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Thc fact that  2 had a completely nonpolar bridge 
between the diamiiio heterocycle and the carboxamido- 
phenyliulfonyl fluoride moiety, whereas 1 had a polar 
oxygen in the bridge, *uggested that structures such as 
3 and 4 should be qynthetized and evaluated for specific 
irreversible enzyme inhibition and ability to  penetrate 
the 1,1210 ccll wall. The re5ults are the subject of this 
paper. 

Chemistry.-Wittig condensation of the pyrimidinc- 
propionaldeh\de (5 )8  \\ ith 6 using 1,4-diazabicyclo- 
[4.3.0]non-5-e1ic as the base proceeded 
smoothly to 7 (Scheme I). Although replacement of 
the &OH group of 7 by C1 (8) v i th  POC13 was success- 
ful, subsequent treatment of 8 with l leOH-SH3 a t  
140-170" gave extensive decomposition; similarly, 
result5 were obtained with Sirice this in- 
stability of 8 to KHJ and S x S d  wab attributed to the 
base lability of i t t  nitrostyryl moiety, 7 wa\ reduced arid 
acetylated to 9. Conversion of 9 to 10 with POCI, 
proceeded without difficulty. Reaction of 10 with 
MeOH-SH, a t  170" afforded both displacement of the 
4-C1 arid deacetylation to  the desired amine (11). 
Acylation of 11 with 712-fluorosulfonylbenzoyl chloride 
in DlIP with DUS a5 the acid acceptor gave the candi- 
date irreveraible inhibitor (3) isolated as its hemisulfate. 

2,4-Dianiino-5-cyanopyriniidirie (12) was conveni- 
ently prepared in Sl-86yG yield from ethoxymethylene- 
malononitrile and guanidine by the method of Huber.'O 

(8 )  B. 11. Baker and C .  E. RIorreal, J .  I ' h a r m .  Sci . ,  52, 840 (1963). 
(9) 13. Oediger, H. Kalhe,  F. lIciller, and Ii. Eiter, Chem. Ber., 99, 2012 

(1966). 
(10) \l'. Hiilier, J .  d m .  Chem. SUC.,  65, 2 2 2 2  (1943). 

Catalytic reduction of 12 u t  UO-SO" with :t l'd-C 
catalyst under hydrolytic coriditioris in '2 N HC1 
afforded the aldehyde (13) in 80% yield, as suggested by 
Weinstock, et al. l 1  Attempted Wittig condensation 
between 13 and 1512 failed; that  this failure was due to 
the weak electrophilicity of the aldehyde function 
caused by the electron-donating amino groups mas 
supported by the negative dimethoxybenzidine test for 
aldehydes. In  previous analogous cases in this 
laboratory, the electrophilicity of primidine-6-car- 
boxaldehydes was increased by acetylation of the ring 
amino  group^.'*^'^ Acetylation of 13 to 14 proceeded 
with some difficulty due to insolubility, but could be 
achieved in fair yield with Ac20-DlIF (Scheme 11); 
that  the resultant aldehyde (14) was more electrophilic 
was shown by its positive dimethoxybenzidirie test. 
Witting condensation of 14 with 1512 using D B S  as 
the base, proceeded smoothly to 16 in S470 yield. 
Catalytic reduction in HOAc with a Pd-C catalyst, 
followed by HC1 deacetylation, afforded 17 in 56% 
yield. Acylation of 17 with the appropriate fluoro- 
sulfonylbenzoyl chloride in DJIF with DBS as acid 
acceptor afforded the candidate irreversible inhibitors 
4 and 18. Reaction of 17 with 0-(p-nitropheny1)-S- 
(p-fluoros~lfonylphenyl)urethan~~ afforded the urea 19. 

Experimental Section 

All analytical samples had uv and ir spectra coinpatable with 
their assigned st,ruct,ares; each moved as a single spot on tlc oil 

Brinkmann silica gel GF  and gave combustion analyses for C, 11, 
and N or F wit,hin 0.4% of theoretical. Alelting points were 
taken in capillary t,itbes on a bIel-Temp block and are uncor- 
rected. 

2-Acetamido-6-methyl-5- [4-( p-nitrophenyl)-3-buten-l -yl] -4- 
pyrimidinol (7).-To a st,irred mixture of 10 g (45 mmoles) of 
5,s 22 g (46 mmoles j of 6,15 and 100 ml of DAIF was added drop- 
wise over 10 min 5.77 g (47 mmoles) of DBN. After being stirred 
2 hr at  ambient temperature, the mist,ure was heat,ed 10 mill on 
a st,eam bath, then poured into 230 in1 of 1: 1 i-PrOH-H20. The 
product was collected on a filter, washed (i-PrOH), and recrystal- 
lized from MeOEtOH-H20; yield, 10.3 g (69'3) of yellow crystals, 
mp 181-2'21'. This was presumably a mixture of cis-trans 
isomers, but moved as one spot on tlc in 1:10 EtOH-CHC13. 

2-Acetamido-4-chloro-6-methyl-5- [4-(p-nitrophenyl)-3-buten- 
1-yllpyrimidine (S).-A mixture of 2.5 g (7.3 mmoles) of 7 and 
10 ml of Poc13 was stirred in a bath at 90" for 90 min protected 
from moisture, then poured into 100 ml of petroleum ether (bp 
60-110'). The gum that separated was washed with 50 ml of 
petroleum et,her, then stirred with 25 g of ice, 100 ml of 10% 
NaOAc, and 100 ml of CHC1, until solution of the gum was com- 
plete. The separated CHC13 layer was washed (30 ml of 10(x, 
NaOAc, 50 ml of H,O), then dried (l\IgS04). Evaporation in  
DUCUO gave an oil t,hat crystallized on additmioil of EtOH; yield 
1.70 g (6?17~), mp 165-183", gave a single spot on  tlc in Et,OAc. 
Recrystallizat,ion from bleOEt,OH-i-PrOH gave the analyt,ical 
sample, mp 170-185'. Ana!. (C17HI,C1N403) C, H, N.  

2-Acetamido-5-( p-acetamidophenylbutyl)-6-methyl-4-pyrim- 
idinol (9).-A mixtiire of 5.0 g (13 mmoles) of 7, 100 ml of Me- 
OEtOH, and 0.2 g of PtO, was shaken with H, at  2-3 atm for 30 

d n ~ l .  (Ci,HizN,O,) C, H, X. 

(11) L. T. Weinstock, D. E. O'Brien, and C. C .  Cheng, J. Med. Chem. 
We wish to thank this group for giving us experimental de- 

(12)  B. K. Baker and J. H. Jordaan, J. Heterocycl.  Chem., 3, 319 (1966). 
(13) B. R .  Baker and J. H. .Jordaan, ib id . ,  4, 31  (1967), paper L X Y X I I I  

(14) B. R. Baker and K. hl. J .  Vermeulen, .I. .!fed. Chem., 12, 74 (19691, 

(15) R. S.  AluDonald and T. \Y. CaInyliell, J .  Ore. Chern., 24, 1969 ( lY5Y).  

11, 1238 (1968). 
tails for t h e  conversion of 12 to 13 prior to formal publication. 
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4, R =  CGH4S02F-m 
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i n i n  when redirc,t ion \va> vonipleie. The filtered solution ~ v a h  
evapi~rated in cacito. After addition of 50 ml of CJIcj the evap- 
oration was repeated. The residrie was heated on  a steam bath 
m-itli 2-1  1111 of .ir& and 5 nil of C6He  for  2 hr. The rooled mis- 
11ire wa< filtered and the prodirvt \!-a< wahhed with petloleimi 
i,ttiei, (hp 6O-llO"); yield 2 . i  g (52r i ) ,  nip 237-239". Re 
lization of a *ample from ~1eOEtOH-I-IeO gave white c 
nip 2:3!)-240", tlc iii 1 : 10 EtOTi-CHCla. . Inn/ .  ~Cl!lH24Y403j 

5 4  p-Aminophenylbutyl)-2,4-diamino-6-methylpyrimidine ( 11 
Sesquisu1fate.-Crride 10 was oht,ained as an oil from 1.40 g 
(:3.93 nimoles) of 9 when treated with POC1, as described for the 
preparation o f  8. The rrrde 10 wi th  40 rn l  of Ne013 satitrated 
with KIIs \va> heated in a Parr h ) m b  : i t  170" for 24 hr. The 
i o l i i t i o n  \vas evaporated in mcuo and the residiie was dissolved i t i  

! I  nil of 3 .\- I€+04 .  The noliition was clarified with charcoal. 
t twti  i-PrOIT was added to tiubidity. On standing the *oltitioii 
tlepo>ited (t.92 g ( 3 6 ( ( )  of white ( 1- which grad(ially de- 
c o r n p o d  crvei' 230":  the piudtict rnoved a.: a .ingle spot on tli, 
i t i  1 :4 l;tOTT-~CHC~l:~, had A,,,.,, 276 n i ~  ip€l 1) arid 287 mp (p1-I 
I:$) ,  b i i i  was voriI,aminated iNH4)2SOa. 
2,4-Diacetamidopyrimidine-5-carboxaldehyde i 14).--A niis- 

(iiri, ( ~ f  5.0 g (36 rnrnoles) o f  13," 40 ml of Ac,O, and 40 In1 of 
l ) l l  1s' tvath hewtecl u t i  it sie:iin bath f o r  (i h r  withowasional tnixiiig. 
' I ' t i t .  x l l r r l i o t i  wii- k q i t  :I! -.-I' ovt~i~iiigli!, tlirti the sep:tralt.(l 

v t e i l  O I I  :I f i l t e i  m i t i  wii>hetl w i t h  I 1 2 0 ;  yield :;.!I 
-224". riiovetl :i. :I siiiglr spot I ) I ~  tlc in EtOAi, 
foi, flirther ti~;iiisfiit'm:i!,iorl. Re 

c, II, s. 

( i f  :i -ariiplc f roni  l ) l I l - C ' 6 H ~  gnvr: while ( 

. I n c t i .  (C!JIlo~40:j)  c, H, N. 
2,4-Diacetamido-5- [4-(p-nitrophenyl]-I ,3-butadien-l-yl J py- 

rimidine (16).----To a stirred mixtiire of 7.90 g (36 mrnoles) of 14. 
17.7 g (36 mmoleb) of 15,'? and 73 nil of 1)lIF cooled i t i  i i t i  iw 
I)ath was added 4.46 I$ 136 ni~noleh) of IIHX over 10  niiti. =\fi,er 
10 miii, the mixture was diliited with 300 nil of C 6 H ~  i i i i t l  vig- 
c~rorrsly stii,r,ed f ( i r ,  4 hi,. The prodtict wac: cdlec*ted o r i  :I filter 
: t i id  washed a i t h  hot CsH6; 
q ) u t  o i l  tic* iti Is:tOAi*. Re 

89". . In t r / .  ic ,xlI , ;s~oa) c, 11, 

5- (  p-Aminophenylbu tyl)-2,4-diaminopyrimidine Dihydrochlo- 
ride (17).--rZ hot wllition of 6.0 g (16 mnioles) of 16 in 200 ml 1 1 f  

H O h c  wab clarified with charcoal, then allo\vxl to st:itttl f i  111, 

dLiriiig \yhich time 16 separated from soltition. The rnistilt~i~ 
was shaken wi th  l f 2  :it 2-3 atm in the presenre of 11.5 I$ of 10'  
Pd-C for. 2 hi. when redirction w a y  compleie. To Ihc filletwl 
siiliit ion was :ttlded 40 nil of 6 .\- HC11. The soliition way 11e:ttetl 
on a steam bath for 1 hr to  remove the N-4c gr(iri~ia, then alloaetl 
to  stand overnight. The prodiict collected on it filtci, and 
washed with IIOAi*; yield 3.0 g ( ), yradiially dec~onipcwtl 
over 280" aiitl wnu l~olnoge~teous oi l  I I :4 F,tOH--CIlCI:4. Itch- 

i r E  ;I 5:iniple fronr dilute HC1--FTOIZi~ gttve w t i i t i s  

i t i l i , t i : i t ipv l  rnc~ltiilg 1)i i i i t l .  . I ! ( ( I /  ( ( ' l r l I l  ,S 

2,4-Diamino-b- I / J - (  )t i -fluorosulfonylbenzamido)phenylbutyl I - 
pyrimidine ( 4 )  Sulfate. - -  TIJ :I ~-1111iti11n o f  2lilJ riiy ( 0 . U O  t r i t i i o k ~  
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of 17 and 230 mg ( 2  mmoles) of DBN in 2 ml of DAIF cooled in 
an ice bath at - 10" was added 220 mg (1 mmole) of m-fluoro- 
sidfonylbenzoyl chloride over about 5 min with stirring. After 
15 min the soliition was poured into a stirred mixture of 30 ml of 
1 A\7 HiSOl and 10 nil of CHC18. The collected product was 
washed with hot CHCI,, t,hen recrystallized from glacial HOAc 
containing a fen drops of 6 A' HzSO~; yield 215 mg (64%), 
gradually decomposed over 1.50" and moved as one spot on t.lc 
iii 1 :4 EtOH-CHC13. I n a l .  (CI~H~~FN~O~S.HZSO~.~.~H~O) 
C, H, F. 

2,4-Diamino-5- [ p-( vi-fluorosulfonylbenzamido)phenylbutyi] - 
6-methylpyrimidine (3)  Hemisulfate.-Reaction of 420 mg ( 1 
mmole) of crude l l ~ l . S H ~ S 0 4  with 220 mg (1 mmole) of acid 
chloride, as described for 4, gave a crude product that was 
recrystallized from Et0H-H20; yield 90 mg (17%), mp >161" 
with gradual decomposition. Anal. (C22H24FNZOaS .O..iHa- 

The p-benzamide (18) was prepared as described for 4 :  yield 
130 m g  (38C;;), mp 211-218' dec. Anal. (C21H2zFS:03S. 

By i,eac t ion of 17 wit,h 0- (p-ni trophenyl) S- (p-fluoros ulf onyl- 
pheiiyl)carbamat,e, l 4  as described for t,he preparation of 4, was 

-ield, mp >140" with gradual decomposition. 

SO,.H2O) C, H, F. 

H&Wa.HyO) C, H, F. 

;Inal. (C2iH2,FNeOaS H2SO4.0.5HzO) C, H, F. 

Enzyme Results and Discussion 
Replacement of the ether linkage in the bridge of 1 

by methylene (3) gave little change in the ability of 
the compound to inactivate mouse L1210 dihydrofolic 

reductase, nor was specificity changed since 3 showed no 
significant inactivation of the moube liver enzyme 
(Table I) .  Unfortunately, penetration through the 
L1210 cell wall waq still poor with 3 since there was 
little change in EDjO16 or the normalized E D ~ o / I s o  
compared to 1. The EDjo/Ija = 68 for 3 should be 
compared with the EDjo/I,o = 0.003 for 2.335 

When the 6-methyl group of 3 was replaced by H, the 
resultant 4 wa? still an excellent irreverqible inhibitor 
of L1210 dihydrofolic reductase, but showed perceptible 
inactivation of the mouse liver enzyme; however, 4 was 
even lew effective than 3 againrt intact L1210 cells in 
culture. Even though 18 and 19 were less effective 
on the 1,1210 enzyme and less specific than 4, these two 
compounds were assayed against 1,1210 cell culture; 
again, penetration was poor. 

Since such high specificity againht 1,1210 dihydrofolic 
reductase is obtained with 1 and 3, further studies would 
be warranted to see if cell penetration can be improved. 
Variants a t  the 6 position of the pyrimidine. the oxy- 
propyl bridge between the pyrimidine and inside phenyl, 
as well as the bridge between the two benzene rings are 
under continued investigation. 

(16) We vish to  thank Dr. Florence TVhite of the CCXSC for the  L1210 
cell culture data 
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234-lXamino-.5- and -6-substituted thieno[2,3-d]pyrimidiiies have beeii prepared from 2,4-diamiiio-(i-mer- 
captopyrimidirie plus a-halo ketones. The ease of cyclization of the intermediate pyrimidyl sulfides (Pyr- 
SCHR'COlt) varies dramatically with the I< and 11' substituents. When R = p-bromophenyl and I?' = H, 
cyclization can be effected in low yield at  200' iri inert medium. On the other hand, with I< = methyl and R '  = 
beiiq-1, cyclization proceeds spontaneously at room temperature in slightly acidic medium. In concentrated 
sulfuric acid, where R = p-bromophenj 1 and R'  = H, the isomeric thiazolo[3,2-c]pyrimidiriium sulfate is readily 
produced. In  alkali, the pyrimidine ring opens with loss of its 
2-carbon atom. A bulky R'  
group and small K substituent favors activity as a dihydrofolate reductase inhibitor, but slightly acidic solutions 
are required for maximum activity. The low pK, values of these compounds militate against, wide utility, since 
the protonated species is required for enzyme binding 

This compound is stable only as the cation. 
The 2,4-diaminothieno[2,3-d]pyrimidines are weak bases, with pK, values below 3. 

Our laboratories have been engaged for many years 
in chemotherapy studies based on the inhibition of 
folate biosynthesis and function. * Many derivatives of 
2,4diaminopyrimidine have been found to be potent 
inhibitors of the enzyme dihydrofolate reduct'ase, which 
plays a major role in folic metabolism by catalyzing the 
reduction of dihydrofolate to its active cofactor form, 
tetrahydrofolate. This cofactor is involved in a t  least 
15 biosynthetic transfer reactions of one-carbon frag- 
ments involved in amino acid and nucleic acid syn- 
t h e s k 3  

Impetus to the search for new compounds which 
block the action of this enzyme has been given by the 

(1) This paper v a s  presented in part  a t  the  152nd Xational Meeting of the  
.\merican Cliemical Societj-, Ne\\- York, N. Y.,  Hept 1966. 

(2)  See. lo r  examyle, 0.  11. I l i tc l i inrs  and .I. .I. Hurchall. dr / r .n , i .  I?i iz i irnol . ,  
27, 416 (19651, anit references cited therein. 

( 3 1  (a) A I ,  Friedkin, dirn.  K e r .  Biochem., 32, 185 (1963): (11) T. H. Jukes 
and H. P. Broiluist in "Metabolic Inhibitors," R.  AI .  Hochster and J. H. 
Quastel, Ed., .icademic Press Inc., h-ew Tork ,  Ii. T., 1963 pp 481-534. 

finding that dihydroreductases from microbial us. 
mammalian sources differ greatly in their binding 
capacity for different diaminopyrimidines and related 
c ~ m p o u n d s . ~  For example, the antibacterial agent 
trimethoprim [2,4-diamino-5-(3,4,5-trimethoxybenzyl)- 
pyrimidine15 is bound 50,000 times more strongly to 
bacterial than to mammalian enzymes; this provides a 
sound explanation for its therapeutic effectiveness.6 

(4 )  J. J. Burchall and G. H. Hitchinps. M o l .  Pharmacal., 1, 126 (llJ63). 
( 6 )  B. Roth. E. A. Falco, G. H. Hitchings, and S. R.  RI .  Bushby J .  M e d  

Pharm. Chem., I ,  1103 (1962). 
(6) (a) J. H. Darrell, L. P. Garrod, and P. 31. Katerivortli. J .  Clin. 

Pathol., 21, 202 (1968); (b) A .  S. E. Fowle, C. D. M. Drew, D. T. D. Hughes 
and M. A .  Cassell, I'roc. Intern.  Congr. Chemotheriipy, 6 t h ,  1 0 6 7 ,  1, 293 
(1967); (c) B. IV. Csunka and G .  . J .  Knight, Brit .  .I. T - u w r e n l  / i i , w i s e * ,  43, 161 
(1967):  (d) 11. Schneider, I,. Scliwarzenl,ery, .I. Cattan.  . J .  H .  Sclilumlierger, 
.I. L. .imiel, and G. Rlatlie, I'rehre 314d., 73, 893 (1965); (e) R .  C;. Cimper and 
h l .  Wald, .Wed. J .  A u t . .  2 ,  93 (1964); ( f )  E. IT. P. ?*-oall. H. F. G. Sewarcis, 
and P. M. IVaterworth, Brit. .Wed. J . ,  2, 1101 (1962): ( g )  itid, 2 ,  1180 (1868); 
(h )  S. R. ill. Bushby and G. H. Hitcliings, Brzt. J .  Pharmucol.. 33, TZ (1868) 


