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Abstract - Methotrexate di—-t-buty] ester 3 was coupled with N—
t-butvloxvcarbonvi-L-leucine by the p-nitrophenvl ester and
carbodiimide methods to give the di-t-butvl esters Sa - 73 of
2-, 4-, and 2,4-di(N-t-butvloxvcarbonyt-L-teucvidmethotrexate.
The corresponding L—alanvl analoques 5b - 7b were also
synthesised by the latier method. The positians of the acyl
qrours were determined from !3C-nmr and uv data. Uson
deprotection with trifluoroacetic acid. the 2-acyl products 5a
and 5b vielded 2Z-L-leucyl- and 2-L-alanvimethotrexate 4a and
4b, but the 4-acvl analogques &3 and &6b gave decamposition
products. The enzvmic cleavage of the 2-(L-w-amingacvl) pro-
drug derivatives 4a and 4b by porcine microzamal leycine
aminopeptidase was followed by high-pressure liquid~

chromatography (HPLC).

The chemotherapeutic agent methotrexate (amethopterin), N-Le-{N-(2,4-diamino-
pterin-é-v1imethyltmethylaminobenzovlJ-L-glutamic acid 2, is an analoque

of folic acid 1! widelv used singly and in combination for the contral of
cancers.? Varipus aspects of the anti-folate action of methotrexate have been
studied,3'4% and many analoaues of the drug synthesiszed® in efforts to overcome
the problems of acute toxicity and of inherent and acquired resistance. One of
the approaches we have adopted is that of develoring analogues which mav act as
latent forms (pro-drugs) of methotrexate.6:7

In this communication we report the svnihesis of the first members of a new
series af pro-drugs of methotrexate. viz. the 2-(L-x-aminoacvi) derivatives,

and the enzvymic cleavage of 2-L-leucyl- and 2-L-alanvIimethotrexate 43 and 4b to
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the active drug by porcine microsomal Yeucine aminopeptidase. Association of
tumpur sites with elevated aminopertidace activity and with the existence of
aminopeptidase icopenzvmes has been reparted.? The 2-(L-o-aminoacvl) derivatives
are thus potential site—-directed pro—druqs of methotrexate.

Acetvlation®*10 and trifluoroacetylationtt of 2.4-diaminaptieridine 8 and

its 6-substituted analogues were revorted to lead to di-acvlation of the 2.4~
diamino group. Nevertheless the acvlation of fhe 2.4-diamino-&-methvipteridine
moi1ety of methotrexate has not been reported. Acetvlation of folic acid was found
to lead to cyclisation af the glutamate moietv.?? 1In aur work, methotrexate and
the acviating x—amino acid are eprotected as the acid-labile t-butvyl ester and N-
t-butyloxvycarbonyl (t-BOC) derivatives recpectively, Construction of methotrexate
di-t-butvl ester 313 fraom glutamate, s~methylaminobenzoate and 2,4-diamino-6~
pteridinvimethyl fragments was carried put as reported for the syntheses of 13C-
enriched methotrexate di—-t-butv] esters.? The subsequent coupling to t-BOC—«w-
amino acids was carried out by the p-nitrophenvl ester and carbodiimide methnods.
Thus reaction of methotrexate di-t-butyl ecter 3 with t-BOC-L-leucine g=-nitro-
phenvl ester (3 melar equiv.) 1n N,N-dimethvlfarmamide containing triethylamine
(0.5 equiv.) at 70-759 C for 4 h gave the di-t-butvl esters S5a ~ 7a af 2-(t-BOC-
i-leucylImethotrexate (major product). 4—-(t-BOC-L-teucy)Imethotrexate (minor),
and 2,4-di(t-BOC-L-leucylImethotrexate, as well as recovered ester 3. Wiih
dicvclohexylcarbodiimide (2.4 equiv.) and t-BOC-L-leucine (2 equiv.) in ethyl
acetate at 4359 C for 7 h, the same products were obtained. but with the di-
acylated product 73 predominating. Under the same conditions, t-BOC-L-alanine
vielded the corresponding products 5b - 7b.14

The above tuo sets of products incorporate dgne. gne, and twe t-BOC-o—amingacy!
group{s) respectively. as is shown by the ammonia chemical ionisation mass
spectral and 13C-nmr data.15:16 Fyrthermore, the acylations have taken place

on the exocyclic nitrogen atoms. This is shown by the retatively local and
reaular perturbations of the !3C-nmr shieldings of the pteridine carbons upon
acylation (Figure). One notable effect is a & ppm upfield shift of the signal of
carbon 2 or 4 upon acylation of the amino qroup attached to the same carbon. In
comparison, C~3 of aniline 15 shielded by 8 pem upan acetvlation!?®, Another

effect. diagnostic of the ppsition of ascvlation, is that upon acvlation of the 2-

— 752 —




Nl W e W N -

100

P [ N
s 2B o

5

_
I

T

RE
“ —
N H CONH
R3
R‘HH4¥§EN N’/

L
CHCOOR®
I

HETERQCYCLES, Vol 28, No 2, 1989

CHzCH=C00R*

R1 Rr2 R3 R4

H oH H H

H NH= Me H

H NHz Me Bu*
COCHRNHz NHz= Me H
COCHRNHCOOBU*® NHz Me Bu®*

H NHCOCHRNHCOOBuU® Me Bu*
COCHRNHCOOBu* NHCOCHRNHCOOBu*® He Bu*®

a R = CHzCHMe=
b R = Me
RE
N, R3
' | X
,Lt: -~
RIHNT ™~N N

R R2 R3

H NH: H

H NH2 CHZDAC

H NH CH20AC

Ac NHz= CHz0AC

H NHAC CH=0Ac

Ac NHAC CH=0Ac

Ac OH CH=0ACc

H OH LH=0Ac
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amino group there is a 4% ppm deshielding of C-6 at the other end of the pteri-
dine ring (see Fiqure, Sa and Sb). The caorresponding deshielding on acylatian of
the 4~amino group is anlv 1% ppm (see 6a and &b). Upon di-acylation, the shift
change at C-6 is additive (see 7a and 7b). Protonation or acvlation of an
exocyclic amino group on an aromatic or heteroaromatic ring is knowun to result in
decreased electron densitv in the ring. manifesting in downfield carban shifts at
o and p positions. For a bicvclic svstem, the downfield shift is expected to be
particularly pronounced at the other extremity of the system. as is indeed
observed here for 2-acvlation of a 2.4-diaminopteridine ring. In comparison, ring
protonation of 2,4-diaminopteridines (at N-1), benzimidazole (at N-3) or purine
(at N-1) does result in S ppm deshielding at the other extremity of the svstem
(C-4. C-46. and C-8 respectively).i7®.18.19

Bovle and Pfleiderer!? found that 2.4-difacetamido)-6-acetoxymethylpteridine

13 decomposed on standing in methanol-chloroform over silica g9el to give

inter alti{a the 2-acetamido-4-aminopteridine 11. Assianment of the position of

the 2-acetyl group in the latter was based on a hveochromic shift, relative to
2.4-diamino~6-hvdroxymethylpteridine 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 L3ngsrichtung des Molekils polaris—
ierten'". and was not expected if the product was the corresponding 4-acety)
compound 12.19 le find that the long wavelength absorptions of the 2-acvl
derivatives 5a and 5b at pH 7.0 are alsp near 350 nm (shoulder. Jog e 3.8). In
contrast, the corresponding maxima of the 4-acv] derivatives ga and éb are at 385
nm (log € 3.8). As in the cases of the 2,4-diamino-and 2.4-di(acetamido)-compounds
10 and 13.1° methotrexate di-t-butvl estier 2 and the diacvl compound 7b absorb
respectively at 377 nm and near 330 nm (shoulder) in methanol.

The 2- and 4-t-BOC-L-«—aminpacvl derivatives of methotrexate di-i-buiv] ester
are retatively stable to alcohol and neutral arganic solvents when chromato-
graphed over silica gel. Deprotection of 2-t-BOC-L-leucvyl- and 2-t-BOC-L-
alanvimethotrexate di-t-butv) ester Sa and 5b took place smoothly upon brief
treatment with trifluorpacetic acid at room temperature, followed by evaporation
after the addition of drv benzene. The respective products 2-L-leucyimethotrexate

8a and 2-L-alanvyimethntrexate 4b have the characteristic uv spectrum of the
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13¢ Chemical shift assignmentsa given to the
pteridine carbons of methotrexate di-t-butyl

ester and the t-BOC-alanyl and t-B0C-Teucyl
derivatives of methotrexate di-t-butyl ester

(partial structures

only are shown)

Methotrexate di-t-butyl ester
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Chemical shifts are relative to CDC]f = 76.9 p.p.m.

ester are

C-enriched 2,4-diaminopteridiness,18




precursars, and were stable under the conditions of reverse phase HPLC using
methanol and phosphate buffer at pH 7.0, In contrast., decomeosition products were
formed upon similar deprotectian of 4-t-BOC-L-leucyl- or 4-t-BOC-L-alanyimetho—
trexate di=-t-butvl ester 6a and éb. When folloued by HPLC with high speed spectro-~
photametric detection. a product with no absorption maximum beyond 340 nm was
found. Dn standing ip buffer at pH 7.0, this decompased mainly tno a less potar
produgt with uv spectrum similar to that of methotrexate. Sianificant amounts of
4-L~Teuycvi— or d-L-alanvimethotrexate were absenti, since a spectrum reminiscent
of the 4-acyl precurscre was given anly by a very minar praoduct.

The di(t-BOC-L-&-aminoacyl} derivatives 7a and 7b also underweni further
decamposition upon deprotection. Far the alanvl ceries. the major product was
1denti1fied as 2-L—-alanvimethotrexate. This abservation parallels that of Bovle
and Pfleiderer,19 who reported that under mild hydrolytic conditinons 2.4~
difacetamido)-é-acetoxymethyipteridine 13 gave rise to the correspanding 2-
acetamido comoogund 11. The pther products were the 2.4-diamino compound 10, and
the pterin derivatives 14 and 15.10

2-L-Leucyimethotrexate 4a and 2-iL-alanvimethotrexate 4b comply with

several requirements far pro-drug actian., Firstly, thev retain the glutamate
carboxylate groups necessarv for folate-tvee active transpart intp cells.20
Secondiy, they are not expected to inhibi1t the target enzvme dihvdrofoiate
reductase unti1l cleaved to the active drug., since the Z2.4~-diaminoeyrimidine
moiety essential for tight binding! is not present. Thus we found that the
concentration of 2-L-lTeucyImethotrexate 4a required for 50% inbhibition af
Lactobact {lus casel dihvdrofolate reductase was at least two prders of magnitude
higher than that of methotrexate.

A third requirement iz that the 2-L-w—aminoacv! group should be cleaved by

the relevant enzvyme to vield methotrexate. Uising porcine microsomal leucine
aminopeptidase (Sigma) at 370C and oH 7, and follpowing by HPLC, 2-L-leucyimetho-—
trexate was found to be cleaved to methotrexate. though at a rate several times
slower than when the standard substrate L-leucyl-2-naphthylamide was used. The
cleavage of L-alanvimethotirexate was even slower, reflecting the specificity of

the aminoeertidase used.
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