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£ o AZL methotrexate 742l diethyl N-[4-{[(2,4-diamino-6-yl)methyl]-amino} benzoyl]-L-glu-
tamate(10)-2 §433}7] $15}ed p-nitrobenzoic acidE chlorinationdt th& L-glutamic acid®} couplingd}i.
o] & esterificationdt ¥, #3} methylationA]#] diethyl N-(4-methylaminobenzoyl)-L-glutamate(7)E &
Azttt o] 3M3HEA(7)S DMF EA13}o| A NaH$} allyl chlorideZ 7}13}od allylationdt ©}-& «]7]o] IN;
addition ¥k3-2 2 diethyl-p-[N-(2-azido-3-iodopropyl)-N-methyl Jaminobenzoyl-L-glutamate(9)2 ¥4 3}$]
t}. o] 3}3HE(9)& 2,4,56-tetraaminopyrimidine hydrochloride®} cyclization*]# methotrexate diethyles-
ters <ok

ABSTRACT. New synyhetic method for diethyl N-[4-{[(24-diamino-6-yl)methyl]-amino}benzoyl]-L-
glutamate(10) which is an intermediate of methotrexate is described. p-Nitrobenzoyl-L-glutamate was
obtained via a two-step sequence which involves condensation of p-nitrobenzoyl chloride with diethyl-
L-glutamate and Fischer esterification reaction with ethanol. Reductive methylation of diethyl-p-nitroben-
zoyl-L-glutamate were carried out by reaction with formic acid and paraformaldehyde in the presence
of PtO, catalyst and yielded diethyl N-(4-methylaminobenzoyl)-L-glutamate(7). It was followed by allylation
and iodoazidozation to give the diethyl-p-[ N-(2-azido-3-iodopropyl)-N-methylJaminobenzoyl-L-glutamate(9).
The cyclization reaction of compound(9) with 2,4,5,6-tetraaminopyrimidine was carried out by intermole-
cular nucleophilic substitution to give the desired methotrexate diethylester.
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trexated] 33EEo] dREL Ax|stz vt Scheme 1. Enzyme binding of folic acid
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Scheme 5. Cycloaddition"i] 2] g} Pteridine®] AA =,
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%-9] why 3} Hassner® 59 up-& o] &slgc). &
olefine<ll iodine azide® #H7}A]7]& HF-go & ol
71statd e 2 A= Q] transaddition 888 U0 A
iodine- primary carbondl] £ Fvh= dele]
o}sle] tetraaminopyrimidine} cycloaddition ¥H$-
Aestaat gl & Aol A gAdstnz} e
FE59 AR E o2 Aot
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4 #H
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A]eF2 Aldrich MEFg 22 A3l RE
Svile dub A|RES ASF3AG 22 AMgst
k. §3% #3& Thomas Hoover melting point
apparatus-& Alg£3leion] 25 wxe 51z okgirh
NMR-2 Varain T-60# Bruker AM-400 FT-NMR %
o]-4-3}¢1 2™, infrared spectrum-& Bruker Co. IFS
66 FT-IR spectrophotometer2 A}-&3lo] d¢jcl.
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2,4,5,6-Tetraaminopyrimidine sulfate®(5)2] £,
E. C. Taylor’ 52 uho] oJsfr AT 246-
triamino-5-nitrosopyrimidine(4) 15.4 g(0.10 mole)-&-
AcOH &9 60 m/ol| 7}5led 4812171 c}-2- 50 psi2)
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T4 7Rdstel] 36217 F3t W AR o 7)sie
3%t oJ Yo BaSO, 23.3 g(0.10 mole)-& EF/-< 50
m/ol] 88| T84 rsted Ybabd e A
el 9 H3HE 11.0gS Atk

T8 45%

mp. : 300°C

IR(KBr)cm ! : 3490~3120(NH,), 1645(C=C)

UV Amae nm(eX1073), 01N NaOH : 204~205,
270~275

Diethyl-p-nitrobenzoyl-L-glutamate(6)2! £4.
K. Landsteiners} E. Fisher 5] ul#*~o)] 9|34
4%+ p-nitrobenzoyl-L-glutamic acid 45.9 g(0.16
mole)& ¥4 ethanol 150 mioll &3]A17]%, ice-
bath 3}l HCl(g)& 1.5417} £<} bubblingdt ©}
<, Aol 5A17F Fot #RA17) 2 et FEEy]
ice-bath Y 7}3}lell A 14% NH,OH &ojo 2 pH72
ZAst AA SAFEE A9k ol FFHFE A
A3 o CHLLE AZA3I 2 ZAzste 99 3
3E 450 g2 AUtk

581 75%

mp. : 90~92°C

Lit®: 91~92°C

IR(KBr)em™!: 3300(=N-H), 1720~1740(C=0),
1640(C=C), 1540(NO,)

"H-NMR(CDCl3)8 : 1.3(m, 6H, 2-OCH,CH3), 2.2~
2.4(m, 4H, -CH,CH,CO), 4.2(q, 4H, 2-OCH,CH,),
4.8(t, 1H, NH-CH=), 8.1(d, 2H, -C:H,-), 8.2(d, 2H,
-CeHa)

Diethyl N-(4-methylaminobenzoyl)-L-glutamate
(Mel B4, Acetic acid 20 m/ol| diethyl-p-nitrobe-
nzoyl-L-glutamate 10.0 g(0.03 mole)E 7}3le] &3l
A1Zl o} formic acid 30 m/®} paraformaldehyde
100gs 7isted wukst A PtO, 06gS %4
718 ohe 45psiel A 7Ratebell A 244)17F EqF
e S EE 3ol SR F NH,

OH 492 F33% ohg W3l AA =&
433k opA] MeOHZ AZAsto] 919 3iHg
737g% B9k

& 79%

mp. : 139~141°C

IR(KBr)em ! : 3380(=N-H), 1740, 1722(C=0),

1630(C=C), 1625(CONH), 1500(C=C)

"H-NMR(CDCl5)$ : 1.2(m, 5H, 2-OCH,CH3), 2.3~
2.6(m, 4H, -CH,CH,CO), 3.0(s, 3H, N-CHz), 4.17(q,
4H, 2-OCH,CHa), 4.7(t, 1H, -NH-CH=), 6.6(d, 2H,
-Ce¢Hy), 7.6(d, 2H, -CsHy-)

Diethyl-p-(N-allyl-N-methyl)aminobenzoyl-L-glu-
tamate(8)2] £14. Dry-DMF 25 mlell diethyl N-
{4-methylaminobenzoyl)-L-glutamate(7) 4.0 g(0.01
mole)& 7}3L2 NaH 1.2 g(0.05 mole)& a4 20
7 Zhslede). o]ol4] allylchloride 2.9 mi(0.04
mole)& 7}8}3L 80°Cell A 64]7F E4F uk-g-A)7] o}-L-
o #atdc) f53 S48 Ay 5 F FFr
100 m/¢} CHCL; 200 miE 7}slod 2= 23t o
MgSO,2 ZAZA)7IT 33 F&3te] A4 31§E
379g& 2tk

& :85%

KR(KBr)em ™! : 3380(=N-H), 1740, 1722(C=0),
1630(C=C), 1625(CONH), 1520(C=C)

"H-NMR(CDCl5)5 : 1.2(m, 6H, 2-OCH,CHy), 2.1
~2.6(m, 4H, -CH,CH,CO), 2.98(s, 3H, N-CH,), 4.2
(g, 4H, 2-OCH,CHy), 4.8~5.7(m, 5H, allyD), 6.5(d,
2H, -C¢H,-), 7.85(d, 2H, -C¢Hs-).

Diethyl-p-[ N-(2-azido-3-idopropyl)-N-methyl ]
aminobenzoyl-L-glutamate(9)2| #H4. Acetonitrile
30m/ £ sodium azide 4.34.g(0.01 mole)2- 7}
3} ice-bath el 4 —5~0°CE& fA31H A iodine
monochloride 3.25 g(0.02 mole)2 713 208 S
makgich 23 o7)ef HellA A 33HE(8)
4.34 g(0.01 mole)& acetonitrile 30 mlel] £-3§A]71
49L& 157 ¢ 234 droppingdt o} 4]
e 2504} 308 F3F wubEl Ao 4] 154]7F
Eot wutetedc), Wl Z2{F 30 mie}t ether 90
m/E AHE-3te] &3 5% sodium thiosulfate

T8 0 mlE 7FEte] ohA] F 2]’k kg Na,S0O,
2 AzA 712 3} w53 219 44 3gE 4.30
gs gt

8 67%

IR(KBr)em ! : 3380(=N-H), 3030(=C-H), 2980,
2860(C-H), 2120(N3), 1740, 1700(C=0), 1600, 1500
(C=0)

'H-NMR(CDCl5)6 : 1.4(m, 6H, 2-OCH,CH.), 2.1~
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29(m, 4H, -CH,CH,CO), 29(s, 3H, N-CH,), 2.8~3.1
(d, 2H, -CH»-I), 3.0~34(quin, 1H, -CH,-CH-CH,),
4.3(q, 4H, 2-OCH,CHj), 6.6(d, 2H, -C¢H,-), 7.96
(d, 2H, -C:H,-)

2,4,5,6-Tetraaminopyrimidine 2} diethyl-p-[ N-(2-
azido-3-iodopropyl)-N-methylJaminobenzoyl-L-glu-
tamate(9)2| cyclyzationof| 2j2} pteridine(10)2} &}
M. 2,4,56-tetraaminopyrimidine sulfate(5) 1.70 g
(0007 mole)ell FF4 100miE 7}eka, of7)e)
BaCl,-2H,O 1.74 g(0.007 mole)& =75 30 mlo]
433 Z1& 71’ obg AL7)F ShellA 75°CE 15
A|7set wrkskedet o] &g o3}ste] barium
sulfate® A3t o4& 743}t ¥53t DMF 30
mlE 7}be] o} Al 79t 553 o} L-dysteine hy-
drochloride 1.12 g(0.007 mole)-S 7}3}3 triethyla-
mine& 7}3te] pHE 9.5 o] 4o 2 ZAHFIt) of7)q
3}H31E(9) 3.90 g(0.007 mole)& ether 100 m/of £
A7 §A-& o7k 1x)7F o4 droppingd th
—5~10°Cell A 6X17F wuksldch. ehAl Aboil 2] 24
A|ZHEet WUk 40~50°CellAl 14]7F HE--A]7)
o2 0,2 64173 F< bubblingdle WAL A
HFHES At FFFE A3 FI19E Al
AR} 28] 3L ether ¥ ethanol ~2.2 A& 3}a1
AzAA AL x4 A 3HEE 4k o &
DMF 50 mle] &3t 284 EHE of3tslo
AAG o5 Aol GRS 7}t 23
oAde B ¥FT F IHFE Jh] 0¥
2Zuhsty AR 1A eSS A3 v FHFT
ether?} ethanol &£ 2 A #3lx P,0; &3}l 4
et Axste] =3 A S 1.0gE Ik

T8 :28%

mp. : 201°C

IR(KBr)cm ! : 3320~3190(=N-H), 1730(C=0),
1615~1600(C=0, ester C=0), 1620, 1450(C=C)

'H-(CF,COOD)% : 0.8(m, 6H, 2-OCH.,CH3), 1.6~
2.0(m, 4H, -CH,CH,CO), 3.0(s, 3H, N-CH;), 3.6~
3.7(q, 4H, 2-OCH,CHy), 4.21(t, 1H, NH-CH=), 4.8
(s, 2H, -CH,;-N=), 7.2~74(q, 4H, -C¢H,-), 8.3(s,
1H, pteridine ring C;)

UV Agar, nm{eX1073), 0.1 N NaOH : 257.55, 302,
372
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Mass Spectrum : m/e(parent), 510

Analysis, calculated for C,;HyxNgOs(M. wt. : 510.61)
C, 5645; H, 6.04; N, 22.39; O, 1598
Found : C, 54.46; H, 5.95; N, 21.60

dxt % o

# M. Methotrexated] zt F7¢Alel 3 A4
2= Scheme 3~5°) eplch. FLEAQ die-
thyl N-(4-methylaminobenzoyl)-L-glutamate(7)24-
B AT 3HE@) iak IN; A7puke g0
=ttt} Hassner®9] H.i1ol] 2]3}9 olefine 313152}
NMR spectrall 4] iodo groupo] Eo]¢J+ secon-
dary carbon-Z § 3.9~4.19 4] azido groups] 4+
5 32~35¢4 vleldi?, primary carbonel] ¥of
e Fae 8 314dAM Jehgrh delld A7
313HE(9)9] 7% terminal olefinedl] IN,Z H7}g
HF-3-ol| 4] terminal carbonel] )& Av(-CHyI) &
29~31% vEytor ol Biwl g UxFch
=g N; group?] F4E § 3.0~34¢ vehyc)

ze]a o] 3HgHE(9)e] 24,5,6-tetraaminopyrimi-
dine hydrochloride$} ®h3-31¢]-2- wf pH9.59] <
714 ZA sl A 2,4,5,6-tetraaminopyrimidine 2]
] 9§714e] 77 Cs-NH: groupe] £& o|g7|al
Nso} ZAgtsl sA(C-Ny9t w8l Co-NH, group
2 jodine® 7ZEE methylene(-CH,-I)7} wF-2-5}e]
tetrahydropteridine?! F7talE AJAQ3le Zul=z
37158 Abael ofsf AbstE]e] A diethyl methot-
rexate® A4 =}k 22)n $ukge pHE =
Ao 2 AAY & 3low, G744 2434 o
oA =3k 3}3HE-2) NMR spectrag 29 § 83
A4 C.8 1H7} vepdg & & sk skt G
1H o]z} 1R} upfieldel § 7.9 o]3oll A Yepd
Rolt}, 2y, ¥+ = jodoazidozation ¥F-3-F
sl A] Bajurgor ofsge] wWgtorn 282
%9 & $5ES A9tk

=3 MTXE $Adshs 22 AYSo] M=
sl AR F8.8 £7HA9l 31E(7)2 methyla-
tion ¥F-3-ol glojA] dimethyl2 =& o8 uf-To)
oj2] A& x4 N-methylationd A)Zch 28]
v B A7l A& formic acid$}t paraformaldehyde
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3 PtOye AH4-g F23hhg o2 A methyla-
tions &= MZE whg-e /eaidrt £ allyl”]ell
IN,E #7}sled cyclizationdh= Hassnere] W&
MTX el Zg3le F& AAE 2ok 23y
o] < Montgomery 59 el ®lsle] =7
A= edeiar Bt cyclization ¥H-5-2] 4=&o] 71d]ell
n]x)z] Esh= Aol MTX &4 2 A9
ojaig wEe M2 FA el AY £70)
A= olob gcha AztEe MTXE 2hes A28
Algo] RHWFo] glo.ng I AL wE Ajduel
Bustuzt g

el 8 & #
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