
Aiu l .  Calcd. for Ci3H1313X;204: I, 59.3; S, 4.33. Found:  I ,  

3-Carbomethoxy-5-nitrobenzoyl Chloride ~VI).-Hytlr~ig.en 
methyl 5-nitroisophthalate (11, 241 g., 1.07 mole) :iiid phospliurus 
pontachloride (230 g,, 1.07 mole) lvcre niisrd in t,olutw~ (100 1111. j 
:tt room teniperature. The reaction proreedrd sloivly for 17..5 
Iir. aftcr nhich heat (steam bath) t v : ~  applied to coinplrte solu- 
tion in itn additional 45 inin. The toluenr ivas c.vaporated untlrr 
reduccd pressure whereupon the rrutle product cryst:tllizctl. 
Addition of carbon tetrachloride :inti cwiporat ion uii t lcr  rtducrrl 
pressure gave VI, n1.p. i2.4--i-lo. 

:lnal. Calcd. for C9HsClS( ) 5 :  r i e r i t .  yri iv. .  244. l~oun( l :  
neut. cquiv., 238 (drterniined Ijy :dcoholysis of thr chloroforni~-l 
group and titration of the lihrratetl hydrochloric acid). 

Methyl N,N-Dimethyl-5-nitroi,cophthalamate (VII, R I  = R, 
= CH,).----One hundred granis of VI (0.41 niolr) was :idtl(:tl 
during 0.5 hr. to :i well-stirrrd solution of tlinit:thylaniiiie 181 g. 
of a ‘25‘; aqueous solution, 0.45 n i o l ( ~ )  :~iid sodium 1)icark)onatc. 
(69 g., 0.82 niolc) in water (500 nil.), ni:iirit:~,ined at 0-5”.  \Vheri 
the rc3:iction appeared coniplete. the uiidissolved ni:ttclri:tl \ V M  

collected, slurrird xvith sotliuni biearl~oriatc solution, and :tguiii 
collected: washtd and air drictl: yk ld  of crudr VI1 (111 = Ill. 
= CH,), 00 g. (87l j. rii.ii. G1.:I-7O.:i0. .I portion of t h t s  crutlrl 
product was rc.cryst,allizrtl twicc, froiii nic~tli:iriol. ni . I ) .  89.:3 - 
91 ..io. 
N,N-Dimethyl-5-nitroisophthalamic Acid (111, 111 = R, = 

CIli).--?*Iethanol (‘LOO nil.) was added to 80 g. of crude methyl 
N,N-diniethyl-5-nitroisophthalaniate ttnd then 300 nil. witcsr.  
Sodium cttrhonate (36.5 g.) was added in portions t o  t h r  w.:trmcd 
niixture (pH S-!)). After filtr:ttion arid acidification n-ith ki>,dro- 
cliloric acid, the resulting precipitate was collected and dried.  
yielding 54 g. of crude 111 (111 = I<. = CH,), n1.p. 205.8-208.8”. 
This crudc product \vas combined with 18 g. of siniilar iiiatr,ri:il 
from mother reaction, absolute ethmol ( I  50 nil.) added, anti thc, 
inistiire digestrd for 1 0  niin. Upon chilling i\;.S-dirrirthyl-5- 
riitroisoDht.h:Llaniic acitl \\-:is precipit:tted, f i l tPr rd  and drirvl: 
yield, 64.3 g. 

Methyl N-Amyl-5-nitroisophthalate (VII, R1 = H; R, = 
~i - CaH1l).-~~-C:~rboincthosy-j-riitroi-,enzo~~l chloride (55.(i g.. 

59.3; 1, 4.30. 

The Synthesis of Arylalkylaminopropionamide Analogs of Lysergic - h i d  
Diethylamide and their Effect upon Isolated Cholinesterase Systems. 11’ 

-1 scricis of a-:trylalkyl:tiiiitio~)r~pioiiic acid diet’hylamides, p:ittc~iieti :Lfttbr :I roiiiporient of tlic: MI) ~no l (~ r i i l c~ .  
Their effect upon isolated human plasma “pseudo”-cholinesterase systems was s t u d i d ,  a 1 ~ 3  ITas synthesized. 

relationships between molecular constitution and biochemical response irere explored. 

111 the preceding paper,? we suggested that the substi- 
tuted (>S-C-C-COS<) , 0-aminopropionamide moiety 
present in (+)-lysergic acid diethylamide (LSD) 
as ~ ~ 1 1  as in the p-  (arylalkylamino)propionamide? 
and piperidinccarho~amide3-~ compounds derived 
from the  corresponding components of the parriit 

( 1 )  This invrstiration was oupported by grants from the National Insti- 
tu te  of l l r n t a l  Hraltii (USPHS MY-2072/AIY-4379) and  t h e  Qeschicktes 
Fund  f o r  Medical Resrarrh, In?. 

( 2 )  A ,  Lasslo, 1’. L). TValler, .\, Alry r r  a n { l  B. 1.. liania Sastry, . I .  I l c d .  
,!’harm. Chem.,  2, 617 (1H60). 

( 3 )  .I. Lasslo, IT, 31. Marine and P. I ) .  \Talipr, J .  O w .  Chem., 21, 958 
( I  9.X). 
(4) .\, I.assl<i a n d  P. 11. \ \ d e r ,  J .  070. Cirrm.. 22,  83; (19.;;). 
(.-I) S. E. .Jordan, A. I,assio. 1%. I,. I i v i n r s t o n ,  11. .tiporin and  .I. (.iwsinz, 

(ti) \ Laaslo und 1’. I). Wailor. .J. .?.Zrd. I ’hwnr.  Chem., 2, 107 (i9tiOJ. 
. Iw/i .  i?rlern. pharmtkcodynnmie, 115, 452 (19.78). 

LSD molec.de, might be involved in the inhihitor - 
enzyme complex formation in human plasma “picutlo”- 

ms. In order to csomplemcni oiir 

ed arid evaluated thc p-(mc>tli> 1- 
amino). B-idimpthylamino) and (?-(1rimet hylammo- 
nium) suhstitnted diethylpropionamid~.b (I’ig. I ) .  Sc,\t, 
t hr pronoimccd difference hetn wii iridiict~\-(~ vff ( ~ 1 y  
elicited by \om(’ yuhstituents on a- and P-c~art)on~ of 
aliphatic acids,’ prompted II\ to c’xamine the. 1,ioc.hrmi- 
caal rebpoiiic~ of thc w(arglalky1amino) ~ u b ~ t i t i i l t d  
analogs (Fig 2 )  of the previously itudied Ll-(arylalkyl- 
:tmino)propionic. acid diethylamides?; th(3 fact that 
t l i c v  I \ \  o WIIC\  ot (wmpouiidi a110 (mild I)(> \ i ~ \ i ~ t l  

\ ( I \  iiiii ( 1  O i w n i r  ( l c c s r u i b t t \  i i i l ~ ( i l t 1  

~ ’ I ~ I ~ I I ~ I ~ I ~ J  C o i j  ~ n d t i ~ i i  Xvu Y o r h  N I l‘lbi r) 3bL. 
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W lent additional emphasis to the study of these entities. & h  
t i . .  ' S I . + .  c - The evaluation of the p-(methylamino)-, &(dimethyl- : ? ?  

+ I  a amino)- and P-(trimethy1ammonium)propionic acid m m  

diethylamides yielded interesting information (Fig. 1). 
The strikingly selective affinity of the enzyme for the 
tertiary-amino analog of this series appears to support 

x C .  - .  
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Q - 
; ; : : 2 2 . 4  
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CONIC H 5 ) 2  
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10% Inhibition at 15,3.6X10-4M Inhibit ion 0 1  

I X I O - ~ M  Conc I x I O - 3 ~  C o n c .  

Fig. 1.-Relationships between the molecular constitution 
of alkylaniinopropionamide analogs and their effects upon isolated 
human plasma "pseudo"-cholinesterase. 

i 2 2 2 2 2 2 5  the evaluation of the &substituted series2 is reflected in E the biochemical response of the a-substituted deriva- 
= -  z g  tives. The current data actually further substantiate 

a some of the findings reported in our preceding communi- m g g g E g  5 
I ; 
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Fig. 2.-Relationships between the molecular constitution 
of w-( arylalky1amino)propionamide analogs and their effects 
upon isolated human plasma "pseudo"-cholinesterase. The 
figures in parentheses represent Iso concentrations. (Only 
the asymmetric carbon common to the parent molecule and the 
derivatives is marked.) 
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antiomers of the ( =k)-a-niethylphenethyl analog re- 
vealed any pronounced specificity in either the a- 
or p-aminopropionamide series. 

Perhaps most conspicuous is the fact that  in the 
a-aminopropionamide series the phenethyl substituted 
analog T'I is more than ten times stronger in its in- 
hibitory effect than the benzyl substituted one (I), 
while in the p-aminopropionamide series the cor- 
responding phenethyl compound is less than three 
times as potent an inhibitor as the respective benzyl 
derivative. Work toward a comprehensive interpreta- 
tion, incorporating the present as well as our earlier 
findings, is currently in progress. 

Experimental 

Synthetic Work.8 
p-(Methylamino)-N',N'-diethy1propionamide.-A solution of 

N,N-diethyl-p-bromopropionamide2 (25.0 g., 0.120 mole) pre- 
pared in 200 ml. of anhydrous benzene \\--as cooled to ISo, 
and-with cooling maintained -100 ml. of anhydrous ben- 
zene saturated with methylamine \vas added. Subsequently, 
methylamine was bubbled into the mixture (already basic to 
moistened phenolphthalein paper) a t  room temperature for 3 
hr. The mixture was stirred for 3 additional hr. and then re- 
fluxed for 7 hr. Upon cooling, the reaction mixture was treated 
n-ith aqueous saturated potassium carbonate. The bases were 
extracted with benzene, the combined extracts were dried over 
anhydrous sodium sulfate, filtered, and the benzene was removed 
under reduced pressure. Upon fractionation, the pure product 
(11.6 g., 6170 yield) distilled at 74.0-i9.0° (0.08 mm.); n Z 4 , * ~  
1.4597. Five grams of the base was converted to  the hydro- 
chloride by treating it with hydrogen chloride in anhydrous ethyl 
ether. After 3 recrystallizations from ethyl acetate, the very 
hygroscopic salt melted a t  86.5-87.0' (sealed tube). 

Anal. Calcd. for C8HlsClN20: C! 49.34; H, 9.84; C1, 18.21; 
li, 14.39. Found: C, 49.34; H, 9.91; C1, 18.29; h', 14.44. 
p-(Dimethylamino)-N',N'-diethy1propionamide.-A solution 

of N,N-diethyl-p-bromopropionamide (25.0 g., 0.120 mole) in 
200 ml. of anhydrous benzene was cooled to  12", and-with cool- 
ing maintained-a solution of 10.8 g. (0.240 mole) of dimethyl- 
amine in 100 ml. of anhydrous benzene was added. The reaction 
mixture was stirred a t  room temperature for 1.5 hr., and then an 
additional 10.8 g. (0.240 mole) of dimethylamine was added. 
Subsequently, the reaction mixture was treated in the same 
manner as in the preparation of the preceding compound. The 
pure base (13.0 g., 63y0 yield) distilled a t  78.0-84.0' (0.20-0.35 
mm.);  n z 5 . 5 ~  1.4560. Five grams of the base lyas converted to 
the hydrochloride according to the procedure described in the 
preceding experinlent; after 3 recrystdlizations from ethanol- 
ethyl acetate, the very hygroscopic salt melted at 139.0-139.5' 
(sealed tube). 

A n a l .  Calcd. for C9H~1C1S2O: C, 51. i8;  H, 10.14; C1,16.99; 
X, 13.42. Found: C, 51.71; H, 10.15; C1, 17.05; N,  13.49. 

8- (Trime thylammonium) -N ',N'-diethylpropionamide Iodide.- 
To a solution of 6.3 g. (0.044 mole) of iodomethane in 50 ml. of 
:tnhydrous benzene, a solution of 5.0 g. (0.029 mole) of p-(di- 
iiicthylariiino)-Tu",~'-diethylpropionaniide in 100 ml. of anhy- 
drous benzene was added a t  room temperature; a fine xhi te  
precipitate crystallized immediately. The reaction mixture was 
rcfluxed for 3.5 hr. After standing in the dark for 7 days, the 
crystalline coinponent was filtered otf, m d  after vacuum drying, 
tho product weighed 8.0 g. (86Yc yielrl~. After t x o  recrystalli- 
zations from ethanol-ethyl acetate. the s:tlt melted a t  198.0- 
108.5". 

A n a l .  Calcd. for CIOH?JK~O: C, 38.22; H, 7.38; I, 40.39; 
X, 8.92. Found: 

N,N-Die thyl-a-bromopropi0namide.-To 100.0 g. (0.463 mole) 
of a-bromopropionyl bromide, dissolved in io0 ml. of anhydrous 
ethyl t>ther and cooled to O",  a solntiou of i 4 .5  g. (1.019 xolesj  
of tliothylaniinr: in 400 ml. of anhydrous ethyl ether was added 

C, 38.23; H, 7.43; I, 40.30; N, 8.82. 

__.__I__ 

(8) AI1 iueltinx points are uncorrected. Analyses by Urs. G .  Weiler and  
I?, B. Strauss, Oxford, England. 

dropmise, with meehaziieal stirring. During the addition the 
pot temperature v a s  kept a t  1-3". The addition was completed 
within 45 min., and the reaction mixture was stirred in the cold 
for an additional .40 iiiin. The precipitated hydrobromide was 
removed by filtration. The solvent was reninvrti from lhc, 
ethereal filtrate 011 t,hc hot water bath. Tho residu:rl liqui(1 
(89.6 9.) \vas fr:ict,ionntcd under reduced pressure. The color1 
liquid (74.2 g.! 7 7 5 ,  yield), distilling a t  173.0--118.0° (17 nini 
n 2 : ~  1.4825, nas itlt~1it~ified9~~0 as S.S-tLiethyl-a-broninr)ro~~i~)ll- 
amide. 

The a-( arylalkylamino jpropionairiide derivatives (Compounds 
I-VI, Fig. 2 )  n-ere prepared by the general procedure illustrated in 
the description of the synthesis of I. The properties of the bases 
and their hydrochloridep, and the respective analyses are reported 
in Table I. 

Representative Procedure. a- (N-Methylbenzy1amino)-N',N'- 
diethylpropionamide (I).-To 34.9 g. (0.288 mole) of S-methyl- 
benzylamine cooled to lo", 30.0 g. (0.144 mole) of K,X-diethyl- 
a-bromopropionamide was added, with stirring. The reaction 
mixture was heated in a silicone bath, niaiiitained a t  97-102", 
for 8 hr. and after cooling treated with aqucous saturutcd potas- 
sium carbonat,e. The bases were estr;xted with benzene, thv 
combined extracts iviflrc d r i d  over anhydrous sodium sulfi~tr. 
filtered, and the benzene u :IS reniowil under reduced pressurct. 
The residue was fractionated, anti the pure product (29.5 g., 
8270 yield) distilled at 116.0-127.0" (0.15-0.50 mm.): I L ? ~ . ~ I I  

1.5132. The base was converted to the hLdioch!oridc by treating 
i t  n-ith hydrogen chloride in anhydrous ethyl ether. Aftcr t h rw  
recrystallizations from an ethanol-ethyl acetate systcm, tlie salt. 
melted at 181.5--182.0". 

Biochemical Evaluation.--The compounds tliscu 
in this paper tvere cvaluated under exactly thr  same 
coridit'ions as those reported in the preceding communi- 
cation (Procedure I) .? 

(MI. L'OS : k t  30 min.) - ( ~ 1 .  C:O? a t  10 min.) 

where V significs p1. COz;'hr. evolved within the reaction 
interval of + 10 through +30 min., during n-hich the 
rate was linear in all iiistan The percent'ages of 
inhibition were calculated by the equation 

We expressed the rate as 

) x ti0 ____ v = (  20 

I (i l', -- x 100 

where V,  represents the control rate and the i i i -  

hibited rate. The effcct of a given compound was eval- 
uated a t  four appropriate concentrations, with at, least 
two independent. duplicate determinations for cwh 
concentra,tion, and the Is( ,  (molarit)- of compound effttct- 
ing 50% inhibition) \vas graphically det'ermiiied. 'lk! 
human plasma "pseiido"-choline~t~rast!* system used 
in these experiments a as characterized kinetically. 
A linear. reciprocal 1,inctreaver--Burk plot12 of the cn- 
zyme activity, at varying enzyme and substrate m i -  

centrations, was graphically evaluated as suggested 
by DisonI3 and Iteinerl*; the Briggs-Haldane mil- 

stants14r15 did not Tar- significantly with enzyme 
concent,ration aiitl \ v i w  within tlie range of 1-ariatjilit'y 
for independent dctcrminations in the 
vestigated.'F 

valuable suggestions of Dr. John AI. Reiner. 
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