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Synthesis of a Pyrimidine Analog of Te trahpcIl.ohoriiofolic Acid’ 

The syntliesis of S- [p-( N-( 3 - [ ~ - ( ~ - a t n i i i o - ~ - l ~ y ~ ~ r i ~ ~ g - ~ - ~ i y ~ i ~ ~ l i ~ l i i i ~ l ) a n ~ i t i o J  lir(ipyl j a t i i i i i o  jl,eiizi,4.1!-L-~liitatiiii~ 
x i d  (IT), an analog of tetrahydrohomofolir acid, is desc+tietl. ILetirictive alkylation was i tsed to joiii together 
the properly protected isocytosine, malonaldehyde, a,nd p-amitiok)eiiaoic acid fmgmeiits to give :L prodiic+ which, 
it1 the form of the triformamidobeiizoic acid XII, wis coupled with diethyl 12-glritamate Lisiiig X,N’-carbonyl- 
diimidazole. Hydrolysis it1 concentrated IICl afforded I V ,  Q\inlitativelg, I\- resembleh tetraligdlohornofolic 
acid in its inhibition of thymidylate synthetase, 11111 iiot of diliytlrofolrite reclii 

Tetrahydrofolic acid (fH,, I )  5e 
transfer :igent in iiiany biologi >ysteni-. I‘iw- 
nieiiibered cyclic conigoundh inyolving tlie S’ a i d  Si” 
atoms of fHd and the one-carbon fragnient m~ inter- 
mediates in the one-carbon transfer :It both the  formyl 
: i d  hydroxymethyl oxidation lcvel.? 

tetraliydro derivative (11) of liomofolic wid was found 
Itecently, homofolic acid hai  been syrith 

I , n  -1;N = N” 
I I ,n:2:N = K ’  

I I I ,n-3.r \” =N!” -, 
IL7, ,, = 3; K’ = Nl I 

to  be a quite specific inhibitor of the enzyme thymidyl- 
ate ~ynthetase.~” This inhibition may be a. result of 
inserting the additional carbon atom between K5 arid 
S*, thereby altering the geometry of the one-carbon 
transfer intermediates. Compound 111, a pyriiiiidinc 
analog of fH4 was also synthesized recently and found 
to have some biological a c t i ~ i t y . ~  Cheniicnl cqcr i -  
ments denionstrated that  the S7- or S1O-formyl derirn- 
tive of 111 can form a five-membered cyclic nietheriyl 
compound (XIV). *:Is a continuatiori of our folic acid 
antagonist studies, it T V ~  interesting to prepare IV, 
which is related to I11 as tetrahydrohoniofolic acid (11) 
is related to  fH4 (I). This papcr reports the synthesis 
of S-[p-(~-~3-[N-(%-atiiiiio-~-h~~crlroxg-~-pyriiiiidiiiyl)- 
nniino]propyl] aniino) benzoyl]- glutamic acid (IT:) ant1 
some of its properties. 

The general scheme of syntliesis of IV reseiiibles tliat 
of 1114 in that  mild reductivc: alkylation conditions ~\-erc 

(1) This work u a s  uerformerl under tlie auspices of the Cancer Che ino-  
therapy National Service Center, Iiational Cancer Institute, National 
Institutes of Health, Public Health Service, Contract N o .  PfI-4:3-ti4-500. 
The  opinions expressed are those of the authors and are not necessarily those 
of the  Cancer Chemotherapy National Seri ice Center. 

( 2 )  For a recent revieu of folic acid metabolism spe AI. E‘rirclkin 111 - 4 r i i i .  

l i e s .  Biocherr~., 3a, 185 (1R6a). 
( 8 )  (a) J .  I. DeGraw, J. 1’. Xlarsli. .Jr.. 1,:. 11. Acton, 0. P. C r a w ,  J r . ,  (’. 

n‘. ,\loslier A .  N. Fujiuara.  and L. Goodman, J .  Ow. C h e m . .  30,  340.1 (1965): 
(1)) L. Goodman, et  nl.. J .  Am.  Chem. Soc., 86, 308 (1964). 

(4) G .  I,. Tong, W. \V. Lee. and L. Goodman. i h t d . ,  86, 566-4 (1i)tjlJ. 
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The diamido ester VI11 was hydrolyzed by heating 
a t  65-70" in 12 N HC1 to afford the amino acid IX as 
the trihydrochloride, analytically pure without re- 
crystallization. Hydrolysis of VI11 with 0.5 N NaOH 
also afforded IX, but with some K7-formyl acid XI as 
by-product. The migration of the formyl group from 
S I 1  of VI11 to S7 of XI during treatment with base \vas 
similar to that observed for the corresponding formyl 
derivatives of tetrahydrofolic acidi and III.4 When 
VI11 was first converted to  the trianiido ester X and 
then hydrolyzed with 0.5 N SaOH,  the Ki-formyl acid 
X I  was the principal product. Either the acid IX or 
the mixture of IX and XI were satisfactory for the 
next step in which all the amino groups were formylated 
by treatment with formic acetic anhydride in pyridine 
to give XII. 

The best yields iri coupliiig the trifornianiido acid 
XI1 to diethyl L-glutamate were obtained when XI1 was 
heated at  43-50" for 1 hr with 1 equiv of SIX'-carbonyl- 
diimidazole* in S,S-dimethylformamide followed by 
reaction with 1.2 equiv of diethyl glutamate at room 
temperature for 20 hr. The reaction of the acid XI1 
with S,S'-carbonyldiimidazole was evidently slow 
because the use of either shorter reaction time or lower 
reaction temperature diminished the yield of XIII .  
Other coupling methods using the acid chloride, or the 
mixed anhydride as described by Erlanger and col- 
leagues,$ gave very poor yields of XIII. Hydrolysis 
of the amido ester XI11 in concentrated HCl at  37" for 
1.3 hrIo gave the desired acid IT in reasonable yield. 

S o  evidence for the formation of the cyclic niethenyl 
derivative XV was observed in the 12 N acid hydrolysis 
of XI11 to IV, contrary to the case of the lower homolog 
III.4 Another set of experiments also showed that IV, 
unlike 111, did not readily form a stable cyclic niethenyl 
derivative. Each of the compounds, 111, IV, and IX, 
was reforniylated in formic acid a t  100" and the ultra- 
violet spectrum of each product in 0.1 N HCl was 
examined at  intervals. The spectrum of the product 
from I11 indicated that the cyclic methenyl derivative 
XIV had formed immediately. On the other hand, the 
spectra of the products from IV arid IX indicated the 
absence of cyclic methenyl derivatives (XV arid XVI) 
and supported the preserice of normal S-formyl groups. 
The spectra of all three products (from 111, IV, and IX) 
did not change much over an interval of 1 day. These 
results indicated that the formation of a six-membered 
iiietheiiyl ring is not as favorable as formation of a 
five-membered one. Hoivever, a cyclic. intermediate 
may have been involved in the transfer of the XI1- 
formyl group from VI11 to the 5 7  position in XI during 
base hydrolysis. 

The biological activity of IV has been deterinitled in  
several niicrobiological and enzyme systems." The 
results are given in Tables I and 11, together n i th  
previous data for 113" and 1114 for comparison. Thus, 
IV  was a poorer inhibitor than I1 arid I11 against 
Streptococcus faecalis,  Lactobacillus casei, and Pediococcus 
ceievisiae. Compounds I11 and IV xere about equal 

( i )  J C. Rablnouitr .  Enzymes 2, 185 (1960). 
(8) R. Paul and G W Anderson, J .  A m  Chem Soc , 82, 4596 (1960) 
(9) 13. F. Erlanger, IT. V. Curran, and N. Kokousky. zbzd 81, 3051 

(IO) R .  B KIerrifield and D. \V. 11 oolley, zbid , 78, 4646 (1956) 
(11) I\ e express our appreciation t o  Drs R L. Kisliuk, and .\I. L Flied- 

kin, Department of Pharmacology, Tufts Uni\ersity School of Medicine. 
u ho obtained the microbiological and enzymatic data metioned here. 

(1959). 

TABLE I 
IXHIBITION OF MICROBIAL GROW T H O  

-0 5 max inhib concn, mpglml-- 
S. faecalisb L. caseib P. cerevisiaec Compd 

I I d  0 7  6 >1,000 
111 0 5  20 1,500 
I V  4 5  40 > l o ,  000 

a Assay procedures are those iised in ref 3b. Folate, 1.0 
mpg/ml. Calciiim dl-~-5-formyltetrahydrofolate, 1 iiipg/ml. 
d Data from ref 3b. 

T-ABLE I1 
INHIBITIOI\J OF  EXZYME PREP.4RITIONSC' 

-0.5 max inhib concn, A - - -  
Dihydrofolate Thymidylat e 

Compd reductaseb synt hetaseC 

I1 . . .  2 x 1 0 - 6  
I11 3 . 6  X 3 x 1 0 - 3  
11. S o  inhib at  10V3 -2 x 10-5 

b From mouse leukemia 
cells; dihydrofolate, 3 X JT. From E .  coli; dl-L-tetra- 
hydrofolate, ca. 3 x 111. From ref 3b. 

a For the assay procedures, see ref 3b. 

in their ability to inhibit thymidylate synthetase; 
however, only I11 was an inhibitor of dihydrofolate 
reductase. Qualitatively, IV resembled tetrahydro- 
homofolate (11) in its inhibition of thyniidylate syn- 
thetase, but not of dihydrofolate reductase.3b 

Experimental Section" 
3,3-DiethoxypropionaIdehyde has been prepared frcini 1,l -di- 

ethoxy-3-butene by ozonolysis13 and from l,l-diethosy-3,4-di- 
hydroxybutane by oxidation with lead tetracetate5 according to 
the procedure described for the preparation of 2,2-diethoxyacet- 
aldehyde.'4 We tried several modifications of the oxidation of 
l,l-diethoxy-3,4dihydroxybutane, including the use of periodate; 
all of these gave product containing some 3-ethoxyacrolein which 
was detected by its absorption a t  242.5 mp ( e  13,900).6 The 
purest 1,l-diet,hoxypropionaldehyde 1%-as obtained by a slight 
modification of the literature method.i4 After the reaction, 
the mixture was filtered, and the filtrate was concentrated a t  35' 
(20 mm) to  one-fourth volume, diluted with 5 vol of ether, 
filtered, neutralized with K&03 solution, and distilled to afford 
a 58% yield of 1,l-diethoxypropionaldehyde, bp 74-75' (19-20 
mm), containing only 1 % 3-ethoxyacrolein. 

Ethyl p-(3,3-DiethoxypropyIamino)benzoate (V).-Reductive 
alkylation of 0.495 g (3.0 mnioles) of ethyl p-aniiiiobenzoate and 
0.46 g (3.15 mmoles) of 3,3-diethoxypropionaldehyde by the 
literature method for the preparation of ethyl p(2,Zdiethoxy- 
ethylamino)benzoate4ri5 afforded a crystalline residue after 
work-up. Recrystallization from i ml of hot methanol and 4 ml 
of water afforded 0.38 g (42%) of T as yellow crystals, mp 65-67', 
and a second crop, mp 56-66" (total, 5iyc),  suitable for use in 
the next step. Two recrystallizations from aqueous methanol 

(12) Melting points were determined with the Fisher-Johns apparatus 
and were corrected. Paver chromatography was done by tlie descending 
technique on Whatman No. 1 paper, except solvent A ,  which was done on 
Schleicher and Schuell No. 2496 acetylated paper. The spots were detected 
by visual examination under ultraviolet light. Adenine was used as a 
standard: the spots were located relative t o  Rad 1.00. The  solvent systems 
aere :  (A) benzene-water-methanol (2: 1 :6) ,  (l3) water, (C) l-hutanol- 
acetic acid-water (5:2:3), (D) benzene-water-methanol ( 2 :  1 :6), (E) 5% 
aqueous disodium hydrogen phosphate pH 8.9, (F) 1-butanol-water (satu- 
rated). 

(13) S. Hattori, Yuki Gosei K ~ g a k ~  K y o k a i  Sh i ,  19, 453 (1961); Ckem. 
Abstr.,  55, 20926 (1961). 

(14) H. 0. L. Fischer and E. Baer, Helu. C h i n .  Acta, 18, 514 (1935). 
(15) W e  performed similar reductive alkylation experiments with dimetliyl 

p-aminobenzoylglutamate, using 3,3-diethoxypropionaIdehyde from early 
batches, before we appreciated the  adverse effect of the impurities in 3 3 -  
diethoxypropionaldehyde. Thus we obtained the glutamate analogs of V, 
VI,  and VII.  The  last compound exhibited a n  ultraviolet spectrum with 
unexpected by-product absorption a t  310 mp. Since the glutamate analogs 
a e r e  all syrups i t  was necessary to  turn to  the benzoate series where V was a 
crystalline solid tha t  could be purified. 

Anhydrous MgSOa was used as the drying agent. 
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XI11 was 37y6. When XI1 and N,X'-carbonyldiimidazole were 
allowed to react in N,X-dimethylformamide for 1 hr a t  room 
temperature, the yield of XI11 was llYc. When the acid XI1 was 
t,reated with 1.05 equiv of SOCl? in N,N-dimethylformamide at 
room temperature for 15 min and then allowed to react with 
diethyl glutamate and triethylamine for 20 hr a t  room tempera- 
ture, a very small amount of XI11 was formed, as iiidicated by 
paper chromatography. The mixed anhydride method9 was also 
tried. A mixt,ure of XI1 and 1.1 equiv of triethylamine in N,N- 
dimethylformamide treated with 1.2 eqiiiv of isobutyl chloro- 
formate at, room temperature for 45 min followed by 2.5 equiv of 
diethyl glutamate hydrochloride and 2.5 equiv of triethylamine a t  
room temperature for 21 hr yielded 8% of XIII .  

N- [p-(N- { 3- [N-(2-Amino-4-hydroxy-5-pyrimidinyl)amino] - 
propyl )amino )benzoyl] -L-glutamic Acid (IV).-A solut,ion of 1 .00 
g (1.74 mmoles) of the triformamido ester XI11 in 25 ml of 12 S 
HC1 was hydrolyzed at  37" for 1.5 hr uiider 
a syrup in o'acuo at 25". The syrup was 
water, treated with charcoal, and filtered. The filtrate wcs 
adjusted to p H  2.5 with 1 S KaOH and decanted from a small 
amouiit of yellow gummy precipitate. The superiiatant liquid 
was adjusted to pH 4 and cooled in ice for 30 mill. The precipi- 
t,ate was collected, washed with H 2 0  arid ethanol, and dried to 
yield 0.45 g (5iyo as IV.1.33H20) as a white powder. mp 164- 
168', which gradually acquired a pink color during subsequent 
handling, perhaps because of air oxidation. Two recrystalliza- 
tions from H20 afforded ITr as a pink powder: mp 165167.5'; 

14,S00), 257-260 plateaii (11,000), 295 shoulder (7200); AkfxiA 
295 mp ( e  25,800); [ ~ Y ] * * D  -9" ( c  1.0, 1 AV HC1); it moved as a 
single spot in solvents E, D, and C with Rad 1.86 (blue fluores- 
cence), 1.05 (spot with fluorescent ring), and 0.95 (spot with 
fluorescent ring), respectively. 

A""'"l mar ( p )  3.0 (NH, OH), 5.73, 5.88 (COOH); A::,' 222 m p  i t  

Anal .  Calcd for ClsH24N~06.1.33HiO: C, 50.0; H, 5.89; 
N, 18.4. Found: 

Comparison of Ease of Cyclic Methenyl Derivative Formation. 
-Compounds 111, IV, and IX  were each dissolved in 97-100% 
formic acid in the proportion of 0.25 nimole to 5 nil of acid and 
heated on the steam bath for 1 hr.16 The solutioii wab evapor- 
ated to drjness zn wacuo. The gummy residue wai triturated in 
CHC1, or ether and again evaporated to give a foam or powder. 
The spectrum of the product in 0.1 S HC1 was measured at  iiiter- 
valz. The results are given in Table 111, slid should be compared 
with the maximum (313 mp) for the methenyl compound X1T.I 

C, 50.1, 50.1; H, 5.83, 6.02; N, 18.3, 18.4. 

TABLE I11 
ULTRAVIOLET S P E C T R ~  .IT pH 1 AFTER FORMYLATIOX 

--Amax. mp for product from---- 
Time I11 I V  I X  
0.25 hr 317 268 269 
1 day 313 268 270 

Acknowledgments.-The authors thank Dr. Peter 
Lim for interpretation of the infrared spectra and his 
staff for the ultraviolet spectra and paper chroma- 
tography. The authors also thank A h - .  0. P. Crews, 
Jr., and his staff for large-scale preparation of some 
intermediates. 

(16) D .  E. Wolf, R. C. Anderson, E. 1. Iiaczka, $. .L Harris, G. E. Arth, 
P. L. South-ick, R. hlozingo, and K. Folkers, J .  A m .  Chem. Sac., 69, 2753 
(1947). 

Derivatives of Fluorene. XXII.la'b Nitrogen Mustards. 11" 

T. LLOYD FLETCHER, WILLIAII H. FVETZEL, -4ND AIoSES J. NAJIKUKG 

Chemistry Research Laboratory of the Department of Surgery, Unhzrsi ty  of Washington School of A2fedicine, Seattle, Washington 98105 

Recezvecl January 17, 1966 

In a continriation of earlier work, synthesis of a number of new S-2-fluorenyl must'ards arid such aiialogs as 
bis-2-bromoethylamino- and bis-2-halopropylaminofl11orenes with various snbstit'uents in the 7 position is re- 
ported. Dimethyl sulfoxide is found to be a good medium for di-2-hydroxy ethylation; higher yields were ob- 
tained in shorter times than in the iisnal media. Biological data are presented showing that some of these 
compounds, particularly with act,ivatiiig groups in the 7 position, inhibit some tumor systems and have relat,ively 
low toxicity. Ult'raviolet spectral proper- 
ties in neutral and acidic solutions are recorded. 

Synthesis of several new 7-amido-N-flnoren-2-ylamines is described. 

Since the only S-2-fluorenyl mustard (reported 
earlier'c) that showed any tumor inhibitory effect, and 
that minimal, was the one with a 7-dimethylaniino 
group,* we felt that  other electron donor groups, 
particularly in the 7 position, might confer interesting 
biological properties on compounds in this series. 
Table I lists data concerning the new chloro and bromo 
mustards, the corresponding bis-2-halopropyl coni- 
pounds, and their precursors. 

Table I1 presents the results of biological testing for 
some of these compounds as supplied by the Cancer 
Chemotherapy Sational Service Center and by the 
Chester Beatty Research Institute. In  particular. 
three of the compounds gave total inhibition of the 
Walker rat tumor 256. 

(1) (a) Paper XXI In this series b y  H.-L. Pan  and  T. L. Fletcher appeared 
in J .  .Wed. Chem , 8 ,  491 (1965). (b) Supported in part  b y  a grant (CA- 
01744) f rom t h e  National Cancer Insti tute.  National Insti tutes of Health, 
and in part by Research Career Development 4 a a r d  5-K3-GIl-  (non Cd-) 
14,991 (T. L. F.). ( c )  For part  I, see T. L Fletcher and IT. H. 17 etzel, J .  
0 ~ g .  Chem., 2 5 ,  1348 (1960). 

(2) This was obtained and tested only as an  impure oil 

,4n improved method of di-2-hydroxyethylation in 
dimethyl sulfoxide (DXSO) mas used in two cases as 
described below, and me suggest that such use of 
DRISO may be valuable with amines having low solu- 
bility in the usual media. In this work we found a 
simpler approach (A in the general chlorination proce- 
dure) with high yields, for chlorinating the more stable 
compounds. Syntheses of the new 7-nitro- and 7-amino- 
N-2-fluorenylforniamides, -propionaniides, -urethans, 
and -S'-n-propylureas are reported. All of these 7- 
amino derivatives (plus the previouslyreported 7-aniinO- 
N-2-fluorenylacetamide), except the formaniide, gave 
analytically pure di-2-hydroxyethylated arid di-2-chloro- 
ethylated derivatives. 

We also have extended the ultraviolet spectral data 
recorded in our first paper with similar information 
about the new compounds, including the effect of 
various concentrations of acid in causing a character- 
istic increase in complexity of the spectra. The latter 
effect depends markedly on the nature of the substit- 
uents in the 7 position. Exaiiiiriation of the spectral 


