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resulting suspension was heated for 1 hr on a steam bath to en- 
s i re  hydrolysis of t,he ketimine. The product was then extracted 
(Et&), carried through an acid-base extraction, and finally 
purified by vacuum distillat,ion. 

3-Substituted 2-Pyrrolidinones (Table II).-To 1.5 1. of liquid 
YH3 was added 1.5 moles of Li in small pieces followed by a cats, 
lytic amount of FeC18. Stirring was commenced and wrhen the 
blue color had changed to gray, 1 mole of the 1-substituted 2- 
pyrrolidinone was added slowly. Stirring was cont,inued for 1 hr 
and then an ether solution of 1 mole of the ketone was added 
slowly. The mixture was stirred for 1 hr and then treated with 
1.5 moles of solid SHdC1. Et,her was added to replace the evapo- 
rated XH3. The ether solution was washed (HBO), dried (hlgSOd), 
and evaporated. The product which crystallized on standing was 
purified by recryst.allization. 

Pyrrolidinecarbinols (Table 111). Procedure I. By Reaction 
of 3-Aroylpyrrolidine with Alkylmagnesium Halide.-To a 
stirred solution of 0.3 mole of alkylmagnesium halide in 200 ml 
of ether maintained a t  10’ was added slowly a solution of 0.15 
mole of 1-substituted 3-aroylpyrrolidine in 50 ml of dry ether. 
After the addition was complete, the mixt’ure was stirred for 1 
hr with no external cooling and then treated slowly with a solu- 
tion of 0.3 mole of NH&1 in 300 ml of H20.  The ether layer 
was separated and the aqueous suspension was extracted (EtBO). 
The combined extracts were washed (HZO) and the solvent was 
evaporated. The crude product was purified by distillation or 
recrystallizat,ion. I n  some cases where solid free bases were 
obtained the isomers were separated by fractional crystallization. 

Procedure 11. By Reduction of 3-Substituted 2-Pyrrolidinones. 
-To a suspension of LiAlHd (0.90 mole) in 500 ml of T H F  at, 
gentle reflux was added a solution of 0.60 mole of the 3-substituted 
2-pyrrolidinone in 200 ml of THF.  The mixture was stirred a t  
gentle reflux for 2 hr, cooled, and poured slowly onto a stirred 
25%; XaOH (1 1.). The solution was separated and the solvent 
was evaporated a t  reduced pressure. The critde product was 
purified by recrystallization. 

Procedure 111. By LiAIHl Reduction of 1-Substituted 3- 
Aroy1pyrrolidine.-To a stirred suspension of 0.20 mole of IJiAlH4 
in 300 ml of ether wab added slowly a t  a rate which maintaiiied 
gentle refluxing 0.19 mole of 1-substituted 3-aroylpyrrolidine in 
100 ml of ether. Stirring and refluxing were continned for 1 hr 
after the addition was complete. The mixture was cooled and 
treated successively with 25 ml of H z 0  and 200 ml of 25% NaOH. 
The ether layer was separated and the aqueous layer was ex- 
tracted with ether. The combined extracts were washed (H,O) 
and evaporated. The carbinol was purified by distillation or 
recrystallization. 

By Catalytic Reduction of the N-Benzyl- 
carbinol.-A solution of 0.46 mole of the K-benzylcarbinol in 
150 ml of 95% EtOH was reduced catalytically with 6 g of 10% 
Pd-C. The mixture was heated a t  70” and shaken with Hz 
until 1 equiv of Hz was absorbed (about 2 hr). After cooling, 
the suspension was filtered and the solvent evaporated. The 
residual oil was purified by distillation or recrystallization. 

By Alkylation of 3-Substituted Pyrro1idines.- 
A mixture of 0.09 mole of 3-substituted pyrrolidine, 0.10 mole 
of arylalkyl bromide, 40 g of K&03, and 200 ml of toluene was 
heated a t  reflux for 16 hr, cooled, and treated with 100 ml of 
HeO. The organic layer was separated and washed (cold H,O), 
and the solvent was evaporated at  reduced pressure. The residual 
oil was purified by distillation or converted to a solid salt. 

Pyrrolidinecarbinol Esters (Tables IV and V).--S mixture 
of 0.05 mole of the pyrrolidiriemethanol,O.07 mole of propionic or 
acetic anhydride, 5 ml of pyridine, and 150 ml of C6H6 was 
heated at  reflux for 2-5 days under N B .  After cooling, the solu- 
tion was washed (10% NaHC03, HzO). The solvent was evapo- 
rated and the crude product was purified by distillation or con- 
version to a salt. 

Acknowledgment.-The authors thank E. K. Rose, 
John Eyler, and Dr. William J. Welstead, Jr., for 
technical assistance. 
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Ten candidate irreversible inhibitors derived from 5-(p-chlorophenyl)-2,4-diaminopyrimidine bearing a leaving 
group on a chain at  the 6 position have been evaluated on dihydrofolic reductase from Walker 256 rat  tumor and 
L1210/FR8 mouse leukemia; three had a chloromethyl, four had a sulfonyl fluoride, and three had a bromo- 
acetamido leaving group. Strong evidence was obtained that the diaminopyrimidine could complex as one of 
two rotomers depending upon the hydrophobicity of the group at  the 6 position; 6-phenoxymethyl- and 6- 
phenethylpyrimidines were bound in a conformation giving a hydrophobic interaction of the 6 group with the 
enzyme, but the more polar 6-anilinomethylpyrimidines were bound in a “flipped-over” conformation. Three of 
the sulfonyl fluorides, 6-[m-(m-fluorosulfonylphenylureido)phenoxymethyl]-2,4-diamino-5-(p-chlorophenyl)- 
pyrimidine ( S ) ,  the 5-(3,4-dichlorophenyl) analog (10) of 8, and the phenethyl analog (9) of 8 were good active- 
site-directed irreversible inhibitors of dihydrofolic reductase. 

Recently3b the 6-(p-chloroacetylanilinomethyl)pyrim- 
idine (1) was found to  be an active-site-directed ir- 
reversible i n h i b i t ~ r ~ , ~  of dihydrofolic reductase6 from 
several sources; that  1 probably was an irreversible 

inhibitor of the endo type’ was indicated by the fact 
that  the inactivation was slowed in the presence of the 
coenzyme, TPKH. The rate of inactivation of an 
enzyme by an active-site-directed irreversible inhibitor 
is dependknt first upon the concentration of reversible 
complex between enzyme and inhibitor, which in turn 
is dependent upon the concentration of inhibitor and 
the dissociation constant of the reversible enzyme- 

(1) This work was generously supported by Grant CA-08695 from the 
National Cancer Institute, U. S. Public Health Service. 

( 2 )  For the previous papers of this series see B. R.  Baker and E. H Erick- 
son, J .  M e d .  Chem., 11, 245 (1968). 

(3) For the previous papers on this type of irreversible inhibitor see 
(a) B. R.  Baker and J. H. Jordaan. J .  Pharm. Sci . ,  66, 660 (19671, paper 
LXXXVIII of this series; (b) B. R.  Baker, P. C. Huang, and A. L. Pogo- 
lotti, Jr., J .  M e d .  Chem., 10, 1134 (1967), paper CVIII of this series. 

Inhibitors. The Organic Chemistry of the Enzymic Active-Site,” John 
Wiley and Sons, Inc., New York, N. Y., 1967. 

(6) For a review on the mode of binding of inhibitors to dihydrofolic 

(7)  The endo type of irreversible inhibitor is defined a8 one that forms 
a covalent bond within the eneymic activesite. whereas the exo type forms a 
covalent bond outside of the active aite;h see also ref 4, Chapter I. 

(4) B. R.  Baker, “Design of Activesite-Directed Irreversible Enzyme reductase see ref 4, Chapter X .  

(5) B. R .  Baker, J .  Pharm. Sei., 68, 347 (1964). a review. 
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inhibitor complex;s and second, the rate of inactivation 
j s  dependent upon how close the electrophilic leaving 
group on the inhibitor is juxtaposed in the reversible 
complex to x r i  enzymic nucleophilic group and upon the 
xbility of the nucleophile and electrophile to interact .< 
C'ompound 1 met these criteria in that i t  could rapidly 
inactivate the enzyme when more than 50% of the en- 
zyme was reversibily complexed with the inhibitor; a 
concentration of about 1 O - b J I  of 1 was necessary to con- 
vert 50% of the enzyme into a reversible complex. 

Orice a potent active-site-directed irreversible in- 
hibitor for :LI~ enzyme is found, the next phase of re- 
search is to make the irreversible inhibitor tissue spe- 
cific by utilization of the bridge principle of spe~i f ic i ty .~ ,~  
Before starting such a study with 1, t\vo structural var- 
iants of 1 were synthesized for evaluation. The 3,4- 
tlichlorophenyl derivative (2) was syiithesized to loiter 
the concentration of inhibitor necessary to complex re- 
versibly 5Oy0 of the enzyme; this structural change 
ordinarily give.: a teiifold or greater increment in 

The second structural change was to re- 
pl:ice thcl 6-SH group by 6-oxygen (3); such a struc- 
t u rd  change could give added flexibilitj- in modificatioii 
of the bridge between the diaminopSrimidirie moiety 
and the leaving group for application of the bridge 
principle of spe~i f ic i ty .~ ,~  As expected, 2 was com- 
plexed 7-20-fold better to the dihydrofolic reductases 
from Walker 256 rat tumor and Ll2lO/FRS mouse 
leukemia and 3 was complexed about the same as 1 
\vithin a factor of three (Table I). Completely uri- 
expertedly, irreversible inhibition by 2 and 3 was lo.it. 
Such unexpected results could hardly go unchallenged if  
t hc dehigri of active-site-directcd irreversible inhibitor.: 
of enzymes iti general and dihydrofolic reductase iri 
1):irticular is to be put, on a sound scientific basis. -4ddi- 
tional studies on thew surprising results are the *ubject, 
of this paper. 

The fact that 1 inactivates dihydrofolic reductase, 
hiit 3 does not, clearly indicates that 1 and 3 are com- 
plcxed to the enzyme in different ways. -4s a working 
hypothesis it was assumed that 1 was complexed to thc 
(inzyme in configuration la and 3 in configuration 
3a uith respect to the conformation of the pteridine 
ring of the substrate, dihydrofolate (4), when its ring 
is arbitrarily assigned conforniation 46 in the complex. 

(R) Tor the kinetic- of irreversible inhibition see (a) B. R. Baker, W. \T ' 

I.pe, and E. Tong, J .  Theoret Bzol , 3, 459 (1962), (b) ref 4,  Chapter VI11 
(Y) (a) B. R. Baker, Bzochem. Pharmaeol., 12, 293 (1963); (b) B. R 

Baker and R. P. Patel. J Pharm. Sa.. 63, 714 (1864); ( 0 )  ref 4, Chapter 11. 
(10) (a) B. R. Baker and B.-T. Ho, J. Pharm. Sci., 68, 1457 (1964), 0,i 

13. R. Baker, B.-T. Ha, and D V. Santi, abzd.. 64, 1415 (1965); (c) B .  l i  
liahrr and B~-T .  Ho,  I .  Nelrrociirl  Chem..  2, 335 (1065). 
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This working hypothesiq \vas based on (he following 
information. 

The 4-pyrimidone, 5,  is an active-site-directed 
irreversible inhibitor of dihydrofolic reductase," h u t  
its 4-amino analog (6) is not;12 these results nere 
rationalized on the basisI2 that the bronioacetamido 
group of 5 projected into the active site, since protection 
against inactivation was observed with T P S H ,  diereas  
6 projected the hromoacetamido group in the opposite. 
direction. 

The G-CH2SH group of l a  is considerably more 
polar than the 6-CH20 group of 3a with Hnnscli T 

constnrits calculated to be -0.4 and 0.0, respectively.' j 

(3 )  Since the 3-chloro group on the ,i-phenyi 
moiety of 2a is coniplexed to  the enzyme, it must tw 
complexed either to the right as shown in 2a or to the 
left. If i t  is complexed on the same side of the pyrimi- 
dine ns the 6 side chain bearing the leaving group, the 3- 
chloro group could interfere with the G side chain of 2a 
approaching juxtaposition to the enzymic nucleophilic, 
group attacked by la. Therefore, additional evidenw 
for this assignment, of the binding position of this 3- 
chloro group \$-as sought. 

The major clue to additional compounds that could 
give further evidence supporting the l a 3 a  conformn- 
tiorial assignments was based on the observation that 

(1) 

( 2 )  

(11) B. R Baker and J IT. .Jordaan, J .  Pharm. Set.. 56, 1417 (1966), papei 
I X V I I  of this series. 

(12) B. R. Baker and J .  H .Jordann, .I. Heterocvcl.  C'hem., 4, 31 (14t)7i, 
paper T,XXXIII of ti114 S P ~ P S .  

(13) T. T'unita J. I \ \<LJR and  ( '  I lnn-ch,  I .  A m .  C h e m .  S u i . ,  86, 517: 
i 1 er iq  
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the dihydro-s-triazine (7) bearing a sulfonyl fluoride 
leaving group was an extremely rapid irreversible in- 
hibitor of dihydrofolic reductase from three different 
species.14 The sulfonyl fluoride 8 was synthesized and 
found to be an effective irreversible inhibitor of dihydro- 
folic reductase. If l a  and 3a complex to dihydrofolic 

8, R = O  R = H  
9, R=CH,; R'=H 

10, R =  0; R'=C1 

c1 
I 

NH2 
11 

reductase in the conformations shown, then 8 should 
complex to  the enzyme with the leaving group pro- 
jected to the left as shown. 

If 8 has its phenoxymethyl group (to the left) in a 
relatively hydrophobic region when complexed to the 
enzyme, two predictions should follow. First, re- 
placement of the R = 0 group by R = CH:! as in 9 
should give a better reversible inhibitor and 9 should 
still be an irreversible inhibitor; this was indeed the 
case. Second, if the 3-chloro group (R') of 2a and 10 
is complexed to the enzyme to the right as shown, then 
10 should still be an irreversible inhibitor was well as a 
better reversible inhibitor than 2a. This was also the 
case. 

The sulfonyl fluoride derived from the 6-anilino- 
methylpyrimidine (11) should have its sulfonyl group 
projected to the right as shown; if such were the case, 
11 would either not be an irreversible inhibitor or mould 
attack a different amino acid than that attacked by 8. 
Unfortunately, this supporting evidence could not be 
obtained due to failure of several routes to synthesize 
11. 

One of the earlier candidate irreversible inhibitors of 
dihydrofolic reductase of the 2,4-diaminopyrimidine 
type synthesized in this laboratory was 12 ; although it  

(14) B. R. Baker and G. J. Lourens, J .  .lied. Chem., 10, 1113 (1967), paper 
CV of this series. 

was an excellent reversible inhibitor of the dihydrofolic 
reductase from pigeon liver, 12 showed no irreversible 
inhibition of the enzyme from pigeon liver, l2 Walker 
256 or L1210 leukemia (Table I). These negative re- 
sults were attributed to the binding conformation as 
shown in 12 (see discussion of 5 us. 6). The bromoacet- 
amide (13) was synthesized as an analog of 1 before it 

SH, 

CI 
I 

12 

I 

"2 

13 

c1 CI 

4 
I SOpF 

"2 

14 15 

was appreciated that 1 and 3 could have different bind- 
ing conformations and before 3 mas synthesized. A 
posteriori, i t  can now be expected rationally that 13 
would bind to dihydrofolic reductase in the same con- 
formation as 12 and therefore should not be an ir- 
reversible inhibitor; this was indeed the case (Table I). 

Similarly, 14 would bind in the conformation shown 
and is not an irreversible inhibitor, as mould be expected 
(Table I). The final compound synthesized (15) was 
an analog of 9 where the benzene ring on the 6 side 
chain was removed. Although this would be expected 
to have conformation 15, i t  failed to inactivate dihydro- 
folic reductase indicating that its sulfonyl fluoride 
failed to  juxtapose to an appropriate enzymic nucleo- 
philic group. 

Although the sulfonyl fluorides 8-10 were active-site- 
directed irreversible inhibitors of the dihydrofolic 
reductase from L12101/FRS mouse leukemia and Wal- 
ker 256 rat tumor, these compounds were more eff ectivc 
on the mouse leukemia enzyme. Not only did 16 pi11 
8 inactivate the L1210 enzyme about three times as 
rapidly as the Walker 256 enzyme, but the extent of 
inactivation was greater on the L1210 enzyme. The 
a te l i t  of itiactivation with :L giveti coticentrntioIl of u 
sulfonyl fluoride is dependent upon the relative rate of 
covalent bond formation within the reversible enzyme- 
inhibitor complex us. the enzyme-catalyzed hydrolysis 
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of the sulfonyl fluoride withiii this coniplex; 3, i5  ap- 
parently the Walker 256 enzyme fornis a less favorable 
complex with 8 for inactivation than does the L1210 
enzyme. This diff erericr: was eveii more pronounced 
with 10. 

.idditional studies with 8-10 and appropriate analogh 
h;ive shown that  the L121O/FRX mouse leukemia 
eiizymc c:m be inactivated b) some members of this 
wries with little effect on the mouse liver enzyme.I6 

Chemistry.-The 5-(3,4-dichlorophenyl)pyrirriidine 
diethyl aretal (17) was synthesized in three steps from 
:~,~-dirlilorophenylacetoriitrile and ethyl diethoxyace- 
ta tc  :is previously dcsrrihed for 16, l 2  then hydrolyzed 
to the pyrimidine-6-carboxaldehyde (19) with dilute 
H('1. This aldehyde (19) was vonverted to the can- 
didate irreversible inhibitor 3 bv the same route pre- 

(15) B. It. Baker and ,I. .L l ru r lbu t .  J .  X e d .  C h e m . ,  11, 233 (1968), paper 
C S I I I  of this series. 

(16)  H. H. Baker and P. C. Huilng:, &bad.,  11, SU5 [ lY68),  paper C X S  uf t h l r  

series. 

viously used for l . j L )  Condcnuation of 19 with ? - ( I ) -  
ami1~ophenyl)-2-clilorornetliyldioxolaiie~~ followed 1)) 
reduction with SaBH4 g:tve 22, which was liydrolyzcd 
to 2 (Scheme I). 

Conderisatiori of 18 with iri-nitroaniline was sluggish; 
reduction of the resultant alii1 with SaBH4 gave 20. 
Catalytic reduction of the nitro group of 20 to give 23 
followed by reaction with m-fluorosulfonylphenyl iso- 
cyanate to the candidate irreversible inhibitor (11) 
gave a mixture nhich could not be purified. Aliter- 
nately, catalytic reductive condensation of 24a or 
24b with 18 with ]'to2 or Xi gave a mixture froin which 
pure 11 could not tw isolated; although the reductive 
condensatioii of 18 with vi-acetamidoaniline with Sa7-3114 
in NeOH was successful, these alkaline conditions were 
not compatible with the sulfonyl fluoride group of 24b. 

A t t e n i ~ ~ t s  io c ~ ~ i i t l r . i i r c ~  the 1~~rirnicline-G-aldeliy~l~ 
(18) with ni-iiitroberizyltripheriylphosphoriiurn brornitle 

117) 13. 11. Baker unil J I1 Jr,idadn, abtd .  8 ,  32 (1965). 
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SCHEME I 
R 

YHZ 

16, R = H  
17, R=C1 

NH2 

I 
R 

20, R =  KO, 
23, R =  NH:! 

to give 25, as described for the para isomer,'* gave a 
mixture of products from which 25 could not be isolated. 
The condensation of 18 with triphenyl m-acetylamido- 
benzylphosphonium bromide18 proceeded more 
smoothly; although analytically pure 26 could not be 
isolated, 26 was obtained sufficiently pure for further 
reactions. Acid hydrolysis to 27, catalytic reduction to 
28, and reaction with m-fluorosulfonylphenyl isocyanate 
afforded the irreversible inhibitor 9 (Scheme 11). 
h condensation reaction between 18 and the phthal- 

iniidopropyl Wittig reagent (29)19 afforded 30 as a mix- 
ture of cis and trans isomers which was reduced cata- 
lytically to a single 6-phthalimidobutylpyrimidine (32). 
Hydrasinolysis to 31 followed by bromoacetylationZ0 
gave the candidate irreversible inhibitor 14 (Scheme 
111). 

The 6-bromomet hyl-5- (3,4-dichlorophenyl) pyrimi- 
dine (36) was synthesized from 3,4-dichlorophenyl- 
acetonitrile in four steps via 34, as previously described 
for the 4-chlorophenyl analog (35) . 2 1  Alkylation of 
m- and p-nitrophenol with 35 or 36 in DMF afforded 
the nitrophenyl ethers (38-40). These were reduced 
catalytically to the amines (42-44). Bromoacetyla- 
tionZ0 of 44 afforded the candidate irreversible in- 
hibitor 13 and reaction of 42 and 43 with nz-fluorosul- 
fonylphenyl isocyanate afforded the irreversible in- 
hibitors 8 and 10 (Scheme IV). 

Similarly, condensation of the B-bromomethylpyrim- 
idine (35) with the p-hydroxyphenyldioxolane (37) 
afforded 41 which was hydrolyzed to the candidate 
irreversible inhibitor (3) with dilute HCI. 

(18) B. R. Baker and  G. 3.  I.ourens, J. M e d .  Chem.,  11, 26 (1968), paper 

(19) B. R. Baker and J. H. Jordaan, J .  Heterocycl. Chem., 3 ,  319 (1966). 
(20)  B. R. Baker, D. V. Santi, J. K. Coward, H. S. Shapiro, and J. H. 

(21) B. R. Baker and J. H. Jordattn, ibid., 2, 21 (1965). 

C'IT of this aeries. 

Jordaan. ibzd. .  3, 425 (1966). 
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Reaction of the 6-bromomethylpyrimidine (35) 
with KaCX in DNF afforded the nitrile (45), which was 
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32 14, R = COCH,Br 
31, R = H 

Experimental Sectionz2 
3,4-Dichloro-~-diethoxyacetylphenylacetonitri~e.- --To a aiirrcd 

on c)f 14.6 g (83 mmoles) of ethyl diethoxyacetate aiid 13.1 
mmoles) of 3,4-dichloropheii)lacetc~iiitrile i n  50 nil of 

C,Hs \vas added in portions 4.1 g (83 rrimoles) of 30c0 dispersioii 
of  Sa11 in mineral oil; the temperature was maiiitaitied at 7-10'. 
Teii minutes after the addition \vas complete, :iii addit,iunal 2.1 
g (40 mmoles) of NaIl  was added. The mixture was stirred 30 
r r i i i i  a t  IOo, 30 miri a t  ambierit temperatiire, rheri a t  reflux for 1 
1 hr. The cooled mixture was acidified wit,h 15 ml of HO.%c.: 
then diluted with 200 ml of €120. The separated organic lnyei. 
\viis washed (H*O), dried (MgSOi), theii evaporated in L Y K U O .  
Three recrystallizations from EtOAc-petroleum ether (,hi) 
C;0-llO0) gave 13 g (535~:)  of Mhite crystals, mp 85-86'. B ~ U J / .  
((:14IIi&12N03) C, 11, K. 

2,4-Diamino-5-( 3,4-dichlorophenyl)-G-( diethoxymethy1)py- 
rimidine (17).-A solution of 12.6 g (40 mmoles) of the preceding 
cornpoutid i n  40 ml of triethyl ort hupropioiiate was refluxed f o i ,  

1 hr, t,heii slowly distilled to a thiti syrup. The  remainder of thc 
volatile mat,erial was evaporated in z'uci~o. To the residual etiol 
($1 her w-ns added a filtered soliitioii i i f  3.8 g (40 mmoles) of giiatii- 
tiitie.IIC1 aiid 2.:3 g (40 mmoleb) of x a O l [ e  iii 100 In1 of absolutc 
1CKj1-I. The solutio11 \vas refluxed for 4 hr, theii coiicentratetl 
~n ZJ(LCILO to ahoiit, 50 ml aiid diluteLl with 100 ml of &O. Tlie 
ix~oled mixture W:IS filtered :d the product) WHX washed witli 
I T 3 0 .  TWIJ re(!rystalliziLt.ioiis f r o m  EtOE€-H,O gave 10 g (7Ol ) 

i i f  white cryst,als, nip 1!13-193'. .Ir~ul. (C151118C11?J~Or) C,  13, N .  
2,4-Diamino-5-( 3,4-dichlorophenyl)pyrimidine-6-carboxalde- 

hyde (19).---A mixtalire uf 5.0 g (14 nimoles) of 17 and 80 ml I J~ '  

0.4 .V IICl was refluxed with stirring for 1 hr, treated wi th  char- 
 id, and filtered. The filttate \viis c,oiiletl iii ail ice bath, then thr  

idjusted t o  about 9 wit,h ccild 1 .V FaOII.  The priidiic,l 
cted o i i  :t filter aiid washed with H20:  yield : l .G  g ('30' I 

o f  :I yellow puwder, nip >:300". .Inui. jClll€fC1J40) C, I ~ I ,  S.  
2-Chloromethyl-2-{ N- [2,4-diamino-5-( 3,4-dichlorophenyl j -  

pyrimidine-6-methyll -p-aminophenyl)-1,3-dioxolane (22) W:I- 
s y n t  tiesized from 19 :tiid 'L-(~-amitit)pheii~l)-'-chlo 
~iicixi)laiie~~ :is previoiisll- dedci,ibed3I1 fur 21 ; two 

'om EtOII-I-120 gave 1'34 mg (40(,<) of w 
-190". . 1 d .  (CjiH2oClAK;a02) E. 

6-( p-Chloroacetylanilinomethyl)-2,4-diamino-5-( 3,4-dichloro- 
pheny1)pyrimidine (2) Hydrochloride.--A soltitioii of I50 mg 
(O.:)l mmole) of  22 in 10 1111 of 0.1 .\. lTCl and 1 ml of EtOH w:i< 

I,elow 280' arc ourrocted.  (ll):.-l: I 1  
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SCHEME I V  

NC P "9 ! 
3 step - 

OCCH,OEt 

33 ,R=H 
34,R=C1 

35, R = H 
36. R=CI 

I '  38, meta, R = H 
39, meta, R =  C1 
40, para ,  R = H 

1 u 

41 

8, R = H  
10, R = C1 

13 

3,4-Dichloro-n-ethoxyacetylphenylacetonitrile (34).--The re- 
action of 29 g (0.15 mole) of 3,4-dichlorophenylaeetoiiitrile with 
20 g (0.13 mole) of ethyl ethosyacetate in EtOH contaiiiiiig 
9.2 g (0.17 mole) of NaOMe, as described for the preparation of 
33,21 and recrystallizatioii from CH2ClL-petrolenm ether (bp 
30-60") gave 22.5 g ( 5 5 % )  of white crystals, mp 106-108'. 
Anal.  ( CITHIIC~ZXO~) C, H, N. 
2.4-Diamino-5-(3,4-dichloro~henyl)-6-ethoxymethylpyrimidine. 35 

"2 

45 -A solution of 13.6 g (50 mmolesj of 34 in 40 ml of iLhy-1 ortho- 
formate was refluxed for 30 min, then distilled to a thin syrup. 
The resultant 2-(3,4-dichlorophenyl)-3,4-diethoxycrotononitrile 
was dissolved in 100 ml of absolute EtOH, then 5.7 g (60 mmoles) 
of guanidine.HC1 and 3.3 g (60 mmoles) of NaOMe were added. 
The stirred mixture was refluxed for 2 hr, then poured into 500 
ml of HzO. The product was collected on a filter and washed 
with HzO. Recrystallization friom EtOH gave 8.7 g (55%) of 
white crystals, mp 207-208'. Anal. (C13H,&12N,O) C, H, N. 

6-Bromomethyl-2,4-diamino-5-( 3,4-diehlorophenyl)pyrimidine 
(36).-A mixture of 5.5 g (18 mmoles) of 2,4-diamino-5-(3,4- 
dichlorophenyl)-6-ethoxymethylpyrimidine and 100 ml of ETo 
anhydrous HBr in HOAc was reflllxed for 8 hr. The solution was 
concentrated in uacuo to about 20 ml, then cooled. The hydro- 
bromide salt was collected on a filter, washed with l\Ie2C0, then 
dissolved in 20 ml of DlISO. The filtrered solution was added 
dropwise t.o 200 ml of stirred 7 %  NaHC03. The product was 
collected on a filter and washed with HsO; yield 4.T g (7570)~  
mp >300". Anal .  (C11H9BrC11X4) H, N; C: calcd, 38.0; found, 
37.5. 

2-Chloromethyl-2-(p-hydroxyphenyl)-l,3-dioxolane (37).-.4 
mixture of 1.70 g ( 10 mmoles) of a-chloro-p-hydrosyacetophenone, 
1.2 g of ethylene glycol, and 70 ml of C6H6 was refluxed stirring 
under a Dean-Stark trap for 10 hr when HzO separation was 
complete. The solution was clarified with decolorizing carbon, 
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To a stiired solution of 70 mg (0.24 mniole) of 31 in 1 ml of 
UJIF was added 80 mg of p-mtrophenyl n-bromoacetate.2u 
Aftex 43 min, the solution was poured into 5 ml of 4 i V  HzSOc. 
a gum separated which did not solidify. The gum was redissolved 
by warming the mixture; the solution was treated with 1.5 ml of 
picric acid in EtOH, then cooled at 5'. The picrate was collected 
by ceutrifugation. Recrystallization from hleOEtOH-Hz0 gave 
120 mg (58';) of yellow crystals, mp 212-21j0, that  moved as a 
single spot on tlc in EtOH-CHC13 ( 1 : l O )  (with picric acid re- 
maining a t  the origin) and gave a positive 4-(p-nitrobenzyl)- 
pyridine test for activated halogen.20 Anal .  ( Cl6HI9BrC1Kd3. 
CeH3N307) C, H, N. 




