
Synthetic Analgesics I 
N- (2-Dialkylaminoethyl) -2-phenylacetanilides 

By JAMES F. STUBBINS* and TAITO 0. SOINE 

A series of 24 N- (2-dialkylaminoethyl)-2-phenylacetanilides was prepared for 
testing as potential analgesics. The structure of these compounds can be re- 
lated to certain nitrobenzimidazole and propionanilide analgesics. The com- 
pounds were prepared by treating N,N-dialkyl-N’-phenyl- or N,N-dialkyl-N’- @- 
nitropheny1)-ethylenediamine hydrochlorides with various phenylacetyl chlorides. 
The products were obtained as the hydrochloride or perchlorate salts. The previ- 
ously unknown intermediates-p-ethoxyphenylacetyl chloride, N,N-dimethy1-N’- @- 
nitrophenyl) -ethylenediamine hydrochloride, and 1-[ (p-nitroani1ino)-ethyl]-piperi- 

dine hydrochloride-also are described. 

UNGER et al., in 1957, reported the synthesis 
of some nitrobenzimidazole dcrivatives (I) 

possessing very significant analgesic activity (I). 
These compounds differ rather radically in struc- 
ture from other potent analgesics. The degree 
of activity in this series of compounds is highly 
dependent upon the p-substituent in the benzyl 
moiety. I c  and Id are 100 and 1000 times as 
potent as morphine, respectively (2), the latter 
compound being the most active analgesic known 
at that time. The unsubstituted (Ia) or chloro- 
substituted ( Ib)  compounds are only slightly 
more active than morphinc. The nitro group in 
the 5 position of the benzimidazole ring appears 
to be an essential feature in this series; if the 
nitro group is removed or moved to a different 
position of the ring, activity is markedly reduced 
or abolished. Another peculiarity of these com- 
pounds is that the diethylanlino moiety in the 
basic side chain seems to lead to higher activity 
than a dimethylamino or heterocyclic amino 
group. 

0 2 N ~ $ > c H * *  

I 
C H B  
I 

Ia ,X=H 
11, x = c1 
c, X = OCHj 
d ,  X = OC:2H:, 

T 
Later Wright et al. reported that a series of 

propionanilides showed analgesic properties ( 3 ,  
4). -4 typical member of this series is phen- 
ampromid (11). These propionanilides resemble 
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the methadone analgesics except that they con- 
tain one less phcnyl ring and that the usual 
quaternary carbon atom has been replaced by a 
tertiary nitrogen atom. 

If it is assumed that the carbownitrogen double 
bond of the imidazole ring can simulate a car- 
bony1 group, then the nitrobenzimidazole and 
propionanilide analgesics may be closely related. 
Opening of the imidazole ring of I between the 
benzene ring and the 3 position and replacement 
of the N 3  nitrogen atom by oxygen leads to com- 
pounds of general structure 111. This is seen 
to differ from the I’ror’ionanilide-tvpe only in the 
replacement of the propionyl group by the phenyl- 
acetyl group and by the added nitro group. 
Structure 111 has served as the model for the 
present series of compounds. 

I 
CHB 
I 

CH2 
I 

I11 
The structure of 111 was varied at X to provide 

compounds for coinparison with the active benzi- 
midazoles; thus, X may be a hydrogen, chluro, 
methoxy, or ethoxy group. I n  addition, com- 
pounds were prepared lacking the nitro group 
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and having dimethylamino or piperidino groups 
‘in place of the diethylamino group of the model. 
It was felt that  the special requirements for the 
nitro arid dirth vlaininc XI-( 111 1’5 i l l  the Iicnzimida- 
mle analgesics might he peculiar to  that  ring 
system and might be unnecessary in non- 
ticn zimidazole analogs. 

Thus, all combina,tions oi the variations men- 
tioned yield a set of 2.4 compounds of general 
structure (VI) .  It  was hoped that the synthesis 
and testing o f  these compounds would establish 
more structure~activity relationship in this area 
and that, perhaps, a bridge linking the benzimida- 
zole analgesics to others could be found. 

DISCUSSION 

In the first attempts to  prepare the phenylacet- 
anilides, N,N~cliethyl-N’-phenyletliylenediainine 
( I V a ,  R = C2Hs) and N,ili-diethyl-N’-(p-nitro- 
plienyl)~et.liyleiiediatiiiiie ( IVb ,  K = CiH5) wcre 
treated with pheiiylacctyl chloride in benzene. 
In both cases large amounts of tar were obtained, 
arid most of the dianiirie could be recovered. No 
amitic was detected in rcpeated trials. (Scheme I.) 
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Wheii the diamines were treated with the acid 
chlorides (V) ,  dchydrohalogcnatioii might have 
occurred in preference to amide formation. To 
avoid this difficulty, the hydrochloride salt of the 
&mines (I!:) was used in place of the free base. 
\Yhen the  various substituted ethylenediamine 
hydrochlorides were treated with phcnylacctyl or 
p-substituted phenylacetpl chlorides in benzene. 
the phenylacetanilidcs were obtained as the hy- 
drochloride salts. I f  the hydrochloride salt would 
mot crystallize, the free base was isolated and con- 
verted to the perchlorate salt. All 24 of the dc- 
sired cornpounds were obtained by this procedure 
(Table I) .  The crude products usually were badly 
contaminated with the starting material, arid 
purification frequently was difficult. In a few 
cases the product was soluble in the hot benzenc 
and sloivlp separated upon cooling, resulting in a 
much cleaner product. 

The structural assignment of the products is 
supported by the microanalyses and the infrared 
spectra. AW the compounds have a prominent 
band near 6.0 p typical of tertiary amidcs (9). Since 
this work was started, compound 11 (as thc frce 
base) was reported in an ilustriati patent (10). 
It was otie of a series of compounds dcscribcd for 
use as “narcotic and analgesic drugs.” but no 
pharrnacological results were given. 

Thc acid chlorides required were prepared by 
the method of Elderfield and Meyer (11). p -  
Ethoxyphenylacctyl chloridc was the only one not 
previously known. The interrricdiate N,,V-dialkyl- 
N’-phenylethylenediamines were synthesized by 
condensing dialkylaminoethyl chlorides with aniline 
according to  the method of Stahmann and Cope 
(12). All the hydrochloride salts have been re- 
ported previously (4). However, this method is 
unsatisfactory for the N,lli-didlkyl-N’-(p-nitro- 
plieny1)-ethyleiiediaiiiiiies. Thesc were prepared 
by arylation of N,iV-dialkylethylencdiamines with 
p-riitrochlnrobenzene by niodificatiori of the method 
of Mann et d. (13). l’yridine was used as solvent 
and proton acceptor. N.n;-Dietliyl-N‘-(p-nitro- 
plieny1)-ethylenediamine hydrochloride prcviously 
has heen reported (121. 

PHARMACOLOGICAL RESULTS‘ 

All of the products wcrc screened initially for 
possible analgesic activity by the phenyl-p-quinonc 
writhing test (14). The cornpounds were given 
orally a t  a dose of 100 mg./Kg. to mice. Com- 
pounds 2, 3, 5,  7 ,  11, 14,  20, 21, and 24 (Table I )  
reduced writhing by at least 5 0 ~ ; ~ .  These nine 
compounds were then tested in rats by the 
l>’Amour-Smith procedure (1.5’). At an interperi- 
tonen] dose of 25 mg./Kg., only compound 2 in- 
creased response tinie by at  least SO$;;. This is 
not the cornpound expected to have the most 
activity based on comparison with the betizimid- 
azole or propionanilide analgesics. The general 
lack ot activity in the phcnylacetanilides is dis- 
appointing in view of their close relationship to 
compounds of significant activity. This would 
seem to indicate that the benzitnidazole ring is an 
essential feature of that class of analgesics. and that 

1 The authors are indebted t u  the Pharmaculogy Lkpart- 
mmt,  Ledei-le Lahoratnriea, Pearl River, N. Y.. for the 
pharmacological results. 

IVo, X = H 
6 ,  X = NO2 

V 

x 
VIn, X = H 

h ,  X=NO2 
Scheme I 

When phcnylacctic anhydride wds employed in 
place ol the acid chloride, the desircd amides 
(VIn and b .  K = CrH,;  1’ = H) were obtained in 
low yield. The products were isolated as the tree 
bascs. V I b  ( R  = CIH,.  T = H) was converted to 
the hydrochloridc salt. All attcmpts to obtain a 
salt of VIa (K = CsH;, Y = H) with various organic 
and inorganic acids failed to yield a solid until a 
crystalline perchlorate was prepared according tc i  
the method of Caudle et nl. (5). 

The substituted phenylacctic anhydrides required 
proved to  be difficult to obtain in a pure state. 
Therefore, attetnpts were made to prepa.re the 
amide directly from the acid by use of the “mixed 
anhydride” methods. Both the sulfonic acid (6) 
and carbonic acid (7) anhydride methods failed to 
yicld amide. Numerous attempts employing di- 
cyclohexylcarbodiimidc (8) as a condensing agent 
also failed. 
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C H h' 
Compd. R?N X Y Z M.P., 'C. Solvent" Calcd. Found Calcd. Found Calcd. Pound 

1 Dimethylamino H H CI 211-213 H-B 67.80 67.76 7.27 7.30 8.78 8.69 
2 Dimethylamino H CI C1 118-183 H-B 61.10 61.11 6.28 6.31 7 . 9 3  8.05 
3 Dimethvlamino I1 OCIII C1 159-161 U 65.40 65.73 7.22 7.02 X n?. x 1s 
4 
S 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 
I 8  

Uimeth;lamino 
LXmethylamino 
Uimethy lamino 
Dimethylamino 
Dimethylamino 
Diethy lamino 
Diethy lamino 
Diethylamino 
Uiethylamino 
Ilieth ylamino 
Iliethylamino 
Diethylamino 
Diethylamino 
Piperidino 
I'ioeridino 

H 
YO2 
NO2 
NO2 
NO? 
H 
H 
II 
H 
N 0 s  
NOn 
N 0 2  
h- 0 2  
H 
H 

OCzHs 
H 
CI 
OCHa 
OCzHs 
H 
Cl 
OCHI 
OC?H6 
H 
c1 
OCHs 
OCzHs 
H 
CI 

162-163.5 
185-187 
159-161 
203-205 
163-164 
106-1 07 

119-120 
80-82 

195-1 96.5 
179.5-181 
99-101 

129-130.5 
21 6-21 8 
149-150.5 

io6-in8 

D 
E 
u 
B 
I-B 

B 
B 

G-B 
D-I 

n 

R/T 

C/K 
Ju/-'* 
D-H 

66. 19 
59.41 
64.28 
57.93 
58.89 
68.46 
53.94 
57.20 
58.08 
61.29 
56.34 
59.78 
60.61 
70.27 
64.12 

66.01 
50.36 
54.10 
58.24 
58. 8n 
58.44 
53.93 
56. no 
57.90 
61.12 
56.54 
GO. 04 
60.34 
70.21 
64.01 

7.50 
6.10 
5.32 
6.14 
6.43 
6.62 
5.89  
6. 63 
6.87 
6.68 
5.91  
6.69 
6.94 
7.58 
C .  66 

7.10 
6.24 
5.57 
6.27 
6 .  51 
6.66 
5.87 
6 . 5 3  
6.72 
6.75 
6.05 
6.47 

7.54 
6. 77 

7. ng 

-. _ _  - "  ,. I 2  
11.55 
10.6.5 
10.67 
10.30 
6.82 
6.29 
6.35 
6.16 
10.72 
9.86 
9.96 
9.64 
7.81 
7 12 

I. .I 
7.63 
11.20 
10.68 

10.28 
6.76 
6 38 
6.38 
6.11 

10.01 
9.34 
9.36 
7.70 
7 :r:i 

1n.47 

10.40 

. ~- 
19 Piperidin0 H OCHa CI 137-139 D-H 67.93 68.02 7.52 7.78 7.20 7 : 5 0  
20 Piperidino H OCdIs ClOa 105-105.7 giii: 59.38 6.69 6.66 6.00 ;,.8X 
21 Piperidino NO? H C1 195-197 62.76 6.49 6.50 10.41 10.39 
22 Piperidino NO2 CI CI  384-196 l /G 57.33 57.02 5.75 5.83 9.59 9.59 
23 Piperidino NO? OCHI C1 132-134 E/P ~~:~~ 60.58 6.50 6.32 9.69 9.74 
24 I'iperidino NO2 OCzHs C1 98-100 61.61 6.75 G.Y9 9.38 9.52 

a Solvent: A, methanol; U, ethanol; C, acetone; L), methyl ethyl ketone; E ,  methyl isobutyl ketone. F, dk-thyi ether. G .  
tetrahydrofuran; H ,  ethyl acetate; I, chlorofoi-m; J ,  benzene; K, hexane. -4-B, product dissolved'in boiling rnixiu;e of 
solvents A and R .  A/B, product dissolved in boiling solvent A and reprecipitated by addition of solvent B. 

tlie activity of that  group of coIllp(Jui1dS is uiirelated 
to other niorphiue-like analgesics. However, the 
recent suggestion by Portoghese ( 16) that  analgesics 
may bind to  onc site in more than one way must 
be considered. Thus, the benzimidazole and pro- 
pionatiilide analgesics may bind to the same site 
by diffcrent modes. Then a hybrid structure such 
as the pliei~ylacctanilide inay not be well suited for 
binding by either mode or may hind by still a 
third mode which does not lead to the analgesic 
response. 

EXPERlMENTAL 

All nieltiiig points were obtainctl o t i  :I 'Tlioinas- 
I ioovcr capillary melting point apparatus arid are 
corrected. Al l  analyses were pcrforrned b y  tht, 
University o f  Minnesota Microanalytica1 1,abora- 
tory or the Sc:mdinavi:ui Microanalytical Lnhorn- 
tory, Eider ,  Dcriinark. 

p - Ethoxyphenylacetyl Chloride.--!) - Ethosy- 
1,licnyl:tcetic acid (,50.0 (;in., 0.280 ~nolc)  was dis- 
sr)lved in 100 Gin. (0.840 inolc) of thionyl chloride. 
'rhc solatioii was stirred at room tcuiprraturc for 
I lir., tlieii !icated 011 a steam bath for 4 Iir. Aftcr 
cooliiig, the reaction mixture was allowcd to  stand 
for 16 hr. more at room tcmperaturc. The excess 
thionyl chloride was removed ou a rotary evap- 
orator. The residue was then distilled. 'LXc yield 
was 49.8 Gm. of material boiling at 93-9T0/0.7 mm. 

N,N - Dimethyl - N' - (p - nitrophenyl) - ethyl- 
enediamine Hydrochloride.-Tu 94.C; C;1ii. (0.600 
mole) of P-riitrochlorobcnzene susperided in 150 nd. 
of pyridine was added 52.9 Cm. (0.600 mole) of 
.N,N-ditncthyleth~~lciiediamitie. The mixture was 

stirred atid heated urider rcflux for 24 11r. All o f  
the solid dissolvcd. The solutiou was cooled, :iti(l 

most of thc pyridine was removed by ~ C B I I S  of a 
rotary evaporator. The reddish-brown oil that  
remained had a bright blue fluorescence. Benzene 
(200 nil.) was addcd. The mixture was filtered, 
and the cake was rinsed with benzene. T o  the 
filtrate was added hcnzenc saturated with anhydrous 
hydrogen chloride in small portions with vigorous 
stirring. 'I'hc solid was removed by filtration. 
The  filtrate was again treated with hydrogen chloride 
in bcnzcnc to obtain a further sinall amount of solid. 
This solid was Elterecl off, and the filter cakes were 
combined aiid air dried. The yield of cnide ma- 
terial was 53.9 Gm. 

The product was purificd by di  
absolute ethanol, filteriiig, ad 
until precipitathi  hrgdn, and thcn cooling. K q x -  
titioii of this pi-ocrss finally yicldrd brixht goIdu1 
flakes rrec 01 miy brown co1or:ttioii. Aftc-i- tlryitig- 
overniglit at 110", tlie product wcighctl i38.6 Gin. 

,4nal.--Calcd. for C,oH,LCIN,C),: C, 48.88; I I ,  
It l l iel td :it 180.5..182.5". 

(i.5fi; N ,  17.11. Foulid: C, 45.77; 11, fj.67; 

1 - [2 - (p - Nitroanilino) - ethyl] - piperidine 
Hydrochloride.-I-( 2 - A 1 i 1 ~ 1 1 ~ ~ ~ t l 1 y l ) - ~ ~ ~ ~ ~ ~ r ~ d i 1 1 ~  ( 19.2 
Gin., 0.150 mole) and ~~ctiloroiiitrobc~izeiic (23.f; 
Gin., 0.150 molc) were dissolved in 50 ml. of pyri- 
dine. The solutioii was stirred and heated under  
reflux for 36 hr. The solution was cooled, and 
IJlost of tlir pyridine was removed in Z ~ U C Z I U .  ?'lie 
dark oily residue was dissolvctl in 100 1111. of betizc.iic. 
Benzcne, saturatcd with hydrogen chloride, was 
addcd in small portions with vigorous stirring until 

K, 17.07. 
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precipitation was complete. The slurry wns filtered , 
arid the filter cake was waslied witlt cold beiizcne. 
Tlic crude product weiglicd 23.6 Gm. 

The product was recrystallized orice froiri an 
cthanol-ethyl acctate mixture, then twice from 
tctraliydrofuran. The pure rmtcrial consisted or 
shiny. golden flakes melting at 207- 209’. The  
yield was 12.8 Gin. 

dnd-Calcd. for CIPII:oClN302: C, 34.63; H, 
7.05; N ,  14. i1.  Found: C ,  54.93; H, 7.23; 
K, 14.41. 

N - (2 - Dialkylaminoethyl) - 2 - phenylacet- 
anilides.--l;rotn 0.020-0.0:30 Inole of substitutcd 
cthylet~ediat~iine hydrochloride was suspended in 
100-1.50 nil. of benzene. The appropriate acid 
chloride was added in 10-25L;h molar excess. The 

spension was stirred and heated under reflux 
-72 hr. The mixture was cooled and filtered. 

’l’lic rrudc product was recrystallized from the ap- 
propriate solvent (Table I) .  

In a f e w  instances the product was solublc in the 
benzene even after cooling. In thcse cases, an cqual 
volume of petroleuni ether was added to force 
the salt out of solution. 

It the crude hydrochloride salt was liquid and 
could not be induced to crystallize, it  was dissolved 
in dilute hydrochloric acid and neu tralized with 10?& 

J o i u n d  of Phnvmnceutical Sciences 

sodium hydroxide solution. The free base was 
extracted into ether. The  cthercal solution was 
clricd, i~nd  the ether was removed in vucuo. T h e  
residual haw w:ts converted to  the percliloratc salt 
b y  tlie met!iod 01 Caudle et ( i l .  (5). 
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Synthesis of 
4-Substituted-7 -methylpyrrolo[ 2,3-d]pyrimidines 

By RICHARD H. HAMMER 

The reactions of 4-chloro-7-methyl-7H-pyrrolo[2,3-d]pyrimidine (IV) with 
ethanolic ammonia, thiourea, and aqueous sodium sulfhydrate solution to give the 
4-amino (V) and 4-thione (VI) analogs are described. Ultraviolet data and pKa 

values for IV, V, and V I  are reported. 

UUERCIDIN (Ia), a natwally occurring nucleo- 
Tside in streptomyces species ( I .  2), has becn 
assigned thc structure 4 - a m i n o ~ ~ - ~ - ~ - i - i h o f u r -  
anosyl-iH-pyrr-olo L2,S-dIpyrirnidinc (i-deaza- 
adenosine) ( 3  -.5). It is a11 inhibitor of several 
tuinor systcins, not cross-resistant to  (i-mercapto- 
1)iiririe-resistant line tt~trlor systems (li), and ill- 
corpurated into 110th D N A  and RISA of niousc 
1ii)rot)Iasts arid sevcrul viruses (7 ,  xj.  l h r i n g  
structural elucidation shidics oi tu1)ercidin 
(I(/.), liyclrolysis of Ia to the aglycotie (Ib) arid 
i)-ribose was accomplishcd by refluxing ICL in 
1-3 N HC1 for 3 hr. (1). From these data the 
base ribose bond or Ia appears to be more resist- 
an t  to acid hydrolysis than a purine base- 
ribose bond. Subsequently, resistance of In 

~ ~- ~ 
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to enzymatic clcavage by 12. coli iiitcleoside 
phospliorylase was demonstrated while G-mer- 
captoInirinc ribinside was ohserved to be rapidly 
cleaved (9). Significance ol‘ the stabilit?. of tlie 
pyi-rolol”,:;~d]pyrimidine base-ribose bond in 
relation to drug distribution and cancer ctieiiio- 
therapy remains to 1x2 exl)lairietl. 

I<eceriL sluclics by Montgomery ant1 I Icwsoii 
(10, t l j  011 the cell culture cytot(ixieity or f i -  
iiiercaplol)ririiic and (i-i~iercat~tol,uri~ie~dcazat :III:I- 

logs suggests that  deaza structures such :is 6- 
iiiercal)to-i-dcazapurine (1 1-13) are not nir- 
tabolized by  the cells to the ribotide form and 
consequently are 300-500 times less active than 
(j~iiiercaT.’topurine which is readily converted to  
the ribotide. This raises the question as to  
whether antitumor activity for pyrrolo [ 2 , 3 - d ] -  
pyrimidine structures may be dependent on a 
qic1,stiturnt siicli :is i t  sugar groiip, cycloalkvl 
or allcyl gi-oiil) on the 7-nitrogcn (cor-respondi~ig 
to the %position of Ilurine). This is evident 
bv tlie fact that tuhercidin (It;) willi a B-rt- 




