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pressure to give 232 g of an oily product. It was fractionally dis-
tilled 7n vacuo and the fraction boiling at 85-95° (2.5 mm) was
collected. Ge analysis indicated an over-all yield of 339, (87 g)
of product. An analytical sample had bp 93° (2.5 mm), ir 6.5
w(NOy). dnal. (C;H,NO4) C, H.

4-Nitrobutyl Acetate (X, n = 4).—To a stirred suspension of
270 g (1.75 moles) of AgNOQO, in 400 ml of anhydrons Et,O was
added dropwise, at 0°, 235 g (1.20 moles) of 4-bromobutyl ace-
tate. After the addition was complete (ca. 3 hr), the reaction
mixture, protected from moisture and light, was stirred at 0°
for 24 hr and then at room temiperature for an additional 48 hr.
The resnlting niixture was filtered and the solid (AgBr) was
washed with two 80-ml portions of Et:0. The combined filtrate
and washings were evaporated under reduced pressure to yield
196 g of a yvellow oil. It was fractionally distilled to give 84.9
g (44¢, yield) of product and 75.1 g (389 yield) of the nitrite
ester. (The yield and purity were determined by ir and gas
chromatography.) Repeated fractionation of the nitro ester
vielded an analytically pure compound, bp 103-105° (2.2 mm).
Anal. (CH,NOs)C, H, N.

5-Nitroamy! acetate (X, n = 5), bp 124-126° (2.5 mm), was
prepared in a similar fashion, yield 429;.

2-Bromoethyl Acetate and Silver Nitrite.—Under reaction
conditions similar to those above, only the nitrite ester (9.7 g,
72¢, vield) was obtained from 16.7 g of 2-bromoethyl acetate
and 23.2 g of AgNO,. The product showed an ir band at 6.1 u
(ONO), and did not condense with an aromatic aldehyde. .4nal.
(C:H;NO,)C, H, N.

General Procedure for the Condensation of Aromatic Aldehyde
and w-Nitro-y-alkan-1-ol Acetate.—A mixture of 0.1 mole of the
appropriate aromatic aldehyde, 0.1 mole of 4-nitrobutyl acetate,
and 0.12 mole of NHOAc in 140 ml of glacial AcOH was refluxed
for 2 hr. The solvent was removed under reduced pressure and
the residue was poured into 500 ml of ice-H;O. The mixture
was then extracted with four 200-ml portions of Et:0. The
combined ethereal extracts were washed with three 80-ml por-
tions of HyO and dried (Na.SO;). The solvent was then removed
and the oily residue was triturated with a small amount of CH;OH.
On standing (or freezing in a Dry Ice-acetore bath) the product
slowly separated as a yellow solid. It was filtered off and re-
crystallized from MeOH (see Table I).

2,2,2' 2'-Tetraphenyldivinylamine.—A mixture of 90.6 g (0.1
mole) of diphenylacetaldehyde, 24.2 g (0.15 mole) of 4-nitrobutyl
acetate, 5.0 g (0.065 mole) of NH4OAc in 300 ml of AcOH was
refluxed for 2 hr. The reaction mixture was cooled. The result-
ing white solid was isolated by filtration, washed with two 10-ml
portions of AcOH followed by two 10-ml portions of petroleum
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ether (bp 35-60°) to give 8.5 g (469 yield) of product, mp 145-
147°, \&H9F 358 4 (log e 4.40). No ir C=0 absorption band
was noted. This product was identical with that prepared by
dehydration of 2-hydroxy-2,2-diphenylethylaniine?! or by chem-
ical rediction of 1,1-diphenyl-2-nitroethene.?? The same prod-
nct was obtained i quantitative yield by refluxing a mixture of
19.6 g of diphenylacetaldehyde and 11.6 g of NHOAc in 150
ml of AcOH.

1-Nitro-2-(9-phenanthryl)ethene.—The following procedure is
a miodification of that reported by Mosettig and May.2* To
a warm (30-40°) solution of 10.3 g (0.050 mole) of 9-phenan-
threnecarboxaldehyde and 3.1 g (0.05 mole) of MeNO, in 200
ml of EtOH was added in 5 min, with stirring, 50 ml of 8 aqie-
ons KOH. The solution was stirred for another 30 niin and sub-
sequently poured into 160 ml of 159 HCI with cooling and vig-
orons stirring. The resnlting yellow solid was filtered off and
washed (H»0) to give 11.7 g of crude product, mp 140°. It was
recrystallized (EtOH) to give 7.0 g of pure product, mp 173-
175° (lit.2¢ mp 173-173.5°).

Reduction of 4-Nitro-5-(9-phenanthryl)-4-penten-1-0l Acetate
(II}.—To 200 ml of THF containing 16 g of LiAlH, was added
dropwise a solution of 15.6 g (0.045 mole) of IT in 120 ml of THF.
After the addition was complete, the mixture was stirred at roon
teniperatire for 16 hr and then decomposed (H.0). The solid
was filtered and washed with two 50-ml portions of THF. The
combined filtrate and washings were evaporated (temperature
<40°) to dryness in vacuo. To the residie was added, with stir-
ring, 200 ml of Et,0 and 200 ml of CsHs.  After being refrigerated
overnight the white solid (6.8 g, mp 75-140°), which consisted
of & mixture of oxazine and saturated amino alcohol, was col-
lected by filtration. Fractional recrystallization of the white
solid from 500 m! of C¢Hs gave 1.0 g (89 vield) of 3-(9-phen-
anthrylmethyl)-3,4,5,6-tetrahydro-1,2-oxazine, mp 187-189°
(lit.* mp 185°). The mother liquor, after being concentrated to
50 ml and dilnted with 150 ml of Et»0, deposited 3.2 g of 4-amino-
3-(9-phenanthryl)pentanol, mp 118-120° (1it.? mp 120°).

4-Formamido-5-(9-phenanthryl)penten-1-0l Formate.—A so-
lution of 6.5 g (0.018 mole) of the amino alcohol, obtained from
the aforementioned LiAlH; reduction, in 100 ml of HCOOAc
was stirred for 16 hr at room temperature. Excess anhydride
was removed n vacuo to an oily residue. The residue was trit-
urated with 200 ml of anhydrons Et:0O for 10 min and the result-
ing white solid (3.3 g) was collected by filtration, nip 145-148°.
Recrystallization of 0.5 g of the solid from 50 nmil of CsHs gave
0.4 g of pure prodiet, mp 147-149° (lit.> mp 145°).

(24) E. Mosettig and E. L. May, J. Am. Chem. Soc., 60, 2062 (1938).
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The synthesis of new esters and amides of 3-[N, N-bis(2-chloroethyl)amino]-4-methylbenzoic acid is described.

New nitrogen mustards, derivatives of phosphoric and sulfonic aromatic acids, are also reported.

A quantitative

relation between hydrolysis rate of these N-mustards and basicity of precursor aniines was established. En-

hancement of the hydrolysis rate due to the steric effect of 0-methyl groups was pointed out.

Antitumor activity

was tested against Jensen sarcoma, Walker 236 carcinosarcoma, and Guérin T8 carcinoma.

Previous studies on the relationship between chemi-
ical reactivity and antitumor properties in aromatic
nitrogen mustards series led us to assign some special
“carrier’’ properties to the benzoic acid structure.!
Promising pharmacological and clinical results® ob-
tained with 3-[N, N-bis(2-chloroethyl)amino ]-4-methyl-
benzoic acid (Ia, R = CO,H) prompted a closer ex-
amination of compounds I, in which the chemical re-

(1) O. Cost#chel, I. Niculescu-Duviz, A. Cambanis, and G. Ciustea, Pro-

ceedings of the National Conference of Oncology, Bucharest, Nov 4-6, 1965.
(2) 0. Costichel and I. Mogos, Oncol. Radiol., T, 255 (1968).

CH,
N(CH,CH,Cl),

R
I
activity of the nitrogen mustard moiety is enhanced
by an o-methyl substituent.?

(3) I. Niculescu-Duvidz, M. Ionescu, A. Cambanis, M, Vitan, and V.
Feyns, J. Med. Chem., 11, 500 (1968).
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The following additional members of the series were
prepared in oorder to study the biological offect of in-
sertion  of other strong  clectron-atirncting  groups
(keeping the chemiecal reactivity of the nitrogen mits-
tard function at about the same level), as well as the
effect of varying the type of acid function, on the
carcinostatic activity: (1) compounds without acidie
character, and (2) compounds with other acid functions
(R = SO;H, POsH,). In the first group falls functional
dertvatives of Ta (esters and amides) whose hydrolysis
rates (hg) differ rather slightly from that of compound
Iu and derivatives Im, o, p with lower “hiological

compatibility’ {except compound lo, R = CHO,
which by in vive oxidation may lead to Ia).  Mention

should be made that an isomer of o, namely, 4-[N,N-
bis(2-chloroethyl)amino]-3-methylbenzaldehyde, had
already been prepared and appears to be more active
than p-aminobenzaldehyde nitrogen mustard.*
Synthesis.--The new nitrogen mustards are sum-
marized in Table 1. Synthesis of the funetional

TasLe 1
NEW AROMATIC NITROGEN MUsTtarps (1)

Hydrolysis ra e

— Log

Compd R Formula” Mp, °C e Ks
I CO,ClH, Ci3HHzCLNO, OilY 52,0 3.349
1 & (‘/OA}CI’I (c115>g CI;.HQICI-;N( )-_‘ 45 :)'.) . R :J) . :;-\‘

1d CO.C;Ha
I(' COQCI{;CI{;d

N(C.H;)HCl
1f CONH.e

c29H49C12N();‘ 1J3k
CisHzoCIsNLO2 109

CH,CLNO 160-162 71.4 5.13

Ig CONHGH,  CuHuCLILO  82-83  68.6 3.19
I con{Ho* CullCLN:0,  90-91  81.4 3.03
i ocon'n ) OnfTaCLN,O 49-50 82,2 3.02
I CON@, CoTlnClLNO,  123-126
N A
1k  conH ‘ﬂ Ci i CLN,OS 118119 52,1 3.39
1 sod CoHCLNOS 223226
Im soX HO CHnCLN,OSS  83-87
N/

In POsH, CnHiCLNOP { 41.8 5
lo CHOf C.HiCLNO 103-105 56.2 3.3
Ip  NOw ChHCLND 68-69  14.0 4.08
o All compounds were analyzed for ¢, H, N, Cl. % Determined

according to  Ross!  after 0.5 hr, in HyO-Me,CO (1:1)

with potentiometcic titration of Cl7. < Prepared from

n-Ci7HgpOH. ¢ Recrystallized from1 CeHe—petrolenm ether (bp
60-90°). ¢ Recrystallized from Ce¢ls.  Recrystallized from
petroleum ether (bp 90-120°). ¢ Recrystallized from toluene-
petrolenm etlier (bp 90-120°). * Recrystallized from EtOAc.
" Recrystallized from MeOH. 7 n%p 1.5474. *n2p 1.5010.
t No melting till 350°.

[N

derivatives of Ia was carried out via acid chloride I1
(Scheme I), as well as vig amines IV (See Table 11),
prepared in order to perform basicity measurements.
Confirmation of the structure assigned to esters Ib-d
was provided by their acid hydrolysis which led in all
eases to near-quantitative yields of Ta.

Aromatic nitrogen mustards with sulfonic or sul-

f4) (a) F. D. Popp, J. Org. Chem., 26, 1566 (1961); (b) J. Med. Chem., T,
210 (1964).

Screse |

CH;
(CH,CH,C1),
500, ROH or
I L —_— -
a —5 AR Ib-k
COoCi
)il W
~ CH;,
CH, oH, N(CH,CH,C),
NO, 1ROHor NH
& * Renw ?
| —
“ 2. Hy cat CHO
1a
cocdi COR
111 v

TanLe 11
CHARACTERISTICS OF INTERMEDIATE AMINES

Compd" R Mp, °C Iiasicity ! phy

IVh CO,CllI; 116 53.34 £ 0,02
IVe COLCH(CI1,). 66 330 = 0,05

Ivd CO,CyrHy, 68

|8 %4 CONI, 123-125H 2.92 £ 0,024
Vg CONHC.H,, - 11CT 186-190 3000 £ 0.05

IVh cong] 0il 248 = 000

Vi (‘()N\i) 127128 3.40 = 0. 00

. Vam\
IV CONH 0 153154 5.23 & 0,05

114-114.5 310 £ 0.03

N
IVk CONH —”\j

VI SOOCH. » 06365 1.86 4= 0.02
R an
Vilm SO,N HO 160161 2,62 4 0.04
-y
Viin PO(OCTL,). Oil 2.90 4 0.04
D]

Vilp NO, 1031007 32 40,087

7 All conipounds were analyzed for N. ?* Determined spectro-
photometrically. * pKa. = 3.39, calculated according to J. Clark
and D. Perrin's [Quart. Rev. (London), 28, 2495 (1964)] relation
(pK. = 4.58 — 2.812¢) for a value of ¢, = 0.32. 4 pK. = 3.50
for ¢, = 0.28. ¢ F. Ullman and E. Grether, Ber., 35, 337 (101)2),
give nip 105-107° (EtOH). / pK, = 2.29 for ¢, = 0.71.

fonamidic groups have been only slightly investigated.?
The synthesis of compounds Il and Im, was not ne-
complished by direct chlorosulfonation® in order to
avoid igsomer formation but by introduetion of the N-
mustard moiety on 4-methylbenzenesulfonic acid or
amide (Scheme 11,

Protection of the sulfonie acid group is done more
conveniently by means of the methyl ester (although
slightly hydrolyzable) than by the respective sulfon-
amide whose hydrolysis requires conditions too drastic
to preserve the nitrogen mustard group.

There 1s a paucity of information concerning the
gsynthesis and activity of N-mustards derived from
benzenephosphonic ncids.®  Introduction of the phos-
phonic group (as dimethyl ester) into toluene was

() (a) M. H. Benu. A, M. Creighion, B. J. Johnson, N. L. Owen, and
G. R. White, J. Clem. Soc., 3395 (1964): (b) P. J. Barnard, G. I'. Daunielli,
R. Hawkins P. Hebbron, A, Muggleton, D, Triggle, and M. Triggle, Archir.
Ttal. Patol. Clir., Twmnori, 8, 142 11965).

t6) F. Kagan, R. I). Birkenmayer, and R. F. Sturbe, /. Ane. Chem. Soc.,
81, 3026 (1959).
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CH, CH, CH,4
NO, NH,
HNO,
e —_—
R R R,
v VI vII

R =80,(0CH;),SO,N H 0, PO(OCH,),

R =R, NO,

achieved by direct phosphonation” where, besides the
mixture of ortho, meta, and para isomers quoted in the
literature, we also obtained a diphosphonated product,
which 1s perhaps tetramethyl methylbenzene-2,4-
diphosphonate (according to the analysis of the nitro
compound). The para isomer was separated and
purified via the free acid. It was reesterified with
diazomethane® and converted by nitration® to VI (R =
PO(OCH,),), identified by the uv spectrum® of the
free acid VI (R = PO3;H:). The melting point of this
compound is in contrast with the above paper” but
agrees with earlier data.!?

I'inal acid hydrolysis (in concentrated HCI) led to a
mixture of monoester and free acid In, which was then
separated by passage on an ion-exchange resin column.

Physical-Chemical Data.—Hydrolysis rates of the
new N-mustards were determined according to the
standard procedure!! and rate constants were calculated
on the hypothesis of unimolecular kinetics (see Table
I). Basicity of precursor amines was measured spectro-
photometrically (see Table II). Correlation of these
parameters for Ia-p leads to the following equation
(see TFigure 1)

log kee = —5.58 + 0678pKa (1)

where the steric effect of the o-methyl group resulted
in a significant enhancement of the N-mustard moiety
hydrolysis rate.?

Pharmacological Data.—The 15 nitrogen mustards
were tested against Jensen sarcoma, Walker 256
carcinosarcoma, and Guérin T8 carcinoma. In all
cases, treatment began 7 days after tumor transplanta-
tion and lasted 14 days. Doses (0.2-0.1LD;,) were
administered daily.!'? Inhibition of tumor growth was
calculated according to standard formula (Table IIT).

Experimental Section

Ir spectra were determined on a UR 10 Zeiss Jena spectro-
photometer in KBr disks or in solution (CCl). N-Mustards
Ib-p were characterized by stretching vibrations of C-Cl bond
at 670-658 cm™! for Pg and 760-730 cm ! for Pg configurations

(7) (a) G. M. Kossolapoff, J. Am. Chem. Soc., 69, 2020 (1947); (b) ibid.,
T4, 4119 (1952).

8) G. M. Kossolapoff, ibud., T1, 18706 (1949).

(9) L. D. Freedman and G. O. Doak, J. Org. Chem., 26, 2082 (1961).

(10) A. Michaelis, Ann., 293, 270 (1896).

(11) W. C. J. Ross, J. Chem. Soc., 183 (1949).

(12) V. Dobre and G. Maltezeanu, personal comnmunication.
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Figure 1.
TasLE 111
Birorogrean Dara or NEw N1TROGEN MusTARDS?
e Inhib, %
LDs, Walker 256 Guérin T8
mg/ kg Jensen carcino- careino-
Compound (mouse) sarcoma sarcoma sarcoma
Ib 20 97 84
Ic 20 97 72
Id 300 28
Ie 20 90 67 49
If 14 86 72
Ig 11.5 6 87 77
1h 16.6 95 80
Ii 50 93 36
I 16.6 85 76
Ik 50 82 48
11 200 53
Im 72 80 40
In 72 47 33
Io 20 74
Ip 250 90 26

2 Screening was carried out by Dr. V. Dobre. ® Doses were

between 0.2- and 0.1LD;,.

(lit.** 648 and 730 cm ™).  Absorption bands of functional groups
in structure I (esters, amides, ete.) were as expected.

3-[N,N-Bis(2-chloroethyl)amino) -4-methylbenzoyl chloride
(IT) was prepared from the free acid using SOCL oil, yield 70%.
Anal. (C]QH]4C13NO) C. H, N.

Substituted Amides (Ig-k)—To a stirred solution of 0.01
mole of IT in 50 ml of dry PhH, 0.02 mole of corresponding amines
was added, at 20°. After standing overnight, the separated solid
was removed by filtration. The filtrate was treated with charcoal
and evaporated to dryness under vaciium. The residue was
recrystallized from the proper solvent or purified by alnmina col-
nmn chromatography.

The esters (Ib-e) were prepared from II by classical procedures.

3-[N,N-Bis(2-chloroethyl)amino] -4-methylbenzamide (If).—A
solution of 4 g (0.015 mole) of IT in 15 ml of dioxane was added
to a stirred mixture of 20 ml of 15¢; NH; and 100 ml of 109
aqueous NH4Cl. The separated oily substance (solidifying 1pon
stirring) was taken up in CeHs (five 200-ml portions). The dried
(Na2804) and filtered solution was evaporated in vacuo to give a
white solid residue. Recrystallization from dry CsHe gave 1.9 g
(519%,) of amide.

3-[N,N-Bis(2-chloroethyl)amino) -4-methylbenzaldehyde (Io).
—Through a boiling solution of 5 g (0.019 mole) of IT in 250 ml of
toluene containing 4 g of 59 Pd-CaCQ;, a stream of H, was
passed for 1-2 hr, until the theoretical amount was absorbed
(titration of evolved 1ICl). After filtration of the catalyst aud
removal of the solvent under reduced pressure, 3.5 g (80) of a

(13) 8. J. Shippman, V. L. Flott, and 8. Krimm, Spectrochim. Acta, 18,
1613 (1962),
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viseons ol was obtained: 1t erystallized on trinnation with
petrolenm ether (bp 90-120°): dinitrophenylhydruzone, from
EAOH, mp 187-189°. . Anal. (Cy HCLN:O,) N,

Dimethyl 4-methylbenzenephosphonate [V, R = PO(OCH, 1|
was obtained according to Kossolapoff,™ bp 143-146° 223 mm).
n®n 1.5060, yield 817 A =ide prodinet was nlso obwaiied, bp
IR0° (2=3 mm), n®p 1.5470, vield 167, tlit remaines = a residae
diring distillation of the reaction mixtiure md which ix assimed
(after analyxis of the nurated prodiet) 1o be tetrnmethyl methyvi-
benzene-2,4-diphosphonate.

VIR = PO(OCH;)] 12 g, 0.01 mole) i1 20 ml of HCL 1w/ 1103
was reflixed for 7 Iir and gave aftey 24 hr of <tanding a1 roora
teniperatnre 1.1 g (65770 of 4-methylbenzenephosphorde acid.
mp 189-190° (H.0).10

Dimethy! 3-Nitro-4-methylbenzenephosphonate [VI, R =
PO(OCH;).]. ~A mixtire of 5.2 ml of HNO, (d 1.42% and 6 ml
ol TS8Oz (f 1.83) wax added =slowly i a cooled and stirred =solntion
(0--5°) of 16 g 10.08 mole) of V [R = POOCH; 1 60 ml of
11,50, td 1.83).  After complete addition, the mixinre was
stirred for an additional 0.3 I ard ponred over 300 g of crashed
e, The resulling oil was exiracted (Cylis), washed (11O,
dried 1 Na,S0)y), and evaporated 1o dryvness, giving 16.5 g (847,

of V1 ax an oil, bp 170° (2-3 o, n®p 15330, Anal. (Cull-
NOP) N
The Tollowing componds were obiained =imilarly:  methyl

3-nitro-4-methylbenzenesulfonate, mp 52-33° (CgH-petrolenm
cther, 1:1), vield 98¢ [Anal. (C;11;0:3) N} 3-nitro-4-methyl-
benzenesulfonyl morpholide, mp [19-120° [dned. (CaHe-
N:02)N.

V1 (2 g, 0.008 mole) in 20 ml of HCT o 1.19) was reflnxed (or
7 I and gave, after 2 days of xtardling at room temperatare, V.4
g 1339) of R-pitro-4-methylbenzenephosphonie acid: mp 189°
TEUOAC) nv spectrull, Ayax 296 mp 1e4265).

Dimethyl 3-Amino-4-methylbenzenephosphonate (VII, R =
PO(OCH;).|.--VI [R = PO(OCH.).| (10 g, 0.04 nwole) hic 200
ml of anhydrons MeOll was hydrogepated atr armospherice
pressnre and room temperatnre with 6 g of 5Y Pd-CaCy
endalysr. The theoretieal amoma of Hy was abzorbed in 0.3 Lo
After vatalyst removal and solverd evaporaime nnder redieed
pressire, the oily residne dnis obiained was taken np he dev
CyHe, treated with charcoal, and evaporated 1o drviess giving
6.3 g 1 74C0) of VIE I = POOCH) a2 an oil: a?n 1.54090;
NV SPECTINL, Mgy 300 Mp e 234073,

Shmilarly  prepared  were  3-amino-4-methylbenzenesulfonyl
morpholide VIIm, Table Il} und methyl 3-amino-4-methyl-
benzenesulfonate (VIII, Table 11
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Hydroxyethylation was carvied ord aceording vo the previonsly
deseribed method.r The following componnds were obiyired
fmelting poind, vield, N analysi=y: 5-]N,N-hizr2-hvdroxyethvli-
anlinol-4-methyvibenzenesnlfonyl morpholide il =67, O 1
N2OS N 3N, N-bis(2-hydroxyethyDamino[-+-methvibenzene-
sulfonie acid [150-152°, 907 ¢, «CRlLNO=) N1, dimerlod -
[N N-bisi2-levdroxyethyDmnno| -4 -methyvlbenzerephosplonae
[oil in?n 152445, 937, (CuHLNOLP ¢ N aad 3-] N, N-bize2-hv-
droxvethyhaminos-4-methyvlaiiroberzewe 112 115° nolace,
SO0 O heNsOyr N0 Methyl 5-IN,N-bis2-hivdroxyethivhi-
o -d-methviberzeaesnlforaae wis cot isolnted. being direcly
subjected to eldoruation.

Chloriation was accomplished as previonsly reporied.?  Dar-
ing chlorinmion ol sddforde derivatives methyl ester hvdirolyvsis
oecared, giving divectly 1R = SO,1T5.

3-{N,N-Bist2-chloroethyljamino| -4-methylbenzenephosphonic
Acid Ini. - To H g D016 mole) of the comespording bis(loe-
droxverhvls dertvative in 75 mil of dey CaHa was added S ml of
fre<hly distilled SOCL, md the mixtire wos reflaxed for 2l
After solverd aad excess SOCL removal nider vaenmn, 20 ml of
HCT ¢f 1195 was added, i the solation was heated to boiling
for 0.5 lay emed witle charcoal, md filtered 1o comove he
cesins, To e Alisae. 25 ml ol HCL (d 1198 was added, sood 1lee
<olntiore wis ceflnxed for 10 e md allowed 1o <t 2 dnvs a
room temperainre. HCT removal aider vaenam gave 1 g of
vellow oily residae consiing of o mixtare of Ticated monomerhyl
ester ol L

Sepaizttione of the 1wo compoaiads was dore by dissotving 1he
re<idhite i 1.0, filtering te msolnble ester, mdd corceniraing
ihe sahmiome afier adding few drops of HCL: or, the restdne was
dissolved hiorhe miniminn amoma of HaO=F1O0H v Trmd passed
over Merek 2 {wenk basic) lone-exchange resh which reraied
ody the free acid D T elimione wos earvied om wide 11O
EHOH-HCT o 1193, 9:9:0 1 Analysis of the solid Gw melig
poira 1l 33509 wis e agreement with the enlenlated dats for
Lo av =pectram, N, . 207 g fe 24543,
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Several (est procedires have previously shown ehiciserig & potent inlibiter of serotoain, 1o be taore swetve

than wsathioprine ax an immunosuppressive ageud.

Seventy-two componnds related to cinanserin werce testal

for immunostippressive activity using the monse-sheep red blood cell procednre and compuced with their anii-

serotonil aetivity.

The svntheses and physical properties of the new malogs of cinapserin are also reported.

Althiongh most componuds of this seriex showed a similar degree of immuwosuppressive and autiserorondn activi-

ties, =everal members exhibited a marked =eparation of these resporses.

Five compoimds =howing high-iamuma-

suppressive low-untizerotonin activities ure presently nudergoing furiher biological evaluation,

Cinanserin,® o potent scerotonin inhibitor, suppresses
the primary immune response of mice to sheep red
blood cells.® Subsequent studies showed cinanserin
to be more active than azathioprine in suppressing the

(1) Previous paper: J. Krapche ana ', 7. Turk, J. Med. Chene.. 9, 800
(1106).

(2} Clinanserin is Ibe approved teneric name Tor 2'-(3-dimelbylaining,-
propylthio)einnamanilide.
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uptake of CH-tabeled leucine and thymidine by hunman
lvmphoeytes stimulated by phytohemagglutinin and
prolonging the time of survival of skin grafts between
congenice strains of mice differing at the H-2 locux!
Cinanserin  also suppresses the secondary mmune
response of miice to sheep red blood eetls and the develop-
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