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TABLE I a-Chloropropionamidine Hydrochlorides.-These salts were 
synthesized by the method described previously.2 If the re- 
action mixture became colored quickly, the reaction was carried 
out a t  lower temperature for a shorter period. The procedure 
for the preparation of one of these salts is described in full, the 

I \ others being made in similar fashion. The reaction times and 
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5208- R" temperature for the others is indicated in parentheses. 

Protection Drug Vehicle of N-(4-Phenylbutyl)-a-chloropropionamidine Hydrochloride.- 
against dose, adminis- or-Chloropropionitrile (9.05 g., 0.1 mole) was added dropwise to 

radiation mp./kg. trationb a stirred solution of 0.01 mole of sodium methoxide in dry 
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a The compounds were tested under the auspices of Dr. D. P. 
Jacobus and Dr. T. R. Sweeney a t  the Walter Reed Army Insti- 
tute of Research, Washington, D. C. Compounds were adminis- 
tered intraperitoneally to  mice which were tested for 30-day 
survival against lethal radiation of 1000 r. Complete details are 
described by L. Field, A. Ferretti, R. Crenshaw, and T. Owen, 
J .  M e d .  Chem., 7, 42 (1964). ClIC/Tw means that the com- 
pound was suspended in a physiological saline solution contain- 
ing 0.2% methylcellulose (4000 centiposes) and 0 . 4 5  Tween 180. 

R 
H 
H 
H 
H 

H 

H 
H 
H 
CHs 

CH3 

CHI 

CHa 

Crystn. 
solvent 

Water 
Water 
Ethanol 
Isobutyl 

alcohol 
Aqueous 

methanol 
Ethanol 
95% ethanol 
95% ethanol 
Isopropyl 

alcohol 
Isobutyl 

alcohol- 
ethanol 

ethanol 
Aqueous 

Water 

methanol (100 ml.) a t  25". One hour after t,he addition, l-amino- 
4-phenylbutane hydrochloride (16.39 g., 0.11 mole) was added 
and the mixture was stirred for 16 hr. a t  25'. A small amount 
of solid was filtered off and the filtrate was evaporated in vacuo. 
The residue was triturated with ether to give the salt (25.50 g., 
goyG), m.p. 166-167'. 

Anal. Calcd. for ClaHzoCln?jz: X, 10.18. Found: N, 10.30. 
N-Methyl-a-propionamidine hydrochloride was obtained in 

Anal. Calcd. for C4HI0C1&;2: K, 17.84. Found: N, 18.00. 
N-Ethyl-a-propionamidine hydrochloride was formed in 95% 

Anal. Calcd. for CjH12C1*PYI2: N, 16.38. Found: X, 16.40. 
N-Butyl-a-propionamidine hydrochloride was isolated in 89% 

Anal. Calcd. for C7HI6C12NZ: N, 14.07. Found: N, 13.80. 
N-Alkyl-a-chloroacetamidine Hydrochlorides.-These salts 

were all prepared from chloroacetonitrile and the corresponding 
amine hydrochloride as described above, but could not be induced 
to crystallize. However, each gum so isolated furnished the 
corresponding crystalline Bunte salt. The following members 
were prepared from the requisite amine hydrochlorides, the re- 
action conditions being shown in parentheses: n-propyl (6 hr., 
25');  isopropyl (1 hr., 25"; 18 hr., 7"); n-butyl (6 hr., 25'); 
isobutyl ( 6  hr.; 25'); n-nonyl (3 hr., 25'; 18 hr., 7 " ) ;  n-decyl 
(20 hr., 25'); 3-phenylpropyl ( 5  hr., 25 ' ) ;  4phenylbutyl (1.5 
hr., 25'; 18 hr., 7 ' ) .  

a-Amidinium Thiosulfates.-These were prepared from the 
corresponding a-chloramidine hydrochlorides whether these 

9200 yield (3.5 hr., % O ) ,  m.p. 110-115' dec. 

yield (20 hr., 25'), m.p. 152-154" dec. 

yield ( 5  hr., 25'), m.p. 81-84' dec. 

TABLE I1 

KHz+ 
li 

a-AMIDINIUhl THIOSULFATES (BUNTE SALTS) 

R-CH-C-NHR' 
I 

SnOa- 
Yield, hl.p., 'C. c ,  % H ,  % 

% dec. Formula Calcd. Found Calcd. Found 
46 152-155 CsHnNzOaSz 28.29 28.56 5 .70  5 . 8 5  
20 161-162 CsHuN?03S? 28.29 28.43 5 70 5 . 6 5  
22 131-133 C ~ H M N Z O ~ S S  31.84 31.56 6 .23  6 . 3 8  
38 115-116 CeHi4NzOaSz 31.84 31.50 6 .23  6 .61  

73 133-135 CiiHzaNzOaSz 44.56 44.69 8.16 8 . 3 5  

37 140-142 CnHz6NzOaSz 46.45 46 .37  8.38 8 .54  
66 157-159 CiiHieNzOsSr 45.81 46.10 5.59 5 .52  
40 126-128 CizHiaN?03Sz 47.66 47.56 5 .99  5 . 8 7  
19 154-156 CdHiaX10aSz 24 .23  24.43 5.08 5.18 

44 152-154 CsHnNzOaSi 28.29 28.32 5 . 7 0  5 .65  

28 140-142 C1HiaNt0sSz 31.98 35 .25  6 .71  6 . 8 0  

26 152-155 C~BHZONZOHSZ 49.34 49.54 6 .37  6 .34  

Experimental4 
Starting Materials.-l-Amino-3-phenylpropane and l-amino-4- 

phenylbutane were purchased from Aldrich Chemical Company, 
Inc., RIilwaukee, Wis. Amine hydrochlorides, when not com- 
mercially available, were prepared by bubbling dry HC1 through 
an ice-cold solution of the amine in dry ether. Thallous thio- 
sulfate was prepared from thallous formate (obtained from the 
Ealing Corporation, Cambridge, Mass.) by the method of Lecher 
and Hardy.5 

(4) All melting points are uncorrected. Microanalyses were performed 
by Dr. Kurt  Eder, Geneva, Switzerland, Micro-Tech Laboratories, Skokie, 
Ill., and those for nitrogen on a Coleman nitrogen analyzer, Model 29. 
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12.35 12.12 
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S, % 
Calcd. Found 
30.12 30.30 

21 .63  21.50 

20.60 20.81 
22.23 22.17 

32.35 32 .42  

30.28 30 .30  

26.28 26 .71  

20 .27  2 0 . 2 3  

were crystalline or not, as described previously.* The yield, 
physical constants, and analyses are compiled in Table 11. 
The yields quoted in Table I1 are all based on the starting a- 
chloronitrile, irrespective of whether the intermediate a-chlor- 
amidine hydrochloride was crystallized or not. When the prod- 
uct was water soluble, thallous thiosulfate was employed as 
shown for the ensuing and only example. 

S- [l-(N-Ethylcarboxamidino)ethyl] thiosulfuric Acid.-An 
aqueous solution of N-ethyl-a-chloropropionamidine hydrochlo- 
ride (7.69 g., 0.045 mole in 100 ml. of water) was added to a hot 
aqueous solution of thallous thiosulfate (25.1 g., 0.045 mole in 100 
ml. of water) and the mixture was heated a t  the reflux for 1 hr. 

(5) H.  2. Lecher and E. bl. Hardy, J. Org.  Chem., 20, 475 (1955). 
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After cooliiig to 20' the precipitate was filtered OE and the fil- 
trate was evaporat'ed in mcuo. The residue solidified on standing 
aiid WYRS purified as indicated in Table 11. 
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Aspects of the Chemical Mechanism of Complex Formation between 
Acetylcholinesterase and Acetylcholine-Related 

The niec.liarrisrn of  acet~.l~~iiuliiies~er:ise (AC:hl<) ac,tioii is IJriefiy reviewed. 'The stereospecificity of the eiizyriic' 
and the nature of the biiidiiig forces in the enzyrne substrate sdditioii ciiiiiples :ire discussed. It is rei-ognized 
that the active surface of AChl' is essentially ~i(~iipolar i r i  c:hdrwter, a priiperty whirl1 dlows the operat,i~in of h!,- 
druphobic forc:es iii the I)iiidirig of substrates aud inhibitors. The positive involve~rieiit (uf v:tii der \vsals at- 
tractions is shown to be of rare ciccurretic'e. The L h s ~ ) l ~ ~ t e  coiiforriiatioii of eiizyine-bound acetglcholiiie ( ACh) 
is deduced through a study uf the sterediemistry of the interaction of 1 ,:3-ditJd:me analogs (11) with the active 
surface. This sho\ved t tiat die eirzyriie displays both :i/xwluie mtl  relative s~~,i.eiispecifi(~it~- towards this series of 
inhibitors. Optimum :Ltiiiiity is displayed by the I,-( +)-cis-S-1nethyl-~-tri1netliylam1~iu1iiu~nniethyl-1,8-dioxo- 
lane iodide (1.1). The riiechaiiisrii of interac:tiou of the 2-iiiethq.l group wit 11 (lie erizyme wis elucidated. Struc- 
ture-activity relationships could be interpreted on the basis ~f the operatiion of hydrophobic. forces exerted on 
the %substituents and van der \\7a:ils :ittractions in the case of \-I. The free energy of biiidirig for the %methyl 
group of the latter w:is f(iuird t ( J  be 1,:Lj kcnl., a wlue which corresponds closely tu t,he one obtained for the free 
energy of  bindiiig i i f  the ester methyl group of AClr. I t  is concluded that l)otli .1Ch and 1'1 uniquely form "lock- 
:ind-key" type of fits with AChlC. 'Two modes of interacti~iiis with ACliE :ire rec.oyiiized: (a) one of ihem involves 
only the operation of hydrophobic forces, thus necessitatirig i ~ i i  :tc:c:oiriinoclati\.c perturbatioii of the nonpolar chains 
on the enzyine; ( 1 ) )  the other calls iiitu play the uet ccintributioii of v:in der \\.'uals fcirces and is thus conducive to a 
highly specific perturbation i i f  t lie ~~roteiri .  011 the basis of these c.l)risiderati(,tir, struc*ture~-activity relationships tit 
tlie r e i q t o i ,  level are iiiterpretrd. 'lb role of tlie cluateriiLtrJ- ioii in ('ixtiilysis 1,). -4C:hE.: is discussed; the mecha- 
irisin ( ~ f  birrdiiig of quaternary ions is evaluat,ed criticdly taking into :tccouiit some recently pr~iposed modifications 
, i f  the electroniv structure ( i f  these ions. The  hydrophobic nat.iire rif such iiiiis is shown to awoiint for their effect, 
1111 AChl.:. Firially, the ideiitic,al stereospecificities of tlie enzyme arid the  muscarinic receptor towitrtls the di- 
iixiil:tne series ( i f  qii:ttPrnm.y sslts suggests near identity of t,hese two hicircvcpt,ors for ACh. 

Ovcr t l i r :  past 15 years, Irlucll has beet1 lear11ed 
t'hrougli lriiietic studies about ~ l i c  catalytic ~iiech- 
ariisiii of AC'hE. It is iiow recognized that the process 
of hydrolysis of acctylclioliiic~ (ACh) iiivolves t he 
for~natiori of ail ~ic.c:tyI-~~c~iizyiiic~ ititctmiediat (1 which 
undergoes a t,atc:-deteriiiitiiii~ hydro1 
ally agreed also that ihe  w u y t i i ( ~ ' s  active surface 
includes twi) kiuds of sites: cJstei,at ic arid anionic. 
Iiivest'igatioiis on ! hc iiifluence of pH oti catalytic activ- 
ity has revealed t I i c  cxisteucr of (,steratic groups 
havi~ig pk' values of (i.5 arid !J.4, aiid which are iii- 
volwd in hoth the acetylatioti. a i d  deacetylatioii s t ~ p s . ~  
'L'l-lese fuiict iorial groups have hec.ri identified tent a- 
lively as hrlorgiiig t o  ail iinidazole rittg aiid a iyrosiiici 

pcctivcly. The  group of pk' = 6.5 is ap- 
parctitt>ly prevent c d  iroiii ioriiziiiy i t  t t he enzyiiic~ 
suhst rat (> addi tioti coinplcs, thus sriggcst irig i hat- it is 
iiiasked through i r i l v i w t  i o i i  n-ii 11 t l i v  w t c ~  fiuictioii 
of  the suhtratc, .Y ' h i  csstci'at i c ,  sit(% \\.as also showii 
t'o be rcwt.ivcs totvards phosphoiyl, carbatiiyl, arid 
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