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Chem. 1984, 27, 196-201, and Wang et al., J. Chem. Soc., Chem. Commun., 1994,
1687-1688. It has the formula:

O
é\N)kN/CHS
N P T!\l
N’/
H,NCO L

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 to handle and ship, especially on the industrial



2 scale, and indeed is better avoided in industrial manufacture.
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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 alkyl analogs thereof having the formula:
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croup having from1l to 6 carbon atonms, which conprises: (a) diazotizing a
conpound of the formula: ON1~1 NHR N RHZ IT. 5 Pg"NCO wherein Ris as
defined above; and Pg" is a divalent protecting group that is readily
renovabl e by hydrol ysis oor hydr ogenol ysis; or two nonoval ent protecting

groups Pg that are readi _Rrenovabl e by hydronS|s or hydrogenol ysis; or a
bul ky nonoval ent pré?é@tlng group 10 Pg that is readily renovabl e by

hydrol ysi s or hydridge on is, together with a hydrogen atom and thereafter
(b) subjecting the resu;m g conpound of the formula: O R NrNN7 i N
PgN'CO I'l'I.. 15wherein Pg" is as defined above, to hydrolysis or

hydrogenol ysis. Step (a) is preferably carried out in an aqueous-organic

solution with a source  of nitrous acid, in particular in solution in an
aqueous or gani cwheradn suishemalky! Q@H@rhavaﬂ‘&ﬁﬁm ¢ ta & eprbesRieMst Widtet i ¢ aci d.
Wt er - m scihl\grisd:vents such as lower alkanols, THE and DMF can be present.
The source of nitrous acid is preferably

(a)  diazotizing a compound of the formula:

0
/\N)J\ NHR
N
NH; I,
5 Pg"NCO '

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:

11

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.



20 inorganic, e.g., an alkali netal salt of nitrous acid, nost preferably
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aryl met hyl ene group, 'a a lower group as hereiribefore defi ned,
especi al | pnd thetshits thew®. An especially preferred aryl nethyl ene 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-dimethylethy! group together with a hydrogen atom, Ar is an
arylmethylene group, and R is a lower alkyl group as hereinbefore defined,
especially a methyl group. An especially preferred arylmethylene group is the
diphenylmethylene group; preferred compounds of the formulae II and I1I 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 II

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.
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In the first step of this process, [(diphenylmethylene)amino]acetonitrile 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
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A divalent protecting group Pg” or two monovalent protecting groups Pgz can
be introduced by an analogous reaction in which the t-BuNCO is replaced by a
compound of the formula Pg":N.CO.Cl, 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.Ci 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 agueous or agueous-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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thereof, whereln Ris as derpned above preferred conditions have been described

above.
The reaction can also be effected in an organic solvent with an organic
source of nitrous acid, e.g., t-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, ethy! 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 III.

30 In the fifth step of this process, Temozolomide or N-alkyl analog thereof
(wherein the alkyl group has 1 to 6 carbon atoms) is produced by hydrolysis of the
protected-Temozolomide 8 or protected-N-alkyl 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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eth acet at rocarbon such as
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[11. 30 In the f|fth step of this process Tenozol om de or N-al kyl anal og
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t her eof ; afdiowing haowu:nqmbcésmns have been descri bed above. The protected-Te
nozolo md a 8 or protected-Nal kyl anal og thereof (wherein 35 the alkyl
groupOhas $chiemdl\carbon atons) is an exanple of a compound of the formla

[11. In general r@lgyisi s Nl L erbve a protecti ghoup is preferably
carried out undrw'q% |nert at r%ﬁspherec ndlat I/%erate tenperature, e.g.,

at about OC to LN JUL 2005 8 BOC, preferabl £habbit anbi ent tenperature, in
an aqueous acid. Alternatively, the hydrolysis can be carried out in an
i nert organic sol vdnt in which £he reagents (tiﬁe acid and the conpound 8)

are at lea rtly soluble, for nple hyl ene hl ori .
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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
Ar is 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 PgzN- or Pg”:N-, where Pg and Pg” are as hereinbefore defined.

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



The conpound of the formula 3 is known and can be prepared by the follow ng
- known' process: 10 Scheme |V: NH2-HCI NHtPh CH,Cl2 (NtPh CON Ph Y CNIRhJULI005
(See, for exanmple, O Donnell, M J.; Pot, R L; J. Og. Chem, 1982, 47,
2663; and O Donnell, M J.; Eckrich, T. M; Tetrahedron Lett. 1978, 47,
4625.) Am noacetonitrile 1 (preferably as an acid addition salt, e.g., the
hydrochl orgdgh,$: 15 condensed with imne 2 in the presence of an anhydrous,
i nert organi c solvent ~and under an inert at m)sp\k%e. dhe imne provides a
t

protecting grou or Fhe am ng oup he am nwacetjpnitrile, a group that

is stable to al &L‘N can E%Q@L\dl I g;%léelﬁnved im%gtﬁf\é@}"d when no

| onger needed. An ggal ky|idene-1mne, especial Py a H N

di pheny(net hyl i depe-i m'e, is convenient. The organicysolvent is

conveniently 20 hyl ene chloride. In the conmpounds the formula 3 and 4,

the ami no-protecting group (REHREE e.&anvh8 r aced with another appropriate

protecting group of the forn'gaAﬁrHﬂ er Ar is as hereinbefore defined. In
a 2

t he conpounds of the forqul & ~ and 8, the 1, 1-dinethylethylam no
group can be repla wijt h anot her—appropri ate protected 25 am no group
Pg2N- or Pg": N, mNHPg® are as hereinbefore defined. The conpound
of the formula 5 can pr’epared al so by the followi ng novel nethod: 1 5
JUL 2005 a Schene V: p 1, CH2C12 NNOH N HON NH CN Il Il Reduce,

e.g.. wth H-A, HO I¥p N yN H CN

2-Cyano-N-(1,1-dimethylethyl)acetamide 11 (Bhawal, B. M.; Khanapure, S.
P.; Biehl, E. R.; Syn. Commun., 1990, 20, 3235) is allowed to react with nitrosyl
5 chloride in an inert organic solvent such as CH>Clo or CHCI3 at moderate
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 agueous 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 9-fluorenylidene, or two monovalent groups Pg such as two benzyl

20 groups, or a monovalent group such as benzyl, trityl, benzyloxycarbonyl, or 9-
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. 5,003,099, and the preparation of 6 has been
described above. These present an improvement also in the preparation of



5 2-Cyano-N-(1, 1-di net hyl et hyl )acetam de 11 (Bhawal, B. M; Khanapure, S.
P.; Biehl, E. R; Syn. Comon.. 1990, 20, 3235) is allowed to reacty. -JIUPZQDS
nitrosyl 5 chloride in an inert organic solvent such as CH2Cl12 or ;
noderate tenperature (e.g., anbient tenptpature to -25C, preferably about
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feature of i nvention ound of orrrua13forms salts with
strong base be rgplacediwith Eﬂrﬁgﬂgroh‘ﬁﬁa:ﬁ si"’@@tf@l‘ﬂ 55‘533(§cﬁecﬂﬂe d#Pthese salts are
also a feature of the invention. Further features of the invention include
conpounds $ehsmegdlis to 13 15 wherein the 1, 1-di nethyl ethyl amino group is
repl aced by a protected am no group Pg" M—Blvmb’ﬁé)P " is as hereinbefore
defined. Such conpounds can be prepared anal ogo fromthe compound of
the formula 10 and a conpound aof the fornula HNjPg", wherein Pg" is as
defi ned above, espe ially a divalent group éacrq asN_benzyl i dene or

9-fl uorenylidene, tmn nDnovaIent gr oups 2such a benzyl 20 groups,
or a nonoval ent{_‘g@ as benzyl trityl , benzyl &g}r bonyl, or 9-
fluorenyl, togetRer vvlth a hydrogen atom 5- ﬁrri no- 1 3

H i m dazol e-4-car boxa@r{\‘de the intermediate of the XYornmula (A) described in j
the ' Background of t | nvention', can be advant ageoysl| (e.g., as’
its hydrochloride 167HC) DbRoube(dwo routlé@U@k(&l)m in ﬁ&ﬁ%ﬁ@?%erei n 25
17 is a novel intgrnediate, 14 is comrercially avallab\e and a net hod for
its preparation ils given in U S.P. 5,003 099, and the pre aration of 6 has

been described ahove. Th se present an iiprovenent ar8eN he, preparati on
of 1 5 JUL 2005 Iomde Si the starting nmateria ythe formula
(A) (for the diaz tlg '\PJ)LE /rsﬁﬁ%mss “ and || above)lg de nore
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groups in the conpounds of thg fornulae 6, 7 and 15 can be replaced with
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In route (a), purified aminocyancacetamide 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



N OH2ZN N~ O H2ZN T /NI12 6 NHCH3 CN 14 \Et3Ni 4eoH Route (a) Route (b)
"t-BuNHCO A x NNNN H3Cl1 /CHB HHHH ,NN 7 H CH,O000H 177 1 "1E2NCAUNCL
) HZNCO H2N N~O 1) Et; N MeOHN) 15 NHCH3 3) HCL HCl -H2N H 16HCL In route
(a), purified am nocyanoacetani de 14 (obt &ined for exanple by :
recrystallization, e.g., fromacetone) is condensed wwth a urea derivative 7
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t hof
i dasol e Sioxent SeBUEVTORe T BRCIALE  Peh POHO O RRLEh A D BHE Che
react eon ofieptaMeth 7 or with precursors of 7. Imdazole 15 (or 15 an anal og
th f whi ch t | h I
RS as defined ubgue)t -t LRt oue R dRaie B ST bl B2y goue iR ol
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wi th the afprtopfirsttsdepof the eonyersioneofimsiangle 26a0mto 16 HCI; and th? free base

10 can then be subjected to removal of the protecting 1,1-dimethylethylamino group,
and converted in the same step into an acid addition salt, e.g., 16« HCI, preferably
under conditions as described above for the second step of the conversion of

imidazole 15 into 16« HCI. The acid used in this step is preferably a strong acid,
e.g., a mineral acid such as HCI (to provide 16« HCI), or HBr, H2S0O4, HCIO4 or

15 HNOg3, or a strong organic acid such as CF3SO3H or CH3SO3H. The solvent may
be agueous or, especially when the acid is CF3S03H or CH3SO3H, organic.

The compound of the formula 6 is named as a starting material in the novel
process according to the invention, but 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 VI and V include:

O
@)
>L N >L )Kr Ph >LNJK(NH2
N SAr Y H
H CN
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 1-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 IV, which comprises:



hydrochl oride of 16 (or other salt as described in the next paragraph) by
reaction wth hydrochloric acid, preferably in an inert organic sbhv@ntggps
such as a | ower al kanol, e.g., nethanol or ethanol, an ether such as

met hyl -t-butyl et her, diethylether, THE or 12di oxane, nethyi cyani de,

et hyl acetate, or a hydrocarbon such as toluene, hexane or 5 heptane. In
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formula I'l, an i gher al kyl anal ogs of the cofrpound of "the fornula 6.
Preferred Pi@rmediates of the formulae VI and Vinclude 0 OO0 N-N -Ar ~ N
NtPh ~N NH2 H CN, especially ON Ph 4, and CN 5, 25 wherein Ar is as

her ei nbef ore defThadovdntion sispredatablaypracdsphanybrmmetbytaig of themboven t he

ds of _th 76, 8 J1,. .1 d 17, a sQ t d
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or the preparation of a conﬁound 0 the fornula ) Ich conprises: 15
JUL 1000 under paragraph (a) at the start of the section Summary of the Invention.

Compounds of the formulae II, [II, 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 1II 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 methy! 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.



12 1. am dation of the ester group with a protecting amne, preferably 1,1-

“dimethyl ethyl a mine and especially in the presence of a basic catal i/étJLﬁﬂﬁﬂﬁ

an inert organic solvent; 2. nitrosylation of the reactive nethyl ene group,
e.g., with an alkali netal 5 nitrite, e.§3, sodiumnitrite, and a weak acid
such as an organic acid, especially acetic acid, but preferably with
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formul ae Pg"N. CO. CH2. CN and Pg"N. CO. CH(N: Ar).CN are al so features of the
i nvention, especi al/lg( ose wherein Pg" i S/ta’\é 1-di met hyl et hyl group,
together with a hygfog atom_The_i nveqhi on jal so provides a process for
the preparation of bove <5—Trenti oned und of the fornmula 8, which
conprises diazoti zi a dMhpound of the f mul &b wher ei n Pg"Nis a
1, 1- di met hyl et hiﬂqéhﬁ@o group toget her \ivithC@ hydrogen atom This reaction
can be effected under the reaction conditions set out under paragraph (a)
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Conpounds for can exist 1n formof their salts with
bases, for exanple with alkali netals such as sodium_ The invention is not

restricted to tA&epessd herainpbei Rbow dodempdayedbadedisatessmeRBINGSi n t he
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but th d
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al so_be rmdlfled to | erent road qui va ent protecting
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tative arylmethylene groups include diphenylmethylene, phenyimethylene, and S-
fluorenylidene;

aryl (including the aryl 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 carbocyclic 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-naphthyl and indanyl.

25 EXAMPLES

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



) .
include a larger alkyl group R (wherein Pg, Pg", Ar and R are as herei nabove
35 defined). Al these enbodinents are features of the present invehbijdh.200%
5 JUL 2005 13 It should be noted that the unfused im dazol e nucl eus can
generally exist in two tautoneric fornms (MMhose interconversion is catal yzed
by acids), as illustrated in the follow ng scheme for the conmpound of

formula (AE,aboye 1:N3 - oY Nt ARy i s LgHHS .o M

may predo ; or ae o1 such conpounds are generally covered in
t he descriggéﬁzé“@hghﬁﬁnﬁﬂof this specification, even where the name or
formul a spécifi y tdentifies only one. Wien used herein, the follow ng
ternms have the indicated neani ngs: alkyl - represents a saturated

hydr ocar bostgp QP praihPftidn b® 26c gaieN (Y ATmeth¥tAyBizerably 1 to 4, which
may be straight or branched but 1s preferably unbranched, e.g., 1-butyl,

1- propyl, e¢fdighenpimegpgendldniinsitdudtamiady! net hyl ene - represents a
nmet hyl ene group 1n which at |east one aryl group as defined belowis
substituted for at |east one of the net hyl&/;s hywlir ogen atons. | n conpounds

such as that of formula_ V, the nethyl ene

n

bon jJat om of the 15 aryl nethyl ene
group i s doubly Hd\e’,d/ B ABeOHd}-BBITO Ni 110 f@sen- tative
aryi nmet hyl ene groups li'ncl vde—di-pheryret hyl eng;, phenyl net hyl ene, and 9-

fl uorenylidene; @iyl Rh gpl uding the aryl portion cﬁNar)}?hre&hyl ene) -
represents a carbocyclie group having from6 to 14 carbon-atons and havi ng
at | east one fused benzenoid 20 ring, with all available substitutable
carbon atons of Theeindae3oGYOl g,.c3.g7®&wmmwIbehaCHsTlertded vasrepoasedirgo azats of

Y aroups.  SHERE ShE GrOLERP e s BRAIGArI et S8 T BE AN ol kyl |
nitro, al kesydanserdiedrkydrasienprgcbapsal Hiredreanemnanyiingd anper arpogithenyl
Fol Towi g EXTBI e TRt s BB RS oA s h £ ¥ 1 Pr'tvs??ﬁta%d
i nvedAbi on: tathgs 3tirredoosture 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 (51), and brine (5L). The combined agueous solution
was extracted with CH»>Cl» (1 L). The combined CH»Clo solutions were dried over
MgSO4 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 0.914 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, 9H); mp: 107-108°C.



14 Exanple 1.

"3~ Met Ryl - 8- ami nocar bonyl -i m dazo[ 5. 1-d1-1, 2. 3. 5-tetrazi n- 4(3H) - oneq.5 jyL 2005
(Tenozol om de) Step A Preparation of 2-cyano-N- (1. 1-dinethyl ethyl

f (di phenyl net hyl ene) ami no}-acetanmide O rN-Ph r-BuO . r-Bu\CO NPh H CN Ph
3 CNPh45- - The imne 3 (700 g, 3.178 nol) and CH2ClI 2 (7 L) were placed

into a 22 Btep B:epréyeoistidbrf bP3lantitio-PRe@n-N 121 -dimedg@iatihyi)-acet@miis out | et
tube, reflux condenser, thernoneter, nechanical stirrer, and nmai ntai ned

under a poBvHr&EhlopidksSeHTIOf nitrogen. 1, 1-Di net hyl et hyI -isocyanate (442
m., 3.870 rm1) was added 10 to this stirred mxture at C, and after
stlrrlngfor a@olutlon of potassium utox de Dn THE (1.0 Min

THF, 3.88 L, 3 ) ll(as supplie added sl 1 hour).
The sol ution was Jﬁf%ﬁ% q%pm%%%n eﬁb#/dgwﬁnﬁélure had
beconme a very thick Hpast a deep brown col’or, th| | ayer

chr omat ogr aphy ( Et OAc/ heQahesPh i ndi cat ed t hat no mor &Nt artj
mat eri al was present. The resul t|—ng m xture was quenched with s ted
NHAClI  solution (5 L), and the organic | ayer was separated and washed

seﬂgent 11 ally wplpy a&%tLMt @t edihdGletea)- é(mp?ﬁﬁy&lﬁ%@edemmme e(c@té«r)wh%e'rhe
cononl ped a ou utl W e CO | ne
orpe 5 s (it Bk anal Ve A 5T At AuRban Gl Gd e wER deaes
t vty bed 0L ahrex kel fiakk nitbud hit iee, tlet tub fl

N(L, 1- di ‘”al et byl - acer 3 de. g gmﬁﬂﬁg %s’ e ga DS eiDg in
hexane (2 %’rhster @Brﬂ@ﬁhptg]a i on ofcail g/gr ﬁé\'{ rr% %ri'dﬁ,ra % %I urry
was filtepredsareot higrobeht dmhecakdéundrwas heatea Qraemmh lostbrat (620 Crfor KighoreC. 18
h t
dgg{y“gewﬁh%@dorézug%ﬁnh% ﬁ?a&;%%%w%e@&wg& ée t gégqgex 5 @eaé%me
2H), 19. 53 Vith UipClar4 4. (Mhindgyer ghromalegrgp @eeeneiﬁ)“"ri rgficated g
rm 107- 108(g1e %taﬁtﬂ&lma'&@ﬂél was prt et B THE epanmid RiVerd werdakparade § wARGHA ( i

1-di met hyl et hé/cl)n)s Shase wa%i extracted with CH2Cly (4 L). The combined organic solutions

were extracted with aqueous HCI (1N, 2 x 0.5 L). The aqueous extracts were
combined and concentrated under reduced pressure to yield 490 g (2.557 mol) of 2-
15 amino-2-cyano-N-(1,1-dimethylethyl)-acetamide hydrochloride 5- HCI.
TH NMR (400 MHz, DMSO, &): 9.38 (bs, 2H), 8.92 (s, 1H), 5.28 (s, 1H), 1.30
(s, 9H), mp:211°C (dec.)

Step G: Preparation of 5-Amino-NiU 1-dimethylethyl)-N'-methyl-1H-imidazole-
20 1.4-dicarboxamide 6

NH,*HC] -~
N CH.Cl, / CH;CO,H T
CN g N
5-HCI NN
HsC ~ CH o
H H Ho

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), CH2Cl2 (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,



hydrochl oride, 5 HO OO0 >~H'Il /N~Ph IN HO i' EtQCAY H-NH HCI CN Ph CN 4
5-HC* 2-Cyano- N- (1, 1-di net hyl et hyl ) - 2-[ (di phenyl net hyl ene) am no] ac'pgamtmw :
5 (900 g, 2.818 nol), ethyl acetate (4.5 L) and aqueous HCl (1 N, 4

were placed into a 12 L three-necked flask equi pped with a nitrogen |nI et,
a gas outlet tube, reflux 2 condenser, thernoneter, nechanical stirrer, and

gﬁ' 2;[ fi' Bgﬂgé’ﬂﬁ&éﬁ%rpﬂ%cwa\‘ﬁca@%ﬁﬁéPrj‘ﬁl'\ooﬁ]arHttafr%eundérrh§ 5‘5’5%’;\/3 dﬁe‘é@@ref@‘at ed on

4 "hour s orous stirrin ually cooled to
room t enpelitaoger, Thadnixhas vsaa@wlgve@anqr@uslyﬁj r@P FhieorR@sedue4 00 S(MAHTR aNdy er
chr omat 09rta@htohgémt/eamseéudédabresrsd;r@atTm e iy @asttmatte@gwnﬁft-l@@l @lL)was

present.) The resulting |ayers wer arat t he aqu

ext r act ed afd firgeior 20 min.)jandrihe lﬁjﬁl RE & g‘%&?ﬁgbgdlaﬁf]}]ah tra@@&ﬁ&@t%’@@t ed
with @?ue;‘u@s b‘ﬁ%d (nléN,ov%n 20.ram-Hg, ﬂmc awﬁgussgg&ty@gtzgggroela ?‘tglhr&tgdand
concentra n uce sur i, € no

am no- 2- c%ﬁ%’%\ﬂ‘@& %%aPHé? h@‘sgfsj y%ié}e rﬁtaaéﬂrfdg &P %’@”@ % 'H NVR
(400 MHz, diMByi8hy)N Bihdtbg, 1’2-|Thd&ogé1(4&dldarbﬂ>xar5uc286(vms frddared b80 (s,

9 2110 t f
5H)Am gg NASEYS aq]?ﬁcaﬁz?{ﬁﬁrgtﬁpﬁpr ﬁ&ﬂrﬁ%@ ? % i mi dazol e- 20 1. 4-di car boxani de
6 ~NH2 HG N He-e@ieous sgHtiscoms exteacted o RRIZGR (2 N).dhg orgemenextrct

oy Qe orDpgGehtr %@@g@ﬂ%dacg@ggs%%)a&a ‘E'rHé“Fé]Q%! S g egga/@%gggnnauy
(Wi t ehead?ticHz (v (208, miahenifthiAodeecan ) 1611510 Télbers agtepahng
acetic acigy g Q% é’ﬁb%’dﬁ %@ijcylt&ré p@ I@ gg e- necked flask equi pped

with a nitro

t her nonet er, %a{fﬁ@?\ﬁ"?eg lcjh@ rrgdfﬁref1| X@ﬁ%@ en%g’b pt]l?cg(eS EﬂFQZ

ni trogen. (b"g,egm,@gy €dV&s) St40 (£dy) gorously at roomtenperature for 18
hours and

15 Although it was observed that smaller-scale reactions (using 1-15 g of §)
gave higher percentage yields of relatively purer product (e.g., 90-95% vieid,
93-98% pure), such small-scale reactions are less practical for the preparation of a
commercial product.

Purification of 5-Amino-N*-(1,1-dimethylethy!)-N'-methyl-1H-imidazole-1.4-
20 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

25 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 t-BuOMe/2-PrOH (1.5 L, 8/1) 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%

30 pure against a standard sample by HPLC analysis). A satisfactory TH NMR
spectrum was obtained.



t hen concentrated under reduced pressure. The residue was treated with H2O
(3 L) and stirred for 30 min, and the solids were collected by vagﬁgwt 005
filtration. The solid 5 was dried in an oven (20 mm Hg, 20" C, 18 h 51 g
yield 240 g of a grayish solid (0.943 nofl/ 94% pure, HPLC analysis). A
standard sanpl e of 5-am no-N4-(1,1- dinethylethyl)-NL-nethyl -

H-i m dazol &tdp4dBRDIeYErs-He(161 wis et leati w3 e th gleiny izl 5 Zadi}-0/2. 8 550m

Et OAc; np: 145-147C. The aqueous solution was extracted with CH2Cl2 (2 L),

t he organi gef@xiinacs-catPogamienidr @atiadyiidetozsduddd) pressure, and the residue
was washed sequentially wth H2O (200 nL) and Et QAc/ hexanes (1/9, 500 mi)
to yield 130 g of addition&@ grayi sh product (0.505 nol. 93% pure, HPLC

assay). 1H NWR (400 MHz, 3 6) : a ®S}_EI§_% 6. 98 (bs, H, 6.50 (s, 1

H, 5.92 (bs, 2H), Zﬁzr\(d SHCH-1. yi 15 Alt hough T iywas observed
that smaller-scal e rbactijons (using -1 gave h| her Iper%:ent age
yields of relatively @a?j‘hmqoduct (e.q. ~90- 95% yi eI d, NQ@‘% pure), such
smal | -scal e rea tﬁ%%{}ﬁ | ess practi cal “for thet Bl Btl on of a

conmmerci al prod fi Bation of -

5- Am no- N4- (1, 1-di net hyl et hyl ) - N1- net hyl -1 H-i m dazol e- 1. 4 20 di car boxam de

6 5- Am no- M- (1, 1) ¢ANdriemt Brtiidd H,OM Az el 8 ahd4gidtieanbexagtide 6
(313 % 93% purékgzgﬁ_wgﬁgpyilg C\g@ susl(gendezgﬁs n Et Oza ditbL l and reflluxed
0

for m f2-STRE. $HPuNMms) WaES P'ialcﬁéﬁ@@ AP éﬂlﬁbrteerae@@ﬁot}@s*séwl@p@@éfw&mén
and walsI t ht@r)grﬁt:)e%@lzrgécﬁéﬂ%vsfttrlﬁerrmmeaﬁ?_ﬁfea%rulrwtahe ;\Rléemrwuh@m mtssﬁ![rregj wrémuct
was co ect e Yy vacuum., 1l | e | ra Was rate unaer
reduced pr 888 eNtee Qaf Rt C ifsqat@ ENLh I%Heﬁtwrﬁerié‘mlaogﬁ?ﬁg'an addi ti onal
solid pr oddaﬁeth'l/'t@ehppmﬁmedwmlf-i dsidaxelee puicdrbedamydes 6 Yb10yg @0.Brmmol, 98%

t - BuOve/ 2- %ﬁﬁ\eln a(?%éa 1Ak QR grr?édlfo? 30%hint anden é‘ﬁg@%'@'&

product 6 vvas collected tration and was dried I'n a vacuum
Hg, fBom t @dpemat)Fe&chss) \hearasi)ﬂeﬂo Tynegfied c2 nyxtofe avasastircas ot @dC sl ok bQB%

30 pure agajpg eﬁaﬂdﬁﬂg%ﬁi\p%?ém S M%é (RARLSREY inficBRld AGARYEH NR

spectrum was obtal ne 005
e hydrwrawtanwmpaw»agdﬁé@rﬁ [0ttt Gp Gl 4100 kg, Te resulting
t etrazi ne- &yveas hexagederdled bnduhylaglensnz phast de)s Oxttacted with CH2Clo (100 mb).

The combined organic solutions were washed with agueous NaS»04 (10 g/100 ml)

15 and then with agueous 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-d}-1.2.3.5-tetrazin-4{3H)-one 9

(Temozolomide)

0 0
P L s

NCH;  conc. H,SO, NCH3

N _ f\ll - _ N |
>A\N_ >A\ - N

t-B NH,CO
uNHCO 8 2 9

=z



A NaNO2, HOAc N -N NHCH3 LiCl, H ONNNCH NHN t-BuNHCO 6 t-BuNHCO 8
LiCl (45 g, 1.066 nol) (Aldrich), distilled H20 (100 nL) and gl aci ?I m&tn C
acid 5 (2.5 nm, 43.9 mol) were placed into a 500 m three-necked M

equi pped with an overhead nechanical stirfer and thernoneter. The warm
solution was stirred for 30 mn in an ice bath until cooled to room
tenperature. 5- Amnor-Nerickolomide 8 (4.01 5 16.023 mmol) and conc. H2S04 (8 mL)

di met hyl et hyl ) - N1- rrethl-lH-lmdazoIe 4-di car boxam de 6 (5 0 , 20.9 mol ,
98% pure) | %\I@bet Béﬁnélﬁéé’d’e@ RECHIKDIR @ %@Lsﬂaskre&ﬂﬂwd B0thng ﬁ“”@haa'i hehe
NaNCo2 (1. 9n9xtugégva%3stm )or(fhéﬁﬁeét)rtheﬁ*ﬁﬁ@r%turEh&d%él@ﬂ/l; L EINERe-

stirred at hen at gq)mterrperature for ours (when

HPLC i ndi c&pE0Ei (168 rﬁb} eA V%W'E?r P'ier?gol??é? g d. Wi ChMeasesR! }eCt%QytV@éHum

di | ut gd Whtthréﬂd%cér?d fvla@ﬂs&hv)xth Fﬁecadgg@bm o) mlLa}yaflh% s/mlﬁafvég@@éatmeand the
agueous ase was _extracted wi

Sl it 1 one Wer e RHGRAE ol Ch ORI CSTO KA DA (30 AT GCA 8 A Ehie wPR
aqgeous yalgggﬁ’/o(;ﬁﬁélﬁg%ﬁﬁﬁ a %@@dﬁtd sarfipte by@-{ﬂﬂ@ aselygid)on was concent rgt/ed
under reduced prgssur afford QW %
pure, HPLC assgﬁe 'Rog'ﬁeiﬂ@éﬁ%s g%ﬂtﬁl rée%\gg a&pg ggoyg{; Cﬁ Qﬂpéét?%%@g ogr aphy
(6:4, EtOAc: hexane) tvm ce. Sati sfactory 1H and 13C NWR spectra and

el enment al %r;él Lk tgll\/R (400 MHz, CDCl 3,

5): 8.38 j ; 3) ‘ , 9H). Step E
3- Met hyl - 8 ani nocarbonyl-lmda20|5 1 di-1.2 3 5-tetrazin- 4(3H)-one 9

( Temgzol omipdey AO oM -NGH. $-difighy IdHS0H-2Y Y dh o x Wit o e etd MiddN18- BUNHCO 8

NH2CO 9 1 5 JUC zUUb 18 T-Butyl - Tenozol om cle 8 (4.0 g, 16.023 mol) and

conc. H2S04 (8 niL) |sher Scientific) |l aced into a 50 nL fl ask
equi pped with a rr e ur stirred for 2 hours at room
t enperature and ywopmgu Cc}q]rer?lﬂ | CRF N (160 m.). A white
precipitate formned, vahl was col | ected byHvacgym

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»Cl» (100 mL) was placed into a

500 mL 3-necked round-botiom 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 CH2Cly (25 mL) to afford the product as a white solid (2.88 g, 17.0

mmol).
20 TH NMR (400 MHz, DMSO-dg, 8); 7.70 (s, 1H), 3.32 (s, 1H), 1.32 (s, 9H);
mp: 218-219°C.

Part B: 2-Amino-2-cyano-N-(1.1-dimethylethy)acetamide 13

0 >L o
>LN/U\{/NOH Aeal B0 A\ A nH,
H cN H  CN

13

Oxime 13 (2.5 g, 14.78 mmol), Al amalgam (0.81 g) and distilled HoO (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.



5 filtration and washed with ice-cold EtOH (10 nL). The solid was dried
under vacuum (20 nm Hg, roomtenperature, 72 hours) to yield 2.63 gmr&h@
“(13.546 mol, 98.4% pure agai nst a standard sanple by HPLC anal yS| ) 05
not her |iquors contained an additional 9.7%of 9 (HPLC assay). Exanple 2:
Preparation of Internediates and Reagentstd 10 Part A

2- Cyano- N- (1, 1-di net hyl et hyl ) - 2- (hydr oxyi m no) acetam de 13 H NOCI, CH Cl - ~
j NOH N -, Fhd re¥cti®i rixide vids kBrréﬂlaﬂ@ 10°Q Bcd bath) 22 218 hourd, )ﬁlt(amda\i\m B.
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15 Part C: Purification of Aminocvyanoacetamide 14

®)
HZNJ\‘/ NH:_)
CN

14

Aminocyanoacetamide 14 (60.0 g, 0.606 mo!) (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
filtered. 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 ®)
0 HaC Ay g Ay -CHe TN NHCH3
HzN/U\',NHZ NOR 7 N >/L
CN >
14 CH,COOH NH,CO



1H NWVR (400 M4z, DVBO, 6): 7.68 (s, 1 H), 4.34 (s, 1 H, 2.78 (bs, 2H, 1.32
(s, 9H. The Al amalgamused in this Step was prepared as foll ows: ‘]5!ng]_22[}05
(1.6 g, 5.89 nmol) was dissolved in 160 nL distilled H2Oin a 250
round-bottom flask 10 equi pped with a st2®ring bar. The solution was cool ed
to 0-5C (ice bath), alumnumfoil (4.0 g, 148.3 mmol), cut into small

squares (0.5 top \é/?a?n d )Xt tinr mPr akdd
mn. It was then #p?tere(?c @%dﬁg 806@ %%?Zrngmmg#érea?rzw\w?%% 08‘@%;1%860 m.)

and then tolecielacetsnaic)(0. %ﬁ‘ Leﬂi6JKd§P’ \fﬁ@@@ﬁ@%‘tiﬁﬁﬂ Mgre Plaerelingg st or ed
under N2. thpd2ABEK&d ﬂ5’§l'6 'etqu?edqmlt@fa rﬁﬁbg@ﬁ)’rﬂé@ sapLdet thbe, AN NH2 CN
ft

14 Am nocyanoacet am de ich, black soli d) and
acet one (£ANJeRseE theERemst %Fl%r\_caltSHFr@é ?{éjc&'?d”t@f’%?sdxu'é dei ppedtNFt h a

nitragen prakelire & gadgEH! ITete tithere wet lstiredangensely, attloenrosraperature for 2
nechanij cal, stirrer,, and 20 ma% er aﬁgo |t iV, ressure of 'otftﬁ’ en.

d
The i xt unPTBETHeREB i oI Ch ot oRp 7 R1060 R B iy
gradual | y apsticextid 20®orh vetBeCGitiaves added hed thélnhlk‘erredva§rbenmrgea1€d

sol ution d I 557
Y T LI R S
hour s) andBu@Me {1an0s2i5i ld), an8 fPacipitBtiorPresandt ¢erh b fs CEatshingothRig!ass ayrrfaqe
L?fa”'“?‘%rwt%&%{a@%*ﬁﬁfd%{?%%c%tﬁé%%ﬂ S I
Am nocyanddieaticivi dee Bolidggagdried goznmyep, (20med H9(2@93918 bog® tapigld Taedd
gl fziClL al ?ﬁﬁta graa}@krd%élgjl 9hé crdde Woddmit %Nha('SprLﬁ’h?ﬁ ISelemtyidd ) HYer@©. mL?leefl into
a ree- necke ed w a nitr outle
e ot Mash RS AL e i Rant AB9E e Ry TR PR
under a pagad bven dried (20 mm Hg, 20°C, 18 hours) to yield 129 g of a grayish solid (0.680
15 mol, 87% pure against a standard sample by HPLC analysis). A standard sample of
5-amino-N1-methyl-1H-imidazole-1,4-dicarboxamide 15 was prepared by
recrystallization from CH3CN/H20O (1:6); mp: 165-169°C.
TH NMR (400 MHz, DMSO-dg, &): 8.50 (q, 1H), 7.67 (s, 1H), 6.9 (bd, 2H), 2.83 (d,
3H).

!

20 Part E: Preparation of 5-Amino-1H-imidazole-4-carboxamide hydrochloride

16« HCI from 5-Amino-N1-methyl-1H-imidazole-‘l 4-dicarboxamide 15

0
//\N)J\ NHCH, 1) Et;N/MeOH 7~ NH
N 2) HCI N
~ - =
NHLCh NH; NHo-HC
NH-
77 g3 HCO e

5-Amino-N1-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



5 pressure of nitrogen. The m xture was stirred vigorously at room

- tenperature for 2 hours and then concentrated under reduced pressqmnejyAlter

renmoval of nmost of the acetic acid, 200 nL of t-BuOWwe was added and the

m xture was concentrated under reduced pressure. The residue (a viscous

oil) was treated with MeOH t- BuOwe (1:20, 2.5 L), and precipitati on was

| nduced by s EIRHE S RY A GHaSS G hage. PUbFRRION ShRRINRS 5§ bEftthihQtnS0

mn and the precipitai’e was co ec ed by vacuum filtration he solid %/vas

dried in aglasvenrface. mmeryyeciziale wastolieatpdty yaaiun I8Etpn Bryialdyr &yish’ ©
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t enperat ure solid produc was collected by filtration and
was oven dRiGeg-amiponthityidazets-4 E%ﬁrﬁ)det'b‘/quéhl@”??gﬁgﬂg@ | BY §iaDiEh! TS0l i d

(0.689 15 rfrel/MeQirro Qtem agamnsrb 1@4%@%@@@@@1 mrbm RLC| gaahmelmora
standard sanple. o

1- rret I-1H—| zoI e-

prepared byn€ rsettcwquarqtq] ﬁN@SrB (Of%')" Hﬁreé@%@@r tofﬁ%
(400 MHz, @M@goﬂ@ro&)ct (8059 rhmnol, m)% pﬁr@zgémstahr)mdﬁcr@sebmre PHHPRC83 (d,

20 Part Preparation of 5-Am no-1 Him dazol e-4-carboxam de
hydrochl ordRRYSiEE HCI from 5- Anmi no- Ni- net hyl - 1H-| m dazol e-1 4-di car boxam de
15 O ANA NHOHBRIFOBNNZMBEH, B):NH21NS2JHHCI N _ NH2 NH2HCI  NH CO 2 15 NH?CO
16HCI  5- Ami no- N1- net hyl -i Hi m dazol e- 1, 4- di car rboxami de 15 (10.72 g, 0.057
mol, 25 97% pure agar nst a standard sanpl e b HPLC anal ysr s), Et3N (5 nb)

, : opakatinm aihy pleetrui pped Wit h
a’'magnetic stir bar The heterogeneous reactl on m xture was heated at 80C
(oil bat h)Eﬂ@Mﬂlﬁiﬁ.ﬂ_wth vigorous stirring, gradually cooled to room
tenperature (the reaction mixture is a dark honpgeneous sol ution), and
concentrated unc%e[ uced 30 pressure. The resi ue a viscous oil) was

treated with t-B cer\pnell\/em (50 1 5 JUL 2 1 m/20 m/5 m) and
stirred for 2 hour.j ci pi tation vEsN/ROE ng the glass
surface. The precrrp_rl NAa geH ee{—ed—by—v-aeuumfmltr tr\);)n toyield 7.21 g
of 5- g

O

6 ﬂ
5-Amino-N4-(1,1-dimethylethyl)-N1-methyl-1H-imidazole-1,4-dicarboxamide 6
(10.4 g, 0.041 mol, 93% pure), MeOH (100 mL) and Et3N (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 solution 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, CDClz, 8) 7.10 (s, 1H), 6.80 (s, 1H), 2.92 (d, 3H), 1.42 (s, SH);
mp: 186°C (dec.)



am no- 1H i m dazol e- 4- car boxam de (as free base). The free base was converted
into 5-am no-1 Him dazol e-4-carboxam de hydrochl oride 16 HCl by slurrying
in 5 HO/MeOH (2.6 M 40 ni, 0.104 nol, prepared by bubbling HC ga}sSUUE(pgglj
MeOH). The solid product 16 HClI was collected by filtration and air dried
(2 hour) to yield 8.5 g of product (0.0522rnnmol, 97% pure agai nst an

Al drich sanple by HPLC anal yS|s) tH NWVR (400 I\/Hz D20, S) 8.21 (s 1H)

10 Part F: Pg 5- A ;
car boxam de 0 \

5- Ami no- N4- (1,1 d| rrethyl ethyl) N1- rrethyl 1 H-|m azol e-1, 4- d| car boxam de 6
(10.4 g, 0.041 |, 93% pure), MeOH (100 nl) an EtSrQI (5 m.) were placed

into a 15 250 LI%E ckedH(ij 89 |ppe}d Sntrogen inlet, a gas
c

out |l et tube, reflu 0] er stirrer bar, and
mai nt ai ned under a@ﬁﬁ |N/e pressure of nH O’d . Tﬂe m xture was heated at
80C (oil bath) for ourHwith vigorous stirring_(when HPLC anal ysi s

i ndicated that no nord’tarting material was prem gradual ly cooled to
room tenperature, and concentrated under reduced 20 pressure. The gunmy

residue was tr e?:tﬁ'%ﬁ’& ﬁ%"ﬂ-@%é‘ﬁl‘ VRAN G- 1H-BHigNB o 18- c%@xafhwrdehﬁp(@gfg (100 ni)

and acetone ) tirred room t enper at

esul t1 g BIACER Al BreouEias €67 Gch 08 BYO) ARG G dPDORE AETaPIFe 2t fim
Hg, RZO0C, 1§p Wﬁﬁ?eé—ﬁe&’k@i fladk @q@pbéb@ﬂfﬁélrﬁt%géﬂ ek, laSga73 (3Jtl&g)tubé reﬂux
5-am no- N- 1 t&p@%m eth% rp éD car b?xam e at
sol id. 25 EMWF( OPEE OB ) ST s 2p MR 68 LOSE! 7 RIS 02 (d,
3H), 1.42 bﬁ’ess&l-é of nitmegeh86Me thdude Wab hbdie @@0B80°RQZoParth)Gor Priepamati on of
5- Amino-1 \'/_Lgb%u%aszt?rlﬁg gn%%ﬁ%ﬁf/(%%%% tgydircp%/hél&n'gdae p%—GGClpI?atg and then slowly
added to 2-PrOH (30 mL). The solids were collected by vacuum filtration and
10 washed with 2-PrOH (15 mL) to yield 4.97 g of product (0.030 mol, 97.5% pure
against an Aldrich sample by HPLC analysis). The filtrate was concentrated under
reduced pressure to give a gummy residue. The gummy residue was treated with
MeOH (20 mL) and stirred for 20 min. The solids were collected by vacuum filtration
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 hydrochloride 16« HCl was 5.62 g (0.034 mol,
97% pure against an Aldrich sampie 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 limited to the specific embodiments

30 presented herein by way of example.



N N HC] (conc.) H2NN HN) HCl H2ZN H H2N 17 H 16HCI  5- Ami no- N- (1, 1-di net hyl
ethyl)-1 Himidazol e-4-carboxam de 17 (8.9 g, theoretical amount &8 Juld80g,
0.041 nol) and conc. HC (20 nL) were placed into a 5 100 nmL, three-necked
flask equi pped with a nitrogen inlet, a gas outlet tube, reflux condenser,
thermoneter, nmagnetic stirrer bar, an@ nmaintained under a positive pressure
of nitrogen. The m xture was heated at 80 C (oil bath) for 1 hour with

Vi gorogfamhérring, gradually cooled to OC, yielding a precipitate, and then
slowy~—added to 2-PrOH (30 nmL.). The solids were collected by vacuum
filtration and 10 washed with 2-PrOH (15 nlL) to yield 4.97 g of product
(0.030 mol, 197. 5% pocess g Hiepreparatiandf iactonspoynideofihe fM@Ianal ysi s). The
filtrate was concentrated under reduced pressure to give a gumy residue.
The gunmy residue treated with MeOH (20 nmL) and stirred for 20 mn. The
solids were coIIecr?E*by vacuum filtration and washed with MeOH (10 nmL) to
yield an additiqpah SHg of product (0.004 nol, 15 95% pure agai nst an

Al drich sanpl eNdy HPLCyanal ysis). The conbi ned anount of 5-am no-1
H-inidazole-4-c%yﬁ%L aiNde hydrochloride 16 HCl was 5.62 g (0.034 nmol, 97%
pure againstH dri‘ch sanple by HPLC anal ysis). 1H NVR (400 MHz, D20, 5):
8.21 (s, 1H).2 9 ogs of Tenozol om de, for exanple the 3-ethyl,

3-(1l-propyl), 3-(1-butyl), 20 and 3-(1-hexyl) anal ogs, can be prepared by
si m | ar et hgasreinRlis BHHIKYF 8idupavififfrorl €S carbbAGARE SWRichr € | ncor por at ed
by reference to the sane’extent as 1f each individual publication or patent
was speedmpdsgs:y and individually indicated to be incorporated by

ref erence. \Whereas a nunber of enbodinents of this invention are described
herein, it i S @l ; £iahadigrent s can be altered to provide
ot her enbodié@ntsma%ﬁ%@ﬁﬂéFFF@%ubﬁgﬁg%nposg%%ons and processes of this
invention. Therefore, it will be understood that the scope of this

i nvention includes al®ernative enbodi mrents and variations which are defined
in the foregoing/ipegﬂLication and by the clains appended hereto; and the
invention is nof#toNbe INHRted to the specific enbodiments 30 presented
herein by way of\exdanple. 15 JUL 2005 23 :

NH, I

Pg"NCO

wherein R is as defined above;

and Pg’ is a divalent protecting group that is readily removable by hydrolysis
or hydrogenolysis; or two rhonovalent protecting groups Pg that are readily
removable by hydrolysis or hydrogenolysis; or a bulky monovalent protecting group
Pg that is readily removable by hydrolysis or hydrogenolysis, together with a
hydrogen atom;

and thereaiter

(b)  hydrolyzing the resulting compound of the formula:

O
PN
N P I{l
N I
PgN'CO ’
2. A process as claimed in Claim 1 wherein R is a straight-chain alkyl

group having from 1 10 4 carbon atoms.

3. A process as claimed in Claim 1 wherein R is a methyl group.



Claims 1 A process for the preparation of a conpound of the fornula: 0O NN
R NN H2NCO wherein Ris an al kyl group having from1l to 6 carbon, atons

whi ch conprises: (a) diazotizing a conpound of the formula: ON k oni 085
NH2 Pg"NCO wherein R is as defined above; and Pg" is a dival ent protecting
group that is readily renovable by hydrolysis or hydrogenolysis; or two
nonoval ent protecting groups Pg that e readily renovable by hydrol ysis or
hydr ogenol ysis; or a bul ky nonoval ent protecting group Pg that is readily

renmovabl e by, hydA@rysdss 22 cléifdiaeniginy s iwherdin ey’ lia mdridvakent hydr ogen at om
and thereafter (b) hydrolyzing the resulting conpound of the formula: O ONN
N, R Nerptesiing aroup Jodether with advdeogenata®d in daim 1 wherein Ris a

straight-chain alkyl group having from1 to 4 carbon atons. 3. A process as

claimed in g ai rrh(ljpr%!é‘ééeééﬁclﬁn"\e% A ORI WiEreiRRhe loholidlen? BRRectity 4 A
med 1 n

process as pl ai ’ alm 3 wherein Pg" I's a nonoval ent” proté&cting group
t oget hggrowp isha 4, Thgithedhydeihpliaroup5. A process as clained in Caim4 wherein
t he nonoval ent protecting

B. A process as claimed in Claim 5 wherein step (a) is carried out in
solution in an agqueous organic acid with a source of nitrous acid.

7. A process as claimed in Claim 6 whersin the organic acid is acetic acid
and the source of nitrous acid is inorganic. ‘

8. A process as claimed in Claim 7 wherein the source of nitrous acid is
sodium nitrite.

9. A process as claimed in Claim 8 wherein the reaction is carried out in
the presence of LiCi.

10. A process as claimed in Claim 5 wherein step (b) is carried out by
hydrolysis with 2 mineral acid.

11. A process as claimed in Claim 10 wherein the mineral acid is
concentrated sulfuric acid. -

12. A process as claimed in Claim 1 for the preparation of Temozolomide
having the formula:

O
PN,

N /N E
>/kN4

H,NCO L
which comprises

(a) diazotizing a compound of the formula:

o)
N/\N)k NHCH,

=
NHs
Pg"NCO : - o



group is a 1,1-dinethylethyl group. 6. A process as clained in Clgi,j:ﬁ
Wwherein step (a) is carried out in solution in an aqueous organi é !dzw)rfth
a source of nitrous acid. 7. A process as clainmed in Caim6 wherein the
organic acid is acetic acid and the source of nitrous acid is inorganic. 8.
A process as clained in Caim7 wheren the source of nitrous acid is
sodiumnitrite. 9. A process as clained in Claim8 wherein the. reaction is

carried out resence of LiC proc ined in Cdaimb
wher ei n steﬁ’l"'FEB'“rﬁg g’a AV, EfotS?t'nW&FBIt@' r%ed[?lﬁ rgﬁ%\%@% acid. 11. A
proces ﬁyaﬁoly‘é@bﬂwﬂrbgerﬁwén éﬁw&mbﬁbvaléﬂnqarmewnglgrms@ that@eencent r at ed

sul furic acid. process as clainmed in Caim1l for t%‘e pr epar.ati on of

Te nozolf%%@‘tye'em@é{ﬁpﬂﬁ’gbyt Mrplasmr@vd@genpwsm or W\My mpnoyalent potegliRgo whi ch

conpri %3”91%‘ HCH3  NH2
Pg" NCOa??urS ?bgﬂélﬁ%?%%(ﬁy‘rgg@vﬁ erei gps'ug??gi'@r"g% haﬁ‘sgiro gtblfeﬂcgtrlw ng 6glroup t hat
S reamyhyogemalima'bl e by hydrolysis or hydrogenolysis; or two nonoval ent
protecting %r s a& that are readily renovabl e by hydrol ysi s or

hydr ogenol y ehul ky monoval ent protecting group Pg that is readily
renovabl e by hydrol ysis or hydrogenol ysis, together with a hydrogen atom
and thereaft(gy  subjecting the resulting compound of the formuia:

0O
//\N/U\N/CHG
N P I{l
g o
PgNnCO ]

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

13. A process as claimed in claim 12 wherein the protecting group Pg” is a
1,1-dimethylethyl group together with a hydrogen atom, the diazotization is effected
in solution in acetic acid with sodium nitrite and in the presence of LiCl;

and step (b) is carried out by hydrolysis with concentrated sulfuric acid.

14. A process as claimed in claim 1 wherein the compound of the formula
11 is prepared by reaction of a compound of the formula Pg"N.CO.CH(NHz2).CN (V)
(wherein Pg” is a protecting group as defined in claim 1) with methyl[[[(methyl-

amino)carbonyllamino]methylene]urea or with N-methylurea and an orthoformate in
an inert organic solvent.

15, A process as claimed in claim 14 wherein the compound of the
formula V is prepared by hydrolysis of a compound of the formula
Pg"N.CO.CH(N:Ar).CN (VI) (wherein Pg is as defined in claim 14 and Aris an
arylmsthylene group) with mild acid.

16. A process as claimed in claim 15 wherein Pg is a 1,1-dimethylethyl
group together with a hydrogen atom, and Ar is a diphenylmethylene group.

17. A process as claimed in claim 15 wherein the compound of the
formula VI wherein Pg is a 1,1-dimethylethyl group together with a hydrogen atom



(b) subjecting the resulting conpound of the formula: O NNNCH3 );Ck |11
PgN'CO No N wherein Pg" is as defined above, to hydrolysis or 15 JuL 2100
hydr ogenol ysis. 13. A process as clained in claim12 wherein the protecting
group Pg" is a 1, 1 -dinethylethyl group together with a hydrogen atom the
di azotization is effected in solutiofl6in acetic acid with sodiumnitrite
and in the presence of LiCl; and step (b) is carried out by hydrolysis with

ComourtiieA et dpHphinBtine oy P RRERTR B ARG BEC O 0 or the

f or nul g(diptidnylrpeBidddlamindcdonittinwitie il i -Buricthdethylisonlyenateng group as
defined in claiml) with nmethyl[[[(nmethyl-

am no) car bonyl ] am no] net hyl ene]Jurea or with N-nmethylurea and an orthof ormate
in an inert organic solvent. 15. A process as clained in claim1l4 wherein
the conpound of the fornmula V is prepared by hydrolysis of a conpound of
the formula Pg"N CO CH(N: Ar).CN (VI) (wherein Pg is as defined in claim 14
and Ar is an arylnmethylene group) with mld acid. 16. A process as cl ai ned
in claim15 wherein Pg is a 1,1-dinethylethyl group together with a
hydrogen atom and Ar is a diphenyl nethyl ene group. 17. A process as cl ai ned
in claim15 wherein the conmpound of the formula VI wherein Pgis a1, 1

-di met hyl et 9r RiHtadR39b Mk pib &aﬂoﬁwé%mbo@hem%né thé%rrrmmset% and Ar

is a diphenylnethyl'ene grotip i's prepared by condensation of

[ (di phefortmietCigine ne whithroheurises Wiazativimgva compoundiofitbe figimulafl setdorgranat e.  18.
A process@I or,the preparation of a conpound having the formula Il set
forth iin €laimmh -1, which conprises diazotizing a conpound of the forrmula I
set forth in Caim1l. 19. A process for the preparation of a conpound

having the fay mul fof He | dPaloorigtiupll HERARY theasmaadl éétg a
conpound of the fgrﬂr?ﬁ;égés Ig@ N%gb%‘_'a?ﬁﬂ aCNO”g@) wth a corrpE)und of the

f or nul a forth MHClRONNHWHiCH\:apapigesReacting anompommotutl'@afoanulaan orthoformate in
an iner tPg N.CO.CH(NH2).CN (V) 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 Pg” is a protecting group as defined in claim 1 and R is as

defined in Claim 1).

20. A process as claimed in Claim 19, which comprises reacting a
compound of the formula £-BuNH.CO.CH(NH2).CN with
methyl[[[(methylamino)carbonyl}-aminojmethylenelurea or with N-methylurea and an
orthoformate in an inert organic solvent.

21, A process for the preparation of a comgound having the formula
Pg"N.CO.CH(NH2).CN (V), which comprises hydrolyzing a compound of the formula
Pg”"N.CO.CH(N:Ar).CN (VI) (wherein Pg" is a protecting group that is readily

removable by hydrolysis as defined in claim 1, and Ar is an aryimethylene group)
with mild acid.

22. A process for the preparation of a compound of the formula in the
presence of LiCl:



organi ¢ solvent (wherein Pg" is a protecting group as defined in ci8ijwJ@nd
Ris’as defined in Caiml). 20. A process as clained in Caim19, which
conprises reacting a conpound of the fornmula t-BuNH CO CH(NH2).CN with

met hyl [ [ [ (et hyl am no) car bonyl j - am no] net hyl ene}urea or wi th N nethyl urea
and an orthoformate in an inert orga 7c solvent. 21. A process for the
preparation of a conpound having the formula Pg"N. CO CH NH2).CN (V); which
conpri ses hydrolyzigyg a compound of the formula Pg"N CO CH(N:Ar).CN (VI)
(wherein Pg" is a pr tecﬁl ng group that is readily renovable by hydrolysis
as defined in c/amt INand Ar is an aryl met hyl ene group) wth mld acid.
22. A process r X he greparation of a conpound of the fornmula in the
presence of LiC) T JUL 2005 27 0 y~N)LI N R !nmMl H2ZNCOR is a

net hyl grougi,N@D di azotizing a compound of the formula: O ~N Al NHR N i
NH2 1 Pg” NC,?Oln solution in acetic acid wth an inorganic sodiumnitrate;
and Pg" is a nonoval ent protecting group together with a hydrogen atom
wherein the Hmmmaatbylgrwmt ecting group is a ‘1, 1-di nethyl ethyl group; and
thereafter (b) hydrolyzing the resulting conpound of the formula: 0 N NAVR
NON

(@) diazotizing a compound of the formula:

o)

//\N/L NHR

\ .
—
7/'\NH2 1

Pg"'NCO

in solution in acetic acid with an ihorganic sodium nitrate;

and Pg” is a monovalent protecting group together with 2 hydrogen atom
wherein the monovalent protecting group is a 1,1-dimethylethyl group;

and thereatter

(b}  hydrolyzing the resulting compound of the formula:

23.  Aprocess as claimed in Claim 1 for the preparation of Temozolomide
having the formula:

0]

ﬁNLN/CHa
)
= %
N N

H,NCO

which comprises



PgNCO 23. A process as clainmed in Caim1l for the preparation of

Tenpzol om de having the formula: O NAIP-NN CH3 No N I, H2NCO V\/nL]%h
conprises 1 5 JUL 2005 28 (a) diazotizing a conmpound of the formil erzm}ﬁ
solution in acetic acid with sodiumnitrite and in the presence of LiCl: O
N~N) LI NHCH3 ~NI-12 Pg"NCO wherein Pg" is a 1,1-dinethylethyl group

t oget her vm'th a hydrogen atom (b) sabjecting the resulting conpound of the
formula: 0 '"A NCH3 PgN'CO M wherein Pg" is as defined above, to

hydrol ysi s V@ rei @tﬂ el Faﬁﬁéoﬂﬁe‘f@ﬁﬁm@% Sotlitionnt dbetio BERIWikIAL ed

sul furic aci gces preparation of a conpound having the

f or mul asodi’gml‘{nlma]&dlﬂ-m;a PeREgNEE, ofMiCkeh conpri ses hydrol yzing a conpound of
the formula Pg"N. CO CH(N: Ar).CN (VI) wherein Pg" is a divalent protecting
group that is readilyor enovabl e by hydrolysis or hydrogenol ysis; or two
nonoval ent protectingggroups Pg that are readily renovable by hydrolysis or

hydr ogenol ysi s; ﬁfonoval ent protecting group Pg that is readily
removabl e by hygrol'ysis or hydrogenol ysis, together with a hydrogen atom
and Ar is an ary J_Iene group, with mId aci d.
2
Pg’NCO I,

wherein Pg” is a 1,1-dimethylethyl group together with a hydrogen atom,
(b)  subjecting the resulting compound of the formula:

O

. /lk /CH3
NN

— ¢N

N
PGN'CO .

wherein Pg” is as defined above, to hydrolysis wherein said hydrolysis is carried out
with concentrated sulfuric acid.

24. A process for the preparation of a compound having the formula
Pg’N.CO.CH(NH»).CN (V)," which comprises hydrolyzing a compound of the formula
Pg"N.CO.CH(N:Ar).CN (VI)
wherein '

Pg” is a divalent protecting group that is readily removable by hydrolysis or
hydrogenolysis; or tiwo monovalent protecting groups Pg that are readily removable
by hydrolysis or hydrogenolysis; or a bulky monovalent protecting group Pg that is
readily removable by hydrolysis or hydrogenolysis, iogether with a hydrogen atom;
and

Ar is an arylmethylene group, with mild acid.



