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It is described in U.S.P. No. 5,260,291 (Lunt et a/.) together with compounds
15 of broadly similar activity such as higher alkyl analogs at the 3-position.
The synthesis of I by the process described in J. Med. Chem. 1984, 27, 196-
201 can be simply depicted as follows, even though the authors mention that the
cycloaddition of the methylisocyanate to the compound of the formula (B) can
proceed through two different intermediates:
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In this process, 5-amino-1H-imidazole-4-carboxamide (A) is converted into 5-diazo-
1H-imidazole-4-carboxamide (B), which is then cyclized with
methylisocyanate in dichloromethane to provide a high yield of clinical-grade

25 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 tc handle and ship, especially on the industrial



cycl oaddi tion of nethylisocyanate requires a very long reaction tinme: Table
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Moreover, the unstable 5-diazo-1H-imidazole-4-carboxamide (B) still has to be
isolated in the branch of this process that uses it as an intermediate.
Clearly, therefore, there is a need for synthetic methods that are more
convenient, especially on an industrial scale, and provide good yields of clinical-
15 grade Temozolomide, or improve the preparation or use of intermediates for the
aforementioned processes.

SUMMARY OF THE INVENTION

The present invention provides, as one embodiment, a process for the
preparation of Temozolomide and lower alky!l analogs thereof having the formula:



preparation of Tenozol om de and | ower al kyl anal ogs thereof having the
formula: s 9 3 ONNNMN-R H2NCO wherein R is an al kyl group having from1
to 6 carbon atons, which conprises: (a) glazotizing a conmpound of the.
formula: O N 1~1 NHR N NH2 5 Pg"NCO IIY wherein Ris as defined above;
and Pg" is a divalent protecting group that is readily renovabl e by

hydrol ysis or hydrogen@lysis or two nonoval ent protecting groups Pg that
are readily renova e/ﬁ¥ hyRIr ol ysi s or hydrogenol ysis; or a bul ky
nonoval ent protec ﬁgNgroub 10 Pg that is readily renovabl e by hydrolysis or
hydr ogenol ysi s, th%?;h\ Wgth a hydrogen atom and thereafter (b)

subj ecting the resyftinly conpound of the formula: ONONN-R i N PgN'CO
I11. 15 whereip,NRQO i s as defined above, to hydrolysis or hydrogenolysis.
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wherein R is as defined above,
and Pg” is a divalent protecting group that is readily removable by hydrolysis

or hydrogenolysis; or two monovalent protecting groups Pg that are readily
removable by hydrolysis or hydrogenolysis; or a bulky monovalent protecting group

10 Pg that is readily removable by hydrolysis or hydrogenolysis, together with a

hydrogen atom;
and thereafter

(b) subjecting the resulting compound of the formula:

)

PgN"CO 1L

15 wherein Pg” is as defined above, to hydrolysis or hydrogenolysis.

Step (a) is preferably carried out in an aqueous-organic solution with a source
-of nitrous acid, in particular in solution in an aqueous organic acid such as a lower
alkanoic acid, especially acetic acid. Water-miscible solvents such as lower
alkanols, THF and DMF can be present. The source of nitrous acid is preferably
20 inorganic, e.g., an alkali metal salt of nitrous acid, most preferably sodium nitrite.
The reaction is preferably carried out in the presence of a reagent that promotes the
correct direction of ¢cyclization, e.g., LiCl.



correct direction of cyclization, e.g., LiCl. C Step (b) is preferably
carried out by hydrolysis with a strong mneral acid such as concentrated
HCl or HBr, or HCl O4, CF3SCBH, or MeSO3H, or especially concentrated

sul furic aC|d at a noderate tenperature duch as -20 to 50°C. In a
particularly preferred enbodi nent, the readily-renovable protecting group is
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10 wherein Pg” is a protecting group as defined above, especially such compounds
wherein Pg” is a 1,1-dimethylethyl group together with a hydrogen atom, Aris an
arylmethylene group, and R is a lower alkyl group as hereinbefore defined,
especially a methyl group. An especially preferred aryimethylene group is the
diphenylmethylene group,; preferred compounds of the formulae II and III include

15 the compounds of the formulae:
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

It should be noted that the cyclization of the compound of the formula 1I

above, wherein Pg” is a monovalent protecting group Pg together with a hydrogen

20 atom, could in theory also proceed to the nitrogen atom of the carbamoyl group, and
yield an undesired aza-hypoxanthine derivative. The presence of a bulky protecting
group Pg promotes the desired cyclization to the imidazo[5,1-d]-1,2,3,5-tetrazine
nucleus of Temozolomide. The presence of LiCl in the reaction medium also has a
beneficial effect in promoting the desired cyclization. The complete blocking of the

25 nitrogen atom by the use of a divalent protecting group or two monovalent protecting
groups also ensures that the cyclization proceeds in the desired direction.



group Pe pronotes the desired cyclization to the
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In the first step of this process, [(diphenylmethylene)aminolacetonitrile 3 is
allowed to react with an isocyanate PgNCO where Pg is a monovalent protecting
15 group as defined above, to yield an acetamide 4. This reaction is conveniently
effected in the presence of a base and of an inert organic solvent, under an inert
atmosphere, e.g., nitrogen, and at a ambient temperature or reduced temperature,
e.g., ambient temperature to -100°C, preferably ambient temperature to -10°C . The
base is preferably one having the formula PgOM, where M is an alkali metal; other
20 bases that can be used include tertiary amines such as triethylamine and



t-BuNHCO conc. H/SO NI ~ 8 ~ N9 H2NCO In the first step of this
process, [(di phenyl nethyl ene)am no]acetonitrile 3 is allowed to react with
an i socyanate PgNCO where Pg is a nonoval %nt protecting 15 group as defined
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subst ant i aldryp@asndies trd twechuddbBge.N.TlaeCl, wherein Pg” is a divalent protecting group or
20 two monovalent protecting groups Pg; this reaction is also effected in the presence
of a base and an inert organic solvent substantially as described above. The
compound of the formula Pg":N.CO.Cl can be prepared by reaction of an imine or
amine of the formula Pg”:NH with phosgene.
In the second step of this process, the acetamide 4 is subjected to hydrolysis
25 to remove the diphenylmethylene group (an example of the group Ar) on the imino
nitrogen, preferably with mild acid in an aqueous or aqueous-organic system,
especially a mild inorganic acid (such as dilute mineral acid, e.g. 1N hydrochloric
acid, hydrobromic acid or sulfuric acid) in an inert organic solvent such as ethyl
acetate; the product is the acetamide 5, as an acid addition salt such as the
30 hydrochloride, hydrobromide or sulfate. The hydrolysis is conveniently effected at
0°C to moderately elevated temperature, e.g., 100°C, especially ambient
temperature up to 70°C.
In the third step of this process, a salt, e.g., the hydrochloride, of the
acetamide 5 is condensed with a urea derivative 7 or with analogs thereof on which
35 each methyl group has been replaced with a group R, wherein the two groups R are
identical and each group R is as defined above. The urea derivative can be
replaced with precursors thereof, e.g., the N-R-urea wherein R is as defined above
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source of nitrous acid, e.g., {-butyl or isopenty! nitrite with a carboxylic acid such as

25 a lower alkanoic acid, e.g., acetic acid, and in an organic solvent such as a lower
alkanol, DMF, THF, ethyl acetate, or a hydrocarbon such as toluene, hexane or
heptane.

The reaction presumably proceeds through a diazonium salt, which
spontaneously cyclizes to the compound of the formula II1.

30 In the fifth step of this process, Temozolomide or N-alky! analog thereof
(wherein the alkyl group has 1 to 6 carbon atoms) is produced by hydrolysis of the
protected-Temozolomide 8 or protected-N-alky! analog thereof; again, the
conditions have been described above.

The protected-Temozolomide 8 or protected-N-alkyl analog thereof (wherein

35 the alkyl group has 1 to 6 carbon atoms) is an example of a compound of the
formula III. In general, hydrolysis to remove a protecting group is preferably carried
out under an inert atmosphere and at a moderate temperature, e.g., at about 0°C to
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t he compound 8) _ane.aic| eastN Hhy s HJIEE,] f ﬂ?rpl e, nethyl ene
chl ori de. Hydrog{r]lofym S Lo renpve a Q cti oup is preferably carried
out 5 under an $Nert  at mspher@%nd at ‘_mb'de(P r?errperature e.g., at

about anbient tenperature to about 60C, in an inert organic solvent with
hydr ogen and a hydrogenati on éatal yst such as Pd/C or Raney Ni. The
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and O’Donnell, M. J.; Eckrich, T . Tetrahedron Lett. 1978, 47, 4625
Aminoacetonitrile 1 (preferably as an acid addition salt, e.g., the hydrochloride) is

15 condensed with imine 2 in the presence of an anhydrous, inert organic solvent and
under an inert atmosphere. The imine provides a protecting group for the amino
group of the aminoacetonitrile, a group that is stable to alkali but can be readily
removed with mild acid when no longer needed. An aralkylidene-imine, especially a
diphenylmethylidene-imine, is convenient. The organic solvent is conveniently

20 methylene chloride.

in the compounds of the formula 3 and 4, the amino-protecting group {(Ph)>C:
can be replaced with another appropriate protecting group of the formula Ar, where
Aris as hereinbefore defined. In the compounds of the formulae 4, 5, 6, and 8, the

1,1-dimethylethylamino group can be replaced with another appropriate protected
25 amino group PgoN- or Pg":N-, where Pg and Pg” are as hereinbefore defined.

The compound of the formula 5 can be prepared also by the following novel
method:



(See, for exanmple, O Donnell, M J.; Polt, R L; J. Og. Chem, 1982, 47,
2663; and O Donnell, M J.; Eckrich, T. M; Tetrahedron Lett. 1978, 47,
4625.") Aminoacetonitrile 1 (preferably ag an acid addition salt, e.g., the
hydrochl oride) is 15 condensed with imne“2 in the presence of an anhydrous,
inert organic solvent and under an inert atnosphere. The imne provides a
protecti ngchemoap’:-for the amno group of the am noacetonitrile, a group that
is stable to alkali khyt can be readily renpved with f@1d acid when no
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di phenyl net hyl i [\ __L_s__c_onye.m_enr_ihe_pr ganNc sdfvent is
conveniently 20 methyl chloride. In the corrpoundgl of 0\he fornmula 3 and 4,
t he am no-protectii;mg group (Ph)2C. can be repl aced Wiz h another appropriate
protecting group of the forgl(i Ar e, wh%\ﬁ Ar as her ei nbefore defined. In
t he conpounds of the fornul HeSs 83131 ~ the i,1-dinethylethylamno
group can be replaced with lq?rHa@pr fiate protected 25 am no group
Pg2N- or Pg": N, wh Bg an “Pg as herei nbefore defined. The conpound
of the formula 5 cﬁ be pre&$red so by the followi ng novel nethod: 9
Schene V: 0 0 NOGH, 2/l NNOH HCNHOCNII |-~ Reduce, e.g., \vith
HQAl, HO NHS N HIEN N2- Cyano-N- (1, 1-di nethyl et hyl ) acet am de 11
(Bhawal, B. M; Khanapurg, S P.; Biehl, E R; Syn. Common., 1990, 20,
3235) is allowed to react with nitrosyl 5 chloride in an inert organic

sol vent such as CH2Cl 2 or CHClI 3 at noderate tenperature S\? % anbi ent

t enper at ure t o 2-2y8nopk<t dr alm&hwbﬂml)aae)am“ﬁ@eﬂ (%TSQNVEi ie| hanapure, S

2- cyano- Ne{ 1BFerﬁ" @Ehhyé /)C]m%n( hy d”@’d @2@@ @&Eﬁd%&*?o 13 di SvitrsQitrated and
redu%ed f%r npl e WI Fum’dit ni't % %%EPUS or ani ¢ sol vent,
but chion e m an inert orgamc solvent suc as CH»Cl o or at mo erate

temperature (e.g., ambient temperature to -25°C, preferably about 0°C). The

resulting 2-cyano-N-(1,1-dimethylethyl)-2-(hydroxyimino)acetamide 13 is isolated

and reduced, for example with sodium dithionite in an aqueous organic solvent, but

preferably with aluminum amalgam in water at moderate temperature (e.g., ambient
10 temperature to about 0°C, preferably about 0°C).

The compound of the formula 13 is a novel intermediate and is a feature of
the invention. The compound of the formula 13 forms salts with strong bases, e.g.,
with alkali metals such as sodium, and these salts are also a feature of the
] invention. Further features of the invention include compounds analogous to 13
15 wherein the 1,1-dimethylethylamino group is replaced by a protected amino group
Pg”"N, where Pg" is as hereinbefore defined. Such compounds can be prepared
analogously from the compound of the formula 10 and a compound of the formula
HN:Pg”, wherein Pg" is as defined above, especially a divalent group such as
benzylidene or S-fluorenylidene, or two monovalent groups Pg such as two benzyl
20 groups, or a monovalent group such as benzyl, trityl, benzyloxycarbonyl, or S-
fluorenyl, together with a hydrogen atom.

5-Amino-1H-imidazole-4-carboxamide, the intermediate of the formula (A)
described in the ‘Background of the Invention’, can be advantageously prepared
(e.g., as its hydrochloride 16+ HCI) by the two routes shown in Scheme VI, wherein
25 17 is a novel intermediate, 14 is commercially available and a method for its
preparation is given in U.S.P. 5,003,089, and the preparation of 6 has been
described above. These present an improvement also in the preparation of



preferably with alum num amal gamin water at noderate tenperature (e.g.,
anbi ent 10 tenperature to about O0C, preferably about 0C). The conpound of
the formula 13 is a novel internmediate and is a feature of the invention.
The conpound of the formula 13 forns salt$0with strong bases, e.g., wth
al kali metals such as sodium and these salts are also a feature of the

ilgvigt mn-Te‘?%%cﬂ@hqliagagihe@sp]@}‘sta:rﬂs? iraentl enthienetmde fmmgmg@sdianaﬂiztrgmu&gt 0
erein e 1, 1-di e am,no_group ,i.s_r ace a pro

amino gr oPtNRPRMEHERE @%P%e%'é rﬂ@?%i”?f%@fFSEQ'%I@PEEPéd?O%E%e%%gﬁgaﬁ%@%t:an

be prepar echaianabegpes! hef KofeiHye graumEoinnt e ajortheurfdy oldhe fbearet 6 Tanmpdiind

of the fornula %I—}gl: Pg wherein P?ﬂ" IOF? as def 'Eg.ed a(g%/edeégeci ally a

di val ent §PoURe SeRIACEE WikkisgF HORES ST W FIRTbFeyAS dBHEY 8P°Yo nonoval ent

groups Pq such as two benzyl 20 groups, or a nonoval ent group such as

benzyl , tSebgme Menzyl oxycarbonyl, or 9- fluorenyl, together with a hydrogen
atom 5-Ani no- 1H i ni dazol e- 4- car boxani de, -BulHi e&yediate of the fornula

(A) described in the 'Background of the Inventign"y can be advantageously
prepared (e.g., as its hydrochloride 16 HCl) by|the’/two routes shown in
Schene VI, wherein 25 17 is a navel internedjage, iz)connercially
avai l able and a netfjod for its preparation i $ given ¥ U S. P. 5 003,099,
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i mprovenent al so?in t preparation.of 10 Tenozol om de; Since the starting
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can be replaced wi|th larger groups R wherein Ris as gefined above. 5
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In route (a), purified aminocyanoacetamide 14 (obtained for example by
recrystallization, e.g., from acetone) is condensed with a urea derivative 7 or with
analogs thereof in which each methyl group has been replaced with a group R,

10 wherein the two groups R are identical and each group R is as defined above. The
urea derivative can be replaced with precursors thereof, e.g., the N-R-urea wherein
R is as defined above (especially N-methylurea), together with an orthoformate, e.g.
ethyl orthoformate, to provide the imidazole 15. This reaction can be carried out as
described above for the reaction of 5 with 7 or with precursors of 7. Imidazole 15 {(or

15 an analog thereof in which the methyl group has been replaced with a group R,
wherein R is as defined above), can then be hydrolyzed with mild base, e.g., a
tertiary organic base such as triethylamine or ethyldiisopropylamine in an inert
organic solvent such as a lower alkanol, e.g., methanol, and the product 16 can then
be converted into its acid addition salt by reaction with the appropriate acid, e.g., the
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16 HCI. The acid used.in this st TO Preferablg atron% ,
process according to the invention, %u can also be used as a novel starting material
for the intermediates in the known process for the preparation of Temozolomide.
20 Further compounds that can be used in both these aspects include compounds
analogous to the compound of the formula 6 and having the formula II, and higher
alkyl analogs of the compound of the formula 6.

Preferred intermediates of the formulae V] and V include:

@)
0
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H CN , especially CN Ph 4, and 5

25 wherein Ar is as hereinbefore defined but is preferably a diphenylmethylene group.

In the compounds of the formulae 4, 5, 6, 8, 11, 13 and 17, and also the

compound of the formula {-Bu.NH.CO.C(N:Ar).CN, the 1,1-dimethylethylamino
group can be replaced with a protected amino group PgNH, PgoN, or Pg"N, where

Pg and Pg" are as hereinbefore defined.

30 The invention also provides a process for the preparation of a compound of
the formula TV, which comprises:



e.g., a mneral acid such as HCl (to provide 16 HCl), or HBr, H2SO4, HC &4
or 15,HNG3, or a strong organic acid such as CF3SO3H or CH3SO3H. The sol vent
may be aqueous or, especially when the acid is CF3SG3H or CH3SO3H, organic.
The conmpound of the forrmula 6 is nanmed as 8 starti ng material in the novel
process according to the invention, but can also be used as a novel starting
material for the ingefidgettbvrabéshé astehgrémowithpe peeiestifgrarnine, prefpaatay ilon of
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such as ancgigaaliychaekdvheashePiald ¥ 1, ackhethasthdl glaltp, pogéeabliyn sytrogen
nitrosyl chloride in an inert organic solvent such as nethylene chloride.
The resul t7R5 conpound has the formula Pg"N. CO. C(: NOH).CN wherein Pg" is a
protecting group, especially a 1,1-dinethylethyl group together with a
hydrogen 10 at©one irCEmnponraliso piotities afposasafaribetpreperatermetiingt @sove: t he

formu ac_ReihkicRdPEBni AR ABEN L G Nt i ShReolisALY eampbuhBes
"the formula O wherein Pg”"N is a 1,1-dimethylethylamino group together with a
hydrogen atom. This reaction can be effected under the reaction conditions set out

under paragraph (a) at the start of the section Summary of the Invention.

Compounds of the formulae 1], 111, V and VI can exist in the form of their salts,
20 for example with mineral acids, especially with hydrochloric acid and sulfuric acid. A
particularly preferred salt of this type is compound 5+ HCI.

Compounds of the formulae IV can exist in the form of their salts with bases,
for example with alkali metals such as sodium.

The invention is not restricted to the specific embodiments of the processes

25 shown in the foregoing Schemes 11l to VI and the specific intermediates used
therein, but further comprises analogous processes which are carried out under
different but substantially equivalent conditions, and also analogous processes and
intermediates wherein different but broadly equivalent protecting groups Pg” and Ar
are used, and especially those wherein the methyl group (the precursor of the 3-

30 methyl group in Temozolomide) is replaced with a larger alkyl group R, wherein R is
as hereinabove defined. Furthermore, the intermediates 4, 5, 6, 8, 13, and 17,
which are novel, can also be modified to include different but broadly equivalent
protecting groups Pg or Pg" and Ar, and intermediates 6 and 8 can be modified to
include a larger alkyl group R (wherein Pg, Pg”, Ar and R are as hereinabove

35 defined). All these embodiments are features of the present invention.

!



especially those wherein Pg" is a 1,1-dinethylethyl group, together wth a
hydrogen atom The invention also provides a process for the preparation of
t he above 15 nentioned conpound of the fo |l a 8, which conprises

di azotizing a conpound of the fornula H Wherein Pg"Nis a

1, 1-di et hyl et hyl am no group together with a hydrogen atom This reaction
can be ef f ect edt shadd hehsoreshidiel die cohugietiiondazde n@@teusmeeper@élgrearﬂ’qlr( a)
at the st t WIS HETR, Y
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acid. A particularly preferred salt of this type is conpound 5 HCl .

Compounds of the fo e 1V can exist in yReynformof their salts with
bases, for exanpl al kali nmetal s stdigh as sodium The invention is not
restrrctedtothes N%‘eﬂﬁodrrrets of i>bc€ip esses 25 shown in the

f or egoi ng Scherres I to"™Wi2 and the specj f i nteraredi at es used therein,
but further co anal ogous procesE‘e@C\@u ch are carried out under
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pr otecti ng groups especi al ose wherein
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repl aced whthaand @F%Fmﬁé %&Sbcﬁ&@ﬂ@rd@ntr%@bﬂ! orik.is as her _9' nabove defi ned.
Furt hernore, the internedi ates 4, 6, 8, 13, and 17, which are novel, can
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i nclude a | argerkakkydprgsentp RsdtwheeeinydRgsarBon gréup aadm@ ar@Basarbem ermabove
't sRoul o BERBtd Tr TTRS (AT bseu i urecie e eBE RN AP RhE e 1
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sty 2L20 1 g0 N BEDRES ot DRSNS, A e
pr edoni natGEOUBEEITefioemNeEiawds sybe Utashiss @hdrrst ane @éﬁerrarzwleef@/@y@@gﬁﬁ t he
descri pti efoand 16lcahifodfdsthich §§ﬂratfor¢@rmr9@,\ aMemiRglede carbon atom of the
15 arylmethylene group is doubly bonded to the adjacent nitrogen atom. Represen-
tative arylmethylene groups include diphenylmethylene, phenylmethylene, and 9-
fluorenylidene;
aryl (including the ary! portion of arylmethylene) — represents a carbocyclic
group having from 6 to 14 carbon atoms and having at least one fused benzenoid
20 ring, with all available substitutable carbon atoms of the carboceyclic group being
intended as possible points of attachment, said carbocyclic group being optionally
substituted with 1 to 3 Y groups, where each group Y is independently selected from
halo, alkyl, nitro, alkoxy and dialkylamino groups. Preferred aryl groups are phenyl,
substituted phenyl, 1-naphthyl, 2-naphthy! and indany!.

25 EXAMPLES

The following Examples illustrate but do not in any way limit the present
invention:



the nane or fornula specifically identifies only one. Wien used herein, the
followmng terns have the indicated neanings: alkyl - represents a saturated
hydrocar bon group having 1 to 6 carbon atons, 10 preferably 1 to 4, which
may be straight or branched but is preferdfly unbranched, e.g., 1-butyl,
1-propel, ethyl, or especially nethyl; arylnmethylene - represents a

met hyl ene BkaHibler :WBiidbtiag!- 8%arsxho@aebanvl-lmqianmsasduafﬁ Bedtdted om4(8H)-
substituted for at least one of the methylene hydrogen atons. |n conpounds
such as thagheqfefrayanlbanide)t he net hyl ene carbon atom of the 15 aryl net hyl ene
group is doubly bonded to the adjacent nitrogen atom Represen- tative
aryl met hyl ene groups include di phenyl net hyl ene, phenyl net hyl ene, and 9-

fl uorenyl i Sexe A:aPyépéiatidrudf Gecydreo-bi-il. 1 pbntdthgledhyvle3d net hyl ene) -
represents a carbocyclic group having from6 to 14 carbon atons and havi ng
at | east ofdifhsednbetixderneldm 2®]racegamie h al | avail abl e substitutable
carbon atons of the carbocyclic group being intended as possi bl e points of

attachnment, said carbocycl ic group being opjiondly substituted with 1 to 3
Y groups, where e group Y is |ndepende§J\P ect fr hal o, al kyl
nitro, al koxy an Marﬁwﬁ)kgr BupsO Pr ﬁggrouBs are phenyl,
substituted phen - naphthyt-—2-naptt-hyl andi i nd nyI 25 EXAVPLES The

fol | owi ng Exanmpl(ds |IHhJs,trate but do not in any wdy he present

i nvenbion: 14 Exanple £ 3- Met hyl - 8- ani nocar bony! - i mdaz 5.1-d]-1 2 3
5-tetrazin-4(3H)- one (Tenozol om de) Step A: Preparation of
2- cyano- N- (1. 1- dhestrhiyt 8t(MPD)g. B. 178 diggheny IGres Gy |(éne)vesrermpbcead dtta de Ll O ~~V

178 ol ) G DR 13 R B el e d o 6eS QRN EdREH {1 ask
equi pped wcohdengsrt tt@mmeﬁbetmeahgmsawm@i ahdlmeaintaf edxndeo aderssers,
thermonet e JBcHBALGA et | 1 MehimARY IR LA Jaed i EeS nd ROSYH IS was added
10 to this stirred mixture at 0°C, and after stirring for 10 min a solution of potassium
t-butoxide in THF (1.0 M in THF, 3.88 L, 3.88 mol) (as supplied by Aldrich) was
added slowly (1 hour). The solution was stirred at 0°C for 4 hours, when the
reaction mixture had become a very thick paste with a deep brown color, and thin
layer chromatography (EtOAc/hexanes = 1/4) indicated that no more starting
15 material was present. The resulting mixture was quenched with saturated NH4Cl
solution (5 L), and the organic layer was separated and washed sequentially with
saturated NH4Cl solution (5 L), and brine (5L). The combined agueous solution
was extracted with CH,Cly (1 L). The combined CH,Clo solutions were dried over
MgSO.4 and concentrated under reduced pressure to yield a brown solid. The
20 resulting crude N-(1,1-dimethylethyl)-acetamide derivative was purified by slurrying
in hexane (2.5 L) at a concentration of 1-5% at room temperature. The slurry was
filtered and the filter cake dried in a vacuum oven (20 mm Hg, 20°C, 18 hours) to
yield 0.814 kg (2.862 mol, 90%) N-(1,1-dimethylethyl)-acetamide derivative 4 as a
brownish solid.
25 TH NMR (400 MHz, CDCls, 8): 7.62 (d, 2H), 7.53 (m, 4H), 7.41 (m, 2H), 7.22
(m, 2H), 4.62 (s, 1H), 1.41 (s, SH); mp: 107-108°C.



~ pressure of nitrogen. 1,1-Dinethylethyl-isocyanate (442 nlL, 3.870 nol) was
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25 314 PR 6800, Mty O] Bap Meccl34 k) 28D -l (B A 0 21410280
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extracted W | [ fraet ed
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amino-2-cyano-N-(1,1- dlmethylethyl )-acetamide hydrochloride 5- HCI.
TH NMR (400 MHz, DMSO, 8): 9.38 (bs, 2H), 8.92 (s, 1H), 5.28 (s, 1H), 1.30
(s, 8H);  mp: 211°C (dec.)

Step G: Preparation of 5-Amino-N4-(1.1-dimethylethvl)-N1-methvl—1H-imidazole-
20 1.4-dicarboxamide 6

<

N CH.Cl, / CH,COH no] \>

CN
s TR
H3C\ & /CH3 3
N N N N
H H H

6
7

2-Amino-2-cyano-N-(1,1-dimethylethyl)-acetamide hydrochloride 5- HCI (414
g, 2.160 mol), urea 7 (414 g, 2.617 mol) (Whitehead, C. W.; J. Am. Chem. Soc.,
25 1853, 75, 671), CHoClp (4 L) and acetic acid (20 mL) were placed into a 10 L, three-

necked flask equipped with a nitrogen inlet, a gas outlet tube, reflux condenser,



conbi ned and concentrated under reduced pressure to yield 490 g (2.557 nol)
of 2 15 am no-2-cyano-N- (1, 1-di met hyl et hyl ) -acet am de hydrochl oride 5 HCO .
0 MHz, DVMSO, 3): 9.38 (bs, 2H), 8.92 (s, 1 H, 528 (s, 1 H, 1.30

H NMR (40
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np: 211C (dec.) Step G Preparati%n of
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(6s.98H) s92 (d,FH),8.40({,8H)L H), 5.92 (bs, 2H), 2.92 (d, 3H), 1.40
15 Although it was observed that smaller-scale reactions (using 1-

) Although it was observed that smaller-scale reactions (using 1-15 g of 5)
gave higher percentage yields of relatively purer product (e.g., 90-85% vyield,
93-98% pure), such small-scale reactions are less practical for the preparation of a
commercial product.

Purification of 5-Amino-N4-(1,1-dimethvlethvl)-N1-methyl-1H-imidazole-1 4-
dicarboxamide 6

5-Amino-N4-(1,1-dimethylethyl)-N1-methyl-1H-imidazole-1,4-dicarboxamide 6
(313 g, 93% pure by HPLC analysis) was suspended in EtOAc (4 L) and refluxed for
10 min. The solution was filtered while hot to remove solid residue, and was then
cooled slowly to room temperature. The resulting solid product was collected by
vacuum filtration. The filtrate was concentrated under reduced pressure to a thick
paste and then filtered to afford an additional solid product. The combined solids
were purified by slurrying in {-BuOMe/2-PrOH (1.5 L, 9/1) at room temperature for 1
hour. The solid product 6 was collected by filtration and was dried in a vacuum oven
(20 mm Hg, room temperature, 48 hours) to yield 252 g of a tan-colored solid (98%
pure against a standard sample by HPLC analysis). A satisfactory TH NMR
spectrum was obtained.
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~cave higher percentage yields of relatively purer product (e.g., 90-95%
yield;, 93-98% pure), such snmall-scale reactions are |ess practical for the
preparation of a commercial product. Purification of

5- Ami no- Nd- (1, 1- di met hyl et hyl ) - N - net hyl - 1/ Hi mi dazol e- 1. 4- 20 di car boxani de
6 5- Am no- N4- (1, 1-di et hyl et hyl ) - N1- rrethyl 1 H-|mdazole 1, 4 di car boxam de 6
(313 g, 93%tqube hy-BhCrastysi-dimetwyls péthw-iF { hads.bef | uxed

for 10 mn. The solution was filtered vvhlle hot to renove SO|Id resi due.

and was t hetrazoelSedadadmidend (bduty efpmezaiemiddhe resul ting solid product

was collected by 25 vacuumfiltration. The filtrate was concentrated under
reduced pressure to a thick paste and then filtered to affgrd an additional

solid product. The conbi nfdﬂ\sol ids »erReOpugifAgd by slurryjng in

t-BuOVe/2-PrOH (1.5 L/ 9N NH@bigmtEm %@{e for 1 shau m@eH3s0nd
product 6 was coIIecNed y filtrati ied iM a_ acu m oven (20 mm
Hg, room tenperature, QHL{S) to yield 252 g of ata-co;qf d solid (98%

30 pure agai nst ard sanpl e by HPLC anal ysj ati sfactory 1H NWR
spectrum was ob Ef‘@ 8 Ot ep D 3 Blntd
4-Di hydro-N- (1. 1-di rrethyl ethyl)-3-nethyl -i mdazo[5.1-d]-1 2 3. 5-

tetrazi ne- 8- car@.@{@%{ﬁ_ge'@)dﬁ rriolt Wldr’l&ﬂD@@hmﬁ HeD 000 mNabied,gldAcadNIN #eid

re]) A drieh Tl dog Pl W6 712658 IR Sorid B AP heciety %Ea%&%wag@ ki

43.9 mmol )owah@a@lna&ﬂﬁbmcfm@naremadnhem@mefmedmwfahasé@l@mn ppedtiniedhioad0
over head nechani cal tb rﬁr and t.hernmoneter. The m. sollhlrg 02 was stirred
i oD s

for 30 mi'MMKE RS ctéa 1 GRPIGC QI8P BT P T abHF etipBFRPTY &l 52 Ani no- Ng- (1, 1
di met hy! etdigieth NesHyEEINgArmaiHy - el e eld- 144-di cabtoraitede (5.0(G . 20.§,m20) B&Hol |

98% pur egpd\’%?v\;%etﬂgﬁ%%’d ‘Erﬁl@rrﬁhmél%s‘@%e?tfbl[B@%fnoran%QhB%War@@g (t ey,

NaNO2 (1 I scher) was ad he reaction m xture was
stirted at2$>mrﬁ©lﬁ (Bﬁéhﬁﬁwa%a@ldweﬁ atrepeitnn reriper wegrsinfesratsd Kolar Prewhewr

glF’lLEt Lgdwﬁ]@%@tro@% f@?ﬁﬁera‘%@r%;fb'r egnuclf{?;&, théh HBSC m&g,s@d)magge ﬁa@ﬁd he
aqueous ph%@gl%@aéfﬁé("cﬁseg)e\ffp @I—g% ’i‘%ﬁd g" ePehglvgyinl e resulting
layers were separated and the aqueous phase was extracted with CHoClo (100 mL).
The combined organic solutions were washed with agueous NazS,04 (10 g/100 ml)
15 and then with aqueous NaHCOz3 (saturated, 100 mL). The organic solution was
concentrated under reduced pressure to afford 2 as a yellow-brown solid (4.56 g,
88% pure, HPLC assay). A standard sample was prepared by flash
chromatography (6:4, EtOAc:hexane) twice. Satisfactory H and 13C NMR spectra
and elemental analyses were obtained; mp: 135-136°C.
20 TH NMR (400 MHz, CDCls, &) 8.38 (s, 1H), 7.20 (bs, 1H), 4.04 (s, 3H), 1.52
(s, SH).

Step E: 3-Methyl-8-aminocarbonyl-imidazo[5.1-d1-1.2.3.5-tetrazin-4(3H)-one 9

(Temozolomide)

1 1
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-The conbi ned organi c solutions were washed wi th aqueous Na2S204 (10 g/ 100

m,) 1% and then with aqueous NaHCO3 (saturated, 100 nL). The organic

solution was concentrated under reduced pressure to afford 2 as a

yel |l ow-brown solid (4.56 g, 88% pure, HPL'E assay). A standard sanple was

prepared by flash chromatography (6:4; EtOAc: hexane) tw ce. Satisfactory 1H
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washed w t B8i4%e-prot et o dt@nokjd sameles by iHP Was ndhises) under vacuum (20 mm

. T oom et ST DS g S e R O e 90 4%

pure agai nst a st ana |quo
contai ned an additional 9. 7% of 9 (HPLC assay) Exarrpl e 2 Preparati on of

| nt er nedi a e l? ferMediat d
2. Oyano. N % d R rfrediates and Reagents: 3 i Ha
-~ NOHN)  Ni HCNHCN IIlSAmdell(Sllg, 22.18 nmmol ) (Bhawal , B.

M; Khanappies AS.2-Byand-801. 1 Himelhyiethiih) - 200 x virh#8)acébamids3p di ssol ved -
in CH2A 2 (100 L) was pI aced 1nto a 5 0 nL3-necked round-bottom fl ask

equi pped with a%r ng bar. The sol ut \Aﬁ 15 cooled to OC (ice bath)

and NOCI (Fl uka) be e\qot@]r nt reaction mxture turned a
brick-red col or ey NG@E oc for 30 nin

CN
13

Amide 11 (3.11 g, 22.18 mmol) (Bhawal, B. M.; Khanapure, S. P.; Biehl, E.
R.; Syn. Commun., 1990, 20, 3235) dissolved in CH,Clo (100 mL) was placed into a

500 mL 3-necked round-bottom flask equipped with a stirring bar. The solution was
15 cooled to 0°C (ice bath) and NOCI (Fluka) was bubbled through until'the reaction
mixture turned a brick-red color. The reaction mixture was stirred at 0°C for 30 min

and then at room temperature for 18 hours. The precipitate was collected and
washed with CHoCls (25 mL) to afford the product as a white solid (2.88 g, 17.0

mmol).
20 TH NMR (400 MHz, DMSO-dg, 3): 7.70 (s, TH), 3.32 (s, 1H), 1.32 (s, 9H);
mp: 218-219°C.

Part B: 2-Amino-2-cyano-N-(1.1-dimethylethyllacetamide 13

ijYNOH He-Al a0 >LNJO\(NH2
H o N H N

13

['n

Oxime 13 (2.5 g, 14.78 mmol), Al amalgam (0.81 g) and distilled H20 (100
25 mL) were placed into a 250 mL round-bottom flask equipped with a stirring bar,
nitrogen inlet, a gas outlet tube, and maintained under positive pressure of nitrogen.

}



and then at roomtenperature for 18 hours. The precipitate was collected and
washed with CH2CI 2 (25 nl) to afford the product as a white solid (2.88 g,
17.0 mml). 20 1H NVR (400 MHz, Dl\/BOd6 6) 7.70 (s, 1H. 3.32 (s, 1H),
1.32 (s, 9H); np: 218-219C. Part B:

2- Am no- 2-cyano- N- (1. 1- di net hyl ethyl)acetam de 13 Hg Al; HOj NOH N NH 2
H CN H CNTA8 ré&xdtiten adxi(2e Wvagy, sttred78t patdl T, (iod batmafogamS( o 8%, gjeraddthdi stil | ed
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redubed Peedisianal pzr@da’cfgr(a 41h9 bﬁédnmol)as an oil (1.62 g, 10.44 mmol).
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(s, 1H), &, 3H)(s, 1H, 2.78 (bs 2H) , 1 32 (s, 9H). The Al amal gam used in
this Step was prepared as follows: HJA2 (1.6 g, 5.89 mpl) was dissol ved

in 160 nL dist rrhée:d didfgem as@dth tHis saemdrasgirepadd asKolicks: eﬁgcmoades th a
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0.606 mml ); (Al ‘ijﬁ L& nﬁ. Ay $RLA s @ ifhe (60 mL), dried under vacuum (20 mm Hg, 3

hours) and stored under No.

15 Part C: Purification of Aminocyanoacetamide 14

O
HZN)J\‘/ NH:
CN

14

Aminocyanoacetamide 14 (60.0 g, 0.606 mol) (Aldrich, black solid) and
acetone (2 L) were placed into a 5 L, three-necked flask equipped with a nitrogen
inlet, a gas outlet tube, reflux condenser, thermometer, mechanical stirrer, and

20 maintained under a positive pressure of nitrogen. The mixture was heated to reflux
for 10 min with vigorous stirring, gradually cooled to room temperature, and then
fitered. The organic solution was concentrated under reduced pressure to yield
55.2 g (0.557 mol) of 14. The product was dried in a vacuum oven (20 mm Hg,
20°C, 18 hours) and is a tan solid.

25 Part D: Preparation of 5-Amino-N"'-methyl-1H-imidazole-1,4-dicarboxamide 15
O O
O HaCs A A J>N NHCH3
N NH,  H k 7 N >/L
CN »
14 CH,COOH NH,CO



acetone (2 L) were placed into a 5 L, three-necked flask equi pped wth a
nitrogen inlet, a gas outlet tube, reflux condenser, thernoneter,

mechani cal stirrer, and 20 mai ntai ned under a p05|t|ve pressure of ni t rogen.
The nixture was heated to reflux for 104fn with vigorous stirring,
gradual ly cooled to roomtenperature, and then filtered. The organic

sol ution was cotnﬁmaicwahedcemdmde@d(w@egi (BBEsuole, treayT ¢1 80 g55.87 YmEl). 6%
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20 Part E: Preparation of 5-Amino-1H-imidazole-4-carboxamide hvdrochloride

16« HCI from 5-Amino-N1-methvl-1H-imidazole-‘l 4-dicarboxamide 15
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5-Amino-NT-methyl-1H-imidazole-1,4-dicarboxamide 15 (10.72 g, 0.057 mol,
25 97% pure against a standard sample by HPLC analysis), EtsN (5 mL) and MeOH
(100 mL) were placed into a 250 mL round-bottom flask equipped with a magnetic
stir bar. The heterogeneous reaction mixture was heated at 80°C (oil bath) for 4
hour with vigorous stirring, gradually cooled to room temperature (the reaction
mixture is a dark homogeneous solution), and concentrated under reduced
30 pressure. The residue (a viscous oil) was treated with t-BuOMe/acetone/MeOH (50



.16 HCl from 5- Ami no- N1- et hyl - 1H-i m dazol e- 1, 4-di car boxam de 15 0 ANA NHCH.
1) Et-WWeOHr NH Nx 2) HC N NH2 NH2 HCI NH CO z 15 NHzCO 76- NCI

5- Aml no- N1- et hyl - 1Hi i dazol e- 1, 4- di car boxani de 15 (10.72 g, 0.057 mol, 25
97% pure agai nst a standard sanple by HPEC anal ysis), Et3N (5 nL) and MeCH
(100 m.) were placed into a 250 nL round-bottom fl ask equi pped with a
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HCl / MeOH 8% § d‘f/lprd@ucrﬂ_(,o %1104nmb97°/qomter@aa@ajnbtyarb@tbcﬁﬂlarngarmle @ﬁé‘”?k@o MeOH) .
The solldggg t 16 HCl was collected byflltratlon and air dried (2 hour)
to yield roduct éo 051 _mmol, 970/'0 pure against an Al drich
sanpl e by’ FMVJ Wiz)D2Q 1 )NGR { 400"z, D20, o0): 8.21 (s, 1H). 10 Part
F: Preparation of 5-Am no-N-(11.1 -dinethylethyl)-1Him dazol e-4-

carboxamdelZ%NO H I HEt,N/IvleO—INN H2N N N- HOH2N 61"
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5-Amino-N4-(1,1-dimethylethy)-NT-methyl-1H-imidazole-1,4-dicarboxamide &

(10.4 g, 0.041 mol, 93% pure), MeOH (100 mL) and EtaN (5mL) were placed into a

15 250 mL, three-necked flask equipped with a nitrogen inlet, a gas outlet tube, reflux
condenser, thermometer, magnetic stirrer bar, and maintained under a positive
pressure of nitrogen. The mixture was heated at 80°C (oil bath) for 3 hour with
vigorous stirring (when HPLC analysis indicated that no more starting material was
present), gradually cooled to room temperature, and concentrated under reduced

20 pressure. The gummy residue was treated with a sofution of t-BuOMe (10 mL), n-
heptane (100 mL) and acetone (2 mL), and stirred at room temperature for 1 hour.
The resulting precipitate was collected by vacuum filtration and dried (20 mm Hg,
20°C, 18 hours) to yield 8.9 g (theoretical yield is 7.37 g) of 5-amino-N-(1,1-dimethyl-
ethyl)-1H-imidazole-4-carboxamide 17 as a tan solid.

25 TH NMR (400 MHz, CDCls, 8)7.10 (s, 1H), 6.80 (s, 1H), 2.92 (d, 3H), 1.42 (s, 9H);
mp: 186°C (dec.)



15 250 nl, three-necked flask equipped with a nitrogen inlet, a gas outlet
tube, reflux condenser, thernoneter, nagnetic stirrer bar, and naintai ned
under:a positive pressure of nitrogen. The mixture was heated at 80C (oil
bath) for 3 hour with wvigorous stirring (when HPLC anal ysis indicated that
no nore starting material was present), atadually cooled to room
tenperature, and concentrated under reduced 20 pressure. The gumy residue
was treat vtk hpfo s dtid o 9IAmi BoVR ifhidardlr4-Barbbephage Hyd¥ochlgriduwnd 6
acetone (Z ni), and stirred at roomtenperature for 1 hour. The resulting
precipitate was |l ected by vacuumfiltration gnd dried (20 mm Hg, 20C, 18

hours) to yiel 9 (theoretical yield is 7.37 g) ppf
| -Net hyIB{Clrﬂ@bm; azol EbAcanpoxani de 17 as a tan

5-am no-N-(1, 1-
solid. 251HNI\/R}Q400| n6.80 (s, 1 H, 2.92 (d,

3H), 1.42 (s, 9H);4 : NJ86C (dec ) 22 Parﬁa ?\bre rati on of 5-Am no-1
H i m dazol e- 4- carbo%iﬁd}d hydrochloride 16 0 O >]161]}ICHCI (conc.) HzN- 1 N>
HN) HCl H2N H N H2N H 16- HCl T6-HCI

5- Ami no-N- (1, 1-di net hyl et hyl ) - 1H i m dazol e- 4- car boxam de 17 (8.9 g,

theoretical ameunnihs-N(BT- @me@hpé&]ymmm igNgh e~ ch@bxé&@d@ﬂl \8@9 pl aced

into abs t hr ee- e d w en|
out | et tu%’éeorgléf:@lu@(”oklﬁg'ag(gz Oa‘ﬁ{% W%E%g’g‘? ’HQ?@ r e % ?éd nagaa
mai ngai ned OOHﬁEHh&le@Q&dckedélaspre@smne@ wfth ra rantr@gen infEhea gextaunlew\ﬁse metived at
80C (oil bat for hour t C o 0C,
yi el di ng &° Bgéﬁf‘?{r Et'éﬁrg\o %@rt 'E‘gﬁ}%ﬁgvﬁ%r Bé £$%aﬂ%sﬁ%ﬁa?%%errﬁ£_)§b§$hé solids
were col | ecesdirbyf vidcagan. f The maikiuoa Vai"ﬁdhaiﬁ)taﬁia@k%HG/\iCtllrbﬂhme pesrwith to
yield 4.9 % | e by
{prc anal veiegs B oadh @i bditd (08 0 LRI 2aRE R Ry ertosd
give a guﬁﬁﬂeﬂéglzdP@H‘lfﬁQ Puimyhe ssiidtwarasollpeigtdey v@eut MNBEHIQRENGL) and
Sti Eogd f?Jas%@drwmq 2Tfh@ls(?h5¢ﬁl_%rﬁel@04db¢tf§©ﬂ prRYu¢a QGDfnhd)It 93t5°?"bu(5@-384
washed wi addi t10 r odyc
mor |15 OBHP B &N HATRE AT RhC SIS by RPLE AR S S e b hed
amount of redizced prestbire o diazal gurbhnoardsicaat GEe@ﬂnmhberdmé§tﬂé@kedrmth5 62
g (0.034 FRlop B67PYERG RAALETE 38 AhIH1RNs SAIPLE LY LS BIANHEL fitration
and washed with MeOH (10 mL) to yield an additional 0.65 g of product (0.004 mol,
15 95% pure against an Aldrich sample by HPLC analysis). The combined amount of
5-amino-1H-imidazole-4-carboxamide hydrochioride 16- HCl was 5.62 g (0.034 mol,
97% pure against an Aldrich sample by HPLC analysis).
TH NMR (400 MHz, D20, &): 8.21 (s, 1H).

Analogs of Temozolomide, for example the 3-ethyl, 3-(1-propyl), 3-(1-butyl),
20 and 3-(1-hexyl) analogs, can be prepared by similar methods.

All publications and patents cited herein are incorporated by reference to the
same extent as if each individual publication or patent was specifically and
individually indicated to be incorporated by reference.

Whereas a number of embodiments of this invention are described herein, it

25 is apparent that these embodiments can be altered to provide other embodiments
that utilize the compositions and processes of this invention. Therefore, it will be
understood that the scope of this invention includes alternative embodiments and
variations which are defined in the foregoing specification and by the claims
appended hereto; and the invention is not to be fimited to the specific embodiments

30 presented herein by way of example.



1H NWR (400 MHz, D20, 8): 8.21 (s, 1H). Anal ogs of Tenozol om de, for exanple
the 3-ethyl, 3-(1-propyl), 3-(1l-butyl), 20 and 3-(1-hexyl) anal ogs, can be
prepared by simlar nethods. Al publications and patents cited herein are
incorporated by reference to the sane extent as if each individual
publication or patent was specifical Ié/3 and individually indicated to be

i ncor porated by ref-erence. Wiereas a nunber of enbodi nents of this invention
are des@lUAres herein, it 25 is apparent that these enbodi nents can be
altered to provide other enbodinments that utilize the conpositions and
processes of this invention. Therefore, it will be understood that the
scope of; thig | i ' .alternative enbodi nents and variations

whi ch ar1e' de?l‘ %%%Bp%h@%g'ﬂ{bgtog%ﬁaﬁg specification and by the clains appended
hereto; and the ipvention is not to l'i mi t ed PgONt@@.GEROH)ICNemivdi ment s

30 presented herenn by way of exanpleg 2 CLALMS 1. A c?_ ound of the
formul a: ON%QN . .@Q:NO—D.CN WNBJW NHR ﬁmeCQ.QH.%bN.C@b OH(: NH2) . ON
vV, or P" N 11"Pg"NCO N NI Ijy Pg“N. CO GH(N: Ar). VI, 9 wherein Pg"
is a protect&a:grg oup that is re ’erermVﬁpﬁle by hydrolysis, Ar is an

aryl net hiél en¢ gro ﬂ)‘!z and R i R | kyl group 'h&@g”NgCOrOR(N:ArRCHI cavihbon

at ons; Gdé@@er with the sal®ts thereof. 2. A conpound as clained in claiml
wherein Pg is a 1,1-dinethylethyl group together with a hydrogen atom Ar

car bon AIASITEL" EMCGERS orGl7 RS ey iehlowSIobp BN, AR 12
>~w-T/ NY&RginfethiteNeiGrBup, PR i nNifeyl rolh havingHrdhl 15t 6 eBildsriGioms; N-N CH3 0

t - BUNHCO
together with the salts thereof.

2. A compound as claimed in claim 1 wherein Pg is a 1,1-dimethylethyl group
together with a hydrogen atom, Ar is a diphenylmethylene group, and R is an alkyl

group having from 1 to 4 carbon atoms.

3. A compound as claimed in claim 1 having the formula:

0

j\ N_Ph 7~

{E{J\(Y J. 0 N TNHCH;
CN Ph NJ\(NHz VK

4 H ¢cN

@)

NH,
o 5, t-BuNHCO 6,
//\N/lkN/CHS o t-BUNHCO \
N ) >L ' \
>)\N4N N /U\F NOH | D
t-BUNHCO 8, oo g3 o HNTH 4,
4. A process for the preparation of a compound having the formula VI set forth

in claim 1 wherein Pg is a 1,1-dimethylethyl group and Ar is a diphenylmethylene
group, which comprises the condensation of

[(diphenylmethylene)amino]acetonitrile with 1,1-dimethylethylisocyanate.



NN. N >NXrNOH N Ii t-BuNHCO 8, H CN 13, or HZN N H 17. 4. A process for the
preparation of a conpound having the fornula VI set forth in claim!l
wherein Pg is a 1,1-dinethylethyl group and Ar is a di phenyl net hyl ene
group, which conprises the condensation of

[ (di phenyl met hyl ene) am no] acetonitrilg, wth 1, 1-di nmethyl et hylisocyanate. 24
5. The acid addition salts of the conpounds of the fornmulae 4, 5, 6, 8, and

17 defigned ThRedcid Bdditiod: saTﬁéQ)f&ﬁéTc%m/MdufthQ)Wﬁe @cimimgeqorspeuadaﬁa 17he
formula 13 defined in claim3 . A process for the preparation of the

conpoundedned ireclein il a H2NCO INS H2N H or an acid addition salt thereof,
whi ch conprises hydrol yzi ng, or hydrogenol yzi ng and hydrol yzing, a conpound
of the formula Pg"NCO N H2N NNrO NHR (where Pg" and R are as defined in

clai m 1)6. andhe saisatitipaséeof BRUEdmhpeuRPoPberfdrmila 18 defineiimclb@NGD 11: N,
N H2N H or an acid addition salt thereof. 8. A process for the preparation
of a conpound of the fornula H2NCO N H2N H or an acid addition salt

on oo G re3) PERESSOi e ERRERRIRR i RERPSINAR RN "Gt co R o

with an NFNRurea 25 and an orthoformate in an inert organic sol vent
(wherein Ris asd,deOned in claim 1), hydrolyzing the resulting conpound of

the fornmul a N
D
N

HoN H or an acid addition salt thereof,

which comprises hydrolyzing, or hydrogenolyzing and hydrolyzing, a compound of

the formula

Pg"NCO

L

H,N N\I’O

NHR (where Pg” and R are as defined in claim 1), and

isolating the resulting compound of the formula

H,NCO N
I

N
HaN H - oran acid addition salt thereof.

8. A process for the preparation of a compound of the formula

H,NCO

N
D

HNT N
or an acid addition salt thereof,

which comprises condensing a compound of the formula HN.CO.CH(NH,).CN
with a compound of the formula R.NH.CO.NH.CH:N.CO.NH.R or with an N-R-urea



H2ZNCO H2N N ~Y 0 NHR (wherein Ris as defined in claim1), and isolating
the resulting conpound of the formula HZNCO N HZ2N H or an acid addition
salt thereof. 9. A process for the preparation of a compound of the fornula
H2NCO N H2ZN Nnb NHR wherein Ris as defined in claim11, which conprises
condensi ng a conpound of the fornula N. CO CH(NH2) .CN wth a conpound of
the formula RNH CONH CH N.CONH R of"with an NNR-urea and an orthoformate

in an i ngtaPbaRBIdTnERe Ve Bh ihsAIr§hmcRdIverrwiBidingdid Bs Yefhad it klaim

1), hydrolyzing the resulting compound of the formula
HoNCO

N
Dey

NHR (wherein R is as defined in claim 1), and isolating the
resulting compound of the formula

H-NCO
N
P

N

HoN
2 H or an acid addition salt thereof.
9. A process for the preparation of a compound of the formula

H,NCO

Y

H,N N\‘O |

NHR “wherein R is as defined in claim 1,
which comprises condensing a compound of the formula H.N.CO.CH(NH;).CN
with a compound of the formula R.NH.CO.NH.CH:N.CO.NH.R or with an N-R-urea
and an orthoformate in an inert organic solvent (wherein R is as defined in claim
1).



