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AbUaW. - Nethotrewte. N- la-( 2.4-diaminopteridin-6-yl)mthyl(mthyl) - 
minobenzqrll-L-glutamic acid, 13c-enriched a t  positions 6; 2.1.9: 4.7.8a.9; 

and 2.4a.6 were synthesized from the correspandingly labelled 2.4-3iamino- 

6-uethylpteridine4 by 'benzylic' branination follwed by displacerent of the 

bromide by di-t-butyl N-(E-mthylminobenzoy1)-L-glutmte. Acid t rea tmnt  of 

each mthotrexate di-t-butyl ester  formed yielded the mrrespndilq 13c-enriched 

methotrexate. 

Ihe anti-turnour agent mthotrexate (amethopterin), N-I~(2.4-3iaminopteridin-6yl)methyl- 

tmethy1)mincbenzoylI-L-glutamic acid ( I ) ,  is an anti-folate widely used in the mntrol  of acute 

lwkaemia and other neaplastic conditi0ns.l Tne basis of the therapeutic effect of mthotrexate 

(as is shared with the anti-bacterial agent trimethoprim, as  well as  with certain anti-parasitic 

agents) is the inhibition of the NRDFfl-dependent conversion of dihydrofolic acid t o  

tetrahydrofolic acid by the enzyw dihydrofolate reductase. leading t o  depletion of qhymidylate 

and other mtabol i tes  essential for DNA synthesis. and ultimately resulting in ce l l  death.2 

In  connection with our u s e  of 13c-enriched anti-folates and fo l ic  acid analagues to study the 

changes in confomtion and ionic s ta te  upon binding of these ligands ( in  the presence or 

absence of coenzymes) t o  dihydrofolate reductases f r m  various ~ w r c e s . ~ , ~  we have synthesized 

se ts  of rmlti-13~-enriched t r i n e t h ~ p r i m . ~  2.4-diamino-6-mthylpteridine (4).6 and various folic 

acid a n a l ~ q u e s . ~  1n th i s  pap[,  we give deta i l s  of the synthesis of mthotrexate enriched with 

' 3 ~  (90+ a h d a n c e )  a t  the following p s i t i o n s  of the pteridine ring: 6; 2.7.9; 4.7.8a.9; and 

2.4a.6; -&. la - ld. Tne synthesized multi-labelled methotrexate collectively incorporate 

"c-enrichment a t  a pteridine carbons. thus prwiding a mnprehensive s e t  of 13c-mr probes of 

those enzyme-ligand interactions which involve the pteridine ring of the ligand. Ihe spacing of 

the enriched cartnns are such that one-bond 13c-13c couplings are  absent. thus optimizing signal 

detection of enriched carbons on the ligand in the presence of the larger mew molecule. Cn 

t Dedicated t o  P ro fesso r  G i l b e r t  S to rk  on t h e  occas ion of h i s  65th b i r t h d a y .  
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the other hand. useful structural i n fomt ion  is provided by the m l l e r  couplings (bCC, 3 ~ C C ,  

2 ~ m  and 3 ~ C H )  which do not cause line-separation under conditions of s b s t a n t i a l  sensitivity 

enhancenent . 

A prerequisite for any synthesis using expensive 13c-enriched start ing m t e r i a l s  is the 

corresponding synthesis with unlabelled precursors. involving -11-scale experirients to 

optimize the yield of each step. We chmse t o  build up the rrethotrexate molecule. protected 

as the di-t-butyl ester ,  by nucleophilic displacenent of di-t-butyl N-(Q%thylarinobenzoyl)- 

Lqlutamate ( 3 )  on 2.4-diamino-6+rommthylpteridine ( 5 ) .  The brcmide ( 5 )  was conveniently 

fonned by branination of 2.4diarino-6mtQlpteridine (41 i n  acetic acid, with nodification of 

the l i terature procedure9 t o  s u i t  the d l  scale appropriate t o  13c-enriched reactants. Tne 

crude product (which generally consisted of a mixture of mncbrcrmimted and dibrminated 

products as  well as  unreacted mte r i a l .  a l l  as  hydrobranides) (Table 1) was used directiy in the 

displacerient reaction. Crude mthotrexate di-t-butyl ester ( 2 )  f o d  was plrif ied by 

chrmtograpby over s i l i ca  gel .  



HETEROCYCLES, Vol 25, 1987 

A series of appropriately 13~-labelled 2.44ianino-6-thylpteridine (4a)-(4d) had earlier been 

synthesized by  US.^ Application of the above reaction scheme using these 13~-enriched 

intermediates yielded the desired series of mthotrexate di-t-htyl ester (Za1-(2d) with 

13~-enrichment at the pteridine ring. The identity of these esters. in prticular the site of 

"c-enrichvat, ras established by the l n - m  spectra sharing characteristic 13c-lH couplings, 

by the 13~-nmr signals of the 13~-enriched cartons (Table 2). and by anmunia and mthane 

chemical ionization mss spectra (Table 31. Short treatmnt of each di-t-htyl ester with 

trifluoroacetic acid renwed the t+utyl protecting group to yield the correspnding 

13c-enriched methotrexate (la1 -( Id). 

rable. ~ H - ~ R N  chemical shifts (and coupling constants in Hz) of protonated 

2.4-diamino-6-mthylpteridine. z.4-diamino-6+romirethylpteridine and 

2.4-diamino-6-dibrm~rrethylpteridine. 13c-enriched and unlabelled. 

- 

6d 2.4a.6 9.27 d 7.54 d 
'3~c6H7 9.1) t3JCmg 5.1) 

6 - 9.27 7.52 

5 Measured for C D 3 m 3  solutions with S in p.p.m. from Si(CH314. 



W .  Chemical s h i f t s  (and coupling constants in Hz1 of 13c-enriched rrethotrexate di-t-butyl 

e s t e r  (Zal , (2cl , (2dlC and of 13c-enriched rrethotrexate ( l b l  

compound 2a d' zc Zd 

Enriched 6 2.7.9 4.7.8a.9 2.4a.6 
Carbons 

ca. 4.75a - 4.8 M - ca. 4.75g 
(lJcgH9 1391 

3.2 

ca. 4 . 7 d  - 

C Unless otherwise s t a ted ,  chemical s h i f t s  are i n  p.p.m. from Si(CH314 measured in E l 3  

s o l u t i o m  a t  22.5 rn fo r  13c and 89.6 MHz f o r  IH. with 6(COCl31 77.0 fo r  13c and 

h(Si(CH3141 0 f o r  IH. Signals of B and r protons appear at 1.9 - 2.5 p.p.m. 

b Measured i n  D20 huffered to @ 6 . 5  with MI20 p o t a s s i m  phosphate and MI2 potassium chlor ide 

a t  67.9 MHz ( fo r  l3c1, with external  p-dioxane standard a t  67.4 ~ . p . m . ~  

s Unresolved s igna l  due t o  more than one 13c-13c couplings. 

d Masked by other s ignals .  

One arm of dd wsked  by other s ignals .  

f m r o x h t e  doublets,  apparent 3, 8.6 Hz. 
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w. Chwical ionization w s  spectral data of mthotrexate di-t-butyl ester. 13~-enrichd 

and unlabelld. pi p i  P B " ~ P B ~ P ~ ~ _ ~  

0 
R - O C M q  L 

B' 

C o r n p o d  2a 2a 2d 2d 2 2 

hriched cartons 6 6 2.4a.6 2.4a.6 - - 

Ionizing gas N H ~  m44 N H ~ C  a144 W 3  m4a 

a Following our usagelo and that of Przyblski et. .I1 l e t t e r s  P. ffi etc. designate ions 

formed. kith or without hvdrmen transfer, by cleavages shownj underlined dz refer to ions 

of over 20% relative abundance. 

b Base ion. 

S Other ions a t  m/z 379 and 108. 

d Gther ions a t  dz (354 + No. of 13c-enriched ca rbn) .  a t  309 (337 - H20), and at 263 (281 - 

H20). 



mss spectral data given refer to chemical ionization. For notations P. BG etc. in description 

of ions. and the significance of underlined m/iz values. see Table 3. 

Braninat&n of l3c-~nriched and Mlabelled L4-&mino-6methvl~teridine (&-(ad) and (4) 

2.4-Diamino-6-mthylpteridine 13c-enriched at one or mre pssitions were brominated by a 

"Edification of the rrethod of Cataluc~i.~ The bromination of 2.4'diamino-6-mthylpteridine- 

6-13C (4.31 is described belcw; that of its analogues l3c-enriched at other psitions praceeded 

in the sane m e r .  

2,4-~iamin0-6-mth~lpteridine-6-~~~ (4al (106 ng. 0.60 m l )  was stirred in a sealed ahnos&ere 

with benzoyl peroxide (9 ng) and bromine (0.10 ml, 1.0 m l l  in anhydrous acetic acid (5.5 ml) 

under reflux, with the exterm1 oil bath at 110-llS°C. Ihe reflux mndenser was fitted at the 

top with a cold-finger containing acetoneldry-ice. and a side-arm attached to a rubber balloon. 

lhe reaction was followed by l~-nmr. After 6 h the mlvent was renwed under reduced 

pressure. The resulting residue was washed several t h s  with dry ether. and dried under vacum 

to yield a mixture (62 mgl consisting of a 6:1:2 mixture of hydrobromides of 2.4-diamino-6- 

broncmethylpteridine-6-13~ ($a), 2.4-diamin0-6dibronomthylpteridine6-~~~ (6a). and 

2.4-diamin0-6-rreth~l~teridine-6-~~~ (4a1, having la-rrmr data given in Table 1. and showiw the 

following mss spectral ions (Cnq): for (Sa). m/p  2561258 (MHt). llZ (m+-~r) (base ion); for 

(6a). d z  33413361338 (m+). -1178 (m+-Z~r) (bse ion): for (4.a). m/z 178 (m+) (base ion). 

Branination reactions on 2.4diamino-6-methylpteridine (4). and its analogues with 

13~enrichwnt at 2.7.9 (4b). 4.7.8a.9 t4c) and 2.4a.6 (~d) were carried out in a similar m n e r  

but generally on laver scales, yielding product mixtures with the follcwing mjor conpnents as 

sham by l a - m  (see Table 1): for the unlabelled species. the mno- and dibrm products ( 5 )  

and (6), and starting mterial (4) depending on the reaction tim; for the 2.7.9-labelled 

species. the m n o b r m  product (5b) ;  for the 4.1.8a.9-labelled spcies. the nonobrano product 

(5~) and starting mterial ( 4 ~ ) ;  and for the 2.44.6-labelled species. the mno- and dibrano 

products (5d) and (6dl. 
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13~-mriched and Wabe l l ed  Wthotrexate Di-t-butvl Ester. Di-f-butvl W lo-2.4Qiamino- 

p t e r i d ~ 6 - v l ) m e t h ~ r r e t h v l ) ~ 1 1 ~ 0 ~ 1 1 - L ~ 1 u ~ t e .  (Za) - (2d) and ( 2 )  

Ihe product mixture from branination of 2.4-dimin0-6-rrethylpteridine6-~~~ ((a) (see &we) (60 

mg) was heated with di-t-butyl N-(~rrethylminobenzoy1)-L-glutmte (317 (64 mg. 0.16 ml) . in 

dry N , ~ d i r e t h y l f o r m i d e  (1.0 ml) a t  70% for 4h. Ihe product mixture was evaporated under 

reduced pressure af ter  addition of triethylamine (0.5 ml ) ,  and the residue chromatqraphed over 

a short mlunn of thin-layer chromatography grade s i l i ca  gel  (Merck 60H). After elution of 

unreacted m t e r i a l  (4a) with chloroform. fractions eluted with 5-105 rrethanol in chloroform were 

concentrated and washed several tirres with water to rerave triethylamine hydrobranide. Ihe 

residue obtained on rerroval of solvent w a s  dried under vacuum t o  give m~thotrexate-6- '~~ 

di-t-butyl ester (Za) (40 mg, 0.07 ml) a s  a yella,  solid. Methotrexate di-t-butyl ester ( 2 ) .  

and its analcgues with 1 3 ~ ~ r i c l m e n t s  a t  2.7.9 (2b). 4.7.8a.9 ( 2 ~ ) .  and 2.4a.6 (2d) were 

synthesized in the same manner, with additional plrif ication of the three labelled products by 

preparative thin-layer chl-omatagraphy over s i l i ca  (Merck GFZS4). The nnr and chenical ionization 

m s s  spectral data of the products are shown in Tables 1 and 2. 

Kethotrexate (1) .  Methotrexate-6-13c ( la) .  M e t b o t r e ~ a t e 2 . 7 . 9 - ~ ~ ~ .  (Ib). Methotrexate-4.7.Sa.9- 

13c4 (1c) and mLetll0trexate-2,4a.6-~~~. (Id) 

A solution of r r e t h o t r e ~ t e - 6 - ' ~ ~  di-t-butyl ester (2a) (32 mg) in trifluoroacetic acid (1 m l )  

was stood a t  room temperature for 20 min. and then evaporated under reduced pressure. ?he 

residue was dissolved in diluted aqueous m n i m  hydroxide and the @I adjusted t o  5.  After 

cooling to 40C overnight the suspension was fi l tered.  The f i l te red  yellow crystals were washed 

with cold water and dried in vacuum t o  give ~ t h o t r e x a t e - 6 - ~ ~ ~  ( l a )  with m/z (NH3) 456 ( ~ l + ) .  

438 (Mfi-H20), 221 (W'), 281 (BG). 263 (ffi-H20), 178 (P), 169, 164 (G+NH~'). 152 and 151 (8 ' ) .  

147 (GH+ or NH2p OD + NH4+) (base ion). 130 ( + h l i 3 C W ~ )  and 108. Methotrexate (1). and - 
I -? 
CHzCWzCO 

I I 
~2CHzc3 

its analques with 13c-enrichment a t  Z,7.9 (lb), 4.7.8a.9 (lc) and 2.4a.b (Id) were pre&red in 

a similar m e r  from the correspnding di-t-butyl esters in 60-905 yields. Methotrexate- 

2.4a.6-13c3 has mln (MIg) 458 (Mit). 440, 329, 281. 263, 180, m, 164, 152, m. N (base 

ion), 130 and 108. 
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