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proximately 3.6 times faster than in the case of 28 and
the enzyme.  Comparative chemical reactivities using
4-(p-nitrobenzyhpyridine ax the uueleophilie reagent
reveal that 24 i< 3.5 times more reactive than is todo-
acetamide  (Figure 4). It has previously been ve-
parted that when 4-(p-nitrobenzyhpyridine is used as
the nuecleophilie reagent, the chemical reactivities of
29 and 28 relative to odoacetamide are 3.0 and 5.0,
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respeetivelv.  Therelore, the mereased rate of alkyla-
tion of the enzyme by 24 caunot be attributed to its
incereased cliemical reactivity,  The diffevences i the
ratex of irreversible inactivation th.r of adenosive
deaminase by 24 and 29 may be rationalized by assuming
thut in the reversible I7- T complex. the alkyvlating
group ol the inhibitors 1 fnxtaposttioned i a difTerent
sterte orientation on the enzyime,
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Candidate Irreversible

[nhibitors of Dihydrofolic Reductase Derived from

4,6-Diamino-1,2-dihydro-2,2-dimethyl-1-phenyl-s-triazine.

1

B. R, BakeEr axp Gernarpus J. Lotrexs?

Departnent of Chendistey, University of California ol Sania Bucbacw, Sanlo Buacbaca, Cadifoeniu

Y3108

Received Awgrsi 2.4, 1987

Nibeleen derivatives of 4,6-diamnino-1,2-dilydro-2,2-dimethyl-1-phienyl-s-triazine bridged front its plienyl group
(o N-phenylbromoacetamide, maleanilic acid, and I-chloro-2-alkanone were synthesized and evaluated as active-
site-directed irreversible ithibitors of dihydrofolic redietase from pigeon liver, Walker 256 rat tumor, and 1.1210/

FRX mouse lenkemia.

Although the bronwacetamido group of nost of these compounds appeared to be in

contact with the enzyme snrface, no irreversible inhibition ocenrred.  These negative resalts were most probably
dite to the incapabilitv of the juxtaposed enzynic nacleophilic group to react with these halomethyl and «,8-
ansatiirated carbonyl gronps on the inhibitor when the inhibitor was complexed to the enzyme, since similarly
positioned sulfonyl fluoride groaps have been showi to ivactivate the dihvdrofolic reductases by the active-site-

directed mechanism.

One of the major projects in thix laboratory has been
the design and synthesis of active-site-directed irre-
versible inhibitors™® for dihydrofolie reductase;” such
irreversible inhibitors that operate by the exo mecha~
nism--that is, the inhibitor is reversibly complexed to
the active site of the enzyme but covalently binds to the
enzyme outside the aective site---have cousiderable
potential for species-specific or tissue-specific inhibi-
tion.?

Previous studies had indicated that the 1-phenyl
group of dihydro-s-triazines such as 1 was complexed
to dihydrofolic reductase by 2 hydrophobic interac-
tion.™® 1M Jurthermore, this  hydrophobic bond ing
region' was not part of the active site but wag just
adjacent to the region on the enzyme where the 4 or
S position of dihydrofolate (3), the substrate, restides.™!*

(1) Tios work was generoosty supported by Grane CA-08685 from (e
Naliopal Capcer Institnte, U, 2. Public Health Service.

y Forthe previons paper in tlds serjes, see 1¥. I, Baker, I
AL L Yogolatti dr T Med, Chem., 10, 1134 (19675,

(3) Por (he previoos papers on candidate irreversilile inlubitors derived
from l-pbenyl-s-triazines see (at 15. R. Baker and G, J. Lourens, .J. ed,
Chem., 10, 1113 (1967), paper CV of (e complele series: (b} 13, R. NRaker
ard P oo, Phaym, Sed,. 56, 28 (1067, paper LN N of (ois series.

1) G.J L wisbes (o thank the Cooneil for Seientife and Indastrial Re-
seareh, Republie of Sontlc Africa. for a Inition fellowsbip.

5y B R. Baker, “Design of Metive-Site-Direcred lyreverrible linzysre
Inbibicors. The Organie Chemistry of the Enzyinic Netive-sile,” Jobp Wiley
el Rons, Ine,, New York, N. Y., 1967,

i) B R Baker, J. Fhaon. Scd., 83 317 (1961,

71 Fora review see yef 5, Claapter X.

. pang, aml

%y For a diseassion of the evohycionury changes i enzywes outsisle the
wevve sie and ntilization of wsel chanees for chemotlerapy, see ref 73,
Clapter 1N,

9) Yor a discossion of bydrocarbon interactions witle enzyises consgisting
primarily of ladroplobiec honding and van dey Waals forces, sce ref 5,
Chapler 1T,

d10y BLRL Raker and 12V, Mo, Jo Hetervayedie Chese, 20335 (1965),

1l 10 R Raker, 12T o, and DL VL Sant J. 7% Sed,, 54 L1115
(AT

123 dap DR Paker, TS0 Selavan, L Navooos, arel 15210 Do, J6hr, 88,
2095 (V663 by B R Baker arel 11X, Shapico, dod., 86, 308 (1896t).

Compounds of type 1 and 2 were then selected for in-
vestigation to determine how far the hydrophobie
bhonding region extended from the region where the

(CH ) XCH. . H-X(CH.),

( H, ) 17 ) . , Av )
(CHL T NH, « H,»_( N
;\/'.\ Nag o N
| .
NH. NH.
la. X =CH. b, X =CH,
2a. X =0 2b, X =¢(
0
HN ‘\\CH,,\'HCONHCH(‘OOH
NHiss N «CH...COOH
H
3
[-phenyl group was complexed. The pheuylamyl

group of 1 gave a 16-fold increment in binding over the
parent. 1-phenyl-s-triazine;® the butyl part on 1 con-
tributed only threefold in binding. The phenoxy-
butyl group of 2 had complexing ability equal to the
phenylamyl group of 1,'* indicating that the terminal
phenyl group was complexed to a relatively polar region
on the enzyme.”  With compounds of type 1, the actual
complex with the enzyme would have a preference for
either conformation 1a or 1h, but not likely both.

When all of these studies are combined, then logieal
candidates for exo-type active-site-directed irreversible

1:3) 1% R. Baker, B.-T. Ilo, awl 5. 0. Lourens, shod., 66, 737 (1067,
paper LXN XV of (16s serjos,

(1. B R, Baker and G, T, Loorens, ihif., 56, 871 (1967), paper LNXXNXVIL
of thix series.
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TaBLE 1

{EVERSIBLE INHIBITION® OF DIHYDROFOLIC REDUCTASES BY

NH,
NZ N
NS ACH), R
—— LM I —
Pigeon

No. R Sover Walker 256 1.1210/FR8

3 m-(CH,),CesHj; 0.0027¢

6 m-(CHy),CeH.NHCOCH,Br-p 0.0092 0.0042 0.011

7 m- (CH, )yCeH{ NHCOCH,Br-m 0.013 0.0039 0.044

8 m-(CHg).CeH; 0.0244

9 m-(CH,),CeH,NHCOCH;Br-p 0.0091 0.0054 0.0043
10 m-CiHg-n 0.030¢
11 m~-CH,NHCOCH,Br 0.41 0.26 0.26
12 ﬂZ-O(CIIg)QOCeHa 0.075¢
13 m-O(CH,)0C:H,NHCOCH,Br-p 0.053 0.0073 0.059
14 m-O(CH,),0C:H,NHCOCH,Br-m 0.045 0.022 0.076
15 m~O(CH,)0C:H,NHCOCH,Br-o 0.022 0.14
16 m-O(CH2)3005H5 0.116
17 m-O(CH,);0CH N HCOCH,Br-p 0.19 0.028 0.090
18 m-0O(CH,);0CcH.NHCOCH,Br-m 0.12 0.023 0.11
19 m-OCH,CeNHCOCH,Br-m 0.22 0.12 0.11
20 m-OCsHNHCOCH.Br-p 0.075 0.012 0.032
21 p-O(CH.»0CH , NHCOCH,Br-p 0.053 0.020 0.057
22 p-COCH,CI1 1.2/ 0.35 0.90
23 p-(CH,),COCH,Cl 0.0257 0.012 0.036
24 m~-COCH,Cl 1.7 0.61 1.3
25 m-(CH,)COCH,Cl 0.083 0.080 0.035
26 m-(CH,);COCH,Cl 0.025 0.080 0.027
27 m-0(CH,),0C:H,.NHCOCH=CHCOOH-p 0.078 0.0075 0.022
28 m=-0(CH.,);0C.H.NHCOCH=CHCOOH-p 0.076 0.0080 0.025
29¢ p-(CH;)CONHCHSO,F-p 0.070 0.020 0.080
30¢ m~(CH;)CONHCH,S8O:,F-p 0.10 0.064 0.078
319 m-CHy,CONHC:HSO,F-p 0.31 0.046 0.30

+ The techiical assistance of Barbara Baine and Jean Reeder with these asxays ix ackiowledged.
¢ Assays were run in 0.05 M Tris buffer with 6 uM dihvdrofolate as previously described;** 12 uM

necessary for 509 inhibition,

TPNH wax used with the pigeon liver enzyme and 30 uM TPNH with the two tumor enzynes.

14. 7 Data from ref 3b. ¢ Data from ref 3a.

inhibitors of dihydrofolic reductase can be summarized
by 4; if (a) the proper bridge length, B;, between the
phenyl groups and, B, between the outside phenyl
group and the leaving group, I, exists and (b) if L is a
leaving group capable of reacting with a juxtaposed
nucleophilic center on the enzyme, then an active-site-
directed irreversible inhibitor should emerge. Initial

e

(CH;;)QKNWNH_,
NN
NH,

4, B = bridge, L. = leaving group

work was focused on the chloromethyl ketone and bromo-
acetamido groups for the I group of 4, since these two
groups have the electrophilic ability to react with any
one of seven out of a total of fifteen different proteinic
amino acids containing a third functional group.
Nineteen compounds with these two leaving groups
and the maleanilic group, but with varying B, and B,
groups (see 4), were synthesized and evaluated en-
zymatically. The results are the subject of this paper.

b I. = coucentration of ihibitor

4 Data from ref 13. ¢ Data from ref

Enzyme Results.—Reversible inhibition with these
nineteen candidate irreversible inhibitors on dihydro-
folic reductase from pigeon liver, Walker 256 rat
tumor, and L1210/FR8 mouse leukemia are presented
in Table I; for comparison purposes some related re-
versible inhibitors are also collated. The following
information on reversible complexing to dihydrofolic
reductase can be gleaned.

(1) Introduction of the bromoacetamido group
(6, 7) on the m-phenylbutylphenyl-s-triazine (5) leads
to a 3-4-fold loss in binding; this indicates that the
bromoacetamido group is in contact with the enzyme,
but 1s not complexed.

(2) The wm-bromoacetamidomethylphenyl-s-triazine
(11) is a 13-fold poorer inhibitor than the m~butylphenyl-
s-triazine (10). Since the latter shows a threefold
better inhibition than the parent phenyl-s-triazine
(Isg = 0.11 ), the n-butyl group has some hydro-
phobic interaction with the enzyme; this hydrocarbon
area on the enzyme could repulse the polar carboxamide
group of 11.

(3) Introduction of the bromoacetamido group (9)
on the m-phenethylphenyl-s-triazine (8) gives a three-
fold increased binding; this result also indicates the
bromoacetamido group of 9 is weakly complexed with
the enzyme and therefore is in contact with the enzyme.

(4) When an amide group is substituted on the ter-
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minal phenyl group of m-phenoxyethyloxyphenyl-s-
triazine (12) to give 13-15 and 27, little change in
binding occurred; similarly. substitution of the bromo-
acetamido group (17, 18, 28) on the plu\lm\'\'pr(»p\'l—
oxyphenyl-s-triazine (16) gave little change in binding.
These results indicate that these flexible side chains are
unable to give a conformation that allows the amide to
complex to the enzyme but can assume conformations
where essentially 1o loss in binding ocaurs due to sterie
interaction of the bromoaccetamido group with the
enzyne.

The data i Table I can also be used to ecompare dif-
ferences m reversible binding to the three vertebrate
enzymes: the following information is pertinent. (1)
The greatest differenees i reversible binding  be-
tween the pigeon liver and Walker 256 rat tumov en-
Zymes s =een with compounds 13, 27. and 28 where
N-10-fold better binding oeeturs with the vat twnor
enzyme.  Inoonly one eaxe (with 26) wus hetter bind-
g <een with the pigeon liver enzyme, aud it wax only

threcfold.  (2) The greatest differences in binding
boetween the mouse leukemia 1I210°FRS and pigeon

Hver was only 2-3-fold; for example, 7 was com-
plexed slightly better to the pigeon Hver cnzyme, bhut
9 wax complexed slightly better to the mouse leukemin
enzyme. (3) The greatest difference in reversible
binding between the rat tumee and mouse leukemia
enzymes s seen with compounds 7, 13, and 31 where
6-10-fold better binding occurs with the rat tumor
enzyme.  Tonly two caxex (25, 26) wax binding better
to the 11210 enzyme, bt only by a factor of about
three.

These definite, but small, differences suggest that
there ix little likelthood that reversible inhibitors of di-
hydrofolic reductase will be of use in cancer chemo-
therapy unless there ix <ome other difference between
the cancer and normal tissues such ax active tranzport®
or rate of detoxtfieation, 314

None of the bromoacetamides, chlommcthvl ketones,
or maleanilie acids in Table I showed irreversible in-
hibition of any of three enzymes when incubated at o
coneentration of 51y by the methods previously de-
seritbed. ' The fact that the amide group of 6, 7. 9,
11, 13-15. 17, 18, 27, and 28 (sce reversible binding
discussion above) wax in contact with the enzyme
but did not covalently link to the enzyme 1o afford
irreversible ihibition ean be explained in one or two
ways: () the leaving group was not juxtaposed to
nuecleophilie group on the cuzyme within the reversible
enzgyme -inhibitor  complex, or (b} the juxtaposed
enzymic nueleophilic group did not have the proper
character to react at a detectable rate with the terminal
halomethylcarbonyl or e,g-unsaturated carbonyl group
on the inthibitor,

Twao approaches were investigated to solve this
enigima.

(1) Placement of the bromoacetamido group on a
branch from the phenylalkylphenyl group was in-
vestigated: these results are reported in the paper that
follow=.""  None showed irreversible inhibition of
dihydrofolic reductase; however, the number of com-

151 Reference 5, Chapter 1,

165y B. R, Baker, Cuscer Chemolherapy Repl., 4. 1 11959,

(17 IR, Baker and G. I, Lourens, J. Med, Chem., 11 34 (10068), pitper
CX of thix serees.

pounds investigated were not extensive since the simul-
tancous approach below was suecessful.

{2) A leaving group with the ability to react with
the hydroxyl group of =erine or threonine was investi-
gated, namely the sulfonyl fluoride funetion:  these
results have been reported.® but some (29-31) arce
meluded in Table T for compartsom purposes. Al
three sulfonyl Anorides (29--31) could irrov(\rsibl_\' -
hibit the dihvdrolfolie veductase from pigeon Hver, bt
only 31 could inactivate the two nunoer enzymes. It s
interesting to note that the irveversibly meffeetive
bromoacetamide (20) has the =<ame total bridge distance
(but different bridges) between the mside ph(\m'l group
and 1ts 1(\'1\111;; group as the trreversibly effective 31;
simiilarty, 9 and 19 have the sune lmdo(v listance ax
the irvev (\1\1})1\ ttective 30.

Carrently, harther stidies on compounds of type 31
are being pursued: by utilization of the various tenets
of the bridge prineiple of specificity? these analogs
have the possibility of inactivating a given tumor en-
zyme with minimal etfeets on host tissues,

Chemistry.- “The candidate  hreversible  inhibitors
i Table T ean be placed in one of five different groups
dependent upon their mode of synthesis.  Group |
consisted of w-phenylalkylphenyl-s-triazines (6, 7, 9).
The key intermediate ix a diphenylalkene systent (39,
40) where one phenyt has an amino group to be built
to a dihvdro-s-trinzine and the other phenyl has a
nitro group which can be reduced at the appropriate
time and converted to a hromoacetamide.  The smooth-
est synthetie route to substituted 1.4-diphenylbute~
dienes or diphenylethyvlenes is by the Wittig reaction'®
hetween an appropriate benzylphosphonium salt and
o nitrobenzaldehvde o nitrocinmamaldelivde.’®  In
arder to handle the two nitrogen funetions of the di-
phenyladkene svstem, they should be dissimilar; there-
fore. the acetamido funetion on the benzylphosphonnun
partner (34) wus seleeted.

Only two examples of eatalytic hydrogenation of
molecules containing & phosphontum funetion could
be tound in the Hterature. Raney nickel catalyst being
cmploved in one case! and p‘llla(hum on charcaal in
the other.®  Reduction of the nitro group of 32 was
performed in HOAe with a PtO, catalyst: the vesultant
amine (33) wux not isolated but was converted with
AcO to the evvstaline acetamida derivative (34) m
30C over-all vield (Scheme 1.

Wittlg condensation of 34 with p~ and p-nitroein-
namaldehvde (38) in THY in the presence of potasshiun
{-butoxide afforded the desired butadienes (36) in
only 25%, vield.  The reaction was much eleaner when
performed in MeOH with NaOMe as the base; the
products (36) .\‘(‘})‘ll‘alte(l directly from the reaction
mixture in pure form i about 509, yield. Similarly,
the required stilbenes (35) were synthesized from 34
by eondensation with the appropriate nitrobenzal-
dehyde (37) in MeOH. The N-acetyl group of 35 or
36 was smoothly removed with a hot mixture of THOH
and coneentrated HCI, the desired amine hydrochlorides
(39. 40) separating from the reaction mixture.

18 For ceviews oa 1be Wit yenelioa see (1) A, Maercker, Ocg. Reue-
tiosie, 14, 970 (10655 1o N T, Pesvnan, Angew. Chem. [riecn. K. Fgl.,
4, 583, 546 (1963,

A8y L, Horwee, L MNollmann, 11, G Wippel, ard G. Nassel, Cheon. Ber,
a1, 52 (1958,

20 L0 AMlartn and O KL Griffen, J. Org. Chem., 30 1034 {10650,
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ScHEME 1
% RNH NO,
HC(CH=CHj, @
NO, CHPCoHy)y CH,P(C,H,),
37.n=0 ol (131
38, n=1
’ 33.R= 2
34. R=Ac 3
NH,-HCl1
AcNH HCLH,N: N)\N/Q
(CH=CH), @ — (CH—CH), @ — NHJ\I Jcny,  (CH=CH)» —@\
NO, NO, - NO,
41,n=1
35.n=1 39'n=1 42 =2
36.n=2 40.n=2

The four amine hydrochlorides (39, 40) were con-
verted to the dihydro-s-triazines (41, 42) by reaction
with cyanoguanidine in Me,CO, the three-component
method of Modest.?!  Couversion of 41 and 42 to can-
didate irreversible inhibitors (6, 7, 9) is discussed later.

The second and largest group of eandidate irreversible
inhibitors were derived from phenoxyalkyloxyphenyl-
s-triazines, of which 13 is a member. The key inter-
mediates were the diphenoxyalkanes substituted with
an amino group on one phenyl and a nitro on the other
(47). These were readily synthesized by alkylation of
m~-acetamidophenol (43) with the appropriate bromo-
alkoxybenzene bearing a nitro group (44, 45) to 46
followed by aqueous alcoholic HCI hydrolysis to com-
pounds 47 which were isolated as their hydrochlorides
(Scheme II). The amines 46 were converted to the

ScBEME 11

+ Br(CH.), 0@ —_—
NO,

OH 44, n
45, n

43
W@ B,
NO,
O(CH,), 0

46,R= Ac
47.R=H

NH,HCI

P
HNl'\k J_@ ©\ NO.
9 \N (CHJ).’ O(CHz)rLO
48
AcNH + cucmm@\
NO,

OH 49, n=1
43 50.n=0

- @
(CH)n NO,

51

AcNH

']

w N

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

nitrophenylated dihydro-s-triazine (48) by the three-
component method.*

The third group of candidate irreversible inhibitors
consists of 19 and 20 (Table I). The method of syn-
thesis was closely related to the second group in that a
nitrobenzyvl halide (49) or 4-chloronitrobenzene (50)
was used to alkylate 3-acetamidophenol (43).

The fourth class consisted of candidate irreversible
inhibitors synthesized by reduction of the terminal
cyvano group followed by bromoacetvlation as repre-
sented by 11 (Table I). Three-component condensa~
tions?! of m-aminobenzonitrile ethanesulfonate (52)
with eyanoguanidine and Me,CO afforded the dihydro-
s-triazine (53) with a terminal cyvano group (Scheme
IIT). Hydrogenation of the evano group of 53 with
PtO, in EtOH coutaining 1 equiv of EtSO;H afforded
the aminomethyl-s-triazine as its bisethanesulfonate
(54).%2

Similarly, alkylation of m-nitrophenol with w-halo-
alkylnitriles afforded 55, which were catalytically
reduced to 56, then converted to the dihydro-s-tri-
azines (57) with a terminal cyano group. Reduction of
the terminal eyano group of 57 to amino appeared
satisfactory, but their bromoacetamido derivatives
could not be suitably purified.

The fifth class of candidate irreversible inhibitors
consisted of chloromethyl ketones 22-26; synthesis of
22-24 has been previously reported.?” The key inter-
mediates were the anilines (63, 64) substituted with a
terminal chloromethyl ketone function. These were
synthesized by Wittig condensation®® of m-nitro-
benzaldehyde (37) or m-nitrocinnamaldehyde (38)
with the phosphorane (58)% to give the unsaturated
ketones (59, 60) (Scheme IV). In order to reduce the
double bondsg and the nitro group to 63 and 64 without
concomitant reduction of the halogen or ketone func-
tions,?* the ketone function was converted to a dioxo-
lane (61, 62), then reduced to 65 and 66; the dioxolane
blocking group was removed by hydrolysis with HCl
in 809 aqueous 7-PrOH. Although the resultant
amine hydrochlorides (63, 64) could not be erystallized,

(22) The corresponding par« isomer las heen previorsly prepared by a
similar process.?3

(23) B3. R. Baker and B.-T. Ho, J. Heterocyclic Chem.. 8, 335 (1965).

(24) B. R. Baker and J. H, Jordaan, J. Med. Ckem., 8, 35 (1965).

(25) R. Y. Hudson and P. A. Chopard. J. Org. Clem., 38, 2446 (1963).
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N o ELSO.H )\H‘ N
{
EtSO{;H-H,N@ + NCNHCNH, — N N———@ —
HNK JCH o,
52 :
53
NH. CH NH,2EtS0.H FtSO.H-NH. CH,NHCOCH,Br
NS J(CHO, HN KA
54 1
. {
O(CHy), ON O(CH,),, ¢ HCI-NH, JCH
e G S G
¢ s H.:NKN)CHJ-’
55 56 57

SenEM 1Y

.\‘o_\@

(CH==CH1,CHO
37.0=0

58

+ CICHCOCH=P(CH.), — .\‘o_,

—_—

“Q
N/

(('H=CH),,('()('H_,(1 (CH= CH)»—( —CH.(1

59 n=|

= = 61, n=
38 n=1 60,11 9 62.”=:
/\LH HA
H:N@ o0 — Hvl.H__\v@ — L/ —( >
N (CH.). . oy
(CH.)»—C—CHL (CH.» COCH(] 2 (CH.» COCH.UI
65.n =2 63.n=2 25 =2
66, n=1 64.1n =4 26.1=4
SCHEME )
NHHC \Hn HC
S E WG = I
HAKCH.. R-@\ H, \k e
- NO -
67 ,
NHy HCl NH,HCT
) )
D € NN
N -/ “NHCO NHCOCH.Br

69

the three-component method?!
s~triazines (25, 26).

Al of the nitro intermedintes (41, 42. 48, 51) can
be generalized by 67, These were catalytically re-
duced to the amines (68) in EtOH with a PtO. catalyst;
if the R bridge also contained one or more double
bonds, these were reduced simultaneously (Scheme V).
The amines (68) were treated with bromoacetic an-
hvdride m either MeOH--Me,CO or DMI at 0°; all of
these produets (70) were characterized® by a negative

gave erystalline dihydro-

26y 120 RL Baker, DLV, Spwde o Ko Coword, L S0 Sbapivo, and 1, 11,
Jordoscoo . Helbevoegedie Claos, 8, 025 (14066,

Bratton--Marshall test for aromatic amines, a positive
4-(pnitrobenzyDpyridive test for aetive halogen, and
unitormity on tle on polvamide-NN,  The majority
of the compounds of type 70 could be cryvstallized:
a few could not be ervstallized but were pure by the
above criteria.® Those that did not meet these
eriteria were not included in Table I containing the
CHZYINE ARSAVS,

The two maleanilic aeids (69) were obtained from the
appropriate amine (68) by reaction® with malele an-
hydride in MeQH.

200 1R Bukee wopl 01 Nlovwolw, J. Pleenc, Sed, B2, G 1 i1uG3y,
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Tasre II
Prysical PROPERTIES® OF

T Caled, 9 Found, Yf——-——
R, R» Ry Method yield Ap, °C C H N C H N
m-AeNH p-NO, (CH=CH), A 720 190-191 70.1 3.23 .09 70.3 5.28 §.90
m-AcNH m=-NO» (CH=CH), A 34¢ 152-153 70.1 5.23 9.09 70.0 5.17 8.98
m-AeNH m-NO, CH=CH A 43¢ 153-156 68.1 5.00 .92 68.0 5.03 9.90
m-AcNH p-NO, CH=CH A 48¢ 182-186 68.1 5.00 9.92 67.9 5.04 9.78
m-AcNH p-NOpd O(CH,),0 B dde 149-150 60.8 5.10 8.85 60.6 4.98 8.61
m~-AcNH m=-NO,@ O(CH,),0 B YD 118-122 60.8 5.10 8.8 60.5 5.16 8.51
m-AcNH 0-NO,* O(CH,),0 B 67¢ 102-105 60.8 5.10 8.85 60.9 5.04 8.74
m-AcNH p-NO,d O(CH,);0 B 71c 129-130 60.2/ 3.64 8.25 60.1 5.66 7.98
m-AcNH m-N O, O(CH,);0 B 59¢ 118-119 61.2 5.49 §.48 61.5 5.39 8.58
p-AcNH p-NO2 O(CH.,)0 B H3e 160-161 60.8 5.10 8.85 60.6 3.19 8.05
m-AeNH m=-NO, OCH. B 49¢ 96-97 62.9 4,03 0.78 62.8 4.99 9.73
m-AeNH p-NO: OCH. B T4 159-160 62.9 4.93 9.78 63.0 4.89 0.72
m-NH.-HCl] p-NO, (CH=CH), C 53 dec >210 63.5 4.99 9.25 63.4 5.29 09.09
m-NH..-HCl m=-N O, (CH=CH), C 53k dec >220 63.5 4.99 9.25 63.3 5.10 9.40
m-NH,- HCl m-NOa CH=CH C 82* dec >215 60.8 4.73 10.1 60.6 4.73 9.94
m-NH,- HC1 p-NO, CH=CH C H8e dec >20) 60.8 4.73 10.1 60.7 4.72 10.2
m-NH.-HCl p-NO, O(CH,),0 C 644 dec >195 3.1 4.86 9.01 34.5 5.00 8.82
m-NH, HC1 m-NO, 0O(CH,),0 C 717 181-182 34,1 4.86 9.01 33.9 4.92 9.20
m-NH, - HCl 0-NO, 0O(CH,),0 C 317 150-153 541 4.86 9.01 54.0 4 .87 8.88
m-NH, HC] p-NO» O(CH.);0 C 54 172-174 593.5 .27 8.62 5.3 .26 8.41
m-NH, - HCI m-NO, O(CH,);0 C 04° 160-161 535 027 8.62 3.3 5.27 8.51
p-NH,-HCl] p-NO, O(CH,).0 C bR dec >200 32.67 5.04 8.76 52.5 4.98 8.78
m-NH,. HCl p-NO, (0] C 357 dec >175*
m-NH,-HC] m-NOx OCH, C 85° dee >190 45.6 4.66 9.98 33,7 4. .57 9.90
m~-NH, - HCl p-NO. OCH, C 98*% dec >200 95.6 4.66 9.98 35.6 4.68 9.97

« All compounds had ir and nv spectra compatible with their assigued struetiures.
¢ Starting hromide prepared by method L.
' Starting acetamido derivative, mp 137-138°, prepared according to H. E.

from EtOH.
lized from Me,CO.

4 Starting bromide prepared by method M.
* Recrystallized from EtOH-H,0.

Ungnade and E. Hansbwrg, J. Org. Chem., 17, 742 (1952), except NaOMe wax used i place of K.

b Recrystallized from 7-PrOH. ¢ Recrystallized
/ Hemihydrate. ¢ Recrystal-

! Recrystallized from EtOH-Et,0.

K. Tkawa [Yakugaku Zasshi, 79, 760 (1959); Chem. Abstr., 53, 21761 (1959)] reported mp 195°.

Experimental Section

nm-Acetamidobenzyltriphenylphosphonium Chloride (34).—A
solution of 22.7 g (30 mmoles) of 322% in 200 ml of HOAc was
shaken with H, at 2-3 atm in the presence of 0.2 g of PtO; for
12 hr during which time 0.15 mole of H, was consumed. The
filtered solution was spin-evaporated in vacuo leaving 33 as an
oil.  No attempt was made to crystallize the oil, but it was
dissolved in 40 ml of Ae,O and stirred at ambient temperature
for 25 min; the product began to separate in about 10 min.
The product wax collected on a filter and washed with THF;
vield 16.3 g (73¢), mp 284-286°. Recryvstallization from
MeOH-Et.0 gave 11.2 g (509) of product, mp 291)-292°.
For analysix a sample was recrystallized once more to give white
erystals: mp 200-292°: s 3580, 3340, 3240 (NH), 1675
(amide C==0), 1600 (C=C), 1330 (amide II), 1435 (P-pheuyl),
810, 750, 723, 700, 690 cm ™! (phenyl CH).

Anal. Caled for CrHuCINOP: C, 72.7; H, 5.65; N, 3.14.
Fouud: C, 72.5; H, 5.53; N, 3.13.

The ortho isomer as the bromide =alt was prepared similarly in
5309 vield, mp 285-286° dec.

Anal. Caled for CxHiBrNOP: C, 66.1; H, 5.14; N, 2.86.
Fouud: C, 66.1; H, 5.14: N, 2.89.

3-Acetamido-4'-nitrostilbene (35). Method A.—To g stirred
mixture of 1.51 g (10 mmoles) of p-nitrobenzaldehyde and 4.90 g
(11 mmoles) of 34 in 10 ml of MeOH cooled in an ice bath and
protected from moisture was added a solution of 0.57 g (10.5
mmoles) of NaOle it 3ml of MeOH. Solution took place, then

(28) Melting points were taken in capillary tubes on a Mel-Temp block
and are uncorrected. Al analytical samples gave ir (KBr pellet) and uv
spectra (EtOH) compatible with their assigned structures and each moved
as a single spot on tle. Brinkmann silica gel GF was used for tle on all com-
potnids except the dilydro-s-triazine salts where Brinkmann polyamide-
MN was emploved; spots were detected by visual examination under uv
light,

(28) N. N. Mel'nikov, A. E. Kretov, and B. I. Mel'tzer, J. Gen. Chem.
USSR. 7,461 (1937).

the product began to separate in about 10 min. After beiug
stirred at 0° for 1 hr and 3 hr at ambient temperature, the mix-
ture was chilled, theu filtered. The product was washed with
cold MeOH (two 10-ml portions), 20 ml of 505 aqueous MeOH,
and finally 25 ml of H,O; vield 1.36 g (48¢%) of prodiict, mp 181—
183°, which moved as a single spot on tlc in EtOAc. Reerystal-
lization from absoltte EtOH gave 1.21 g (439, ) of yellow crystals:
mp 182-186°; wm.x 3250 (NH), 1650 (amide I), 1600, 1550,
1500 (NH, C=C, NO.), 1330 (NO,), 960 (trans C=C), 690
em ™! (CeHi): Amax 245, 335 mu. See Table II for analytical
data and additional compounds prepared by this route.
1-(m-Acetamidophenoxy)-3-( p-nitrophenoxy )propane (46).

Method B.—A miixture of 5.20 g (20 mmoles) of p-(3-bromo-
propyloxy)nitrobenzene (45), 3.40 g (23 mmoles) of 43, 2.76 g
(20 mmoles) of anhydrous K»COyj, and 30 ml of reagent Me,CO
was refluxed with stirring for 40-45 hr.  Solvent was removed
by spii-evaporation in zacuo. The residue was extracted with
A0 ml of hot absclute EtOH, then the filtered solution was cooled:
vield 4.85 g (71%), mp 129-130°. The compound moved as a
single spot on tle in EtOAc and had wmax 3400 (NH), 1655
(amide C=0), 1600, 1545, 1500 (C=C, NH, NO,), 1340 (NO.),
1265 (C-0-C), 840 (m-CeHy), 690 em~! (p-C¢H,). See Table 11
for analytical data and additional compounds prepared by this
method.

1-(mm-Aminophenoxy )-3-( p-nitrophenoxy )propane Hydrochlo-
ride (47). Method C.—A mixture of 6.78 g (20 mmoles) of 1-(m-
acetamidophenoxy )-3-(p-nitrophenoxy )propane (46), 60 ml of
EtOH, and 60 ml of 12 .V aqueous HC! was refluxed with stirring
for 1 hr. After being cooled to 0°, the mixture was filtered and
the product was washed with cold 509 aqueous EtOH. Re-
crystallization from -PrOH gave nearly white crystals, mp 172-
174°, vield 3.5 g (319%), that moved as a single spot on tle in
MeOH and had vmax 2860 (broad), 2550 (NH *), 1600, 1390, 1525
(NH, C=C, NOu), 1340 (NOy), 1242, 1040 (C-0-C), 845 (m-
CeHy), 685 em ! (p-C¢H,). See Table IT for analytical data and
for additional compounds prepared by this route.

4-(m-Aminophenoxy )butyronitrile Hydrochloride (56, n = 3).
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TapLe I1

PHYSICAL PROPERTIES" Oy
R,
' s Ul led, ) - - ovad,
)3 R Metuod viekl AMp, < G 11 N . 1 N

m-N), OCTL B Pk 91-92 BRI 3.39 o1 3.08
m=-Ns« O(CILy). d 38 R7-8%
m-NQ), O(CH,); B s 50-54 aR.2 4.8 3.6 S8 4,92 13,7
m-NH,-HCL O(CH,)e D Oty
m-NH, 11Cl O(CHa)g 1 N2 136--13%8 a0.5 G. 16 13.2 56,2 G.08 15.2
m-NH, - Et8O;H 1) Tl 171172 47 .4 5.2 12,2 47.3 5. 14 121

* All compoluids gave ir spectra compatible with their assigned structiwves.  * Recrystallized from CgHepetroleum ethier (hp 30-60° 5.
Attempted hydrogenation by method D cleaved the ether linkage. ¢ Prepared according to J. Lichteuberger, J. Core, and R. Gever,
Bull. Soc. Chim. France, 997 (1962), except NaOH was used as catalyst; they recorded mp 97° and a yield of 23%¢. ¢ Recrystallized
from EtOII-H,0. 7 Recrystallized from MeOH. ¢ Crude amine-HCI converted to s-triazine; see Table IV, * Recry=tallized from
-PrOH-petrolenm ether.  Recrystallized from absolute EtOH-petroleum cther.

TanLe 1V
I'aysican Properties: or
NH,-HCl

< Ap, °C —~Caled, e ce=Yowel, s -

R Method vield dee o H N e 11 N
m=-(CH=CH :CeHsN Os-p 1€ 360 191104 3.1 342 0.7 59.0 552 19.5
m-ACH=CH };CsH N Ot I 40b 176-17% 391 542 107 o840 3.50 0.5
m-CH=CHCH,NOs-m D) Rty 104-106 6.0 5.2% 21.0 6.7 5O4R 209
m-CH=CHHNO,-p I; X 193195 36.9 328 21.0 367 3.69 211
m-QO(CH,)»0C:HNO-p 1% RS [80-190 32.5 039 1.3 2.2 5.43 19.3
m=0 (CH,),0CeH, N Oy 10 ay 172174 it 560 19,1 o1.R% 048 1.0
m-0(CH;)OCsH,NOs-0 I 69° 178-179 i) 5.3 10,3 R 043 10.6
m-Q(CH, )s0CH, N Os-p 10 35 130-160 D 5.61 8.7 3303 5.060 8.5
m-O(CHa s0CH NOyn It Gy» 163165 5 3.61 IS.7 332 .83 I8 4
p-O(CH;)0CHNO-p I 47 235-236 D 5033 1.3 324 5. 44 13
m-0QCsHNOu-p I 020 104-107 2 4.00 215 3201 4.00 217
m=-QCH,CeHN Oy o G7e IR3- 184 4 5.22 20.5 0 o4 20 4
IIZ-OCIIngH4N09—]} I (2% 1921903 4 5 .22 2000 a9 oo42 207
m-CNi F Gy 190-103 5 5.72 239 47 .0 v RERI!
m-CHy N Hp 16t 80, 1¢ (r (GRe Awmorphons 2 6 48 180 41 .4 679 178
m=O(CH,).CN7 I Sl 193-104 N 3.03 260 522 615 26,0
m-0(CH,);CN7 I 61 184185 5 6.28 250 5.8 5. 40 24 N
m~(CH,)CeHiINHCOCH,Br-p T R4k Amorphons
m-(CH,),CeH NHCOCH,Br-m 1 ok Amorphons
m-(CH, »CeHsNHCOCH,Br-p I1 OOk Amorphous
m-CH, NHCOCH,Br? I¢ 30¢ [ 88-180 4113 528 17.6 40 .4 343 17.5
m-0(CH,),0CHH,NHCOCH,Br-p ] 70 I1R3- 186 4709 508 15.7 471 B! 154
»-O(CH, OCsH;NHCOCH;Br-p 11 45 dee. > 180 480 408 16.0 453 5.20 6.0
m-0(CH, )»OCH,NHCOCH,Br-m I N& 121125 5.0 408 16.0 47.7 408 5.0
m-0(CH;):0CsH,NHCOCH,Br-o0 I 467 11s-120 48 .0 4 08 16.0 EE] 5.8 16.0
m-0(CH,);0CHNHCOCH,Br-p I S0 210-21 1 480 5,92 5.6 48R 5.40 15.6
m-0(CH,)30CH,NHCOCH,B1-m. I8} Ok Amorphoas 45,0« 412 17 .2 459 4.26 17.1
m-OCH,CeHNHCOCH,Br-m 11 Ok Amorphons
m-0CsH:NHCOCH,Br-p 8! 400 210 4567 4 .43 16.8 15,2 .60 16.5
m-( )(CI{3)3006H4NHC()C'II J (0 145- 146 549 541 6.7 3408 5.0 16.6

‘l

p-HOOCCH

m=-0(CH,)0CHNHCOCH J A7 dee >100 35N 5.65 16.3 358 505 165
l

p-HOOCCH
m=(CHy)COCH,C1 K 20 159-141 503 391 19.5 502 579 1.3
n-(CH 3 COCH,Cl K 507 156-138 020 4,32 8.1 R 6.70 170

B
Hm{\‘\NJ?

CHJ}): R

* Bach compound had ir aud uv spectra in agreement with its assigned strueture.

MN.
ethanol-EtOAc.
crystallized from DMF-EtOH.
method G gave a mixture.

halogen, and gave a negative Bratton—Marshall test for aromatic amine.

» Recrystallized from absolute EtOH.
/ Recrystallized from -PrOH-H,0.
’ Ethatlesulfonate salt.

¢ Recrystallized from EtOH-H.0.
¢ Recrystallized from absolute EtOH-petroleum ether (bp 60-110°). *
i Reduction of the C=N to CH,NH, followed by bromoacetylation hy
£ Amorphous product moved as a single spot on tle, gave a positive 4-(p-nitrobenzyl)pyridine test fur active
This material contains abont 1567 solvent which could not

4 Hemihydrate.

Eacli moved as a single spot ob tle o1t polyamide-
¢ Recrystallized from 2-methoxy-
Re-

be removed in high vacuum at 50° and decomposed at higher temperatures. ! Run with triethylamine equivalent to amine salt. ™ Re-
crystallized from DMF-H;0 containing a trace of HCl. » Picrate salt, mp 161-164°, prepared in and recrystallized from EtOH. ¢ Re-
crystallized from MeOH-H,0. » Monohydrate. ¢ Recrystallized from 1-PrOH. 7 Recrystallized from i-PrOH-petroleum ether (hp
60-110°).

Method D.—A solution of 2.06 g (10 mumoles) of 55 (n = 3)
("Uable 111) 11 100 ml of EtOTI was treated with 0.2 g of decoloriz-
ing carbon, then filtered. After the addition of 0.2 g of PtQs, the
mixture was shaken witlh He at 2-3 a(m until 30 mmoles of .
was eowsnned (about 30 min). The mixture was filtered through

a Clelite pad, thero 1 nd of 12 ¥ 1IC] was added to the filtrate.
The soltion was spin-evaporated @ vacuo. Two recrystalliza-
tions {romn ~PrOH-petroleum ether (bp 30-60°) gave 1.74 g
(82023 of produet, mp 136-138°, that moved as a single xpot on
tle fu MeOH: pu., 2850, 2600, 1950 (NH™*), 2210 (C==N},
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1620, 1390, 1550 (C=C, NH), 125, 1040 (C-0-C), 840 ¢m~!
(m-CgHy). See Table III for additional data.

4,6-Diamino-1,2-dihydro-2,2-dimethyl-1-{m-[y-(p-nitrophen-
oxy)propoxy]phenyl} -s-triazine Hydrochloride (48). Method
E.—A mixture of 406 mg (1.25 mmoles) of 1-(m-aminophenoxy)-
3-(p-nitrophenoxy)propane hydrochloride (47), 109 mg (1.35
mmoles) of cyanoguanidine, and 3 ml of reagent Me,CO was
reflixed with stirring for 20 hr; during this time the product
=eparated. The product wax collected on a filter and washed
with Me,CO. Two recrystallizations from absolute EtOH gave
312 mg (353Y%) of white crystals: mp 159-160°: Apax 244, 284,
307 mud pmax 3400, 3250, 3100 (NH), 1630 (C=NH"?), 1600,
15370, 1520, 1500 (NH, C=C, C=N, NOy), 1320 (NO;), 1240
(C-0-C), 810, 750, 705 em~! (phenyl CH). See Table IV for
additional data.

Method F was the same as E, but the ethanesulfonic acid of
the amine was employed.

1-(m=-Aminoethylphenyl)-4,6-diamino-1,2-dihydro-2,2-di-
methyl-s-triazine Bisethanesulfonate (54), (Method G).—A mix-
ture of 705 mg (2 mmoles) of 53 (Table IV), 100 m] of absolute
FtOH, 225 mg (2.04 mmoles) of ethanesulfonic acid, and 100
mg of Pt(), was shakeun with H; at 2-3 atm for 90 min when reduc-
tion was complete. The filtered solution was spin-evaporated
in vacuo. Two reerystallizations from absolute EtOH-petroleum
ether, the first with the aid of decolorizing carbon gave 634 mg
(689 ) of hygroscopic white crystals with no definite melting
poitt: Amax 3330, 3150 (NH), 1650 (C=NH™), 1560~1500
(NH, C=C, C=N), 1190, 1030 (8037), 740 cm~! (phenyl CH).
See Table IV for additional data.
1= {ma=[v=(p-Bromoacetamidophenoxy )propoxy|phenyl} -4,6-
diamino-1,2-dihydro-2,2-dimethyl-s-triazine Hydrochloride (17).
Method H—A mixture of 898 mg (2 mmoles) of 48 (n = 3),
100 ml of absolute EtOH, and 100 mg of PtO, was shaken with H,
for 70 min when reduction was complete. The filtered solution
was spill-evaporated in vacuo leaving the critde amine (68);
yvield 637 mg (769,). To a solution of 103 mg (0.25 mmole) of
the crude amine in 0.5 ml of DMF stirred in an ice bath was added
98 mg of bromoacetic anhydride. After 20 min at 0°, the mixture
was diluted with 5 ml of ether. The solvent was decanted from
the gummy product which was then triturated with fresh ether
until it solidified. The product was crystallized from aqueous
DMF containing a few drops of 12 N HCI; yield 90 mg (669)
of off-white crystals, mp 210-211° dec. The compound moved
as a xingle spot on tle on polyamide-MN in EtOH-CHCl; (3:2),
gave a negative Bratton—Marshall test for aromatic amine, and
gave a positive 4-(p-nitrobenzyl)pyridine test for active halogen;
Mnax 248, 272 (infl) mpu; wmax 3400, 3250 (NH), 1660, 1625
(C=NH* C=0), 1605, 1580, 1525, 1500 (NH, C=C, C=N),
1220, 1050, (C-0-C), 830, 790, 730, 700 cm~! (phenyl CH).
See Table IV for additional data.

Method I was the same as method H except the bromoacetyla-
tion was run in 0.2 ml of MeOH and 1.5 ml of Me;CO. See
Table IV for additional data.

Method J was the same as method H using a 509, excess of
maleic anhydride in cold MeOH. The produet separated from
the reaction mixture; it was collected on a filter, washed with
MeOH, then recrystallized. See Table IV for additional data.

1-Chloro-6-(m-nitrophenyl)-3,5-hexadien-2-one (60),—A mix-
ture of 5.32 g (30 mmoles) of m-nitrocinnamaldehyde (38),%
10.6 g (30 mmoles) of chloroacetonyltriphenylphosphorane
(58),% and 50 ml of MeOH was stirred in a bath at 53° for 40
hr. The cooled mixture was filtered, and the prodiict was washed
with cold MeOH. Recrystallization from 2-methoxyethanol

(30) Prepared hy the metbod of 8. G. Waley. J. Chem. Soc., 2008 (1948),
used for tle para isomer.

IRREVERSIBLE ENzYME INHIBITORS.
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gave 4.00 g (539;) of yellow crystals, mp 144-146°, that moved
as a single spot on tle in 1:4 EtOAc—petroleum ether. The
compoind had Amax 317 Mmu; rmax 1700 (C=0), 1613, 1600 (C=C),
1520, 1450 (NO,), 1000 (trans-diene), 775, 735, 690 cm ! (phenyl
CH).

Anal. Caled for C.H,CINOs: C, 57.3; H, 4.00; N, 3.57.

Found: C, 57.1: H, 3.91; N, 4.50.

2-Chloromethyl-2-[{4-(m=nitrophenyl)-1,3-butadien-1-yl}-1,3-
dioxolane (62),—A mixture of 3.78 g (15 mmoles) of 60, 10 ml of
HOCH,CH,0OH, 30 ml of C¢Hs, and 100 mg of EtSOsH was
refluxed under a Dean-Stark water trap for 12 hr. The cooled
mixture was diluted with 50 ml of C¢Hs, theit washed with ice
H;0 (two 50-ml portions). Dried with MgSO, the solution
was spil-evaporated in vacwo. Two recrystallizations from 2-
methoxyethanol gave 2.81 g (639 ) of yellow crystals, mp 102-
108°, that moved as a single spot on tlein 1:4 EtOAc—petroleum
ether. The compound had Amax 280 mu; wrmax 1650, 1620, 1575
(C=C), 1325, 1455 (NOy), 1040 (C-0-C), 805 740, 680 ¢m™!
(phenyl CH).

Anal. Caled for CuuHCINOs: C, 56.9; H, 4.77; XN, 4.74.

Found: C, 37.0; H, 4.80; N, 4.62.

1-[m=(1-Chloro-2-hexanon-6-yl)phenyl]-4,6-diamino-1,2-di-
hydro-2,2-dimethyl-s-triazine Hydrochloride (26). Method K,
—A solution of 1.47 g (5 mmoles) of 62 in 25 ml of EtOAc and
75 ml of EtOH was shaken with H, at 2-3 atm in the presence of
30 mg of PtO, for 18 hr during which 25 mmoles of H, was cou-
sumed. The mixture was filtered through a Celite pad, then the
filtrate was spin-evaporated in vacuo. The residual oily amine
(66) gave a single spot on tle in 1:9 MeOH-C¢Hg: it was refluxed
in a sohttion of 20 ml of -PrOH, 4 ml of H;O, and 1 ml of 12 N
HCI for 20 min to remove the dioxolane blocking group. The
solution was spir-evaporated in vacuo. Me,CO was added and
the spin-evaporation #n vacuo was repeated three times. The
erude ketone, which gave a postive 4-(p-nitrobenzyl)pyridine
test,? was dissolved in 20 ml of Me,CO. After the addition of
421 mg (5 mmoles) of eyanoguanidine, the solution was refhixed
with magretic stirring for 21 hr. The hot solution was clarified
by filtration, then chilled. The product was collected and re-
crystallized from ~PrOH-petroleum ether to give 970 mg (50%)
of white crystals: mp 156-158°: Amax 246 mu; vmax 3300, 3120
(NH), 1725 (C=0), 1660-1500 (multiple bands C=NHT,
C=N, NH, C=C), 800, 710 cm~! (phenyl CH). See Table IV
for additional data.

2-Bromoethyl 0-Nitrophenyl Ether. Method L.—A mixture of
24.6 g (0.125 mole) of sodium o-nitrophenoxide and 94 g (0.5
mole) of 1,2-dibromoethane was refluxed with stirring in 100 ml
of H:O for 40 hr. The cooled mixture was extracted with 100 ml
of CHCl;. The extract was washed with 59, NaOH (two 100-ml
portions), then dried (MgS0.). The solvent was removed in
vacuo and the hot residual oil was dissolved in 25 ml of EtOH,
then chilled. The crude product was collected on a filter. The
solid was dissolved i about 25 ml of absolute EtOH at 35°,
then filtered from =ome insoluble 1,2-(o-nitrophenoxy)ethate.
The filtrate was clarified with decolorizing carbon, then chilled.
The resultant product was recrystallized twice more from abso-
lute EtOH; yield 14.2 g (469%) of yellow crystals, mp 36-38°,
that moved as one spot on tle in 1:1 Ce¢Hepetroleum ether;
vmax 1600 (C=C), 1570, 1340 (NOy), 1240, 1060 (C-0-C), 770,
740 cm~! (phenyl CH).

Anal. Caled for CgHsBrNO;: C, 39.1; H, 3.27. Fouud: C,
39.2; H, 3.38.

Method M was the same as method L except 30 ml of DMF
was used in place of H,O and the reaction was run at ambient
temperature for 70 hr; the reaction can be stopped in less than
70 hr if the red color of sodium nitrophenoxide has been dis-
charged to yellow,



