1 ciemorherapentc agent susk
as adrizmycin, the compound of the inwveaton and the
chemotheszpeutic 1gent may be coadmunistared.

The t=rm “coadministered™ does not mean thas the
compound of the inveatan and the additdonal therapeu-

s agenr are administersd iz (e same dosage wait, - -

thongh they may be so administered, [t mezns thac they

An “affective amouar® of the compound or addi-
being wemted, the ige, weight ind genmersi physical
condirion of the patient under weamment and other fac-
wors readily cvaluated by the physician iz atendancs,

Whae is claimed is:

1. The method of w=atng the coxic sympoms of high
conceatragons of TiNF. manifested in sepdc shock.
_ cachexiz, ind HIV infeczon by inkibidng che oroduc-
dom of TNF. whick comprises administering 3 2
humman suscsptble @ or exhubideg suchk symptoms an
effecsive 2mount of 2 compound of the formuias

o
1
=
I N
Sy
:

pis 8

*5 3, The method of claim 2 whersiz said compound is
4. The method of claim Z wihersiz siid eFectve

amount is sufffcient wr produes 2 biood levet of said
<0 compound of iclease A1 pgy/ml.

5. The metitoxt of trexting the debiliring: effects of
septie shock caused by higit concenradons of TNFa by
inkibidag producton of TNF, witc: cammrises adnin-
55 istering t3 2 hnmat suseepuble to or <aibiting suel

ed‘e:aane&:nvemozammot the for-

mulas

ht-WhichKishydxngz.ﬂk}'t of 1 w & crbor oms..
pheayt, or benzyl, and . -
Ris . o it To-
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1 The meshod: of claine 1T wiersir said: eFaccives

mmm:um:hb&b&azm

compound:afaclesse QL pofei,.

& o KWM&Q: )

cwmmthehg:maz

TNF: by inbihitiey prodecsor of TNEL whick com-

prises aduvinisering- oy 2 g suscentible t or exhibe-

- m;su:izcﬁ’a:sa:moz 2 compound. af therfor-
muias

Q N [>3
1
=

T. Themethod of claine 6 -_‘Vi:msaidcompound.is

nwhckks&vmgz.m of 1 w0 6 carbor atoms.

8. The method of claim § whersin said effective phmmv_l.orbmt.m
amount is sufficient 1o produce 2 blood level of said -

compound of at-lease 0.1 pg/mi.

9. Themethod of westng the debilitatng effecss of

caghexiz causedt by high concs=tadons of TNF; by 35

mhﬂ:m;pmdmo:'r\rcwmckmadm
istering. 0 2 human susceptbie (0 or exhibidng suck

Q
il
2\
(>3
! N
; Sy
effects an amount of 2 compound of the formuias 1
' Q
0 .
K'\,—’J ar
J a
o ¢ T it ‘
| >
R 43 iI:x—.
in wiich R is hydragen. aikyl of 1 0 § carbon aroms, I
pheuyl, or benzyl, 2nd a
Ris
50 14« The merhod of claim 13 whersiz R*is.
o .
1 K
G‘:!/\ ‘ il
{ N=—
= 35 Il N
il
o] ]
Q-
o

Q
i}

i
(o]

10. The =ethed of claim 9 wher=in

R

0 1% Themethod of claine 14 witesein aid compownd is
3 hrhalimido-d 563 toesidi

16, Thes metkod of cizire 14 wher=z szid efacsve
amount is suficiere o produce 2 blood levet of said
campoeed of ag =2 Q.1 pgs/ml,

65 17. The meshod of Teatzg ke toxic sveptoms of
high comcewmaiops of TONF,; manifestad iz seme=
shock, cachexia, wd¢ HIV infection by inkibiting the
produczon of ToNT, which comprises zdmirigesrs =5
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i whiciz R isallyt oo morphalincmerkyt, and: mxnﬁamupmdnmbhoﬁa&o:ulm

- e o o O

i

gty

43

000424



A G0

United States Patent v
Muiler o

3063A
(11 Patent Numbers 3,463,063
{451 Date of Patent: Oct. 31, 1995

{S4] RING CLOSURE OF
N-PHTHALOYLGLLTAMINES

(751 lavemor= George W Muller: Bridgewacr: N1
(731 Assignees Ceigene Corposation: Warremn: N1
(21} Apph Na: 10237 '
221 Fied=  Oct.20:1993 ‘
Related US. Applicatios: Data.
{63] Comtimastion-in-past of Scz No-87.5T0. Jul. 2. 1993, abam-
doned..

(511 Ioe.CL™ : ‘ CO7D 0L/04-

5461201 528/331; S28/317
5464201 528/331.
5280317

1571 US.CL
[5B} Field: of Sexrchr

OTHER MUBLICATIONS:

Fiesers. Louis: F, Experimemss: in- Organic: Chemistry= 3rd:
cditiom. p... 75, 1955.. '

L C Ciaig..“AbsoiuteConfiguration™. . . ™. J Org-Chene: vol.
53; ppe 1167=1170..1988: - :

Primary- Examiner—C_ Wagremr [vy-
" Assiszant Exoniner—0_ Margarer M. Mach:

Attornex: Agent. or Firm—Mathews. Woodbridge & Collins.

isn ABSTRACT

Cyclic imides are inhibitors of tumor necrosis factor iz and
carr bes used: 10 combat. cachexia. cadotoxic shock, and

retrovirus replication. A lypical cmbodiment is 2-(2.6-dioxe- .

3-piperidinyl)-i-azzisoindoline- | 3-dione

I Clainx, No Drawings

000425



5,463,063

1

v RING CLOSURE OF
N-PHTHALOYLGLUTAMINES

CROSS REFERENCE TO RELATED APPLICATION

This is a continuation-in-part of Sex. No. 08/087.510 filed
Jul 2. 1993 now abandoned. the disclosure of wiich is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates a method of reducing levels.
of TNF in a mammal and 10 compmmds and comrpositons
useful therem.

- TNF,, or mmor necrosis factor a, is a cytokine which is
released primarnily by mononuciear phagocytes in response
10 various immmnostmmiators. Excessive or unreguiated
TNF,, production has been implicated in 2 aumber of discase
conditions. These include endotoxemia and/or toxic shock
syndrome (Tracey et al.. Nature 330. 662-664 (1987) and
Hinshaw et al., Cire. Shock 30, 279-292(1990)); cachexia

_(Dembe 2 al., Lancez, 335 (8690), 662 (1990)); and Adult
Respiratory Distress Syndsome where TNF,, concentration
u:mof 12.00 pg/mi havebmdm:dmpulmm

from ARDS patients {Millarc:al..um:ez 2(8665),
T12-714 (1989)}. Systemic infusion of recombinant TNF,
also resuited in changes typically seem in ARDS {Ferrai-
Baliviera et al.. Arck. Surg. 124(12), 14001405 (1989)}.

TNF, appmmbemvolvedmbmmomnondm
including arthritis where it has been deermined that when
activared. leukacytes will produce a bone-resorbing activity,
anddmsuggmma;‘l\"r' contributes 1o this activiry.
{Berolint et al.. Namre 319, 516-318 (1986) and Johnson

et al.. Endocrinofogy 124(3). 1424=1427 (1989).} It has
beeudumneme\'F stimuiates bone resorption and
inhibits bone formadon in vitro and in vivo through stmu-
lation of osteoclast formation and activation combined with
inhibition of ostecblast function. Although TNF, may be
involved in many bone resorption diseases, including arthri-
tis, the most comm:mng iink with disease is the association
between production of TNF,, 0y tumor or host tssues and
malignancy associated hvpcrmlc:una {Calct. Tissue Int
(US) 46(Suppl.). $3-10 (1990)}. In Graft versus Host Reac-
tion. increased secum TNF, levels have been associated with
major complicauon followmg acute allogenic bone marrow

" wransplants {Holler et al.. Blood, 75(4), 10111016 (1990)}.

5
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Cerebral malaria is.a lethal hyperacute neuroiogical syn- -

drome associated with high blood leveis of TNF, and the
most severs complication occurring in malaria patients.
Levels of serum TNF,, comrelated directly with the severity
of disease and the prognosis in patients with acute maiaria
amtacks {Gran et al.. V. Engl. J. Med. 320(29), 1586-1551
(1989 )}.

TNF,, aiso piays a roie is the area of chronic puimonary
mﬂa:nmamrv discases. The deposition of silica particles
leads 1o silicosis. 2 discase of progressive respiraory failure
caused by a fibrotic reaction. Antibody w0 TNF, complezely
blocked the silica-induced lung fibrosis in mice {Pignet et
al.. Namre. 344:245-247 (1990)}. High levels of TNF,
production (in the scrum and in isolated macropnages) have
been demonstrated in animal models of silica and asbesios
induced fibrosis {Bissommette et al. /nflammation 13(3),
329-339 (1989)}. Alvcolar macrophages {rom pulmonary
sareoidosis patiems have also been found to spontaneously
release massive quantities of TNF,, as compared with mac-
rophages from normal donors {Bauzhrmm et al.. J. Lab.
Clin. Mad. 115(1}. 36—2. (1990)}. TNF, is aiso impiicated

55
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-

in the inflammatory response which {ollows rcperﬁ:sion.‘

called reperfusion injury, and is a major cause of tissue
damage after loss of blood flow {Veddsr et al. PNAS 87,
26432646 (1990)). TNF_. also aiters the properties of
endothelial cells and has various pro-coagulant activites.
mchaspmdnangmmmmusmempm—coagmam
activity and suppression of the- anticoagulant protein C
pathway- as- weil as down-reguiating the expression of
thrombomodulin { Sherry ezal.. J. Cell Biol. 107. 1268-127T
(1988)}. TNF. has pro-inflammatory activities wiichr
m@ermﬁusnﬂymdnmcn(dmmgthemzlmgeof
arrinflammaiory cvent) make it a likely mediator of tissue
limited 10, myocardial infarction, suoke and circuiatory
shock. Of spesific importance may be TNF,-induced
expression of adbesion molecules. such as intercellular
adhesion molecule (ICAM) or endotielial icukocyte adhe-
sion moiecuie (ELAM) on endothelial ceils {Munro et al.,
Am J. Path. 135(1), 121-132 (1989}

. Moreoves; it now is known that TNF,, is a potent activazor '

of rewrovirus replicarion including activation of HIV-1. {Duh
etal . Proc. Nat. Acad. Sci. 86, 5974=3978 (1989); Poil et
al., Proe, Nat, Acad. Sct. 87, 782785 (1990); Monto et al.,
Blood 79, 2670 (1950);. Clouse et al. J. /mmunol. 142,
431-438 (1989); Poll et al, AIDS Res Hum. Retrovirus,
191197 (1992)}. At least three types or strains of HIV have

been identified, i.e.. HIV-1, HIV-2 and HIV-3. As a conse-
qum-ofPHVinfectiOn.'Iiccﬂmaiiatedinmnﬁty is
impaired and infected individuals manifest severe opporm-
nistic infectons and/or unusual neoplasms. HIV eauy into
the T lymphocyts reguires T lymphocvie activation. Other

" virases, such as HIV-1. HIV-2 infect T lymphocytes after T

ceil activaton and such virus protein cxpression and/or
:ephmnomsmedmedormmmduvthxs‘l’ccﬂ activa-
tion. Once an activated T lymphocyte is infected with HEV,
the T lympiocyts must continue 0 be maintained in an
activaied state to permit HIV gene expression and/or HIV
replication. Monokines, specificaily TNF,, are implicated in
activated T-ceil mediated HIV prote:a expression and/or
virus replication by playing a roie in maintamng T lym-
obocyte activation.

AIDS results from the infection of T lymphocytes with
Human Inmunodeficiency Virus (HIV). At least three types
or strains of HIV have been idemified. i.e.. FHIV-1, HIV-2
and HIV-3. As a comsequence of HIV infection, T-cell
mediated immunity is impaired and infecied individuals
manifest severe oppornusistc infections and/or unusual neo-
pla:ms. I-IIchryunoLhelenmhocvtcmT!vm-
phocyte activation, Other viruses. suck as HIV-i. HIV-2
infect T lymphocytes after T cell acuvarion and such virus
protein expression and/or replication is mediated or main-
mnedoysucthdlamvanon.Onccan_cnva:m‘[‘
lymphocyte is infected with HIV. the T lymphocyte must
continue (0 oe maintained in an activated staie 1o permit HIV

gene expression and/or HIV replication. Monokines, spe-

cifically TNF,, are implicated in activated T-cell mediated
HIV protein expression and/or virus repiication by playing
a role in maintaining T lymphocyte acivation. Therefore,
interference with monokine activity such as by inhibiton of
monokine production. notably TNF.. in an HiV-infected
individual aids in limiting the maimenance of T ivmphocyte
caused by HIV infection. Monocytes. macropnages. and
related cells. such as kupffer and giial ceils. have aiso been
implicated in maintenance of the HIV infection. These cells.
tike T ccils. are targets for virai replication ang e level-of
viral replication is dependent upon the acivation siate of the
cells. (Rosenberg ct al.. The Immunonathogenesis of
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Infection. Advances in Immunology. 5T (1989)). Monokines.
such as TNF,, have been shown 10 activate HIV replication
mmonocytaandlormphagu {Poli et al. Proc. Nal
Acad.. Sci. 8T, 782-734 (1990)}, therefore. inhibition of
monokine production or activity- aids in limiring HIV pro~
gression as stated above for T ceils. Additional smudies have:
identified TNF,, as a common factor in the activationof HIV
mwnandhamdedadmmechammofmma
: proteinr found int the cytopiasnoy of ceils.
(Osbonr.ctal..PNAs 86 2336-2340). This. evidence sug-
gests: thar 2. reduction. of TNF, synthesis may have an.

e&ammvmwmmm
tiowand thus vims production. . -~ -

AIDS viral replication of latent HIV in T cell and mac-~
rophage lines can beinduced by TNF,, {Folks et al, PNAS.

. 86 2365-2368 (1989)). A moiecular mechanismy. for- the
vimus inducing activity is suggested by TNF,'s abiluy 10
activate 1 gene reguiatory protein (NFXB) found in the
cytoplasm of cells, which promotes HIV replication through.
binding to a viral regulatory geae sequence (LTR) {Osbor
et al., PNAS 86. 2336-2340 (1989)). TNF,, in AIDS asso-
cisted cachexia is suggested by devand.mTNF and
high levels of spontaneous TNF,, production in peripherai
blood monocytes: from paniears {Wright et al. L [mmunol.
141(1), 99-104-(1988)}.

TNF,, has beent impticated in various roles with other viral
infections, sucl as the cytomegaliz virus (CMV), influenza
vims, ademovirus, aod the herpes: family of viruses for
similar reasons as thoss noted.

Efforts directed 1o the suppression of the etfects of TNF,
have ranged from the utilizarion of steroids such as dexam-
ethascne and prednisoione to the use of botis polycionat and
monoctonal antibodies {Beuter et al., Science 234, 470~
474.(1985); WO 92/11383 }.

-DETAILED DESCRIPTION
The present invention is based on the discovery that a
class of non-polypeptide imides more fuily described herein
appear to inhibit the action of TNF,.
A first aspect of the presemt invention pertans (0 com-
pounds of the formmuia:

in which Z is
-

in which

R! is the divalent residue of (i) pyridine, (if) pyrrolidine.
(iif) imidizole, (iv) naphthaiene, (v) thiophene, or (vi) 2
straight or branched alkane of 2 to 6 carbon atoms. unsub-
stituted or substinxted with phenyl or phenyl substmted witr
nitre, cyano. trifluoromethyi. carbethoxy, carbomethoxy,
cazbopropoxy, acetyl. carbamyl, acetoxy, carboxy, ydroxy,
aming. alkyl of | t© 4 carbon atoms, aikoxy of | (o 4 carbon
atoms, or halo, wherein the divaleat bonds of said residue
are-on vicinal rug carbon atoms:

5

1o

ts

m.

- 35

33

63

4
RE is =l OF =G0

R3 is (i) phenyl substimted with nio. cyana. uifluorem-
ethyt, carbetbioxy, carbomethoxy, carbopropoxy. acetyl, car-
bamoyl, acetoxy, carboxy, hydroxy, amigo. alkyi of 1 10 4
carborr azoms. alkexy of 1 10 4 carbon awoms, or halo, (i)
pyridyl, (i) pymolyl. (iv) imidazolyl, (v) mapithyl, (vi)
thieayl. (vii) quinolyl, (viii) furyl. or (ix) indoiyl; -

R* is alanyl, arginyl. giycyl. pheavigiycyl. histdyl,
leucyl, isolescyl. lysyl. methionyl. prolyl. saxcosyl. seryl.
homoseryt,. threonyl, thyronyl, tyrosyl. valyl, benzimidol-
2-yl, benzoxazol-Z-yl. phenyisulfonyl, mhylphmylnﬂfo-
nyl. or phenyicatbamoyl: and.

ahas a vaipe of 1. 2.0r 3.

More particulardy, a first preferred subciass pertzins w
compounds of the formmuia:

o
n u
a‘-c—w—d{—c-.\m-c

Led Lo

i which R® is the divalent residue of (i) pyridine, (if)
pyrrofidine, (iii) imidizole, (iv) maphithaiene. (v) thiophene,
or(vx)amghtorbmdalhneot 2 § carbon aroms.
umnhmumdorsubmued.w:mphmyl or pheayl substi-
med witht nitvo, cyano, riffuoromethyl, carbethoxy, car-
bometitoxy, carbopropoxy, aceryl. carbamyi, acstoxy, car-
boxy, hydroxy, aminn, aikyi of 1 w0 4 carbon atoms, aikoxy
of 1 to 4 carbon atoms. or halo, wherein the divalent bonds
of said residue are on vicinal ring carbon atoms: R? is
O or —~302—: and 11 has a value of 1.2, or 3.

Preferred compounds of Formmia [A include those in
which R' is a divalent residue of pyricine, aaphthaiese or
imidazoie, R* is ~CO——, and 1 is 2.

A second preferred subciass pertains o compounds of the
formmia: .

o} 3} o]
- i

]

B =C—=NH—~CH =C —NH—=C

i

[(o:T) —
in which R3 is (i) phenyi substituted with nitro. cyano.
uifluoromethyt. carbethoxy, carbomethoxy. carbooropoxy,
aceryl. carbarmoyl. acetoxy. carboxy, hydroxy, amino, aikyl
of 1 to 4 carbon atoms. aikoxy of | w0 + carbonr atoms. or
halo, (if} pyridyl. (iii) pyrrotyi. (iv) imidazoiyi. (v) naphthyi.

(vi) thieayi, (vii) quinoiyl, (viif) furyi. (ix) indolyi. or (x}

RI
/s
—-—N
AN o

in which R is hydrogen or alkyl of 1 t0 4 carbon atoms,
and R” is hydrogen. aikyi of 1 t0 4 carbon atoms, COR'? or
—SO,R'® in whick R'® is hydroger aikyi of 1 w0 4 carbon
atoms, or phenyi; and

a has a vaiue of 1. 2, or 3.

Preferred compounds of Formuia [B are those wherein R?
is uifluoromethyiphenyl, cyamophenyi. methoxyphenyl.
fluorophenyl. or furyl. and nis 2.

A third preferred subclass pertains 0 compounds of the
formmias .
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g ﬁ ) (ol
R*~=NH—=CH~C ~=NH—=C

S

in which R* is.alanyl, arginyl, giycyl. phenyigiycyl.
histidyl, leucyl, isolencyl. lysyl, methionyi. proiyl, sarcosyl.
seryl, bomoseryl, threonyl, tryronyl. tyrosyl, vaiyl, benz-
imidol-2-yi, benzoxazoi-2-yl, phenyisulfonyl, methylphe-
nyisulfonyi, or phenyicarbamoyl, and o bas 2 vaiueof 1, 2.
ar3.

Prefezred compounds of FomnhICatemosewhamR“
is phenyisuifonyl or 2-amino-3-pherylpropanoyl and n is 2.

A second aspect of the present invention- perains. 10
compounds of the formmuiaz

o] Q L
i T~
n’-c-n—ﬁn—(c.aw-c—n

Led

i whick R? is (i) o-phenylene; unsubstimted or subst-
uted with nio, cyano, miffuoromethyl, carbethoxy, car-
bomethoxy, carbopropoxy, acetyl. carbamoyl, acetoxy, car-
boxy, hydroxy, amino. aikyl of 1 to 4 carbon atoms, atkoxy
of 1 m 4 carbon atoms, or halo, or (if) the divalem residue
of pyridine, pyrrolidine, imidizole, zaphthalene, or
thiophene, wherein the divaiett bonds are om. vicinal rmg:
carbon atoms:

R® i§ «=CO, —CHy=m, Of ~=S0—;

R7? is (i) hydrogen, (i) straight or branched aikyl of 1 0
6 carbon atoms. (iii) pyridyl, (iv) phenyl or phenyl subst-
mted with one or two substituents selected from the group
consisting of nitro, cyano. wiffuoromethyl, carbethoxy, car-
bomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy, car-
boxy, hydroxy, amino, aikyl of 1 to 4 carbon atoms. alkoxy
of 1 to 4 carbon atoms. or hajo. (v) alkyi of 1 to 4 carbon
atoms, {vi) benzyl unsubstimted or substinuted with one or
two substituents seiected from the group consisting of nitro,
cyano. triflucromethyl, carbethoxy, carbomethoxy, carbo-
propoxy, acetyl. carbamoyl, acetoxy, carboxy, hydroxy,
amino, alkyi of 1 t0 4 carbon aloms. aikoxy of 1 10 4 carbon
atoms. or halo. and (Vi) —(C, H.,J—CO—-R".

each of R"! and R'2, independendy of the other, is —OH
or

Rl'
/s
—-N
\R’

each of 0 and m, independently of the other, has a value
of 0, 1,2, 0r 3

R* is hydrogen or alkyi of 1 10 4 carbon atoms; and

RY is hydrogen. aikyi of 1 to 4 carbon atoms, —COR*®
. or —S0,R ' in which is hydrogen, aikyl of | 0 4 carbon
aroms, or phenyl.

A first preferred subclass of Formmuia [T perrains to com-
pounds of the formmuia:

16

45

55

| o : ) g UA..
N 7
R‘-c—u—cn-—(c.aw--c—n

I_ g‘_'. e

mwlm:h R’ is (@) o-ph:uylme.mbsumu,orsuhm-

baxy,
of 1 to 4 carbom atoms, or-halo, ar(ii) the divaient residue--
of. pyridines pymolidices imidizole: - naphthalene,. * o
thiophene, whetein the: divalent boads are-ort vicinal ring:
carbom aloms;.

R* is —~COw==, —CHy—, 0 —SC0y—;

R7'is (i) hydroges. (ii) straight or branched aikyi of 1 ©
6 carbon atoms, (iii) pyridyl, (iv) pheayi or phenyl substi-
nied with one or two substiments selected frone the group
consisting of niwro, cyano, wifinorometityl, carbethoxy, car-
bomethoxy, carbopropoxy, aceryl, carbamoyl, acetoxy, car-
baxy, hydroxy, amino, alkyl of 1 10 4'carbon atoms, alkoxy
of 1 10 4 carbon atoms, or hala, (v) mdml-a-yl-mhyl.
and (vi)

" eacl of n and m. independentiy of the other, has a vaiue of

Q, 1, 2, or 3; eachk of R® and R¥, independently of the other;
is hydrogen or alkyl of 1 10 4 carbon atoms: and eacit of R®
and R”, independently of the other; is hydrogen. alkyl of 1
10 4 carbon atoms, —COR'? or —SO,R'° iz whick R!® is
hydrogen. aikyi of 1 to 4 carbon awoms, or phenyl.

Preferred compounds of Formuia IIA are those in which
R? is o-phenyiene, R® is —CO-—: R’ is phenyl, substnned
phenyi or pyridyl: 0 is O or 1. and each of R® and R? is
hydrogen,

A second preferred subclass of Formuia [T perains to
compounds of the formula:

o lcl) aB.
R’-c-n-cx—(c.aw-c—ou

Led #

i whichk RS is (i) o-phenylene. unsubstinnied or substi-
mted with nitre, cvano, gifluoromethyl, carbethoxy, car-
bomethoxy, carbooropoxy, acetyl, carbamoyl, acetoxy, car-
boxy, hydroxy, amine, aikyl of 1 10 4 carbon atoms, alkoxy
of 1 10 4 carbon atoms, cr halo, or (i) the divaient residue
of pyridine, pymolidine, imidizole, naphthalene, or
thiophene, whersin e divaient bonds are on vicinal ring
carbon aroms;

R® is —=CO=, ~CHy=. or =50,—

R’ is (i) hydrogen, (if) straigit ar branched alkyl of 1 to
6 carbon atoms, (iii) pyridyl. (iv) phenyi or phenyl substi-
wmted witht one or two substiments selected from the group
consisting of nitra, cyano, ciffucromethyl, carbethoxy, car-
bomethoxy, carbopropoxy, acetyl. carbamoyl, acetoxy, car-
boxy, hydroxy, amina. alkyi of 1 t0 4 carbon atoms, alkoxy
of | w0 4 carbon atoms. or halo. (v) alicyl of | 0 4 carbon
atoms, (vi) benzyl unsubstututed or subsututed with one or
two substiments sciected from the group consisting of mitro.
cyano. uifluoromethyl, carbethoxy, catbomethoxy. carbo-
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pmpoxy acetyl, carbamoyi. acetoxy, carboxy, hydroxy,
amino. alkyt of | o 4 carbon atoms. alkoxy of | to 4 carbon
atoms. or halo, and (vi) —C,H,m~—CO-R" in whick R**
is —OH or

o
7
—N
N\ .

cach of o and m. independentdy of the other; has a value
of0, 1, 2.0r3;

R is hydrogen or alkyi of 1 to 4 carbon atoms: and

RY is hydrogen. alkyi of 1 to 4 carbon atoms. —COR'?.,

wo

10

or—-S0,R'® in which R'® is hydrogen. alkyl of ! o & 13

carbon atoms. or pheayi.

Preferred compounds of Formmia [IB are those in which
R3 is o-phenmylene, R® is —CO—; R’ is phenyl, substmeed
phenyt or pyridyl; andnis O or 1.

Typical compounds of this invention inctude 2-(2.6-di-
oxo- 3-piperidinyl)-d-azaisoindoline-1.3-dione. 2-(2.6-di-
oxo-3-piperidinyl)-benzo{ ejisoindoline-i.3-dione. 3«(2.6-
dioxo-3-piperidinyi)-pymrolof  3.4-d}imidazole-4,6-dione.
3-(triflucromethyipbenyicarboxamido)piperidine-  2.6-di-
onex3-{cyanophenylcarboxamido) piperidine-2.6-dione.
3-(methoxypbenyicarboxamido) piperidine-2.6-dione, 3-(3-
pyﬁdyimrboxzmdo)-pipaidine- 2.6-dione., 3- (2-furytcar-
bmnﬁdo) ipert 2.6-dione. 3-phenyisuifonamidopip-

eridine-2.6-dione, 3-(Z-amino- 3-phenyipropancamido)-
p:pa:dme-z.é-dmne. 2-phthaiimido-2-phenyiacetanmde.
3-phthalimido-3-phenyipropanamide. 2-phthaiimido-
3-phenryipropanamide, 2-phthalimido-3-(4hydroxy)phenyt-
propanamide, 3-phthalimido-3-phenyipropionic acid, 2-phi-
thalimido-2-(d-hydroxypitenyi)acetic acid. 2-phthalimido-

Z-phenylacetc acid, 2-phthalimido-2-(4-fuorophenyi)acetc 3

acid, 2-pithalimido-2-(2-flucropitenyi)acetic acid. 2-phthal-
mdo-z-(d-ﬁuomheuyl)amm:d:. 2-phthalimido- 3-phe-
nyiproptonic acid, 2-phthalimido-l-methyiventanoic acid.
3-phenylcarboxamidopiperidine-2.6-dione.  2-phthalimi-
doacetamide. 3-pithalimidopropanamide, 3-phthalimi.
doimidazoline- 2.5-dione. 3-phenvicarboxamidopropana-
mide, 2-phthaiimido- 3-carbamovipropiomic acid. 2-(1.3-
dmxo-é-azm.somdoimvl)- 3-cartvamoyipropionic acid. 3-(1.
3-dioxo--azaisoindoiinyl)piperidine- 2.6-dione. 2 -(1.3-
digxo-d-azaiseindolinyl)-acetanude. 3-phthalimido-3-
carbamovyiprovionic acid. Lphmnhnnd.obmyrannde. and 4
-phthalimidobutyric acid.

The term aikyi as used herein denotes a univalent satu-
rated branched or suraight hydrocarbon chain. Unless oth-

erwise stated. such chains can contain from 1 to 18 carbon =

atoms. Representative of such alkyl groups are methyl.
ethyi. propyl. isooropyt, butyl, isobutyl. sec-butyl. tertbucyi.
peatyl, isopentyi. neopentyl. twext-pentyl. hexyl. isohexyi.
heptyl. octyl. aonyi. decyl. undecyl. dodecyl. uidecyt, tet-

radecyl. pentadecyi. hexadecyl, hepradecyl. octadecyl. and 5

the like. When quailified by “tower”. the alkyl group wiil
contain fro | w0 6 carbon atoms. The same carbon content
appiies (o the parent term “alkane” and to derivative terms
such as ~alkoxy”.

The compounds can be used. under the supervision of
. qualified professionais. o inhibit the undesirable cifects of
TNF,. The compounds can be admimistered oraily, cecaily,
or parenteraily, alone or in combination with other thera-
peutic agens inciuding antibiotics. steroids, etc.. 10 2 mam-
mal in need of treatment. Orat dosage forms include tablets.
capsules. dragees. and simtlar shaped, compressed pharma-
ceutical forms. [sotome saline soiutions containing 20100

45

6%

8

rng!tnl can be used for paremteral adminiswznon winch

inciudes intramuscular, intrathecat, intravenous and intraar-
tmalmumofadmsmon.ﬂecaladmmmmbe
eifected throught the use of suppositories formulated from
couvenrional carriers such as cocoa buter:

Dosage regimens must be fated to the partcuiar indi-
caton, the age, weight, and geaeral physical conditon of the
patient. and the response desired but generaily doses will ber
from about 10 to. about 500 mgi/day as needed in single or
mnlnptcdaxlyadmmsmon.hgml.ammnalm_
regimen can be: copied from that knowrr 10. be effective-in
imterfering witz TNF, activity for- other TNF, mediated
disease stares by thccnmpounds of thepxammvmon.
Treated individuais will be r:gulady dn::bd. for T ceil
nurabers and T4/T8 ratios and/or measures of viremia such
aslcve!sotmm:mmorwalmmand{orfor
progression of monokine-mediated disease associated prob-
lems such as cachexia or muscie degeneration. If no efect is

soox following the normal weamment regimen, then the -
ammtofmonohncammymmmngagmadmsucd
is increased. e.g., by fifty percent 2 week.

The compounds of the present invention 2iso can be used.
topically in the' geamment or propityiaxis of topical disease:

states mediared or exacerbated by excessive TNF, produc-
mmvely. suchasvuzluzfmsmtasthose
caused by the herpes virnses, or viral conjunctivits, etc.

The compounds aiso can be used in the vererinary weat-
ment of mammais other than in humans in need of inhibition
of TNF,, production, TNF, mediated diseases for reannent,
therapeuticaily or orophylacticaily, in animails include dis- -
ease states such as tose noted above, but in partcuiar viral
infections. Exampies include feline immumodeficiency
virgs. equine infectious anaemia viris. caorine arthritis
virus. visna virus. and maedi virus, as weil as other lentvi-
ruses.

Certain of these compounds possess ceaters of chirality
and can exist as oprical isomers. Both the racemates of these
isomers and the individual isomers themseives. as wetl ag
diastereomers wiea then are two chiral centers, are within
the scope of the gresent invention. The racemates can be
used as such or can be separated into their individual isomers
mechanically as oy chromatography using a chiral absor-
bant. Altemativety. :ne individuai isomers can be prepared in
chirai form or separated chemicaily from a mixmre by
forming salts witt a chiral acid. suct =s the individual
enantomers of 0-camphorsuifonic acid. camphoric acid.
alpha-bromocampnoric acid, methoxyacetic acid, tartaric
acid. diacetyltartaric acid. malic acid, pyrolidone- 5-car-
boxylic acid. and the like, and then freeing one or both of the
resoived bases. optionally repeating the process, sa as obtain
either or both substantaily fres of the other: i.e.. in a form
having an oprical purity of >95%.

The compounds can be prepared using methods witicht are
known i general for the preparation of imides. However.
the present inventon also pertains to an improvement in the
formation of the fmai compounds, as discussed below in
greater detail.

An N-alkoxycarbonylimide and an amine tus are
ailowed to react in the presence of 1 base such as sodium
carbonate or sodium bicarbonate substamiaily as described
by Shealy et al.. Chem. & Ind. (1963) 1030-1031) and
Shealy et al., /. Pharm. Sci. 37. 757-764 (1968) to vieid the
N-supstinzied imide. Alternadvety, 2 cyclic acid anitydride
can be reacted with an appropriate amine 0 form ag imide,
Formation of a cyclic imide also can be zccomplished by
refluxing 2 soludon of an appropriately subsututed dicar.
boxyiic acid monoarnide in anhydrous tetraydroiuran with
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N.N-carbonyidiimidazole, In contrast to prior art methods
which produced a yield of less than 50%. this reaction
produces yields in excess of 60%. in some cases greater than
90%. This reaction also has broader applicability, bemg
useful not only -in the preparation of compounds of the

plazes (Nunc Imommopiates, Roskilde, DK) aretreated with
5 ug/mi. of purified rabbit anti-TNF,, amibodies at 4> C. for-
12to 14 hours. The piates ther are blocked for2 hours at 25%
. witiy PRS/0.05% Tween containing 5 mg/mL.BSA. After
washing, 100 uL. of unknowns as well as conrrois are appiied
and the plates incubated at 4° C. for 12 to 14 hours. The:
plnsarew&edandassayedwithacn@ugﬂeofpauxi—-
dase (horseradish) and mouse anti-TNF, monocional anti-
bodies. and the color developed with o-phenylenedianmine in
phosphatecitrate buffer containing 0.012% hydrogen perox-
ide and read at 492 nm. »

The following examples will sesve to further typify the
nanme of tiis invention but sbould not be construed as 2
limitation int the scope thereof, which scope is defined solely
by the appended claims.

EXAMPLE 1

A stirred suspension of (S)-glutamine (14.6 g, 100 nmmol)
and 2.3-pyridinedicarboxylic anhydride (14.9 g, 100 mumoi)
in 100 mi. of acetic acid is heated and refluxed for 1-bour.
The reaction solution is cooled to formy a solid. The sofid is

‘ removed by filtration and washed with acetic acid to yield

711 g (26%) of 2-(1.3-dioxo-d-azziseindolin-2yi)glut-
aramic acid. The product can be further purified by siurrmg
irr 700 mL of refluxing ethanol, cooling, filtering, and drying
1o produce a white powder with a meling point of
222°-226° C.. 'H NMR (DMSO-dy) 3 1325 (br s 1 H,
COOH), 9.04 (dd, | H. I=1.2, 4.9 Hz, pyr), 8.37 (dd. 1 HL.
1=1.2, 7.8 Hz, pyr), 7.85 (dd. 1 H. J=4.9, 7.8 Hz, pyr), 720
(s. 1 H. CONH,). 6.73 (s, 1 H, CONH,), 4.83 (dd, | H,
J=10.2, 4.8 Hz, CHN), 2.55-1.90 (m, 4 H, CH.CH.); B3c
NMR (DMSO-d,) 51173.22, 170,21, 165.8, 165.7; 155.4,
150.9, 131.7, 128.3. 126.9, 51.5. 31.4, 24.0.

Utilization of asparagine in piace of giutamine produces
2-1.3-dioxo~d-azzisoindoiin-2-yi)-maloramic acid.

By substtuting equivalent amounts of 2.3-naphthalene-
dicarboxylic anhydride and 4.5-imidazoledicarboxylic
anbydride for 3-pyridinedicarboxylic anhydride in the
foregoing procedure, there are respectively obtained 2<(13-
dioxobenzof ejisoindolin-2-yi)glutaramic acid and 2-(4.6-
dioxopyrrolof 3.4-d}imidazol-3-yi)giutaramic acid.

EXAMPLE 2

A stirred suspension of 1.39 g, 5.01 mmol, of 2«{1.3-
dioxo- 4-azaisoindolin-2-yl)ghnaramic acid (see Example
1), N-N-carbonyidiimidazole (0.890 g, 5.49 mmoL) and
N.N-dimethylaminopyridine (0.005 g, 0.04 mmoL) ix 20
mL. of \etrahydrofuran is refluxed for 15 hours. The reaction
siurry is cooled and the solid remaved by fltration and
washed with minimal terahydrofiran, 2-(2.6-Dioxo-3-pip-
ctidinyl)e 4-azzisoindoline-1.3-dione (0.859 g. 66%) is
recovered as a white powder. 'H NMR (DMS0-d6) 6 11.13
{s. 1 H. NHCO), 9.04 (d. | H. J=5.0 Hz, pyr), 8.39 (d. 1 H,
J= 7.7 Hz, pyr). 7.86 (dd. | H. J=5.0. 7.7 Hz, pyr). 3.25 (dd.
1 H. J=15.3. 13 Hz. | H. CHCO) . 3.05-275 (m. | H.
CH.CO), 2.75 (m. 2 H. CH.CO. CH.). 220-2.00 (m. ! H.
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- yield 0.63 gz of 3-phenyicarboxami

10
CH,CO. CH.); '3C NMR (DMSO-d6) 6 1726, 169.6.
165.4, 1553, 150.8, 131.7. 128.2, 126.9, 49.0, 30.8, 21.3.
Anal. Caled for CLH,N40,. Theory 55.60. 3.30. 16.21.
Found 55.50, 3.33, 16.11.

Substimiion of 2-(1.3-dioxo-d-azaisgindalin-2-yhma-
lonamic acid in the foregoing procedure yields 2(2.5-dioxo-
3-pyrrolidinyl)-4-azaisoindoiine-1.3-dione:

By substituring equivalent amounts of 2-(1.3-dioxobexzof
elisoindolin-2-yi)giutaramic acid and 2-(4.6-dioxopysrolof

* 3 4-d]imidazol-5-yl)glutaramic acid i te foregoing proce-:

dure;, there are respectively obtained. 2-(2.6-dioxo- 3-pip-
eridinyl)-benzo{e}isoindoline-1.3-dione and. 54 2.6-dioxo-
3-piperidinyl)-pyrroio(3,4-dJimidazole-d.6-diooe:

EXAMPLE 3

A solution of L-glutamine (292 g, 20.0 mmol) and
sodinm hydroxide (20 mmoL) in water is added to a stirred
solution of phenylisocyanate (2.4 g, 2.2 mi. 20 mmoL) i
acetnitrile (40 mL). The reaction mixnme is stirred for 45 -
hours and is paniaily concentraied to remove acetonitsile.
The reaction mixmre is washed with ethyl acetane (2 x 25 mi..
each). The pH of the reaction mixmure is adjosted to 1-2 with.
4N hydrochioric acid. The slurry of the reaction mixnuze:is
filtered and te solid washed and dried 10 yieid 4.70 g of
N-phenyl-N'-(4-carboxybutyramide)urea (89%) 2s 2 white
powder.

By substimting 4-trifluoromethyiphenylisocyanate. 3-cy~
anophenylisocyanate, 2-mettoxyphenylisocyanate, fur-2-yi-
isocyanate, and pyrid-3-ylisocyanate for phenytisocyanage
in the foregoing procedure, there are respectiveiy obtained.
N-(4-irifluoromethylphenyi)-N'-(4-carboxyburyrami-
dejurea, N«  3-cyanopbenyl)-N'-{4=carboxybutyrami-
de)urea, N-(2-methoxy-phenyi)-N' -{4-carboxybutyrami-
dejurea. N~ fur-2-yl)-N'-{4-carboxyburyramidgjurea, and
N-{pyrid-3-vi)-N'-{4-carboxybutyramidejurea.

EXAMPLE 4

N-Phenyl-N'-(4-carboxyburyramide)urea (.00 g, 7.54
mmoL) is mixed with carbonyidiimidazole (1.24 g, 7.95
mmoL) in tetrzhydrofuran (30 mi) is beated and refluxed
for 16 hours. The reaction mixwre is concentrated 2nd the:
residue siurried in water (25 mL). The resulting shury is
filtered and the solid is washed with water and air dried to
which can be aliematively named as N-pienyi-N'-(2-gluta-
rimidejurea as a white flocculent powder. After being
allowed to stand, the filtrate is refiltered w yield 0.70 g of
additional marerial. 'H NMR (DMSO-d,) 6 851 (s, 1H,
CONHCO), 76-7.2 (m. 6 H. A ArNH), 6.33 (s, | H,
NHCH), 4.26 (1. | H. CHCO), 2.4—1.8 (m. ¢ H. CH.CHa,);
13¢ NMR (DMSO-dg) 5 173.2, 155.6,, 1322, 128.7. 127.7.
126.7, 55.7. 29.8. 27.2. Anai. Caicd for CyaH;3N,05. Theo-
retical: C, 58.29: H, 5.29: N, 16.99. Found: C, 58.12; H.
5.17; N, 17.02

By substnuing N-{4-zifluoromettyiphenyl)-N'-(4-car-
boxybutyramidequres.,  N~(3-cyanophenyt)-N'<{4-carboxy-
butyramidejurea,  N-(2-mcthoxyphenyl)-N'<{d-carboxybu-
tyramide)urea, N-{fur-2-y(}-N'-(4-carboxybutyramidejurea.
and N-{pyride 3-yl)-N'-{4-carboxybutyramidsjurea for
N-phenyl-N-{ 4-carboxyburyramidejurea in the foregoing
procedure, there are respectively obmined 3-(4-iriffuorom-
ethylpheayicarboxamido)piveridine-  26-dione. 3-(3-cy-
anopheayicarboxamido)-piperidine- 2.6-dione, 3-(2-meth-
oxyphenyicarboxamido)jpiperidine-  L§-dione. 3-(fur-2-
vicarboxamido)piperidine-L.6-dione,  and  3-{pyric
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yicarboxamido)piperidie-2.6-dione.

EXAMPLE 5

To 2 stirred. mixture of phenyigiycine (3.0 g, 20 mmoL)
and sodium carbonate (2.23 g, 21 mmoL} in 450 mL of water

is added N-carbethoxyphthalimide (4.38 g, 20 mmoL). After -

45 minmes, the rexcton siurry is filtered. The flcate is
stirred. and the pH adjusted 1o 1-2 with 4 N hydrochioric
acid. After | hour, the resuiting shrry is filtered and the solid
washed. witly watee, The solid is dried in vacuo (60> C. <1
am) to-afford 2.38 g (51%) of 2-phthalimido-2-pheaylacetic
acid, which can be alternatively named as N-pithaioyiphe-
nyiglycine, as a white powder:

Use of B-phenyi-f-alanine, B-phenyi-3-alanine, histdine.
anttymncm place of phenyigiycine in the procedure of

this exampie yields. respectively 3-phthaliniido-3-phenyl-

propionic acid. 2-phrhalimido-3-phenylpropionic acid,
2-phthalimido-3-imidazolylpropionic acid. and 2-phthal-
imido~ 3~(4-hydroxyphenyi)propionic acid.

EXAMPLE 6

To a stirred mixmure of 2-phthalimido-2-phenylacetic acid
(250 g, 8.39 mmol) in terahydrofuran (50 mL) is added
cabmyldxmdazole(l.aﬂ g, 9.25 mmoL) and a few crysuais
of 4-dimethylaminopyridine. The reaction is then heated 10
50° C. for 45 minmes. After the reaction mixmre coois ©
room temperamre. | mi. of concentrated ammontum
hydxmdexsaddedwasynnge.'l‘hem:s stirred for 1
hour, then diluted with 50 mL. of water and pardailly con-
centrated 10 remove the majority of memhydmﬁmn.m.
resulting siurry is filtered and the solid washed witk copious
amounts of water. The solid is dried in vacuo (60° C.. <1
mmn) to afford 1.9 g (76%) of 2-phthalimido-2-phenyiaceta-
mide, wmch may be altematively named as N-ghthaloyiphe-
nyiglycinamide, as an of-white powder: mp 213°-220%°
C.. 'H NMR (DMSO-d,) 59.00-7.75 (m. % H. Ar). 7.61 (br
s, | H. CONH,). 7.55-7.20 (m. 6 H. Ar. CONH.), 5.82 (s.
1 H, CHCO.): C NMR (DMSO-d,,) 5 168.2. 167.1. 135.6.
134.5. 1314, 1294 1279. 1277, 123.1. 36.3. Anal
(Creii12N-05), C H N :

Use of 3-phthalimide-3-phenyipropionic- acid. 2-pithal-
imido- 3-phenyipropionic actd. 2-phthalimido-3-imida-

zolylpropionic acid. and 2-phthalimido-3-(d-hydroxyphe--

ayl)propionic acid in place of 2-phthatimido-2-pitenylacenc
acid in the procedure of this example yields respectively
3-phthalimido- - 3-phenylprovanamide, 2-phthalimido.3-

phenyipropanamide. -pluhahnndo.a-mndazolvlpmzna
mide, and 2-phthaiimido- 3-(4-hydroxy)phenyipropana-
mide.

EXAMPLE 7

To a stirred mixare of B-alanine (4.45 g, 50.0 mmoL.) and
sodinm carbonate (5.35 g, 50.3 mmoL.) in 100 mi. of waer
is added N—axbahoxypkuhaﬁmide (10.95 g, 30.0 mmoL.).
After 1.5 hour, the reaction siurry is filtered. The fltrate is
stirred and the pH adjusted to [-2 with 4N hydrochioric
acid. After 15 mimues. the resuiting sturry is filkered and the
solid washed with water. The solid is dried in vacuo (60° C..
<t mm) to afford 6.96 g (64%) of N-phthaioyi-§ -alamine,
whicl: can be aiternatively named as 3-phthalimidoproptonic
acid, as a white powder.
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EXAMPLE 8

To 2 stred soiution of N-phtbaloyi-3-alanine (219 g,
10.0 mumoL.) in tetrahydrofuran (23 mL} is addedcarbonyi-
ditmidazole (1.62 g, 10.0 mmoL) and a few crystais of
4-NN-dimethyiaminopyridine foilowed by 15 mi of tet-

srt. The reaction is ther heated o0 40°45° C, for
1 hour Afterthe resction mixnure COOIS [0 OO I=mperamre,
1 mi. of concentrmed ammomunt. hydroxide is added via
syringe. The reaction is strred for 20 minues aod the
resulting slucry filtered and the solid wasied withy ewahy-
drofuran. The- solid is dried in vacun. (60° C.. <! mm) t0
affort 1.72 g (79%) of N-phmaloyl-{i-almeamdc.whmk
canbealiematively named as 3-phthalimidopropanamides as:
a white powders mp 252°-253° C.; '"H NMR (DMSQ-d6) &
8.00=7.70 (m; 4 H, Ar), 7.45 (brs. 1 H. CONH»), .89 (br
s. 1 H.CONH,), 3.78 (1, 2 H. J=7 Hz. CH,CO). 243 (1. 2
H. CH,); '*C NMR (DMSO-dg 5 ITL3. 1676, 1342,
131.6, 122.9. 34.1, 33.5. Amal Caled for C, H,oN-O4.
Theoretical: C, 60.55; H. 4.62: N, 12.8& Found: C, 60.49;
H, 459 N, 1282,

EXAMPLE 9

Ta a stixred solution of glycinamide hvdrochioride (2.20
2, 20.0 mmoL) and sodiom carbonate (234 g, 24 mmoL) in
limi..of water is added N-carbethoxypithaiimide (4.38 g,
20.0 mmoL). The resuiting suspension is sn:rad.farl.:hmr
and theny filtered to afford 3.22 g (79%) of the coude product
as 2 white powder: The crude product is siurried in 200 mi.
of refluxing etitanol. The resulting suspeasion after cooling
ta room emperamre is filtered and the soiid died-in vacuo
(60°* C.. <! mm) o aiford 265 g (65%) of N-pithalovigiy-
cinamide as 3 white powders mp 198°-~201° C; 'H NMR
(DMSO-d ) & 8.00~7.8 (m. ¢ H. An. 7.70 (brs. | H,
CONH.,), 726 (brs. 1 H. CONH,), .16 is. 2 H. CH,); 13C
NMR(DMSO-d.,)SlGTS 167.5. 1344, 131.7. 123.1. 39.9.
Anal, Caied for C,,H10N,O,. Theorescai: C. 60.55: H.
4.62; N, 12.84. Found: C, 60.49: H, 4.3%: N, 11.32

EXAMPLE (0

To a.stirred soiution of L-giutamine (3.8 g. 200 mmoL)
and sodium carbonate (33.4 g. 315 mmoL) in 750 mb of
water is rapidly added N-carbethoxyphtiaiimide {63.8 (97%
pure, 67.8 g). 300 mmoL] as a solid Afer | hour te
reaction mixture is fltered 0 remove uxreacted N-carbe-
thoxyphthalimide. The pH of the stirred iwate is adjusted o
34 with 4N hydrochioric acid. The mixcure is tien seeded
with N-phthaioyi-L-glutamine and ihe gH adjusted to 1-2
with 4N hydrochioric acid. The resulting sturry is stixred for
1 hour. The slurry is filtered and the soiid washed with
copicus amounts of water. The solid is zir-dried and then
dried in vacuo (60° C.. <! mm) overnigat (0 aford 49.07 g
(59%) of N-pithaioyl-L.-glutamvine, wiich can e alterna-
tively named as 2-pithalinidogiutarapse acid, as a white
powder. ‘

EXAMPLE L1

Astirred mixnure of N-phthaioyi-L-gjuzamine (48.0 g, 174
mmoL.), carbonyldiimidazole (30.43 g, 188 mmoL), and
4-dimethylaminopyridine (0.105 g, 0. 861 mmol) in aniay-
drous temrahtydrofuran (300 mL) is heatad to redux for 16
hours. The reaction sluery is filtered ang the solid washed
with methyiene chloride {200 mi). The soiid is air-dried and
then dried in vacuo (60° C.. <! mm) 0 aSord 40.40 g (90%)
of thalidomide as .2 white powder. ‘H NMR (DMSO-dy) 3
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11.16 (s, | H. NH), 8.05-7.80 (br's, 4 H, Ar), 5.18 (dd. 1 H.
I=i2, 5 Hz. CHCQ), 3.05-2.85 (m. | H. CH,CO), 2.70-2.43
(m. 2 H. CH.CH,), 2.15-2.00 (M, .1 H. CH,). 3C NMR
(DMSO-d,) 5 172.8. 169.8. 167.1, 134.9, 131.2, 1234, 49.0,
30.9, 22.0.

EXAMPLE 12

A stisred .suspension of (S)-glutamine (14.6 g, 100 mL)
and pyridine-2.3-dicarboxylic ankrydride (14.9 g, 100 mmatl)
i 100 mi.of acetic acid is heated at reflux for-1 hous The:

. resulting solution is allowed to cool. The soiid whick forms.
upon cooling is filtered and the solid washed with aceticacid.
and dried to afford 7.11 g (26%) of crude product. The crude
product is siumied in 700 mL of refiuxing ethanol. the

cooled, and the shury collected by filtration and

suspeasion
dried to afford 6.10 g (23%) of N-quinolinyigiutamine,
whicir can be aitermatively named as 2-(1.3-dioxo-4-azai-
soindol- 2-yl)-3-carbamoylpropionic acid. as a wiirs pow-
dee. mp 222°-226° C; *H NMR (dmso-dy) § 13.25 (brs, 1
H, COCH), 9.04 (dd, I H, J=i.2; 4.9 Hz pyr). 837 (dd. |
H, J=1.2, 7.8 Hz. pyr), 7.85 (dd. 1 H. J=4.9, 7.8 Hz. pyr),
7.20( s, | H. CONH.), 6.73 (s. 1 H. CONH,). 4.83 (dd. |
H, J=10.2.4.8 HZ. CHN), 2.55-1.90 (m. 4 H. CH.CH.); °C
NMR (dmso-dg) 6 1173.22, 170.21. 165.8, 165.7, 155.4.
1509, 31.7, 1283, 126.9, 51.5,°31.4, 23.0.
EXAMPLE 13

A stirred suspension of N-quinolinyigimtamine (1.39 g,
5.01 mmol), carbonyidiimidazoie (0.890 g, 5.49 mmol), and
N.N-dimethyipyridine (0.005 g, 0.04- mmol) in 20 mi of
tecrahydrofuran is hemed ar reflux for 1S howrs. After
codmg,nhercamonslunyxsﬁltzadandmesohdwasm
- with minirnai tetrahydrofuran to afford, after drying 0.859 g
(66%) of N-quinolinylgiutarimide, which can be. alternma-
nvdy named as 3-(1,3-dioxo-4-azaisoindoi-2-yl)-2.6-diox-

as a white powders 'H NMR (dmso-dg) § 11.18

(s.l H. NHCO), 9.04 (d, 1 H. J=5.0 Hz, pyr), 8.39 (d. | H.
J=7.7 Hz, pyr), 7.86 (dd, | H. J=3.0, 7.7 Hz, pyr), 5.25 (dd.
1 H. J=153 . 13 Hz, | H, CHCO), 3.05-2.73 (m. t H,
CH,CQ), .75 (m. 2 H. CH.CO, CH,). 2.20-2.00 (m. | H.
CH.CO. CH,); *C NMR (dmso-dg) § 172.6, 169.6. 165.4,
155.3, 150.8. 151.7, 128.2, 126.9. 45.0. 30.8. 21.8. Anal.
Calculated for C,oHgN,O,. Theory 55.60. 3.30. 16.21.
FodeS.SO 3.53, 16.11.

EXAMPLE i4

To 3 stirred mixwre of phenyiglycine (3.0 g, 20 mmol)
and sodium carbonate (2.23 g, 21 mmotl) in 450 mi of water
is added N-carbethoxyphthalimide (4.38 g, 20 mmol). After
45 minutes, the reaction siurry is filtered. The filtrate is
stirred and the pH adjusted o 1-2 with 4N hyvdrochloric
acid. After | hour, the resulting siurry is fltered and the solid
washed with water. The solid is dried in vacuo (60° C., <1
mm) to afford 2.88 g (51%) of 2-phthalimidophenylacetic
acid as a2 whits powdez.

By cmpioving (R)-phenyiglycine, there is obtained (R)
l-phthahmdo-phmylamnc acid. as a white powder: mp
175°- 177° C.. 'H NMR (dmso-d,, 250 M Hz) & 12.50 (br
s. |H), 7.95-7.85 (m. 4H), 7.55-7.28 (m. 5H), 6.04 ( s. 1H):
3C NMR (dmso-d,) & 168.9. 166.9, 135.0, 134.9. 131.0.
129.1. 128.1, 1279, 123.5. 56.1. Anal. Calculated for

C,eH11NO,. Theoretical: C, 68.32; H. 3.94: N, 4.98. Found:

C. 6832 H. 3.35; N, 4.95.

Likewise from (S)-phenviglycine, there is obzaxned (S)-
2-phthalimido-phenylacetic acid as 2 whitc powder: mp

10
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180°- 184° C_; 'H NMR (dmso-d,, 250 M Hz) § 12.5 (brs,
1H), 7.95 7.85 (m. 4H) , 7.55-7.28 (m, SH) , 6.04-( 5. 1H);
13C NMR (dmso-d,) & 168.9, 166.9, 135.0, 134.9, 1309,
129.1, 128.1, 1279, 123.5. 55.1. Amal Caiculated for
C,6H,,NO,. Theoreticai: C, 68.32; H. 3.94; N, 4.98. Found:
C.68.14; H, 3.87; N, 4.96..

EXAMPLE 15

To a stirred soiution of N-pinhaloyiglycine (2.50 g, 8.89
mmol) in tetrahydrofuran (S0 mL) is added carbonyldiimi-
dmle(l..‘io g, 9.25 mumol) and a few crystals of 4-N.N-

idine. The reaction is then hested to S0*
C. for 45 minntes. After the reaction mixmee had cooled. to.
room temperanire, | mi. of . concenmmated ammonium:
hydroxide is added via syringe. The reaction is stirred for i
hour; then diluted. witlt 50. mL. of water and partially con--
cenmrated to remove the majority of the ietrahydrofuran, The-
resulting . slnry was filtered a0d the solid washed with
copious amounts of water: The solid was dried in vacuo (60° -
C. 1 mm) w0 afford 1.9 g (76%). of 2-phthalintido-2-
phenylacetamide as an off-white powdzr: mp 218°-220° C.;
‘HNMR(M&QOO—?.‘IS(:::JH.M),T&SI (brs, 1

H. CONH,), 7.55-7.20 (m, 6 H. Ar, CONH,), 5.82 (s. 1 H.
CHCO,); “C NMR (dmso-dg) 6 1682, 167.1, 135.6, 134.5.
131.4.-129.4, 1279, 127.7, 123.1, 56.3.

EXAMPLE 16

To a stirred mixmre of B-alanine (4.43 g, 50.0 mmoi) and
sodium carbonate (5.35 g, S0.5 mmoi) in 100 mL of warter
is added N-cirbethoxyphthatimide (10.95 g, 50.0 mmol).
After 1.5 hour, the reaction sixy is fitered. The filtrate is
stirred and the pH adjusted to 1-2 witk 4N hydrochioric
acid, After 15 minutes, the resulting shary is filtered and the
solid washed with water The solid is dried in vacuo (60° C..
<1 mm) o afford 6.96 g (64%) of N-pirthaloyi-§ -alapine,
witich can be alternatively named as 3-phthalimido- 3-phe-
nylpropionic acid, as 2 white powder.

EXAMPLE 17

To a strred solution of N-phthajoyi-8-alani tine (2.19 ¢ -4
10.0 mmol) in Lcuahydmmran (25 mL) is added carbonyi-
diimidazole (1.62 g, 10.0 mmol) and a few crystals of
4.N N-dimethyiaminopyridine, followed by 15 mi of tet-
rahydrofuran. The mixmure is heated at 40°-45° C. for |
hour. After the reaction mixture is cooled 0 room tempera-
wre, | mlL of concentrated ammomum hydroxide is added
via syringe. The reaction is stirred for 20 minutes and the
resuiting slurry is filtered and the solid washed with ey~
drofuran. The solid is dried in vacuo (60° C., < 1 mm) w©
afford 1.72 g (79%) of N-pmmloyl-ﬁ-alamc amide, which
can be znu-nanvely named as 3 ic acid.
as a white powder: mp 252°-253° C; 4 NMR (dmso-dg) &
8.00-7.70 (m. 4 H. Ar), 7.45 (br s, | H. CONH,). 6.89 (br
s. 1| H. CONH,), 3.78 ( . 2 H, J=7 Hz. CH,CO), Z43 (L. 2
H. CH,); *C NMR (dmso-dg) § 171.5. 167.6, 134.2, 131.6,

1229, 34.1, 33.5. Anal. Calcuiated for C,,H,pN~O,. Theo-
retical: C. 60.55; H, 4.6 N. 12.84. Found: C, 60.49; H.
4.59; N, 12.82.

EXAMPLE 18

To a stirred solution of giycitamide hydrochioride (220

2, 20.0 mmol) and sodium carbonate (2.54 g, 24 mmol) in
‘.’Smi.ofwamxs added N-carbethoxypithalimide (4.38 g,
20.0 mmol). The resulting suspension is stirred for 1.5 hour
and then filtered to afford 3.22 g (79%) of crude product ax
a white powder. The crude product is siurried in 270 mi
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(60> C., <1 mm) to afford 2.65 g (65%) of N-pnmaloylgly_-

cinamide, which can be alternatively named as phthaiinm-

doacetamide, as a wiite powder: mp 199°-201° C. 1H
NMR (dmso-dy) 5 8.00-7.3 (ax. 4 H. An), 7.70 (br's, 1 He
CONH,), 7.26 (brs, 1 H. CONH,), .16 (s. 2 H, CH,); PC
NMR (dmso-dg) & 167.8. 167.5, 1344, 131.7. 123.1. 39.9.
AnaL Calcuiated for Cy, HyoN2Os. Theoretical: C. 60.55; H.
4.62: N, 12.84. Found: C. 60.49; H, 4.59; N, 1282

EXAMPLE 19

By following the procedure of Exampie 17 but utilizing.
am cquivalent amount of d-aminoputyrc: acid. tere is
i y yi 4-phtiraiimidoburyric acid. as- a
white: powders mp. 108°-111>C.: 'H NMR (dmso-dg) &
12.10 (s. | H)., 7.92°-7.75 (m. 4 H. Ar), 3.62 (t. J=6.8 Hz.
2H), 229 (t, J=7.2 Hz. 2 H). 1.90~1.76 (m. 2 H): I3CNMR
(dmso-dg) 5 173.8, 1679, 1342, 131.6. 1229, 36.3, 30.9.
3. -

EXAMPLE 20

By following the procedure of Exampie 13 but uglizing
an equivalent amount of 4-phthalimidoburyric acid, thereris
obuined 4-phtiaiimidoburyramide 25 2 whire powder in 2
3% yield: mp 159.5°~161.5" C. 'H NMR (dmso-dg) §
8.0-7.7 (m. 4 H, An), 3.58 (1. J=6.9 Hz. ZH), 2.09 (. 2 H),
1.92-1.70 (nx. 2 H); 3C NMR (dmso-dy) 6 1733, 1679,
1342, 131.5, 1229, 37.1. 323, 23.9.

Exampie 21

By following the procedure of Exampie 18 but employing
N-carbethoxyphthatimide and  (S)-phenyialaninamide
ide, there is obtained (S)-2-phthalimido-3-phe-
nylpropionamide whick can be recrysiailized from ethanol
t0 afford white crystais: mp 211°-215° C.: *H NMR (dmso-
dg) 57.92(s. S H.Ph), 7.7 733 (25. 2 H), 72-7.0 (m. 4
H. Ar), 4.92 (dd. 1 H. =12, 4.5 Hz), 352 (dd. 1 H, J=43,
13.9), 335 (dd. 1 H. I=i2, 13.9); '*C NMR (dmso-dy) §
169.6. 167.4. 137.7, 134.3. 1312, 128.5, 128.1, 1263,
1229, 54.2, 33.7.

EXAMPLE 22

To a stirred soiution of dl-phenyiajanine (4.17 g, 23.0
mmol) and sodium carbonate (2.78 g. 26.25 mmot) in 50 mL
of water is added N-carboethoxyphthaiimide (5.63 g, 25.0
mmoi). The resulting slurry is stirred for 1.5 hour and
filtered. The pH of the fltrate is adjusted to 1-2 with 4 N
hydrochloric acid with stirring. After 20 minates. the siurry
is vefiltered and the solid washed with water. The solid is
dried in vacuo (60° C.. <! mm) to aford 5.44 g (74%) of
2-phthalimido-3-phenylpropionic acid as 2 whie powder:
mp 165°-169° C.; 'H NMR (dmso-d,, 250 M Hz) 3 12.5(br
s, 1H), 7.84(s, 4H) , 7.23-7.06 (m, 5H) . 5.13 (dd. 1 H. J=3.0)
, 3.26=3.05 (m. 2H); °C NMR (250 MHz. dmso-dy) &
1700, 167.0. 137.2. 134.8, 130.6. 128.6, 128.2, 1263.
1233, 52.8. 33.3. Amal Calculated for C,,H3NO,. Theo-
retical: C, 69.15: H. 4.44: N, £.74. Found: C, 6§9.07; H, 434;
N. 4.78.

EXAMPLE 3

To a stirred solution of 2-phthalimido-3-pheayipropionic
acid (295 g, 10.0 mmol) in tetrahydrofuran (25 mi) are
added carbonyldiimidazole (1.62 g, 10.0 mmol) and a few
aysals of 4-N,N-dimethylaminopyridine, followed by 13

45
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mi. of tetrahydrofuran. The reaction mixmure is strred at
room emperamre for 45 mimues and 1 mb, of concentrated.
ammonium hydroxide then is added. After 10 minutes, the
reaction mixnure is diluted with 50 mi. waer and the
resniting slurry is partiaily concentrawed to remove the
tegrahydrofuran and filtered. The solid is wasied with water
and dried in vacuo (60> C.. <1 mm) to afford 246 g (34%)

pinthaiimida- 3-phentyipropionanmide a3 a wiite powder>
mpr 224°-226° C.; *H NMR (dmso~d,. 250 MHz) 8 7.79 (s..
4H.An, 7.71 (brs. 1 H, CONH.). 7.32.(brs,.1 H. CONH,),
7.20-7.02 (m. SH. Ar), 5.06-498 (m. 1H) , 3.56=3.23 (m.
2H); *C NMR (dmso-d,,.- 250 MEz) & 1696, 168.0. 137°1.
134.3; 131.2, 129.5. 128.1, 1263,1229. 54.2, 33.7. Anal.
Calcutated for C, 55, NO,. Thearetical: C. 69.38: H4.79;
N, 9.52. Founds C; 69.37; H. £73: N, 9.43..

EXAMPLE 24

To a stirred solution of 4-#ucrophenyetycine (338 g, 20.0
mmoi) and sodium carbonate: in 450 mi. of 21 warerzac-
etomitdle is added N-carbethoxyphrhalimide (4.38 g, 20
mmol). After 1 bour, the reaction mixnure is partially con-
centrated 1o remove the aceonigite: The resulting slurry is
filtered and the: pH of the: stirred filtrate is adjusted to 1-2
witht 4 N hydrochloric acid and then stirred for an addiionai
30 mimues and filtered. The solid is air-éried and then dried
in vacuo (60* C. < | mm) to afford 4.55 g (76%) of
2-pinthalimido-2-(4-Auorophenyllacetic acid as a white pow-
ders mp 180°-183° C.; 'H NMR (dmso-d,, 250 MHz) 5
3.10-7.80 (m. 4 H), 7.65-7.45 (. ¢ H), 73-7.10 (L. 2 H),
6.10 (s. 1 H): *CNMR (dmso-d,, 250 MHz) 51689, 166.9,
163.6. 159.7. 135.0. 131.4, 1313 (m), 130.9. 123.3. 115.0.
114.7, 54.4. Anat. Calculated for C, 4H,oNO,E Theoretical:
C. 6422 H, 33T: N, 4.68. Found: C, 6413: H. 3.53; N,
4.63. :

Similarly prepared from 2-flucrophenyigiycine is 2-ph-
thatimido~ 2-(2-Auorophenyl)acetic acid as 3 witite solid: o
174.5°-180.5% C.: ‘H NMR (dmso-d,) 5 13.8 (brs. | H),
7.65-7.15 (m. 4H), 6.18 (5. 1 H): *C NMR (dmso-dg) &
168.1, 166.3. 1621, 158.2, 135.0. 1309. 130.8. 130.5.
130.4. 124.1. 123.6, 121.8, 121.6. 115.3. 114.9. 48.9. Anal.

- Caiculated for CgHioNOLF. Theoreticai: C. 64.22: H. 3.3T:

N. 4.68. Found: C. 63.93: H., 3.27: N. +.68.
EXAMPLE 25

Similarty pregared 2ceording 1o the procedure of Exampie
23 from 2-phthalimido-2-(4-duorophenyilacetic acid. car-
bonyidiimidazole, <-N,N-dimetzviaminopyridine and con-
centrated ammonium hydroxide ts 2-phthatimido-2-(4-fluo-
rophienyi)acetamide which can be recrystailized from
tetrahydroturan to afford 0.76 ¢ (31%) of the product as
white crystals: mp 180°-183° C.. 'H ¥MR (dmso-d,) 3
8.00-735 (m. + H), 7.64 (s. I H), 760740 (m. 3 H),
725-7.05 (m. 2 ), 5.83 (s. | H). Anal. Calculated for
CyHy N-OsF. Theoreticak: C. 64.43: H. 3.7 N. 9.39.
Found: C, 64.16; H. 3.62 N. 9.18,

Likewise from 2-phthalimido-2-(2-fuorophenyt)acetic
acid there is obtained 2-phthaiimido-2-(2-fluorovienyi)ac-
etamide as small white ctystals: mp 197°-201° C; IH NMR
(dmso-d,) 5 8.05-7.75 (mx. 5 H). 7.63-7.05 (m. 3 H), 6.06 (s.
1 H), C NMR (dmso-d,) & 167.4, 1669, 1622, 158.3,
1346, 131.3. 1312 (311, 130.2, 1300, 123.9. 123.8,
1232, 1224, 115.1, 114.8, 499,

'EXAMPLE 26
To a stirred soluton of d.l-leucine (3.31 g, 15.0 mmol)
and sodium carbonate (278 g. 1625 mmol) in 30 mi of
waer is added N-carboethoxvpithalimide (5.65 2. 23.0
mumol). After | hour 2z room temperature. the reaction sturry
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is filtered, the filtrate stirred. and the pH adjusted to 1-2 with
4N hydrochlaric acid. The mixwre is stirred overmight, the
resulting siurry is. filtered, and the solid washed with water
and dried in vacuo (60° C., <1 mmy) w0 afford 5.32 g (81%)
of the 2-phthajimido-d-metitylpemanoic

powder: mp 134°~137° C; *H NMR (dmso-d,, 250 M Hz)
§12.50 (br's, 1H), 8.00~7.80 (m, 4H), 4.79 (dd. 1H. J=d.3),
7.28-2.10 (m. 1H) . 1.94=1.77 (m. 1H) , 1.51-1.34 (m. 1H),
0.89 (d. 3H. J=4.4), 0.86 ( d. 3H, J=¢.5); *C.NMR (dmso~
de) 3 1708, 1674, 134.3, 131.1, 1233, 50.2 36.7, 24.6,
23.0. 20.8. Apat. Calculated for C, H,,NO,. Theo:ml. C.
64.36: H. 5.74; N, 5.36. Found: C, 6&18; H. 5.73; N, 5.98.

EXAMPLE 27

“To a stirred soluton of Z-pmmAmuhylpeandc’
agid (1.32 g, 5.0 mmol) in twewahydroforan (25 mb) are
added carbonyidiimidazole (0.31 g, 5.0 mmol) and 2 few
crystals of 4-N.N-dimethylaminopyridine followed by 15
mi. of tetrabydrofuran. The reaction mixmre is stired at
roont temperature for 1 hour, then. | mi. of concentrated
amumoninnt hydroxide is added. After 10 minutes, the reac-
tow mixure is dilued witk 50 mi. watee The resoiting
siurry is pamiaily concentrated to remove tie tetrahydrofn-
ran and filtered. The solid is washed with water and dried in.

~ vacuo-(60° C.. <1 mm) to afford 1.16 g (89%) of 2-phthal-

imido-d-methylpentanamide 2s 2 white powdesr mp
173°+176° C.. 'H NMR (dmso-d,, 250 MHz) § 7.95-7.79
(m,. 4 H. A, 761 (brs. | I-LCONH,) 722 (0rs. 1 Ha

CONH,) , 4T3-460 ( m. 1 H ), 230-2.10 (m. 1 H) ,
1.95-1. 80(m.1H) 1.45-1.25 (m. lm."C\'MR(dmso-dg
3: 1704, 167.7, 1344, 131.5, 123.1, 51.3, 36.4, 24.7. 232,
20.6. Anal. Caiculated for C, H,,N.0O;. Theoretcak: C,
64.60; H, 6.20: N, 10.76. Found: C, 64.63; H. 6.11; N, 10.70.

EXAMPLE 28

To a stirred solution of histdine (3.17 g, 20.0 mmol) and
sodium carbonate (2.23 g, 21 mmol) in 50 mk of water is
added N-carboethoxypitthalimide (4.52 g. 20.0 mmol). After
1.5 hour. the reaction siurry is Ghered. The filtrate is surred
and the pH adjusted to 1-2 with 4N hydrochloric acid. The
resulting siurry is filtered and the solid washed with water
and dried in vacuo (60 C. <! mm) 1o afford 3.65 g (64%) of
2-phthalimido-3-(imidazol-3-vi)propionic acid as a white

powder: mp 280°-285° C.. '"H NMR (dmso-d,, 250 M Hz) *

§ 12.5 (br s, 1H), 7.90-7.60 (m. 6H). 6.80(s. 1H), +.94 (1,
1H. J=7.8). 3.36 (d. 2H. J=7.8); '>C NMR (dmso-d,) &
170.1, 167.1. 134.8, 134.6, 133.2, 131.1, 123.2, 1163, 524,
25.8; Anal. Calculated for C,.H,,N,0,. Theoretical: C,
58.95; H.3.89: N, 14.73. Found: C, 58.80; H. 3.88; N, 14.66.

EXAMPLE 29

To a stirred mixure of 3-amino-3-(4-methoxyphenyi)pro-
pionic acid (1.95 g, 10.0 mmol) and sodium carbonate (1.11
g 10.5 mmol) in 200 mL of acetonitrile-water 1:1 is added
N-carboethoxyphthalimide (2.26 g, 10.0 mmoi). After !
howr, the reaction siurry is fliered. The filrate is concen-
wazed 10 remove the acetonitriie and the pH adjusted to 1-2
with 4 N hydrochlonic acid. and strred over night. The
resulting slurry is filicred and the solid washed with water.
The solid is dried in vacno (60 C, <! mm) to afford 2.82 ¢
(87%) of the 3-phthalimido-3-(4-methoxyphenyi)propionic
acid as 2 white powder: mp 160°-164° C.; 'H NMR (dmso-
dye 250 MHz) 3 12,5 (brs. 1H) . 7.95-7.80 (m. 4 H) . 7.36
{d. 2 H.J=8.7). 6.92 (d. 2 H. J=8.4 Hz), 5.18-5.10 (m. 1 H),
3.70=3.15 (m. 2 H); '3C NMR (dmso-d,) § 171.7. 167.6.

acid as a whitz 5
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158.6,. 134.6, 131.0, 130.8, 128.3, 123.1, 113.9. 35.0, 49.6.
35.9. Anal. Calcuiated for C,sH,4NO,. Thesredcai: &
66.46; H. 4.63; N, 4.31. Found: C, 66.23; H. 4.65% N, 4.28..

Stmilarly from 3-amino-3-(3-methoxyphenyi)propiomic:. .
acid. there is obtained 3-phthalimido-3-(3-methoxyphenyi-
Jpropionic acid as: white crysais: mp 111°-115° C.;. 'H
NMR (dmsod,, 250 MHz) 6 12.5 (brs, 1H), 7.94=7.81 (o1
4H), 7.32-723 (m-1H) , 7.02-6.85 (m. 3 H), 5.70=5.60 (m..
1 H), 3.77=3.67 (s..3H) . 3.56=3.15 ( m; 2 H); “CNMR
(dmso-dg) 3 171.6,.167.6, 159.2. 1404, 134.7, 131.0. 129.7,
123.2..119.0, 1129, 1127, 549, 50.0.35.8.

Likewise fromr 3-amino-3-(2-methoxyphenyi
acid there is. obtained. 3-phthalimido-3-(2-methoxyphenyi-
)propionic acid as- 2 white powder mp 163°-168 ° C; ‘H
NMR (dmso-d,. 250 MHz) § 12.5 (brs, 1H), 7.95-7.80 (m.
4 H), 7.45-6.90 (nx, 4H), 6.05-5.92 (mx. H)..3.78 (s, 3H)
3.55-3.05 (m, Z H); >C NMR (dmso-d,) 171.7, 1675.
156.1. 1345, 131.0. 1289, 1273, 1261, 123.0; 1201,
111.0. 53.5, 453, 35.1.

EXAMPLE 30

By following the procedure of Example 27 uidlizing
3-pinthalimido- 3-{4-methoxyphenyi)propionic acid, there is
obtained 3-phthalimido-3-(4-methoxypienyi)propionamide:
as.a white powders mp 183°-188° C.; 'H NMR (dmso-d,,.
250 MHz) § 7.90~7.75 (m,. 4 H, Ar), 758 (brs. 1 H.
CONH,), 738 (d. 25, J=8.6 ), 6.91 (d. 3H, J=8.6). 3.73 (L.
1H, J=7.8), 3.23(d. 2H. J=7.9); *C NMR (dmso-d,) &:
171.2, 167.6, 158.5. 1345, 131.3, 131.2, 1284, 123.0,
113.7, 55.0, 49.9, 36.8.. Anal. Calcutated for C,,H,sN.Q,.
Theoretical: C, 66.66; H.4.97; N, 8.54. Found: C, 6627; H,
5.04: N, 8.40.

EXAMPLE 31

To a stirred mixmre of 3-amino-3-(4-cyanophenyi)propi-
onic acid (3.80 g. 20.0 mmol) and sodium carbonat= (223 g,
21 mmol) in 100 mi of water is added N-carboethoxyph-
thalimide (4.52 3, 20.0 mmol). After 2 hour, the reaction
slurry is filtered and the pH of the stirred filtrate adjusted o
1-2 with ¢ N hvdrochloric acid. The resuiting gel is
extracted with ethyi acerate (330 mL). The extract is dried
over magnesium suifate and concentrated in vacuo. The
crude product is recrystailized from 10% aqueous acetoni-
uile and then reerysiailized from 20% agueous metiranol.
The product is dried in vacuo (60° C., <1 mm) to afford 1.5
2 (23%) of 3-pimhalimido-3-{4-cyanophenyl)propionic acid
as 2 white powders mp 134°-137° C.: 'H NMR ¢
250 MHz) 3 125 (brs. 1H), 7.95-7.56 (m. 8 H).3.76 (v 1
H.I=7.7), 3.57-3.15 (ou 2 H); *CNMR (dmso-dg) 3 171.5.
167.6, 144.2, 134.8. 1326, 131.1. 128.1. 123.3. [18.5. 49.7,
35.s.

Likewise from 3-amino-3-(3-cyanophenyl)propionic acid
thereis obtained 3-phthaﬁnﬁdo-3—(3-cyanophaxyl)pwpionic
acid as a witite powder: mp 172°-175° C; 'H NMR (dmso-
de 250 MH2) & 125 (br s, 1H). 8.05-751 (m, 8 H),
5.82-5.70 (m. 1 H). 3.63~3.20(m. 2 H); *CNMR (dmso-d,).
§ 171.5, 167.6. 1403, 134.6 1320, 131.5, 1312, 130.7,
129.8. 123.22, 118.5. 111.6, 49.3, 35.6.

EXAMPLE 32

By following the procedure of Example 27 uilizing
3-phthalimido- 3-<{4-cyanophenyi)propionic acd. were is
obtained 3-phthalimmido-3-(4-cyanophenyi)propionamide as
a white powder: ‘Y NMR (dmso-d,. 250 MHz) § 3.05-7.50

{m. 9 H), 6.97 {s. | H). 5.87-5.72 (m. | H), 3.44=3.12 [~

1 H); '3C NMR (dmso-d,) 5 170.8. 167.6. 14<.6, 134
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1324, 131.1. 1279, 123.2. 118.5. 110.3. 49.8. 36.4.

Similadty fromr 3-phthalimido-3-(3-cyanophenyl) propt-
- onic acid (1.60 g, 5.0 mmoi), there is cbained. 3-phthal-
inmido- 3-(3-cy=nophenyt)propionamide as 2 white powder:
my 217°- 220> C.; 'H NMR (dmso-dy,. 250 MHz) 5
3.05-7.40 (m. 9 H). 6.99 (br's. 1 H). 5.90~5.75 (m. 1H ),
3.50-3.10 (m. 2H); *C NMR (dmso-dy) &: 171.0, 167.7.
1408, 134.6. 1322, 1315, 131.4, 130.8. 1299, 1232,
118.7.111.5. 49.7. 36.7.

EXAMPLE 33

To a stirred solution of phenyt isocyanae (ZZ mi. 2.4 3,
20" mmol) in acewomitrile (40 mL) is added 2 soiutiom: of
L-gintamine (2.92 g, 20.0 mmol) and sodiunt hydroxide (20
mmoal) in water (20 mi.). The reaction mixnure is. sticred for
45 hours. partiaily concentrated 1o remove-the: 2cetonitrile,
and. washed witlx cthyl acemate (22S mL). The pH of the
. aqueous layeris adjusted to 12 witlr 4N hydrochioric acid..

the resuiting thick siurry filtered. and the solid washed. witir

a

water and. 2ir-dried to afford 4.70 g (89%) yieid of 2~N--

phenyluriedo)- 4-carbamoyibutyric acid as a white powden.

24{N-phenyluriedo)-t-cazbamoyiburyric acid (200 £
7.54-mmol) and carbonyidiimidazoie(1.24-¢, 7.95 nunol) in
tematrydrofuran (30 mi) are heated: 3t refiux for 16 hours.
The resction mixture is concentrated and the residue sinrried:
i watee (2S ml.), e siurry filtered, and the solid washed.
witly water md air-dried o afford 0.63 g of N-phenryl-N

«1.6-dioxopiperidin-2-vi)urea. After sitting, filtration of the-

fltrate: aforded 0.70 g (38%) of the product as a white:
focculent powder: 'H NMR (dmso-dg) § 851 (s, I H,
CONHCO). 7.6-72 (m. 6 H. A A;NH), 6.83 (s. 1 Ho
NHCH). +.26 (. | H. CHCO), 2.4=1.8 (nx. ¢ H, CH,CH,);
3C NMR (dmso-d,) & 1732, 155.6, 1322, 128.7, 127.7.
126.7, 55.7. 29.8. 272 Anal Calculated for C,,H,3N20;5.
Theoretical: C. 58.29; H. 5.29; N, 16:99. Found: C. 38.1%;
H.35.17: N. 1702

EXAMPLE 34

Tabiets. each containing 30 mg of active imide ingredient,
can be prepared in the foilowing manner:

Consuments (for 1000 tablets)

acnve imade ngredient. 00g
iactose 07 ¢
whest sarel 75¢g
notyethyiene glycol 6000 50g
als 50g
MOLDERUM SIERME 1.8¢
dermneratised water Qs

The soiid ingredients are first forced through a sieve of 0.6
mum mesh width, The acrive imide ingredient, the lactose. the
tale, the magnesiunt stearare and half of the starch thea are
mixed. The other haif of the stareh is suspended in 40 mi of
water and this suspension is added to a boiling solution of
the poiyethylene siycol in {00 mi of water The resulting
paste is added to the puiverulent substances 2nd the mixmre
is gramuiacd, if necessary with the addition of water The
granuiate is dricd overnight at 35° C.. forced througit a sieve
of 1.2 mm mesn width and compressed 0 form tablets of
appmximdyémdinmwnichamcomve on both
sides.

15

20
EXAMPLE 35
Tablers.. each containing 100 mg of active-imde: ingredi~
ent,. can.ber prepared. in the: following mammers

active imidie ingrodiont- 1000 g
actoser 1000 g
whess sarcic C 40y
e L
All theesolid i i first forced througita sieveof-
0.6 o & widthy. Tt iveimidet . _

the: magnesiune stearate: and. haif of thes starch: then are:
mixed. The other half of the starcivis suspended it 40 mi of
water and this suspension is added o 100 mi of boiling:
water: The resuiting paste is added to the pulveraient sub-
stances and the mixwre is grammiated, if necessary witd the
addition of water: The granulateis dried overnighrat 357 C.,
foreed througir a sieve of 1.2 mnr mesix width and com-
pressed (o form wbiets of approximately 6 mux diameter-
whiclt are-concave on bouy sides. -

EXAMPLE 36

Tablers for chewing, caci comaining 75 mg of active
imide ingrediear, cam be prepared in ther following mammerr

Composition (for” {000 tablers)

aczivir imids iagredient 750¢g
cmegotol - 300 g
lactoes: 1500 g
e A0g
glycine: 125 ¢
sssne agd 100 g
sacehaemt i3g
5% geiatin solution s

All the solid ingredients are first foresd through a sieve of
0.25 mm mesit width, The manmici and the lactose are
mixed. granuiated with the addition of gelann soiution.
forced througi a sieve of 2 mm mesh width. dded at 50° C.
and again forced through a sieve of 1.7 mm mesi width, The
active imide ingredient. the glycine and the saccharin are
carefully mixed. e manmitol, the laciose granulare. the
stearic acid and the taic are added and ze whoie is mixed
thoroughly and compressed to form tabiess of approximately
mm diameter which are concave on both sides and have a
breaking groove on the upper side. :

EXAMPLE 37

Tabtets. each containing 10 mg of active imide ingredieat.
can be prepared in the following mannes:

Composition tfoz- 1000 tablers)

active imids iogredicnt 100 g
lactose 8BS g
com starely 173¢
patyettyiene giycol 6000 50g
as poi B3
MIgNeSIMT SIEXRS 0g
demnentlised waee s
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Thesolid ingredients are first forced throvghta sieve of 0.6 for 10 minutes.. Finally, the magpesinm: stearate: is. added:

mmx mesky widthe. Thexs the active- intide- ingredient. Jactoses. througit 2 siever of 0.8. mur widtlr and.. after mixing-fora.. -

ralc;, magmesiuny stearste and half of the stxxch are intimately further-3 mimues, thenyixmre is. introduced. i portions: of
mixed. Theother-half of thestarchris suspended: e 65 mi of 140 mg cacirinto size 0 (clongated) gelarin dry-fll capsules:
water and this suspensior is. added: to: 2. bailing: solutiom of: ' 5 . _
the-polyethyiene: giycol in- 260 mk of water: Thesresulting: ‘

pameis added 1o the-pulvernient substances;. and: the whole:: - EKAMPEEZ’:F
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PEDIATRIC PAGE

{Complete for all urigihal applications and all efficacy supplements)

" @PLA ¢ 20-7185 Supplement 4 _ Circle one: SE1 SE2 SE3 SE4 SE5 SEG
/ , TRADE NAME
HFD 540  Trade (generic) namefdosage form: (thalidomidt CMW) Action: AP NA

Applicant C@/ 94’ ne , \J:VXC . Therapeutic Class ) mmauno modu la,\tm

Indication(s) previously approved 110N @
Pediatric labeling of approved indication(s) is adequate ___ inadequate . YUP(

‘/Indlcatlon in this application THE TRRMMENT O SRYTREMA MeDQAWA LEPKC).SUM '

(For supplements, answer the following questions in relation to the proposed indication.)

1. PEDIATRIC LABELING IS ADEQUATE. Appropriate information has been submitted in this or previous
applications and has been adequately summarized in the labeling to permit satisfactory labeling for all pediatric
subgroups. Further information is not required.

2. PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further information i is required to
- -permit adequate laheling for this use.

__a A new dosing formation is needed, and applicant has agreed to pravide the appropriate formulation.
b. The applicant has committed to doing such studies as will be required.

____ (1) Studies are ongoing,

___ (2) Protocols were submitted and approved.

——. {3) Protocols were submitted and are under review.

(4) If no protacol has been submitted, explain the status of discussions on the back of this form.

c. If the sponsor is not willing to- do pediatric studies, attach copies of FDA's written request that such
studies be done and of the sponsor's written response to that request.

X 3. PEDIATRIC STUDIES ARE NOT NEEDED. The druglbiologic product has little potentlal for use in chlldren
Explain, on the back of this form, why pediatric studies are not needed.

4. EXPLAIN. If none of the above apply, explain, as necessary, on the back of this form.

EXPLAIN, AS NECESSARY, ANY OF THE FOREGOING ITEMS ON THE BACK OF THIS FORM.

/ Mony D et | ?ﬁ/ﬂ/ﬁ
ate

Signature of Preparer and Title (PM, CSO, MO, other)

cc: Orlg@IPLA # &U 185
SYO  IDiv File
ND PLA Action Package
HFD-510/GTroendle (plus, for CDER APs and AEs, copy of action letter and labeling)

-NOTE: A new Pediatric Page must be completed at the time of each action even though one was

prepared at the time of the last action.
5/95
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(( lgene | | Celgene Corporation

7 Powder Horn Drive
25 April 1997

&

Warren, New Jersey 07059
Tel 908-271-1001
Fax 908-271-4184

y

Jonathan Wilkin, M.D.

Director, Division of Dermatologic and Dental Drug Products
Center for Drug Evaluation and Research

Food and Drug Administration

9201 Corporate Boulevard

Rockville, MD 20850

Re: NDA 20-785
Thalidomide Capsules
(Synovir™)

Debarment Certification
and Patent Information

Dear Dr. Wilkin:

Please find enclosed a statement from Celgene that the company has not used in any
capacity the services of a person debarred under Section 306 (a) or (b) of the Federal,
Food, Drug and Cosmetic Act. Also, please find enclosed information on and copies of
patent number 5,385,901 Method of Treating Abnormal Concentrations of TNF o and
patent number 5, 463,063 Ring Closure of N-phthaloylglutamines as submitted in NDA
20-785 on 20 December 1996. '

Please do not hesitate to contact me with any questions or additional comments.

Sincerely,

J%f O/é«m. 774

Steve Thomas, Ph.D.
Vice President, Pharmaceutical Development



Celgene : - Celgene Corporation
\ 7 Powder Horn Drive

) Warren, New Jersey 07059
w Tel 908-271-1001
Fax 908-271-4184

New Drug Application (NDA) 20-785 =

Debarment Certification

The undersigned hereby certifies that Celgene Corporation did not and will not use in any
capacity the services of any person debarred under Section 306(a) or (b) of the Federal,
Food, Drug and Cosmetic Act, in connection with New Drug Application (NDA) 20-785.

Steve Thomas, Ph.D.
Vice President, Pharmaceutical Development
Celgene Corporation

000406
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NDE 20-785 'V'Ck33y

These items relate to the re—-iew of Celgene’s responses to the

toxicology concerns raised in the approvable letter for NDA 20-
785 dated September 19, 1997. We expect complete resclution of
the issues to be post-approvzl, i.e., Phase 4.

1) The submitted reproductive toxicity dose range finding
studies in male and female rzbbits appear to be adequate.

2)  The Segment I reproductive toxicity study protocol appears
to be adequate, but the dose selection for this study will need
to be evaluated after complezion of the two reproductive toxicity
dose range finding-studies.

3) It is unclear how the eZfect of the test article on the
functional development will ze measured in the submitted Segment
III reproductive toxicity study protocol. It is recommended that
Celgene clearly ocutline at trze beginning of the protocol what
will be examinred Zor effects of the test article on functional
development. This can be accomplished when the study is
resubmitted after completion of the dose range studies. It is
recommended that, at a minimum, the following tests be included
in the protocol: a) spontanecus locomotor activity (in an open
field), b) righting reflex a=d tilting plane, c) acoustic
startie, d) passive avoidancs, and e) schedule controlled
behavior (operant learning tzsks). Aside from this issue, the
protocol outlined for the Segment III study appears adequate.

cc: NDA 20-785
Hill, HFD-540
Weintraub, EFD-105

Yy
PREP :WALLING4Z/12/98
c:\wpfiles\toxfax.wpd



MEMORANDUM OF TELECON
DATE: July 7, 1998
APPLICATION NUMBER: NDA 20-785; Thalomid (thalidomide) Capsules, 50 mg

BETWEEN:
Name: Drs. Steve Thomas and David Stirling and Ms. Tricia Brooks
Representing: Celgene

Name: Wilson H. DeCamp, Ph.D. (HFD-540), Dr. Chi-Wan Chen (HFD-830)
Ms. M. J. Walling (HFD-500)

SUBJECT: NDA 20-785/Celgene’s Thalidomide

The call was placed by FDA at the request of the chemistry reviewer to discuss release
specifications, stability data and assurance that the validated manufacturing process was not
changed.

The following specific Phase 4 commitments were discussed and a request was made to provide
in writing the following assurances.

1. Please develop and propose a component qualification test/specification for the packaged
drug product that will verify the integrity of the blister pack with respect to moisture vapor
transmission. This should not be considered to be a regulatory specification. This commitment
should be completed in six months. '

2. Please commit to submission of the results of release testing results for lots 0091N,
0092N and 0149N, along with updated stability data for lots DEV 2775, 2800 and 2811, as well
as release data for lots 0091N, 0092N and 0149N. These results will be used to evaluate the bulk
drug and finished product specifications.

3. Please develop and propose a component qualification test/specification for the
packaged drug product that will verify the integrity of the bllster pack w1th respect to moisture
vapor transmission. [

) This should not be considered to be a regulatory specification. This
commitment should be completed in one year.

4. Please confirm, in writing, that the validated manufacturing procedures used to produce
the market lots have not changed.

The following points were clarified:

1. Lots DEV 2775, 2811, and 2800 were produced prior to the validation, but were
produced by the validated method. These particular lots are not the ones to be considered for
extended expiration dating, nor are they the lots intended for marketing.



" MEMORANDUM OF TELECON
July 7, 1998
NDA 20-785; Thalomid (thalidomide) Capsules, 50 mg

2. . The lots intended for market are N0091, N0092 and N0149, all manufactured between
May and June, 1997.

3. The granting of € 1. (extension to) expiry will be contingent upon submission and
review of data from the lots, submitted subsequent to approval.

4.. The outstanding phase 4 commitments 5(a) (accumulation in fatty tissue) and S(e)
(solubility information) from the Approvable letter of Sept.19, 1997 were brought to the
attention of the applicant.

5. The applicant was reminded of our .request to submit typical COA's for the blister
package components.

6. The applicant was reminded of our request for testing of the existing packaging
component inventory (or the next batch obtained) to verify the claimed moisture vapor
transmission rate for the components.

7. These Phase 4 commitments are not the only ones that will be in the letter, but the
applicant already knows about the others.

8. A fax of the commitments and the language for the agreemenf will be sent to the
applicant in order that Celgene can respond in writing prior to approval.

9. The issue for U 1" to monitor the Q.A. for the S.T.E.P.S. was agreed to.

Mary Jane Walling
Project Manager

cc: NDA 20-785
IND 48,177
HFD-590/Div. Files
HFD-540/Div. Files
HFD-105/CSO/Walling
HFD- 540/ChemeeCamp(A ‘7 f/q g
HFD-830/DNDC3/Chen

TELECON



July 7, 1998

NDA 20-785

Please confirm, in writing, that the validated manufacturing procedures used to produce the
market lots have not changed.

In addition, please commit, in writing, to conducting the following Phase 4 studies in the
prescribed time lines. A facsimile of the commitment letter followed by a signed copy is
preferable. A copy of this letter should be provided to Mary Jane Walling, fax 301-827-2317,
as soon as is convenient.

1. Ongoing Study E003/P for efficacy should be continued and efforts should be made to
expand the population in order to accrue the full compliment of subjects, as stated in -
our letter to you dated May 12, 1998.

2. Studies to demonstrate the absence or presence of thalidomide in sperm and/or
semen.
3. Rat and mouse carcinogenicity studies.
4. Segment I reproductive toxicity study in rabbits.
5. Segment 111 reproductive toxicity study in rabbits.
6. Please develop and propose a component qualification test/specification for the packaged

drug product that will verify the integrity of the blister pack with
respect to moisture vapor transmission. This should not be considered
to be a regulatory specification. This commitment should be completed in six months.

7. Please commit to submission of the results of release testing results for lots 0091N,
0092N and 0149N, along with updated stability data for lots DEV 2775,
2800 and 2811, as well as release data for lots 0091N, 0092N and 0149N.
These results will be used to evaluate the bulk drug and finished
product specifications.

8. Please develop and propose a component qualification test/specification for the packaged
drug product that will verify the integrity of the blister pack with
respect to moisture vapor transmission. T - -

a x

a

T3 This should not be considered o be a regulatory speciﬁc'ation. This
commitment should be completed in one year.



cc:

NDA 20-785

IND 48,177

HFD-590/Div. Files
HFD-105/CSO/Walling
HFD-540/Chem/DeCamp
HFD-540/Tox/Hill
HFD-550/Biopharm/Bashaw
HFD-830/0O0NDC/DD

20-785 |
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RECORD OF MEETING

DATE: May 29, 1998/9:00am

'PLACE: Corporate Blvd/200A

ATTENDEES: Drs. Birnkrant, LePay, ElHage, Vega, Rodriguez, MJ
Walling

SUBJECT: NDA 20-785/Celgene’s thalidomide: post approval
inspection of registry sites

A paragraph will be added to the Approval letter delineating the
inspection plan fréquency and intent to hold subsequent
meeting(s) with the sponsor to discuss the results of the
inspection(s). '

A checklist for inspectors will be developed based on the
responsibilities (using the contracts in the STEPS) of each of
the Celgene contractors, i.e., C 3

We will request a list of the registered prescribers.

The data entry forms for .L J will be requested from the
SpONsCr.

Portions of the label will be added to the inspectors checklists
for the purposes of training.

Two more meetings with this group will be scheduled.

Lt ] SOPs will be requested.

"PREP :MJWALLING/0529/98
inspmins/wpd



Dr. Friedman will alert the department about the meetings.

PREPBY :MJWALLING:08/25/97
REVBY :MWEINTRAUB:08/26/97
thalmins.wpd

ADDENDUM

Ms. Pendergast’s’s office, HRSA, NIH and the FDA Press Office
have been contacted. Orphan Drug contact (Mike Dreif) indicated
that Celgene has applied for the Orphan designations as stated
above and been granted designation for ENL. In addition,

C

App
On & This
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May 22, 1998

IND: 48,177
Serial Number 055

NDA: 20-785

Steve Thomas, Ph.D.
Celgene Corp

7 Powder Horn Drive
Warren NJ 07059

Fax 732-271-4184

The revised mouse and rat oncogenicity protocols appear to be
adequate.

HFD-105/Walling
HFD-540/Hill
NDA 20-785

IND 48,177



NDA 20-785, Serial Numbers 047 and 048
Record of telecén

Date: May 13, 1998/2:30-4:00p

FDA Participants: M. Weintraub, MJ Walling

Sponosr: Celgene Corp- K. Kook, S. Thomas, B. Williams< D.
Stirling :

Subject: Celgene’s NDA 20-785/thalidomide for ENL/the review of
NDA 20-785, Serial Numbers 047 and 048.

The language for the label, particularly the neuropathy, was
discussed.

The reviewers’ comments on the Patient Education Video were
relayed.

The sponsor will resubmit revised labeling and the video when
available.

See attached faxed to sponsor on May 13.
Attachments
cc; NDA 20-785

HFD-105/Walling
HFD 530/Birnkrant



RECORD OF TELECON

DATE : May 24, 1996/11:45am

FDA REPS: D. Bashaw, M. Weintraub, M.J. Walling
SPONSOR: S. Thomas, K. Kook, Wayne Coburn/ Celgene
SUBJECT : IN 48,177/Celgene's Thalidomide for ENL/PK
requirements

The call was placed by FDA to respond to concerns voiced by
representatives of Celgene in a fax dated May 10, 1996
(attachment 1).

The sponsor specifically had concerns about a metabolism study in
leprosy patients employing radiolabel, mentioned to them in a May
6 teleconference. That teleconference was followed by a fax
(May 15)outlining the requested studies (attachment 2). Today's
call was meant to clarify the May 15 memo, specifically,

the overall objectives of the study requested.

The sponsor had sent in 14 reprints which Drs. Weintraub and
Bashaw had reviewed.

Dr. Bashaw stated that we had deferred much of what would be
ordinarily requested preapproval but that we needed metabolism
data in a definitive population (leprosy). He stated that the
articles were helpful and suggested that Celgene and the
consultants distill the published data into a summary report and
based on the information presented in the literature, design a
study that would allow the appropriate primary and secondary
metabolites to be quantified (unlabeled) in plasma from

3-5 patients. '

Dr. Coburn stated that ordinarily metabolism studies would be
done in normal volunteers. Dr. Bashaw stated that in this case,
due to rarity of the patient population, we would accept dose
escalation in normals and do the metabolism study in patients.

Dr. Coburn asked about p 450 human metabolism studies done in
vitro. Dr. Bashaw said that would be fine for studying drug-drug
interactions.

The Celgene representatives agreed to have the draft study
protocol done by the June 12 meeting. FDA indicated that they



should call if we could provide any guidance or answer questions.

Cordial

attachments

cc: file
Blay
Wilkin
Weintraub
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RECORD OF A MEETING
TIME/PLACE: April 1, 1998/10:00am/MPN 1 room 120

PARTICIPANTS: Walling, Hartman, Blumenshein, Birnkrant, Woollen, .
Miracco, Vega, Lepay

SUBJECT: NDA 20-785/Celgene’s application for thalidomide: post
market audits/inspections of the S.T.E.P.S.

DISCUSSION: Members of OC, OEB, ODE IV and ODE V met today to
discuss the post market audits/inspections to be conducted
starting in the first quarter after launch (TBD but in no case
later than July 27) of the drug and continuing on an ad hoc basis
as needed throughout the distribution of this drug.

1- DMPQ in the Office of Compliance will coordinate the
inspections with the field. ' ,

2- The sites are in Dallas for [ 1 (the pharmacy registry), New
Jersey (the sponsor), and Boston (the physician and patient
registry).

3- Members of OEB, ODE IV and ODE V will generate a list(s) of
what information needs to be reviewed and:validated by the
inspectors. The list is due to me by -April 13. This list will
be given to OC to design the inspection request.

4- OC believes we have the authority to issue notices of
inspection and inspectional findings under the.regulations since
this drug will be approved under 21 CFR 314.500 Subpart H. They
will check about the authority for inspecting pharmacies. s

5- We will meet again as. necessary.

6— A similar initiative is ongoing for clozapine. The efforts
should be harmonized as to process and possibly objectives. OC
will arrange if appropriate.

CC: attendees
Woodcock
Weintraub
Famulare
NDA 20-785

ocsteps.wpd



PEARM TOX COMMENTS to na reiaved To scersor.

March 27, 1998

1- Please submit the final Scudy recort for the 52 week
~ox-city study conductad in dogs to coe IND (IND 48,177) for
prcoexr tracking purposss

2= ?lease submit any acgitional nonclinical studies fort
thzlidomide to both che NCA (NDA 20-783) and the IND (IND 48,
Ior priper tracking puroposss
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NDA 20-785
Office Director’s Review Memorandum of NDA 20-785

NDA 20-785
Sponsor: Celgene Corp'oration

7 Powder Horn Drive

Warren, NJ 07059

(908) 271-1001
Drug: Thalidomide: Synovir™
Pharmacologic Category: Immunomodulator
Proposed Indication: Erythema Nodosum Leprosum (ENL)
Dosage Form: Thalidomide 50 mg Capsules
Route of Administration: Oral
NDA Drug Classification: 1P
Related Drugs: None
Related IND/NDAC(s): IND 48,177,IND 11,359

Deocuments Reviewed:

Medical Officer’s Review of NDA 20-785, dated Aug 13, 1997; Secondary Medical Officer’s
Review, dated Aug 13, 1997, Addendum to Major Amendment Review, dated Sep 3, 1997,
Addendum Review of Draft Data Listings for Study E-003/P, dated Sep 3, 1997; Division
Director’s Review Memorandum, dated Aug 15, 1997, Addendum to Division Director’s
Review Memorandum, dated Sep 9, 1997; and Clinical Pharmacology/Biopharmaceutics
Review Addendum, dated Aug 15, 1997.

FOREWORD

There are five points that I would like to make in overriding the memorandum and reviews that
came out of the Division of Dermatologic and Dental Drugs. They are: 1) Efficacy, 2) Safety,
3) Bioavailability, 4) Historical Data, 5) Distribution System proposed by Celgene and its impact
on the status of thalidomide.



COMMENTS

Thalidomide Efficacy in Erythema Nodosum Leprosum

The kind of evidence that one requires for an orphan drug, such as thalidomide, is v
somewhat different from the randomized controlled clinical trials that make up part of the usual
NDA. 1 viewed the efficacy of thalidomide on a concurrence of evidence standard rather than on *~
a standard involving randomized controlled chinical trials. Of course, if those trials were
available, it would be wonderful. Unfortunately, in this case we don’t have controlled clinical
trials that were submitted for our review. One of these purportedly was Dr. Hastings” study. On
its face the study as published seemed to be quite good. However, there were some patients
missing and other problems with the study, such as naming the medications by the period that
they were used in rather than the fact whether they were placebo or active thalidomide. There
were just too many problems to make that study acceptable to us even in the concurrence of
evidence model. Much more impressive is the study by Iyer and colleagues but even so, this
study does have certain problems with the entry criteria and the data. Nonetheless, it is a double
blind clinical trial, perhaps not against the most effective comparator but against ASA usedina +~
reasonable, although low, dose. The skin lesions in this study cleared at eight days in about a
75% to 26% percent rate (thalidomide vs. acetyl salicylic acid).

In seeking the weight or concurrence of evidence, one would like to have consistency
between the data submitted for this application and the world’s literature and experience. It is
like putting together a jigsaw puzzle by fitting various pieces together. We have a great deal of
material from the world’s literature, from Dr. Yoder and his experience, and from Dr. Rae and
his experience as well as others. We also have the nonrandomized studies, reports, and patient
care material in the literature. In general, Dr. Rae and Yoder, have established a standard of care
with criteria that have seemed to work for them for many years. However, it is very difficult to
mnterpret, particularly Dr. Yoder’s data, in the way we would like to have it gathered together and »
analyzed and then placed in the context of the established methodology for treating leprosy
patients with thalidomide.

That brings us to Dr. Rae’s data which I feel help tip the balance towards thalidomide’s
efficacy. These data are not perfect but represent a way of assessing his clinical information and
seeing that it is consistent with the world’s literature and therefore with the type of results that
we could use to approve a drug for the cutaneous manifestations of ENL. Of course, we had to
go out to Los Angeles and collect the data, bring them back to Rockville and analyze them. We
found that some important aspects of the data, including systemic and toxicity information were
not collected. But even more important, the data themselves were handled in a way that may
have led to errors in some cases. Dr. Rae’s data were of the challenge, dechallenge, rechallenge
type. They weren’t even an “N of 1" type of study because they did not have placebo controls.
To analyze these data I looked at the cleanest of all of the patients, the subset (46) of patients
who had not received prednisone, clofazamine or high dose aspirin. There certainly is a
possibility that these patients were on aspirin, were on ibuprofen, were on acetaminophen but
they were the cleanest available patients. In examining them, it seemed to me that there were
twenty-four patients who clearly had a least one challenge and dechallenge experiment that was
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positive. Often they had as many as seven. In addition, there were fifteen who I called negative
and there were seven who clearly had so little data that it was practically impossible to say
anything about them. The twenty-four patients represented a 52% response rate. I required that
no new lesions appear. I could not and did not pay attention to the other symptoms of ENL or
even of the systemic manifestations of the ENL. What is also quite clear is that the dose of the
drug was standardized and handled very much as if good clinicians were aware of and involved
in the patient care. Certainly the subjective analysis that I carried out is open to critique by
others who may interpret the information differently. However, I believe the data are clear and
show that ENL can be treated with thalidomide as the major medication.

In the 102 patients there were forty-six on thalidomide alone and fifty-six on thalidomide
with prednisone and/or clofazamine. There were also some patients who were on clofazamine
alone for some or all of the episodes. ‘It became clear to me that thalidomide could be used as
adjunctive therapy for these patients as well as sole therapy for the lesions for ENL. There are a
number of patients who received prednisone as well as thalidomide and had the prednisone
tapered although thalidomide was continued. Thalidomide was then also tapered. At some later
time when the patient was off both drugs, the lesions of ENL recurred. The patients were put on
either a higher dose of thalidomide or a lower dose of thalidomide and prednisone. In looking
just at the occasions when thalidomide and prednisone were used, the prednisone was tapered
down, usually very slowly over a year period and then was stopped. Thalidomide was continued
for several months or years after that and then it too was stopped. When the lesions recurred, the
thalidomide was reinstituted. These examples led me to conclude that thalidomide had spared
the patients from prednisone. In addition, thalidomide can be used as adjunctive therapy with
prednisone.

From Dr. Rae’s studies, we have some idea about the dose of thalidomide. Generally, -
the dose of 100 mg. a day was used as the starting dose. This could be increased to 200 or
300 mg. per day. However, if doses of 300 mg. per day seemed necessary, the tendency
would be to start prednisone to get better control of the ENL and to avoid the sedative
properties of thalidomide.

Because of the type of data that we collected from Dr. Rae’s clinic, I believe we should
be rewriting the indication for thalidomide to be for the treatment and prevention of the
appearance of new lesions of erythema nodosum leprosum.

v

Another aspect of the understanding of thalidomide and its actions is the current trial in
the Phillippines comparing 100 and 300 mg. per day. It is too early to really assess the full
import of this trial it provides another sort of evidence. While all of the patients are
receiving thalidomide, the fact that it’s a dose response study may make it more valuable. Just
looking at the crude levels that were shared with us, we see that the response rate was again
around 50%.

Unfortunately, we don’t have much data on the time to response. I believe, however,

what information we do have indicates that it should be approximately two weeks. We may be
able to begin thalidomide dosing with Celgene’s product in a way which allows for the collection

_3”



of data, on dose adverse effects, duration of therapy, and how long before one can expect to see a
clinical response. We can accomplish this by instituting therapy in ENL patients, for example, at
Dr. Rae’s clinic site, under the IND. We would ask him just to treat his patients using the usual
standard of care conditions but, see them perhaps somewhat more frequently. Again, we will not
have data in a randomized controlled clinical trials sense. What we have is a confirmation of
long use by reasonable clinicians who are expert in their field. This confirmation, of course, may
be flawed because it comes from historically controlled information.

The Safety of Thalidomide:

I believe that the main toxicities of thalidomide, neuritis and the fetal toxicity, are both
known and well described in their manifestations. Questions remain, however. What isn’t
known, is that it may or may not be dose related, the incidence in ENL, the possible .
confusion with the neuritis of leprosy, how one would monitor the presence for neuropathy
either by physical examination or by some sort of testing. 1 believe that the simple physical
examination using monofilament testing may be good enough to establish the presence of the
syndrome. However, I also believe that the use of a vibration sensation measuring device
would be an earlier warning and allow for better definition of the start of the syndrome.

Sedation, which may be thought to be an adverse effect for the use in ENL, can be dealt ..
with by dosing the drug before the patient goes to sleep.

More important are the skin rashes, temperature spikes, edema, and particularly the
bradycardia and hypotension which have occurred in HIV patients and to a lesser extent in
leprosy patients. The occurrence of skin rash is usually greater in HIV patients and it has not
been seen to any extent in the leprosy patients. The edema more likely is associated with the
response to ENL but the mechanism is unknown. I think we can take care of the fever,
bradycardia and hypotension by dosing the patients during the day and testing their response in
the Phillippines. This would mean changing the protocol, however, that could be done without
putting too much of a burden on the company or the physician’s taking care of the patients.

The incidence of neutropenia which occurred in the aphthous ulcer study of thalidomide in

HIV patients, is confounded to a certain extent by the fact that patients with white counts of

500 could be entered into that trial. Therefore, while I am convinced that we have to pay some
attention to the problem, I don’t see it as a safety deterrent in either ENL or other patients with

a higher white count. The increase of the HIV load as measured in that study is also of concern.
However, there are several points to consider while at the same time paying attention to the
possibility that it was a real finding. The authors of that study mentioned that the increased virus
number may be within the measurement error of the assay. In addition, the patients were studied
at a time when protease inhibitors had not become widely used. If protease inhibitors are
included in the regimen of the patients, there may not be an increase in viral loads. The only way
to find out, of course, would be to do a clinical trial.

By the concurrence of evidence and the long history of thalidomide use the safety profile -
has been well described and laid out. Unfortunately, we never do know enough about drugs
which have been on the market even for twenty or thirty years. When the drugs have been sold
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for a long time but hardly used, newly discovered toxicity can become manifest when they are
presented more widely. There may have been changes in the population receiving the medication
or newer medications or aspects of the diet which didn’t exist at the time when the drugs were
first used, for example. However, in this case, I believe we have a reasonable picture of the v
toxicity so that the label can be written. Once again we must remember that thalidomide has an
orphan indication.

Pharmacokinetics:

Certainly the Celgene capsule of thalidomide is not bioequivalent to the Tortuga tablets
that it was tested against. It may or may not be equivalent to other lots of that particular tablet or
other tablets either. However, those tablets were neither standardized nor reference products of
thalidomide. It, thus, would really be difficult and not meaningful to achieve a bridging study
showing equivalence between those tablets and Celgene’s product. What we do know is that
the Celgene material will be a well-made capsule of standard manufacturing (GMP), raw v
material, and bioavailability with its other characteristics well characterized. In fact, it may be
better than many of the tablets currently being sold as unlabeled material.

There are some other pharmacokinetic issues. We do need more information about
thalidomide’s distribution and its steady state levels. We should have peak and tough levels in
1- 2 months, however.

We have to remember that there is really no drug against which to check Celgene’s
thalidomide. What we have to do is give the doctors a starting point and an ending point and let
them manipulate the dose as they see fit, raising it initially and then lowering it as the patient-
improves. Later; after the desired efficacy is achieved, the medication can be stopped. This is
actually standard for dermatologists and many other physicians. Unfortunately, while taught in
medical school, dose adjustment, is not a universal practice. However, it can be made part of the
educational process for the use of thalidomide. '

Historical Data:

While historical data is the least desirable and the most often misleading type of data, it
is listed in the regulations. Historical data is the final type of evidence named as a control of an ~
acceptable study. Not only is historical data part of the evidence by which safety and
effectiveness can be tested and established but, in addition, the FDA can make a judgment on
whether or not the historical data are valid. In this case, I made a judgment that, given the
totality of the information that we have on thalidomide, the historical data are acceptable in this
drug approval.

We may be at the fourth of the seven stages that Dr. McKinaly described, or not. I
believe that several randomized clinical trials have not been done. Denunciation has started but
the erosion and loss of credibility hasn’t yet begun. However, the advisory committee voiced its
support in word and in votes. In my judgment, the data we have are sufficient to approve
thalidomide for ENL.
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The Value of the Distribution System:

The system seems to be a well-written program for the education and testing of
physicians and pharmacists. It will be a mandatory rather than a voluntary system and it will -
cover the critical elements of the program. It will discuss toxicities, particularly the fetal
toxicity, neuropathy, sedative effects and the other importance adverse effects. Celgene will be
able to make the program work well, certainly with the patients knowing what test the physician +
is supposed to do and what responsibility the patient has in the entire system. There is a
continual feedback mechanism with pregnancy testing and pharmacists check of the program’s
integrity. In supplying thalidomide to the pharmacy in just the appropriate doses we’ll have -
another balance to the system. Pharmacists and physicians will be working together to validate -
that the system 1s working. In addition the company has built in a method for evaluating both the
pharmacists and the physicians. They can withdraw permission to send any more drug or have
the physician write for any more medication by canceling his or her registration. Of course, the
program 1s not perfect. Lou Morris, Ph.D., (Drug Marketing, Advertising and
Communications/HFD-40) has made a number of suggestions to improve the program and to
make it even better. However, as he said at the advisory committee meeting, he felt that the
system could work very well.

Some physicians are concerned about thalidomide finding its way to the street for use and
abuse as a sedative agent. I don’t think it is likely. Even if it does appear on the street, the
control of giving small amounts <(28 days) of drug makes it less likely that the medication could
be diverted into sales as a drug of abuse.

The other improvement on the system for controlling thalidomide will be a phased-in -
distribution system. There is a possibility of limiting the company to twenty or thirty physicians -
in the country to test and assure the FDA that the system will work and that the materials are
good and understood by the patients and physicians. This puts another layer of certainty on the
distribution system and also another general picture of safety and checking of the materials for
instructions of both the physician and the pharmacist. This is one of the tasks that will take place
during the time from the approvable letter and the final approval and then in the early periods of
the drug availability.

If thalidomide is a subpart H drug we will have very direct and expedited ability to
remove the drug from sale if we have evidence that the system is not working.

SUMMARY

The approvable letter will be signed out with the indication for the treatment of new
lesions in moderate and severe cutaneous ENL. I believe that the efficacy information
supports that indication. The FDA invoked its judgment on the historical data. In this case,
with the addition of Dr. Rae’s challenge, dechallenge, rechallenge information, I believe that we
have sufficient evidence for proof of efficacy. I believe that the safety profile has been well
defined and that the special kinds of safety problems that were pointed out in the reviews and
also in the advisory committee discussion will be handled in the labeling. I believe that the
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pharmacokinetic data are quite clear. There is no reference formulation. Therefore, this
formulation does not have to be bridged back to any other. I also believe that the distribution
scheme will be valid and function well. It represents the best way to get the thalidomide to the -
patients while insuring a safe prescribing and distribution of the medication.

Unfortunately, there will be a tragedy at some time or other. It is guaranteed because of
the way the drug will be used and because of the way patients take medications, share
medications and don’t understand or misunderstand what they have been taught. Also
physicians can prescribe poorly, not teach appropriately and not prescribe to the right people or
for the right indication. Pharmacists also don’t perform their dispensing job and an information
checking job perfectly. The patient may not see the appropriate pharmacist at the pharmacy. All
of these factors create the climate for a tragedy. The tragedy may not only be fetal toxicity
problem but a sensory neuropathy problem or some other serious adverse effect. However, all
medications which work carry some risks. We have appropriately judged the risk/benefit
relationship for the use of this medication. We, and Celgene, will create a good program for the
distribution and control of the medication. Finally, in establishing this carefully enforced
distribution system will allow us to control, more closely, unlabeled thalidomide then we are ~ +~
now able to do.

M) pniai )77
Michael Weintraub, M.D.

Director
Office of Drug Evaluation V
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Addendum to Division Director’s Review Memorandum of NDA 20-785
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Drug:

Pharmacologic Category:

Proposed Indication:

Dosage Form:

Route of Administration:

NDA Drug Classification:

Related Drugs:
Related IND/NDA(s):

Documents Reviewed:

| Celgené Co“rporation

7 Powder Horn Drive
Warren, NJ 07059
(908) 271-1001

Thalidomide; Synovir™

Immunomodulator

Erythema Nodosum Leprosum (ENL)
Thalidomide 50 mg Capsules

Oral

1P

None

IND 48,177 and IND 11,359
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Clinical Pharmacology/Biopharmaceutics Review Addendum,

dated Aug 15, 1997

Secondary Medical Officer’s Review of NDA 20-785,
Addendum to Major Amendment Review,

dated Sep 3, 1997

Addendum Review of Draft Data Listings for Study E-003/P

dated Sep 3, 1997

FOREWORD

>

After discussing and reviewing the cited addenda to the secondary medical officer’s reviews of
NDA 20-785, I concur with the secondary medical officer, and I have supplemented selected medical
review discussion points under COMMENTS (vide infra).

I concur with the Addendum to the Clinical Pharmacology/Biopharmaceutics Review which

“clarifies the Division of Pharmaceutical Evaluation - III’
Celgene’s thalidomide product.”

%

s position regarding the approvability of
The new Conclusion section states:



“Based on the information provided by the applicant it is clear that Celgene’s thalidomide
product is markedly different and bioinequivalent to the Tortuga product. Any attempt to ‘bridge’ the
Tortuga clinical experience to the Celgene experience is unsupportable based on this finding of
bioinequivalency. This leads to a two-fold biopharmaceutic recommendation:

1. Provided that the Celgene NDA can stand on its own clinical data and that they honor the
commitments they have made to the Agency, then the application would be acceptable to the Division
of Pharmaceutical Evaluation-III under the provisions of 21 CFR 320.21.

2. Should approval of the Celgene NDA require use of the Tortuga database, the applicant would

have to demonstrate bioequivalency between the products. Bioequivalency is the only way in  which
the Agency has accepted cross-product/cross-formulation data to be used. As they have already
demonstrated the bioinequivalency of their product to Tortuga’s the use of this datato  support either
clinical efficacy or safety would not be possible due to the observed statistically  significant
differences in the plasma level profiles. The net result of this would be to render the clinical data
portion of the NDA unacceptable.”

Since less than 30 patients with ENL are known to have been exposed to Celgene’s thalidomide
formulation for more than one dose, there are insufficient data to conclude that “the Celgene NDA can
stand on its own clinical data...” Although not all of the data in the NDA are based on the Tortuga
formulation, it was the only formulation compared with Celgene product AND it was “markedly
different and bioinequivalent™.

SIGNIFICANT FINDINGS IN THE MEDICAL REVIEW ADDENDA CITED

1. The single isolated record from the LA data set available for review disclosed the use of aspirin and
NSAIDS. Since the medical literature describes mild ENL resolving with NSAIDS, and since the data
summary sheets do not qualify the severity of the ENL, it is not possible to extract a thalidomide-only
effect from the data summary sheets.

2. The efficacy parameters in E-003/P are fever and cutaneous lesions. The Sponsor’s analysis of -
both endpoints is flawed. Fever was assessed by the Sponsor based on axillary temperatures. The
original protocol stated that oral temperatures would be obtained, and the endpoint was based on an
oral temperature at or below 98.7°F. Since the Sponsor obtained axillary temperatures which are
approximately one degree less than the corresponding oral temperature, the oral temperature
endpoint of 99.7°F must be adjusted to 98.7°F for an analysis of axillary temperatures. Thus,
instead of 9 complete responses out of 20, there were only 4 out of 20.

The skin lesions are enumerable. However, the Sponsor has chosen a post-hoc algorithm to
“convert” estimated lesion counts, e.g.,

few =2

some =4



more=15

most =7
5-10=7
<10=7
>5 =7
<5 =3
3-5 =4

Although the presence of new lesions as a primary outcome is quantal, the apparent inability of the
sponsor to precisely count less than 10 lesions degrades the information content to be gained from this
trial.

COMMENTS

1. The Chemistry Team Leader indicated to me in a personal communication that there is a substantial
stockpile of thalidomide at Carville. Dr. Cynthia Moore of the CDC describes the stockpile as
sufficient to last to the end of the millenium.

2. Mandatory restriction of distribution is discussed in 21 CFR 3 14.520, “Approval with restrictions to
assure safe use.” This section occurs within “Subpart H - Accelerated Approval of New Drugs for
Serious or Life - Threatening Tlinesses.” The first section in Subpart H is 314.500, “Scope.” My
interpretation is that 314.520 is subsumed by 314.500, since “Scope” refers to the entire Subpart and
not 314.510 alone.

21 CFR 314.500:

“This Subpart applies to certain new drug and antibiotic products that have been studied for
their safety and effectiveness in treating serious or life-threatening illnesses and that provide meaningful
therapeutic benefit to patients over existing treatments (e.g., ability to treat patients unresponsive to, or
intolerant of, available therapy, or improved patient response over available therapy).”

21 CFR 314.520:

“If FDA concludes that a drug product shown to be effective can be safely used only if
distribution or use is restricted, FDA will require such postmarketing restrictions as are needed to
assure safe use of the drug product such as:

(1) Distribution restricted to certain facilities or physicians with special training or experience; or
(2) Distribution conditioned on the performance of specified medical procedures...”

Thus, my interpretation is that for restricted distribution under 314.520 the drug product must
be consistent with the subpart under which it is subsumed, viz., Subpart H (New Drugs for Serious or
Life-Threatening Illnesses).



CONCLUSIONS

1. I reaffirm my previous conclusion that “there is no compelling evidence that thalidomide is
effective for life-threatening or severely debilitating forms of the ENL syndrome...”

2. If Celgene’s thalidomide is not effective for life-threatening or severely debilitating forms of the
ENL syndrome, then it may not be eligible for consideration for mandatory restriction of distribution
under Subpart H. Since there are no drugs with restricted distribution under Subpart H, there is no
case law to further interpret this Subpart and its Scope that would suggest an alternative interpretation.

3. If a restricted distribution of thalidomide cannot be mandated, then this would further deteriorate
the risk-benefit relationship of thalidomide to prevent new lesions of cutaneous ENL.

4. Patients with ENL in the United States will be able to obtain thalidomide for several years, so an
acute shortage of thalidomide for ENL cannot be the basis for an Approval action at this time.

5. Since an acute shortage in supplies of thalidomide is not likely to occur within a year or two, there
is sufficient time available before Approval in which thalidomide can be compared against an active
control in the treatment of ENL and the serious question of whether thalidomide promotes the increase
of HIV RNA can be addressed rigorously.

RECOMMENDATION

I recommend that this application be NOT APPROVABLE. However, the Sponsor should be
informed that a well-designed randomized clinical study of thalidomide that incorporates an arm with an
anti-inflammatory drug and a sedative (both at appropriate doses) may provide sufficient evidence of
safety and efficacy to permit a more favorable regulatory decision. Such a study would be in addition
to the ongoing clinical trial, E-003/P, with modifications such as more sensitive neurologic testing.

In addition, the Sponsor should look at the issue of increased HIV RNA in thalidomide treated
subjects, if it is anticipated that off-label use will NOT be prevented by a successful, regulatory

mechanism. (A)

Jnathan Wilkin, M.D. Léﬁ\
irector, Division of Dermatologic
and Dental Drug Products

cc: NDA 20-785

HFD-540 -

HFD-540/CSO/White
CH/DeCamp HFD-725/STATS/Gao/Thomson/Srinivasan
PH/Hill/Jacobs HFD-880/BIOPH/Bashaw

DivDir/Wilkin/smc/9/9/97



DATE: August 25, 1997
TIME: 9:00-10:30am
LOCATION: Conference Room 14-68, Parklawn

ATTENDEES: Dr. Michael Friedman, Dr. Randolph Wykoff, Dr.
Janet Woodcock, Dr. Michael Weintraub, Dr. Jonathan>Wilkin,"Dr.
Debra Birnkrant, Ms. Dianne Maloney (by telephone), Ms. Mary Jean
Kozma-Fornaro, Ms. Mary Jane Walling

MEETING PURPOSE: This meeting was held to discuss possible
distribution scenarios for thalidomide manufactured by Celgene
for the intended purpose of treating erythema nodosum leprosum,
should the drug be approved for that indication.

BACKGROUND : The Center for Drug Evaluation and Research has
under review a New Drug Application (NDA 20-785) for thalidomide.
The sponsor of the application is Celgene Corporation. The
proposed indication is for the treatment of erythema nodosum
leprosum, a syndrome observed in a small number of patients with
treated Hansen’s disease. The sponsor has applied for and been
granted Orphan designation for this indication and three others,
i.e., HIV associated wasting, aphthous stomatitis in
immunocompromised patients, and atypical TB. The United States
Public Health Service, under an IND, has been dispensing the drug
to Hansen’s disease patients through the Gillis W. Long Hansen’s
Disease Center in Carville, Louisiana either on an inpatient or
out patient basis through PHS facilities for almost 30 years.
Thalidomide is the drug of choice as recommended by the World
health Organization. The drug has been supplied by various
manufacturers over the years. The quality of the drug, i.e.,
dissolution specifications and biocavailability, has been variable
as determined by FDA labs. The drug (Brazilian source) has been
available through unregulated buyers’ clubs.

In addition to the NDA, the Center is reviewing a number of
Investigational New Drug Applications held by this sponsor and
others for the indications of HIV associated wasting, aphthous

stomatitis in immunocompromised patients, {
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On the 4th and 5th of September, there will be an FDA Advisory
Committee meeting to discuss safety, efficacy, labeling, and
distribution of this drug for this indication. On September 9th
and 10th there will be an interagency sponsored (FDA and NTH)
meeting to discuss the development of this drug for other
indications.



HIGHLIGHTS: Dr. Friedman asked if there was enough evidence
for approval of the application. Dr. Woodcock responded that
there was some disagreement in the Center, but that based on what
she has seen so far she believes it is effective but she would
review the data and that there was voluminous anecdotal data that
the drug was effective. Dr. Weintraub believes there is evidence
for efficacy. Dr. Wilkin allowed as how the Division believed
there was some evidence for efficacy. There are issues of
safety, i.e. neuropathy and teratogenicity, and dosing.

Distribution scenarios were discussed, the most restrictive being
e ' ‘ _
_ . = The second scenario provides for
either Subpart H or voluntary (by the sponsor) agreement to label
the drug in order to partner the physician and pharmacist to
assure that the patient has met certain criteria (in this case a
negative pregnancy test) before a prescription is dispensed, as
in the Sandoz experience with clozapine. The idea of €

A
was discussed and considered not be an option that we would '
contemplate. A good model as a starting point is the Accutane
experience which is voluntary on the part of Roche and includes
patient and physician education packets and labeling which
contraindicates the use of the drug without adequate birth
control and evidence of a negative pregnancy test. The last
scenario was one under which the physician would obtain signed
informed consent and provide (by the physician and/or the
pharmacist) the patient package insert as in the proposed
Medication Guide.

The CDER consensus was to include the pharmacist as with
clozapine. Dr. Friedman indicated that we would ask for (1) a
physician certification program, (2) mandatory Medication Guide,
(3) signed informed consent, (4) physician and pharmacist
education program, (5) limit dispensing to a 28 day supply, (6)
black box warning, (7) review of production recoxds, and (8)
maintenance of both a pregnancy registry and an ADE registry.
Dr. Weintraub added a negative pregnancy test to be obtained
every month initially and then less frequently.

ACTION ITEMS: Mary Jane Walling will contact HRSA, NIH Office of
Women’s Health, NICHHD, FDA Media (Mr. McClearn), and Ms.
Pendergast’s secretary to make sure that they know about this
meeting She will verify the status of Orphan designation for ENL
and other indications.

Dr. Woodcock will speak with Dr. Cynthia Moore of the CDC about
their presence at the AC meeting.
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Division Director’s Review Memorandum of NDA 20-785

NDA 20-785

Spensor:

Drug:

Pharmacologic Category:

Proposed Indication:

Dosage Form:

Route of Administration:

NDA Drug Classification:

Related Drugs:

Related IND/NDA(s):

Documents Reviewed:
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Celgene Corporation
7 Powder Horn Drive
Warren, NJ 07059
(908) 271-1001

Thalidomide; Synovir™

Immunomodulator

Erythema Nodosum Leprosum (ENL)

Thalidomide S0 mg Capsules
Oral
1P
None
IND 48,177 and IND 11,359

Medical Officer’s Review of NDA 20-785, -
dated July 28, 1997

Secondary Medical Officer’s Review of NDA 20-785,
dated Aug 13, 1997

Statistical Review and Evaluation of NDA 20-785,
dated Aug 7, 1997 .

Clinical Pharmacology/Biopharmaceutics

Review dated Aug 13, 1997



FOREWORD

After discussing and reviewing the cited reviews of NDA 20-785, I concur with the two
medical reviewers, and I have supplemented selected medical review discussion points under
COMMENTS (vide infra).

The cited Statistical Review and Evaluation does not directly comment on approvability.
Thus, it is difficult to state that I concur with their recommendation, since it remains unstated.
However, I do concur with the following statements in their Summary and Conclusions:

1. This data set is not from an adequate and well-controlled clinical trial.

2. There was no control group for comparison, which seriously impacts the efficacy

evaluation and risk associated with use of thalidomide.

3. There was not only a serious problem due to missing data, especially in recording the
severity of the disease such as lesion size, erythema status, tenderness and number of
lesions, but also in recording advent (sic: adverse) events and safety associated with
drug use.

4. Virtually no adverse event data was collected The percentage of missing data in
these categories ranged from 86% to 94%.

5. ...it was decided that summary statistics using patient as an observational unit could
not be meaningfully performed. '

6. Great caution should be exercised in the interpretation of these summary statistics.

7. It is not known how much of these differences are due to concurrent medications such
as prednisone and clofazimine, the waxing and waning of the disease, or to the
massive amount of missing data.

8. It should be noted that this analysis is very likely to mask the fact that ENL could be
present or active during the on-thalidomide episodes even though it may not be
present at the last visit. '

9. The sample size for the truncated off-thalidomide episodes was too small to provide a
meaningful comparison with the truncated on-thalidomide episodes.

10. Due to the total absence of any safety and adverse event data, no benefit to risk
evaluation can be made.

I do not concur with the final sentence in the Conclusions section of the cnted Clinical
Pharmacology/Biopharmaceutics Review: “Given that this drug is being approved for an orphan
indication and given that the applicant has done pharmacokinetic studies with their clinical and
to-be-marketed dosage forms, the amount of information submitted in support of this NDA is
sufficient for approval prov1ded that the applicant makes a firm commitment to supply the other
information outlined in this review in a timely manner.’

The principal issue is in the interpretation of the reviewer’s finding that “Neither version
of Celgene’s thalidomide is bioequivalent to the ‘“Tortuga’ formulation™ (p. 16 of cited review).
The Tortuga formulation was “included in this study as it was commonly used from time to time
in the Hansen’s program and there were questions as to the validity of extrapolating the results
from subjects treated with the Tortuga formulation to the Celgene material” (p. 5 of cited
review). Here the reviewer recognizes that bioequivalence to the Tortuga formulation would




have provided a “bridge” from the current Celgene formulations to the database from which
Celgene obtained the information for this NDA. Although there were other formulations and
other lots of Tortuga used in this database, none were tested. The only one which was tested was
found to be “markedly different as evidenced by both AUC, Cmax, and half-life. It appears to be
very poorly absorbed relative to either of the other two (sic: Celgene) formulations” (p. 6 of cited
review). “Clearly the relative bioavailability of thalidomide from the Tortuga formulation is

much less than that of either Celgene formulation” (p. 7 of cited review).

Since the Celgene formulations demonstrate a much greater bioavailability, any safety
data from the Celgene NDA database emerging from non-Celgene formulations may seriously
underestimate dose-dependent toxicities for the subject of this NDA, viz, the Celgene
formulations. Virtually all of the data in this submission are derived from non-Celgene
formulations. Only 14 patients with ENL are known to have been treated with Celgene
formulations, and this limited data set does not support approval.

Although in the body of the Clinical Pharmacology/Biopharmaceutics Review the
reviewer identifies “questions as to the validity of extrapolating the results from subjects treated
with the Tortuga formulation to the Celgene material”, the Conclusions section of that review
surprisingly does not refer to this critical “bridging “ issue. In my assessment this should have
been an important factor supporting non-approvability from a Biopharmaceutics perspective.

SIGNIFICANT FINDINGS IN THE MEDICAL REVIEWS CITED

1. Celgene’s thalidomide formulation is much more bioavailable than the formulation (Tortuga)
used most recently by the USPHS.

2. Only 14 patients with ENL are known to have been exposed to Celgene’s thalidomide
formulation for more than one dose. (Six additional leprosy patients received a single dose).

3. The information base submitted by the Sponsor contains multiple methodologic problems
which make assessment of efficacy or safety difficult to impossible. These clinical
experiences and studies presented by the Sponsor were never intended for the purpose of
supporting an NDA and were not conducted or planned in a manner that would readily
disclose either efficacy or safety.

4. Thalidomide may have a positive effect on the cutaneous lesions of ENL; however, it is
difficult to assess the clinical significance of the effect of thalidomide on cutaneous lesions
of ENL, and a risk-benefit assessment is not possible. There is no compelling evidence that
thalidomide is effective for the serious systemic manifestations of ENL.

COMMENTS

1. Methodological Problems

There is compelling evidence that many improperly implemented randomized controlied
trials (RCTs) are biased with exaggerated estimates of treatment effects (Schulz KF. Lancet
1996; 348:596-598). The prevention of selection biases and confounding biases depends on
randomization, which consists of two elements: the generation of an unpredictable assignment
sequence and the concealment of that sequence until allocation occurs. None of the studies in
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this NDA, reported to have been blinded, contain adequate methodological details to ensure that
proper randomization was even part of their design.

Double-blinding and avoidance of exclusions after trial entry are the most important
other methods for reducing bias (Schulz RF. ibid.). Blinding seeks to prevent ascertainment bias
and protects the sequence after allocation. It is likely that the sedation accompanying
thalidomide would lead to unblinding, unless a sedative were added to the placebo or active
control arm. Sedative blinding was not employed in any of the studies reported in this NDA.

2. Need for Adequate RCTs

The tenacity and sincerity with which a belief is held is no guide to its factual reliability.
Reynold Spector (The Scientific Basis of Clinical Pharmacology, 1986, pp. 3-6) provides
examples of two universally used and accepted treatments, insulin coma therapy for
schizophrenia and internal mammary artery ligation for angina pectoris, that were ultimately
shown to be NOT effective in controlled trials (Appendix A).

The “sulfisoxazole lesson” described by W.A. Silverman and D. G. Altman (Lancet
1996; 347:171-174) may be more closely analogous to thalidomide for ENL, since penicillin
plus sulfisoxazole did have a positive effect, viz, reduction of the number of fatal infections
(Appendix B). Although the number of fatal infections was reduced, the mortality was strikingly
higher in infants treated with penicillin plus sulfisoxazole (the widely used standard regimen)
compared to infants treated with oxytetracycline.

Likewise, thalidomide may have a positive effect in the treatment of ENL, based on the
clinical impressions reported in the NDA. However, there is insufficient information to
determine the overall long-term risk-benefit relationship for thalidomide for ENL. Adequate
studies of the safety of thalidomide for ENL have not been reported in this NDA, and safety
cannot be assumed even if thalidomide is the leprologists’ treatment of choice for ENL.

3. Compassion and the Use of Unapproved Drugs

The FDA acts as a public health protector by ensuring that all drugs on the market are
safe and effective. Authority to do this comes from the 1938 Federal Food, Drug, and Cosmetic
Act, a law that has undergone many changes over the years. Although the importance of
showing effectiveness through controlled trials had been advocated for years by many experts,
the thalidomide tragedy was the trigger for the Kefauver-Harris Amendments of 1962. These
amendments required firms to prove in adequate and well-controlled studies not only safety but
also effectiveness for the product’s intended use. '

Under President Reagan the FDA responded with great flexibility to the AIDS epidemic
and permitted the use and sale of drugs not yet approved (but in use in ongoing studies) if, inter
alia, the drug was intended to treat a serious or immediately life-threatening disease. Also, the
FDA has permitted individual patients to import unapproved drugs from other countries for their
personal, medical use. George Annas (Villanova Law Rev 1989; 34: 771-797) regards these
regulations as almost purely political, without scientific basis, and tending to conflate treatment
and research and to undermine the very purpose of clinical trials. He describes the theory used
to justify these exceptions to federal drug laws: terminally ill patients have “nothing to lose” and



should not be deprived of the hope (even the false hope) that they might escape death.

As a physician who has cared for dying patients whose final consolation was hope, I find
Dr. Annas’ criticism excessive. Still, in the setting of non-life-threatening conditions,
particularly those conditions like ENL which may be chronic, I find valid his injunction to
demonstrate effectiveness before making a drug commercially available. Since there is no
compelling evidence that thalidomide is effective in the rare, severe expressions of ENL that
might be life-threatening, 1 conclude that thalidomide should not be approved based on the
insufficient evidence of efficacy and safety in the current Celgene NDA.

Since thalidomide has been available in an unapproved manner through buyers’ clubs,
one proposed advantage of the approval of thalidomide (for any use) is that thalidomide will
have labeling to inform the physician, pharmacist, and patient. Also, the physician and
pharmacist can reinforce the transfer of appropriate information to the patient. Additionally, the
physician will have important information to guide the selection and management of patients
taking thalidomide. Such a potential improvement in the flow of information to off-label users
that could be realized with the approval of thalidomide is wholly contingent upon an adequate
database from which thalidomide labeling can be developed. However, there are insufficient
data at this time to craft labeling for any subset of ENL. Even more problematic would be
including safety data to inform the possible off-label use. Jacobson et al (N Engl J Med 1997,
336:1487-1493) reported increases in HIV RNA levels, Grade 4 neutropenia in 2 of 28 patients,
and intolerance of dosing levels in thalidomide treated patients with oral aphthous ulcers and
HIV infection (Appendix C).

4. Requirement for Unique Efficacy

The Agency, with advice from the Dermatologic Drugs Advisory Committee, has
approved teratogenic drug products consistent with less conservative standards than a
requirement for unique efficacy. Etretinate (Tegison) was approved for women without
reproductive potential and for men for severe recalcitrant psoriasis that also responds to other
drug products. Acitretin (Soriatane) was approved for women without reproductive potential
and for men for severe psoriasis that also responds to other drug products. This would suggest
that thalidomide could be approved (if adequate efficacy and safety data were submitted) for
women without reproductive potential and for men even if it were not uniquely effective.

5. Labeling Goals For Teratogens

The Secondary Medical Reviewer is correct in pointing out that thalidomide-injured
infants will be born if thalidomide is approved. As she has articulated, the risk of teratogenicity
must be weighed in the risk-benefit analysis. Systemic retinoids were approved, even though
risks of injured infants were known. It must be acknowledged that, for any teratogenic drug
product approved, pregnancy or fetal exposure prevention programs and appropriate product
labeling cannot guarantee that no human embryopathy will ever occur. A goal of such programs
and product labeling cannot be that nobody will use the drug product incorrectly. An achievable
objective is to craft an informational context that reinforces the correct use of the drug product
and describes what happens when the drug product is used incorrectly.



1.

2.

CC:

CONCLUSIONS AND RECOMMENDATIONS

There are insufficient safety and efficacy data to create labeling at this time. I recommend

that labeling be deferred. '

Since there is no compelling evidence that thalidomide is effective for life-threatening or

severely debilitating forms of the ENL syndrome, and given the paucity of safety data and :
dose-ranging data along with concerns about teratogenicity and neuropathy, I recommend that
this application be NOT APPROVABLE. However, the Sponsor should be informed that a !
well-designed randomized clinical study of thalidomide that incorporates an arm with an anti- ;
inflammatory drug and a sedative (both at appropriate doses) may provide sufficient evidence

of safety and efficacy to permit a more favorable regulatory decision. Such a study would be

in addition to the ongoing clinical trial, E-003/P, with modifications such as more sensitive

neurologic testing.
ﬂ% &/is/ 2z

Jonathan Wilkin, M.D.
irector, Division of Dermatologic
and Dental Drug Products

NDA 20-785

HFD-540

HFD-540/CSO/White

HFD-540/Chem/DeCamp
HEFD-540/Pharm/Hill/Jacobs
HFD-725/Stats/Gao/Thomson/Srinivasan/Harkins
HFD-540/MO/Vaughan/O’ Connell/Walker
HFD-880/Biopharm/Bashaw
HFD-540/DivDir/Wilkin
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Appendix A :
Reynold Spector, “Introduction to Therapeutics,” The
Scientific Basis of Clinical Pharmacology, 1986, pp. 3-6.
Appendix B ‘ '
William A. Silverman and D. G. Altman, Sulfisoxazole, Lancet,
1996, 347, pages 171-174.
Appendix C
Jeffrey M. Jacobson, M.D., et al., “Thalidomide For The
Treatment Of Oral Aphthous Ulcers in Patients With Human
Immunodeficiency Virus Infections,” The New England Journal of
Medicine, Vol. 336, No. 21, May 22, 1997, pages 1487-1493.
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FACSIMILE TRANSMITTAL SHEET
YO: FROM:
Mr. K.D. White Sol Barer
COMPANY: DATE:
FDA ‘ February 18, 1997
PAX NUMBER: ’ TOTAL NO_OF PAGES INCLUDING COVER:
1-301-827-2075 3
RB: YOUR REFERXBENCE NUMBRR:
News Release

X URGENT X FOR REVIEW X PLEASE COMMENT O rrease rerLy [ pLRASE RECYCLE

NOTES/COMMENTS:
Dear Mr. White -

As I mentioned on your voicemail system, Celgene will be issuing a news release regarding the
L filing of the NDA for ENL. I'm attaching a draft (note handwntten corrections) for your review.
- Please let me know if you have any comments/changes. We are scheduling the release for
War 8:00AM tomorrow (Wednesday) moming,

Thanks in advance for your help.

Sincerely,

Sol J. Barer

PS I can be reached at 908-271-4153

I~

908-271.4153
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CODy NO.416 PRB2.8@2

1/13/9% : . DR
‘Stave Thomas. Ph.D | 4 u T

Jonathan Wiikiﬁ, M.D.

Subject: NDA 20-78S Synovir

As per our telephone conversatlon eadrlier today, the following
issuas should be amanded_in the NDA to facilitate filing.

CIazi!icatmén _ t$ minology in - data sets; SPGlelcally

1.:NomﬁnoL%' ¥#:. for example, is PATIENT the same as
‘OBSERV fri'the data sets? ®BS= Sea.REPoRTS o “ViseT*

2. . We want® t;mc ‘required to get “excallent”, etc., time

T of diagnosis mm/dd/yy,;, time of start date to
response; ¢an we subtract time of outcome to get
_this? )

3. Label to vat;ablcs in SAS data sets.

4. We need, somoone thoroughly versed oan the database to

’ -communic‘t ?wich us on thesa issues.

Revise 1abel add?protocols so” thar thalidomide is intendeg

as adjunctive ‘therapy. Neither L-001 nor L-002 appear to
support -BOTH monotherapy AND treatment of severely
debxlltatlng LlthSS

Cectain of the end organs affected by the inflammation of
ENL, namely the’ per1pheral nerves, testes, the anterior
chamber of the .@ye; ‘and kidneys may also be parmanently
damaged -and ‘may result in serious disability. Primary
endpoints of tha:. N§pe ¢ efficacy trials must be arrest or
prevention of'sdoh ajor 1rrever31ble morbidity.

Storage and d;SpEngihg information for the label.

If you have any questlons. pleasc call Kevin Darryl White st

(301}

827-2020. Thank you
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Memorandum

To: Mary-Jane Walling

From: E. Dennis Bashaw, Pharm.D.
Date: May 15, 1996

Subject: Thalidomide-PK Requirements

From our joint meeting on May 6th between the staff of the Division of Pharmaceutical
Evaluation-III and the ODE-V medical staff involved in the review of thalidomide, the following
pharmacokinetic trials were classified as those required for the filing of an NDA for ENL:

1. Siﬁgle dose bioequivalency study (clinically studied vs. to-be-marketed).
2. A dose proportionality study over the clinically studied range (50-400mg as single doses).

3. A definitive metabolism/disposition study (c-14 or tritium or other accepted technique) in
patients with leprosy. This data should also be used in conjunction with in vitro
metabolism studies to provide preliminary information on the metabolic character of
thalidomide and to provide preliminary information on drug-drug interactions.

4. In vitro dissolution method (in conjunction with FDA St. Louis lab).

Ideally these studies should be done with subjects with ENL, however, given the nature of the
disease and the number of subjects involved, the use of normal volunteers is unavoidable. One
may want to consider the possibility of using subjects with either ENL or leprosy in ‘the
definitive meétabolism study as this type of study normally includes less than 5 subjects.

Those studies that are being either deferred or made as a phase IV requirement:

I. Multiple dose steady-state (may be added to an ongoing clinical study).
2. Food effect study (modify ongoing clinical protocols to indicate fasted dosing).

3. Special populations (hepatic & renal) will be labeled as not studied (metabolism study
data may be useful here). In addition information on the effect of gender, race, and age
will need to be developed.

4. Drug interaction studies (e.g., dapsone and rifampin). The results of the definitive in vivo
metabolism study may be useful in selecting in vitro screening methods (using P-450

isoenzymes) for drug interactions. In vivo work may be required for confirmatory
studies. -

As an unstated 1ssue on the table that the sponsor needs to address is a rationale for using a
non-specific assay technique for a racemic drug product. Inter-conversion between the two
forms may become an issue. Published data in the scientific literature may be useful here.
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Enantiomers of Thalidomide,” Chirality,
Volume 7, Issue 1, 1995, pages 44-52.
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RECORD OF A MEETING

January 22, 1996 ' | DR A?T

Between: Members of Celgene Corporation:

and

Steve Thomas, Director, Pharmaceutical Development

David Stirling, Senior Vice President of Pharmaceutical R&D
L 1, Consultant to Celgene, T B 1

t 3 Consultant to Celgene, T 7
L 3. Consultant to Celgene

Members of the Division of Dermatologic and Opthalmologic Drug Products:
Michael Weintraub, Office Director, ODE V

Mary Jane Walling, Special Assistant to the Director

Jonathan Wilkin, Division Director '

Linda Katz, Deputy Director

Brenda Vaughan, Medical Officer

Abby Jacobs, Pharmacology/Toxicology Team Leader

Hilary Sheevers, Pharmacology/Toxicology Reviewer

Wilson DeCamp, Supervisory Chemist ’

Frank Pelsor, Team Leader of Anti-Infective Drug Products, Biopharmaceutics
Ralph Harkins, Acting Division Director, ODE IV

Joanne Holmes, Project Manager

Matthew Tarosky, Project Manager, Division of Anti-Viral Drug Products

Subject: Clinical and Preclinical requirements for the proposed NDA submission

Drug:

Accelerated approval of the NDA
Timeline for the proposed NDA submission

Thalidomide

Proposed
Indication:  Erythema nodosum leprosum

Sponsor: Celgene Corporation

The following topics were discussed: *

1.

The meeting opened with a discussion of what information is available in the patient

database at the Hansen’s Disease Center in Carville, LA. The Division expressed H ’4‘“3 K
concern that until it is able (o see what information is there, particularly regardin ¢ &{ N
saiety, 1t 1s unable to say whether this datz will be acceptable in support of the :{w' te
proposed NDA. Celgene indicated that several years of data on 24 patients are oeta

available. Some statistical evaluation has been performed. It was agreed that by the
end of three weeks, Celgene will provide full data on one of the 24 patients and a
study summary. Any other patient records will be available upon request from Drs.



N

Rea and Yoder. DR &?T

Celgene indicated that due to the shortage of the thalidomide supply at Hansen’s, they
"had been encouraged by meetings with other parts of the Agency in November 1995, S.

bt

to apply for accelerated approval using restricted distribution according to 21 CFR H
314.520. While they have considered the Accutane model, they have not developed a
final proposal for restricted distribution.

Celgene stated that if they failed to comply with any commitments made for the

accelerated approval, that the drug would be withdrawn from the market, according to
the regulations.

Celgene further stated that they have agreed to supply thalidomide to any single-
‘patient INDs requested. [

3

Dr. Wilkin reminded Celgene that while thalidomide is used in ENL, AIDS, GVH,
ocular diseases, and more, the Division must be mindful of the drug’s toxicity profile
and history. He cited the Sheskin studies on ENL, where the dose chosen was based o. .
on that used as a sedative, rather than any exploration of dose-ran_ging studies. which Yan 5.‘»‘
the Division would like to see. He also expressed concern that dermatologists who Sl 9
have confidently prescribed Accutane without incident of birth defects will readily *e
prescribe thalidomide while disregarding the possibility of neurotoxicity, which seems

to be dose-related. He added that by knowing the minimum dose required for

treatment, Ql;ysicians are less likely to overtreat and therefore predispose the patients

. to. neurotoxivity.

Dr. Thomas stated that because the number of patients j

US o,
present the first time with ENL is small, the primary investigators are resistant 1o any < - i-L..
study that is more aggressive than what is now proposed. mod th
L _ _ e RN T
Dr. Wilkin acknowledged this problem, and offered Celgene the opportunity for a welk Jd, O
teleconference with the Division, Celgene, and Drs. Rea and Yoder to discuss a Aesc o -
protocol thaf will provide the most data possible. Celgene agreed. s%..(‘:f =

Dr. Katz added that Protocol EOO01, submitted in the original IND dated June 15,
1995, and revised December 21, 1995, appears convoluted. She proposed that
Celgene reconsider a protocol whereby the trial is shorter than the two years
proposed, with a more simplified tapering regimen.

Dr. Wilkin concluded that the Division will work with Drs. Rea and YodM gugy““’é—s
protocol, and if Celgene can supply data that indicate promise in the effnical and E ) & H
statistical evaluations, then the Division will consider Subpart H. “Dr. Katz added that Ae et
the Division needs to see what data are currently available before it can say what

. . T Y
trials need to be either initiated or completed in order for this application to qualify Cod
for Subpart H. ‘ i

vl 5%,[_

(H-;Jﬁ;ﬁ‘, 5

-~ -




DRAFT

3. Dr. Thomas said that the data on the one year chronic toxicity study in beagles wil]
be available by the end of this year. It is unclear, due to the readiness of the clinical
data, whether this study will be completed or ongoing at the time of the NDA
submission. Dr. Sheevers agreed to look at the interim data, as well as the interim
data from the NCTR primate study, before stating whether completion of the beagle

study would be required for submission of the NDA. )

4. Celgene agreed to provide a copy of the randomization protocol they had drafied, and

Drs. Rea and Yoder rejected.

5. Dr. Pelsor informed Celgene that the PK protocol E002, as revised in the December

21, 1995, submission, is acceptable.

cc:
IND 48,177

HFD-540 Div Files
HFD-540/PHARM/TOX/Sheevers
HFD-540/TEAM LEADER PHARM/TOX/Jacobs
HFD-540/ SUP CHEM/DeCamp
HEFD-880/BIOPHARM/Pelsor
HFD-725/ACTING DIV DIR BIO V/Harkins
HFD-540/MO/Vaughan

HFD-540/Dep Dir/Katz

HFD-540/Div Dir/Wilkin

HFD-540/Proj Mgt Supv/Cook

HFD-540/Proj Mgr/Holmes
HFD-105/Weintraub/OFF DIR, ODE V
HFD-105/Walling/SPEC ASST, ODE V
HFD-530/Tarosky/PROJ MGR

Joanne M. Holmes



