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A weries of 22 candidate active-site-directed irreversible inhibitors of dihiydrofolic rednetase derived from
1-{4-(w-aminoalkoxy )-3-chlorophenyl]-4,6-diainine-1,2-dihydro-2,2-dimethyl-s-triazines by acylation of the
terminal amino group by a fluorosulfonyltbenzoyl, fluorosulfonylphenylsulfonyl, or luorosulfonylphenylearbamido
group were synthesized and evaluated on the enzyme front L1210 mouse leukemia and mouse liver as well ax
L1210 cell culture; the alkoxy unit was varied between two and four carbons.  Of these 22 compounds, 14 were
excellent irreversible inthibitors of L1210 dihydrofolic reductase that at 5-10 X 1073 M gave 84-100%7 inactiva-

tion of the enzvme;

the presence of the 3-Cl atom was necessary for good irreversible inhibition.

Of these 14

compounds, none showed complete specificity since the liver enzyme could also be inactivated 18-83%;.. The
three best compounds showing <239 inactivation of the liver enzyme were m- or p-fluorophenylearbamido

derivatives containing two (16) or three (3, 6) CH: groups.
was measured, the best six (’0mpt>und~ (11, 13, 16 21-23) showed ED;’s
1-{4-(p-fluorosulfonylphenylureidoethoxy)-3-chlorophenyl}-4,6-

beat Lompound of the series was, thelefore

When the efficieney of kill of L1210 cell culture
in the range of 0.003--0.15 pd/. The

diamino-l,'Z-dihydro—?,Q—dimethyl-s-triazine (16) which had ED; = 0.003 g and at 0.072 w3 showed 86¢,

inactivation of L1210 dihydrofolic reducrase in <2 min at 37°

of the liver enzyme in 60 min.

In o previous paper from this laboratory, it was
reported?® that 1 was an active-site-directed irreversible
inhibitor* of the dihydrofolic reductase from L1210
mouse leukemia aund that 1 showed no irreversible
inhibition of this enzyme from mouse liver. When Cl
was removed from 1, the resultant 2 showed no irrevers-
ible inhibition of the L1210 enzyme; this difference
hetween 1 and 2 was attributed to the effect of the Cl on
Himiting allowable binding conformations of 1 for
reversible complexing with dihydrofolic reductase.?
Therefore, a study was initiated to see if the acetamido
bridge of 1 could be replaced by an alkyleneurea bridge

NH, R

NZ N R,

N H-‘KN’) Me.

1, Ry = Cl; Ry = OCH;CONHCH, SO F-p

2, Rx = H, R4 = ()CHzCOVHCsI‘LSOzF-

3, R; = CL; Ry = O(CH, );NHCO\HCSHSOZF -m
4, R; = H; Ry = O(CH,);NHCONHCH,S0,F-m
5, P\g = (‘1: }{4 = ()(CHQ)HNHR1C5H’;(R3)SOzF

as in 3 and still maintain irreversible inhibition; such
wus indeed the case.  Therefore a series of compounds
(5) related to 3 have now been synthesized and evalu-
ated for specific irreversible inhibition of L1210 dihydro-
folic reductase and inhibition of intact L1210 cells in
culture; the results are the subject of this paper.
Enzyme Results.—The mhibition of L1210 dihydro-
folic reductase by the first member of the series (3) is
shown in Table IT; 3 wax both an excellent reversible
and rreversible inhibitor,’ showing 839 inactivation in

(1) Tlis work was generously supported by Grant CA-08695 from the
Narional Cancer Institute, U. 8. Public Health Service.

2y For1le previous paper of this series see 13. R. Baker and R. B. Mevyer,
dr., J. Med, Chemn., 12, 668 (1969).

(3¢ 14 R Baker and G J. Loarens, thad., 12, 93 11969), paper CX1. of thix
Reries.

e 1 R. Baker, "Design of Active-3ice-Directed lrreversible Enzyme
Inhibiters,  The Organiec Chemistry of the Enzymie Active-Site,” Jobn
Wiley and Sons, loe., New York, N. Y., 1967.

15) Tor the assay metlods see (a) 13. R. Baker, C. J. Lourens, R. 3.
Meyer. dr., and N. M. J. Vermeulen, /. Med. Chem., 12, 67 (1969), paper
CXNNXILT of this series; (b) B. R. Baker and (¢, J. Lourens, <., 10, 1113
(1967), paper CV of this series.

< but at 0.16 M showed only 187, inactivation

2 min at 37°. The inactivation of the mouse liver
enzyme by the same concentration of 3 was considerably
less, presumably due to more enzyme-catalyzed hydrol-
vsig of the SOsI° group® by the liver enzyme. That the
chlorine atom of 8 was necessary for good irreversible
ihibition® was shown with 4. Reversible inhibition by
3 or 4 was essentially identical, but 4 showed ouly poor
irreversible inhibition at twice the concentration used
with 3.

When the SO,1" group of 3 was moved to the para
position, the resultant 6 was a shightly better reversible
inhibitor than 3, but showed a similar irreversible
mhibition pattern. Replacement of the NHCONH
bridge of 3 or 6 by NHCO to give 7 or 8 resulted in little
change in I, but irreversible inhibition of the 1.1210
enzyme was considerably less. In contrast, replace-
ment of the urea bridge by NHSO: to give 9 or 10
showed just ax effeetive irreversible mhibition of the
1.1210 enzyme, but the effectivencss on the liver enzyme
was  c¢nhanced compared to 3 or 6. Attempts to
decrease irreversible inhibition of the liver enzyme
without a corresponding deerease inn irreversible inhibi-
tion of the L1210 enzyme by substitution on the CgNy-
SO motety? were unsuceessful as shown with 11- 14;
actually effectiveness of the iver enzyme was 111c1ecl.\ed
except with 13 where irreversible inhibition of the liver
enzyme wis about the saune as with 6,

Chain shortening of the propylene bridge of 3 to
ethylene guve 15 which was a less effective irreversible
inhibitor of the 1.1210 enzynie, but reversible inhibition
was not changed. In contrast, the same structural
change on the p-S0.I" isomer (6) gave an unchanged
irreversible inhibition pattern with the resultant 16.
Again the corresponding benzamides (17, 18) showed less
effective irreversible inhibition.  The sulfonamides (19,
20) were also less effective irreversible inhibitors.
Methyl substitution (21) on did not change the

{61 D, R, Baker and J. AL Hertbia, hid., 11, 333 (1968), paper CX111 »f
1his series.

1T) B. R. Baker and ¢, 0, Lonrens, <A, 11, 677 (1968). puper CXNXIX
of 1his series,
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TseLe I: Inmsition® o¥ DIHYDROFOLIC REDUCTASE BY

NH. R.
N)\N O(CH.),NHR,

_NH'.,KN)MeZ
Mouse Tso,? Inhib, Time, % EDso,? EDso/
No. Ri » R: tissue wM uM min inactivn® uM Iso
3 Cl 3 CONHCHSO.F-m L1210/DF8 0.053 0.10 2, 30 80, 87¢ 0.57 11
L1210/0 0.10 60 82
‘Liver 0.10 60 25
4 I 3 CONHCHSO:F-m L1210/DFS8 0.048 0.24 60 23 7.0 150
Liver 0.030 0.24 60 0
6 Cl 3 CONHCHSO.F-p 1.1210/DFS 0.021 0.10 2,8 03, 93¢ 0.55 26
0.042 60 &7
Liver 0.10 60 50
0.042 60 23
7 Cl 3 COCHSOF-mn 1.1210/0 0.013 0.048 60 60 1.1 85
L1210/DF8 0.048 60 72
Liver 0.024 0.12 60 18
8 Cl 3 COCH(SO.F-p L.1210/DF8 0.046 0.092 60 69
Liver 0.092 60 47
9 Cl 3 S0,CsHiSO.F-m L1210/DFS 0.069 60 98 1.0 44
Liver 0.023 0.069 60 69
10 Cl 3 S0,CsHSO0,F-p L1210/DFS 0.048 60 97 0.93 19
Liver 0.048 0.096 60 73
11 Cl 3 CONHCHz-4-Me-3-SO.F L1210/DFS 0.0088 0.030 60 87 0.039 4.5
Liver 0.018 0.030 60 44
12 Cl 3 CONHCH;-2-0Me-5-80,F L1210/DFS 0.094 2,30 04, 94e¢ 0.54 11
Liver 0.047 0.14 60 42
13 Cl 3 CONHCsH;-3-Me-4-80,F 1.1210/0 0.095 60 84 0.008 0.1
L1210/DF8 0.095 60 97
Liver 0.057 0.38 60 64
0.19 60 30
14 Cl 3 COCeH;-4-Me-3-SO.F 1.1210/DF8 0.090 60 84 4.3 95
Liver 0.045 0.16 60 39
15 Cl 2 CONHCH, SO F-m L1210/DF8 0.12 2, 4,30 57, 64, 64¢ 6.0 150
0.040 60 19
Liver 0.040 0.12 60 0
16 Cl 2 CONHCH,S0.F-p L1210/0 0.0095 0.066 60 K6 0.0032 0.36
L1210/DF8& 0.072 2, 30 86, 86¢
Liver 0.16 60 18
17 Cl 2 COCH SO F-m L1210/DFS 0.12 60 37 1.1 15
Liver 0.075 0.18 60 9
18 Cl 2 COCHSOF-p L1210/DF8 0.082 2, 4,30 63, 75, 75¢ 1.2 30
Liver 0,041 0.082 60 25
19 Cl 2 S0.CeHSOF-m L1210/DFS8 0.074 60 46 5.4 150
Liver 0.037 0.074 60 24
20 Cl 2 S0,CeH(80:F-p L1210/DF8 0.072 60 52 5.4 150
Liver 0,036 0.072 60 27
21 Cl 2 CONHCH;-3-Me-4-SO.F L1210/DF8 0.015 0.072 2,30 90, 90¢ 0.093 6.3
Liver 0.036 0.11 60 33
22 Cl 4 CONHCH,SO.F-m 1.1210/DFS8 0.020 0.050 60 98 0.059 3.0
Liver 0.31 60 75
0.060 60 30
23 Cl 4 CONHCH,SO,F-p L1210/DFS 0.068 2, 30 81, 98¢ 0.15 4.4
Liver 0.034 0.10 60 83
24 Cl 4 COCsH SO F-m. 1.1210/DF8 0.078 60 96 1.1 29
Liver 0.039 0.12 60 67
25 Cl 4 COCH,SO.F-p L.1210/DF8 0,022 0.050 60 100 1.5 68
Liver 0.24 60 86
0.030 60 37

@ The technical assistance of Diane Shea and Sharon Lafler with these assays is acknowledged. * Concentration for 309, inhibition
when assayed with 6 M dihydrofolate in 0.05 M Tris buffer (pH 7.4) containing 0.15 M KCl as previously described.® ¢ Incubated
at 37° in 0.05 M Tris buffer (pH 7.4) containing 60 uM TPNH, then the remaining enzyme was assayed with 12 u3f dihydrofolate and
0.13 M KCl as previously described.®! ¢ Concentration for 509, inhibition of 1.1210 cell culture. ¢ From a six-point time study.?

inhibition of 1.1210 enzyme, but 21 was more effective  ible inhibitors of L1210 dihydrofolic reductase; un-

on the liver enzyme than 16. fortunately irreversible inhibition of the liver enzyme
The two phenylureas (22, 23) and two benzamides was enhanced compared to 3 or 6.

(24, 25) with a butylene bridge were excellent irrevers- In summary, 3, 6, 9-14, 16, and 21-25 were good to
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TapLe I1
Puysicat CONSTANTS OF

NH.E&o W

N/Lx()tt‘}{),,NHR

NHS M.

No. R) R: "
3 CONHCH,SO0:F-m Cl 3
4 CONHCH, SO F-m 1 3
6 CONHCH SO F-p Cl 3
n COCHSO0:F-m Cl 3
9 St,)zCsH4SOzF‘-7’n Cl 3
10 S( )2C5H4S()2F-p (Nl o
11 CONHCsH;-4-Me-3-SO.F Cl 3
12 CONHCI3-2-0Me-3-SO0.F 1 3
13 CONHCH-3-Me-4-S0.1 al B
14 COCsHz-4-NMe-3-S0.F 1 3
15 CONHCsHSOF-m 1 2
16 CONHCH,SO0.F-p Cl 2
17 COCH SO0 F-m Cl 2
1s COCsH SO0 F-p 1 2
19 SOLCeHSOF-m 1 2
20 SO, CgH,S0,F-p 1 2
21 CONHC:H-3-Me-4-80.F 1 2
22 CONHCsH SO F-m 1 4
23 CONHCHSO.F-p 1 4
24 COCHSOF 1 4
25 COCHSO.F-p Cl 4

e My,
yietd* 2 dee Formula®

3° 176-177 CoHy; CIFN;O8 - CoHS80:H
674 195-106 CurHasF'N:O4S - CoHsS0sH
12¢ 195200 (‘::11’1:5011“.\"7()43 . CQH,’JS();;H
L6e 1507 CoyHpCIENQS - CoHSOH - T1LO
21y 2002203 (‘j-_-lng.;(:lFNsO;S . CzH,AS()sH

v 1404 Caq a2 CIENGOS, - CH S0,
667 205-204 CaHap CIEN4Q:8; - CHS03H
(57‘1 :.).1'..).‘-'.313 (':_»HZTCIFN'O.iSCI‘HQ:\,OsIl
HNd 184187 (ul{z;ClFXf(}ab‘ . (‘Q;H,JS 0O:H
44¢ 197-19S (':QI‘IQ:CIFN;’O;S . CzHQS()sH
o 192104 CaHasCIFN OGS - CoH 80 H
36¢ 1507 ( ,'goH;;sClFNTOAS . CQH,JS()Jli
644 206205 CuaHyCIFNOLS - CoHSOH
28 212-214 CaoHa CIENOS - C. H;:80:H
o 2924226 (‘_xol{_‘_x(\lF:\vs(LS . (‘QH dSOsH
TN 217218 (‘_yoll_»z(leNs()db‘:(sz;’,S()sll
e 217-219 CaoHae CIEN O3, - C:H;:80;1H
47 1504 CatHw, CHINZ0,8 - CoHS0:H
B3Ry 165F (:23}137(211“.\‘77045' CQH5503H
G4y 175-175 CuHo: CIFN;O,8 - CoH805H
HOk 176--178 Cuy s CIFNOLS - C.H;80:H
258 158-160 CapHarCIFNOLS - CoHAS 051

> All compounds were made by Hx-PtOs reduction of 33, then condensation of the resultant 32 with cymunognanidine and acetone as

deseribed for compound 2b in ref 3; yield is recorded for analytically pure material and is a minimuni.
4 Recrystallized from -PrOH-H.O.
k Recrystallized from Me,CO-EtOH.

¢ Reerystallized from EtOH-H.O.
position range. ¢ Recrystallized from Me,CO.

excellent. irreversible inhibitors of L1210 dihydrofolic
reductase showing >80%; inactivation at 2I;.  Of these
14 compounds noune showed complete specificity by
giving 1o activation of the hiver enzyme at 2-3I;
only 3, 6, and 16 showed <25%; imactivation of the liver
enzynme and were therefore the best compounds in
Table 1.

Cell Culture Assays.*-—With L1210 cell culture the
concentration of mhibitor (EDs) for 509, cell kill can
be measured. The compounds ean be divided into
three groups: (1) 11, 13, 16, and 21-23 with ED; =
0.003-0.15 wM; (2)3,6.7,9. 10, 12,17, 18, 24, and 25
with I{Dsq = 0.5-1.5 xd; and (3) 4, 14, 15, 19, and 20
with I5Ds = 4-7 wf, a total spread of about 2000-fold.
The E s of an inhibitor is dependent upon such factors
as cell wall transport, effectiveness on the target recep-
tor in the cell, and rate of metabolism of the inhibitor in
the ccll compared to rate of inactivation of the target
reeeptor by the inhibitor.  With a reversible mmhibitor.
the latter fuctor reduces to rate of metabolisin as there
i no inaectivation of the target enzyme. Since the
compounds in Table 1 are such potent inhibitors of
dihydrofolic reductase, it is improbable that 1.1210 cell
death ix due to inhibition of some other enzyme; the
blockade of dihydrofolic reductase will in turn lead to o
block of DNA synthesis? due to the inability of thy-
midylate synthetase to operate in the absence of
dihydrofolic reductase.’®  Metabolism of the inhibitor

18> We wish to thank Dr. Florence White of the CCNSC for these assays
performed by Dr. P. Himmelfarb, Artlaur D. Little, 1ne.

(9) 1), Roberts and I, Wodinsky, Cancer Res., 28, 1955 (1968).

(1) T. H. Jukes and M. P. Broquist in *Metabolic Inbilntors,” 1. M.

Nechster and J. M. Quastel, Ed., Academie Dress Ine., New York, N. Y.,
1963, pp 481-534.

b All analyzed for C, H, I.
¢ Recrystallized from -PrOH. 7 Beginning of wide decom-
“ Recrystallized fron Me.CO-H.0.

is unlikely to be important with inhibitors that give
rapid inactivation of the target enzyme such as 16.
Therefore as u first approximation the EDj is 2 measure
of cell wall penetration of fast, potent irreversible
inhibitors of dihvdrofolic reductase particularly when
normalized by use of 15Dy T5 to avoid differences m
reversible binding. Furthermore, it 18 probable that
the compounds in Table T euter o cell by passive diffu-
sion.! With these assumptions the following factors
 transport can be deduced as o working basis for the
design of compounds with better transport properties.
(1) Comparison of the 1D/ L, ratios of ureidophenyl
with the corresponding benzamido derivatives such ax
3 s, 7,11 vs. 14, 16 5. 18, and 22 vs. 24 indicates that
compounds with a phenylureido bridge are transported
better than compounds with a benzamido bridge. (2)
C‘ompounds with « benzenesulfonamido bridge are not
trausported as well as compounds with a phenylureido
bridge (16 vs. 20).  (3) No consistent correlation with
the number of methvlenes in the bridge and transporl.
could be made; compare 6, 16, and 23.

Of the three potent irreversible inhibitors (3, 6, 16)
of 1.1210 dihvdrofolic reductase giving the most speci-
ficity, 16 hus the lowest EDs, 0.0032 p3 . Thercfore, 16
should show the best in vive activity; such @ vivo tests
on the compounds in Table I with the lowest EDs,
values are in progress.

One other point of interest in Table [ is that 3 and its
deschloro derivative (4) have nearly identical Is’s but 3
i« 12 times ax effective as 4 in the cell culture assay;

(11) fa) See ref 4, pp 268-266; Y R. C. Woud and G. H. Hitchings, J.

Binl. Clem., 234, 2377, 2381 (1959): <) B. R. Baker, D. V. Sanli, ¥'. L
Almaala, znd W, (, Werkbeisher. /. Med. Chem.. T, 24 (1964).
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TasLe 111

PuysicaL CONSTANTS OF

R,

Noz© O(CHL),NHR,

No. R: Rs n
30b CO,CH,CeH; Cl 3
3la H-HBr Cl 2
31b H HBr Cl 3
3lc H-HCL Cl 4
31d H-HBr H 3
40 CONHC:H,SO:F-p Cl 2
42 COCsI‘LSOzF-p Cl 2
43 SOzCsI‘LSOzF—')’n Cl 2
44 S0.CsHSOF-p Cl 2
45 CONHCHz-3-Me-4-SO:F Cl 2
46 CONHCH,S0.F-m Cl 3
48 CONHCH,SO0,F-p Cl 3
49 COCBH4SOQF-WL Cl 3
30 COCH,S0,F-p al 3
51 SO2CSH4SO2F-m Cl 3
52 SOzCJLSOzF-p Cl 3
53 CONHCH;-4-Me-3-SO.F Cl 3
54 CONHCH;-2-0Me-5-80,F Cl 3
35 CONHCsH;-3-Me-4-SO,F Cl 3
56 COCsH;-4-Me-3-SO.F Cl 3
57 CONHCH,S0,F-m Cl 4
58 CONHCHSO,F-p Cl 4
59 COCsH4SOzF-m Cl 4
60 COCQH4SOQF‘Z) Cl 4

s Additional methods:

CLV 675
%
Method% yield Mp, °C Formula
A 370 85-86 CiHizCIN,O5
C 36¢ 226-227 CsHCIN,O;:- HBr
B 99 2084 CsHCIN;0;- HBr
D 494 162-163 CioH1:CIN,03- HC
C 28'i 134—135 CgHmNzOs . HBI‘
F 72e 168-170 CisHisCIFN ;068
En 737 194-197 CisHisCIFN;068
G 740 178-180 Ci:HpCIFN:068
G 69° 200202 CisHpCIFN,O8
Goe 92r 143—145 C14H1201FN207SQ
GU 88h 146-147 C14H1201FN207SQ
E: 447 Amorphous*
F 37t 160-161 Ci1sHisCIFN 068
F 74% 162-163 CisH1sF N:068
En 74n 147-148 CieHsCIFN;068
G 71b 129—131 ClsH14CIFN2OSS
G 50s.0 160-165 C15H14CIFNQOSS
Ge 63 125-126 C1sH14CIFN,0,8,;
Go 83% 125-126 CisHiClFN,0+8;
E¢ H4e 147-150 CanCIFNsOsS
E 767 206-208 C17H17CIFN307S
E: 567 161-163 CizH7CIFN;068
Ge 30e Amorphous*
F 68 163-165 CrH i CIFN;068
Em 320 175-177 C17H17CIFN30(;S
G 148 82-84 CiHisCIFN,O6S
G’ 55b'° 115—1 16 CnHmClFNzOsS

E, from the appropriate O-phenylurethan and amine as described for compound 32 in ref 16; F, from m-

fluorosulfonylphenyl isocyanate and the appropriate amine as described for compound 31 inref 16; G, from the appropriate acid chloride

and amine as described for compound 43 in ref 16; all compounds were analyzed for C, H, N.
4 Recrystallized from EtOH-Et;0.
k Recrystallized from CsHs.
# Amorphous product not obtained analytically pure.

» Recrystallized from EtOH-petroleum ether (bp 30-60°).
showed several spots on tle; analytical sample was obtained by preparative tle.

crystallized from EtOH-THF.
7 Recrystallized from 4-PrOH.

crystallized from EtOAc.
for starting sulfonyl fluoride.

¢ Reaction run in THF.

Baker and R. B. Meyer, Jr., J. Med. Chem.,
although the greater effectiveness of 3 is probably due
to its potency as an irreversible inhibitor, in contrast to
4 which is not, this deduction is equivocal until it can be
established whether or not the Cl atom of 3 has en-
hanced the transport.

Finally, it should be emphasized that the compounds
in group 1 with ED4/’s in the range of 0.003-0.15 uM
are still considerably less potent than the reversible
inhibitor 26 with its EDg, = 2 X 10— uM. With 273

NH, ¢l NHz
5O @w@w
NH k IMe,

Me, NH'x

26
v
NH,\ Ve,
(CH2)4©SOQF

28

an ED;, = 0.003 uM has now been observed; thus the
replacement of the NHCONH moiety of 6 by -O-

b Recrystallized from EtOH. ¢ Re-
¢ Recrystallized from 7-PrOH-petroleum ether (bp 30-60°).

* See ref 7 for starting sulfonyl fluoride. ¢ Re-
! Recrystallized from EtOH-H,0. ™ See ref 16
o Used for further transformation, but
» Recrystallized from -PrOH-EtOAc. ¢ See B. R.

12, 104 (1969), for starting sulfonyl fluoride.

increases potency about 200-fold. Potency is further
increased with the completely hydrocarbon bridge of
28, which is a potent irreversible inhibitor of 11210
dihydrofolic reductase;'* 28 has an EDy of 2 X 10—
wM, and ED;/I; ratio of 0.009, and has the most
potency yet observed in L1210 cell culture with an
irreversible inhibitor of dihydrofolic reductase.

The modification of molecules such as 27 and 28 is
being vigorously pursued in order to impart isozyme
specific irreversible inhibition to these classes of com-
pounds that show such good cell wall transport.

Chemistry.—The irreversible inhibitors in Table I,
except for 4, can be generalized by structures 34-36
(Scheme I); these were made from the appropriate
arylamines (32) by condensation with eyanoguanidine
and acetone.'® The arylamines were made by the
following sequence. The amino function of an w-
bromoalkylamine was blocked by reaction with carbo-
benzoxy chloride;!'* the resultant 29 was used to

(12) E. E, Janson, M.8. Thesis, University of California at Santa Barbara,
Dec 1968; to be published.

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

(14) (a) E. Katchalski and D. Ben-Ishai, ¢bid.. 15, 1067 (1850); (b)
B. R. Baker and J. K. Coward, J. Heterocyel. Chem., 4, 202 (1967), paper
XCI of this series.
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SCHEME |

¢l
Br(CH),NHCBZ —»  NO, O(CH),NHR  ——
29 30,R=CBZ
3LR=H
cl R
NO, O(CH,),NHR,C,HSOF —»
33
1
¢ R,
NH, O(CH,),NHR,C.H,SO,F —
32
NH,ES0H (' R,
NZON O(CH,),NHR, C;H,SO,F
NHQKNJMeZ
34,R, = CONH
35.R, = CO
36.R, = SO,

an=2:bn=3 cn=4

alkylate 2-chloro-4-nitrophenol to give to ethers (30).
The CBZ protecting group of 30 was then removed with
HBr-HOAc® to give 31; for n = 4, the phthalyl block-
ing group was employed. Reaction of 31 with the
appropriate O-phenylurethan,'® acid chloride, or sul-
fonyl chloride gave 33 with R, = CONH, CO, and SO,,
respectively. Reduction of the NO, group of 33 to 32
without hydrogenolysis of the Cl atom was achieved
with PtO, catalyst;® the amines (32) were converted
direetly to 34-36 without purification.

Experimental Section

Melting points were taken in capillary (ubes on a Mel-Temp

(15) 1), Ben-Ishai, J. Org. Chem., 19, 152 (1454},
(16} 13. R. Baker and (5. I. Lourens, JJ. Med, Chem., 11, 666 (1468), paper
CNXX VI of this series.

Vol 12

block and are uncorrected. Lach analytical samiple had v and
uv spectra compatible with its structure, moved as a single spot
on (le on Brinkman silica gel GFu;y, and gave combustion nnedvses
for (', H, und N or F within 0.4¢¢ of theory.  The plivsical con-
stants of 3, 4, 6--25 are given in Table I1.

N-(Carbobenzoxy )-3-(2-chloro-4-nitrophenoxy )propylamine
(30b) (Method A).-~A mixture of 38.5 g (1.22 mole) of 2-c¢hlora-4-
nitrophienol, 60.4 ¢ (0.22 mole) of 29b, 1" 24 ¢ (0.22 moler of
KaCO;, and 150 ml of DMFE was stirred at 85° {or 36 e, The
mixture was poured into 1 L. of 11,0 and extracted with rhree 300-
ml portions of CHCl;. The combined extracts were washed
siieeessively with  three 500-mnl portions of H«A) (wo 200-ml
portions of 1 .V NaOl, and two 500-ml portions of 11O, Dried
with MgSO,, the C"HCl; solution was evaporated in racno. Two
recry=tallizations from KtOH with rhe aid of a chaveonl gave 29.7
g (3771 of produet. mp 85-86°. See Table ITT for additional
data.

3.(2-Chloro-4-nitrophenoxy )propylamine (31b) Hydrobromide
(Method B).-A mixture of 3.9 g (16 mmoles) of 30b and 100 g
of 1539 anhydrous HBr in HOAc¢ was stirred for 25 min when
solution took place and CO, evolution ceased. Dilution with
several volines of IO gave 5.0 g (977) of produet, mp 205
208°, that was suitable for finrther transfornmation.  Reecrystalli-
zation of 4 sample from ItO11- 1.0 gave the analyiical sample,
mp 208°. Ree Table TIT for additional data and componnds
prepared by this method.

Method C was the same as B except the intermediate 30 was an
oil and the yield is over-all for the 1wo steps fron: 29,

N-[4-(2-Chloro-4-nitrophenoxy )butyliphthalimide (37) wus
prepared  from  commercial N-(4-bromobutyl)phthalimide by
method A by reaction at 40-45° for 72 hr.  One recrystallization
from I2tOH with vhe aid of charcoal gave a 54¢¢ vield of material,
mp 101-105°, that was snitable for further (ransformation. An
analytical sumple, mp 105-107° wax obtained by one mare
reerystallization from EGOIL Anal. (CisHuCINLO;) ¢ HL N

N-(2-Chloro-4-nitrophenoxy )butylamine (31c¢) Hydrochloride
{Method D).~-A mixture of 12.3 g (32.6 nimoles) of 37, 120 ml
of O, and 4.8 ml of 8567 NaHy- H,0 was refluxed for 30 min
when a solid had sepavated.  The mixture was strongly acidified
with 12 A" HCL, then dilnted with several volumes of 11,0, The
filtered solution was evaporated fn vacxo.  The residual amine
hydrochloride was dissolved in H.0), then the solution was filtered
from iusoluble phthalhydrazide. The filtrate was made basie
with E6N and extvacted (wice with C("HClo The combined
extracts were washed with 0O, dried (MgS0O,), and evaporated
n raeno. The residnal amine was dissolved in IHOTT and
actdified with 12 N HCL then (he HCLsalt was precipitated with
16O, Reervstallization from NtOH-1800 gave 4.5 g (404,) of
the prodnet, mp 162-163°.  See Table I1IT for additional data.

5-Carbophenoxyamino-2-methylbenzenesulfonyl fluoride (38)
was prepared from 3-amino-2-methylbenzenesulfonyl fluoride’
and phenyl cliloroformate by the method previously described®
for similar componnds: wvield 77, mp 120--122°  Anal
(CLHENOSTO L N,



