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anal ogs tﬁ&?%n §%nd to internediates useful in this novéﬁnpf
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FIELD OF THE INVENTION

10
This invention relates to a novel process for the synthesis of temozolomide,
an antitumor compound, and analogs thereof, and to intermediates useful in this
novel process.
15 BACKGROUND OF THE INVENTION

Temozolomide, 3-methyl-8-aminocarbonyl-imidazo{5,1-d}- 1,2,3,5-tetrazin-
4(3H)-one; is a known antitumor drug; see for example Stevens et al., J. Med.
Chem. 1984, 27, 196-201, and Wang et al., J. Chem. Soc., Chem. Commun.,
20 1994,1687-1688. Temozolomide, the compound of formula 1:

25 is described in U.S.Patent No. 5,260,291 (Lunt et al.).
The synthesis of 1 by the process described in J. Med. Chem. 1984, 27, 196-

201 is depicted in the scheme | below.



H2NCO A H2ZNCO B H2NCO 1 In this process, 5-am no-1 H i m dazol e- 4-car?t50z€l[n}@5ne
(A) i converted into 5- diazo-1Him dazol e-4-carboxani de (B), which i
cyclized WotBo-pet hyl i socyanate in dichloronethane to proys'b?qg@}m"gp yield
of tenpbzol om de. However, this process requires isolation of the unstable
and potentially dangerous 5-diazo-1 Hign dazol e-4-carboxam de (B).

Moreover, nethylisocyanate is a difficult reagent to handle and ship,

especi al ly ondhgpgustrial scale, and indeed is better avoided in

i ndustrial na e. Furthernore, the cycloaddition of 10

met hyl i socyanate requires a very long reaction tine: Table | in J. Med Chem
1984, 27,196-201, suggests 20 days. Additionally, Stevens et aD nention

that the cycloadditi on/&f fyhe i I@HZ ate to the conp unngQf A0t
fornmula (B) can procggd tﬁrou.%am_ﬂe.lS ,@%

ant i ntermediate:Ni s Ihe
production of I by the i

rﬁgesses descyFped in J. Chemrr}%@&\,;ﬁhem
Commun., 1994, 1687-16 pro'O| es a | ow 2yield fronys-amNno-1 H

i m dazol e- 4- car box5NEO (4: | ess t hBeNEOY% Binopt i ni zed2NCébout 17% t hr ough
5- diazo-1H i m dazol e- 4-car boxam de (B) and about 15%t hr ough 5-am no- N1-

(et hoxycar bonylnrtBishgiopess, Jaminetd rbireidazolg-{rcaiyaraae d8) (SCyonvesesnto $1
bel ow 20, . 7 : o) ' 3 Schenme 11: O
i oo ot eBeate R Bt gie ey 2o A over i gt
HZNG® C  fiedtaditdayeandleRdichidromaititd nea\Nolice EHHCERE of termdididndd2CO2Et  F
N2+ DVBO, 25C, r \N N L . :
However, this process requires isolation of the unstable and potentially dangerous
5-diazo-1H-imidazole-4-carboxamide (B). Moreover, methylisocyanate is a difficult
reagent to handle and ship, especially on the industrial scale, and indeed is better
avoided in industrial manufacture. Furthermore, the cycloaddition of
10 methylisocyanate requires a very long reaction time: Table | in J. Med Chem. 1984,
27,196-201, suggests 20 days. Additionally, Stevens et al mention that the
cycloaddition of the methylisocyanate to the compound of the formula (B) can

proceed through two different intermediates:

15 The production of | by the two processes described in J. Chem. Soc., Chem.
Commun., 1994, 1687-1688 provides a low overall ’yield from 5-amino-1H-
imidazole-4-carboxamide (A): less than 20% (unoptimized - about 17% through 5-
diazo-1H-imidazole-4-carboxamide (B) and about 15% through 5-amino-N'-

(ethoxycarbonylmethyl)- 1H-imidazole- 1 ,4-dicarboxamide (C)); Scheme Il below
20



H2NCO B overnight HZNCO D O Four 'CH steps NON N rL, N,N H2NCO Moreover,
the unstabl e 5-diazo-1 Hinidazol e-4-carboxani de (B) still has to 515dUL2W5
i'solated jn the branch of this process that uses it as an internediate.
Cearly, WREVET3t%, there is a need for synthetic nethods ﬁhal“hdymare nor e
conveni ent and hi gher yielding, especiakly on commercial scale; b) approach
the synthesis of the tenpzol om de nucleus in novel ways; 10 or c) inprove
the preparation _or use of internediates for the processes. SUMVARY OF THE
INVENTICELfﬁEE%Hesent i nvention provides processes for the preparation of 15
t enozol om de, al kyl anal ogs thereof and useful interngdiates of
tenbzolomde. In o odi nent, this invention provilles a process for the
preparation of ?\ nd QCMNEHorGD LA 1 59\ QQ&H%@D@EQ/ 1151268
Kk

PCT :L s02/0l1 M2 N“‘R—HzNCO—]'K*wher is an yl group
having from 1 to 6/carbdiat oRVISBe2d 6eess co r| g, reacting a
conpound of t H&NGONuUI aAI I 0 oblekhght HoNCO C
Diazotize NaNO,, HCI
M _CH,CO,Et
N@ OCN.CHp.COEL (/NN
>/l\N; DMSO, 25°C, T
HNCO g overnight HNCO D
O Ar
//\N/U\N/CH3 steps
N !
A
N
H,NCO

Moreover, the unstable 5-diazo-1H-imidazole-4-carboxamide (B) still has to
5 be isolated in the branch of this process that uses it as an intermediate.

Clearly, therefore, there is a need for synthetic methods that:

a) are more convenient and higher yielding, especially on commercial

scale;

b) approach the synthesis of the temozolomide nucleus in novel ways;
10 or

c) improve the preparation or use of intermediates for the processes.

SUMMARY OF THE INVENTION

The present invention provides processes for the preparation of

15 temozolomide, alkyl analogs thereof and useful intermediates of temozolomide.
In one embodiment, this invention provides a process for the preparation of

a compound of the formula JA:



HZN N HAN.N 10 5 R Il wth a suitable oxidation/cyclization agen{ in the
presance of a soluble iodide, in an 10 inert medium under an inert!3d JUL2005

at nosphengoap@dsats a tenperature and for a tinme sufficientpeneughi® produce
a conpound of the formula I A In another enbodinent, this invention provides

a process of preparing a conpound of farnula Il by reacting a conpound of
the formula I'1l 0O H2ZN -1 1 N H2ZN N 15 X0 IlIl wherein Xis a |leaving
group- of the type that activates its adjacept carbonyl group towards

nucl eophiles, wth a suitable hydrazine, i.¢. R@H NH2, wherein Ris an

al kyl group having 1 to 6 carbon atons.Z/28TNinot her embodi nent, this

i nvention provides a process for prepah‘i a Jconpound of the formula IIl. 1

5 JUL 2905 1\40112/057268 PCT | S024r1lo N°OH2N -1 1 N H2N N X10 [I11
whi ch conprises reacting a corrpounngfqut;he formula 4: O

1A
wherein R is an alkyl group having from 1 to 6 carbon atoms, the process

comprising, reacting a compound of the formula II

11

with a suitable oxidation/cyclization agent in the presence of a soluble iodide, in an
10 inert medium, under an inert atmosphere and at a temperature and for a time

sufficient enough to produce a compound of the formula IA.

In another embodiment, this invention provides a process of preparing a
compound of formula II by reacting a compound of the formula I11:

o

H,N | N\>
HoN /’L
15 ‘ X "0
I11
wherein X is a leaving.group of the type that activates its adjacent carbonyl group
towards nucleophiles, with a suitable hydrazine, i.e. R-NH-NH;, wherein R is an
alkyl group having 1 to 6 carbon atoms.
20
In another embodiment, this invention provides a process for preparing a

compound of the formula III.



HZN NN H2ZNHHC 5 4 with a conpound of the fornula : O X Y 10 wherein
each of X and Y is the sane or different leaving group, to yield cqmp

1. I'n yet another embodiment, this invention provides a novel process for
prepari ngMEHBZ B de (1): 0 N/~ Nj~ N CH3 H2NCO 15 ACTEaWH'Si ng: a)
reacting conpound 4: O H2N NN 20 HZNHHCI 4 1 5 JUL 2005 WD 02/05726K
PCT't SU2: UUi92 6 with 4-nitrophenyl chloroformate in the presence of
triethylamne in CH2Cl 2. and under acpitrogen at nosphere at about 25C to
obtain compound 3: 0 H2N N

H,N , N\>
N

HoN
xLo
I

which comprises reacting a compound of the formula 4.

@)
N
H-N
2 ’ \>
N
HoN H <HCI
) 4
with a compound of the formula :
Ji§
X Y
10 wherein each of X and Y is the same or different leaving group, to yield compound

II1.

In yet another embodiment, this invention provides a novel process for

preparing temozolomide (1):

O
N&\N/lkN/CHE}
= =N
N
H,NCO
15
1
comprising:
a) reacting compound 4:
®]
N
H,>N
2 l \>
N
20 HN H «HCI



H2N 4- NO2C6H400 5 3 ; b) reacting conmpound 3 with nethyl hydrazine.in DVF at
about, OC to obtain compound 2: 0 JI' /CH3 ~NN NI i NH NH 13 JuLH@BICO
2 and  Cclbea6i-bng conpound 2 with BudNl in a 50150 mi xturg-p{ ¢ RHR{ESHICN,

at a tenperafuré of about 60C for about zero to sixty minutes, followed by
the 15 cooling of the reaction m xture go about 25C and the addition of )
H5106 with stirring for about 10 to about 60 m nutes to obtain tenpzol om de
(1). The present invention further provides various novel internediates,
specifically: 20 1-al kyl derivatives of 5-am no-4-(am nocarbonyl)-1

H i m dazol e-1 -carboxylic _acid hydrazide wherein, the al kyl .grQup. contains
from1 t 85""%‘ %—Q}tmpeé\tygg@otqfqgngte Iéﬂ{g@|pr%seqqc\€;acgf{3t\r)g§wgﬁm{r}$e%,\9%zﬁt}&r}é’i ne
aton), 5-ami.ng-4- i F;:Hypl - { o i ﬁ-%@ﬁ i acid and active
esters tﬁgﬁﬁgg?,rﬁt&é@éﬁc?gﬁﬁg 4_%3){[ F%gtﬁ{e%???g%éﬁggg amy]Hogéar bonyl)- 1 Him
i dazol e- 25 1-carboxylate, and 5-ami no{%- (am nocarbonyl)- 1 Himidazole-1

-carboxylic acid 1- nethyl hydrazi de ( ch can alternatively be naned as
N ,5-diamno-N-nethyl-1 H 1 5 JUL 208 (\|\2/ 057268 PCT [ S1121014192 7

H,N /L

4-NO,CoH,0™ 0
5 3

b) reacting compound 3 with methylhydrazine in DMF at about 0°C to

obtain compound 2:

10 H,NCO
2 and
¢) reacting compound 2 with BusNI in a 50/50 mixture of THF/CH3CN,
at a temperature of about 60°C for about zero to sixty minutes, followed by the
15 cooling of the reaction mixture to about 25°C and the addition of H<1O, with stirring

for about 10 to about 60 minutes to obtain temozolomide (1).

The present invention further provides various novel intermediates,
specifically:

20 1-alkyl derivatives of 5-amino-4-(aminocarbonyt)-1H-imidazole-1-carboxylic
acid hydrazide wherein the alkyl group contains from 1 to 6 carbon atoms (i.e.,
alkyl derivatives at the N-1 hydrazine atom),

5-amino-4-(aminocarbonyl)-1H-imidazole-1-carboxylic acid and active
esters thereof, especially 4-nitrophenyl 5-amino-4-(aminocarbonyl)- 1H-im idazole-

25 1-carboxylate, and

5-amino-4-(aminocarbonyl!)- 1H-imidazole-1-carboxylic acid 1-

methylhydrazide (which can alternatively be named as N',5-diamino-N-methyl-1H-



i m dazol e-1, 4-di car boxam de). DETAI LED DESCRI PTION 5 As used herei n.sét}m 2005
follQqwing ternms have the foll ow ng nmeani ngs unless defined otherw sg, \
C HC: 1- ['3- (D met hyl ami no) propyl | - 3- et hyl - carboddi i m de, _hydrochl oride 10
DCC: N, N ¥ BUYPEhexyl car bodi i ni de ~ HOST: 1- Hydr oxybenzot r'i’%EgF'é"”bNF:
N, N-Di et hyl formami de Et OAc: Ethyl acetate NMM 4-Methyl norpholine 15
MeOH Met hyl al cohol EtOH Ethyl alcohol Et20 D ethyl ether BOC : t-Boc or
tert-Butyl oxycﬁ:ﬂar bonyl Li OH.. Ls t hi um hydroxi de 20 NaCOH Sodi um hydr oxi de
KOH:  Pot 4844 eﬁﬂ/d‘ﬁ%‘)@?b@xa&@g@ ‘acetyl acetonate DCC di cycl ohexyl carbodi i ni de
NCS N-chl orosucci nim de 25 NBS N bronosuccinimde The term "al kyl" or "I ower
al kyl " means straight or bran(‘{B‘E‘F‘Aﬁ'%b@%RﬂST@Nl to 6 carbon atons. "R
is an al kyl chain that can be g or branched, but is preferably 30
straight, such as for exanple 1-pentyl and 1-hexyl. Preferably, it is a
loves al kyl  grougedByiag tHe Iloditptdrenr wd\anthe foliokingsmaahirgglunless
1- et hyl -propyl, 2-nethyl-1- propyl, 1-propyl, 1-nethyl-ethyl, ethyl or
met hyl , nigfnegradhemdasey nmethyl. 1 5 JUL 2005 N O 02/ 4157268 PCT' r
S$112111111)

DEC.HCI:  1-[3-(Dimethylamino)propyl}-3-ethyl-carboddiimide
hydrochloride

10 DCC: N,N'-Dicyclohexylcarbodiimide
HOBT: 1-Hydroxybenzotriazole
DMF: N,N-Dimethylformamide
EtOAc: Ethyl acetate
NMM: 4-Methyl morpholine

15 MeOH: Methyl alcohol
EtOH: Ethyl alcohol
Et,0: Diethyl ether
BOC : t-Boc or tert-Butyloxycarbonyl
LiOH: Lithium hydroxide

20 NaOH: Sodium hydroxide
KOH: Potassium hydroxide
acac acetylacetonate
DCC dicyclohexylcarbodiimide
NCS N-chlorosuccinimide

25 NBS N-bromosuccinimide

The term “alkyl” or "lower alkyl” means straight or branched alkyl chains of 1
to 6 carbon atoms.
"R"is an alkyl chain that can be straight or branched, but is preferably
30 straight, such as for example ,1-pentyl and 1-hexyl. Preferably, it is a lower alkyl
group having 1 to 4 carbon atoms, such as 1-butyl, 1-methyl-propyl, 2-methyl-1-
propyl, 1-propyl, 1-methyl-ethyl, ethy! or methyl, most preferably methyl.



8 Scheme Il 00 ,RA,R NNNoxidation/cyclization NN. N N NHz organic
sol vent H2NCO NH2 H2ZNCO II I A The conversion of the conmpound of tger f-@riwil)a
11 into the conmpound of the forrmula IA (Schenme I11) requires conc m 8 r-
consecut iwe ooxidet i on and 5 cyclization to take place. ThepcT/tso2m1092

oxi di zing/ cycli zing agent may be, for exanple, periodic acid (H5106),

i odi ne/ potassiumiodate, brom ne or chl&ine, or a reagent that oxidizes
NH2 to NZ, where Z represents Oxygen, (H Hal), or Hale, wherein Hal s
hal ogen anghewherei n the hal ogen is chlorine, bromne or iodine. Qher

sui tabl e oxirdizing agents include KI/K @3, 12, 12/K1031 1C, 1C13, 1205,
NCS/ Me2S, NBS/ Me2S, 109DCC/ DMSQ H3P04, peracetic acid, V& acac)2/02.

VQ( acac) 2/ t - BuOOH, VZQﬁk JBU4ANI /02, and MhQ2. Preferahl t heR oxi di zi ng
agent is H5105 a,(]é\t e rébcti axidatiopr@fdizmbn n tn\fé serﬁ\be of an iodide
that is soluble i e rédtt i o e va diun:%eﬂq _ah inert organic
sol vent. A quatermary “gponi umiodide is typically referred, and exanpl es
i ncl ude tetradft®YC&moni ¥m i odi des such as Bu4NHNLE However, since the

i odide functions catalytically, a small anount of an inorganic iodide, even
if only sparingly solulke in the reaction nmedium can alSo be used, i.e.

KI. The process of sch 11 is carried out in an inert organic sol vent
that is sel ectiedcdmaerspnnoithe oot i ofithe Sotmelatll fuec hhasoigeundrofehéer ,

such as t-butP/I- 20 nethyl -ether, a cyclic ether, such as, THE or di oxane,
acet oni t rforaulanéy (Sahatee dH) BqUEs OHCABHENt /R CaN KSAUtNE NS Jerein t he

o 34 S 4R i 8 85000 SLRORT Ly SRR B R Lo ¢

car bon at acet a reaction is
pr ef er abl periratic heid (B14106)N0GINefbtasEGM iati aws phenie orecldorinelnutes reddemdgen, and

at a sul tt%glt gxigiezgger\rlﬁg {Jor I%Zf a%%?e %rrggeas%%?st 0>_<yzgoecn,t(i9i,Ha|), or Hal,, wherein Hal
is halogen and wherein the halogen is chiorine, bromine or iodine. Other suitable
oxidizing agents include KI/KIOs, I5, 12/KI03, ICI, ICl5, 1,05, NCS/Me,S, NBS/Me;S,
10 DCC/DMSO/H3P0., peracetic acid, VO(acac),/02, VO(acac),/t-BuOOH, V;0s,
BusNI/O,, and MnO,. Preferably, the oxidizing agent is Hsl0s and the reaction is
preformed in the presence of an iodide that is soluble in the reaction medium, the
medium being an inert organic solvent. A quaternary ammonium iodide is typically
preferred, and examples include tetraalkylammonium iodides such as BusNI.
15 However, since the iodide functions catalytically, a small amount of an inorganic
iodide, even if only sparingly soluble in the reaction medium, can also be used, i.e.
Kl.
The process of scheme 111 is carried out in an inert organic solvent that is
selected from a non- nucteophilic solvent such as DMF, an ether, such as t-butyl-
20 methyl-ether, a cyclic ether, such as THF or dioxane, acetonitrile, methylene
chloride, toluene, an alkyl alkanoate wherein the alkyl group has 1 to 4 carbon
atoms and the alkanoate group has 2 to 4 carbon atoms, i.e. ethyl acetate, and
mixtures thereof. The reaction is preferably carried out under an inert atmosphere,
e.g., under nitrogen, and at a suitable temperature range from about -20°C to
25 about +70°C, preferably about 0°C to about +60°C.
Preferably, the organic solvent is a 50/50 mixture of THF/acetonitrile and
since the compound 1A is basic, no further acid-binding agent is normally

necessary.



25 about +70C, preferably about Cct to about +60C. Preferably, the organic
solvent is a 50/50 nixture of THE acetonitrile and since the conpdund)iTibli s
‘basic, no further acid-binding agent is normally necessary. 1 5 JUL 2005
RO 021113Y9688"P@HW t Sn2~01u92 9 Schene 1V O O HzN N HzN MTRRHINER, H2N N
organic solvent ZN N X O H2ZN.N O R IILBI it 51In the preparation of a

vV,

conpound of forrmula Il shown in Schene conpound |1l is reacted with an
al kyl hydrazine of the formula R-NH-NH2. Ris a |lower alkyl as defined above
and X i s S£hed&i¥g group of the type that activates its adjacent carbonyl

group towards nucl eophiles. X may be, for exanple, @n active 10 esterifying
group such as a phenyl oxyy or 2-napht hyl oxy group, or) a substituted

phenyl oxy group vvherﬁi ?‘Jr € sppstituents are el ?_él;\‘r W_fhdrawi ng, e.g., a
2

2- or especially 4- 0 gJjouyn, or t Ha2u0 gr oujp. may al so be, for
exanpl e, chlorine, brom ne or& odi n?'ﬁ%‘g e2'r eact i oplli s/conducted in an
inert organic solvent sygy asN for g fverdMF,  HNE, 2Cl 2, aceonitrile
or m xtures thereof, under ag/gnert nosphere and at a/genperature of
about OC. Preferably the reactton is conducted unddd,NaN"ni©r ogen at nosphere,

at a tenperature of OC using DVF as the solvent. 20 cherre VOO

11T 11

In the preparation of a compound of formula 1I shown in Scheme IV,
compound III is reacted with an alkylhydrazine of the formula R-NH-NH,. R is a
lower alky! as defined above and X is a leaving group of the type that activates its
adjacent carbonyl group towards nucleophiles. X may be, for example, an active
10 esterifying group such as a phenyloxy or 2-naphthyloxy group, or a substituted
phenyloxy group wherein the substituents are electron withdrawing, €.g., a 2- or
especially 4-nitro group, or a pentafluoro group. X may also be, for example,

chlorine, bromine or iodine.

15 The reaction is conducted in an inert organic solvent such as, for example,
DMF, THF, CH.Cl,, aceonitrile or mixtures thereof, under an inert atmosphere and
at a temperature of about O°C. Preferably the reaction is conducted under a

nitrogen atmosphere, at a temperature of 0°C using DMF as the solvent.

20 Scheme V

H,N H,N

N N
D X-CO-Y >
N HCl - N 1

Et;N/CH,Cl,
X" "0

4 111

H,N

In the preparation of compound III shown in scheme V above, compound 4

25 is reacted with a compound of the formula:



HZN 1T N HN N> HNNHCO XXCOYHNN 2 HEt3NNCH2CAz 2 X0 4 111 In the
preparation of conpound Il shown in schene V above, conpound 4 2% 3i $UL 2005

feacted Wi sheggpound of the formula: 15 JUL 2005 WD 112[/057268 ..,
_ PCTCSllZ)MiEE%gZ'%p X-CO-Y wherein X and Y are the sane o?égﬁf 'e&le”r)ﬁ

| eaving group. X or Y can be for exanpfg, hal ogen, phenyl oxy, 2-naphthyl oxy
or a substituted phenyl oxy group, wherein said substituents on said

phenyl oxy groups are, for exanple, nik&g _§ pent af l uoro, chlorine, brom ne,

i odi ne or conbinations thereof. Prefera ?y, Xand Y are different i.e. Yis

hal ogen afgersind X ahdohey e ¥ame-drafitierant eaving gfouIDs b ugedbepbeny| oxy
group. More preferably, Y is a hal ogen such as, for exanple, brom ne,

chl or i ne,exampledh@egant Phemlien. Renarhthyloxp or apyudistityted RN YIO%Ysg@Upheny! oxy,
2- napht hyl oxy or..a supstituted n X [OUp._ Yet even re.preferred, Y
"5 10" cn e S SR8 SR B TS ¥ o SWPBL AL Sbet | ¢ vent s
on szid aNbersy clibaHeSbidehiAg, iBtdelo0sorABMaBbhs Bigreobt Préfeeaeip, RING Y

preferred, Y is chlorine and X is nitro-phenyl oxy. Exanpl es of conpounds of

t he for marg differenyi.en¥lisbalogepandaXds adgtheinyiaxyed-ntaphteyipsy of arsrirstitiiad

o i 1 opaIgL N SRR AR ekE= e 7 BB bR Su R, B B R Foence o

an or gani¢hi@finé,tenadiRkiCtMlorike BEimPmagepiefstied aad, X iva pheaylxg, 2a tertiary
amne i.e. pyridine, 2,6-lutidine and triethylamne or a base such as, for

exanpl e, RRRfHPENET porubstiuied BheayiBenar@p. Bt ebaedselaiad Y is
") SR BhES e RS RE iy 0,8 BNk e PR A 2,
acet at e ighasgeky aicubs Bdi(d Ritdoedrgerpakicror etill em more preferred, Y is chlorine

and X is nitro-phenyloxy. Examples of compounds of the formula X-CO-Y include,

but are not limited to, chloroformate and bromoformate esters of reactive leaving

groups such as for example 4-nitrophenyl chloroformate.

15 The reaction is conducted in the presence of an organic or inorganic acid-
binding agent such as, for example, a tertiary amine i.e. pyridine, 2, 6-lutidine and
triethylamine or a base such as, for example, sodium and potassium bicarbonates
or carbonates, with triethylamine being the most preferred.

An organic solvent, preferably an inert organic solvent such as, DMF, THF,

20 CHCl,, acetonitrile, and ethyl acetate is used, with CH,Cl; being preferred. The
reaction is conducted under an inert atmosphere e.g. a nitrogen atmosphere and at

a temperature range of about —20°C to about +50°C.

in a preferred embodiment of this reaction, 5-amino-1H-imidazole-4-
25 carboxamideeHC! (4) is allowed to react with 4-nitrophenyl chloroformate under a
nitrogen atmosphere in the presence of triethylamine in CH,Cl; to obtain

compound 3 (Scheme VI).



reaction is conducted under an inert atnosphere e.g. a nitrogen atpnpsphere
and at a tenperature range of about -20C to about +50C. In a prefkprJdt 2005
‘enbodi nent of this reaction, 5-anino-1 Hinidazole-4 25 carboxani de HCl (4)
is all oneOtBMF@att with 4-nitrophenyl chloroformate underP@ 'thf¥'HoYen

at nosphere in the presence of triethylamgne in CH2Cl 2 to obtain conpound 3
(Scheme %1). 1 5 JUL 2005 N 0 02/0572 PCT't S02;1111192 11 Schene VI 0
0 HNNA4-nitrophenyl HN N 2 chloroformate 2 HN NHCI HNN 2 H

Et 3N CH2Aeme Mp2C6H400 4 3 Thus, the present invention provides a novel
synthesis for Tenozolgm de 5 and | ower al kyl anal ogs thgreof, which proceeds
inthree sinple stepgjfroma comrercially available stjprting materi al,
5-amino-1 Hind ﬂn 4-_gar boxanidBitrepheny! avoi d senNof hazardous
materi al s such as'2he ufpistibl e Sechicmdotitatel dazol -4-ca,bo m de and

nmet hyl - i socyanate. A rr‘_g(g| e the processii dyrected to the
preparation of 10 HsNozo|om itself, .|s shown in Jekene Wi1: Scheme VII:
O 0O N4-nitrophenyl N N chl oroé&mgzﬁgw I\~
4-NO,CgH,O” O
4 3

Thus, the present invention provides a novel synthesis for Temozolomide
5 and lower alkyl analogs thereof, which proceeds in three simple steps from a
commercially available starting material, 5-amino-1H-imidazole-4-
carboxamideeHCI and avoids the use of hazardous materials such as the unstable
S-diazo-1 H-imidazole-4-carboxamide and methyl- isocyanate.
A preferred embodiment of the process, directed to the preparation of

10 temozolomide itself, is shown in Scheme VII:

Scheme VII:

0 0
4-nitrophenyl
N N
HaN | \> chioroformate HN | \>
N .HCl B} N
HN - H Et;N/CH,Cl, HN
4-NO,CH,0” 0
4 3
CH3NHNH.,
DMF
Y
o) o)
N/\N/U\N/CHa ~ Bu,NUHSIO; oo O
= <N - N == fI\|H
N THF/CH,CN NH V2
H,NCO 2
2 H2NCO

1 (Temozolomide) 2



HNNHJ HNNZ2HE3NCHC2 2 4-NORC5H40't, 0 4 3 CH3NHNH2 DWVF 0 O
N~NXN CH3 Bu4NI/H5106 NNNCH3 NN THE/ CH, CN *NH2NH2 H NC2 H2NCO | 15 JUL 2008
( Tenozol ANbEedsBel S JUL 2005 WO 02/1157268 PCT CS0211113492 <2 XAVPLES
~The followmng Exanples illustrate but do not in any way limt the present 5
I nvention. Chem cals obtained fromAl drizh Chem cal Conpany (M | waukee, W)
are identified by their catal og nunber. It should be noted that nonmencl ature
may differ slightly between this specification and the Al drich catal og.
EXAMPLE 1 Preparation of Tenozolomde (1) 10 Step A Preparation conpound
(3) 00 HNNA4-nitrophenyl HN N 28XAMehES oformate 2 N *HO N H2N H
Et 3N CH2Cl 2 H2N 4-N O2C5H4010 4 3 5- Ami no- 1H-i m dazol e- 4- car boxam de HCl
(4) (25g, 0.154 nol) (Aldrich

The following Examples illustrate but do not in any way limit the present
5 invention. Chemicals obtained from Aldrich Chemical Company (Milwaukee, WI)
are identified by their catalog number. It should be noted that nomenclature may

differ slightly between this specification and the Aldrich catalog.

EXAMPLE 1 Preparation of Temozolomide (1)

10 Step A Preparation compound (3)
O O
4-nitropheny!

N N
HaN | \> chloroformate H2N ’ \>

N~ N eHCl B o’ N

2 H EtsN/CH,Cls 2 /k
4-NO,CgH,0”7 "0

4 3

5-Amino-1H-imidazole-4-carboxamideeHCl (4) (25 g, 0.154 mol) (Aldrich

15 16,496-8), CH,CI; (0.6 L) and Et3;N (45 mL) (Aldrich, 13,206-3) were placed into a
dry 2-liter, three-necked flask equipped with dropping funnel, a gas inlet tube, a
gas outlet tube, reflux condenser and mechanical stirrer, and maintained under a
positive pressure of nitrogen at ambient temperature. The mixture was stirred, and
a solution of 400 mL of 4-nitrophenyl chloroformate (34 g, 0.169 mol) (Aldrich,

20 16,021-0) in CH,Cl, was added dropwise. The reaction mixture was stirred
vigorously for 4 hours and then left to stand for 18 hours at room temperature. The
precipitate was collected by vacuum filtration and washed with H,0 (1.5 L) to
afford the product (3) as a pale yellow solid (42 g, 0.144 mol).

'H NMR (400MHz, DMSO-ds, 8): 8.40 (d, 2H), 7.83 (s, 1H), 7.74 (d, 2H), 7.08 (bs,

25 1H), 6.95 (bs, 1H), 6.52 (s, 2H).



15 16,496-8), CH2CI2 (0.6 L) and Et3N (45 nL) (Al drich, 13,206-3) were
placed into a dry 2-liter, three-necked flask equi pped wth dropqlﬂ'lgUL 2005
funnel , as inlet tube, a gas outlet tube, reflux condenser and

mechani ca}‘%%‘H“Fr-é‘i" and mai ntai ned under a positive presslf&LSf A} ogen at
anbi ent tenperature. The m xture was stggred and a solution of 400 nL of
4-nitrophenyl chloroformate (34 g, 0.169°nol) (Aldrich, 20 16,021-0) in
CH2Cl 2 was added dropwi se. The reactlg m xture was stirred vigorously for
4 hour's asPtBen IeMMMM—E%e Lrs at room tenperature. The
precipitate was collected by vacuumfiltration and washed with H20 (1.5 L)

to afford the product (3) as a pale yellowsolid (42 g, 0.144 nol). 1H NWR
(400MHz, DVMsSO-d5, S): 840 (d 2H) 7.83 (s, 1 H, 7.0 (d, 2H), 7.08 (bs,

25 1H), 6.95 (bs, 1H), §.52 1 5 JUL 2005 V\D | 2/ 057268

PCT. CGCnl lun' 13  SHgR at| on und (EN N/ N McHNNH2
H2N |  H2N DMF H2N N°4- NO2P6HR0 O e 2,043 5 Comfounyl (3) (42 g,
0.144 rol) and DVF (O. 27 re pl acEéMﬁ nto a dry N~ three-necked
fl ask equi pped with driéghp funnel a gas inlet tubé a gas outlet tube,

refl ux condenser ‘Qﬁldﬁﬁg‘?b stirrer, and maintai k. poa positive
pressure of nitrog eacti on mxture was cooled to PC, and

met hyl hydrazi ne (10 nL, O. 1%8 nmol ) (Aldrich, Mp, 000-1), waSHgdded dropwi se.
The 10 reaction m xture was>-stirred vi gorously for 1 hour at Oct and was

then poured into EtQAc (2.1 L). The precipitate was collected by vacuum

filtration and was dried under vacuum (20 nmm Hg, room tenperature, 18

hour$) to af f ofeniunas(3a(42ag, 8ddiddmnol) Znd1IDYIF (©.281%) werg pladgdNvR a 400 VHz,
DVEO- db, ‘?)hter ’thrée neckey)ﬂbsEeqmp(ped’wath‘Jroppmg ngnne?I H?;as E|3nlgtﬂtu%e, a gas
outlet tube, reflux condenser and mechanical stirrer, and maintained under a
positive pressure of nitrogen. The reaction mixture was cooled to 0°C, and
methylhydrazine (10 mL, 0.188 mot) (Aldrich, M5,000-1) was added dropwise. The
10 reaction mixture was stirred vigorously for 1 hour at 0°C and was then poured into
EtOAc (2.1 L). The precipitate was collected by vacuum filtration and was dried
under vacuum (20 mm Hg, room temperature, 18 hours) to afford (2) as a tan solid
(27.1 g, 0.137 mol).
"H NMR (400MHz, DMSO-ds, 8): 7.62 (s, 1H), 6.85 (bs, 1H), 6.75 (bs,1H), 6.00 (s,
15 2H), 5.10 (s, 2H), 3.15, s, 3H).mp: 188°C (dec.).
Analysis: Caled for CsH1gNsO2: C, 36.36; H, 5.09; N, 42.41.
Found: C, 36.46; H, 4.99; N, 42.12.

Step C Preparation of Temozolomide (1)
20
) O
CH _CH
/\N/“\N/ * BuyNI/HslO //\N/U\N ’
N ' - N !
— NH> > = =N
N
HNCO NH, THF/CH;CN H,NCO
2 1 (Temozolomide)

Compound (2) (500 mg, 2.5 mmol), BusNI (95 mg, 0.25 mmol), THF (250
mL) and CH;CN (250 mL) were placed into a dry 1-liter, three-necked flask



15 2H), 5.10 (s, 2H), 3.15, s, 3H) . nmp: 188(err)C (dec.). Analysis: Calcd for
CAHION62: C, 36.36; H, 5.09; N, 42.41. Found: C, 36.46; H, 4.99; K5 A2.788.
Step C Preapghahi@pg of Tenpzolomide (1) 20 0 O NrNXN_CH3 BugNL/ R, 8-

Nr NI N~CH3 ~ NH2 HZNCO NH2 THF/ CH 3CN H2NCO N 2 1 (Tenozol oni de Corrpound (2)
(500 ng, 2.5 mol ), BudN (95 ng, 0.25 mml), THE (250 nl) and CH3CN (250

m.) were placed into a dry 1-liter, three-necked flask 15 JUL 2005 9%© 112
/115 7 2 I 1 |, a gas

i nlet tub%q%aﬁgaswgﬁdqug?&'%%mel é%a%QH ﬁ%ﬂense %ﬁfgﬁghf cal stirrer, and
mai nt ai nedonaeaseoand smechaniqal atigar,araf mamtamgemdeﬂaemsam pogssurglir e was
heat ed at 60C for_20 mmand then c §Tl_\ed to r terrperature H5106 (1.14 g,

5 mol ) wd¥lragrfed i aReNBEYTEHATN R IEAANRE gﬁprmaraarw Q?ﬁ'beg@'?dé%) room
t t h | d
o 2 NBab Pl L2344 Rt e oRRnd ARAESUh W AALUAL 0

dryneSs. Tigradedgohosiyast tooeaterdpaevatire@oid CR ou2 0Dherkg siativeh swaaoﬁlvl'éﬁred The
filtrate was concentrated and chronat ogra hed on a colum of silica eI

(1.5%t o dogatedmyith s9iErated aguesrs NassePe (‘o mldeanciyvag Siaen ﬁawceqtoatem
(400M+z, %&:gg’ge@suréi@gg(n%ssl e rési ng(A%%Strég%ddmtr@@r—%m u%cu m 13-oha (S,

3H. Wilet esent invention has een Cri vmthth
specific mgﬂitmnt ST reefiltiate Wasatoocentratedyared teromadtoyespheaooh &i cddmons and

15 variatiagns there W b t hose of ordi kill in the

art. Al stiliga %‘Ftér‘ﬁ/attp\?e)g Cﬁ%@%?@ ﬁ%ﬁgoré’nt&m\%ql%{ﬂd@n@?&%%gﬂ?ﬂ Jended to

fal g0 t iy (iR SROGMHZABASO-de, 5): 8.80 (s, 1H), 7.80 (bs, 1H), 7.66 (bs. TH). 3.43 (s.
3H).

While the present invention has been described in conjunction with the
specific embodiments set forth above, many alternatives, modifications and
15 variations thereof will be apparent to those of ordinary skill in the art. All such
alternatives, modifications and variations are intended to fall within the spirit and

scope of the present invention.



scope of the present invention. 1 5 JUL 2005 15 CLAIMS 1 A proceSféf%L)ﬁg?
preparation of a conpound of the formula TAX O N/'" NI, N R N NEb{0
wherein Ris an alkyl group having from1 to 6 carbon atons, which conprises
reacting a conpound of the formula H O HZN N HZN N HZN.N~-OR 11
wherein R is described above, with an exidation/cyclization agent is
selected fromthe group consisting of a) periodic acid, b) iodine/potassium
i odat e, %3 br omi ne, d) chlorine; and e) a reagent that oxidizes NH2 which
IS adjaceuﬂ9‘1 She group NFRin the compound formula Il, to NZ, where Z
represents, Oxygen, (H Hal) or Hale, and wherein Hal is chlorine, bromne
or iodine, wherein said oxidation/cyclization reagent is in the presence of
an i odi de lconpdupbcesstier the preparation ofl h dempompboefitte f@mplekA:enary anmoni um
iodide or inorganic iodide, in an inert organic solvent, under an inert

at nosphere and at a tenperature, wherein said

O
R
//\N)"\N/

N P |‘|\|
>/1\N¢

H,NCO
1A

wherein R is an alkyl group having from 1 to 6 carbon atoms, which comprises reacting

a compound of the formula II:

wherein R is described above, with an oxidation/cyclization agent is selected from the
group consisting of:
a) periodic acid,
b) iodine/potassium iodate,
¢) bromine,
d) chlorine; and
e) a reagent that oxidizes NH, which is adjacent to the group N-R in the
compound formula II, to NZ, where Z represents, Oxygen, (H,Hal) or Hal,, and
wherein Hal is chlorine, bromine or iodine, wherein said oxidation/cyclization
reagent is in the presence of an iodide compound, wherein said iodide
compound is quartenary ammonium iodide or inorganic iodide, in an inert

organic solvent, under an inert atmosphere and at a temperature, wherein said



1 5 JUL 2005 16 iodide is soluble in said inert organic solvent, with the
provi.so that when said. oxidation/cyclization agent is not an iodide, tZ@

i odi de conpound itself is the oxidation/cyclization agent. 2. The 1&? dble

of claim1l wherein Ris an alkyl group having 1 to 4 carbon atons. 3. The
process of claim1 wherein said iodideigs selected fromthe group consisting
of Bu4Nl and KI. 4. The process of claiml wherein said inert organic
solvent is selected.fr the .group _consistin f., a 1de; b),an
2yolTc ether: opiei O IR RHRERRE ol B rshaltte BALPE e i iy
group has | to dki¢aionychd0i08 agad i§ A&t andbkiasn o Rddledompoasd AsdlPisdhear bon
atons; e) a hal ogenated hydrocarbon; f) toluene; and g) m xtures thereof.
5. The process fidationygyczafier 286 t he organi c solvent is selected fromthe
group consisting of: a) DMF, b) t-butyl-nmethyl ether; c¢) THF;, d)
acetonitrile; e) nethylene chloride; and f) m xtures of the above sol vents.
6. The prozess THe mbedsBobcivlignarieréih® iseaatkyd groupkasingllace @ibon dt@nper at ur e
of about (-)20 Cto about (+)70 C and under a nitrogen atnosphere. 1 5 J U
L 2005 17

3. The process of claim 1 wherein said iodide is selected from the group consisting
of BusNI and K1
4. The process of claim 1 wherein said inert organic solvent is selected from the

group consisting of:
a) an amide;
b) an acyclic ether;
¢) a cyclic ether;
d) an alkyl alkanoate wherein the alkyl group has 1 to 4 carbon atoms and the
alkanoate group has 2 to 4 carbon atoms;
e) a halogenated hydrocarbon,;
f) toluene; and

g) mixtures thereof.

5. The process of claim 4 wherein the organic solvent is selected from the group
consisting of:

a) DMF;

b) t-butyl-methyl ether;

¢) THF;

d) acetonitrile;

¢) methylene chloride; and

f) mixtures of the above solvents.

6. The process of claim 5 wherein the reaction takes place at a temperature of

about (-)20 °C to about (+)70 °C and under a nitrogen atmosphere.



7. The process of claim4 wherein: a) the organic solvent is a 50/50 m xture
of THF/ CH3CN, b) the oxidation/cyclization agent is H5106; c) the 1i5)g[,p§mg S
Bu4Nl and d) the reaction takes place at a tenperature of about 0 Cto about
(+)60 C 8. A process for preparing a conpound of the formula Ill: 0 H2N N
H2ZN N X--LO 111 which conprises reactil?g a conmpound of the fornmula 4: O
HZN NN H2N HHC 4 with a conpound of the fornula X-CO Y in the presence
of an aci d binding agent Wwherein each of X and Y is the sanme or different
| eavi ng grioup, metnaoqeﬁse%qlam‘w ¥8t X is not 4-nitrophenyl oxy group, to
yield a compoungupforkhc (aveH!ia bbko mlerEONTERTT, AL d compound X GO ¥ i's
sel ected fromthe group consisting of a) phenyloxy; b) 2-naphthyloxy and c)
substituted phényheoidatmnityoletionngantof Hslflsd conpound X-CO- Y is sel ect ed

from a) chlor Ic??}ie ig&idlgrispgu4%,an8r 1 5 JUL 2005 18 c) iodine;
d) the reaction takes place at a temperature of about 0 °C to about (+)60 °C

8. A process for preparing a compound of the formula III:

which comprises reacting a compound of the formula 4:

O
HN l N\>
N
HoN H «HCl

4

with a compound of the formula X—CO-Y in the presence of an acid binding agent,
wherein each of X and Y is the same or different leaving group, with the proviso that X
is not 4-nitrophenyloxy group, to yield a compound of the formula III, wherein X of
said compound X—CO-Y is selected from the group consisting of

a) phenyloxy;

b) 2-naphthyloxy and

c) substituted phenyloxy, and wherein Y of said compound X—CO-Y is selected
from:

a) chlorine,

b) bromine, or



and wherein the substituents on said substituted phenyl oxy group are

sel ected fromthe group consisting of: a) 2-nitro; b) pentafluoro;l 9 ¢yl 2005
chlorine; d) bronine; e) iodine, and f) conbinations of the above. 9. The
process of claim8 wherein said reaction of the conpound of the fornula 4
wi th a conpound of the fornula X-COY 11§ perforned in the presence of an
acid binding agent, in an inert organic solvent, under an inert atnosphere

and at a tenp%ﬁ§;~ e of about (-) 20 Cto about (+) 50 C. 10. The process
in

of claim9 wher (Hé%id acid binding agent is a tertiary amne. 11. The

process ofandwlicrei® thatrxabstitierithion seid autistinsal pientloks géripett sdedtédfromhie gr oup
consisting of a) an am de; b) an acyclic ether; «¢) a cyclic ether; d) an
al kyl al koM ©OnHsEREPh the al kyl group has 1 to 4 carbon atons and the

al kanoate groupyhag,4g to 4 carbon atons; e) a hal ogenated hydrocarbon, and
f) m xtures the?eo . ’12. A process for the preparation of a conpound of the
formula 1'l1: Ob)heMafibéddN N 11 H2ZN.N O R 1 5 JUL 2005 19

c) chlorine;
d) bromine;
e) iodine, and

f) combinations of the above.

9. The process of claim 8 wherein said reaction of the compound of the formula 4
with a compound of the formula X—CO-Y is performed in the presence of an acid
binding agent, in an inert organic solvent, under an inert atmosphere and at a

temperature of about (-) 20 °C to about (+) 50 °C.
10.  The process of claim 9 wherein said acid binding agent is a tertiary amine.

11.  The process of claim 9 wherein the organic solvent is selected from the group
consisting of

a) an amide;

b) an acyclic ether;

¢) a cyclic ether;

d) an alkyl alkanoate wherein the alkyl group has 1 to 4 carbon atoms and the

alkanoate group has 2 to 4 carbon atoms;

e) a halogenated hydrocarbon, and

f) mixtures thereof.

12. A process for the preparation of a compound of the formula IT:

0
HoN NO
D
HNT N I
A
H,N.N"S0



wherein Ris an alkyl group having from1 to 6 carbon atons, conpri sing,
reacting a conpound of the formula Ill: O HZNj N HZN N X-~-O i;I5IJ L 2005
wherein X is a |eaving group with an al kyl hydrazi ne having from1 to é”
carbon atonms. 13. The process of claim 12 wherein said al kyl hydrazine is
R-NH-NH2, wherein R is an alkyl groupjfaving 1 to 4 carbon atons. 14. The
process of claim 12 wherein the reaction takes place in an inert organic

sol vent sel.ected fromthe group cansisti f: a) a non-nucl eophilic am ne
and' by aEHER is aRato] ErodbraPin HRLT b f Sarber ot RRRRE sFRBR Ry 15
wherei n Xicgmpsh@réRde forahld e group consisting of: a) phenyl oxy; b)

2-napht hyl oxy and c) substituted phenyl oxy, wherein the substituents are

el ectron withdrawing. 16. The prgcess of claim 15 wherein said substituents
are selected fromthe group consfsting of. a) 2-nitro; b) 4-nitro; c)
pentafluoro; d) chlorine and e rongne. 1.5 JUL 2005 20 17. The process
of claim 13 wherein said coprsz o] mula His a 1l-al kyl derivative of

f
5- ami no- 4- (ami nocar bonyl ) - 1Hi ni daz eN 1- carboxylic acid hydrazide

HoN L

38|

wherein X is a leaving group with an alkylhydrazine having from 1 to 6 carbon atoms.

13.  The process of claim 12 wherein said alkylhydrazine is R—-NH-NH,, wherein R

is an alkyl group having 1 to 4 carbon atoms.

14.  The process of claim 12 wherein the reaction takes place in an inert organic
solvent selected from the group consisting of:

a) a non-nucleophilic amine and

b) an ether; and

¢) mixtures thereof.

15.  The process of claim 12 wherein X is selected from the group consisting of:
a) phenyloxy;
b) 2-naphthyloxy and

¢) substituted phenyloxy, wherein the substituents are electron withdrawing.

16.  The process of claim 15 wherein said substituents are selected from the group
consisting of:

a) 2-nitro;

b) 4-nitro;

¢) pentafluoro;

d) chlorine and

e) bromine.



wherein the al kyl group contains 1 to 6 carbon atons. 18. The procqg§J6UZm5
claim 17 wherein said conpound of formula Il is 5-am no-4-

(am nocarbonyl ) - 1Hi m dazol e-| -carboxyli ¢ acid 1-nethyl hydrazi de. 19. The
process of claim 10 wherein conpound 4: O HZN NHZN NHHCI 4 is reacted
Wi th 4-nitrophenyl chloroformate, in thg presence of triethyl amne, said
reaction taking place in nethylene chloride solvent, under a nitrogen

at nosphere and at a tenperature of about (-)20 Cto about (+)50 Cto yield
compound (3): O HZN N N HZN 'L 4-NOXZC6HAQO (3) 20. A process for

prepari ng {enozplQirbéls bielaim 93 VMEN‘%MOW dt¥rnfulR Wk 12607 21

conprising. a) reacting conpound 4
derivative of 5-amino-4-(aminocarbonyl)-1H-imidazole -1-carboxylic acid hydrazide

wherein the alkyl group contains 1 to 6 carbon atoms.

18.  The process of claim 17 wherein said compound of formula II is 5-amino-4-

(aminocarbonyl)-1H-imidazole-1-carboxylic acid 1-methylhydrazide.

19.  The process of claim 10 wherein compound 4:
O

H,N N
>
AN N
z H -HCl

is reacted with 4-nitrophenyl! chloroformate; in the presence of triethyl amine, said
reaction taking place in methylene chloride solvent, under a nitrogen atmosphere and at

a temperature of about (-)20 °C to about (+)50 °C to yield compound (3):
O

H,N N
>
N N
4-NO,CgH,0” 0
(3)

20. A process for preparing temozolomide (1):

O

//\N)I\N/CH3

N P &‘
>)\N"

H,NCO

(1)



N H2ZN HHC (4) wth 4-nitrophenyl chloroformate in the presence of

triethylamne in CH2O 2 under a

N N

50/50 m xture of THF/ CH3CN, at a

compound (2):

OiCH3
in a

about O to about 60 mnutes, followed by the cooling of the reaction

m xture t SO3BEEE(+)25 C and the addition of H5106 and stirring for about

10 to abou) r&ting Edthesunda: obt ai n tenpzol omide (1). 21. A process for the
preparation of conmpound of the fornmula ITA- 1 5 JUL 1005 22 0 NN KkNR

O
N
H2N l \>
N
HN O H o cye
(4)

with 4-nitrophenyl chloroformate in the presence of triethylamine in CH,Cl; under a

nitrogen atmosphere at about 25 °C to obtain compound (3):

0
H,N ‘ N\> |
N

H,N /K

4-NO,CH,0 0
3

b) reacting compound (3) with methylhydrazine in DMF at about 0 °C to obtain
compound (2):

(2) , and

¢) reacting compound (2) with BuyNI in a 50/50 mixture of THF/CH3CN, at a

temperature of about (+)60 °C for a time of about 0 to about 60 minutes, followed by

the cooling of the reaction mixture to about (+)25 °C and the addition of H5IO¢ and

stirring for about 10 to about 60 minutes to obtain temozolomide (1).

21. A process for the preparation of compound of the formula IA:

- ni trogen at nosphere at about 25 C tid gt App
conpound (3): O H2N N H2N N 4- NO2C6H401~ O 3 b) reacting conpound (3)

wi th net hyl hydrazine in DVF at about 0 Cto obtain
~NHz NH2 H2NCO (2) , and c) reactjng conpound (2) w th Bu4N
tenperature of about (+)60 C for a tine of

~N

NA



H2ZNCO | A wherein Ris an alkyl group having from1l to 6 carbon atons, which
conprises reacting a conpound of the formula Il: 0 H2N N H2 N HRRLJULAOR
1 | wherein Ris described above, with an oxidation/cyclization agent, where
said oxidation/cyclization agent is H5106, in the presence of an iodide
conpound, where said iodide conpound 55 Bu4Nl, in an inert organic sol vent,
under an inert atnosphere and at a tefiperature, wherein said iodide is
soluble in said inert organic solvent, with the proviso that when said

oxi dation/cyclization agent is not an iodide, the iodide conpound itself is
t he oxidation/cyclization agent.

H,NCO

IA

wherein R is an alkyl group having from 1 to 6 carbon atoms, which comprises reacting

a compound of the formula II:

0
HoN | N\>
N~ N
HQN,N/LO

wherein R is described above, with an oxidation/cyclization agent, where said
oxidation/cyclization agent is HsIOg, in the presence of an iodide compound, where

- said iodide compound is BusNI, in an inert organic solvent, under an inert atmosphere
and at a temperature, wherein said iodide is soluble in said inert organic solvent, with
the proviso that when said oxidation/cyclization agent is not an iodide, the iodide

compound itself is the oxidation/cyclization agent.




