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A New Synthesis of Carmethizole and Related Nitrogen Analogues.
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Abstract: A new efficient six-step synthesis of carmethizole, a novel bis-carbamate alkylating
agent, and syntheses of related nitrogen analogues are described, using a key 4,5-disubstituted
imidazole intermediate 8. © 1997 Elsevier Science Ltd.

Carmethizole (1) is a novel bis-carbamate alkylating agent' which forms DNA-protein and DNA-
DNA cross-links in vitro,2 and has antitumour activity against murine leukaemias, solid tumours and
human tumour xenografts in vive."* Difficulty with formulation and unacceptable cardiotoxicity halted
the advancement of carmethizole (1) to clinical trial.*  Antitumour activity of related bis-
hydroxymethylimidazoles was found to be enhanced by electron-donating 2-substituents, while electron-
withdrawing 2-substituents led to compounds that were inactive.! This relationship was suggested to be
a consequence of the ability of the 2-substituent to stabilize the transition state of the Sx1-type activation

of the hydroxymethyl groups, which eventually leads to DNA alkylation.’
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These reports led us to consider bis-hydroxymethylimidazole derivatives with 2-nitrogen
substituents as interesting drug development targets. We aimed to prepare a range of amino-substituted
derivatives including 2-N3, 2-NHCO3R, and 2-NH,. While the 2-amino derivative 17 is expected to be
more reactive than carmethizole (1) on the basis of its electron-donating properties (o,(NH2)= -0.66,
Gp(SMe) = 0.00)° the 2-azido derivative 12 and a bis-BOC derivative 16 contain considerably less
electron-donating  substituents, (G,(N3)= 0.15, <)',,(NHCOzMe)7 = —0.15)6 and may be considered
prodrug forms of the 2-amino derivative. The use of the azido group as a masked amine function is well
known,? and metabolism of aryl azides to amines has been demonstrated.>'>"!

The initial synthesis of 1 by Anderson' used a ring-formation approach to produce a tri-

substituted imidazole intermediate 2 which was elaborated to 1 in several steps via 3 (Scheme 1). Other
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2-substituted derivatives (H, Me, Ph, OMe) were obtained by individual imidazole ring syntheses. More
recently, Lipshutz'? described a one-pot procedure for generating 2-thiomethyl bis-
hydroxymethylimidazole (3) from tribromo-N-methylimidazole (4), using three sequential treatments of
nBuLi followed by the appropriate electrophile (Scheme 1). Metallation of imidazoles, followed by
reaction with electrophiles, has been the subject of considerable study and provides a useful method for

the selective functionalisation of imidazoles."*
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Scheme 1.

We report an approach that uses electrophilic attack on a 2-lithiated 4,5-disubstituted imidazole
to provide a new synthesis of carmethizole (1) and also efficient access to a range of nitrogen-based
analogues.

Esterification and N-alkylation of commercially available imidazole-4,5-dicarboxylic acid (5)
gave the diester 6, which was reduced to the diol 7 with LiAlH, and protected as the di-TBDMS ether 8.
This key intermediate was converted to the sulfide 9 using standard metallation conditions and dimethyl
disulfide.'? Deprotection of the silyl ether groups with TBAF and reaction with methyl isocyanate and

dibutyltin diacetate gave carmethizole (1) in good yield” (Scheme 2).

NZ NH M N7 NMe —ﬂ— NZ NMe . N7 NMe
SN S W o SR
HO,C . COH EtO,C 6 CO,Et HO™ , TOH TBDMSO g OTBDMS
i/le i\/le /ﬂ/le
v, N% “NMe —(ﬂ— N% “NMe e N% “NMe
TBDMSOhOTBDMS HOﬂOH MeHNOCOMOCONHMe
9 3 1

Scheme 2. Reagents: (i) SOCl,, EtOH; (ii) Mel, K,CO;, DMF; (iii) LiAlH,, THF; (iv) TBDMSCI,
Et;N, DMF,; (v) nBuLi, Me,S,, THF; (vi) TBAF, THF; (vii) MeNCO, nBu,Sn(OAc),, DCM.

Access to nitrogen analogues was afforded by reaction of the lithiated derivative of 8 with tosyl
azide'® to give the azide 10 which was elaborated to the 2-azido bis-carbamate 12'% in a similar manner

to the methylthio derivative 1 (Scheme 3).
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Scheme 3. Reagents: (i) nBuLi, tosyl azide, THF, (ii) TBAF, THF, (iii) MeNCO, nBu,Sn(OAc),.

Reduction of the azide 12 using either Pd/C or Lindlar catalyst'” under neutral or acidic
conditions gave only complex mixtures, emphasising the unstable nature of 2-aminoimidazole
derivatives bearing leaving groups in conjugation with the 2-position. Attempts to trap the amine by
carrying out the reduction in the presence of (BOC),0"™ or via a Staudinger reaction'® were
unsuccessful. However, catalytic hydrogenation of the bis-silylether azide 10 using Pd/C gave a
quantitative yield of the amine 13, which was protected as the bis-BOC compound 14. Deprotection of
14 with HF.pyridine and formation of the bis-carbamate as described above gave the protected amino
derivative 16.%° Reaction of 16 with HCI/MeOH, TFA, or anhydrous HCI in EtOAc?' failed to give the
2-amino bis-carbamate 17. NMR analysis of the product mixture indicated loss of methyl carbamate
groups in addition to the removal of the t-butyloxycarbonyl group, again emphasising the instability of

such compounds (Scheme 4).
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Scheme 4. Reagents: (i) H,, Pd/C, EtOH; (ii) (BOC),0, DMAP, THF, (iii) HF.pyr;
(iv) MeNCQ, nBu,Sn(OAc),.

Thus a versatile synthetic route to carmethizole (1), 2-azido- (12), and protected 2-amino

analogue (16) has been established. Failure to isolate the 2-amino bis-hydroxymethyl carbamate (17)
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underlines the reactivity of such derivatives. The utilisation of (12) and (16) as prodrugs of reactive 2-

amino bis-hydroxymethyl carbamate (17) will be reported in due course.
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