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ABSTRACT : 

Lithium reagents react with dimethylsquarate at the carbonyl group according 

addition process, leading to new 2-hydroxy-3,4 dimethoxy-3 cyclobutenone. 

to a 1,2- 

Moniliformin I a and related analogs 1 b,c,d,e, have been reported' as potent inhibitors - - 

of thiamine-dependent enzymes. Recently, it has been pointed out that specific ene-dio 11 

are possible transition-state inhibitors of glyoxalase, and could be used to retard tumor 

growth, possibly through the effect of methylglyoxal on new protein synthesis3. In a 

program for the synthesis of new glyoxalase inhibitors, designed on a transition-state 

analogy as an approach to potential antileukemic agents, we have investigated the reaction 

of various lithium reagents with dimethyl squarate le. - 

s ,O 

2 R1 = R2 = H (Moniliformin) 

d 

b Rl=H R2 = CH3 

2 R1=H R2 = Phenyl 

d R1=H - R2 = OH (squaric acid) 

R1 2 
e R1 = CH3 - R2 = 0CH3 (dimethylsquarate) 

1 - 

Previous studies4 on the reaction of Grignard reagents with dimethyl squarate resulted in 

the isolation of mono- or dialkyl-cyclobutenedione derivatives, according to a 1,4-addition 

process. Surprisingly, we discovered that lithium reagents reacted with dimethyl squarate 

at the carbonyl group according to a 1,2-addition process, leading to new 2-hydroxy-3, 

4-dimethoxy 3-cyclobutenontiof the general formula a. In this paper we wish to report 

the reactivities of organolithium nucleophiles and Grignard nucleophiles on dimethyl 

squarate le. - 
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Table I 

: Equivalents of 
’ Compound a' : i 

: Organo-metallic : % yield: I : 
isolated 

: CH3- 1.1 : 2a (55) : 2b (9) : - - 

: 
CH3- 

o- 
/\ 

- 

o- /\ - 
2.2 

1.1 

2.2 

: 

: 2a - 

: 2a - 

: 2a - 

(8) : E (75) : 

(58) : 2 

(5) : 2 

: 
(11) : 

(90) : 

$H3 : 

CH3 
-C-0-$-CH2- 1.1 : 2a no isolated 
kH3 0 

(62) : - 
compound 

: 
CH3“, 

,K - CH2- 1.1 : 2a (55) : no isolated - 
,CH30 0 compound 

: : ______-_-___-__-__-__-__________-------_----____________-____--_-_--_---~~~~~~~-~~~~~~~~ 

no isolated 

no reaction 

+ : All new compounds gave satisfactory high field 'H NMR, and IR spectra. High 

resolution mass spectral data are in accord with the structures given. 

++ : All yields recorded here are based upon material isolated after flash 

chromatography. 

Moreover it is interesting to note that the use of excess organolithium reagent leads 

to dihydroxy dimethoxy dialkyl cyclobutenonesb, while the use of excess Grignard reagent 

leads to the dialkylcyclobutenone3b. - 

Finally, the reaction of organolithium on dimethylsquarate le provides a simple route to - 

hydroxy alkyl dimethoxycyclobutenoneror to the dihydroxy dialkyl dimethoxycyclobutenoner 
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I 
Y 

0 le + 0 - 

R2MgBr R2 

'o;r[3 R2-Mg-;"]=c 

0 0 
3a - 3b - - 

The results summarized in table I, were obtained using the following general procedure : 

the organometallic reagent was added to a solution of dimethylsquarate (2 mM) in dry THF 

(10 ml) at - 78" C under nitrogen. After stirring 3 h at - 78" C and additional 2 h at room 

temperature, the reaction mixture was poured into water (7 ml) and quickly extracted with 

methylene chloride or ethylacetate. The organic extracts were dried (MgSO4), filtered and 

evaporated. Flash chromatography afforded the pure compounds listed in table I. 

From the results listed in table I, it appears that lithium reagents attack dimethyl- 

squarate exclusively at the ketone function, while Grignard reagents favor conjugate 

addition selectively. When there is a competition between direct attack on a ketone function 

(1,2-addition) and conjugate addition on an c(, B-unsaturated ketone substrate, the less 

stable carbanions favor 1,2-addition while the more resonance stabilized carbanions favor 

conjugate addition 
9 . But in the specific case of dimethyl squarate as substrate, resonance 

stabilization of the attacking carbanion is obviously not the factor which directs the 

attack. During the course of irreversible additions leading to 1,4-addition a concurrent 

transfer of the metal cation may be required in aprotic solvents and the metal transfer may 

be facilitated by the nature of the coordination of the metal with the nucleophile. The 

major factor in the direction of the attack seems to be the nature of the counter ion ; 

lithium favors 1,2-addition while Grignard reagent promotes conjugate addition. 
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selectively. 

Due to the high reactivity of the carbons attached to the methoxy-groups towards 

nucleophiles5 and to their high tendency towards hydrolysis, these new intermediates 

appear to be promising for further reactivity and enzymology studies. 

ACKNOWLEDGMENTS : 

We are grateful to Professor B. BELLEAU from MC Gill University, Montreal, for helpful 

comments of this work, and S. STODDER from MC Gill University for helping in the prepa- 

ration of the manuscript. 

REFERENCES : 

(1) - L.T BURKA, J. DORAN and B.J. WILSON. Biochemical Pharmacology (1982), 2, 79. 

(2) - R.B. BRANDT, M.E. BRANDT, M.E. APRIL and C. THOMSON. Biochemical Medecine, (1983) 

2, 385. 

(3) - A. SZENT-GYORGYL and L. EGYOUD. Proc. Natl. Acad. Sci., U.S.A., (1966), 56, 203. 

(4) - A.H. SCHMIDT. Synthesis, (198C), 2, 961, and references cited therein. 

(5) - M.W. RATKHE and D.F. SULLIVAN. J. Amer. Chem. Sot., (1973), 95, 3050. 

(6) - M.J. BEGLEY, K. COOPER and G. PATTENDEN. Tetrahedron, (1981), 21, 4503. 

(7) - A. TREIBS, K. JAKOB and R. TRIBOLLET. Justus Liebigs Ann. Chem., (1970), 741, 101. 

(8) - E.J. SMUTNY, M.C. CASERIO and J.D. ROBERTS. J. Amer. Chem. Sot., (1960), 82, 1973. 

(9) - J.C. STOWELL in "Carbanions in organic synthesis". (1979), John Wiley, p. 30. 

(Received in France 18 January 1985) 


