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Abstract: Three types of reactions of a-substituted malonates, difluoromethylation. 
alkylation with n.n.n-trifluoroalkyl sulfonates. and Michael addition to 2-substituted- 
acjlatee, conveniently afforded a-number of fiuorine-containing a-amino acids such a5 
pfluorinated-alanines, P-amino-n,n,n-trifluoroalkanoic acids, and fluorinated glutamic 
acid5 as well as other r-heteroatom-substituted rrlutamic acids. Here. an eflicient 
enxymatic optical reaolu6on using hog kidney acyla& was conducti to obtain both optical 
isomers of 2-amino-n.n.n-trifluoroalkanoic acids. In addition, a novel sulfoxidc rearrange- 
ment was observed in. a base-catalyzed reaction of dieth 
malonates. Finally, a- and psubstituted glutamic acids o z 

I~adifluorome thyl-a-sulfoxy- 
tained were used for chemical 

modification of the antitumor agent methotrexate to reveal remarkable structure-activity 
relationships. In particular, the significant effects of fluorine substitution on the in UIUO 
antitumor activity were observed. 

Although some naturally occurring halogen-containing amino acid5 have received considerable atten- 

tion as chemotherapeutic agents,2 no fluorine-containing counterparts have been found in nature.3 Never- 

theless, recognition of their wide potential utility has led to the synthesis and biological activity evaluation 

of diverse types of fluorine-containing amino acids, as has been widely documented.4 Kecently, some fi- 

fluoroamino acid5 have attracted particular interest owing b their medicinal utility as irreversible or 

suicide inhibitors of certain amino acid decarboxylases of physiological importance.5 Given this concrete 

evidence for their potential utility, fluoro-amino acid chemistry seems to ba increasingly penetrating into 

the field of amino acid and protein chemietry.5 However, there still remain many synthetic and biochemical 

challenges. These are, for example, development of synthetic method5 for conveniently introducing fluorine 

into the specific positions on amino acids7 or for practical asymmetric synthesis,5 a5 well as discovery of 

efficient chemical modification strategies or drug design59 by taking advantege of the various unique 

feature5 of the fluorine atom. 

Our previous studieslo in this field covered the synthesis, conformational analysis, and evaluation of 

biological activitites of cryrhro- and fhrec+34luorophenylalanine,l~ their derivative5 such as l-fluoro- 

dehydroxylated chloramphenicol analogslob and N-acylated 3-fluorophenylalanine estem,lk a-difluoro- 

methyl-glutamic acid.rM and 3,3-difluoroalanine.1~ Continuing our work, we did the present study on the 

synthesis and evaluation of antitumor activity of a- and r-substituted methotrexak analog5 on the baais of 

the following modification strategy. 

Chemical modification of the antitumor agent methotrexate (hITX) remain5 important in the search 

for more clinically useful analog5 to treat cancer patients, particularly those displaying drug re5istance.I 1 A 

recent modification strategy was directed toward the gIutamic acid moiety in order to develop less toxic 

analog5 for use in high-dose treatment.1 1 A few studies have already been attempted based on the idea that 

acidity enhancement of the T-carboxylic acid group might diminish the in UIUO polyglutamate formation and 

hence lower its toxicity.12 We thought that introduction of the most electronegative element, fluorine, into 
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this moiety, should significantly enhance the acidity of the carboxylic acid group and hence diminish the 

toxicity of MTX.la In this full paper, we wish to report the synthesis of MTX analogs, la-lg, containing 

various r-substituted glutamic acids such as fluoro-, methyl-, amino-, hydroxyl-, and methylthio-substituted 

ones as well as two a-substituted ones and the evaluation of their m mtro antifolate and rn vwo antitumor 

activities. One of the principal objectives of this study was the synthesis of a-amino acids, particularly 

fluorine-contnining ones, for the modification of biologically active amino acid derivatives. Another 

objective was to find the substituent elTecrS of glutamic acid on the antitumor activity of MTX. This 

biological portion of the study clearly showed how nonnatural amino acids, like fluorine-containing ones, 

can be used to modify biologically active amino acid derivatives to shed light on their structure-activity 

relationships or action mechanisms. 

Chemistry 

HESULTS AND I~ISCUSSION 

As summarixed in Scheme 1 and Table 1, amino acids were prepared in this study by three dilTerent 

reactions of diethyl a-substituted-malonates 2, namely difluoromethylation (Method 1). alkylation with 

n,np-trifluoroalkyl sulfonates (Method 2), and Michael addition to ethyl 2-substituted-acrylates (Method 3). 

Since these synthetic methods have many literature precedentsl3. only the novel observations are described. 

For descriptive convenience, these syntheses are separated into two parts, one for fluorine-containing amino 

acids and the other for other heteroatom-substituted ones. 

Preparation of Flwrmwnmo AC& 

We have previously reported on the synthesis of p-fluorinated alanines (4 and S)lh and a-difluoro- 

methyl glutamic acid (7b and 24g)lm via fluorohalomethylation of amino malonaks, 2c and 2d. and the 

Schiff base of dimethyl glutamate 6a. respectively. Along with this line, the reaction of sulfur-substituted 

malonatea. 2g and 2h, with difluorocarbene was studied this time in an attempt to prrpare a versatile 

synthon, diethyl difluoromethylenemalonate 8a, for the synthesis of some other fluoroglutamic acid deriva- 

tives as shown in Scheme 1. Upon treatment with potassium tertbutoxide, the carbanions generated from 

2g and 2h reacted with difluorocarbene at 10” to give the desired difluoromethylated producta (3d and 38) in 

42% and 19% yields. respectively. Here, the yield of the reaction significantly decreased in going from 2g to 

2h. Replacement of the malonate counbr cation of potassium with sodium also lowered the yield of the reac- 

tion from 42% to 25% in the case of 2g. The diminished nucleophilicity of the carbanion probably lowered 

the yield of the reaction. The resulting products 3d and 38 were then oxidized to the corresponding sulf- 

oxides 9a and 9b in high yields, reepectively (See Scheme 2). Unfortunately, the attempt to obtain diethyl 

difluoromethylenemalonate 8al4 from their thermal cis elimination failed, probably because of the signifi- 

cantly decreased acidity of the P-carbon atom by incorporation of two fluorine atoms. Treatment of both 

sulfoxides with triethylamine at 0” in dichloromethane gave unexpected products, defluorinated and sulfur- 

migrated vinylsulfones 13a and 13b in good yields. The structure of the sulfone 13a was identified by 

comparison of its spectral data with those of the authentic sample prepared by addition-elimination of 

Table 1. Methods and overall yields for amino acids obtained 

CC.mpJnd Yield .Methd Compound Yield 
(B) 

Method 
(8) 

FzCtl5HCO?H (4c) 36 I F tiF1 

,uH2 Ctl&CCHgCH2~CO#is (7b) 38 1 

FCH =CiC&H 
(6b) 23 I 

NHJGTf 

stico2ctt~ccI~ 

CP&H2~tiC~ti 

NH2 
(19a) 

CFaCHzCH$ttC%H c2t,aj 

Ntl2 

t1&CiCttCH2FIICO~tl (~a~ 70 3A 

36 2 F h’H2 

tloqxCti,~tiCog (uc) 
63 3A 

46 2 NH2 NH2 

CY&H+X~H+ttC&H 
(2la) 4g 2 

NH* 
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s&W 2. (a) CHUFz.BHanHF. (b) m-CF’8AJH2uI. (c) Refl I” Xylene-Norborned~rne. (d) Et3PUCH&l,, 0. (e) Et,WCCI,. r t 

Fof all: R, I COICH2Cbi~ 

for2 g: RJ - CH) 
h: It2 . C& 

For 3 d: RI - CHJ 
0. RI = C& 

for913 . R2 = CH) 

b RI = CA 

methyhnercaptan to diethyl chloromethylenemalonate followed by oxidation with m-chloroperbenroic acid. 

An this reaction appears to be rather new and of mechanistic interest, we propose here a possible mechanistic 

rationale invoking two successively formed carbene and three-membered cyclic sulfoxonium ylide inter- 

mediates, 10 and 11, as shown in Scheme 2. In this peculiar sulfoxide rearrangement, the ylide intermediate 

11 would be collapsed by protonation and nucleophilic attack by water to give the vinylsulfonee. 13a and 

13b. Here, a change of reaction conditions, e.g., higher temperature and the use of carbon tetrachloride 

instead of dichlorometbane, led to the formation of two additional products, diethyl fluoromethylene- 

malonate 8brs as the major one and diethyl difluoromethylmalonate 16 as a minor one. besides a small 

amount of the original sulfone 13. They may have been competitively formed from the intermediate 

carbanion 14 as depicted in Scheme 2. Here, ae 8b wan fragile on aqueous work-up, its isolation from the 

reaction mixture was unsuccessful. We finally abandoned this route for trying to prepare nome other 

fluorine-containingglutamic acid derivatives. 

We next found a convenient synthesis and method of optical resolution of a few 2-amino-n.n,n- 

trifluoroalkanoic acids 19.16 20. and 21.17 Previou8ly. the preparation of thm amino acids, particularly, the 

former two, has required rather tedious procedures. In our method, the carbanion generated from diethyl N- 

acetylaminomalonate ‘da in THF was treated with 2.2.2~trifluoroethyl trifluoromethanesulfonate l&OTf 

(abbreviated aa triflate hereafter). Trifluoroethylation proceeded smoothly to give the desired diethyl a-(N- 

acetylaminoba-(2.2,2-trifluoroethyl)malonate in the isolation yield of 46.1% (see Table 1). However, the 

reaction did not proceed with the (p)-toluenesulfonab (abbreviated aa tosylate hereafter) or with the iodide. 

Hydrolysis and decarboxyiation of the alkylation product easily afforded 2-amino-4,4,4-trifluorobutanoic 

acid in 36% overall yield. The same reaction was tried with one methylene elongated 3,3.3-trifluoropropyl 

tosylate in either DMF or THF but only resulted in the formation of complex producta including a small 

amount ofthe desired product. Possibly, the malonate base might have caused decomposition of the tosylate 

by abstraction of the P-hydrogen. In any event, elongation of one methylene chain was insufficient to 

overcome the strong inductive eITect of the trifluoromethyl group. Thus, the reaction was examined again 

with the triflate. The reaction proceeded smoothly to afford the desired alkylated product in 54% yield. This 

was converted into 20a in 46% overall yield. Elongation of two methylene chains. on the other hand. altered 

the reaction, allowing it to easily take place with 4,4,4-trifluorobutyl tosylate 18 and thus 2-amino-6,6.6- 

trifluorohexanoic acid was conveniently prepared in a yield of 49%. In this case, the iodide has been known 

to afford the same amino acid in 35% yield.48 

For optical resolution of these fluorine-containing amino acide,ta enzymatic resolution using hog- 

kidney acylaseto was taken with their N-acetylated derivatives. 1Bd and 21d. The resolution was highly 

efftcient and both L and n-isomers were obtained in excellent chemical and optical yields as summarized in 

Table 2. An exceptional case was hexafluorovaline which totally resisted the enxymatic resolution, a8 was 

previously observed alao.6f Despite this limitation, we consider that the present route can be used as a 

convenient and practical method for the synthesis of optically active 2-amino-n.d,n-trifluoroalkanoic acids. 

It should also be possible tu use 2.2,2-trifluoroethyl- and 3,3,3-trifluoropropyl tiflates, 16OTf and IT-o’ff. 
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Table 2. Enzymatic optical resolution of 2-aminc+npp-trifluomalkan0ic acib 

C-pouDd 
Sqmdoion yield (+I IulD k, 4 N HCI) 

HPU: uul* 

(L) ab) (L) CD) Ret. time (min.) Blwntd Pbr rate 
(L) (D) (Vol. %I (mVmin) 

1W 97 92 
+llfO.Cs -493lo.4 

k 1.00) cc 1.09) 
6.49 6.H WI0 1.w 

Sld 98 97 
+ 18.3 f 0.6 -16.6fOB 

(c 1.02) k 1.02) 
Il.01 7.64 9WlO I (Yl 

ATFL 93 94 
+132f05b -147fObb 

(ClOO) (e 1.01) 
a.72 8.06 8W20 I.011 

AHYV Not upuat4d 

0 Tba (~knantiwner wan obtrined pmviowly by Y. Wayguxlotal., andrhmo& [@#r -8.9 (c 16.4,l N HCI); much kwrr 
m.p. 189.6-190 5’ Sea: W Se9lich. H.-C. Heininger. H. LkoracJtak. and P. Wcygand.A~ew Chcm. Int. Ed. Eq~l, 1967,B. 807 

b These *ahma are for the mixr~rrr of (4Jt)- and MS9M1a&rwmm. Par compkwprrrCion Ork Lomerr: See T. T-hi. A 
Kawara. S. Watanabe. Y. Oki. H. Pukuabima, Y. Kobayaahi. M. Ok&a. K. Oh&and Y. lit&a. Tct~~A&~nf~u.. 1986,27,5117 
and referencea cited therein 

c Thaw snantiomem repwaked -em determined to k optically pars u$ing the tdehnigue of l chirsl wlvrnt-generaled phuc 
Sa mf. 33. 

d The elucnt ryskm used ir 0.5 mM Cu(OAc)?-I mM (Lb-YheJMctOH at pH 4 5 and tJ~he column 160 mm x 4 6 mm.+ Nucleosil &le 

as an alkylating agent in the a-amino acids syntheses which involve the alkylation of glycinates as a key 

step.b-b At present, we am conducting a study on the use of these fluorine-containing amino acida to modify 

biologically active ohgopeptfdea; the results will be reported in the near future. 

Pnparalron of y- and,aSubsttiuhd Glubmc Acids 

A variety of y-heteroatom-substituted glutamic acid derivatives rucb ae methyl-, amino-, hydroxyl-. 

fluom. and methylthio-substituted onea 23 were eyntbeaixed either by Michael addition of diethyl a-(N- 

acylamino)malonates, 2a and 2e, to ethyl 2-substituted-acrylat 22 or Michael addition of diethyl a- 

rubstituted-malonates 2 to ethyl 2-(N-acetylamino&rylate 22b M shown by Method 3 in Scheme 1. The 

former procedure was applied for the ayntheaia of the adducb Was, af, bc. ea. and ed), whereas the latter 

was for the adducte 23lab, fh, and gb). Hem, an in&mating observation wan made in the preparation of y- 

hydroxyl-substituted glutamic acid derivative 23ac. Previously, this compound was prepared by the mac- 

tion of ethyl 2-t-butyloxy-3chloropmpanoate witb 2a.m We found that when the reaction was carried out at 

higher temperature, it proceeded, though in low yield, aa a Michael reaction of ethyl 2-tbutyloxyacrylauz 

22c which was formed by the abstraction of hydrogen chloride from tbutyloxy-3-chloropropanoate (see for 

details the Experimental Section). Therefore, we speculated that a-acyloxyacrylates such as 22d, which 

could be easily derived from ethyl pyruvak would mom easily undergo Michael reactions. As expected, the 

maction with 26 proceeded amoothly under much milder conditions to produce the adduct 234 in 70% yield. 

Hem, as enol pyruvates are usually known as nucleophilea in biogenetic ma&ions, thin ma&ion is a contrast 

to these biogenetic ones and may be of synthetic use.21 On the other hand, as for ib nitrogen counterpart, 

ethyl 2-(N-acetylamino)acrylate~2 has been well known a8 a common Michael acceptor and is used in tbia 

work as well. Themfom, these two cases may clearly indicate that if properly masked by acylation, acrylates 

with electron donating a-substituents can be easily converted into Michael acceptors. It is aleo noteworthy 

that despite both the electron-donating effect to g-carbons (in this case, the y-carbon) and the a-carbanion 

destabilixing effect of the olefin-attached fluorine atom, ethyl a-fluoroacrylate 22eU acted as an efficient 

Michael acceptor to produce the adduct 23af in a good yield, as pmviourly mported by HudlickyJb (see alao 

the Experimental Section). All these adducts 23 bemtofom prepared wem isolated either as primarily 

formed linear producta or secondary formed cyclic ones. They were all smoothly converted to the desired y- 

substituted glutamic acids 24(a, c. and e) by acidic hydrolyaie followed by decarboxylation. 

Meanwhile, (dl)-o-methylglutamic acid 241 was commercially available and used straightforward for 

the subsequent reactions. a-Difluoromethylglutamic acid Ug was pmpamd by treatment of Schiff base 6 

with difluorocarbene followed by acidic hydmlyaiis as pmvioualy mp0rted.r~ However, it was obtained only 

as a mixture with ita cyclimd derivative. In order to exclusively convert it to noncyclized ester 7b. the use of 

a very strong acid like trifluoromethanesulfonic acid was mquimd to prevent intramolecular cyclixation. 

probably because of the markedly reduced basicity of the amino group. Them glutamic acida obtained wem 

used for the modification of MTX as described below. 
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Pmpamtwn of Mdhotruate Analogs 

By the eswntially same method a8 that of Piper and Montgomery,24 methotmxate analog8 l-(a, c, e, f, 

and g) bearing the I-fluom, r-amino, y-thiomethyl, a-methyl, and adifluoromethyl sub8tituenb. respective- 

ly, were prepared 8tarting from the comsponding free glutamic acide, namely, in sequence by esteriffcation. 

N-benxoylation, cdndensation with 2,4_diamlno-g(bromomethyl)_pteridine, and alkaline hydrolysis (see 

Path A in Scheme 1) (for experimental detail: 8ee the Experimental Section).lm Analog8 1 b and Id bearing 

tbe r-methyl and the y-hydroxyl group, nspectively. were prepared in another way. Here, the Michael 

adduct8, !&a and 234, were directly converted, without hydmly8i8 b free amino acid8 a8 in Path A, b the 

p-r esters, 27b and 27d. by deprotection of the amino group followed by wndenbation with 2,4- 

diamino_6(bnrmomethyl)pkridine. Mildalkaline hydrolysir of them eaters followed by decarboxylation led 

to the final producta, lb and Id. bearing the glutic acid moiety. Thir roub ha8 8ome advantages over 

Path A. Nmt, it make8 the sequence somewhat shorter by usfng the substrate. 4-[N-(benzybxycarbonyl)- 

methylamino]benxoyl chloride, a8 a wnden+ation rubetrate a8 well a8 a8 an amino-protecting group. Second. 

if it is applied to prepare the amino-eub8titut.4 analog, lc, the troublesome problem of the double acylation 

encountered in Path A can be circumvented. 

From both Path A and B, the final y-substituted product8 l-(a, b, d, and e) were obtained a8 a mixture 

of four diartemomeric and enantiomerlc isomers but they could not be wperated. In our initial attempts, 

separation of diastemomers eventually went well and two pure precumor esters were obtained in the amino 

and the thiomethyl C(WB. 2.6~ and 268, a8 described in Experimental Section. However, in the subsequent 

hydrolysie, they did not give the comsponding pure free acids. lc and le, because with the thiomethyl caBe. 

a very facile epimerixation took place on the r- carbon to produce an equilibrated mixture of the product le. 

and with the amino ca8e, an intmmolecular cyclization occurred between the y-amino and a-carboxylic 

group to yield a pyrmlidone derivative. With other c88e8 also, tomplete Beperation of the two dia8tereomers 

was very difficult and only partially seperated specimens of the methyl- and hydroxyl-eubstituted 

derivative8 were obtained at the final 8tage (8ee Experimental Section). Thus, the in oitru antifolate activity 

and the m UIW) antltumor activity were evaluated with these partially separated specimens. 

Unlike 7-auhtituted producta. a-substituted product8 l-(f and g) were obtained only a8 an enanti* 

merit mixturelw and thus evaluated without separation for these activities. 

Biology 

All analog8 prepared, except lc. were evaluated for the in vitro dihydrofolate reductase inhibitory ac- 

t.iviti& and the in uiuo antitumor activitiefl against various type8 of tumors in mice. In the former euway. 

only free acids were used, whereas in the latter ca8e, either f&e acids or ester8 were used, becauw they 

usually showed almost the 8ame activities. These results are shown in Table 3 and 4 and diecu8md below. 

In Vcfro Antrfolate Actw~fy 

A spectroscopic enzyme inhibition agury was performed in order to determine the relative binding 

affinities of these methotrexate analog8 with two kin& of dihydrofolate reductassa originating from chicken 

and bovine. The conventional method employed for this purpose is described in the Experimental Section. 

Table 3. Dihydrofolate reductam inhibitory activity 

Inhibitor Inhibitory activitya 
(0.03 pM) Bovine liver Chicken liver 

L-MTX 0506 0 50 
la(F) 0.48 f 0.03 0.48 f 0.07 
lo WHsF 0 u f 0.02 0.38 f 0.10 yIx *“\ 

Id (Oll)a 041 f 0.09 0.39 * 0.07 
Id tOI0 0.41 f 0.01 0.36 f 0 04 

‘*‘- lb (CHsY 037 * 004 041 f 007 two ,. F-@,l.“u,. .yHMW-C~,*~~~ 

lb (CH$ 038 f 001 0.34 f 0 06 
11 (o-CH$ 0.38 f 0 06 038 f 006 
lf(o-CHP~) 0.39 f 0 01 0.34 f 0.04 

0 The v~lueo.rarhorn ~mc.n f S.D (n = 3). 
b Value 0.50 meann 50% inhibition of DHC’H 

c+ The diartemomor ratioa of thmo compounds l re aa 
follows.c37,1:dl4 1,~1.22.11:14;I1:21. 
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The ruulta obkned are aummuivd in Table 3. Obviously, all the analogq la-lg. ahowed a potency aim&r 

to that of MTX for inhibiting both DHFRa, although the activities showed a alightly dacmaaing tan&ncy in 

going fran bWX bother derivativea The maul& ware aignificantin the following two aapecta pirrt, they 

verib, for the fm time b our knowledge, a long-atlading apeculadaa~ that enxyma DHFR haa eonrider- 

able tolerance for structural changer in the r-earboxylic acid group mgion of tfse giu&na& moietp because 

the region ie locatmd near the aurface of the pocket of the enxyme. Secondly. the m8ulta auggeat that the 

enzyme may alao have tolemnce to some extent for structuml changer in the a-carbon region of the 

glutamate moiety. 

In VIVO Anlhunor Actruity 

Although the antitumor activities of these analogs were evaluated= against several types of tumors in 

mice, e.g., L1210 and P388 leukemia, Ehlrich carcinoma, B-16 melanoma, and colon 58, the only result with 

L1210 was 8 ummarized here in Table 4. As eeen from the data, lciTX and ita eaten produced the almost 

same excellent increase in life span (IIS value) of 241 and 2368, reapectivcly, at ita maximally tolerated 

dose. On the other hand, 7-sulntituted derivatives. fluoro ln, methyl lb, hydmxyl Id, and methyl&o Is 

ones in this order, ahowed a&Scantly lower ILS, 221% at 640 me/kg dose, 96% at 40 mgkg, 79% at 100 

mg/kg, 49% at 80 mg/kg, respectively. at their maximally tolerated doaea. Here, if we compare these anti- 

tumor activities on the baaia of the ILS values adjusted to the same molar basis (in this case, 1.9 wol/kg 

dose, that means approximately 1 mg/kg), then the order markedly changes to the following one, in d-as- 

ing order of activity, probably in correlation with the increase of electronegativity of the r-subatituent: 24% 

for MTX. 4.7% for the methyl analog lb, 1.6% for the thiomethyl one le, 1.2% for the hydroxyl one Id, and 

0.8% with the fluoro one la9 Obviously, la bearing the most electronegative eubatituent showed the 

loweat antitumor activity. Consequently, these reaulta clearly euggeatud that unlike the tn urlro antifolate 

activity, the rn UIUO antitumor activity was significantly afTeckd by the electronegativity of the r- 

eubstituenta. Of course, this activity change may have been caused not only by electronic eNecta but also. to 

some extent, by steric effecb. 

As a qualitative index for the activity to toxicity ratio, chemotherapeutic indices (CI) of these analogs 

were alao a ummarizud in Table 4. Interestingly, la ahowed the higheat CI value and thus was the leaat toxic 

of all the compounds examined. Ah. it showed an ILS value almost comparable to that of hfTX at ita 

Table4. In UIW antitumor activity aaainst L1210 leukemia in micca _ _ 

Compound 
Survival 

Do& 
Bunival 

(Diutereo. ratio) (m&+hy) ,,\y& 
Survivcn Cl Compound Swvivsm Cl 
z-30 days (Il&Jl&) (Dibreo. ratio) (mg&.&y) *,g;, >30dayr (II&&ll&J) 

10 86 50 Id (OH) 10 35 89 

MTX 
hopropyl aster) 

la(Y) 

:: f 2’ 

tb(CH 1 
(1.2lf 

20 

1G 
20.0 

10 
40 

10.0 
20 0 

10 
40 

160 

1% 

:x 

119 
171 
241 

30 

I% 
236 

~39 

1 

: 
1 

19 

: 
71 1 

3 

20 

25 

6 

(1 .2.2) 
:8 

1: 

le (SCHJ) 10 
(37 1) 

12 

l(k WHJ) 10 
(1.23) 

:8 
loo 

If (OCHJ) 10 
40 

4 

Is WXP~) 10 

g 
400 

>6.3 

180 38 

f la each run. riven BDfl mice (5 rwh, female) were rcrifked to detwmin the 115 valor 
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maxima.Uy tohmtd daw. Conebquently, la may have some favorable fratums for highdoae treatment of 

MTx-ludotflntcan#rr. 

Unlike y-eubatitubrd derivatives. both a-substituted compounds If and lg were very inacthaeshewn 

in Table 4. Surprioingly, both the electron-donating methyl and the electron-withdrawing diiluor~rwthyl 

gmupe m&ted in alnmat complete lous of the in u8W antitumor activity. 

Hem, we pmaent a brief mechanietic interpmtatioa for the results. Recently, Coward, at al. coinci- 

dentary pmpared 7-FMTX at the almost same time aa we did and showed that it is a potent inhibitor of 

DHFR but an exceedingly poor substrate for folylpoly(y-glutamak)synthetase, the enxyrne that catalyzea 

the biosynthesis of the highly retained, cytotoxic ?dTX polyglutamatee and causes meager glutamylation in 

cells.29 In addition, they invoked an acylphoep~ata ion intermediate for this ATP-mediated enzymatic poly- 

gluWnation reaction (see Figure Il.29 These two significant findings indicate that the mmarkable 

substituent effecta on the rn uivg antitumor activity of MTX maiuly reflect the substituent elTecta on the 

cellular polyglqtamation process but not on the inhibitory activity of the target enzyme. The subetituent 

effecta on the polyglutamation may have meulted from electronic and/or sternochemical effects on the 

formation and rtability of the acylphoephak ion intermediate involved. 

As for the a-substituent eGcta, the following two speculations c8n be made. One is their steric mtarda- 

tion of the essential binding of the a-carboxylic group with the enzyme. folylpolyglutamate sy+hetase. The 

other is that the a-substitution caused significant changes in chemical and biological propartiee of the 

glutamic acid moiety and thus markedly decreased the cellular uptake of the molecules. Further study ir 

needed to eqmine these speculations. 

Recently, the.mle of polyglutamation of MTX has increasingly come to be recognized ae. a mejor 

determinant of the cytotoxicity and therapeutic selectivity of MTX m two.30 The conclusion mached from 

the present biological studies on these a- and ~-substituted hWX analogs ia that r-FMTX haa some interest- 

ing antitumor properties despite ita greatly reduced rn VW activity and thus warrants furthur study. 

Experimental Section 

M pa wore determinad’rith a Yanagimoto hot-stage apparatusand are unwrrecti. Unieae otherwIn &ted. IH- and leP- 
NMR were taken on Varian T-60 and EM-360 epectmmetere for WIULIOM in CDCI~ containing 1% TMS and 3% bexalluoro. 
benxene as internal rtandarde. mspcctivelg. and IR spectra ware recorded on a Hitachi 215 grating epectromebr for alutione in 
CHCIs. Mm spa&a were obtained with a Hitachi RMU-6 epectrometar. Rlution chromatography wae carried out on a Merck 
Lohr silica-gel column (type B) using chloroformmethanol (20.1) aa an eluent. The purity and diaatareomer racioe of the final 
product which were wed for biological aseaye were anal4 by mnne of HPLC from Waten aswciatue (Modal 6OOOA pump. 
U6K injector. differential UV d&ector monitored at 2S4 nm. and 300 x +3.9 mm C~~.Bowlapak column) ueing a revema *se 
ryetern with a mobile phase of 15 % CffaCN in 0.1 M NaOAc, pH 3.6 

Preparotron of &ethyl o-dcpuommrlh~l~o-m*~hyll~. and a~phenythio)molonatu. Sd and 3a Into the wdl-otirred ww 
pension of potawium tert-butoxide (181 mg. I 8 mmol) in THY (0.7 ml) wae added at .7F under nitrogen a THY solution oi%g (103 
mg, 0.5 mmoV0 7 ml), and the temperature wae gradually raised to I@ and maintained for 30 min Next, a THP eolution con&in. 
ing cblorodifluoromethane in large excem was added all at once and the mixture w’u kept well stirred for 30 min at room 
temperaturn to complete Uw reaction The ma&on mixture wae then poured into 108 aqueous NH&I. eaturated with ealine. and 
extracted with EtOAc The organic layer was washed with rater three times. dried over MgSO,. llltered. and evaporated in 
uscuo. leaving an oily residue. Chromatography of tbie reridue over Merck rilica.gcl labar column (type B. benren) afforded M 
mg (42%) of the desired product Sd ae an oily subtam. IH.NMUR (CDCI~) 6 I .30 (t. d = 7 0 Hc. 6H). 2.23 (e. 3H). 4 32 (q, d = 7 0 
Hz, JH), 6.32 (1. dHp = 54 6 Hr. IH); ‘eF.SMR fi 37 83 (d, d ,,P = b46Hx.2P);lR2980.292& 1730, 1310.1170, ll4OCfXl~. MS&x 
266(M’). 

In the earns ray. the phenylthio &rlvaLlve 3a waa obwined from 2h in 19 0% yield, IH-NMR 6 1 23 (t. d = 7 0 Hr. 611). 4 17 
(q. d = 7.0 Hr. 411). 6.11 (t. dHp = 53 8 Hz, 1H). 7 17.7 67 (m. SH); leP.NMR 6 36 67 (d. d ,,, = 53 8 HI. 213; IR 2980.1730.1310. 
1170,11~cm~.MSmlr318~M+~ 

Urual oxidation of both 3d and Se with mCPBA in CHsCIz at (T overnight gave the corresponding sulfoxidee. 9a and 9b 
h these rulfoxidw euily dacompoeed on nilica-gel column chromatography. they were wal without purification for the cub 
sequent reactions. Spwtrouepic data for 9s. ItI-NMR 6 1 32 (t. d = 7 0 HI. 3111, 1.36 (1. d = 7.0 Hr. 3H). 2 86 (e.310.4 33 (q. d = 
7.0Hx.2Hj.4 37cq.d = 7 OHZ,2H).6 45(t. 111). IV-NMR633 53-36 OO(onlyfour linmobmned.2Y); IR2960. 1730. 1376.1310- 
1170, 1095. 1070 cm 1; MS mix 274 (hl*). For Qb IH-NMR b 0 98 it. d = 7 0 Hr. 3H). 1 30 (t. d = 7 OHz. 3H). 3.82 (q. d = 7.0 HI. 
2H).4.36(q.d = 7 0 Hr,2H).8 42(t,dH~ = 53 7 Hz, IH). 7 43-8 OO(m. SH) 

Heormngemcti ofrulfortdcr. 9a and Qb. 10 ru~/onylrnrrhylcnr.malonolrr. ISa and 13b The aulfoxidc 9m (31 mg, 0.114 
mmol) diaaolved in 0.9 ml of CH+& waa treati with EtaN (15 pl. 0 1 I4 mmol) at 0’ for 4 h. Next. the reaction ‘I” quenched 
ritb 10% l q NH&I alution and the producta were extracted with CH Cl .J 2 The organic extract was washed with rater. dried 
over Mg!$O4, liltared. and concentrated in uocuo. leaving an oily l ubetance (27 mg, 96%). Thia warn ehorn to k l lmoet pure by ite 
NMR rpectrum and identified aa the title compound 13a by comparieon of the ape&al data with thou of the authentic urnpI@ 
The authentic umple wan prepared by the addition.elimination reaction of mathylmeraptan to diethyl chloromethylena~ 
malonatefollored by oxidation wilh m-CPRA. Spectral data for 12.~ 111.NMRU1.33 (t.d = 7.0 Hx, PHI. 1.36 (t. d = 7 0 HZ. 3H). 
3 09 (a. 3H). 4 33 (q. d = 7.0 HZ. 2H). 4.39 (q. d = 7.0 HZ. 211). 7 32 (a, IH); IR2970.1730, lUO,l370,132S. 1280~1170. 1135 cm I: 
MSmlx261 (MH+). 
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‘NW pbsnly-sut*Li~uted dorhdve 16b wu da obtained in lhonnu way u l&. Spectral Ltc for u): lH-NMR 8 1.28 
(1. J = 7 0 Hz. 3H). I 41 (1. J = 7.0 Hr. 3H), 4.24 (q. J = 7.0 Hz. 2H). 4.42 (q, J = 7.0 Hz. W), 7.19 (a. 1H). 7.408.06 (m, 6H); IR 
3030,2970,1730.1440.1370,1330.1280-1170.1160cm t;WSmlr313(YH*). 

Diethyl flwroma~Aylmtm&~ 8b and didhyl di&ro~thylmdaml~ 16. 9m (62 mg, 0.191 mmol) -u diaolved in 
Ccl4 (0.6 ml)at room v and Ln*rsd rirh Bw (26.7 pi, 0.191 mmol) 5x 2 h Tlw tH-NMR -lo dti solution 
provulr&f-rionof8bbth4~~uc~tbe atrwtumdrhichruidentifiadbycoarprim dila~da~~iththm 
of the authmtk un&. Tba authu~tic mmp& UY w by thr ~on*lim~Lirn react&q ofch~ylewmmlote 
with KF.16 The rpctrum ala CoalLmrd Uwminorfuuntks doe&n Ik. Baidm thrr. tro peedue@ UN t*F-NYRsputrum 
of thii mixture rum f-uon dam&r minor pmduc4 16: l@F-NYR (CCU 8 533.50 (d, Jw = 7613 Hs. 1H) for U a~& 39.63 
&I. JH~ = 64 6 Hr. Jltr = 9.8 Hz. 1H) for I6 Aqueow work-up d8b kd to a@iRmnt Ion dflaoriw and haom ita blation ‘*aa 
uns~ul. 

n,n.n-Tri/Twnxz&y1ru&MLrr 118, 17. and IS). Tha trill& 1cOnru m in 81% yiekl from trill-thnnol and 
trifluoromethanesulfonic anhydridr.in &e sama ray aa mportc&l except tImt the tgueow work-up wu no( done: b.p. 92.5 
93,l*n60 mmilg The tonylate 17.OTB ran prepared in 46% yield from 3.3.3-triflwmpmpyltrim&oxydlane by its m-CPRA 
oxidation followed by tosylation of the rnulting alocohol~~. tH -NMR 6 2 25-2 13 (m. 211). 2.47 (8,3H), 4 20 (t. J = 6 6 Hr. 2H). 7 36 
(d.J = 8.0 Hr.2H).776(d.J = 8.0Hr.2H);IR 1370.12SO. 119&11400~~~~ Tlntriflata 17-OTfrupmpamdinther~w-•y BII 
IO-OTI: *H.NMR 6 2.46-2 90 (m. 2H). 4 70 (I, J = 6.6 Hr. 2H) The tayLLe 1soTa~u prepred In l ppmximately 30% overall 
yield by a rslher lengthy route which involved, in wqucnce, LriIluorwthylation of dietbyl m&nab with l&OTl(61%). alkaline 
hydroly&, decsrborylntion in 1 N l q HCI (70%). esterifiution wilh diphenyldiuomthms. reduction with LiAlH4 (83%). and 
twylrtion riLh toayl chloride (65%). tH-NMR 8 1.7-2 3 (m. 4H). 2 43 (s. 910.4.07 ft., J = 6.0 Hr. 2H). 7 33 (d. J = 8 HI. 2H). 7.77 (d. 
J = 8.0 Hr. 2li). 

fDL)-2-Aml~~,4,4-crilluoroburoMic octal lti and L& N-ace&l &rroa&w 1W & (46.3 #.2@&6 mm011 -.. dinolved in 
450 ml of anhydrous THF under Ns and trwti with t-R&K (23.4 g. ao8.6 mmd) with vigomw otirrin(( al room temperature 
ARer heating at m for 2 h. 16 (50.8 g, 218.9 mmol) wan added to t& rwulting #wpotukm ddietbyl potaniummalosuta in otm 
portion mxi mtluxed for 2 daya Nut, it-u comlausd in oomo to r-e mat of tJn THF. quenchmd with dilute aq HCI. and 
extracted with EtOAc The orpniemlrrt wu ruhed with rater (2 X 1. drted over MgSO4. filt4rud. and condewed m wcuo lo l 
solid-like rnidw Thi# re&lue rru apuated by ailk-gal column chroautogmphy (1-o type C Merck I&u columns aumected. 
2 : 1 cyeloheune-EtOAc) and gave the desired product, diethyl b(N.ra~*lrmim)~_(2521rin~lhyI)rrulow~. an a oolid 
material Rscrys~alliution from E40-lmun afforded the purt apacimen (28.7 g. 46 1%) m.p. 69.6.70.6’. Iii-NMR 6 1 27 (1. J = 
70Hr.6H~.2.05~r.3H~,3.34~q.J = 10.6Ha.2H).4.26(q.J = 7OHt.4H~.7.W~~.r.lH~;MSmlr298~M+~.~Found C,UO3;H. 
6.46; N. 4 63. F. 19 30 Calcd for CIIHSN%FJ: C. U 16: H. 6 39; N. 4.68; F, 19.06). Thir (32.19 1. 0.108 mol) -u completely 
hydrolyzed and decarboxylated in 170 ml of cone HCI under refluring overnight. The m&ion mixture -w then eoncentmtad rn 
wyuo by aspiration and IaR a solid rnidw with no contamlrutiw HCI lw (16 2 g. 96%) -as i~l&si from this reeldue by 
conventional ion-exchange resin column chromatography (Tk+cx LUlW-X8,600 ml; aq. 1 N YHJ) WL showed m p gradually 
dacompd >236 lea-as acatylated by a wual method to afiord 19b in 89% yitld: m p. 133.134’(Recryrtd from I&O); IH-NMR 
(C&OII)6 1977s,3li).2.42-3.17(m.2H),4 18(dd, J = 7 6Hx, J = 6.6Hr. 1H);MSnJz 19Q(M’) 

tDlJ-2-Amino.S.SJ-lrifluoropnbnoic OCR (ml. Dlsthyl o-(N~tyl~~)~-(3.3.SLrllluoropropyl)~~n~~ WM pm 
pared from 17.OTf in 64% yield in the urna ray u described above except that the ma&on ww done at room lamperatum The 
compound -an charactasrited u follows, m.p 87-m (Recry&d. from hexant&O); tH-NMR 6 2 26 (t, J = 7 0 HI, 6H). 2 06 (8. 
3H). 1 70.2 70 (m, III). 4.22 (q. J = 7.0 Hz. 4H). 6 73 (br.8. IfI). MS mlr 313 CM’); (Found C, 46 75; II. 6 78. N. 4 40: F, 18 42 
C&d for Clztl ,~NO~FJ. C. 46 01, H. 5 79, N, 4 47. F. 18 19) Thin wa# rimilarly converted into Pa in 46% overall yield. 2Oa -8s 
characterized l # follow*. m.p gradually decompd >216’. lH-NMR Cw) 6 (ext. TNS) 2.45.3.10 (m. 4H). 4.26 (1. J = 6 0 Hx. 111). 
MSmIr172(MH’) (Found. C.36.25,H.468.N.I3 lSiF.3327. CalcdforC,&NqFs: C.35.10;H.471;N.8 19iF.33 31) 

fDL1.2-Amrno-6.6.6-Irijluorohrranoic ood Pla and I& N-curly1 &ricdiue Nd. Dierhyl o-(N-~tyl~mino)~-(4,4~4.tri. 
fluombutylhnalonate (led prepared from 1bOTa in 68.8% yield in tin -ma ray u dwcribed above except that I)MF -u wed 
instaad ofTHF. The fblloring rpacrral data -“obtained: lH-NMR6 1.26 (t, J = 6.9 Ht. 6H). 1.3-2.6 b. 6Hl. 2.03 (a. 3H). 4.23 (q. 
J = 6 9 Hr. 4H). 6 77 (br s. 1H): MS r&a327 (Y’). This vru aimilrriy converted into 21a: m p. grsdwlly duompowd >225’. 21a 
=*u then converted to ita N ecetyl derivative Zld: m p 103.lOr*(Recrystd from BtOAc-Bm); lH-NMR 6 1 42.2 68 (m, 6H). 2.02 
~~.311~.4.34-449(m.1I1~.MSmlr227~M’~ (Found:C.42 11.H,5.39;N,6.14.P.24.98.CalcdforC81~12N03.C.4229.1~.6.32.S. 
6.17; P, 25.09) 

(DL)-2~N-A~Iy~In)~.~:hyl5~,S.lri~w~~~~uocidATFL This wu prepared from commercially available Z 
l m~Cme~yl-5,5.5-~iflw~~n~wic acid (6.6.btrifluombucim:TPL): m.p 116-l 17. 

N-Acylofion o/hexoflwrowlinc H W HW -a# first converted to the twyl ult and tin wbri!ied with diphenyldiazoo- 
nuth~ne u usual Thir ester ‘IIU wetylatad in dry CH#& with l cetyl chlorkb in the presence of EtN and Cdimwthylamino. 
pyridinr to produce the benrhydryl nter of AHFV in 63% yield. m p. El-ST (Found: C. 56 II; Il. 4 13; N, 3.33; F, 26.65. Cokd for 
C~HI~N~F~ C, 63.43. H. 3 96; N. 3 23. F. 26 38) The beruhydryl astar -u cleaved by CF$OOH-•nioota in CH+& aa usual to 
affordfree AHFV m p graduallydecompd > 17T.IH.NMR6208(r.3H).4 29cddq.J = 9.0Hr.J = 25Hx. lH),6 62(m. lli) 

Opriccrl nrdvlion o//foortne-co&xn~ng amrnoacdr. 1W. Old, ATFL. and AHFV The example with 21d remnta the 
gvwral pmcaluma for optical mmolution 2ld 12 186 a,9 62 mmol) ru din&ad in 180 ml of rator. brought to pH 11.6 with 1 .Y 
aq. LiOH, and than rwdjwted to pH 7.1 by we of 10%. l q. AcOH Next, has kidney wylus (EC. No 3 6.1.14.96 2 mg) 1” added 
to this buffered solution Alar having exactly l djwtad ita pH to 7.00 with 0.18 aq. AcOH an&or 0.01 N aq LiOH. tJm mixture 
-I) iwutati for 3.6 h al 3C and than quenched by adding 10% m. AcOH to brIry tIw pH of tha wlution to 4.6. The mixture IIU 
n~uated by ion-exchange column chroma~rsphy (41 ml of Dorex WW.XB: LOG200 nusb) wing water (300 ml) u l lwnl lirst 
until the elwnt beumr neutml aad rhen 1 N aq. NH, Lo eluta the amino wld &so&d. From tha latter fmctionr. only ninhydrin- 
pailire fraction9 were coIlacted aad concentratad be&or 34 in wcw b obtain tha almost pure ~llim pmduct. (I.).*nantiomer 
21 b. This -” simply rinmd with MeOH to obtain an analytically pum @man (873m(r, w. 1%): m.p. gmdully decompd. > 227Y 
lap, + 18 r f 0.6(c 1.05.4N HCI); ~H~NMH~I)1018(~al.TMS) 1 882.9O(m.6H).4.11-4 28(m. 1H): HSm/r lSB(MH’). (Found. 
C. 38.69; II. 6.33, N. 7 02; F. 30 80 Calcd for f&H,oNO#a: C. 38 Oz; H, 6.44; N. 7 67: F, 30.79). HPU: analysir by meaw of a 
chiml rolrmt-gener&d phuo -a# conducted aa mporrrdsr to determine ti opUwl purity of 21 b The 91 b obtaiwd w” not 
contaminati with 2lc and -w thw optically pure 

Tha othtr CD)-ONntiomrr 21~ (851 mg. 96.8%) v!u alao obtained u an of&ally pure form by rak-up which involved 
concentration of the rataraluti fractions rn wcw. hydmlys& of thr residue in 6 N aq. HCI under refluxinq overnight. and 
imlation of (he free amino acid by UKJ same ion exchange column chromatograpJ~y u with Sla Compound tic vru characterized 
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u follorr: m p @hlly tbampd. 7ZW; lot’+, -l&8- f 0.13k 1.02.4 N WI). (Found: C. X3.66; H. 5.46; N. 7 65. F. 50.500. Wed 
forClfi~~~P~.C.38.89;H.5U;N.7.57;F.S0.79~. 

Orher optic+ pure l mino ecide were rleo prepared in thie rey. 19b wu Wined in 97% yield and cheruterixed. m.p. 
gmdua!ly&wmpd. >Wr: la$4o +5 1’ t 0.44~ 1.004,4 N HCI): tH-NUR(qO) 6 (exLTMB) 3.02-8.70 (m, 2H). 4.49 (&I. J = 6 0 
Hx,J~4.OHr.lH~:MSmh1~8(WH’~ ~Fouad.C.~.80:1~.3.79;N,Q.~FP.~.lO.~kdforC~~F,:C,30.~HH.S.8(1;N. 
692;F,S6.26). Ikweeobt&edin92.yieIdendcfmm&rie& m.p. gruluglly duompd. 7*, [OP. 4.4 f 0.4 (e 1.016.4 N 
HCI~;lrlsmh1~~(WH’~.~Found:C.30SS;H,S.78;N.6.91;P.~.~.~kdfaC,H~N~F,~C,30.M); &,S.M.N.692.F.S&26) 
The HPLC fetuntioa tlraee of theme two ieoma were no1 UtRekntly &fe?att to rlbw determinetien of their opUal puritlee 
Ho-. ui5ir opporite la)a velua ud high realutlon yieide may w tht then tro diutereomem uem aleo optic&y plre 
(~1.TFLwe.eebtaino&inQSUyield l ndcheract&ud: m.p. gr&mllydcunnpd ,214; IaPt.5, + IS.2 f 0 5 (c 1.00.4 N HCI); ‘H. 
NMR CDtO, 6 (ext TYS) 1 66 (d. J = 7 5 Ht. SH). 2.0-3.26 (m. SH), 4 24 W, J = 6.0 Hr. J = 5 5 Ht. 1 HI; MS mix l&l (MH ‘) 
(Found: C, 38.45; H, 5 33; N, 7.61; F. 90.53. Calal for C&~~O#‘~: C. 38.92; H, 5 44; N. 7.57; F, X1.79). (D)_TPL-uobt~ined in 
946 yi.ld .nd &.r.ct.rix.d. mcp. pradwlly d.cwpd. >211’; lap ‘a,-14.T f 0.5 (c 1.01.4 N HCI); MS mh 166(MH’);Wound. C. 
98.81;H,5.37;N.7.62;P.30.86. ~lcdlor~H~oN~~:C.38.92;H,5.U;N.7.57;P,~.53). TfwHPLCenelyeiefirmlyc&bmed 
they were opticrlly pure. 

OpUal rwolution of AHFV did not l uaeod, giving complete recowry of the r-r&g nubriel. AHFV did not interCere 
with the reaolutioa of N-~tylveline in ite competition experiment. 

Prrpororcon of r-rubrtitcrlcd&amic acrdr. Ua, 24~. and 240. The reaction W” generally carried out in EtOH et SO-5V 
owrnight in the pmeence ofO.1 equimolu amount dwdium l tboxide u l aWyeL ARer ueuel work-up, l dducte were eepreted 
by rilia-gel column chronu~phy (toluene-EtOAc mirtume). They were rubequently converted into free amino ecide by 
hydrolyeix followed by deurboxyletion in cone HCI under reflux overnight. Fint, 24a won prepered by two known methodx for 
ramprlon, by Michel dditior ofdlerhyl Duorwnalwute to ethyl %oatylmninourylet end by Michael ubdition ofdiethyl. 
nml-te to ethyl 2-n vIeto.= The leti method ~&WUWJ l higher yie&d Or the edduct, 67%. than tin former. 65%. In 
edditbn, ee diethyl fluoro~bnete h ee highly toxic u fluomu&ic wid. we Ural the Ieur metJmd in enhanced&e -ration 
of94m,0.g.~gt0lOOg. %hadm.p.demmpd. 192194~~lt.~m.p.191~1)43. Plcreepreprrd~milu1yin~yk~m.p 
decompd. 7830’. Vound. C. S5.656; 11. 6.04; N, 16.45 C&d for GHloN+O.4HyO: C, S5.46, H, 6.43; N. 16.54). For the 
prrp~lion d24e. five tlmee more of the baee atalyet wae ueed in tJte Ylchel eddition t~ctioa and the ukluct wu bined es l 
mix- of linnr 2ggb end cyclic pyrrolidone duivmtivee in l moderem yield of 46% Thb mixtur. -” 00nvwt.d into 24. 
without eepu&bn in l tote1 yield of 4m. Thu. the ti obtained ww confirmed to be en elmort 1 1 mixture of two 
dlertrreomere by ite nmr epectrum end wed fortbe eubeequent reection leading to 25e without purifiation. For 240: IH-NMH 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Prcpomtion ofMichael addu&. ZSn and ZSod. The rlutin6 meterial & smoothly reacted with a.melhyl l crylete 22e to 
fiord the deeired edduet ti u m oil in 96.4% yield in the ahwet ume 1.y u l tve deecribed: IH.NMR 5 1.021 37 (m. 12H I. 
2.~3.10~m.SH~.S.S5~e, SH~.3.78-4.~3m,6H~.5.19~r. 2H), 736(r,5ff). 736U)d.d = 9.0Hx.2111.7.49(x. lH).7.82(d. J = 90 
Hx.2H~;IR9J00.2960.171.16~.1665.1320-1130cm~~;~mlx~6(M*~. 

Next, for the preparelion d2Sod. a-benxoyloxyuryI.t. 2Qd wu pm- . . . xtuting mabri.1 in 40% yield by tre.tmcnt 
of ethyl p~ruvete with bonxoyl chloride in the prewnre of EtgN @ha ha wan ddod Iert): ‘H-NMR 6 1 26 (1. J = 7.0 Hz, SH), 4 27 
(q,d = 7.0Hx.Wl.5.59(d,J = 16Ha, lH),6.14(d,J = l.gHr. 111~.7.357.TI~m,SH~;IR1730. 1650. 1600, 129W119Ocm’. MS 
mix 220 (M*). Thie wee made o react with 2e in tlu uuel praedure and Lh dduct 23ad wu obteined u en oil in 70% yield. 1 It. 
NMRll 031.~~m.9H~.2~-3.32(m.2H~.3.9~.32~m.6~1).6.OB~e.3H~.5.39~dd.J = 6.1 Hx.J = 4.5Hr. lH).6.26(r.lH).7.13- 
7.56 (m, SH), 7 32(r, IH), 7.99 (dd. J = 7.5 Hr. J = 1.5 Ht, 2H); IRS&O, 2970, 1730, 1260-1170. MS m/r 529 CM.1 On ~Jw o&her 
hend, h metion oflb with ethyl 2~tbutyloxy.S+.hbropropenoate (RCP) at W -u examined by NMR e-pie meuure- 
men1 end TLC l nalyrir of the reection mixture remvered et en early atage of the mction. Thix revealed that BCP bd been 
l~lyconrrrtsdbtkbtfore4Sbc1*asfoormed. Fort2c: tH-NMR51.2S(t.J = 9.5Hx,3~1~.1.35~r.9H~.4.~Oq,J = 7.0Ht.2H). 
5.01 ud 6.71 (two e, WI. Thus. PC prepared in rdvence wee ellowd to rwct with tb for three &ye under reflux end the edduct 
IbaruWnedin46%yieM:m.p 880(r;IH-NMR61.09(e,QH),1.23(~,5 = 7.0Hx,19H~,2.ML2.00~m.W~,S.BZ4.42~m.71l~. 
5.10 (e. 2H), 6.27 (e. lH), 7.33 (8. 5H); IR 1740. 1490. 1260.1170 cm.‘; MS mix 426 (M’- C&I. (Found: C, 69 79; H. 7.37; N. 3 00 
Cllcdfor~H~N~~C.59.6(1.H.733.N.291). 

N_l4_1f~2.4-Diomtno-6-~~ridrnJllmrlrhgl~. 4_amino-. and 4-mcthylthio-glutamtc act& 
(la. lc, and lo). r-Fluoroglutamic acid (4 6. 24.2 mmol) wu converted into the diieopropyl eeter hydrochloride by treatment 
with thionyl chloride in ieopropenol for 15 h under mllur. m p 140-0-1~. Thie wee dinolwd in dirnethoxyethute end coupled rilh 
CIN-&enxyloxycarbonyl)mslhylemino]ben~yl chloride (8.62 g. 29.1 mmol. bereaRer l brwriated u BMAB) with drop-ixa l ddi. 
Lion d&N (6.44 ml, 60.5 mmol) .t (r Tbe mixture IV” kept wll rtirrcd for 2 h end then poured into cold dilute eq. HCI. The 
product. w.r. l xtr.ct.d with EtOAc end the orgenic Ieyer wee weehod. t-ice eech. with cold r&r. dilute l q. NeHC&. end 
rater. dried over .MgSOd. filtered. end comntreted in wyw), leaving an oily residue. Silica-gel column chronutography of this 
midue (Merck L&u column type A, 5. 1 C&.-BtOAc) 6.ve 26. (11.19 g. 6QW u en oily rubotance~ IH-NMR 6 1.10-l 43 (m. 
lW), 2,1S-2.97 (gm, 2H). 3.33 (e. SH). 4.47-5 70 (m, 4H). 5 18 (e. WI. 6.93 (d.d = 8.0 Hx. 2H). 7.32 (e. 5ffL 7.23-7.97 (m. 4H). 1eF 
NNRb -!Z!.56--30.00 (m. 1F). MS m/r 516 (M’); IR 1725.1695,166-O, 1100 cm.1 Deprotection of the mothylemino group with So6 
HBr-AcOH gew the free methylammo derivetiw in 69%. Thir wax purifbd by rilica-gel column chmmetography folb-ed by 
mcryet&isetion IromEtOAc-petroleum ether mixture: m.p 101.104.. Thiecompound (1.15 g. 3 0 mmol) rudtilvod in 11 ml d 
dimethylaatamido end treeted with 2.4-diemin&&bmmomethyl~idine hydrobmmide (ebb~viatad u DBPH: 1.19 g, 3 01 
mmol u an 1:l ieopmpnol rdduct) with vigorour &ring. The mixture wu heated et M)-55. for 10 h to complete tbe mction 
Next, water IU u&led to the mection mixture to fwilitite pmcipitition of the Mred co&ens&on pmduct with e&ring for 2 h 
under la cooling. The preciptite wu collected by filtretion of the mixture, dIaolwd agein into 4W ml d CHCIa. end wuhed 
with aq. 03 N NH, utd *r(dr The oq.nic 1.y.r wu dried ovw .nhydruue M-4, filt.rd. .nd c0ncentit.d in UOCYD. Iewing. 
.oIM r.ddue. Thir rurep.r.ted by riliu-((sl column chrc~nuto6r&y (M.rck Bohr column type B. 100.6 CHCIJ-YeOH) to give 
the deeimd product 26a (1 96 g. 79.1% m.p 166.16W Wecryetd. rrom CH&N); IH-NHR (&DMSO) 8 (ext.TMS) l.OO-1.50 (m, 
12H). 2.00.2.6S (m. 2H). S 20 (e. SH). 43-5 63 (m. 4H). 4 76 (s. 2H). 6 67 (e. 2H). 6.62 (d. J = 9.0 Hx. 2H). 7.70 (d. J 9 9.0 Hx. PHI. 
7.5O(br.e,OH).6JB(d, IHI. 657(e. 1H). IeF.NHR(ds-DMSO).26.92-3042(m. 1P);IR 1720. 1640. 16OOcm 1; hfSm/x656(M+). 
(Found: C. 54 71; H. 6.16. N. 19.66; F, 3 22 C.kd for C&~N.O@H@: C. 54.34; H. 6.14; N. 19.50; F. 3.31.) HJdrolyeie of% 
wu arrid out in the ume ray u reported by Piper et l l 14 except ueing the elightly dmerent pH conditione of X1-3.2 ineled of 
4.0, rhkh more eflii.nUy .&ct& tJm pcecipit&on of the desired frw .cid la ‘l%b product wa# obbined in 89.4% yield end 
chamcterixad u lollowe: m.p. rpullvlly decompd. > lQU? IH-NMR (4.DMSO) 6 k~xt’lW9 2.00.2 63 (m. 2H). 3.10 (6. SW, 4 27. 
5.40 (ID. W), 4.76 (a. PHI. 6.62 (d, J = 9.0 HI. 2H). 7.73 (br . . WI. 8.36 (d. J = 7.6 Hr. 1H). 6.59 (x. 1H); t*F-NMR (&DMSO) 6 
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-22.00-26.00 Cm, IF’); IR (KBr diu) 1640.1600 cm ’ (Port& C, 46.21; H, 5.04; N, 21.47; I’, 3.47. C&d for C&I~IN&F.?.SH@ 
C.~.4l:H.5.%.N.2l%;P.3.gl).~twd~~mrrrdl~~~no(bem~trd. 

(1~) ‘IU prspmd from 2-w&c&twnk a& 240 by the hImost w proaduru u u)rd in la. in thlr case, both 
diuteNom@mcoulilbeD+mtodartheua#eoftheintormedlsb sa.aItJlo&thdr OmformrILnr c&d.mt k rluddrted. 
Tbru two dLutemom.riully pure inwmediata worm cwtwrtad into S84 in = ybl& Mmly and &mr&w&d n fdbrr 
Por imoawr A (this lrowr has l luger R( ralua Ump B): m.p. 122-l=* -1 ‘aoQ Cli$Nk tH-NMd (CDCls + CD&IN 6 
(&_TMS) 1.13-1.37 (m, 12H3. 1.77-2.43 (m. W), 3.&s (a, 8H). 3.50 GM, J = 9.6 Hr. J = S.0 HZ, 1H). 4.71 (a, 2H). 4.73-5.25 (m. 3H). 
6 73 (d. J = 9 0 HI. 210.7 71 (6. J = 9.0 Hz, 2HI. &%(a, IH); IR 17%. 1640.1606. 1290-11~ ctnl (?sond: C. 55.34; H. 6.47: N. 
22.33. Cakdfor C#HswoO.5Hfi. C. 55.50; H, 6 45; N.22.41.). For komu B: m.p. 121-iw(Rury& Cmm CH&N-CH@tl. 
‘H-NMR(CDQ + CD~D)8~t.‘Y’MS)1.13.137(m. lW~.!.~2.57~m,2M.S.l6~r.3H~.3.~9(M.J = 6.1 Hr,J = 45Hr, lH), 
4.72(r, 2H). 4 63.8.22(m. lSHj.6.73td.J = 9.0 Hr;2H),7.71 (d. J = 9.0Hx.2HI. 6.56@ 1H). IR(C?i&) 172’5. 1640. 1608. 1290. 
1166cm~ ~P0und~C.~.28.H.6.~N.11.29.~lcdforC~~~~0.5H?O:C.~~H,d~;N.P.41~. Aoremuldnotobtain 
fine cr)rt& of both Laomen for X-my cryatalbg~+& wuly~lr. the conformathw d both bornerr were not elucidated 
Hydrolyei~ of Lieu two pmcumor e&m under buk conditiona u Ural in 16 kd lo (k&cm&on of a pyrmlidwa dorivatiw by a 
very facilr intramolecular cyclixation between chr r-amino and the a-lk uid m. N&her a&k hydmly& in diluls 
aq HCI nor the we dtrimethykilyl iodide tu &III. Thus. thw pmunw w&n worn wed lot in &w mUtomor mmiw 
Rut again intrarnolecukr cyciimtion took piace b a Iarfr extent oven under tha mutral b&r a&it&mu rmpbyed for the 
adminktraUc+~ d26c in the in uiuo antitumor auwniw. AltJmugh othur a&& to obtain la bd not h pummd. we riwtdonad 
evaluation of both the in vi&v l ntifolato and tha in uiuo l ntitunnw uitivities d IC 

The methylthk derivative lo - prepued in tha wtw w.y u la l xcop4 that th methyl ostor wu umd intrd of Lhe 
iroproprl one o8 l arbo~ylk acid- procIctiag gmup in thk we, tm putidly -cd ffwtkca 4th &Ewent dkstumomer 
~tior2.3:1mdI:23re~obtrind~t~~oCtk,u~l~~~~rItPU:(De~O~10~mpdudina 
rtainl* *teal column 250 x +20,. Tay - callvated into ti pwuurwr ut.on a&o&on A and B in w yield. raputively 
and characterized u fellowa. Pa 28wfmctkn A (rlth 23 : I diastomomw rotiot mp. 134.1* ‘H-NMR (CDCIJ + CqOD) 5 
(ex~TMS)2.l4(1,3H),2.20-2.47(nr.W).3.18(r. 3Hl.3.33 (m, 1HI. 3 62P(& JH).3.74(r. 3Hj.4.74 (&2HI.4.93 (m. 1H). 6.75 (d. J = 
9.0Hr,W).7.70(d.J=9.0H~2H~.859~r,1H):IRl7~0.lSM).i~.1~1k60em~ (Pounl:C.5l.~;H.5.~N.10.%;6.587 
C~edforC~H~~H~C.51.99,H.5.~4;N,ul.6(;S.5.%l. ForIkfmctioaB(rith1 28diatewmer~tio).m.p. 133. 
lw, tH-NMR (CDCI, + C&OD) 8 (ext.TklS) 1 97-2.80 &I, 211). 2.14 (s. 910.3.21 (e. 3H). 3.33 (m. 1H). 3.73 (a. 3Hk 3 77 (r. 311). 
4.78 (a. 2H). 4 67 (m. lH), 6.79 (d. J = 9.0 Hr. 2111.7.74 (d. J = 9 0 Hr. 2Hl. 8.&l (@. 1H); IR 1730. 1650. lm. 130011% em 1 
(Found: C, 51.54; H. 5.28; N, 21.06; 8. 5.77. C&d for I&Ht$c@&O.SHp: C. 51.m H. 5.44, N, 20.64; S, 5.861. The =rnc 
alkaline hydrolyria of these two e&arm u above dmaikl. howover, reeulti in can- rpimmiaatbn at Uw r+eiUon to 
pmdua di4stamomeric mix- with ti identical dias@eomw ratio (A:B. diutoramerA~a~rmtenUmUmeon 
HPLCanalyaisthenB)d3.7: 1. Thlrmixtumwuobtrirdin8~yieki~&ua&&cd u follows: m.p. 192.1oQ; ‘H-NMR 
(&-DMSO)8(extTMS) 1.77-230(m.W~.2.~~r.3H~.3.e0~m. iHj.3.21 (~.3Hl.4.63(m, lH~.4.80~0.2H~.6.80~r.W).6.M~d. J 
= 9.0 Hr. 2H). 7 72 (br.r. WI. 7.74 (d, J = 9 0 Hr. 2H). 6 21 (d, J = 7.5 Hz, lfl). 8 60 (a, 1H); II2 (KBr dkc) 3600.3100.l849. I600 
cm.1 (Your& C. 47 41: H. 5.21. N, 21.10; S, 5 87. Calal br qrHfl&PH@ C, 47.01; H, 5.26; N. 26.88; S. 5 99). Thwdore, 
precumor ester. %&action B, wu uud for the m viuo antitumor activity -ning u well u rhr fma acid 10 which ‘IU wed for 
the in uifro l ntifolatm activity aawning u well. 

N-(4-~1~2.4-D~omino-6-p(cridi~Ilrruf~l~~ylomino)b(MoJ114-m~yl- and 4.hydrayl-&tamic ocidr (lb and id1 
Afbr deprotection oftha methylamino gmup of- tha rrmlw mrthylamino detivatiiro was ooupbd with DBPH in the ume 
ray u in la to obtain the pcaumor atw 27b in 79.6+ yield. The e&or had m.p. 17al79.p (Raaystd. from CHCIa-Bt@) and 
gave rtidactory annlyUal da& This e&w wan hydrolyzad in the uma way as dwcribod &oresrap4 for the conditions of%* for 
30 h. The maultiing fma Kid wu Umn Qwboxylabd to lb by hat@ at m for S h in l q. HCI solution at pH 1.0. The lb 
obtained vu found to be l diutwaorwrk mixturm with Um ioomor A : B ntio d 1 : 1.4 ud chuactarked u follorr. m p 
gradually dscompd. wound IeSiw III-NMR (da_DMSO) 8 (ext.TMS) 1.10 (d, J = 6.6 Hs, 3H). 1.57-263 (m. 3H), 3.21 (8, 3H), 
4.37 (m, 1H). 4 60 (s. W), 6 81 Id. J = 9 0 Hz, 2H). 7.69 (8. 2H). 7.72 (d. J = 9.0 Hr. 2HI. 8.96 0x.r. 2H). 8.18 (d. J =7.5 Hz. IH). 
8.61 (s. IH); IR~KBrdir)3600~3100,1640,1600cm~. ~Found~C.~%;li,5.%;N.21.~.~kdfor~tH~N~~2.5H~:C,49 12. 
II, 5.6% N. 21 82) The wa of dilTerent decuborylation condilionr. e.g. l higher pH valw d4.0, a&&d. in onr uee, a diutem 
merit mixture with a diGrent iromer ratio of 1 2.1. which had m.p. (decompd ) l~l%*and rhored ~Usfactory uulytial dau 
These two specimen9 were used for both meeninp 

The hydroxyl derivaUve Id -aa prepared from the adduct Y&d via prwu_ eater 27d (X = OCCC&) in tba nnm way 
Tha eater -u obtained in 82.5s yieL& hd m.p. 125-lw &cr#d. from CHCIa-Et&) and gam rUdactory analytil &to It 
wu hydrolyzed at room Lemperatum and Uwn decarboxylated in the ume wry aa dreribed abow to obtain Id in 77 OI yield 
Thulrpci~n~i~rufoundLobe~d~(rreomerkmix~d~hc mUodl.4:l byHPLCuuly&andcharactacir.ed 
u follow m p gradually dacompd 24&m. III.NMR (6.DNSO) I 73-2.27 (rn. WI, 3.20 (8, SH). 3.80-5.20 (m. 2H). 4.79 (a. 2111. 
6.63(d,J = 9.0Ht.2H~.687~~.2H~.760~brr.2H~.773~~J = 9.0Hr.W),828(d, J = 7.5Hx. lH).8.61 (a. IH); IR3600.3100. 
1630.1600cm 1 ~Found:C.~.~.H.5.01.N.#).U).~cdlorC~~N~3.5HIQ.C.~.OS;H.5.C8;N,21.00.~. Like Ib.umd 
diflemnt conditions for dearbaxylatiw dG&d a mixture with t& dilTamnt diwtemoma mtio d I : 2.2, -hic.h hod m p 
Ueeompd.) 240.2.W and rhored utisfecto~ l nalytkal dab Theaa rpocinwu rm urd Ca both acreen- 

N-I~~12,CDi~mino-bpl+ridinyl~m~~yllm~~yl~m~~~yl~~2~me~l~ and -ZdiflwromeChyl-glutamic acida (If and 
lg). Them two o.rubstitutsd MTX uuloqs were prepared in the oame ray u Ia and chuacterized u pmrioualy mpacted.l@ 

Bymc oraay for anllr/do& ocriuuy. Inhibitory d&cta d these MTX l rulaga on bovine and chkkrn Liver dibydrobl~te 
redwtaae were suminad in UIOU. The dihydrofolate reductw activity wu & by iaoub(ly 0.1 mM dihydrdolte. 0.1 mN 
NADPH. 0.11 mM dithiolhreitol. 50 mM KH#O, (pH 7 4). and UN eruyau wtiotu -1. in a total roluma of 3 ml. at Tc 
Tha mount drnzyme wed 11u 5-7 pg bovine enzyme tsp. 6.7 U/m& and 5-9 ps chicken oaaymo (rp. 3.7 U/ml) per 3 ml cuwtte 
The rncUm m initiati by wading NADPH and the &wga In ~~t~nmrufdbrdtot80recrirbShiauruUV. 
300 cpoctmphotometer to dutermina UIS initial rate of the maelion. Slm 36nN MTX Inhibit& UN mactioa 50%. iahibitory dTect 
of M corn- wu enmined at 30 nM corwrentration aad rk multi w*rs co& with thca d MTX (Table 1). 
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thank Ma. J. Noguchi and M. Katayama for their help in pmpuin6 the manurrlpt 
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