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Abstract - nethotrexate di-t-butvl ester 3 was coupled with N- 

t-butvloxvcarbonvl-L-leucine bv the o - n i t r o ~ h e n v l  ester and 

carbodiimide methods to give the di-t-butvl esters & - 7a of 

2-. 4-. and 2.4-dilN-t-butvloxvcarbonvl-L-leuc~1~methot~exate. 

The CorresDonding L-alanvl analogues 3 - were also 

svnthesised bv the latter method. The positions of the acvl 

qroups were determined from "C-nmr and uv data. Upon 

deprotection with trifluoroacetic acid, the 2-acvl ~ r o d u c t s  a 
and 5b vielded 2-L-leucvl- and 2-L-alanvlmethotreuate Q and 

Ob, but the 4-acvl analogues 6- and & gave decomDosition - 

products. The enzvmic cleavaqe of the 2-IL-n-aminoacvl) pro- 

drug derivatives & and & bv porcine microsomal leucine 

a m i n o ~ e ~ t i d a s e  was followed bv hiqh-pressure liquid- 

chromatograDhv (HPLC). 

The c h e m o t h e r a ~ e u t i c  agent methotrexate (amethopterin). N-Co-iN-(2.4-diamino- 

u t e r i n - 6 - v l ) m e t h v l t m e i h v l a m i n o b e n z o v l l - L - l a c  acid 2, is an analoque 

of folic acid 1' widelv used sinqlv and in combination for the control of 

cancers.' Various aspects of the anti-folate action of methotrexate have been 

and manv analoques of the druq svnthesiszed5 in efforts to overcome 

the problems of acute toxicitv and of inherent and acquired resistance. One o f  

the approaches we have adopted is that of d e v e l o ~ i n q  analoques which mav act a s  

latent forms (pro-drugs) of m e t h o t ~ e x a t e . ~ ' ~  

In this communication we report the svnthesis of the first members of a new 

series of P P O - ~ ~ U ~ S  o f  methotrexate. vir- the 2-(L-m-aminoacvl) derivatives. 

and the enzvmic cleavage of 2-L-leucvl- and 2-L-alanvlmethotrexate Q and to 



the active drug bv porcine microsomal leucine aminopeptidase. Association of 

tumour sites uith elevated aminopeotidase activitv and with the evlstence of 

aminoueptidase isoenzvmes has been r e ~ o r t e d . ~  The 2-(L-u-aminoacvl) derivatives 

are thus ootential site-directed pro-druqs of methotrexate. 

A c e t ~ l a t i o n ~ ' ~ ~  and trifluoroacetvlation" of 2.4-diaminopteridine 8 and 

its 6-substituted analogues were reported to lead to di-acvlation of the 2.4- 

diamino qroup. Nevertheless the acvlation of the 2.4-diamino-6-methvlpteridine 

moletv of methotrexate has not been reported. Acetvlation of folic acid was found 

to lead to cvclisation of the glutamate moletv.'" I n  our work, methotrexate and 

the acvlating w-amino acid are Protected as the acid-labile t-butvl ester and N- 

t-butvloxvcarbonvl (t-BOC) derivatives respectivelv. Construction of methotrevate 

di-t-butvl ester 3" from glutamate. 0-methvlaminobenzoate and 2.4-diamino-6- 

oteridinvlmethyl fragments was carried out as reported for the svntheses of "C- 

enrlched methotrexate di-t-b~~tvl esters.4 The subsequent coupling to t-BOC-u- 

amino acids was carried out bv the 0 - n i t r o ~ h e n v l  ester and carbodiimide methods. 

Thus reaction of methotrevate di-t-butvl ester 3 with t-BOC-L-leucine B-nitro- 

Phenvl ester ( 3  molar equiv.) I" N.N-dimethvlformamide containing triethvlamine 

(0.5 equiv.) at 70-75O C for 4 h gave the di-t-butvl esters 3 - of 2-(t-BOC- 

L-leucvl)methotreuate (major oroduct). 4-(t-BOC-L-1eucvl)methotrexate (minor). 

and 2 . 4 - d i ( t - B O C - L - l e u c v I ) m e t h o t r e x a t e .  as "ell as recovered ester 3. With 

d ~ c v c l o h e x v l c a r b o d i l m i d e  (2.4 esuiv.) and t-BOC-L-leucine ( 2  eauiv.) in ethyl 

acetate at 450 C for 7 h, the same products were obtained. but uith the di- 

acylated product 73 predominating. Under the same conditions, t-BOC-L-alanine 

vlelded the corresponding products - &.I4 
The above two sets of products incorporate one, o n e ,  and two t-BOC-a-aminoacvl 

~ P O U P ( S )  Pespectively. a5  is shown bv the ammonia chemical ionisation mas5 

spectral and '3C~-mr data.'5.I6 Furthermore, the acvlatlons have taken Place 

on the exocyclic nitrogen atoms. This is shown bv the relatively local and 

reqular perturbattons of the ''C-nmr shielding5 of the uteridine carbons upon 

acvlation (Figure). One notable effect is a 6 Ppm u ~ f i e l d  shift of the signal of 

carbon 2 or 4 upon acvlation of the amino qroup attached to the same carbon. I n  

a C-l of aniline is shielded bv 8 ppm upon acetvlati~n"~. Another 

effect. diagnostic of the position of acvlation. is that u ~ o n  acvlation of the 2- 
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amino group there is a 4% ppm deshieldinq of C-6 at the other end of the pteri- 

dine ring (see Figure. 5a and a). The corresponding deshieldinq on acvlation of 
the 4-amino group is onlv 1% ppm (see & and &). Upon di-acvlation, the shift 

change at C-6 is additive (see and a). Protonation or acvlation of an 
exocvclic amino group On a n  aromatic or heteroaromatic rinq is known to result in 

decreased electron densitv in the ring. manifestinq in downfield carbon shifts at 

o and 0 positions. For a bicvclic svstem, the downfield shift is expected to be 

Darticularlv pronounced at the other extremitv of the svstem, a s  is indeed 

observed here for 2-acvlaiion of a 2.4-diaminopteridine rinq. In c o m ~ a r i s o n .  ring 

Protonation of 2.4-diamino~teridines (at N-1). benzimidazole (at N-3) or purine 

(at N-1) does result in 5 Dpm deshieldinq at the other extremitv of the svstem 

(C-6. C-6. and C-8 r e s D e c t i ~ e l v ) . ~ ~ ~ * ' ~ - ' ~  

B o ~ l e  and Pfleidererio found that 2.4-di(acetamido)-6-acetoxvmeth~1~te~idine 

1 3  d e c o m ~ o s e d  o n  standing in methanol-chloroform over silica gel to give - 
inter a l l e  the 2-acetamido-4-aminopteridine 11. Assiqnment of the position of 

the 2-acetvl group in the latter was based on a h v ~ o c h r o m i c  shift. relative to 

2 . 4 - d i a m i n o - 6 - h v d r o x v m e t h v l ~ t e r i d i n e  9. of the long wavelength uv maximum (at pH 

7 or in methanol) from 372/371 nm to 350/355 nm. The displacement was considered 

to be related to "das Maximum des in der Lanqsrichtung des MolekOls polaris- 

ierten". and was not expected if the product was the c o r r e s ~ o n d i n q  4-acetvl 

compound = . l o  We find that the long wavelength absorotions of the 2-acvl 

derivatives 2 and >b at P H  7.0 are also near 350 nm (shoulder. log e 3.8). In 

contrast. the correspondinq maxima of the 4-acvl derivatives Q and & are at 385 

nm (104 E 3.8). A5 in the cases of the 2.4-diemino-and 2.4-di(acetamid0)-com~ounds 

LO and U.l0 methotrexate di-1-butvl ester 3 and the diecvl compound absorb - 

respectivelv at 377 nm and near 350 nm (shoulder) in methanol. 

The 2- and 4-t-BOC-L-a-aminoacvl derivatives of methotrexate di-1-butvl ester 

are relatively stable to alcohol and neutral organic solvents when chromato- 

graphed over silica g e l  D e ~ r o t e c t i o n  of 2-t-BOC-L-leucvl- and 2-t-BOC-L- 

alanvlmethotrexate di-1-butvl ester 3 and S took place smoothlv upon brief 

treatment with trifluoroacetic acid at room temperature. followed bv evaporation 

after the addition of drv benzene. The respective products 2-L-leucvlmethotrexate 

4 a  and 2-L-alanvlmethotrexate & have the characteristic uv spectrum of the - 
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2-acyl  

4-acyl  

2 . 4 -  
d i a c y l  

F I G U R E  Cllemical s h i f t  assiyoruentsa g iven  t o  the - 
p t e r i d i n e  carbons o f  methotrexate d i - t - b u t y l  
e s t e r  and the t-OOC-alanyl and t-BOC-leucyl 
d e r i v a t i v e s  of  methotrexate d i - t - b u t y l  e s t e r  
( p a r t i a l  s t r uc tu res  on l y  a r e  shown) 

Methotrexate d l - t - b u t y l  e s t e r  

154.5 

t-BOC-alanyl d e r i v a t i v e s  

R''(CH3)3COCONHFH- 

Me 

t-BOC-leucyl d e r i v a t i v e s  

R ' ' (CH3)3COCO~~~~-  
I 
CHzCHMe2 

163.4 NH2 122 7 

1 5 6 . 2 4 ~ ~ ~ ~ 1 5 1 . 1  

R'CONH f -149.7 

R'CONH , 120.5 

a Solvent  = CDC13. Chemical s h i f t s  a re  r e l a t i v e  t o  COCl = 76.9 p.p.m. 
Assignments of p t e r i d i n e  carb  ns of  metho t rexa te  d i - t - b u t y ?  e s t e r  a re  
based on work on s e l e c t i v e l y  P3C-enriched 2 . 4 - d i a m i n o p t e r i d i n e s P ~ ~ 9  



precursors, and were stable under the conditions of reverse Phase HPLC using 

methanol and phosphate buffer at pH 7.0. In contrast, decompos~tion products w e r e  

formed upon similar deprotection of 4-t-BOC-L-leucvl- or 4-t-BOC-L-alanvlmetho- 

trevate di-t-butvl ester 62 and &. When followed bv HPLC uith high speed spectro- 

photometric detection, a product with no absorption maximum beyond 340 nm was 

found. On standing in buffer at pH 7.0, this decomoosed malnlv to a less polar 

product with uv spectrum similar to that of methotrexate. Significant amounts of 

4-L-leucvl- o r  4-L-alanvlmethotrexate were absent, since a spectrum reminiscent 

of the 4-acvl precursors was given onlv bv a verv minnr product. 

The di(t-BOC-L-a-aminoacvl) derivatives & and & a150 llnderuent further 

decomposition upon deprotection. For the alanvl series, the major product was 

ldent~fied as 2-L-alanvlmethotreuate. This observation parallels that of Bovle 

and Pfle~derer.'~ w h o  reoorted that under mild hvdrolvtic conditions 2.4- 

d l ( a c e t a m 1 d o ) - 6 - a c e t o x v m e t h v l ~ t e ~ i d 1 n e  13 gave rise to the corresponding 2- 

acetamido compound 11. The other products were the 2.4-diamino compound 10, and 

the pterin derivatives 14 and E.'O 

2-L-Leucvlmethotrexate & and 2-L-alanvl~~ethatrevate 4b complv with 

several requirements for prowdrug action. Firstly, thev retain the qlutamate 

carboxvlate groups necessarv for folate-tv~e active transport into 

Secondlv, they are not expected to inhibit the tarset enzvme dihvdrofolate 

reductase u n t ~ l  cleaved to the a c t ~ v e  drug, since the 2.4-diaminopvrimidine 

moiety essential for tight bindinq' is not present. Thus w e  found that the 

concentration of 2-L-leucvlmethotreuate Q required for 50% inhibition of 

~actobaciffrrs cased dihvdrofolate reductase was a t  least tun orders of rnagnltude 

hisher than that of methotrexate. 

A t h i ~ d  requirement is that the 2-L-a-am~noacvl group should be cleaved bv 

the relevant enzvme to vleld methotrexate. Llsing Porclne microsomal leuclne 

aminopeptidase (Sigma) at 37OC and pH 7, and followinq bv HPLC. 2-L-leucvlmetho- 

trevate was found to be cleaved to methotrexate. though at a rate several tlmes 

slower than when the standard substrate L-leucvl-2-naphthvlamide was used. The 

cleavage of L-alanvlmethotrerate was even slower, reflecting the specificitv of 

the aminopeptidase used. 
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n p  157-9OC observed. No of 134-6OC was recorded b v  A. Rosowskv and 

C.-S. YU. J .  ned. Chem., 1983. 26. 1448. 

New co m p o u n d s  2 - & and 2 - & gave correct C. H and N analvses. b u t  

w ith Y - 1% H.0 for comPounds % - a. n e l t i n g  P o i n t s  are 126-9. 120-3. 
131-4: 119-121. 113-5. and 112-4OC r e s ~ e c t i v e l v .  The svnthesis of the 

di e t h v l  ester analogues of 3 - & will b e  d e s c r i b e d  in t h e  full paper. 

M V  ffo and 6a is at m/z 780. for X and & at m/z 738. The 

auasimolecular ions of & and 7b are ex p e c t e d  to be  >800 amu and were 

not observed: nevertheless fraqment ions at m/z 535 f o r  & and 450 for 7b 

are diaqnostic of t h e  attachment of tw a-aminoacyl qroups t o  t h e  2.4- 

diamino-6-~teridinvlmethvl rnoiet~.'~ 13C-Nmr signals (COCI- solution. 

with 6cocL3 76.9 Ppm) f o r  t h e  t-BOC-a-aminoacvl moieties are: 

a ..- 6a - 7a - 5b  - 6b - 7 b 

Ala CH. 18.7 17.3 17.0.18.3 

Leu CH. 21.7 21.4 21.7.21.7 

Leu 'CH, 23.2 22.8 22.8.23.0 

Leu r-CH 24.9 24.6 24.6.24.7 

t-BOC C(CHs13 28.2 28.1 28.1.28.1 28.3 28.0 28.1.28.1 

Leu B-CHs 41.5- 40.3' 39.8.41.1 

Ala a-CH 50.8- 51.4- 50.9e.51.5' 

Leu a-CH 53.9- 54.2- 54.P.54.6' 

t-BOC C(CH.), 79.8 80.3 79.9.80.2 79.6 80.0 79.7.80.1 
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