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Abstract: Compounds l-7 were synthesized from maleimicfe and the corresponding alcohols using a novel application 
of the Mitsunobu reaction. This procedure allows the direct formation of a variety of bifunctional linker compounds. 

Bifunctional linkers, with a maleimido group attached to one end and a connectable functionality (eg. -OH, -NH2, 

-COzH) on the opposite end, are useful for modifying proteins and peptides. 1 The maleimido group is one of a number of 

functionalities that are reactive with thiol nucleophiles.2 thus allowing coupling of the linker to cysteine or -SH containing 

molecules (cf. scheme). The other molecule can be attached to the opposite end (2) by means of an amide, ester, ether or 

other type of bond. These linkers are useful for synthesizing: peptide-conjugate haptens, immobilized antibodies or 

enzymes4, antibody-antibody conjugates5, immuno-conjugates or -toxins,6 enzyme inhibitors and enzyme probes.7 

Scheme 

The standard method for synthesizing maleimido derivatives is shown in equation 1. Typically, an amino-containing 

derivative is converted to an intermediate maleamic acid which is then cydized under acidii or dehydrative condiiions.~ The 

yields are generally modest and the reaction fails to work with certain amines. Q Another factor limiting the general applicability 

of this procedure is that the reaction conditions preclude the use of acid labile or other sensitive functionality. 

Direct alkylation of maleimide would be a more convenient procedure. Only one example appears in the literature 

where maleimide is directly N-alkylated low1 l. In this case, the corresponding silver and mercury salts were generated which 

in turn reacted with alkyl bromides. however, this reaction was On!y applied to the synthesis of simple N-alkyl derivatives. 

The Mitsunobu reaction’* shown in equation 2 is more general since it can be carried out under essentially neutral 

conditions and at room temperature. In addition to this, the starting material for this reaction is an alcohol rather than an 

amine allowing an alternative synthetic entry into this class of compounds. Surprisingly, an examination of the literature 

revealed that these conditions have not bsen used to synthesize N-substituted maleimides. Therefore, the method was tested 

to determine ifs utilii in the synthesis of bifunctional linkers. 
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0 0 c I 0 + H,N-(WeFjrerl-2 - - c 1 N-@thj-(Irksr1-Z q.1 

0 0 

c 1 NH HO-WFJcerl-2 
ph3P, DIAD + - c 1 N-_Fkerf-Z eq.2 
THF. -24 h 

0 0 

T8#r. Symhe8b d KAlk~Imalelmldea Udna the Mtaunobu Fbaction 

enw N-substituted maleimide (X) %yield (IitJa mp (*C)b (lit.) 
1 0 

J 73(65)= 68-69(69-70)= 

b (1) 
0 c 1 N-Ph 

qn)d 110.lll(llZ)d 

0 (2) 
0 

c 

75(6J3)C 40-42(42-44)= 

1 N+ 

0 (3) 
0 

c I N-NHBOC 

0 (4) 
0 

388 100-102 c I N--+YNHBoC 
0 

c o,t-Bu 

(5) 
0 

c 
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1 N(LO~O/LO~~/LOH 

oil 

57 125-127 

(6) 
31 oil(27)f 

alsolated yiefds based on maleimide. bMeiting points afe uncorrected. CReference 
8(e). dAeference 8(c). e2 equivalents of pentaethylene glycol per equivalent of maleimide 
were used in this reaction. ‘Reference 18. 

AS shown In the table, malelmMe Is well suited as a nucleophile in this reaction and it was successfully condensed 

with a variety of alcohols. Under typical conditions the alcohol was stirred overnight in THF with Ph3P, DIAD13 and maleimide 



(I :l:l) to yield the N-alkylated maleimide following column chromatography @tog)14 l5 The yields shown in the table are 

unoptimized and varied from 3f-75%. The best yields were obtained for lo alcohols adjacent to SN~ activating groups(entries 

1 and 3) where the yields exceeded those mported in the literature. Wii the exception of 5,‘s other lo alcohols gave modest 

yields (entrii 2,4 and 6). The lowest yield was obtained for the MltsUnobu reactfon of isopropanol (entry 7). However, the 

synthesis N-see-alkylmaleimides is also difficult using the literature rne61ods.~~ 

The described reaction thus represents a convenient and novel method for synthesizing complex maleimides. To the 

author’s knowledge this appears to be the first example of the N-alkylation of maleimide using Miiunobu conditions. The 

neutral conditions used in this procedure should allow the synthesis of more complex linkers. Research is currently under way 

to optimize the procedure and examine its utility with other alcohols. 
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