
Enamine Derivatives of Malonic Acid with Pharmacologic Activities 

A number of enamines corresponding to  11 have tieen prepared mt i  ch:tr:tc,terizetl. Alariy of these compounds 
displayed muscle relaxant, and sedative properties when tested in  mire. 1ledrlc:tiori of diethyl (4-h>-(lruxy-4- 
phenylpiperidyl) riiethylenernalonate with lithium :tlunrinuni hydride gave 2-(~-hydr(isy-l-phen?.lpiperidyl)-2- 
propen-1-ol. Cat &lytic hydrogenation of diethyl ~iperidylniethyle~iernal(~~iate resulted in the reductive (Bleavagc 
of the C-N bond. Reaction with methyl iodide also caused cleavage of the C--S bond with subsequent forma- 
tion of the methyl quat’ernary ammonium iodide. Aminomethylenemdonates and cyanoacrylates of type I1 
reacted with henzamidine with the expulsion of the amine moiety to form pyrimidines. The format,ion of 
benzimidazole and 2-methylbenzimidazole occurred when o-phenylenediaIriine underwent reaction in boiling 
rthanol a-it>h ethoxymethylenemalc,nonitrile and etliyl(~--c,y:t11o-3-ethosy)~r11t on:ttr, respectively. 

The reaction of primary aiid secondary amines with 
ethoxymethylerie compounds of type I resulted in the 
displacement of the ethoxy group by the amino function 
to give enamines of type 11. 

? l Y  s Y 
I 1  I O  o r  2’  I 

C:HSOC=C--I! --+ >K-C-C-Z 

r I 1  
S = H or CHJ; Y = COsC2H,, CO?CH,, C‘S, or COCH?, 
Z = COGHS, CY, or COCHI. >U = priniarv or secondnry 

Some of these type I1 compounds displayed interest- 
ing central nervous system activity and muscle relaxing 
properties.’ In order to determine the effect of struc- 
ture on activity in  such compounds, the amino portion 
of the molecule, as well as substituents Y, ’E7, and Z, 
were varied. In  general, these reactioiis were carried 
out according to the method of Claisen.2 The com- 
pounds prepared are recorded in Tables I-IV. 

Pharmacological Results.-The compounds listed in 
Table I proved to  be pharniacologically the most in- 
teresting. Tliey showed muscle relaxation arid seda- 
tive propertics arid had veiy IOK toxicity. Among the 
more active members of the series were compourids 
25, 30, 33, 36, 39, and 41. =\11 of these compounds 
have X = II arid I- = dialkylaniino or polymethyleri- 
imino. 111 othei- compounds where IT = nionoalkyl- 
aniiiio or arylaniino, there was little 01’ no observable 
activity. Substitution of an H with a iiietliyl group in 
X in the more active compounds decreased the activity. 

The conipouiids listed in Table I1 showed a high de- 
gree of toxicity with one member (83) causing death in 
niice when giveii orally at 50 mg., kg. Many of the 
compounds tested produced a depression of sponta- 
neous motor activity. The types of activity observed 
i ~ i .  the most activc compounds are CSS stiniulation 
for compounds 77, 86, and 92; depression for 60, 66. 
78, arid 79; rniisclc relaxatioii for 60 and 85; and ari- 
algesia for 78. 

‘l’lic siibstitnted malononitriles of Table I11 were for 
tlie most part very toxic, produciiig couvulsions mid 
drath, aiid rverr therefore not studied extensively. 

The tn-o principal methods used in screening the coni- 
pouiids listed inTables I-1T‘ai.e described in the I’harma- 
colgiral Methods section. 
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( I )  

( 2 )  I.. Cla i~en .  diin 397, 77 1 1 8 W  

\ similar obseriation was reiiorted l ~ y  E. A .  Stet k 1.1. O r g  f ’ h ~ m  , 27. 
ROC, (196211 ahi le  the present work %as in progress. 

Pharmacological ,Methods. Muscle Relaxant Activity Screen. 
-Compounds in Tahles I-IV were administered either oritllg or 
tntraperitcmeall~ at ii number of dose levels to groups of I:! male 
Inice A i t  VnnCJUS tiines after the administration of tlie coni- 
pounds, earh :inimal was handled in the following manner: The 
innuse was placed in the palm trf one hand, and each limb a ns 
gentlj pulled out to .in extended position. l lusc le  relaution 
\%.is considered preyent if the linih remained in the extended 
position for 5 sec. 

Spontaneous Motor Response as a Screen for Central Nervous 
System Activity.-The effect of compounds in Tables I-IV on 
spontaneous motor dctivitj in mice was used as a rapid objective. 
measure of the presenw or absence of pharmacologic nctiviti . 
Hoth rentral nervous system stimulants and depressants have 
been detrcted b\ this method 3 & - r  Groups of 5 male miw aeigli- 
ing 15-23 g. mere placed in a photoelectric activitj ch:tniber 
iniinediately after administration of the compounds. ’1 count 
of  the nuniher of crossings of a beam of light was taken a t  1 3  and 
SU niin at wvhic4i time the experiment was terminated. Suitable 
cwntrols were run with the media that  had been used as suspending 
iir sr~lubili~ing agents. An arhitrarj dose of 200 nig./hg. wm 
used initially and then doses were halved until tlie effectiveness 
%as considerabl~ reduced. ,It the same time that this test sns  
carried out ,  other animals were injected, observed, and t hr 
siihjective inipressions of ac.tiv1t.i \\ere recorded. 

Chemistry.--,Ilthough the compounds were prepared 
priiicipally for pharmacological evaluation, certain facts 
wucwriing thclir chemistry were uncovered arid arc’ 
worthy of mention her(%. 

Iliethyl [ (4-liydrosy-~-pheiiylpiperidyl)1iietliylet1e 1- 
malonate (42) was reduced with lithium aluminum 
hydride. The product of the reaction was identified 
hy the 11.1i1.r. spectrum and elemental analysis as 
2- [ (l-hydr.oxy-l-p~ieriy1)piperidyl]-2-propen-l-o1. This 
is i n  accord with the recent finding of Garinoil a i d  
S t e ~ k , ~  wlio showed uiiequivocally that the reduction of 
diethyl 2-risphthylaiiiirioiiiethyleriemalonate with lith- 
iuni aluminum hydride afforded 2-(2-naphthylamirio- 
niethyl)-2-propen-l-ol. I t  was previously reported 
hy Shivalkai. and Sunthankar5 that the product of the 
latter ixeduction is 8-(2-riaphthyla1iiir1o)allyf alcohol. 
formed Iias thc rcsult of partial hydrogenolysis.” \-o 
partial hydrogenoly was ollserved in the cast’ stiidicd 
hy 11h 

Effort,i t o  hydrogenate the double bond i n  diethyl 
pipri~idyl~iiethylenei~ialo~iate (33) catalytically with 

I 5 )  l r l l  \T 1 Iunnurd .  lr., and c‘ J .  Cam, J .  Pharmacol. E.rpd. ~ ’ ~ C ~ I I I J  

121, 351 (1957). (1,) P. l ) r m s ,  Brit. J .  Pharmacol,  8, 46 (1953); ( r )  I 
(.arberg and F. Sendberg. 4cta I’harmwol. Toned . .  16, 367 (1960): i d i  
J Rors), r. Cs;n\i ,  and I. LBaAr, Arch. Intern. Phaimncodiiil.. 124, 180 
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DIETHYL A 

R1 
n-CIHjNH 
OC6HsNHh 
(CzHo)zN(CHz>zNH 
CHaCOKH(CH?)zNH 
c ~ H ~ ( c H ~ ) ~ N H ~  

CsHsCH(CH3)KH 

CsHaC(CHp)(n-C3H;)CHzSH 

3.4-C1zCsHaC(CHa) (n-C3H-)CHzNH 

cyclo-C6HsNH 

cy clo-CaHiiKH 

O C ~ H ~ N ( C H ~ ) ~ N H ~  

O C ~ H ~ N ( C H * ) ~ N H ~  
C ~ H ~ N ( C H ~ ) ~ N H ~  

CsHiaKb 

2,5(CHaO)zCsHa?iH 
2-HOCOCsHaNH 
2-CH30COCsHaNH 
(CzHsOzC)zC=CHTU'H(CII2)2NH 
2-CsHsNHCsHnNH 
( C ~ H S O ~ C ) ~ C = C H K H C G H ~ - ~ - N H  
[CzHsOzC)zC=CH~HCtiHa-4 ( C  sHa-4-NH) 
C ~ H ~ C H Z N C H = C ( C ~ Z C Z H S ) Z  

I 
(CH2)zNCHzCsHs 

(CH3)zN 

(n-CsH;)zN 

iz-CaHi)zN 

(CsHsCHdzN 
(cyclo-CbHdzN 

CbHsCHzCH(CHdNCH3 

CoH6CHzC(CHs)zKH 

C ~ H ~ N ~  

2,5-iCHs)zCaHsNb 

CaHsNh 

C3HioKb 
Z-CHaCsHgN' 

OCIHsiYb'* 
OCaHsKb 
SCaHaNb 

C3H10"b'e 

3,5- (C Ha) zOCaH&* 

2,6- ( C H ~ ) ~ O C ~ H G N '  

CsHizKb 

4-OH-4-CsHsCbHsNb 
4-CbHs-(AS-CsH-N)b 
CH3XCaHnNb*f 
CzHsNCaHsKb 
(CzHa0zC)zC=CHNC4HaSb 
CHaCONHQ 
CzHsOCONHg 
3-oxo-OCaHtiNb 

HzNCONHNH 
HzNCSNHNH 
Z-HIN-~-C~-CGH~C(C~H~)FNN€I  
Z-HOCsHiCR=NNH 
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TABLE I 
MINOMETHYLEKE AXD AMINOETHYLIDEXE MALOSATES 

R, 

C=C(COzCzH,)z 
\ 

/ 
R* 
h1.p. or Re- 

b.p., O C .  crystn. % -% C a l c d . 7  7% Found- 
R? (mm.) solvent" yield Formula C H N C H N  

H 134-135 80 CIIHISNOI .57.62 8.35 6.11 A7.40 8 . 4 2  6.12 
H 51-53 D 67 CiaHijNOa 58.42 6 .41  5 .24  .58.51 6.37 5 . 1 1  
H 94-96 F-G 86 CisHanNzOs 53.72 7 .51  6 . 9 6  53.72 7.26 6.89 
w 79-80 H-J 60 CizHz~NzOs 52.93 7.40 10.29 32.76 7 . 4 2  10.29 
H 190-19s 55 C1sHziN0~ 65.95 7 .27  4 . 8 1  6.5.94 7.39 4 .64  

H 186-1 88 67 CijHz3NOa 66.86 7.59 4.59 66.59 7 . 2 8  4 .69  

H 204-208 65 CzoHzgNO4 69.13 8 .41  4.03 68.98 8 .33  4.22 

H >195 98 C?oHz;ClzNOa 57.69 6.54 3 . 3 7  57.66 6 .37  3 .47  

H 154-155 75 Ci3HziWOa 61.15 8 .29  5.49 61.03 8.16 5.44 

H 153-155 59 CiaHzsIV01 62.43 8 . 6 1  5 .20  62.42 8.65 5 .11  

(1.2) 

(1.0) 

(0.8) 

(0.8) 

(0.4) 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

(0.25) 
125 
104 
115 
113 

80-81 
156-1 57 

57 
125 
9 7-9 8 

109 
163-164 
77-78 

99 
H 98 
H-J 72 
H 77 
F-K 75 
F 69 
J 89 
F 72 
F 86 
F 92 
F 10 
H-L 43 

51.91 6.78 6.73 
55.06 7.30 6 .76  
53.01 7 . 0 3  6 .51  
53.99 7.05 7.00 
59.43 6 .55  4 . 3 3  
58.63 5 .58  4 .56  
59.80 5.96 4.36 
53.99 7 .05  7 . 0 0  
67.78 6.26 7 .91  
58.92 6.29 6.25 
64.11 6.15 5.34 
66.19 6 .94  4 .82  

51.74 
55.31 
52.71 
54.20 
59,43 
58.74 
59.84 
54.29 
67.54 
59.12 
63.81 
66.27 

6 . 6 8  6.69 
7.08 6 .93  
6.87 6.73 
6 .99  7 . 2 0  
6 .50  4 .45  
5.66 4 .56  
6 .09  4.32 
6 .91  6.84 
6.39 8.02 
6.07 6 . 1 1  
6.05 5.43 
6 . 8 8  5.00 

H 108-110 58 CiuHijNOa 55.80 7 . 9 6  6 . 5 1  55.60 7.98 6 .51  

CHI 
H 
CHI  
H 

H 
C Ha 
H 

H 
H 
H 
H 

H 
H 
H 
H 

(0.1) 
124-12.5 

(0.15) 
122 

(0.15) 
65-66 

195-196 
( 0 . 6 )  

186-188 
(0.6) 

200-203 
(0.7) 

140-141 
(0.1) 

155-160 
(0.5) 

105- 106 
39-40 
64-65 

144-148 
(0.14) 
66-67.5 
93.5-95 
43-44 

188-189 
(1) 

159-164 
(0.14) 

155-156 
(0.25) 

138-142 
(0.15) 
118-1 19 
68-69 
61-62 

52.5-53.5 
116-122 
52-53.5 

36.5-37.5 
180-184 

(0.4) 
180 
171-173 

143.5-144 
115-116 

51 

48 

L 66 
66 

94 

63 

58 

45 

D 70 
J 89 
D-J 78 

42 

D 80 
D 62 
J 63 

42 

71 

78 

F 80 
F 33 
J 49 
J 62 
H-.I 47 
D 10 
J 20 

16 

F 92 
n 98 
D 72 
F 84 

61.96 9.29 5.16 

61.96 9.29 5 .16  

71.91 6 .86  3 . 8 1  
68.34 9.46 3.99 

67.69 7.89 4.39 

67.69 7.89 4.39 

59.73 7 . 9 4  5 . 8 1  

62.42 8 . 6 1  5 .20  

61.15 8.29 5 .49  
61.15 8.29 5.49 
62.43 8 . 6 1  5.20 
62.43 8.61 5 .20  

56.02 7.44 5.44 
57.55 7 . 8 0  5.16 
52.73 6.79 5.13 

58.93 8.13 4 . 9 1  

58.93 8.13 4.91 

62.43 8 . 6 1  5 .20  

65.67 7 .25  4.03 
69.28 7 . 0 4  4 .25  
57.76 8.20 10.36 
59 13 8 .51  9.85 
56.32 7.09 6.57 
52.39 6.60 6 . 1 1  
50.96 6 .61  5 .40  
53.13 6.32 5.16 

44.08 6.17 17.14 
41.37 5.79 16.08 
60.65 5.33 10.10 
58.81 5 . 9 2  9.15 

61.60 9.2.5 5.11 

61.73 9.00 5 .08  

72.05 6.71 4.05 
68.40 9.46 3 .91  

67.78 7.87 4.55 

68.10 8 .07  4.26 

59,44 7.98 5.78 

62.21 8.68 5.13 

61.38 8.24 5 .50  
61.37 8 .07  5.63 
62.37 8.63 5.19 
62.24 8.59 5 .06  

56.08 7.43 6.58 
57.58 7.72 5.19 
52.76 6.79 5.07 

58.45 8.29 4.86 

58.66 8.16 4 . 8 5  

62.19 8.66 5.24 

65.57 6 .97  4 .11  
69 51 7.14 4 .52  
57.52 8 02 10.38 
59.12 8.44 9.94 
56.52 7.22 6.55 
52.64 6.77 5.93 
51.25 6 .59  5 .30  
52.99 6 .57  5.16 

43.80 5.93 17.45 
41.53 5.74 16.11 
60.83 5 .31  10.10 
58.9;7 5 .72  9 . 2 8  
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TABLE I11 
AMIXOMETHYLEKE MALONONITRILES 

R 
\ 

H /c=cics)2 
Re- 

crystn.' % ---70 Calcd.- -yo Found- 
C H S  C H S  NO. R 3I .p . .  "C. solvent yield Formula 

93 CjHlOSh,C 92-93 F 84 CgHil?;, 67.05 6 .88  26.07 66.80 6 .76  26.15 
94 OC4HsKh" 149-1 50 F 69 C8H9K3O 58.88 5.56 25,75 59.03 5.72 26.00 

96 CyClo-C6HliXH 177 ,5178 .5  F-K i 8  CloHlaSa 68.54 7 . 4 8  23.98 68.44 7 , 4 1  24.11 
95 2,6-(CH3)20CJHJc 128-129 I< 52 C10H13x\;30 62.80 6 .85  21.98 62.80 6.84 22.31 

97 2-CHaOC6HtSH 163-164 F 91 CliHgS30 66.32 4.55 21.10 66.31 4.45 21.30 
98 2,5-(CH,O)&sHaKH 196-197 H 93 C12H,iS,On 62.87 4.84 18.33 62.40 4.80 18.31 
99 3-ClCCH4SHd 200-201 I 95 CloH6ClN~ 58.95 2 .97  20.63 58.44 3.G5 20.88 

100 4-(CHa),NCsH4SH 270-271.5 E-K 80 ClaH12N4 67.90 5.70 26.40 67.78 5.86 26.67 
101 (?;C)&=CHSH(CH2)2SH 237-238 B-K 61 CioH,S, 56.59 3.80 39.61 56.56 3.95 39.38 

a See footnote u of Table I. h A. T. Shulgin [E. S. Patent 3,057,864 (Oct. I), 1962)l reported m.p. 90-92' for 93 and 148-150" for 94. 
c See footnote b of Table I. C. C. Price and I-. Boekelheide IJ. Am. Cheni. SOC., 68,1246 (1946)l reported 198-199". 

s o .  Compound B.p., O C .  (mm.) 

102 C,HsSCH=C(COCH,)COzC,H:,a I53 (0.4)  
103 OC4H2JCH=C(COCH,)CO&2Haa 143-145 (0.06) 
104 CrHioNCH=C( COCH3)CO$.3H\;3a 145-146 (0.25) 

a See footnote b of Table I. 

The reaction of both diethyl piperidylmethylene- 
malonate and diethyl morpholinylniethylenemalonate 
with benzamidine gave 5-carbethoxy-4-hydroxy-2- 
phenylpyrimidine. Some hydrolysis occurred in the 
latter reaction, leading to the formation of 5-carboxy-4- 
hydroxy-2-phenylpyrimidine. The reaction of diethyl 
ethoxymethylenemalonate with benzamidine has also 
been reported to give 5-carbethoxy-4-hydroxy-2-phenyl- 
pyrimidinee8 

In  a similar fashion, it was found that diethyl ethoxy- 
ethylidenecyanoacetate reacted with benzamidine under 
comparable conditions to give 5-cyano-4-hydroxy-6- 
methyl-2-phenylpyrimidine. During the formation of 
the pyrimidine ring in the compounds mentioned, 
displacement of the amino function occurs with con- 
siderable facility as does displacement of the ethoxy 
group. 

Heating a solution of o-phenylenediamine and ethoxy- 
methylenemalononitrile in boiling ethanol resulted in 
the expulsion of the malonoriitrile moiety with a con- 
comitant ring closure to form benzimidazole. Heating 
an ethanolic solution of o-phenylenediamine and ethyl 
3-ethoxy-2-cyanocrotonate under reflux led to  the 
formation of 2-methylbenzimidazole. In  the former 
reaction, it is possible to isolate (2-aminoanilinomethyl- 
ene)nialononitrile if the reaction is carried out a t  room 
temperature. In  the latter reaction, ethyl (Zaniino- 
anilinomethy1ene)cyanoacetate (76) can be obtained if 
the reaction time is reduced. Formation of these two 
enamines must occur prior to  the formation of benzimid- 
azoles. In  each case, attack of the primary amino 
nitrogen on the &carbon of enamine 111, accompanied 
by the elimination of the resonance-stabilized anion V, 
results in the ring closure. The tendency to form the 
aromatic benzimidazole system IV must act as a strong 
driving force which favors this reaction. 

(8) P. C. 3Iitter and 1. C. Bardhan, J. Chem. Soc , 217Y (1Y23). 

---% Calcd - 7% Found- % 

52 C11H17SOr 6 2  54 8 11 6 63 62 77 8 40 6 67 
53 ClIH,,S04 58 13 7 54 6 16 58 19 7 32 6 00 

yield Formula C H 1 L C H X  

40 C,iHi;SO. 6 2  54 8 11 6 63 62 67 8 28 6 36 

I H 
L I11 

J 

IV V 
X = H or CH,; Y = C02C2H6 or CN 

Experimentalg 
Generally, the enamines listed in Tables I-IV were prepared by 

heating under reflux an ethanolic solution of the appropriate 
amine and ethoxymethylene compound. An example is given 
below. Any significant departures from this procedure are 
indicated in the footnotes of the tables. 

Diethyl Pyrrolidylmethylenemalonate (30).-A solution of 14.2 
g. of pyrrolidine and 43.2 g. of diethyl ethoxymethylenemalonate 
in 50 ml. of absolute ethanol was heated under reflux for 1 hr. 
The solvent was removed in uucuo on a rotary evaporator. The 
residual oil (47 g.) was distilled through a Claisen head. After 
an  initial forerun of 11.1 g., b.p. 40-145' (0.15 mm.), there was 
obtained 28.2 g. of product, b.p. 140-141" (0.1 mm.). 

Reduction of Diethyl [(4-Hydroxy-4-phenylpiperidyl)methyl- 
ene] malonate (42) with Lifhium Aluminum Hydride.-A mixture 
of 3.5 g. of dieth~l[(l-hydrox~-4-phen~Ipiperidyl)methylene]- 
malonate, 200 ml. of anhydrous ether, and 2 g. of lithium alu- 
minum hydride was heated under reflux for 2 hr. and was left 
standing overnight at room temperature. The excess hydride 
was decomposed by the slow addition of 6 ml. of water. The 
resulting granular solid was washed twice with 200 ml. of ether. 
The combined ethereal solutions were concentrated to give 2.5 g. 
of colorless oil, which crystallized on standing. Recrystalliza- 
tion from ethanol afforded 1.5 g. of 2-(4-hydroxy-4-phenylpiperi- 

(9) Melting points were taken in rapillary tubes (Thomas-Hoover caliil- 
lary melting point apparatus) on a corrected basis. 




