
of dihydrochloride (0.8 g, 60L/;) were recrystallized from ab- 
solute EtOH; mp 192-193"; nmr (DDS as standard in D20), 6 
1.57 (2 H,  multiplet, geminal cyclopropane H), 2.6 and 3.08 
(1 H,  multiplet, cyclopropane H ) ,  7.34 and 8.63 (1 H, singlet, 
imidazole H). A n a l .  (CsHllC12S3) C ,  H, N. 

5- (1 -Triphenylmethyl-4-imidazolyl)-l,3-dioxo-l-methyl-2,3,- 
5,6-tetrahydrothiazinonium 2-Ylide (6).-When the mixture from 
the reaction of 2 v-ith l\IelS(0)(=CHs) TTas poured into cold H20, 
inatead of 25 m J I  HC1 (vide s i ipra) ,  a colorless solid precipitated. 
Any cycloprupane compound (3) ivas extracted from the solid 
with several portions of Et20, and t,he remaining solid was filtered 
off and recryytallized (absolute EtOH), sintering at  134-138", 
inp 234-235" dec. The sintering appeared to he due to crystal- 
lization with 1 mole of EtOH that was lost a t  140-144" as show1 
in the nmr spectrum. The product was soluble in dilute acids. 
Anal. ( C ~ ~ H ~ B S ~ S O Y .  C2H;OH) C, H, S. Spectra were recorded 

for the dried (EtOH-free) material: nmr 6 2.55 (2 H,  doublet, 
J = 6.5 cps, CH,CO), 3.33 (3 H, singlet, C H I ) ,  3.5-4.28 (3 H, 
multiplet, CH2S superimposed on C H ) ,  4.47 (1 H, singlet C H ) ,  
6.70 (1 H,  singlet, imidazole H), 7.3 (16 H, multiplet, aromatic 
H, superimposed on imidazole H ) ;  mass spectrum, the product 
decomposed thermally, giving M + 390, probably losing CHaSOH , 
fragmentation pattern as expected. 

When 6 was dissolved in 0.05 'If HCl and the solution was 
iieutralized (NaOH) after 30 min, a colorless solid (7) precipitated 
out. Filtration and repeated iecrystallization from MeOH gave 
a sample of mp 176-178'; 3I+ 394; ir (cm-') 1775 (C=O), 
1168 (C-0), arid typical peaks for C(C6Hj)X; nmr, 6 2.75 (2 H,  
doublet, J = 7 cps), 3.7 (1 H, multiplet), 4.42 (2 H, multiplet), 
6.7 (1 H, singlet, imidazole H), 7.28 (16 H, multiplet, aromatic H 
superimposed on imidazole H ) .  Anal .  Calcd for CYCH21N202; C, 
79.2: H,5.58; 5,7.10. Found: C,79.34; H,5.58; K,7.11. 

A Novel Type of Substituted Piperazine with 
High Antiserotonin Potency' 

W. J. VAX DER  BURG,^ I. L. BONTA, 
J. DELOBELLE, C. RAMON, ASD B. VARGAFTIG 

Research Laboratories A I T .  V .  Organon, Oss, T h e  -1-etherlands 
Laboratozres de Recherches Organon S.A., Eragny-sur-Epte, France 

Receioed J u n e  19, 1969 

Speculation as to the structural relationship between phenbenzamine and cyproheptadine led to the synthesis 
of a series of tetracyclic compounds containing as a characteristic moiety a condensed piperazine ring resulting 
from the fixation of the ethylenediamine chain of phenbenzamine, whereas the two benzene nuclei of the latter 
are linked by a bond or a bridge of one or two carbon atoms. The piperazine ring system was formed by con- 
densation of the respective diamines with diethyl oxalate (Riebsomer reaction), followed by reduction with 
diborane or LiBIH4. These compounds (4-7) as well as the diphenylpiperazine (3) were tested pharmacologically 
and one of them, 2-methyl-1,2,3,4,10,14b-hexahydro-2H-pyrazino [ 1,2-f] morphanthridine (5 ) ,  mianserin, proved 
to have an antiserotonin potency of the same order as cyproheptadine (1). In animals 5 was found to have a 
less pronounced CNS depressant effect and lower acute t,oxicity than 1. 

It is a common view that a pharmacological require- 
ment of an antiallergic compound should be a high 
antihistamine activity. On the other hand i t  is be- 
lieved that histamine is responsible for only some 
manifestations of anaphylactic reactions. Indeed, 
during hypersensitivity reactions along with histamine 
other substances are released, serotonin being one of 
them.4 I n  man, however, the role of serotonin as an 
allergic mediator is not likely,j although antiserotonin 
compounds proved to have clinically useful effects in 
disorders including vascular headaches and dumping 
syndrome.'j 

The object of the present Tyork \\-as to develop a com- 
pound with high antiserotonin potency. Of the many 
drugs capable of antagonizing one or more of the effects 
of serotonin, cyproheptadine (1) is of particular interest 
because its antagonism toward both histamine and 
serotonin is of a high order. The so called antihista- 
niinics, as, for example, phenbenzamine (2) , are much 
less potent, and in particular their antiserotonin activity 
is of it low order. Comparison of the structure of 

(1) Presented in part a t  the IIIi6me Rencontre International de  Chimie 

(2) Author t o  whom inquiries should be addressed. 
(3) L. S. Goodman and A. Gilman, "The Pharmacological Basis of Thera- 

(4) J. H. Humphrey and R.  Jaques, J .  P h y s i o l .  (London), 128, 9 (1955); 

( 5 )  Reference 3, p 653. 
(6) (a) F. Sicuteri, Intern.  A r c h .  Allergy A p p l .  Immunol., 15, 300 (1959); 

(b) L. P. Johnson, R. D. Sloop, and J. E. Jesseph, J .  Amer. M e d .  Ass., 180, 
493 (1962); cf. ref 3, p 652-653. 

Therapeutique, Paris, 1967. 

peutics," 3rd Ed ,  The Macmillan Co., Xew York, N. Y., 1965, p 622. 

cf. ref 3, p 621. 
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these two compounds led to the question whether a 
structural modification of the phenbenzamine molecule 
might enhance its antiserotonin activity. 

The most characteristic feature of the cyproheptadine 
molecule is the rigidity of its tricyclic ring system, 
which is connected with the N-containing fourth ring 
by a double bond, which again does not allow a free 
rotation. I n  the phenbenzamine molecule rotation of all 
groups is possible. Some structural similarities are, 
however, also present. Two benzene nuclei and one 
aliphatic tertiary X are present in both compounds. 
The second K of phenbenzamine is absent in cypro- 
heptadine, but the double bond with its high electron 
density might play a comparable role with respect to 
its pharmacological activity. These considerations led 
to the idea of modifying the phenbenzamine molecule 
in a way that would result in similar structural rigidity. 
This may be done by attaching the ethylenediamine 
chain to the benzyl CH, and by connecting the benzene 
nuclei or introducing a bridge of one or two carbon 
atoms between them (compounds 4-7). 
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Chemistry.-d-iithetic r o u t c ~  \r-ercl cli(~seli ill ivhirli 
the piperazine ring was constmctxd iii the filial steps 
(Scheme I). The subst'ituted ethylenediamines (~10, 14, 
20, 28) iieces.wry for t'liis purposc were prepared 
utilizing classical procedures. The Riebsomer coil- 
densation' of the diamines, t'hus obt:tined. ivith diethyl 
oxalate proved to be applicable for the forrmtioli of thc 
fonr 2,3-dilietopiperaziries (11, 15, 21, 29). The reduc- 
tion of the diketo compounds to the substituted piper- 

performed using H z H s  in THI; resulting i i i  

losed phenheiizaniiries" (3-6). c'onipouncl 
a double bond is present between the benzeiiv 
preparcd by IAH reduction of t>hr ciilxto 

Pharmacology.---Pharmacolog~cwl testing for anti- 
serotonin potericjr included i!i c l i 0 . o  : iys on the uterus 
of the rat and in tlico estimatioiis 011 t,he rat paw edem:] 
:(titi the guinea pig brorichoconstrictioii induced bj- 
sorcitjonin (Table I ) .  It :ippe:i,rs from thc loiv poter1c.y 

T.uj1.i. I 
AS.l.l i I _  1101,o SIS I'OTE NC' 1 Fig1ii.e I .  ~ -'l'lie pi.ojectiou of L)reidii~g iiiucie1.- o f  ( y p i ~ ~ t i q ) -  

t:aditre (upper model) arid miaiiserirl (lcrwe~ model) ,show\., i I i r  
airgles made hy the planes of the berizeiie riirgs. 

,.~ .-- .-Rc[ potency 
Kat  yam 13ronrIlo- 

Compound I3riilgc Rat u te rus  edema w i i s t r  

, Absent 0 03 2 . 4  1 . %-) 
4 Single h i d  1 I ;; 2 .  I Iiouiiced sed:ttive effect, uiid :t lower :tcutc1 toxicity :is 
.i (rnianaerin) -CH- too 430 6'2 showii iri pilot experiments 011 animals. Thest: results 
ii -CB,CI-T,- 0 2 2 . 4  ' 1 . 1  
7 -CII-CFT- 1 . :; 2 4  .i . 8 
I'hetibeiizamirie 1 1 1 

will be published in more detail in the future. 

-- Cj-ploheptadine .i ( I .i 1 0 I .J 

of 3 that the fixatioii of  the chain of pheribeiiz~Lti~illr dit1 
tiot result in an nppreciablt. increahe of the desired 
:Lritiserotonin activity. S o r  w:ts this achieved by iiitro- 
duction of it bond between the beiizeiie nuclei, as showii 
by the low activity of 4. Ahtiserotonin activity was, 
hon ever, very much increased in 5 in which the pheq-1 
groups :we connected by a one-C bridge whereas 
introduction of the 2-C bridges a t  the same point 
largely abolished the activity, a> is observed iri 6 and 7. 

Compound 5 (mianserin) proved to have, along with 
it.; high antiserotoniii activity. which is of the sanic 
ordrr :IC the activity of cyproherltadinc, a lc+ prc- 

(7) J. L Riebsorner, .I O J Y .  C i i 1 7 t ~  1 5 ,  tih i')X 

Discussion 
I.'rom the difference in activity hetween 4, 6, a11d 7 

oil the one hantl, and 5 011 the other harid it \voulti 
appear that, apart from the rigidity of the nioleculc, 
other factor-: may plq-  tt part. Inspection of Dreidirig 
niodels of cyproheptadine :uid mi:inserin shows that 
the intersection nngles betw-eeii the planes formed by 
the aromatic nuclei arc' very similar, being about 118 
:~nd 120", respectively (Figure 1). 
angles are very different, m., 180 and 58", whereas 6 
i \  a flexible molecule. 

I t  seems reasonable to :wuine that  in the presciit 
t )  pe of compound- an angle of about 120" is it structural 
rcquircrnent for high xiitiwrotonin activity. 

For 4 and 7 tht  
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Experimental Section 
Evaporations were conducted under reduced pressure using a 

Buchi Kotavapor evaporator. Melting points are not corrected 
and were taken on a Buchi capillary melting point apparatus. 
Microanalyses were crried olit by H.  Pieters and W. J. Buis, 
Laboratory of Organic Chemistry of the University of Amsterdam, 
The Xetherlands. For the nomenclature of the fused heterocyclic 
ring systems were used: rule B-3 and rule A-21 of the IUPAC 
"Nomenclatiire of Organic Chemistry," Section A and B, 2nd 
ed, 1966. The melting points and formulas for the compounds 
are given in Table 11. 
2-Methyl-l,3,4,15b-tetrahydro-2H-dibenzo [c,g] pyrazino [ 1,2-a] - 

azocine (77.-To a suspension of 2 g of LAH (0.053 mole) in 300 
ml of Et&, 2 g (0.007 mole) of %methy1-3,4-diketo-l,3,4,15b- 
tetrahydro-2H-dibenzo [c,g]pyrazino [ 1,241 azocine (29) was added 
The mixture was boiled for 15 hr iinder AT2. After cooling to 
0" 8 ml of H,O was added dropwise while stirring. The mixture 
w-as filtered and the filtrate was evaporated to dryness to give 
1.75 g of a yellow oil. Chromatography over silica gel and elution 
with lIeOH-(CH3)nCO (1:l)  yielded 1.05 g (5SyG) of the pure 
piperaxino compound. It was dissolved in Et20 and treated 
with a solution of maleic acid in Et013 to give the crystalline 
maleate, 0.7 g (27%),  slightly pink needles, mp 160-162'. The 
analytical sample, mp 161-162", was obtained by recrystallization 
from EtOH. Anal. (C23H2,h'204) C, H, N.  

2 8  29 

2-Anilino-2-phenyl-N-methylacetamide (9).-To 350 nil of a 
2073 solution of 3'2eNH2 in MeOH was added 45 g (0.18 mole) of 
ethyl 2-pheny1-2-anilinoacetate~ (8 ) .  The mixture was stirred 
until all crystals were dissolved. Bfter standing a t  room tem- 
perature for 3 days the solution was evaporated to dryness and 
the solid residue was crystallized from RIeOH t,o give 39 g ( 8 7 5 )  
of amide, mp 110-112". The analytical sample melted a t  124- 
125" (from MeOH). Anal. (CI:H,&:20) C, H,  N. 
I-Phenyl-I-anilino-2-methylaminoethane (IO).-To a suspen- 

sion of 24 g (0.1 mole) of 9 in 500 ml of anhydrous Et,O 12 g 
(0.3 mole) of LAH was added and the mixture was refluxed for 
4 hr. After cooling, excess hydride was decomposed with vigorous 
stirring by slow addition of 4s ml of HzO. The inorganic products 
were removed by filtration. The filtrate was evaporated to dry- 
ness to give 22 g (9752) of a yellow oil. 4 part of the product was 
converted to its hydrochloride. The analytical sample melted a t  
230-232" (from EtOH). Anal. (CljH19ClN2) C, H,  K. 

6-Methylaminomethylpbenanthridine (13).-6-Chloromethyl- 
phenanthridiiies (120 g, 0.55 mole) was added in portions t o  
b1eNH2 (2000 ml) at -10". The solution was kept at this tem- 
peratlire for 2 hr. Excess i\IeKH2 was removed by distillation 
in vacuo giving a mixt,ure of 3LIeNH2. HC1 and 6-methylamino- 
niethylphenanthridine. This was triturated with CsH, and 
- 

(8) M .  Henze, Chem. Ber.. 32, 3036 (1899). 
(9) G .  T. Morgan and L. P. Walle, 6. Chem. SOC., 2447 (1931). 
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TABLE 

Compound Salt 

l-A\Iethy1-4,.5-diphenj-lpiperazine (3) 2HC1 
2-Methyl-1,3,4,13b-tetrahydro-2H-pyrazino [ 1,2-j]- 

2-lIethyl-1,2,3,4,10,14b-hexah~-dropyrazino [ 1,231- 

2-PIIethyl-1,3,4,10,1 l,l.jb-hesahydro-2H-dibenz [c,g]- 

phenanthridine (4) HCl 

niorphanthridine ( 5 )  HCI 

pyrazino[l,2-a]azocine (6) HCl 

heated during 43 min from room temperatiire to 140". The 
temperat,ure was then raised to 180" in 1.5 min and kept at this 
level for 0.5 hr. Diiring the reaction about 50 ml of EtOH dis- 
tilled off. The reaction mixtiire was cooled and treated with 200 
nil of CsH6. The crystals were filtered, xashed with Et,O, and 
dried in vacuo to give the diketopiperazino compounds listed in 
Table 111. 

Diborane Reduction of the Substituted Diketopiperazines 11, 
15, 21, and 29 to the Piperazino Compounds 3-6.-To a suspen- 
sion of 120 g ( 3 . 2  moles) of NaBH4 in 350 ml of dry T H F  was 
added dropwise a solntion of 320 ml of BFI etherate during 2 hr. 
The generated BZHG was introduced directly with stirring into a 

I v 
Yield, 

% BIp, o c  Formula Analyses 

85 224-226 CiiHz2CnNz C, H, N 

92 236-240 CiiHISClNn C, H, N, C1 

90 282-284 CisHziClS2 C, H, N, C1 

305-310 CigHZ,Cl?jz C, H, N, C1 43 

suspeiiaion of 100 g of the diketopiperazino compound. The 
entire manipulation was carried out. under S2. The mixture was 
then refluxed for 1 hr. Excess BZH, was decomposed by adding 
slowly 330 ml of 96Yc Et,OH, and the solution was evaporated to 
dryness. The vitreous residue was dissolved in 1800 ml of 187, 
aqueous HCl and heated on a steam bath for 1 hr, cooled, made 
alkaline with 30CC NaOH, and extracted with CHsCl?. The 
extract m-as n-abhed with H20, dried (Na2S04), and evaporated to 
dryness to give 90-9.54;c of the oily piperazino compound. The 
product wa* converted to its hydrochloride with alcoholic HCl 

tallized from EtOH. In this way the compounds listed 
in Table 11- were obtained. 

Effect of Eight Prostaglandins on Platelet Aggregation' 

N. CHAXDRA SEKHAH~ 

Cui diovascular Daseases Research, The Upjohn Company, Kalainazoo, Jliclzigan 49001 

Receiued A p r i l  14, 1969 

Eight prostaglandins, PGE1, PGE2, PGAI, PGAz, PGFI,, PGFZ,, PGF16, and PGFq, were t,ested for their 
All compounds inhibited 

PGE, was the most active com- 
In addition, PGEI showed very pot'ent thrombolytic effect against ADP-induced platelet 

h single intravenous injection of 3 mg of PGE1,'kg in rats inhibited platelet aggregation in 
Platelet aggregation was also inhibited 

effect on platelet aggregation-adhesion induced by ADP, thrombin, and collagen. 
aggregation in platelet-rich rat plasma and human plasma t'o varying degrees. 
pound in the group. 
thrombi in uilro. 
blood samples withdrawn from animals 30 min following the injection. 
significant,ly in rats given infusions of PGE, at 1.8 mg/kg per day for 30 days. 

Prostaglandins are powerful vasoactive compounds 
which occur in human seminal plasma, sheep seminal 
vesicles, and other tissues. Born and coworkers3 have 
reported that a number of vasoactive compounds show 
a corresponding ability to affect platelet behavior. 
Since prostaglandin E1 (PGE1) is knolm to be a potent 
vasodilator, i t  was of interest to investigate the in- 
fluence of PGEl and other prostaglandins on platelet 
aggregation. I<loeze4 first reported that PGEl inhibits 
ADP-induced aggregation as Tvell as glass adhesion of 
platelets, whereas PGEz accelerates platelet aggrega- 
tion. Weeks, Sekhar, and DuCharme5 have reported 
the comparative activity of prostaglandins El, AI, Ez, 
and A, on aggregation of rabbit platelets. The present 
paper deals with the influence of eight structurally 
related prostaglandins on adenobine diphosphate 
(,ADP), thrombin (recalcified plasma), and collagen 
induced aggregation of human and rat platelets. 

(1) (a) A preliminary report of this work vas  presented orally a t  the 
Third Platelet Conference, Oak Ridge, Tenn., June 1967; (b) Ii. Chandrase- 
khar. Blood. 30, 554 (1967). 

(2) Formerly Ir;.Chandrasekliar. 
( 3 )  G. 1.. R. Born, R.  J. IIaslam, N. Goldman, and R.  I). Lowe, S u t u r e ,  

(4) J. Iiloeze, Kobe1 Symposium 2 ,  Prostaglandins, S. Bergstrijm and 

( 5 )  J. R. Weeks, S. C. Sekhar, and D. W. DuCharme, J .  Pharm. Phar- 

205, 678 (1965). 

€3. Samuelsson, Ed . ,  Almquist and Wiksell, Stockholm, 1967, p 241. 

nacol . ,  a i ,  103 (1969). 

Experimental Section 
Prostaglandins.-The following prost,aglandins have beeti 

studied: ll~,l5(S)-dihydroxy-9-oxo-13-trans-prostenoic acid 
(PGEI), 11~,1.5(S)-dihydroxy-9-oxo-5-cis,13-tran~-prostadienoic 
acid ( PGE2), 1.5(S)-hydroxy-9-oxo-l0,13-trans-prostadienoic acid 
( PGA41), 15(S)-hydroxy-9-oxo-5-cis-lO,l3-trans-prost~adieiioic acid 
(PGAZ), 9a,ll0l,l.5( S )  - trihydroxy- 13- trans -prostenoic acid 
(PGF,,), 9~,11~,13(S)-trihgdrox~-.5-c~~,13-trans-prostadienoic 
acid (PGF,,), 9p,ll~,l~(S)-trihydroxy-13-truns-prostenoic acid 
(PGFlp), 9p,ll~,l~(S)-trihydroxy-.5-c~s,13-trans-proatadienoic 
acid (PGFzp). The pnrity of all prostaglandins was checked by 
tlc. 

Inhibition of Platelet Aggregation in Vitro.-Chandler's re- 
volving plastic loop technique as modified by Silver6 was used 
for the study of platelet aggregation and thrombus formation. 
Blood from the abdominal aorta of normal male rats (Sprague- 
I>awley, Spartan strain) was drawn into a plast,ic syringe con- 
taining sodium citrate jolution (1 part of 3.8Yb sodium citrate 
solution to 9 parts of blood), thoroughly mixed by gentle tilting 
of the syringe, and centrifuged at 1200 rpm for 10 min. The 
supernatant platelet-rich plasma was collected by siliconized 
Dispo pipets. This platelet-rich rat plasma (PRRP, 0.8 ml) was 
transferred into a plastic loop (Transflex tubing KO. 8, 3hI 
Company) by a plastic syringe and 0.1 ml of 0.855 saline was 
added. The loop was closed with a short segment of another 
plastic tubing (Transflex tubing No. 6), mounted on a disk, and 
rotated at I2  rpm for 1 miii. One tenth milliliter of 0.25 Ill 
CaCl? soliitioii was injected throiigh the loop onto the plasma 
layer; four atop watches and the loop were started simultane- 
ously. Four successive end points were timed: aggregation of 

(6) 31. J. Silver, An. J .  Physiol.,  209, 1128 (1965) 


