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Pamr new candidate active-site-directed rreversible inhibiiors far dilivdrotolic reductase of the I-phenyi-s-

(riazine type with branched chains have been syuthesized.

Three of the compannds had a bromoacetanido-

methyl group on the alkane bridge of a 4,6-diamino-1,2-dihvdro-2,2-dimethyl-I-i'phevylatkyiphenyD-s-trinzine:

the fourth compound  was
methyl-s-triazine.

[-13-bromoacetamido-4-phenyipropylaxyphenyD-4, 6-dinmino- 1, 2-dihydro-2, 2-di-
The four compounds showed considerable loss in reversible binding ta dihydrafolie reductase

compared to the pareut camponnds without the bromaaceramida braveh:  even thongh these veversible binding
=tidiex indicated that the bromoacetamido gronp of the fonr cnmponunds wis inccontaet with the enzyine surface,
none of the four showed trreversible inliubition of the dihivdrofalic reduetases fram pigean Hver, Walker 236 ral

amnor, or L1210/FRS manse leukemin.

In the previous paper of this series,? dihyvdro-s-tii-
azines of tvpe 1 were synthesized and evaluated as

@O Ok

(CH.). (\H'\H (CH,). (Nm NH,
NN NN
1 2

active-site-directed hrreversible inthibitors™* of dihydro-
folic reduetase: B; is a bridge between the two benzeuc
tings, By 1= a bridge between the outside phenyl group
and a leaving group, L. of the bromoacetamide. chloro-
methyt ketone, or maleamic acid types.”  Although
compounds of type 1 are excellent reversible inhibitors
of dihydrofolic reductase, noue showed irreversible in-
hibition of the enzyvme from Walker 256 rat tunor.
11210, FR» niouse leukemin, or pigeon hver,  That
these compounds of type 1 were uot rreversible in-
hibitors could be rationalized 11 one of two ways: (1)
the leaving group, L., was not juxtaposed to a nucleo-
philic group on the enzyme within the reversible en-
zyme--inhibitor complex,® or (2) the juxtaposed en-
zyniie uucleophilic group did not hiawve the proper
charneter to react at a detectable rate with leaving
groups. L., of the halomethylenrbonyt or e 3-unsaturated
carbonyl typest

Two approaches were investigated to solve this
cnigui, the first of which 1s the subject of this paper,
The bromoacetamido group, L., was placed on a braneh,
B., a2 shown in 2. This could project the leaving
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group into a different aren of the enzyme than does
tyvpe 1. The sceond approach wias to change the leav-
mg group nn 1 to SO these results have becn re-
ported.

Enzyme Results.--Tlic concentration of the mmhibi-
tors necessary for 5064 reversible mhibition (1) of the
dilivdrofolic redaetase from pigeon liver, Wualker 256
rat ruor, aund L1210A1°RS mouse leukemin are hsted
n1 Table 1. The following correlations ¢an be made.

(1) Chain branching to give structures of type 2
leads to a loss in binding to the enzyue.  Note that
mtroduction of the bromoacetamidomethyl group of 4
on the ethane bridge of 3 results in a 12-fold loss
binding to the pigeon hver cuzyvme.  Even larger
losses in binding oceur when thebutyl bridge 1s branched.
Note that introduction of the bromoncetamidomethyd
group of 6 on 5 in the meta series residts inoa 350-fold
los< 1 binding: a simikiy 160-fold loss in binding occeurs
1 the para scries (8 vs. 7).

(27 Two rekatively Iarge substitiients on the I-phenyl
group of the [-phenyl-s-trinzine =ystemn alzo lead to o
bige loss in binding,  Comparizon of the we-phenyl-
propyloxy derivative (9% with the p-phenylpropyloxy-
i-bromoacetamido dertvative (10) shows the Litter is
G0-fold less effeetive in binding: since weta and para
<ubstituent= of the phenvlalkyl type on the T-phenyi-
strinzine give simikir bhinding> this comparizon ix nat

too nnreasonable,

(3) The greatest differences in binding to the dif-
ferent dibyvdrofolic reduetases caused by substitution
on the bridge ave seen with 8 and 10; these differences
are relatively small, being less than tenfold,  Thesce
results again cuphasize that differences o reversible
binding among mammatinn enzymes wilt most probably
be insufficient for use in cancer chemotherapy.>™ hat
these small differences should be exploitable with
properly canstineted aetive-site-directed  rreversible
mhibitors,s?

None of the candidate nreversible inhibitors in
Table T showed irreversible inhibition of the three dihy-
drofolic reductases when the enzynie was incubated at
A7° with o 5l concentration of inhibitor by the
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TasLe I
INHIBITTON oF DIHYDROFOLIC"® REDUCTASES BY

NH,
=G
NN JCH), =R
——150¢ y M ————
Pigeon Walker L1210/
Nao. R liver 256 I'R8
3 m-CH:C11:Csls 0.0249
Y m-CH«CHCsH;s 0.29 0.19 0.22
CH:NHCOCH.:Br
b m-(C112)4CeHs 0.0027¢
6 m-CH(CHas)sCsHs 0.95 0.43 3.1
l
ClLNIICOCI:Br
7 - (CH»4Cslls 0.010¢
8 p-C1I(CHu):Cells 1.6 0.30 0.33
\
CH:NHCOCILBr
9 m-0(CH):Cells 0.088/
10 7it=-NHCOCHBr-p-O (CHu1)1Cells 5.8 0.78 Q.50

« The technical assistance of Barbara Baine and Jean Reeder
with these assays is acknowledged. ® Assayed with 6 uM dihy-
drofolate at pH 7.4 as previously described;®* 12 uM TPNH was
used with the pigeon hver enzyme aund 30 g3 TPNH with the
other two. ¢ I = concentration of inhibitor required for 50¢
inhibition. 4 Data from B. R. Baker and B.-T. Ho, J. Hetero-
cyclic Chem., 2, 72 (19653). ¢ Data from B. R. Baker, B.-T. Ho,
and (r. J. Lourens, J. Pharm. Sci., 56, 737 (1967). / Data from
ref 8.

methods previously described.?* FEven though the
reversible inhibition data indicated that the bromo-
acetamido groups of the candidate compounds were in
contact with the enzyme surface, it is probable that
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meta isomer (12). These studies, on 11 and 12,
although completed after those on the bromoacetamide
leaving group reported here and earlier,? were published
first in order to establish that the methodology of the
enzyme assays was cotrrect.

Chemistry.—The key reaction for synthesis of com-
pounds of type 2 was the condensation of a substituted
phenylacetonitrile such as 13 or 25 with a substituted
benzaldehyde or cinnamaldehyde.!* Condensation of
cinnamaldehyde with m-nitrophenylacetonitrile (13) in
the presence of methanolic KOH afforded the diene (15)
in 249, yield (Scheme I); the para isomer (16)V'" was
prepared similarly in 759, yield. Hydrogenation of
16 with a Pd catalyst reduced the nitro group and the
butadiene system, but not the nitrile group as antici-
pated, to afford 20 isolated as its erystalline ethane-
sulfonate salt in 869, vield; the meta isomer (19) was
prepared similarly but was obtained as an oil.  Con-
densation of 19 or 20 with cyanoguanidine and Me,CO
by the three-componeut method of Modest!? afforded
the crystalline s-triazines 17 and 18. Hydrogenation
of the CN group of 17 and 18 with a Pt catalyst pro-
ceeded in the presence of ethanesulfonic acid to give
the aminomethyl derivatives 21 and 22; these were
not further purified, but were treated'® with bromo-
acetic anhydride in DMI in the presence of triethyl-
amine to give the crystalline bromoacetamides 6 and 8.

Condensation of m-nitrobenzaldehyvde (23) with
phenyvlacetonitrile (25) in methanolic IN\OH afforded
the stilbene (26) in 569, vield (Scheme II). A similar
condensation of 25 with m-nitrocinnamaldehyde (24)
afforded the butadiene (27)!'° as a mixture of geo-

ScHEME [
2@, — M — -
CH,CN C=CHCH=CHC.H, EtSO,H CH(CH,),C:H;

13, meta isomer l l

14, para isomer CN . N
15, meta isomer 19, meta isomer
16, para isomer 20, para isomer

NH,EtSO;H NH,EtSO,H NH,EtSO,H
e W e W = e
N J(CH), CHICH) G HNK JcH), CHICH) Gt HNS g (CHY. = CHCH,),CH;
CN CH,NH,EtSO;H CH,NHCOCH,Br

17, meta isomer
18, para isomer

no amino acid on the surface in contact with the bromo-
acetamide has the proper type of nucleophilic group
required for reaction with the leaving group.

The results from this and the previous study? on
compounds of type 1 bearing the halomethyl carbonyl
type of leaving group suggested that a leaving group
be explored that could attack a serine or threonine hy-
droxyl. Such a compound is 11 which rapidly in-

NH,
(CH,),CONH @SOZF

N/L N
HNSyJcHy),
11, para isomer
12, meta isomer

activates the dihydrofolic reductase from Walker 256
rat tumor, [.1210/FR8 mouse leukemia, and pigeon
liver; only the latter enzyme was inactivated by the

21, meta isomer
22, para isomer

6, meta isomer
8, para isomer
metric isomers. Hydrogenation of 27 with a Pd cata-
lyst reduced the nitro group and the double bonds to
give 28 which was directly converted to the erystalline
s-triazine ethanesulfonate (30). In contrast, hydro-
genation of the stilbene 26 with a Pd catalyst veduced
the nitro group but not the double bond; the presence
of the latter in 29 was shown by a uv maximum at 315
my characteristic of its conjugated system. Con-
version of 29 to the s-triazine hydrochloride (31) pro-
ceeded smoothly.

Hydrogenation of 31 with a Pt0Q, catalvst in the
presence of HCI reduced both the eyano and the stil-
bene double bond to give 32. Bromoacetylation of 32

(11) {a) H. Lettré, W. Haede, and L. Schiter, Z. Physiol. Chem., 289, 298
(1952); (h) P. Remse, Ber., 28, 3133 (1890). (c) J. Colonge and P. Frank.
Bull. Soc. Chim. Frunce, 3090 (1964).

(12) E.J. Modest, J. Org. Chem., 21, 1 (1956).

(13) 13. R. Baker. D. V. Santi, J. K. Coward, H. 8. Shapiro, and J. H.
Jordaan, J. Heterocyclic Chem., 8, 425 (1966).
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Seneve 1l
0, \@ + NCCH.CH, — ()_.;\'
25 \
(("H=CH),CHO (CH=CH),CH=C(CN)C.H.,
23.n= 26,n=0
24 n= 27.n=1
EtSO.HNH, @ 'HCENE, <\)2
(CH.L,CHOCNYCH. CH= ((H
28 ( N
l 29
150, HNEL (CH,) CHICN)CH, |
N /L\ d NHLHCI CH=CICN)CH,
HN K ACH, N)\N’__@
30 " HsN's o/ (CH,
=N NN 2
l 7 .
_ 31
(H NH.-HX BrCH (OI\HC
NHOHX 1(Hn1,lCH( H. NH {CH.), CHC
G, — P50
HNS A1 CH ke
32.n=1LHNX=HI 4.n =1, HX=HC(l
33.n=3HX=FisOH 34,1 =3:HX=E!SO,H
afforded 4 as an amorphous solid. A stmilar reduction Experimental Section*
and bromosacetylation of 30 gave 34 a= a1 gum which m=Nitro-a-phenylcinnamonitrile (26).  Method A.--To «

could 1ot for
ASSANV.

Alkylation of 4-acetamido-2-nitrophenol (35)' with
phenylpropyl bromide in DMIY in the presence of
K.CO; at 60-65° afforded 36 in 799 vield, Treatment
of 35 with hot HCt in HyO-I:tOH gave the amiue

be obtained sufficiently  pure enzyme

acxe((O)yon —— R{())OCH)CH, —
NO,

36, R = AcNH

37.R= NH,HCI

O(CH.,CH.
NO.
39
NH.HCI
NN O(CH,).C.H:
N ‘\ )(CH
NHR
38.R=H

10. R = BrCH,CO

hydrochtovide (37) in 756, vield. Couversion of 37
to the s-triazine (39) proceeded smoothly. Hydro-
genation of the nitro group of 39 to 38 followed by
bromoacetylation in DM afforded the desired eandi-
date irreversible inhibitor (10).

Sl T Priedliinoler apel M. Zenlding Ber,,

27, 12 (18D 4.

stirred mixture of 6.04 g (40 mniolex) of 23, 11.08 ml (40 nmoles)
of 25, and 10 ml of MeOH cooled in an ice bath was added | ml
of 237 KOH in 1.0, After being =tirred 1 Iir in the ice bath,
during which time the product hegan to separate, the mixture
was stirred at ambient temperature for 24 hr. The product was
collected on a filter, washed with cold MeOH, then recrystallized
from FtOH: vield 5.58 ¢ /56001 of vellow ervstal<: mp [32-
134°0 Nx 280 tinfly, 310 g vy 2200 (C2=N), 1600 (C==(,
E5 10, E340 (NOyy, 771, 732, 690 em - < (phenyt G See Table 11
for widitional data.
p=-Amino-«-(phenylpropyl )phenylacetonitrile Ethanesulfonate
120). Method B.-—A mixture of 2.76 g (10 mmoles) of 16, 0.25 g
af 57, Pd-C, and 100 ml of FaOI] was shaken with He at 2-3 atm
for 6 hr when 30 mnnoles of He was absorbed. The mixture was
filteredd through a Celite pad and the filirate was treated with
D g 080 mmales s of ESOHE Spiu-evaporation in rarno gave
axolid that was veervetallized from -PrOH: yvield 3.10 g (867 )
mp 184--183%0 Ay 247 Mg v 2920, 2630, 1900 (NH T, 22 %11
(C=2NS, 1625, 1600, 1550, 1310 (NH, C=C1, 1210, 1040 (80, -
700, 700 et (phenyl CH). See Table IT for additional dmu.
3-Nitro-4-(phenylpropoxy )acetanilide (36 ).—A mixture of .06 g
Cl0 mnoles) of 35,1 2.00 g (15 mnoles) of phenylpropyl bromide,
1.3% g (Hhmmolex) of KyCOy, and 10 ml of DMF wasstirred i a
bath at 60-65° for 20 hr. The mixture was splu-evaporated
in racrun. The residoe was heated an a steamn bath with 30 ml
of CeHgand 25 mlof H).  After cooling, the mixture was filtered
and the product was washed with HyQ and petroleunt cther
(bp 60-110°1  Heerystallization  from  Cellg-petralenm  ether
with the aid of chaveoal gave a 2.47-g (7971 yield of Hght
vellow ervstals, mp 119-120°.  The compound moved a=
single =pot o tle i PAOAr and had veqe 3200 (NH 3, 1650 (amide

=0), 1580 INH L 1320, 1330 (NOw), 1230 (C-0-C), K80, 850
em 7 (phenyt (11

Anal. Caled far CollaNOy € 64,0, 1 25770 N, SOL
Found: ) 64.8: 1, 20100 N, 8706,

o Metding poines were taken in eapillary ades vn g Mel-Temp bloek
and are nneorvecrerl. Iy sneerra were determined in W1r pellet, s specora
in O, Tle wax perforined pn Bridkmann =iliea gel CO7, exeep for ta o
crigzines wlhere polyvamide-MN was empiiayed: spots were detee(ed Iy visnal
examination ander oy ligla,
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TasLe II
PuysIcAL PROPERTIES® OF

1

No. R, R R; Aethod
15 m-NOs. CsH;CH=CHCH= A
16 p-NO; . CyH;CH=CHCH= A
19 m-NH¢ H  CHyCH) B
20 p—NH-_rd H CaHg(CHg)g B
26 H m-N02C6H4CH= A
27 J5t .. m-NO,C;:H,CH=CHCH= A
28 H H m-NH,C¢H4(CH,)s? B
29 H m—NH2CeH4CH=j B

R,

ol

CN
9% — Caled, ¥p——— ———l'ound, Y%——
yield Mp, °C C H N C H N
24 196-198 73.9 4.37 10.1 73.9 4.60 10.1
bk 208-209°
Oile
86 184-185 63.3¢ 6.68 7.74 63.1 6.82 7.77
56¢ 133-134 72.0 4,02 11.2 72.2 4.18 11.5
42b 142-167%1 73.9 4.37 10.1 74.0 4.50 10.3
Oile
49/ 182-185 dec 70.27 5.10 10.9 70.3 5.27 11.0

@ All analytical samples had ir and uv spectra iu agreement with their assigned struetitres; each moved as a single spot on tle unless
otherwise indicated. ® Recrystallized from 2-methoxyethanol. ¢ Lit."'"® mp 205-206°. ¢ Ethanesulfouate. ¢ Directly couverted to s-

triazine (see Table III). / Recrystallized from ~PrOH.

¢ Recrystallized from EtOH.

k Softens at 100°; a mixture of geometric

isomers. Lit."'"e mp 172°, ¢ Tlc with 1:1 CsHe-petroleum ether (bp 30-60°) showed two spots. 7/ Hydrochloride. * Amax 233, 315 mu.
TasLe III
PrysicaL PROPER1TIES® OF
NH,HX
el
BN Jcr), =R
% Caled, % YFound. %
Nao HX R Aetliod yvield Mp, °C dec C H N C H N
17 EtSO;H m-CeH;(CH,)3CH(CN) C 42b.c 175-176 39.5 6.65 17.3 59.6 6.72 17.5
18 EtSO;:H p-CsH;5(CH,); CH(CN) C 774 196-197 59.5 6.65 17.3 39.5 6.72 12‘3
30 EtSO;H m-CsH;CH(CN)(CHaz)s C 380 168-169 39.5 6.65 17.3 59.2 6.76 17.1
31 HCI m-CeH;C(CN)=CH C R3e/ 185-186 3.1 3.55 22.0 63.0 5.46 21.8
39 HCl 1m-NQy-p-O(CH,);CsH; C 77?-" 195-197 33.5 5.82 19.4 55.2 5.71 19.2
4 HCI m-CeH;CHCHy— D 99¢ Amorphons?
|
, CH,NHCOCH.Br
6 EtSO;H m-CsH;(CH,);CH- D 2k.d 146-148 51.2 6.11 13.8 350.9 6.11 13.9
NHCOCH,Br
8 EtSO;H p-C¢H.(CH.);CH- D 414 172-174 51.2 6.11 13.8 51.4 6.20 13.6
!
NHCOCH.Br
10 HCl m-BrCH,;CONH-p-O(CH.)5Cl1; D 694 204-205 50.4 5.38 16.0 50.6 5.46 15.8

¢ Al analytical samples had ir and uv spectra in agreement with their assigned structures:
b Over-all yield for two steps from nitro precursor.
¢ Recrystallized from absoliite EtOH-petroleum ether (bp 30-60°).

polyamide-MN,
PrOH.
A Amax 244, 320 mu. ¢ Reprecipitated from MeOH-Et,0.
crystallized from -PrOH-petroleum ether (bp 60-110°).
acetylation.

3-Nitro-4-(phenylpropoxy)aniline Hydrochloride (37)—A
niixture of 1.57 g (5 mmoles) of 36, 10 ml of EtOH, and 10 m! of
12 N HCI was refluxed with stirring for 1 hr, during which time
the product separated. The mixture was cooled, and the product
was collected on a filter and washed with 1:1 ~PrOH-petrolenm
ether. Recrystallization from EtOH-H0 gave 1.19 g (75%) of
light yellow crystals, which gradually decomposed over 183°:
rmax 2800, 2550 (NH *), 1610, 1590 (C=C, NH), 1525, 1330 (NO,),
1260 (C-0-C), 840, 830, 740, 6035 em ™' (pheuyl CH).

Anal. Caled for C;H¢N.O;-HCE: C, 538.3; H, 5.54; N, 9.07.
Found: C, 58.2; H, 5.70; N, 8.83.

1-[p-(1-Cyano-4-phenylbuty!)phenyl]-4,6-diamino-1,2-dihydro-
2,2-dimethyl-s-triazine Ethanesulfonate (18). Method C.—A
mixture of 2.71 g (7.5 mmoles) of 20, 0.65 g (7.7 mmoles) of
cyanoguanidine, and 50 ml of reagent Me,CO was refluxed with
stirring for 20 hr. The cooled mixture was filtered and the product
was washed with Me,CO. Recrystallization from -PrOH gave
2.81 g (77%) of white crystals: mp 196-197°; Apax 246 my;
vmax 3370, 3325, 3150 (NH), 2280 (C=N), 1660 (C=NH"),
1630, 1360, 1510 (NH, C=C, C=N), 1190, 1040 (S0;7), 750, 700
em ™' (phenyl CH). See Table III for additional data.

each moved as a single spot on tle ou
° Recrystallized from +-PrOH-EtOAc. < Recrystallized from i-
/ Amax 243, 315 mu. ¢ Recrystallized from HyO-EtOH.

7 (save positive 4-(p-nitrobenzyl)pyridine test'® and moved as a single spot
on polyamide-MN but contained about 209 solvent after drying at 50°. The compound decomposed at higher temperatiires.
! No extra acid added for hydrogenation and no Et;N added for bromo-

¥ Re-

1-[p-(1-Bromoacetamidomethyl-4-phenylbutyl)phenyl]-4,6-
diamino-1,2-dihydro-2,2-dimethyl-s-triazine Ethanesulfonate (8).
Method D.—A mixture of 969 mg (2 mmoles) of 18, 100 mg of
PtO,, 100 ml of EtOH, and 220 mg (2 mmoles) of EtSO;H was
shaken with H, at 2-8 atm until 4 mmoles of H, were consumed
(abont 3 hr). The filtered solution was spin-evaporated in vacuo
leaving 1.13 g (945;) of 22 as a hygroscopic white #olid, Amax
244 muy.

To a solution of 449 mg (0.75 mmole) of 22 in 0.50 ml of DMF,
stirred i an ice bath, was added 0.38 ml of 2 M Et;N in MeOH
(0.76 mmole) followed by 288 mig (1.13 mmoles) of bromoacetic
anhydride. After 20 min in the ice bath, the mixture was diluted
with 10 ml of EtsQ. The solution was decanted from the sepa
rated gum. The latter was triturated several times with frest
Et;0 (six 5-ml portions). Crystallization, then recrystallization
from -PrOH gave 200 mg (44¢¢) of white crystals, mp 172-174°.
The componnd gave a positive 4-(p-nitrobenzyl)pyridine test's
and had Amax 245 mu; vaax 3300, 3150 (NH), 1680-1650 (amide
C=0, C=NH"), 1600, 1350, 1520 (NH, C=C, C=X), 1180,
1040 (803~), 740, 700 em ™' (phenyl CH). See Table III for
additional data.



