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4-Substituted Amino-2-(5-nitro-2-furyl)pyrimido[4,5-d]pyri-
midine (13-19). A mixture of 50 g (0.18 mol) of crude 12 and 0.36 
mol of the appropriately substituted amine in 500 ml of MeOH 
was refluxed with stirring for 10 min. The mixture was chilled 
and filtered, and the crude product was washed with H2O, i-
PrOH, and Et20, followed by drying and recrystallization from 
an appropriate solvent. The formation of a precipitate when 14 is 
treated with 5-nitro-2-furaldehyde in DMF supports the structure 
assignment of 14asdoes Ymax 2.95, 3.05, and 6.1 M (NH2). 
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Ethyl 3 -Phenylpyrrol id ine-3-carboxylates 
and Ethy l 3 -Pheny ln ipeco ta te s t 
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I t is well es tabl ished t h a t r ep lacemen t of t he iV-methyl 
group in po ten t opioid analget ics by cer ta in smal l alkyl 
groups usual ly produces a compound possessing narcot ic 
or opioid an tagonis t act ivi ty . M a x i m u m antagonis t ic 
proper t ies are found when t h e iV-alkyl group is allyl, n-
propyl , or cyclopropylmethyl , a l though the relat ive order 
of potency among these is d e p e n d e n t upon the analgesio-
p h o r e . 2 ' 3 T h a t th i s type of group is not essent ia l for opioid 
an tagon i sm has been d e m o n s t r a t e d by several ( - ) isomers 
of iV-methy lbenzomorphans . 4 These a n d o ther observa­
t ions raise several quest ions in regard to t he exact s t ruc­
tu ra l features a n d / o r physicochemical proper t ies neces­
sary for po t en t opioid an tagon i sm. 

As p a r t of a s tudy into these quest ions , we prepared 
several N-a lkyl der ivat ives of ethyl 3-phenylpyrrol idine-
3-carboxylate (8-13) a n d ethyl 3-phenylnipecota te (14-19). 
These represent two series of analget ic analogs t h a t pos­
sess a /3-phenethylamine moiety , a s t ruc tu ra l feature t h a t 
is present in a lmost all opioid an tagon i s t s . 2 Our a t t en t ion 
to these series was d rawn by the lack of antagonis t ic ac­
t ivi ty in t h e N-allyl8'6 and 7V-dimethylallyl6 der ivat ives of 
normeper id ine . Archer a n d Har r i s 2 have suggested th is 
may be due to t he absence of t he /3-phenylethylamine 
moie ty . Addi t ional suppor t for t he /3-phenethylamine hy­
pothesis comes from t h e observat ions t h a t t he 2V-allyl 
compound 1 was found to be an an tagonis t devoid of ana l -

* Address correspondence to this author at the School of Pharmacy, Fer­
ris State College, Big Rapids, Mich. 49307. 

tTaken in part from the thesis submitted by R. L. J. in partial fulfill­
ment of the requirements for the Ph.D. degree. Presented in part before 
the Division of Medicinal Chemistry, 162nd National Meeting of the Amer­
ican Chemical Society, Washington, D. C, Sept 1971, Abstracts of Papers, 
MEDI57. A brief account of this work has appeared -1 

getic ac t iv i ty 7 a n d t h a t t h e N- me thy l compound 2 was 
found to possess b o t h analget ic a n d an tagonis t proper­
t ies . 8 Bo th of these compounds conta in a /3-phenethyla­
mine moie ty . 

Cr0H 
CH9CH2CH1 -CH3 

-CK, 

CH2CH CH2 
1 

Chemistry . Of t he publ i shed me thods avai lable for t he 
synthesis of esters 6 a n d 7, t h a t used by Avison and Mor­
rison9 was selected over t he earlier approaches of Bergel, 
et al.10 T h u s , e thyl pheny lcyanoace ta te (3) was a lkylated 
with ei ther l -bromo-2-chloroethane or l -bromo-3-chloro-
propane to yield t he corresponding chloronitri les 4 and 5, 
which were reduced to the corresponding p r imary amines . 
T h e p r imary amines were not isolated b u t were cyclized 
by refluxing in e thanol to give ethyl 3-phenylpyrrol idine-
3-carboxylate (6) or ethyl 3-phenylnipecota te (7). It was 
found necessary to employ more rigorous hydrogenat ion 
condi t ions t h a n P d / C , as used earl ier .9 Satisfactory yields 
(45-60%) were ob ta ined after 8 hr wi th Raney nickel in 
a m m o n i a - e t h a n o l solut ion. Addi t ion of a ca ta lys t p romot­
er, p la t in ic chloride, d id not improve yields bu t reduced 
hydrogenat ion t i m e to 1-2 hr . T h e iV-methyl derivat ives 8 
and 14 were p repared by reduct ive me thy la t ion wi th 
formaldehyde a n d formic acid. T h e o ther N- subs t i t u t ed 
compounds (9-13 and 15-19) were p repared by t r ea t ing 
t he free base in e thanol in t he presence of sodium bicar­
bona te or ca rbona te with t he appropr ia t e alkyl hal ide 
(Table I ) . 

CO,Et 

PhCH 

CN 
3 

Br(CH2)„Cl 
* • 

n = 2, 3 

1. Raney Ni, H2 

2. EtOH, 80" 

RX or 

HCHO + HCO,H 
8-19 

CO,Et I " 
PhC(CH2)„Cl 

CN 

4, n = 2 
5, n = 3 

C02Et 

( (CH2)„ V 
I 

H 

6, n = 2 
7, n = 3 

Of interest in t he n m r spec t ra of these compounds was 
the nonequivalence of t he protons on the 2- a n d 4-methy-
lenes of t he pyrrol idine and piper idine r ings. In t he spec­
t r a of unsubs t i t u t ed esters 6 and 7, only t he C-2 protons 
are sufficiently resolved to allow ass ignment of coupling 
cons tan t s . The low field a - H in t h e pyrrol idine was ana­
lyzed as an AB sys tem giving 2J = 11.5 H z . T h e corre­
sponding a - H in t h e piper id ine gave 2 J = 13 Hz , wi th fur­
ther long-range coupl ing wi th t he C-6 proton, *J = 2.5 H z . 
T h e coupling was unchanged ei ther after D2O t r e a t m e n t 
or in t he iV-methyl 14. Th i s is indicat ive of diaxial cou­
p l ing 1 1 a n d provides t en t a t i ve evidence t h a t t h e axial C-2 
proton, which is a lmos t 1 p p m downfield, is cis to an 
equator ia l pheny l . Fu r the r exper iments using decoupling 
techniques are in progress to confirm these observat ions 
and to provide addi t iona l conformational informat ion. 
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T a b l e I . N-Subs t i t u t ed E t h y l 3-Phenylpyrrol idine-3-carboxylates a n d E t h y l 3-Phenylnipecota tes 

CO,Et 

\J NR 

(CH,,)„ 

Compd R 
Yield, 

Alkylat ing agent % Bp , °C (mm) Salt M p , 

C r y s t n 
sol-

°C vent" Formula ' ' 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

M e t h y l 
Allyl 
Dimethyla l ly l 
Cyclopropylmethyl 
n-Propyl 
Methy l th ioe thy l 
Me thy l 
Allyl 
Dimethyla l ly l 
Cyclopropylmethyl 
w-Propyl 
Methy l th ioe thy l 

2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 

H C H O + H C 0 2 H 
R B r 
RC1 
R B r d 

R B r 
RC1« 
H C H O + H C 0 2 H 
R B r 
RC1 
RBr r f 

R B r 
RC1* 

75 
63 
90 
68 
88 
59 
84 
79 
68 
49 
67 
61 

87-88 (0.05 V 
102-103 (0.05) 
117-119. (0.05) 
116-118 (0.05) 
100-101 (0.05) 
150-152 (0.2) 
96-97 (0 .05 ) ' 
h 
h 
124-126 (0.2) 
104-105 (0.05) 
156-158 (0.2) 

F u m a r a t e 
Oxalate 
Malea te 
HC1 
HC1 
HC1 
HC1 
HC1 
HC1 
HC1 
HC1 
HC1 

153-155 
160-161 
124-126 
117-119 
114-115 
98-99 
178-180" 
134 
149-151 
174-176 
146-166 
97-98 

A 
A 
A 
B 
B 
B 
A 
A 
A 
A 
A 
A 

C u H i o N O o - C J I X h 
C 1 6 H 2 1 N0 2 -C 2 H 2 0 4 

C l 8 H 2 6 NO 5 -C 2 H 2 0 , 
C 1 7H 2 3N0 2 

C 1 6H 2 3N0 2 

C, 6 H, 4 N0 2 S-HC1 
C 1 5H 2 1N0 2 

C 1 7 H 2 3 N 0 2 H C 1 
C 1 9 H 2 7 N0, -HC1 
C 1 8H 2 5N0 2 

C 1 7H 2 5N0 2 

C n H o 5 N 0 2 S 

"A, E t O A c - E t O H ; B , E t O A c . ' 'Analyses for C, H , and N were within ± 0 . 4 % of the theoret ical values. 'Previously syn­
thesized (see ref 10), bp 114° (0 .4 m m ) . ^Cyclopropylmethyl bromide synthesized according to J . S. Meek and J. W. Rowe, 
J. Amer. Chem. Soc, 77, 6675 (1955). e/3-Chloroethyl me thy l sulfide synthesized according to W. R. Kirner and W. Windus 
in "Organic Syntheses ," Collect. Vol. I I , A. H . B la t t , Ed . , Wiley, New York, N . Y., 1943, p 136. 'Previous ly synthesized 
.(see ref 9 and 10), b p 104° (0.2 m m ) , 160° (12 m m ) . "Previously prepared (see ref 10), m p 178-180°. ' 'Isolated and purified 
as t he hydrochloride salt . 

P h a r m a c o l o g y . All of the compounds (8-19) have been 
tes ted for analget ic act ivi ty by ip admin i s t r a t i on of aque­
ous solut ions of the amine sal ts to mice using the s tan­
da rd ho t -p la te m e t h o d . 1 2 Only t he known /J-pethidine (14) 
showed analget ic act ivi ty , being abou t one-half as active 
as meper id ine , as previously repor ted . 1 3 T h e inact ivi ty of 
t he 7V-methylpyrrolidine 8 confirmed the earlier repor t . 1 4 

T h e lack of analget ic act ivi ty by t he remain ing com­
pounds was not unexpec ted if they are nalorphine- l ike , as 
the ho t -p la te me thod is insensit ive to an tagon i s t - ana lge t ­
ics such as na lorphine or pen tazoc ine . 

T h e iV-allyl, -cyclopropylmethyl , and -n-propyl deriva­
t ives (9, 11, 12, 15, 17, and 18) were tes ted for antagonis t ­
ic act ivi ty agains t meper id ine and phenazocine by t h e r a t 
tail-flick m e t h o d . 1 5 By th is procedure , t he compounds 
showed no significant narcot ic a n t a g o n i s m . ! T h e lack of 
significant antagonis t ic act ion exhibi ted by these com­
pounds indica tes t h a t s t ruc tu ra l features o ther t h a n /?-
phene thy l amine are required for a compound to be a po­
t en t an tagonis t . T h e result of th is work does not exclude 
the moiety from being a s t ruc tu ra l prerequis i te for narcot­
ic an tagon ism b u t it does prec lude it from being of sole 
impor tance . P e r h a p s t he in t roduc t ion of a phenolic hy-
droxyl into these compounds would confer antagonis t ic 
propert ies , a possibil i ty t h a t we are present ly invest igat­
ing. 

Exper imenta l Sec t ion 

All melting points were taken on a Thomas-Hoover capillar,1 

melting point apparatus and are corrected. Elemental analyses 
were performed by Baron Consulting Co., Orange, Conn. Ir spec­
tra were taken on a Beckman Microspec and were as expected. 
Nmr spectra were obtained with a Varian A-60 spectrometer in 
CDCI3 with TMS as internal standard. All nmr spectra were as 
expected except for those of compounds 6 and 7 which are dis­
cussed in the Chemistry section. Nmr spectra for 6 and 7 were 
obtained with a JEOL PS-100 spectrometer in CDC13 with TMS 
as internal standard. 

Ethyl 4-Chloro-2-cyano-2-phenylbutyrate (4). This compound 
was prepared according to the known procedure used for synthesis 
of 5.9 The crude reaction product was distilled in vacuo to afford 
the title ester (69%), bp 108-112° (0.2 mm). The colorless oil solidi-

ISee paragraph at end of paper regarding supplementary material. 

fied on standing and was found to melt at 35-36°. Anal. (C13H14-
CINO2) C, H, N. 

Ethyl 3-Phenylpyrrolidine-3-carboxylate (6). This compound 
was prepared from ethyl 4-chloro-2-cyano-2-phenylbutyrate (4, 
6.0 g, 0.024 mol) by catalytic hydrogenation in EtOH (100 ml) 
and saturated NH 3 -EtOH (100 ml) using Raney nickel (2 tbs, W. 
R. Grace & Co.) as the catalyst. The above mixture was shaken 
in a Parr low-pressure hydrogenation apparatus at 50 psi until 
the hydrogen uptake stopped (ca. 8 hr). After the Ni was removed 
by filtration, the solution was concentrated under reduced pres­
sure. The residue was dissolved in cold 1 Ar HC1 and extracted 
twice with E t 2 0 . The aqueous solution was made strongly basic 
with ice-cold 30% NaOH, extracted three times with Et20, dried 
rapidly over Drierite, filtered, and concentrated in vacuo. The 
residue was dissolved in anhydrous EtOH (150 ml) and refluxed 
for 8 hr to afford the cyclized product. The reaction mixture was 
cooled and concentrated in vacuo. The residual oil was dissolved 
in H 2 0 and made strongly basic with 30% NaOH. The separated 
oil was extracted with E t 2 0 , dried (Na 2S0 4) , filtered, concentrat­
ed in vacuo, and distilled. The desired ester 6 distilled at 96-98° 
(0.05 mm) [lit.10 bp 97° (0.1 mm)] as a colorless oil (2.6 g, 50%): 
nmr (CDCI3) 6 1.15 (t, 3, CH3), 2.04-2.44 [m, 2, one 4-H and N-H 
(s, 2.23)], 3.68-3.32 (m, 3, one 4-H and two 5-H), 3.10 (d, 1. 2 J = 
11.5 Hz, 2-H), 3.97 (d, 1, V = 11.5 Hz, 2-H), 4.18 (q, 2, OCH2), 
7.50 (s, 5, aromatic). 

Ethyl 3-Phenylnipecotate (7). Ethyl 5-chloro-2-cyano-2-phen-
ylvalerate (5, 6 g, 0.023 mol), EtOH (100 ml), Raney nickel (2 
tbs, W. R. Grace & Co.), and saturated NH 3 -EtOH (100 ml) were 
placed in a Parr low-pressure hydrogenation bottle. Just before 
the reduction was started, platinic chloride solution (3 ml of a so­
lution containing 1.6 g of H2PtCl6-6H20 in 30 ml of H 2 0) was 
added to the hydrogenation mixture. This mixture was then hy-
drogenated at 50 psi. Hydrogen uptake was complete within 1 hr 
and then the intermediate chloroamine was cyclized as in the 
previous procedure. The cyclized material was distilled as above 
to yield 3.3 g (63%) of 7: bp 107-108° (0.075 mm) [lit.9 bp 105° 
(0.1 mm)]; nmr (CDC13) 5 1.20 (t, 3, CH3), 1.40-2.20 [m, 4, one 
4-H, two 5-H and N-H (s, 1.92)], 2.24-3.52 (m, 3, one 4-H and two 
6-H), 2.85 (d, 1, 2 J = 13 Hz, 2-H), 3.82 [d, 1, V = 13 Hz (showing 
long-range coupling, 2J = 2.5 Hz), 2-H], 4.26 (d of q, 2, OCH2), 
7.5 (s, 5, aromatic). 

The HC1 salt of 7 was prepared in anhydrous E t 2 0 and recrys-
tallized from EtOH-EtOAc: mp 142-143° (lit.9 mp 143°). 

General Procedures for Preparation of N-Substituted Ethyl 
3-Phenylpyrrolidine-3-carboxylates (8-13) and N-Substituted 
Ethyl 3-Phenylnipecotates (14-19). The Af-methyl compounds 8 
and 14 were prepared by methylation of the appropriate free base 
(6 or 7) with HCHO and HC0 2 H using a known procedure.9 All 
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other N-substituted compounds (9-13 and 15-19) were prepared 
as follows. Ethyl 3-phenylpyrrolidine-3-carboxylate (6) or ethyl 
3-phenylnipecotate (7) was dissolved in EtOH (ca. ten times the 
weight of the free amine) and NaHCC>3 or Na2C03 (a weight 
equal to that of the free amine) was added. The appropriate alkyl 
halide (10% molar excess) was added dropwise to the warm (ca. 
50°) reaction mixture. The stirred mixture was refluxed and the 
progress of the reaction was followed by tic (Eastman 6060 silica 
gel, 5% EtOH in CgHg). When the reaction was complete (2-4 
hr), the mixture was cooled and allowed to stir overnight. The 
precipitated solids were filtered off and washed with Et20. The 
filtrate was concentrated under reduced pressure and the residue 
was dissolved in anhydrous EtaO. After filtration and concentra­
tion of the ethereal solution, the residual oil was distilled to give 
the free bases 9-13 and 17-19. Crude 15 and 16 were not distilled 
but were dissolved in anhydrous EtjO and treated with HC1 gas 
to give the salt of 15 and 16. See Table I for details. 
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Muscarine and related compounds have played a major 
role in studies on cholinergic receptors. Among the other 

compounds, muscarones are particularly interesting be­
cause of their activity which is higher than that of mus­
carine and because of a different importance of steric fac­
tors on the activity.1 For instance, muscarone and allo-
muscarone have nearly the same potency and D(-)-mus-
carone is about three times more active than L(+)-mus-
carone while in the muscarine series the L(+)-muscarine 
is a hundred times more potent than D ( - ) -muscarine and 
the other stereoisomers.1 

Various rationalizations of these facts have been pro­
posed by Waser,2 Belleau,3 and recently by Pauling.4 Al­
though Belleau's theory seemed more consistent with the 
current knowledge of cholinergic receptors, no definite 
conclusions could be drawn. 

Therefore, it appeared to us of some importance to have 
a compound such as 1 which, by substitution of the ether 
oxygen with a methylene group, would allow us to check 
the role of both the ether and the keto group on the activ­
ity and cast further light on the problem. This paper re­
ports the synthesis and some preliminary pharmacological 
data of compound 1. 

O O 

H' 0-r^-CH2N(CH3)3 H' \ — ( + 

j{ I XCH2N(CH3)3 

r 
(±)-muscarone 1 

While concluding this research, a paper5 reporting the 
synthesis and pharmacological evaluations of a cyclopen­
tane analog of muscarine appeared. The results of this 
work, which challenge the current theories of muscarinic 
receptors, prompted us to publish our results as a contri­
bution to a further understanding of the problem. 

Chemistry. The synthesis of compound 1 was achieved 
through the pathways shown in Scheme I. Although time 
consuming, if compared to that involving the amide 2, 
synthesis through compounds 9, 11, and 12 was performed 
to explore the possibility that more hindered compounds 
could bring to the separation of cis and trans isomers. 

Because of the strongly equilibrating conditions used in 
the synthesis of the starting material, 4-methyl-3-oxocy-
clopentane-1-carboxylic acid,6 '7 the nmr spectrum showed 
it to be a mixture of cis and trans isomers (roughly 60:40) 
that could not be separated by chromatography. 

Although Hardegger, et al.,8 report that, in a very simi­
lar case, complete conversion into the trans isomer was 
observed, the reaction of 4-methyl-3-oxo-l-carbomethoxy-
cyclopentane with dimethylamine gave a mixture of cis 
and trans isomers of 2. The same was found for 3 whose 
nmr spectrum, as well as that of 6 and 7, shows a double 
doublet for 4-CH3, while 4, 5, and in general all com­
pounds where the substituent in 1 is not a carbonyl group 
show a single doublet. Yet this cannot be considered evi­
dence of the presence of a single isomer as a consequence 
of isomerization but it is probably due to the equivalence 
of 4-CH3 in the two isomers. 

This was confirmed by nmr spectrum of p-toluenesulfo-
nate 11 which again shows the double doublet, while its 
starting material (10) does not. 

Consequently, compound 1 should be considered a mix­
ture of cis and trans isomers. Because of the overlapping 
of the signals, even at 100 MHz, the ratio of the two iso­
mers could not be directly .obtained but it is safe to say 
that it should not be different from that of the equilibrat­
ed starting material. 

Repeated efforts to evidence the isomers by tic at every 


