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viscons ol wasx obtained: 1t erystallized on tritivation with
petrolenm ether (bp 90-120°): diutwrophenylhydrazane, from
LAOH, mp 187-189°.  Anal.  (Ci . CLNO) N,

Dimethyl 4-methylbenzenephosphonate [V, R = PO{OCH.1|
was abtained according to Kossalapoff,™ bp 143-146° (2-3 nun ),
a®p 15060, vield 819, A side praduet was alu obaiued, hp
180° (2-3 am), n®p 13470, yield 167, that remains ax a residne
thiring distillatian af the reaction mixture and whicl ix axsnmed
Uafter analysix of the niirated pradiet) ra be tetramethyl methyvl-
benzene-2,4-diphosphonate.

VL = POOCH;)] 2 g, 0.01 mole) in 20 ml of HCLw/ 114
was refluxed for 7 hr and gave after 24 hr of standing a1 rooun
femperature 1.1 g (6572 of 4-methylbenzenephasphonie acid.
mp 189-190° (H,0).w

Dimethy! 3-Nitro-4-methylbenzenephosphonate [V, R =
PO(OCH;):|.—A mixture af 3.2 ml of HNO; V¢ 142} and 6 ml
ol HaS0y (] 1.83) wax added =slawly taa canled and stirred sulninn
(0-1°) of 16 g (0.08 wole) of V {R = POOCH;)N] i G0 wml o
11,80, td 1.83%  After complete additivn, the mixire was
stirred for an additional 0.5 hr aud punred uver 300 g of crushed
e, The resulting ail was extracted 1Csldg), washed {11.04
ried 1 NasS0y), and evaporated ta drevuess, giving 16,5 g i84¢,

af V1 as an ail, bp 170° (2-3 unny, «®o 173300 Awed. 1C 01
NO:PYN.
The Tollowing compounds were ubtained s<imilarly: methyl

3-nitro-4-methylbenzenesulfonate, mp 52--53° (CsHg-petralemn

ether, 1:1), vield 98¢ [Anal. (C;11:0:3) N}: 8-nitro-4-methyl-
benzenesulfony! morpholide, wp [19--120° [Hww/. (CriHe

N:O:)NT.

VI (2 g 0.008 male) 1 20wl vt HCL id 1.19) was refluxed {ar
7l and gave, after 2 days af xtanding at roomn temperature, 1.4
g (7)) of Beplire-4-methylbenzenephosphounic acid: mp 1x9°
TISTOAC) ™ v spectri, Apax 250 g Le $265).

Dimethyl 3-Amino-4-methylbenzenephosphonate [VII, R =
PO(OCH;):|.—VI [R = POOCHY] 110 g 0.04 male) in 200
ml of anhydrons MeOl wax hyvdrogenated av anuospheriv
pressure and room tewmperature with 6§ g of 4t P'd-CaCOy
cudalyst. The theoretical amount uf s wax ab=urbed in 0.3 Tu.
After eatalyst removal and salveni evaporation nnder redieed
pressure, e oily residie tins ubtained was waken up i ey
Cully, treated witlt charcoal, and evapurated ta dryness giving
6.0 g 1740 of VII [18 = POOCH ax an ail: a®n 1.5400;
LV SPECTPN, Auax S0 g Ue 20403

Stutilarly  prepared  were  3-amino-4-methylbenzenesulfonyl
morpholide (VIIni, Table 11! aud methyl 3-amino-4-methyl-
benzenesulfonate {V1H, Tahle 111,
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Hydroxyetlivlation was carried vut aveording 1o the previonsly
deseribed method.* The fallowing campmuds were obiained
queliing puint, yield, N oanalysi=y: 2| N, N-hi=t2-hydroxyethyvi-
antna}-4-methyvlbenzenexulfonyl marphalide {uil, 86¢,, (o1l
N0 N SN, N-Dis2-hydroxyethy Damina [ -4-methy benzene-
sulfvwde aid (1501553 D07, «CulliNOS) N dimethy] -
INLN-Dis 2 - hyvdroxyethvhaminu | -4 - methvibenzenephosplivnate
[odl de®n 1244y 000, (CplaNO Y Ny, aad Aol NN -hisie iy~
droxyethyDaminne-4-methyluinobenzene  [112 165° talaeney,
SO0 1 CalhaNsOg N Merdyl 3-IN,N-bis@2-livdraxyethvl -
amin-d-methylbenzenesnlfunate was no isudatals being diveely
subjected to ehlirinaian,

Chlorinationg was accamplisher! as previonsly reporered® -
g chlarain of sulfanie derivatives methyl ester hivciolysis
oceurel], giving directly 11 (1 = SO,1T3

3-{N,N-Bis(2-chloroethyl jamino| -4-methylbenzenephosphonic
Acid Inu - To 5 ¢ VD16 mude? ol the carrespanding hix(liv-
draxyerhivls dertvatve in 75wl al dry Calls was adided 8wl of
freshly distilled SOCL, and the mixture was refluxed for 2
Alter sudvent and exerss SOCL removal nuder vaen, S0 ml ol
HCT f 1195 was adided, and the sadution was hieansd to hudling
o 0.5 hry reated with cliarenal, and filtered v remove the
resins,  Tocthe livave, 20 ml aif HCL 4 110 was mlded, and the
<alitivn wis refluxed Tar 10 e and allowed v stand 2 davs
raont temperasure.  HCT rewoval under vacuum gave |1 g ol a
vellnw oy residue consisting vl a mixtore of Tu aud nwananet hivl
ester ud 1.

Separation ui e two aunpoands wis lane by dissolving the
residie i ), filtering e insolullde exter, il caneeniraiing
the solution after adding Tew drops o HCE ar, the residue was
dis=alved in the mininuun amonnt uf HLO-1FO (1 1 and passed
uver Merek 2 dwenk liasie) iou-exchange rvesin, whicll retained
undy e free acil T L elindons was carried v withe 1.0
EAOH-CT o 1195 92901 Analysis ol the solid 1o aeliing
point 1l 350% 0 was nagreemenmt with the ealenlned data fur
Lus iy <peetrint, Ao 257 mp fe3dhHd ).
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Several test procedures have previausly sliown cinanserin, a potent inhibivar af serotanin, ta be nnae aeive

{han azathioprine as an immuuosuppressive agent.

Seventy-iwo compoinds related tn cinanserin were textedl

for immunosuppressive activity nsing the monse-sheep red blood cell pracedure aud compared with their anii-

seralolin activity,

The syvutheses aud physival prapertiex af the new aunalogs of vinanserin are alsa repurterl.

Althiangh most componnds of this seriex showed a siniilar degree af imnmuosuppressive and antiseroranin aetivi-

Uex, several members exhibited a marked separation of these respornses.

Five compounds <hiawing high-imumm-

suppressive low-aitizerotonin activities are presently nudergoing further bialagical evalnatian,

Cinanserin,* a potent =erotonin inhibitor, suppresses
the primary immune response of mice to sheep red
blood ecells.* Subsequent studies showed cinanserin
to be more active than azathioprine in suppressing the

(1) Previous paper: J. Krapcho and ', V. Turk, /. Wed. Chew., 9, 8D
146G

12) Clnanserin is the anproved seneric nawme Tov 2'-G3-dimetdlamine-
propyithis)einnamanitide.

31 R. GO Mittonig, B J. Nwrein, J. WirsehUaww, aud AL Bovman, e,
Noeo Heptl. Biol, Hued., i press.

uptike of C-Iibeled leucine and thymidine by humnan
lymphoeytes stimulated by phytohemagglutinin and in
prolonging the time of survival of skin grafts between
congenie strains of mice differing at the H-2 locus!*
Clinanserin  also suppresses the secondary imnuue
respanse af niiee ta xheep red blood cells and the develop-

c1Co T Sebusrz, B Aosbiwder, Ry Ry Rivgios G HL Svev el aned AL L
Rubin, Cloa, L, 16, 328 (TO68),
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ment of allergic aspermatogenesis in the guinea pig,’
causes no bone marrow toxicity,® and may be useful in
the treatment of autoimmune diseases and in the pre-~
vention of graft rejections.

In order to determine a structure-activity relation-
ship in this series, 72 compounds related to cinanserin
(1) were screened for immunosuppressive activity using
a slight modification® of the mouse-sheep red blood
cell test® and compared with the antiserotonin effect,
as measured on the isolated rat uterus” (Tables I-I11).

TapLe 1
MODIFICAIION OF BASICALLY SUBSIITUTED SIDE CHAIN

NHCOCH=CHC:H;

Iinuiuno- Anti-
suppressive® serotonin’
No. X o jE] act. act.
1 s 3 N(CHs): 3 5
2 8 3 N(C:Hs): 1 5
3 8 3 NICH(CHa):l: 3 2
4 8 3 N(CH:;CH.CH:OH 3 2
5 08 3 N(CH:CH:0H): 4 3
6 S 3 NCHs0° 3 3
78 3 NCHsNCH:® 1 3
8 8 3 NCHsNCH.CH:0H¢ 2 3
9 8 3 NCsHsNCH.CH.CeHs® 1 5
10 S 3 NCHsNC¢H;s® 3 1
11 & 3 NC¢HsN-2-pyridyl® 1 5
12 8 3 NHC(NH)=NH 3 3
13 8 d N(CHa). 4 3
14 S 2 N(CHa): 4 3
15 8 2 NHCH: 4 3
16 S 2 NH; 1 2
17 8 2 N{(CH3)CH:CsHs 2 3
18 8 2 NCsH\ 1 1
19 8 2 NC4H:0° 3 4
20 S 2 NCsHsN-2-(CHi0)CeHs¢ 0 2
21 3 2 NHC(NH:=NH 4 5
22 8 2 N(CH3C(NH:)=NH 1 4
23 8 2 NHC(NHCH3;)=NH 3 2
24 3 2 N(CHz)C|N(CHzs):]==NH 1 1
25 O 4+ N(CHa)e 2 2
26 O 3 N{(CHj): 4 5
27 O 2 N(CHz): 3 3
28 O 3 NCH;sN-2-(CH30)CsHa¢ 4 3
29 3 N(CHa): 4 1
30 2 N(CHa): 3 3
31 1 N(CHa)e 0 2
32 2O« 3 N(CHa)» 3 1
33 CO 3 N(CHa): 1 5
34 CO 2 N(CHaj)u 2 1
35 CONH 2 N{(CHa): 0 1
36 CON(CHs;) 2 N(CHa)» 1 2
37 CO0O 2 N(CHs): 3 2
38 NHCO 2 N(CHa) 3 1
39 N(CHa) 2 N{(CHa): 0 1

e Activity in the mouse—sheep red blood eell test.? Auntibody
index = ratio of the coneentration of the antibodies in the sera of
the coutrol to that in the sera of the drug-treated mice (25 mg/kg).
In the case of azathioprine or cinanserin, it was necessary to
make a 64-fold dilution of the control sera to match the hemag-
glutination titer of the sera from the drug-treated mice. Activity
ratings: dilutionof 64 = 5,32 = 4,16 = 3,8 = 2,24 = 1 and
1 = 0. ? Activity measured on the isolated rat uterus:? BAS =
1:>64X =, 16-64X = 4,4-16X = 3,1-4X = 2,0.25~-1X =
1, aud <025X = 0. ¢NCHO = morpholino, NC,HN
= piperazino, NC;H,, = piperidino, C;H;S = 2-thienyl, CsHn
= gyclohexyl, and C;Hs = 2-norbornen-3-yl. ¢ (CH,), = CH,-
CH(CH;)CH..

The synthetic routes used to prepare the new mem-~
bers of this series of compounds are summarized in the

(i7) R. C. Millonig, manuscript in preparation.

(6) H. C. Nathan, 8. Bieher, G. B, Elion, and G. H. Hitclings, *roc. Soc.
Earptl. Biol. Med., 107, 796 (1961).

(7) B. Rubiu, J. J. liala, J. . Burke, and B. N. Craver, drch, Latera.
Plaarmacodya., 182, 132 (1964)
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Tasie 11
MobIFIcATIONS OF ACYLAMIDO GROUP
@(S(CHz)sN (CHy),
NCOR’
R
Innnuno- Anti-
suppressive serotonin
No. R R act.* act.?
40 H CH:CsHs 0 1
41 H (CH2):C¢Hs 2 1
42 H CeHs 1 2
43 H CH=CHCH; 3 3
44 H (CH=CH)2:CHa 0 1
45 H C=CCsHs 2 2
46 H C{CH:)=CHCsHs 2 1
47 H C(C:Hs)==CHCsHs 4 1
48 H C(CsHr)=-CHCsHs 4 3
49 H C(CsHe)=CHC:sHs 4 2
50 H CH==C(CHs3)CsHjs 3 3
51 H CH-=CHC4H:8° 4 4
532 H CH=-CHC¢Hu* 5 2
53 H CH==CHC:H 1 1
54 CH;s CH=CHC¢Hs 1 1
55 CH:C¢Hs CH=CHCsH;s 1 2
56 COCH; CH=CHCHs . 2 3
57 H CH=CH-2-(C1)CsHs 0 4
38 H CH=CH-3-(C1)CsH4 3 2
59 H CH=CH-4-(C1)CsHq 3 E
60 H CH==CH-4-(F)CsHs 3 5
61 H CH-=CH-4-(CF3)CsHa 3 4
62 H CH=CH-4-(CH3z)CsHs 4 4
63 H CH=CH-3,4,5-(0CHaj)3CsH. 2 2

a—e See corresponding footnotes in Table I.

Experimental Section and the physical properties of
these materials are reported in Table IV.

A study of the immunosuppressive and the anti-
serotonin results indicates that most of the compounds
of this series showed comparable activity; however,
several exceptions are apparent. Compounds 29,
47, 52, 65, and 67 showed a high immunosuppressive
response with low antiserotonin activity, whereas 2,
9, 11, 33, and 57 exhibited weak immunosuppressive
but strong antiserotonin activity. The most active
immunosuppressive compounds contain the 3-dimethyl-
aminopropyl side chain. A comparison of a series of
guanidine analogs (21-24) showed that methylation
of the latter group resulted in less active products.
The removal (29) or replacement of the thio linkage of
cinanserin (1) by oxa (26) slightly decreased activity;
however, the substitution by SO, CO, CONH, CON-
(CH;), COO, NHCO, and N(CH;) linkages (32-39)
resulted in compounds with low to moderate immuno-
suppressive activity. The mefa and para isomers
(69 and 70) were also less active than ecinanserin.
Introduction of substituents in either of the phenyl
rings usually decreased the immunosuppressive and
antiserotonin response; however, the analogs con-
taining a CHj; or a Cl'; group in the anilide ring (65
and 67) exhibited high immunosuppressive activity.
Substitution of H of the amido group by Me, PhCH,,
or Ac (54-56), or the replacement of the cinnamoyl
group by crotonyl, sorboyl, benzoyl, phenacetyl,
phenylpropionyl, and phenylpropioloyl (40-45), gave
products with less immunosuppressive activity., Alkyl-
ation of the a carbon of the cinnamoyl portion with
Et, Py, and Bu groups (47-49), or replacement of the
phenyl group by a-thienyl (51) and cyclohexyl (52),
did not alter immunosuppressive activity. The c¢is
1somer (72) was less active than cinanserin (¢rans form)
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Tasre 111
NUCLEAR-STBSTITUTED AND ReLatip CoMronNns
R: : :O<CH-.:>3N<CH3>2
R’ NHCOCH=CHCH,
Lorvniuesuppsressis e Auliserolunin

No. R R aclvily® welivity”
64 OC1H, 11 2 |
(§5) H Cll A |
€ 11 1 | t
67 H CFy 1 !
€S H NO, 1 [
(i) 3 (3-Dimethylaminopropoxy Jeinnamanilide I 0
70 4'-(3-Dimethylaminopropylthio)ciunamanilide 2 0
71 H-Cinnamamido-2-(3-dimethylaminopropoxy )pyridina t I
72 ¢is-Cinanserin 2 2
7 2-(3-Dimethylaminopropylthio)janiline 0 0

Azathioprine¢ ) -

Cyproheptadine? 2 A

4 Ree corresponding footnotes in Table 1. ¢ Nt tested. 7 Lieference componnds.

TapLe 1V
New Comrouzns
Yiell,
Mup, °C* Yt

B 66-68 ¢

Analyses”

C LNy S

Formula®

Ca g N208 - Cell0: - 210

4 17109 8 CarHegN20p8 - HCI (G
6 178180 Cla HggN0u8 - 11 (SIS
12 138-140 10 CyHeNLO08-0.0H5040.50H O C,H, N, s
13 149151 79 CyHyeNL0S- 1l NS
I8 189-101 69  CpH.eN,08- T CL, N
21 210-212 38 CiHoNOS-0.0H.80;4 N, 8
23 174-176 55 CisHaNLOS - HC CL N
23 8587 8 CiHaNOS- G0 G LN, S
24 148-150 30 CuleweNOS-HCH CL N
020 164-166 19 CeHaeNyOuS - CeH N O3 N, S
46 136-138 68  CyuHyNL08 - CeH 054 C LN, 8
47 123125 a1 CuHuNLOS - CeH:0: ¢, H, N, »
40 80-H0 90 CulInN,08-CGl1:0:-0.0H,07 €, H, N, 3
A0 144-146 54 CuHaeN.OS-HCI ClL s
O 121-123 43 CHeN:08,- 11C1 ClL N
52 185137 66 CyHaNO08-HCI Cl, 8
S50 123125 25 CuHaN.OS - CiHuNOS Ny
H4 166“1 68 ab (“31 HQGN‘_{()S . CgHg()4 (‘] 1 1, N, h
56 1024154 44 CpuldeeN,0,8-HCl Cl, N
D8 172174 7Y CyHaCINL,OR - HAL L=
00 118-120 77 CuHypFN.08-HCL ], S
61 162-164 60  CyHypFN,08-HC Cl s
62 175-177 82 Gy HyeNL,08-HCL (G
65 1724174 72 CaHaeN0,- 1l ClL, N
2 88-93 22 CyHauN08 - CoHaOy N, ®

« Crystallizatian solvents: MeCN, 6, 13, 18, 24, 32, 47, 49,
50, 52, 53, 60, 61, 72; EtOH, 46, 54, 58, 62, 65; +-PrOH, 22;
acetone, 51; butauane, 56; MeOl-1t,0, 3, 21; MeCN-)MeOl, 4:
CHCL-ER0O, 125 and EtOH-En0, 28, » Salts: CeHuO: = citric
acid, CellizNO;S eyclohexanesnifamic acid, and CyH.O4 =
oxalic acid.  © Where analysesx are indicated vly by symbols of
ihe elements, analytical resnlts alitained for these elements were
within =0.4¢, of the theoretical values. “ Previouzly purified
ax oxalie acid salts: 46, mp 141-143° (EKtOH); 47, mp 124-126°
(1SLOH); 49, mp 118-120° (EtO11); 53, mp 111-113° (MeCN).

a8 all immunosuppressive agent. Iive compounds
of this series (29, 47, 52, 65, and 67) are presently
nndergoing further evaluation as potential immuno-
snppressive agents.

Experimental Section
Melting poins were taken in a Thomas-Hoover capillary

melting paint apparatus and are ciurected.  The ir spectra uf all
campounds were i1 agreemelit with the assigned structures,

Muoxt of the compounds listed in Table IV were obtaineld by the
interaction of 2(3-dimethylaminaprapyithio)aniline with 1he
appropriate substituted-acryloyl chloride i the u=nal mauner®
Tu the preparativn of 65, 4-mmethyl-2-nitrophenol was eonvertal
o the producet accarding to the method used to obtain 26.3

2(3-Chloropropylthio )ciunamanilide was treated with Nal
and then with the appropriate amine in the usual mannert 1o
give 3, 4, aud 6.

The synthesix uf 2°-(3-aminopropylthio)einnamanilide |{ram
N-(3-bromopropyl)phthalimide] was cairied out in the same
maner as that af 2%({2-aminoethylthio)einnamanilide tA).%
These amiines were then refluxed for 2 hr with 2-methy{-2-thio-
psendourea sulfate in DMF to give 12 and 21. When A was
treated with N,S-dimethylthiapseadonrea hydriodide in the
same manuer, 23 was obtained. By interaction of 2-[2-(uethyl-
aniino)ethylthiojeinnamanilide hydrochloride? with dimethyl-
eyunamide in DMF for 20 hr and with excess eyanamide in EtOH
for 2 hr, 22 and 24 were obtaiued.

Treatment af 2,3-dihydra-2-phenyl-1,5-benzothiazepin-4(5111-
oie with 1-(2-chloraethyl)piperidine in the nsnal manner? gave
18.

A sohutian of 1 v AcOH was wreated with excess H.Qp a 40°
aud then refluxed for 1 hr.  The product thus obtained (32) was
puvified as the oxalate, mp 194-196° (MeOH). We have faund
that bur previous preparation, in which the reaction iixture
was not heated above 40°, contained some of the correspouding
sulfoxide.

Addition of the base vl 1 to liquid NHy containing 1 cquiv
af KNH,, followed by a slight excess of Mel, gave a mixtare of
the base af 54 and unchanged starting material.  Extraction ol
the rexidne with hexaue, fullowed by evaparatian, gave the hasce
of 54.

A mixture of 1 and excess AeO) was refluxed for 1 Iir, partially
comrentrated, and then dilnted (Et.0) to give 56.

The cis form of cinanserin (72) was obtained by photolysis of a
1047 solntian of 1 in EtOH far 2 hr using a 4710-W photochemical
lamp. The solvent was remaved under reduced pressure and
the residiie was triturated with Me.CO. The salid (muchanged
1) wus filtered off, the =olvenn was evaparated, and the resiiluc
wax canverted to the hase.  The laiter was triturated with warm
liexane and caoled to remove a further quautity of the hexane-
nsoluble trans isomer.  livaporation of the solvent gave ithie ¢
base (>80¢ pure, umr data) which was dissalved in MeCN aml
treated with un equivalent quautity of oxalic acid to give 72
as a nearly colorless cry=talline produet (>70% pure, nmr data).
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