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Synthesis of Compounds with Potential Psychotomimetic Activity. I V 1 , 2 a  
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As a coiitiiiiiiitg htiidy of structure-activity relationships of psychototninietic agents, the S-methyl-3-piperidyl 
ehters of cycloheptylpheiiylglycolic acid, ethynylphenylglycolic acid, and of acids derived from l,2,3,3a,Xj8a- 
hexahydrocyclopertt [a] indene were prepared. A new and improved method of esterification of disltbstitiited 
glycolic acids, irivolvirig treatment of their sodium salts with S-methyl-3-piperidyl toaylate, has beeii utilized. 
The methyl ester of f)-hyd~oxy-'Ja-methyl-l,2,3,4,4a,9a-hexahydrofluorene-9-carboxylic acid has beer1 prepared, 
hiit extretnely low yields did iiot permit further work with this compound. Biological test data are reported. 

A i l  earlier communication from this laboratory' re- 
ported preparation of ethynylphenglglycolic (la) arid 
cycloheptylphenylglycolic (2a) acids as precursors to 
their S-methyl-3-piperid) 1 esters (1 and 2) which mere 
to be evaluated as hallucinogens. Attempts to prepare 

OH 

R 
1 ,  It = ethyriyl; li' = N-meth~I-3-piperidyl 

l a ,  It = ethynyl; It' = H 
2, It = cvcloheptyl; R'  = S-methyl-3-piperidyl 

2a, li = cycloheptyl; It' = H 
3, It = ethyl; 1%' = N-methyl-3-piperidyl 
4, 1L = vinyl; It' = X-methyl-3-piperidyl 

1 arid 2 failed; however, N-methyl-3-piperidyl ethyl- 
phenylglycolat,e 3 and viiiylphenylglycolate 4 were 
synthesized and bot,li were shown to possess some 
degree of central effect in mouse hyperactivity arid 
swimming maze tests. 

The present work was aimed at finding a synthetic 
rout'e to the 9-methyl-3-piperidyl esters of ethynyl- 
phenyl- and cycloheptylphenylglycolic acids 1 and 2. 
In addition, it was desired to prepare S-methyl-3- 
piperidyl esters of two new acids, 8-hydroxy-l,2,3,3a, 
S,fia-hexahydrocyclopent [a]indene-8-carboxylic acid (5)  
and 9 - hydroxy - 1,2,3,4,4a,9a - hexahgdrofluorene-9- 
carboxylic acid (6). Synthesis of 5 arid 6 was proposed 
from t'he corresponding ketones 7 and 8, by means of 
an ethgnylatiori followed by oxidation of the triple 
bond, according to  a method utilized earlier in this 
laboratory3 (Scheme I). Attempts to ethynylate the 
ketonic group of 8 result'ed only in quantitative re- 
covery of starting material; a single attempt to per- 
form a Reformatsky reaction on 8 similarly led to 
recovery of starting material. On the basis of earlier 
studies4 it is concluded that the basicity of the organo- 
metallic reagent caused the rapid format'iori of the 
enolate ion 9 which is inert toward the alkylating re- 
agent. It mas proposed that introduction of a methyl 
group at, position 9a (structure 10) would prevent 

(1) Par t  111: R.  J. hdamski and J. G. Cannon, J .  Med.  Chem., 8 ,  444 
(1965). 

(2) (a) This investigation was supported in par t  b y  Grant ,MH 07775, 
National Insti tute of Jlental  Health. Abstracted in part  from a thesis sub- 
mitted by E. R. F. in partial fulfillment of the requirements for the  degree of 
Doctor of Philosophy, University of Iowa, 1967 (b) To whom all corre- 
spondence should be directed. 

( 3 )  S. B. Kadin and J .  G. Cannon. J .  Ory .  Chen.. 27, 240 (1962). 
(4) R.  J. Adamski and J. G. Cannon, ibid.. 29,  36Y3 (1964). 
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KMnO, LiC=CH ojcl *m __t 
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enolization arid should permit ethyn~-latioiimof the 
ketonic group. Dreiding models indicated that the 
enolic form 11 would be a highly strained system and 

9 10 

11 12 

would be urifavored sterically. It was predicted that 
7 would react normally with metallic acetylides; 
however, introduction of an angular methyl group at 
position 8a (compound 12) might result in a final 
product of some biological interest. The angularly 
methylated ketones 10 and 12 have been reported in 
the l i t e r a t ~ r e , ~ ' ~  but by procedures which do riot in- 
volve direct alkylation of the parent ketones. Com- 
pound 8, when treated with potassium t-butoxide and 
methyl iodide, reacted smoothly to give a product 
whose nmr spectrum verified the presence of a C- 
methyl group. When 7 was subjected to the same 
conditions, an approximately equal mixture of starting 

( 5 )  SI. 8. Newman, G. Eghnton, and  H. .\I. Grotta,  J .  Am. Chem. SOL., 

(6) M. Pro t i ia  and L. Kovak, Chem. Lzaty, 47, 881 (1953) 
75, 349 (1953). 
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TABLE I1 
ESTERS OF N-&~ETHYL-~-PIPERIDINOL 

R-Oy;) ,HC1 
I 
CH3 

Yield. 
5%' 

13 

R J I p ,  OC 
HO co- 

201" & 
2 15-2 16" 

\ 

186" 

ac"= 
f" 

CsHjCCO- 
I 

220-221" 

30 

60 

.'malyres 

C, H, CI, S 

C, H,  CI, S 

C, H, CI, N 

C, H, N; Clb' 

(C6H,)gkCo- 221-22w 3 .i 
Froin JIeiCO. * From JIe&O-EtiO. From JIe2CO-JIeOH. d From i-PrOH-Et20. e J. H. Bid,  E. P. Hprengler, H. A .  

f Yields were calcu- Leiher, J. Homer, .I. I)rttkker, and H. L. Friedman, J .  drn .  Chem. Soc.,  77, 2250 (1955jJ reported mp 221-223". 
lated f w n i  the c~i~resporiding glycolic acid. g C1: calcd, 9.32; found, 9.74. 

A spectrum of an authentic sample of S-methyl-3- 
piperidyl 2.2'-dichlorobe~izilate~ (prepared by trans- 
esterifiration) contained a poorly resolved signal 
centercd at 6 4.25 which integrated for one proton. 
These sigiials are attributed to the C-3 proton of N- 
met hyl-3-piperidinol. 

Pharmacology. Methods.-The pharmacological 
procedures for evaluating anticholinergic and central 
nervous system action are described elsewhere.11t12 
Behavioral performance was evaluated by measuring 
the effect of the drugs on motor activity (rat) and swim 
maze performance [mouse and so-called "peek" test 
(mouie)]. The correlation of these tests with the 
psychotomimetic activity in man is also discussed 
elsea,here.11~12 

Discussion (See Table 111) .-The observation that 
the hexahydrocyclopent [alindene ester 21 exhibited 
high anticholinergic but  low psychotomimetic potency 
corroborates the hypothesis that  coplanarity of the ring 
structures of the acid moiety is required for optimal 
central nervous system (CNS) action. Since this 
compound retains high (peripheral) anticholnergic 
activity, it nould appear that the drug receptors in the 
c.entral nervous system, either at  the level of the biood- 
brain barrier or synapses, are different from those a t  
peripheral sites. Introduction of the Sa-methyl group 
(22) in this ring structure significantly diminished 
anticholinergic potency and abolished CNS efficacy. 
It is also conceivable that a rigid heterocyclic moiety 
may hinder the attachment of the molecule to a 
lipophilic portion of the biological receptor. The 
marlied CKS activity of the cycloheptylphenylglycolate 
ester 2 is consistent with the observation that Catalin 

(11) L. G -\liood and J H. Biel Irilerri Ren. .\eu?obioZ, 4 ,  217 (1962). 
(12)  N. U. Galiel and  L G. . \ h o d ,  J . l fed .  Chem , 8, 616 (1Yb5). 

models indicate that the cycloheptane and the benzene 
rings can exist in an over-all coplanar conformation. 
The extended duration of mydriatic action of 21 and 
of 2 (Table 111) is striking and noteworthy. 

Experimental Section13 
1,2,3,3a,8,8a-HexahydrocycIopent[u]inden-8-one (7) was pre- 

pared by the method of Baker and Jones,*l bp 110' (0.1 mm), 
lit.14 bp 145" (12 mm), n Z S ~  1.5714. 

Ethyl trans-2-Phenylcyclohex-4-ene-1 -carboxylate (16).--,4 
mixtiire of 30 g (0.17 mole) of ethyl trans-cinnamate, 9.21 g 
(0.17 mole) of butadiene, and 0.5 g of hydroquinone was shaken 
in a reaction autoclave at 175" for 12 hr. The resulting clear 
solution was distilled and the fmction boiling at 100-105° 
(0.06 mm) was collected, yield 24 g (82?), n 2 0 ~  1.5280. .Anal. 
(CijHi80r) C, H. 
trans-2-Phenylcyclohex-4-ene-l-carboxylic Acid (17).--A solii- 

tion of 48 g (0.21 mole) of 16, 60 g of KaOH, 300 ml of H?O, and 
350 ml of EtOH was vigorously refluxed on a steam bath for 6 hr. 
The volume was reduced to 100 ml and the remaining liquid was 
acidified with concentrated HCI. The resulting precipitate was 
collected on a filter, t,hen dissolved in lOC;, NaHCO3; this solution 
was treatfled wit,h charcoal, filtered, and rearidified with concen- 
trated HCI to yield a solid which was recrystallized from Skelley 
B and dried under vacuum at room temperatlire t,o produce 36 g 
(79%) of material, mp 101-102", l i t . 1 6  mp y9-101'. 

trans-2-PhenyIcyelohexanecarboxyIic acid (18) was prepared 
from 17 by the method of Klein and Levin;l5 mp log", lit.15 mp 
108". 

(13) All melting points are corrected and xere  determined on a Fisher- 
Johns apparatus. unless otherwise specified. Analyses were by  Huffman 
Microanalytical Laboratory, Wheatridge, Colo., Schwarzkopf Microanalyti- 
cal Laboratory, Woodside, N. I-., and Crobauah Laboratories, Cleveland, 
Ohio.. Kmr spectra were determined on a Varian hssociates A-60 instru- 
ment. Vhere  analyses are indicated only by  symbols of the  elements, t h e  
analytical results obtained for those elements were within = t O . 4 %  of t h e  
theoretical values. 

(14) \i'. Baker and P. G. Jones, J .  Chem. Soc.,  i 8 i  (1951). 
(1.3) J .  Iilein and  G .  Levin, J .  A m .  C h e n .  Soc., 80, 1707 (1958). 





September 1968 4H-YYRAZINO [l,a-U]PYRI,llIDIN-4-O~~S 1045 

the esterification reactions. h'mr speclra were recorded on the 
HCI salts in dimethyl-& sulfoxide. 

Hydrolysis of N-Methyl-3-Piperidyl Esters of Glycolic Acids.- 
The method of Biel and co-workers10 was employed. A 0.45-g 
sample ( J f  the S-methyl-&piperidyl glycolate HCI (1, 2, 21, or 
22, Table 11) was heated vigorously for 1 hr in 30 ml of 33To 
H:SOd. The cooled solution was decanted from resinous material piperidinol. 

and was extracted three times with ether. The aqrleotls solittion 
was cooled in an ice bath, made strongly alkaline with KaOH 
pellets, then was extract,ed repeatedly with ether. The combined 
ethereal extracts were dried (NandOd), and the ir spectrum was 
recorded. In each instance, the spectrum vas supei,impoaable 
upon a similar spectrum of an authentic sample of N-methyl-3- 

Chemistry and Pharmacology of a Series of Substituted 
4H-Pyrazino[ 1,2-u]pyrimidin-4-ones 

D o x . 4 ~ ~  I,. TREPANIER, L. W. RAMPY, KEXKETH L. SHRIVER, 
Chemistry Research Department 

JOHN N. EBLE, AKD PHILIP J. SHEA 
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A series of X-pheiiyl-%( t,ertiary aminoalkoxy)-4H-pyrazino [ 1,2-a]pyrimiditiories obtained by condensing 
ethyl phenylmalonate with aminopyrazine followed by base-catalyzed 0-tertiary-amino alkylation of the result- 
ing 2-hydroxy-3-phenyl-4H-pyraxino[1,2-a]pyrimidinil-one was screened for CSS activity in mice. Sotie 
showed significant activity in the maximal electroshock, oxotremorine, strychnine lethality, pent ylenetetrazole 
seizure threshold, or d-amphetamine aggregate toxicity tests. Some potentiated the effect of hexobarbital 
and d-amphetamine in mice and antagonized the effect of reserpine. 

h sewch of the chemical literature revealed that the 
pyrazino [1,2-a]pyrimidine system has not been re- 
ported. In  fact, the only pyrazinopyrimidine system 
reported is that  found in the pteridines, the pyrimido- 
[4,5-b]pyrazine heterocycle. This prompted us to 
undertake a synthesis and pharmacological testing 
study in this area. This paper reports the results of 
this study. 

pyradino[ l,2-a]pyrimidine pyriniido[4,5-b]pyrazine 

Because our primary interest was the uncovering of 
new structures with central nervous system activity, 
derivatives of the pyrazino (1,2-a]pyrimidine hetero- 
cycle that contained a phenyl or substituted phenyl in 
the 3 position and a tertiary aminoalkoxy chain in the 
2 position were synthesized and evaluated for CKS 
activity. This type of derivative was selected for 
synthesis because it contains a type of phenethylamine 
moiety and a choline or choline-like side chain which 
increases the likelihood it will affect the CNS neuro- 
transmitters, norepinephrine and acetylcholine. 

The desired 3-pheny1-2-(tertiary aminoa1koxy)py- 
razino [1,2-a]pyrimidin-4-ones (11) were obtained by 
condensing ethyl phenylmalonate with aminopyrazine 
followed by base-catalyzed 0-alkylation of the result- 
ing 2-hydroxy-3-phenyl-4H-pyrazino \1,2-a]pyrimidin- 
+one (I) (Scheme I). 

In  order to obtain more diverse structural modifica- 
tions pyrazinopyrimidinone I was 0-alkylated with 
a-chloro esters and chloracetonitrile, and aminopyra- 
zine was condensed with diethyl ethoxymethylene- 
malonate and diethyl phenylcyanoacetate. 

When aminopyrazine was allowed to react with di- 
ethyl ethoxymethylenemalonate neat at  110" a 63Yc 
> ield of diethyl p~raziri~laniinometh~lenemalunate 

SCHEME I 

I 

PhCH(CO0Et 
160-170- 

I1 

'i'hCH(CN,COOEt 
125-140' 

V VI 

(111) was obtained. That the em-amino nitrogen arid 
not one of the ring nitrogens was alkylated was indi- 
cated by the pmr spectrum of 111. The vinyl proton 
and the DLI exchangeable proton on the exo nitrogall 
appeared as doublets (J = 12.5 cps) at  543 and 672 
cps, respectively. The pmr spectrum of the alterna- 
tive structure, alkylation of a ring nitrogen, wou d 
not show a vinyl proton coupled with an exchangeable 
S H  proton. Ring closure of I11 to 3-carboethoxy-4H- 
pyrazino [ 1,2-a]pyrimidin-4-one (IV) was accomplished 
in S970 yield by heating I11 a t  230" in Dowtherm. 


