WO 02/ 057268 PCT A SYNTHESI S OF TEMOZOLOM DE AND ANALCOGS 5 FI ELD OF THE

| NVENTION 10 This invention relates to a novel process for the synthesis of
tenmozoel om de, an antitunmor compound, and anal ogs thereof, and to

interne ful in this novel process. 15 BACKGROU J-NVENTI ON
Tenozol %Bdﬁﬁ' Jﬁ? met hyl - 8- am nocar bonyl -i m dazo[ 5, 1-d] - N%Tq:?:IHE'ram n-
4(3H)-one, is a known antitunor drug; see for exanple Stevens et al., J.
Med. Chem 1984, 27, 196-201, and Wang et alL, J. Chem Soc., Chem ‘Cormon.
20 1994, 1687-1688_ Tenozol om de, the conpound of forrmula 1: 0 N' NAN CH3
N. N HZNCO1l 25 is described in U S Patent No. 5,260,291 (Lunt et al.).
The synthesis of | by the process described |n J. Med. Chem 1984, 27, 196-
201 is depicted in Jugs 0 02/ 01092 2 Schene
l: O N/~ NH D azéd HZNCO A H2NCO B

H2ZNEO 1 In this process, 5-am no- 1 H-|mdazole 4- carboxam de (A is
converted into 5-

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-methyi-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.



di azo- 1H i m dazol e- 4- car boxam de (B), which is then cyclized with 5

nmet hyl i socyanate in dichloronethane to provide a high yield of tenpzol om de.

~However, this process requires isolation of the unstable and potentially
danger ogsg gDa@b@z0- 1 H i m dazol e- 4- car boxani de (B). M eoy@fq <oru1n9

nmet hyl i socyanate is a difficult reagent to handle and ship, especially on

the industrial scale, and indeed is bepter avoided in industrial

manuf acture. Furthernore, the cycloaddition of 10 methylisocyanate requires

a very long « time: Table I in J. Med Chem 1984, 27,196-201,

suggests 20 %Hepfldltl onally, Stevens et al nention that the

cycl oaddition of the nethylisocyanate to the conpound of the formula (B) can

proceed through two di fferent i ntermedi ates: 15 The productionOof | by the

two processes descri beg~iny g%E@!ZQOC/\ em Com*run 199/AVL 168%,1688

provides a | ow overalN i eI d @ im dazol g- ﬁ{c boxﬁim de (A):

| ess than 20% (unopti about 17% Ndugh +5- d| azo
H i mi dazol e- 4- car boxam de IEﬁ'Zand about/15% t'M ough 5- anido- N'N

(et hoxycar bonyl metblCR A H i mi dazdiNC® | B di car boxd‘ﬁaNféO( C)) Scherre 11
bel ow 20 NN O112! 057268 PCT, 3 Schene E O NrNH OCN. CH

Nr NlNHCHZCO Eﬂ thisMRCERBE-2 P~ 1hi-migpzqle doerRoxETdE Gt 'SHmnz@ﬂ@d idjoa%ot i ze
2 DMBO, 25C, I' N
NND, bz A Babh AR SRR ). WIS e Qe Wit

S methyhsocyanate in dichloromethane to provide a high yield of temozolomide.

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 Chemn. 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 11 below
20



N~NNCH3 steps N N ~ H2NCO Moreover, the unstable

. 5-di.azo- 1Hi m dazol e- 4-car boxam de ($) still has to 5 be isolated in the
branch of this process that uses it as an internediate. Clearly, therefore,
there i ¥O4M2A8&¥*f or synthetic nmethods that: a) are nore E6RVEHFEHY? and

hi gher yielding, especially on comrerc:J; al scale; b) approach the synthesis
of the tenozol om de nucl eus in novel ways; 10 or c) inprove the preparation
or use of internmediates for the processes. SUMVARY OF THE | NVENTI ON The
present_S.E‘B@lBﬁllLon provi des processes for the preparation of 15 tenozol om de,
al kyl anal ogs thereof and useful internediates of teyozol onide. In one
enbodi nent, this i vepti on provides a process for t preparation of a

conmpound of the r{]ér a IAOG/N_@HQ@@@&tECT 470N p}bﬂzd‘@ t HZNCO | A
wherein Ris an a gr oup—haviag—from+ to Ncanbon atonms, the process
conprising, reactjyng aNttpddMISO, 268Ck or nul a )’%r‘m;-lij N HzN N

H2NCO A overnight H2NCO C
Diazotize NaNO,, HCI
A-HCI o
_CH,CO,Et
N@ OCN.CH,.CO,Et, N//\N/LN e
—— __ !
>/‘\N2+ DMSO, 25°C, PN
HNCO g overnight H,NCO D
0 Four
N//\N/Lw/cm steps
LA
HNCO 1 |

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 1A:



HZN.N1IO5 R Il wth a suitable oxidation/cyclization agent in the presence
of a ,soluble iodide, in an 10 inert nedium under an inert atnosphere and at
'3 tenpe w&-@(@d for a tine sufficient enough to produgga gempeund of the

formul a . I'n anot her enbodi nent, this invention provides a process of
prepari ng a conpound of formula | bygreacting a conpound of the fornmula
11 0 H2ZN N H2N N 15 X1~1 0 11l wherein X is a |leaving group of the type

that. activates its adjacent carbonyl groupy towards nucleophiles, with a
sui tabl e hydrazine, i.e. R NH NH2, WhEI‘EI)Lh g an al kyl group havi ng 1 to
6 carbon atons. 20 |In another enbodl S 1nvention provides a process

for preparing a conpound of the for I III| MO 11211157 2 68
PCT/ US02/ 01092 5 0 H2ZN N H2N N XJO NV\Hl ch conprises reacting a

conpound of the formula 4: O HZMZIWCO

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

comprising, reacting a compound of the formula 11

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 1A,

In another embodiment, this invention provides a process of preparing a

compound of formula II by reacting a compound of the formula 111:

0
H,N | N\>
HNT N
. | -

I
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
alky! group having 1 to 6 carbon atoms.
20
In another embodiment, this invention provides a process for preparing a

compound of the formula II1.



HZN HHC 5 4 with a conpound of the formula : 0 JA x Y 10 wherein each of
X and Y. is the sane or different |eaving group, to yield conpound 1I11. In
yet anot her enbodinent, this invention provides a novel process for

prepari nyOt"@HDZ281 omide (1): 0 N-NANCH3 N 15 H2NCO 1 d8rpri'di'dy= a)
reacting conmpound 4: 0O HZN N N 20 NHHI 4 W (12/057268

PCT/ US02/ 01092 6 with 4-nitrophenyl chloroformate in the presence of

triethylamne in CH2Cl 2, and under 6 nitrogen atnosphere at about 25C to
obtain compound 3: 0 HzN N HzN N
N
>
N

H,N ,k

X "0
M1
which comprises reacting a compound of the formula 4:
O

N
H,-N
2 ' \>
N
HoN H «HCI

S 4
with a compound of the formula :

H,N

O

M

X Y

10 wherein each of X and Y is the same or different teaving group, to yield compound
11i.

In yet another embodiment, this invention provides a novel process for
preparing temozolomide (1):

O
//\NJKN/CHB
N P N
>/kN/,
H,NCO
15
;
comprising:
a) reacting compound 4:
O
N
HoN
2 l \>
N
20 HN H  «HCI



4-NOR2C6H4AO L O 5 3 ; b) reacti ng conpound 3 wth nmethyl hydrazine in DVF at
about. OC to obtain conmpound 2: "Al1l / \ /JCH3 NN N i NH2 NH2 10 H2NCO 2
and c¢) W i< conpound 2 with Bu, Nl in a 50150 m xture, ) CN, at
a tenpera (?ﬁfle g? about 60C for about zero to sixty mnut es(qflfa;' o'\%;g by the
15 cooling of the reaction mxture to g@bout 25C and the addition of H5106
with stirring for about 10 to about 60 minutes to obtain tenozolomde (1).
The present invention further provides various novel internediates,

speci fical I y: 20 1 -alkyl derivatives of

5-am no- 4- (am,nocar bo 1H- i m.dazol e- 1- car hQx azji de wherein
the al kiMithgt- Blﬁrﬁpg‘ﬁﬁt'l q’ﬁgl)ofqrg?ﬁtg 'R S PEREHGR ng qmléme in @X%F 4% i vati ves
at the E °

5~ ami no B Coa haas AR TPhEre PLPbRU AT BB SOTROUIP g active esters
thereof, especially 4-nitrophenyl 5- afl no- 4- (am nocar bonyl )- 1H i m i dazol e-
25 1-carboxyl ate, and 5-am no-4-(am ngcarbonyi)- 1 Him dazole-|-carboxylic
acid 1- nethyl hvdrazi de (which cap.glf'te vely be naned as

N1, 5-di am no- N- et hyl -1 H WO 02/ 11: ?268 D S11214011192 7

i m dazol e- 1, 4-di car boxam de). DETAI | PTION 5 As used herein the
followng terns have the foll ow ng mgiiunl ess

4- N02C5H4O ®

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

obtain compound 2:

@)
ﬁN)kN/CHB
N

= NH,
NH,

10 H,NCO
2 and
c¢) 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<IO, 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-(aminocarbonyl)- 1H-imidazole-1-carboxylic
acid hydrazide wherein the alkyl group contains from 1 to 6 carbon atoms (i.e.,
alky! derivatives at the N-1 hydrazine atom),

S-amino-4-(aminocarbonyl!)-1H-imidazole-1-carboxylic acid and active
esters thereof, especially 4-nitrophenyl 5-amino-4-(aminocarbonyi)- 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-



defined ot herw se, DEC. HCl:

1-[3-( D net hyl am no) propyl ] - 3-et hyl - car boddi i m de hydrochl ori de 10 DCC:

N, N - Di cycl ohexyl carbodi i m de HOBT: 1-Hydroxybenzotriazole DVF:

N, N Di met @3¢5 ¢¥ani de Et OAc: Ethyl acetate NVM 4- Met hyl PGl PR Re 15
MeOH Met hyl al cohol EtOH Ethyl al 0090I Et20 Diethyl ether BOC : t-Boc or
tert-Butyl oxycarbonyl LiOH Lithium hydroxide 20 NaOH Sodi um hydr oxi de
KOH: Pot assi um hydroxi de acac acetyl acetonate DCC di cycl ohexyl carbodii m de
NCS N- chingiegsigctArfigRROXamIABS N- br onpsucci ni mi de The term "alkyl " or "I ower
al kyl" means straight or branched al kyl chains of 1 to 6 carbon atons. "R’
is an al kyl chain that can beb lﬁiéﬁ‘ fXcRipnellgd, but is preferably 30
straight, such as for exanpl e—ESfﬁ—p'errt‘%ﬁ'ng—r‘h'ex = - yl. Preferably, it is a

| ower al kyl group having 1 to 4 carbon atons, such as 1-butyl,

1-ngt hyl - propd ysett ﬁ@ﬁehwlnelfouew\?l/ioerr(r%-{ﬁ»@uﬁle,foﬂowmtghy\baat luniggryl or

met hyl , nost preferably nethyl. 157268 PCT: t S02111092 8 Schene
11 O O defined otherwise,

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: Methyi alcohol
EtOH: Ethyl alcohol
Et,O: 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 alky!” 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, ethyl or methy!, most preferably methyl.



N~N~NR oxi dationicvclization NNN R . /~ NH2 organic solvent NN H2NCO NH2
H2ZNCO Il I A The conversion of the conmpound of the fornula Il into the
conmpound of the formula IA (Schenme I11) requires concomtant or consecutive
oxi dat i Qi @pd-Rgcyclization to take place. The oxidi zi ng/pgycldginpg-agent may
be, for exanple, periodic acid (H5106), i odine/potassiumiodate, brom ne or
chlorine, or a reagent that oxidizes §iH2 to NZ, where Z represents Oxygen,
(H, Hal), or Hal2, wherein Hal is halogen and wherein the halogen is

chl ori ”Qch%ﬁ@rﬂine or iodine, Oher suitable oxidizing agents include
Kl / KI G8; : /KIO3, ICl, 1C3, 1205, NCS/ Me2S, NBS/ Me2S, 10

DCCI DMSQOY H3P04, perad®tic acid, VQ(acac)?2/02, VQ acac) X2t-BuOOH, V205,

Bu4aNI /02, and Mh(CR. Bhef eRably, the oxidizing agent.j s)H; 108 and the
reaction is prefoNred Nn t hgxpd&aseneschfzagpni odi thNat i}‘s soluble in the
reaction nediu e nedbu It . R gani | veRt. A quaternary
anmoni um i odi de Js twpycall y0 e é& and exanp)es iMNcl ude

t et raal kyl ampMNGn i odi les such as BudNl. 15 Hé@6r, since the iodide
functions catalytically, a small anmount of an inorganic iodide, even if
only sparingly solubleg in the reaction nmedium can al §a be used, i.e. KiI.
The process of schenme®111 is carried out in an inert organic solvent that is

sel ected fromna dversibs beemhcbinposal e tie saretulast ilMdtheddbrapbend osuh as
t-butyl- 20 nethyl-ether, a cyclic ether, such as THE or di oxane,

acet oni feinmda 1adBepearellbHEarIrge CODEPnBAR! OTgPNHERYtiVR PKigAtAR @Ndher ei n t he
| kyl h. 1 4 - i 2to 4
ot Ehon R9ATRAtBR 1 58 A, OO oAU R B RRT S, B R R, o

prefer a_tﬁefio@%srédi@@—ign@g), isHleE/paragsiah io@dtanBireine or cﬁigr{e. méerﬁeigié'f 3Se'ns and
:E)oﬁt Sg'&g&ﬁgﬂ%gg‘) N%&Sttgur\rlze, vrvﬁglgeezfrégrrgsggt%utt)xig%?w,c(ﬁ,C})—lazl)S, oal}?ioaulg, V\J/rlzeg)rgin Elglef erably

is halogen and wherein the halogen is chlorine, bromine or iodine. Other suitabie
oxidizing agents include KI/KIOs, |3, 12/KI03, ICI, ICl3, 1205, NCS/Me;S, NBS/Me,S,

10 DCC/DMSO/H3P0,, peracetic acid, VO(acac),/0;, 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 BusNl.

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 11 is carried out in an inert organic solvent that is

selected from a non- nucleophilic 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.



Preferably, the organic solvent is a 50150 m xture of THE/ acetonitrile and
since the conpound 1A is basic, no further acid-binding agent is normally
necessary. WO 02/1157268 PCT![ Su2mlu!n 9 Schene IVO O HZN N HzN N
R-NH-NH2, H2N N organic solvent RN N X OH2ZNNN O R 11l Il 5 In the

pr epar atWe2¢f7288 conpound of formula 11 shown in Schenme IRETLEGHPOUNd 111 is
reacted with an al kyl hydrazine of the formula R-NHNH2. Ris a |ower alkyl
as defined above and X is a | eaving gr@up of the type that activates its

adj acent _carbonyl group towards nucl eophiles. X may be, for exanple, an
active ]iﬂ'ﬁn&rli’fyi ng group such as a phenyl oxy or 2-naphthyl oxy group, or a
substituted phenyl oxy gyoup wherein the substituengs are electron

wi t hdrawing., a-g., a 2-por especially 4-nitro groyup, or a pentafluoro
group. X may al so be, exgypl e, chlorine, gﬁq } onyiodine. 15 The

f
reaction i s conductd®Nn aj irert or [ | v sucl asy for exanple,
DMF, THF, Cl-12Cl12, aceoni fri & or n[g)'?@hf'@q?hereof, d an inert

atnosphere and at a tegpérathire oforgmygoﬁgﬁt Pr ef-@mablgi\t he reaction is
€,

conducted under a nitrégen nosphe at a tenperaturg_of OC using DVF as
the solvent. 20 Scheme V OX N N H2N N H2N.r;1 )

R

I 11

in the preparation of a compound of formula II shown in Scheme 1V,
compound IIT is reacted with an alkylhydrazine of the formula R-NH-NH,. R is a
lower alkyl 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, e.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

O O
H,oN N H,oN N
B X-CO-Y D
N HCl - N
RN H Et,N/CH,Cl, NN L
X 0
4 11

In the preparation of compound [1l shown in scheme V above, compound 4

25 is reacted with a compound of the formula:



X-COY 1 Y> HNNADHNN 2 HEt3NCHC 2 z X~O 4 111 In the preparation
of conpound 11l shown in schene V above, conpound 4 25 is reacted with a
conpounq% (1h (fornula WO 112! 1157268 PCT/ US02/ 01092 19 i CI% wherein X
and Y artOtHE's%he or different leaving group. X or Y can'bl 81" "&xanpl e,

hal ogen, phenyl oxy, 2-naphthyloxy or ajgubstituted phenyl oxy group, wherein
sai d substituents on said phenyl oxy groups are, for exanple, nitro, 5 '
pent af | uoro, chlorine, brom ne, iodi% ﬁr conbi nati ons thereof, Preferably,
Xand Y are different i.e. Y is hal 3% )snd X is a phenyl oxy, 2-naphthyloxy

or a Sulwﬁértemk%ndph%'ﬂa'twm%%m.ﬁwne|é§\mﬁge?ﬁh1w,x ¥r yscah Balfegen such as,

for exanple, brom ne chlorine, or iodine with chlorine being nost

pr ef er r exkaampleXhalegean ppreaTyliowy 2-2aphthpbxhpr exsubstitded uhsriviaxyegropheny | oxy
group. Yet even aﬂorﬁ) ggﬂef? rred, Y is 10 chlorine apd X is Ia S bstltuted
phenyl oxdNeEdER IR P SLWEATS OB Sed RRFMEOHRILHPS aTBhIFERAVP!Gr B being nitro

or pent %éM?ﬂ&broS&mbhnsV%nmﬁée.oerrféf@rrécﬁﬂbm\éubﬁs e rRF . npre@mgb@i Kand Y
ni tro- phenyl oxy. Exanples of conmpounds of the fornula X-CO Y include, but

are not anermﬁe@nt 0¢. ¥h$ balvigenmmtdeXahd fheoyisixyr denaphdbylexy oofa $ld:§drttwteé

| eavi ng. S such for exa | e 4-ni hen chl.or of or R, 15 The
Feact | orPTEBRCIEEBs ey e e BB os 2 72RAER ShARiE & SHOPEEn Frodies

bi ndi ng éﬂ@ﬂﬁe Jabding wnfo&hl@Nﬁéﬂb'eﬂwg mosEptdfargd AMdNR is aEbhemyIdW
2.6-lutidine and triethylamne or a base such as, for exanple, SOdI um and

pot assi unapitbyloly vaBesLbstiuted PhenyosY 9rawR.hYe! B¥emymars; m’@fﬁb’é@Cth ihe nost
Sy T L R R L T e R L e TR st o
bei ng pr ghenylegy gldigs being nitro or pentafluoro. Still even more preferred, Y is chlorine

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

but are not Iimited.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 CH.Cl,, acetonitrile, and ethy! 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 carboxamideeHCI! (4) is allowed to react with 4-nitropheny! chioroformate under a
nitrogen atmosphere in the presence of triethylamine in CH,Cl; to obtain

compound 3 (Scheme V).



reaction is conducted under an inert atnosphere e.g. a nitrogen atnosphere

and .at a tenperature range of about -20C to about +50C. In a preferred

embodi ment of this reaction, 5-amino-1 Himidazol e-4 25 car boxani deHC (4)

is all o8 ®ESFEehct with 4-nitrophenyl chloroformate unde?CHU S t1PEgen

at nosphere in the presence of triethylamne in CH2Cl2 to obtain conpound 3

(Scheme VI). WD 02/4157268 PCT' /US02/ 01092 11 Schenme VI 0 0 HNN

4-nitrophenyl HN N 2 chloroformate 2 HNNHC HNN 2 H Et3NCH2C12 2

4- N2CsHeRemM@ VA 3 Thus, the present invention provides a novel synthesis

for Tenpzol om de 5 @&nd Iower al kyl anal ogs thereof, which proceeds in three

sinple steps froma jgommercially available starting erial, 5-amno-1

Hi m dazol e- 4- ¢a ni geHCl and-Ait6ppBenyé use rdaus materials such

as the unstable - di ago- & H i m darotcfodmeateboxam andjjmrefphyl - i socyanate.

A preferred enmbodi ment the pree—ess—el-l—r—ee-t—ed to the paration of 10

t enozol omi de itselH,NIs gc 'r{E \;é Scheme T 0N N

4-ni trophenyl N H2N chl orofornat HoGly HO H NN 2 HJEt 3N cHCI 2 2
4-NO,CeH,O™ "0

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-
carboxamideeHC! and avoids the use of hazardous materials such as the unstable
5-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 VIT:

0O
4-nitrophenyl
N
HoN \> chioroformate HN | \>
N - N
"NH Et3N/CH,Cl, HaN
4-NO,CgH,0™ 0
4 3
CH3NHNH,
DMF
Y
O O
/\N/U\N/Cm Bu,NI/H510,¢ /\N)KN/CHa
A N = N _ !
N* THF/CH;CN NH V2
H,NCO g
2 NCO

1 (Temozolomide) 9



4- NO2C6H40~L' O 4 3 CH3NHNH2 DWMF 0O O 6 NAN CH3 Bu4NI/H5106 NON NCH3 N i
~N N, THE/ CHI CN *NHH2 H2NCO H2ZNCO 2 | (Tenozol om de) 2 WO / 12/ 057268 :
PCT/ USOY 9 4982+¢s12 EXAMPLES The fol | owing Exanples ill us';d:ﬁ(-g“,lg%wdo not in
any way |imt the present 5 invention. Chenicals obtained fromAldrich

Chem cal Conpany (M | waukee, W) are igentified by their catal og nunber. It
shoul d be noted that nonenclature may differ slightly between this
specification and the Aldrich catal og. EXAMPLE 1 Preparation of Tenozol om de
(1 10 Step A Preparation conpound (3) 0 0O HN N 4-nitrophenyl HN -1): N
2 chloroformate 2 HN N .HG HN N 2EXMAMBNEGH2CI 2 2 4- NOZCSH4010 4 3

5- Am no- 1H-i mi dazol e- 4- car boxam deHCl {4) (25 g, 0.154 nol) (Aldrich 15
16,496-8), CH2CI2 (0.6 L) and Et3N (45 nL) (Aldrich, 13,206-3) were placed

nto a dty 211 Rilowil EXaRBRCHuIARLAYUY RRAH aty!WaflifRRhEpréserel . a gas
S 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)
0] 0]

4-nitrophenyl! N
HN \> chloroformate HoN ] >

N N eHCI - ' N

2 H E13N/CH2C12 2 /L
4-NO,C4H,0” "0

4 3

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

15 16,496-8), CH,CI, (0.6 L) and EtsN (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 fiitration and washed with H20 (1.5 L) to
afford the product (3) as a pale yellow solid (42 g, 0.144 mol).

'H NMR (400MHz, DMSO-dg, 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).



gas outlet tube, reflux condenser and nechanical stirrer, and naintai ned
under a positive pressure of nitrogen at anbient tenperature. The m xture
was stirred, and a solution of 400 nL of 4-nitrophenyl chloroformate (34 g,
0. 169 rml%h S(%AI__gIJi ch, 20 16,021 -0) in CH2CI 2 was added dropwi se. The

reacti on"MRt"ré® was stirred - vigorously for 4 hours and PhEASE!¥3 0 stand
for 18 hours at roomtenperature. The recipitate was coll ected by vacuum
filtration and washed with H2O (1.5 L) to afford the product (3) as a pale
yel l ow sl i d. (42 0. 144 np 'H N 400MHz, DMSO-do, o0): 8.40 (d, 2H),
7.83 (s,—&?}ﬁ)dﬁ,» 7.7%@%@%@%&5 1H), 6.95 (bs, 1H), 6.52 (s, 2H).
HO 1121057268 PCT | S112 11111111 13 Step B Preparation of conmpound (2) OO0
H2N McHNNH2 H2N N HzN N DVF HzN N 4- NO2C6H400 H2N-NO 3 2 CH3 5 Conpound
(3) (42 g, 0.144 nol) d DW (0.27 L) were placed ifto a dry 1-liter,

t hree- necked fl ask equillpped wi th dropping funnel, a dgas inlet tube, a gas

outl et tube, refluM,RON B and hani ek stirHN, Wai nt ai ned under a

positive pressure of nitr eé. ThM&ﬁgture was Ico@ed to 0C, and

net hyl hydr azi ne (10 [Frr mol ) OWMdrich, M, 00@: )~ Wasi“added dropwi se.
Nwas|stirred vi gorously for T hour lat OC and was then

g

2

The 10 reaction m xt
poured into Et O%:_N qCéHL 8e precipitate was col Hbi vacuum
r4-ed

filtration and was 4~undér vacuum (20 nm Hg, room tenperature. 18
hours) to afford (2) as a t3an solid (27.1 g, 0.137 | YCH3H NMR (400MHz,
DMSO-d6, S): 7.62 (s, 1H), “6.85 (bs. 1H), 675 (bs,1HJ, 6.00 (s, 15 2H),
5.10 (s, 2H), 3.15, s, 3H).np: 188C (dec.). Analysis: Calcd for C6HLN6O2: C,
36.36; H 5.09; N, 42.41. .
5 Compound (3) (42 g, 0.144 mol) and DMF (0.27 L) were placed into a dry
1-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. The reaction mixture was cooled to 0°C, and
methylhydrazine (10 mL, 0.188 mol) (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
(271 g, 0.137 mol).
"H NMR (400MHz, DMSO-dg, §): 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: Calcd for CsH1gNsO,: 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 O
N//\N/U\N/CH3 Bu,NI/H:10; N/\N/U\rg’CH:*
= NH, — == =N
o NH2 THF/CH,CN | N
2 1 (Temozolomide)

Compound (2) (500 mg, 2.5 mmol), BusNI (95 mg. 0.25 mmol), THF (250
mL) and CH3CN (250 mL) were placed into a dry 1-liter, three-necked flask



Found: C, 36.46; H 4.99; N, 42.12. Step C Preparation of Tenozol om de (1)
20 0 O NN N~CH3 Bu4N/H; 106 NNAN CH3 NH2 _ N H2NCO NH2 THF/ CH3CN H2NCO N
2 1 (-Tenozol oni de) Conpound (2) (500 ng, 2.5 mmol), Bu4Nl (95 ngy, 0.25
mol ), Wb dkAsBes M) and CH3CN (250 nmL) were placed into acqrykadqlditer,

t hree-necked flask WD 112 /115 7 2 6K PCT | S112'41141-01 14 equipped with
dropping funnel, a gas inlet tube, a gd4 outlet tube, reflux condenser and
mechani cal stirrer, and naintai ned under a positive pressure of nitrogen.
The reac r f 2 ed to room

t emper até(?l%pél-%%g @ro‘ﬁ?ﬁwd‘ﬁﬁh@ﬂ a%?a@@gg tg%%e%ggﬁﬁétﬁéﬁﬂ m xture was 5
stirred conpEnses Bydaneclwmaleam@waam gdintainechender apesitiee wiressiresd| ut i on

t d with t ted d th trated
Under '+ Bliogel. bheZSario BhdntEes NoRh FERY S IOhAR YT ali SRt PR BON ( 200
m -) a”drod’?ﬁ%ﬁ\PéFa%P@ Hsftq 1114 §Shfnday VCAERIY BAY Bk ALttiohr ANRLRAKaPhed on
a colum of rca gel (1.5%'t 2%Ac Et CAc) to afford tenpzolomde (1)

(286 ny) stirted wgomﬁswmmmn teDBGtdE fo8)!: h@:@ﬁhegesalmiy\g splg®nwss 1H), 7.66

Con] unct IT5AL4H ¥R FAITelSskaR S g B TaL L0 S el sguee gl onder |
al ternat | redite ?}ggéu%'mﬁe@cthelr%sm@@és@r@%téletﬁ@Hmml2@@ APPaiEnt to

t hose of skill in the art. Al such alternatives, nodifications and
vari ati omsasefﬂ@remt gheditrate was tondartitated had sphireinategraphed opea edlurnmeohr esent
i nvention.

smca gel (1.5% to 2% AcOH/EtOAC) to afford temozolomide (1) (280 mg).
10 'H NMR (400MHz, DMSO-ds, 3): 8.80 (s, 1H), 7.80 (bs, 1H), 7.66 (bs, 1H), 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.



CLAIM5 1. A conpound of the formula: O HZN NHZN N XO 1I1l or an active
ester, thereof, wherein X is a |leaving group of the type that activates its
adj acent carbonyl group towards nucl eophiles. 2. The compound of claiml
wherein X is OH £ said conpound being 5-am no-4- (am nocarbonyl) -

1H i m dazol e-1 -carboxylic acid. 3. Thq compound of claim1 wherein X is QZN
O sai d conmpound bei ng 1-(4-nitropheny|f-5-anino-4-(aninocarbony|)-1

H i mi dazol e-1- carboxylate. 4. The conpound of claiml wherein X is
- N( CH3) - NERAIMES d conpound bei ng
5- am no- 4- (am nocar bonyl ) - 1H i m dazol e-1 - carboxylic aci d- |-nethyl hydrazi de.
1. A compound of the formula:
0
HoN N

or an active ester thereof, wherein X is a leaving group of the type that activates its

adjacent carbonyl group towards nucleophiles.

2. The compound of claim 1 wherein X is OH, said compound being 5-amino-4-

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

3. The compound of claim 1 wherein X is

OzN 4 O_'—

said compound being 1-(4-nitrophenyl)-5-amino-4-(aminocarbonyl)-1H-imidazole-1-

carboxylate.

4. The compound of claim 1 wherein X is -N(CH3)-NH3, said compound being

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



