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A cycloserine-pyridoxal Schiff base has been implicated (1, 2, 3) in the 

mechanism by which cycloserine inhibits certain pyridoxal-dependent enzyme systems. 

In our previous work (4), we described the first synthesis of a Schiff base (III) of 

D-cycloserine (I) (5) and established that it does not rearrange into the dimer derivative - 

(VII) as suggested earlier by Michalsky and coworkers (3). These workers showed that 

DL-cycloserine reacts with several aldehydes in boiling ethanol giving dimer derivatives 

and we confirmed this result using 5-chlorosalicylaldehyde. We concluded (4) that 

VII was formed by the dimerization of cycloserine prior to its reaction with aldehyde, 

since other pathways, including that through the Schiff base, seemed unlikely. 

Contrary to this conclusion, our more recent studies indicate that the Schiff 

base &an intermediate leading to dimer; not by rearrangement, but *reaction with 

cycloserine itself. The postulated mechanism is outlined in the following scheme. 
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Rapid formation of Schiff hose (Ill) followed by the attack of cycloserine on 

the isoxazolidone ring of III would form IV. Rearrangement of IV to V followed by 

intramolecular isoxazolidone ring opening would yield the partially derivotized dimer 

(VI). This intermediate con afford VII by reaction with the aldehyde or the Schiff hose. - 

We know (4) that step (a) of this sequence occurs quite readily. We hove 

found that the key step (b) of this mechanism occurs very rapidly when cycloserine and 

III are heated together in aqueous N, N-dimethyl formomide (DMF). An SOti0 yield of 

the dimer derivative (VII) was formed. Possible precedent for step (c) is seen in the 

methanolysis of III which gives the P-aminoxyalanine derivative VIII. This conversion 
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OH 

moy well proceed through ring opening followed by an intramolecular rearrangement 

similar to steps (b) and (c) (6). Intermediate V would be expected to reormnge rapidly 

into the aminoxydiketopiperazine VI, since the 3 facile dimerizotion of cycloserine 

itself must proceed by a similar route. Conversion of VI into VII might be accomplished 

by reaction of VI with either II or III. indeed, we have found that cycloserine dimer 

(3, 6-bis[ominoxymethyI I-2, 5diketopiperazine) reacted with III very rapidly in 

aqueous DMF yielding VII quantitatively. 

We prepared the dimer derivative (VII) three different ways (7,8) in aqueous 

DMF at 70°. The properties of these products ore summarized in Table I. The infrored 

TABLE I 

Reactants 

(A) I + I 

(followed by 

addition of II) 

(B) I + II 

(C) I + III 

Yield Melting Point 

70 240-2430 

94 224-231° 

80 234-2440 

Specific Rotation 

+1500 

+94Q 

+1220 

spectra of these products differed only in the intensities of bands at 6.05, 9.6, 12.0 

and 12.2~ (9). 

Assuming the product of reaction A to be essentially one optical isomer (7), 

partial racemizotion apparently occurred during both reactions B and C. This is 

consistent with the mechanism just proposed for reaction B. We observed thot Schiff 

base (III) wos 46% rocemized in one hour at 70’ in aqueous DMF and thus we expected 
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some racrmization when preformed Schiff base (reaction C) was used. Since rocemiza- 

tion also occurred in reaction B the Schiff base is very probably on intermediate also in 

this reaction (10). On kinetic grounds, we might expect that more racemization would 

occur in B than in C, since the Schiff base molecules would have a longer lifetime 

during the former reoctionh The results bear this out. 

The mechanism by which cycloserine inhibits pyridoxal-dependent enzyme 

systems in viva may or may not be that suggested here. -- Our present studies with 

pyridoxol may clarify this. 
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The natural ~-Isomer of cycloserine wets used throughout this work. 

We are investigating the possibility that alcoholysis of the ozomethine linkage 

An intermediate of type IV would not then occur in the precedes ring opening. 

conversion of III to VIII. 

“Authentic” dimer derivative prepared by treating cycloserine with ethanoiic 

acetic acid KF. C. Neuhous and J. L. Lynch, Biochem., 3, 471 (1964)1 followed 

by 5-chloroscrlicyladehyde had Cal: + 159 (c,mF),=m. 244-246*, and 

showed neither 9.6 nor 12.Op infrared bonds. 

We previously reported (4) m. 226-229, Calg + 43.6” (c, I in DMF), for the 

dimer derivative. This ~dr obtained from reaction B in boiling ethanol in which 

cycioserine is insoluble. The lifetime of the Schiff base is much greater under 

these conditions than in aqueous DMF which dissolves cycloserine. 

H. Brockmonn and H. Musso [Ber., 89, 241 (1956)l showed that among the & 

and meso amino acid “onhydrides” inzstigated, the major infrared spectral 

differences occurred in the 8.6-9.75p and 11.6-14.0~ regions. 

The dimer derivative CJII) is optically stable under the reaction conditions. 


