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a-methyl substitution, and i t  was concluded that this 
could be explained most satisfactorily in terms of an 
induced fold, as bulky substituents near the ester group 
would tend to hinder efficient fold formation. It can 
be seen from Table I11 that a similar pattern is observed 
in the present hydrolysis studies, a marked drop in the 
rate of hydrolysis occurring on 0-methyl substitution of 
SCh2, thus supporting the idea of induced-fold forma- 
tion. Although h v  rates of hydrolysis are observed 
for both the L- and D-p-l\leSChz isomers, their affinities 
for the enzyme are different (Table I). The isomer 
with the higher affinity must also have a high activity, 
and vice versa, in order that similar rates of hydrolysis 
be observed. Conversely, when two compounds have 
the same affinities, differences in their rates of hydrolysis 
will reflect differences in relative activities. The high 
affinity of the L-&methyl isomer, due possibly to an 
increase in charge on  the ester oxygen caused by elec- 
tron donation from the methyl group, coupled with its 
low rate of hydrolysis, indicates that fold formation is 
essential for activity but not for affinity. The elec- 
tronic influence will be the same in both 0 enantiomers, 
arid therefore the low affinity of the D-P-methyl isomer 
is probably due to  steric interference from the methyl 
group which in this configuration prevents bond forma- 
tion between the glutamic acid residue and the ester 
oxygen. 

The most active substrate used in the present study 
was not SCh, but L-( -)-a-l\leSCh2. An analogous in- 
crease in the rate of hydrolysis upon L-a-methyl sub- 
stitution of BuCh was not observed by ;\Iitchard,’j 
although in inhibitor studies using the a- and @-methyl 
analogs of p-aminobenzoylcholine, L-p-aminobenzoyl-a- 
methylcholine was shown to be a more potent competi- 
tive inhibitor of PChE than was p-aminobenzoylcholine. 
The D-a-methyl derivative has a high affinity and cor- 
respondingly low rate of hydrolysis, the ~ - a  isomer has a 

lower affinity and is hydrolyzed rapidly, and SChz has a 
high affiinity and a comparatively high rate of hydrolysis; 
the activity of the enzyme toward SCh, and L-a-hleSCh2 
must therefore be considerably higher than toward 
D-a-lleSCh2. It can be seen that interpretation of 
structure-activity relationships must be undertaken 
with great care as the maximum velocity values ob- 
served are not necessarily indicative of the more funda- 
mental affinity and activity values. The difference in 
the affinities of the a-methyl isomers will be due to (i) 
steric interference and (ii) differences in interaction 
with the hydrophobic site because the a-methyl group 
is too far from the ester group to exert any significant 
electronic influence. 

I t  has been found14 that 0-methyl substitution re- 
duces the pharmacological activity much more than 
does a-methyl substitution. The observation made 
during the present study that the rates of enzymic 
hydrolysis follow the same pattern as the pharmaco- 
logical results indicate that similarities exist between the 
receptor site for these compounds and the active site of 
PChE. The K ,  values, however, do not follow this 
pattern, and no definite conclusion can be reached con- 
cerning the nature of these similarities. Although the 
results obtained in the present study do not show the 
good correlation between inhibitor and hydrolytic 
studies which was observed by 31itchard,15 they do 
appear to  follow the same general pattern, indicating 
that application of the induced-fit theory to PChE is 
probably valid. 
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Guanidines prepared from simple n-alkylamines fail to show adrenergic neurone blocking activity, as deter- 
mined by the effect on the cat nictitating membrane, while guanidines such as t-butylguanidine sulfate and neo- 
pentylguanidine sulfate are active. t-Octylguanidine hydrochloride (Table I, 5)  proved to be the most active 
member of the alkylguanidine series. It was subjected to extensive pharmacological evaluation arid clinical trial. 
Substitution of one or two methyl groups on the 01 or /3 carbons of dialkylaminoalkylguanidines was also investi- 
gated. 2-Hexamethyleniminoisobutylgaanidine sulfate (20) caused a remarkably long blockade of t h P  sympa- 
thetic iiervous system. 

i\Iecamylamine3 (I) and pempidine4 (11) were the Bot,h are t-carbinaniines, that is, the nitrogen atom of 
first subst’ances found to possess ganglionic blocking each is attached to a carbon atom containing t’hree 
activity which were not quaternary ammonium salts. alkyl substituents. This hydrocarbon bulk which 

(1968). far as the activity of I and 11 are concerned and sug- 
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gwted to u b  the idea of syiithesixing guanidineh (VIq  
TWI) from "bulky" nniines such ;E 2-dialkylaiiiiuo- 
ihobutylamines (V, R1 = R2N) and derivatives of 
iicopentylamine (T, Rl = CHa, K2SCH2) :md t-butyl- 
:tinine (VII, K '  = Et2S). 

Very few guanidine:, have 1)eeii report et1 which I)OM"S 

:L f-c:u-binamine moiety. Ibbertvi i ,  Biel, aiid Di- 
l'icrro' inrwtigatcd :I +ericJ. of coiiipoiiiicl\ relttctl to  
penipidinc :~nd also contairiirig t hc gu:tiiidiiie group u i  
\vhich 111 is :I typical exuniph.. 

NH 
II R1 R PI" 

I 1  II 
KHC-CHNHCSH- 01 

CH,CH,NHCNH,~O.~H,SO, 
I 

R' 

111 IVa, R' = R-= H, R = CH 

c, R' = R'= CH,; R' = H 
b. R' CH,; R- = R '  = H 

lifter our rvorli was coiiipleted Raiid nnd WilsoritJ 
reported their studies with ;levera1 derivatives of 2- 
cyclohexylaminoethylguariidirie as sympathetic nervous 
syhtem blocking agents. Included were the a-methyl 
(IVa) ,  the 6-methyl (IYb), :md the p,p-dimethyl (IT'c) 
derivatives. They found IT'a arid 11% to be slightly 
niore active than 2-cyclohexylaminoethylguanidinc~ 
while IVc was slightly lebs active. 

Chemistry.--We first prepared several alkylguani- 
dines, both unbranched and branched chained. These 
included wbutylguanidine sulfate, n-octylguanidine 
sulfate, t-butylguanidine wlfate (VIII, Rl = R2 = H), 
1-octylguanidine (2,~,-1-trinietliyl-~-peiitylguariidiriej 
hydrochloride (VIII, 11' = (CH,),C; It? = H), neo- 
pentylguanidine sulfate (VI, R '  = CHa; R2 = H),  
:3,:3-dimethyl-l-i-butylguariidirie sulfate, 3,5,3-triniethyl- 
//-hexylguanidine sulfate, : i d  2,2-diethyl-n-butyl- 
guatiidine sulfate. In addition, 2--phenylisobutylgunni- 
t h e  sulfate (lrI, Ill = C'&; R 2  = H).  /~chloropheiiyl- 
(-butylguaiiidinc. Iiydrochloritl(~ (T711, 11 = /)-('I- 
(lI)H ,; It3 = H),  l-beuzyl-~3-( t-biityl)giiaiiitlitie hytlro- 
.\l('th(Jd -1 
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methylethylguariidine sulfate (IX, R2 = CH3; R' = 
R3 = R4 = H) were prepared by methods A and 73, 
respectively. The amine required for the latter guani- 
dine was prepared by reductive alkylation of ammonia 
with diethylaminoacetone. 
Diethylamino-t-butylguanidine dihydrochloride (IX, 

It1 = R 3  = H; R2 = R4 = CH,) was prepared by 
method B, while method A was used to prepare the 
isomeric 2-diethylaminoisobutylguanidine sulfate (IX, 

Diethylamino-t-butylamine (VII, R1 = (C2H:)ZN) 
was prepared by reduction of the nitro compound ob- 
tained by allowing diethylamine to react with %methyl- 
2-nitro-1-propanol. The diamine was also obtained 
when diethylamine was allowed to react with 2,2-di- 
methylaziridine. 

Reaction between acetone cyanohydrin and diethyl- 
amine gave 2-diethylaminoisobutyronitrile. Attempts 
to  reduce the latter with LiA1H4 and by catalytic means 
gave diethylisopropylamine as the only isolable product. 
The nitrile, however, was hydrolyzed successfully to 
the corresponding amide and reduction of the latter 
with diborane gave the desired 2-diethylaminoiso- 
butylamine (V, R1 = (C?H,),S). LiAlH4 also effected 
reduction of the amide, but in much lower yield. 

R' = R3 = CH3; R2 = R4 = H) 

Hexamethylenimino-t-butylamine 
n 

V I I , R ' = ( C H ) N  0 
and 2-hexamethyleniininoisobutylamine 

n 
V, R1 = ( C B N  

were prepared in the same manner as the corresponding 
diethyl analogs. The amines, in turn, were converted 
to  hexamethylenimino-t-butylguanidine dihydrochlo- 
ride (X, R1 = R3 = H;  R2 = R4 = CH3) and 2-hexa- 
methyleniminoisobutylguanidine sulfate (X, R1 = 
R3 = CH3; R2 = R' = H) by methods B and A, re- 
spectively. 

The reaction between S-methylpiperazine and ace- 
tone cyanohydrin gave the expected nitrile, which was 
hydrolyzed to the corresponding amide, and the latter 
then was reduced to 2-(4-methylpiperazino)isobutyl- 
amine. 

/ \  
V,R'=CH,?! ?! 

The amine was transformed in the usual mariner to 
2-(4-methylpiperazino)isobutylguanidine sulfate. 

U 

n 
VI ,Rl=CHP N ; R 2 = H  u 

Diethylaminoneopentylamine was prepared by re- 
ductive alkylation of XH3 with diethylaminopivalde- 
hyde. Method A was used to convert the amine into 
diethylaminoneopentylguanidine sulfate (VI, R1 = 

In  our earlier work8 we had observed that replace- 
ment of the guanidine hydrogens of 2-diethylamino- 
ethylguanidine with alkyl groups led to less active or 
inactive compounds. Nevertheless me prepared several 
1,3-disubstituted guanidines in which one substituent 
was a dialkylaminoalkyl group and the other was a 

(C2H,)2XCH2; R2 = H).  

branched alkyl group. l-(t-Butyl)-3-(2-diethylamino- 
ethy1)guanidine dihydrochloride was obtained by the 
reaction of diethylaminoethylamine with either t- 
butylcyanamide (method B) or with 3-(t-butyl)-2- 
methyl-2-thiopseudourea hydrochloride (method A). 
The same amine was allowed to react with t-octyl- 
cyanamide or with 2-me t hyl-3- (t-oct yl) -2-t hiopseudo- 
urea hydrochloride to give 1-(2-diethylaminoethy1)-3- 
(t-octyl) guanidine dihydrochloride. 

Method B is the more practical method for obtaining 
the last two guanidines since it is a one-step procedure. 
Preparation of these guanidines by method A involves 
a sequence of three reactions, but was of interest from 
a chemical standpoint. HCI could be added to 
t-butylcyanamide and t-octylcyanamide to give, 
respectively, N-(t-butyl)-1-chloroformamidine hydro- 
chloride and 1-chloro-S-(2-0ctyl)formamidine hydro- 
chloride. Seither of the latter compounds gave the 
desired guanidines when allowed to react with diethyl- 
aminoethylamine. They did, however, react with 
methanethiol or ethanethiol to give the expected thio- 
pseudoureas, and these underwent reaction in the nor- 
mal manner, as noted above, to give the desired guani- 
dines, identical in every respect with the substances ob- 
tained directly from the amine and the cyanamides. 
2-Hexamethyleniminoisobutylamine was allowed t o  

react with t-butylcyanamide and t-octylcyanamide to 
give, respectively, 1- (t-butyl) -3-( 2-hexamethylenimino- 
isobuty1)guanidine dihydrochloride 

n 
0' I'I,R1=(CH) Y.RL=(CHJJC 

arid 1-(2-hexametliylenimirioisobutyl)-3-(t-octyl)guani- 
dine dihydrochloride. 

n 
W 

1.1, R' = (CH,),N; R2 = (CH,),CCH,C(CHJ, 

The guanidine from 1 - (2-aminoethyl) -&met hylpi- 
perazine was found to be active,s and that amine was 
also allowed to react with t-butylcyanamide to give 
the expected disubstituted guanidine. 

The guanidines are tabulated in Table I. 
Pharmacology.-The guanidines were examined by 

the oral route for their effect on the cat nictitating mem- 
brane in the manner previously described. The 
results are compiled in Table I. 
2-Hexamethyleniminoisobutylguanidine sulfate (Ta- 

ble I, 20), when screened a t  30 mg/kg, caused a ++ prolapse lasting for 8-9 days. Decreasing the 
dose to 20 mg/kg did not decrease the duration of the 
prolapse. It is the only compound we have ever tested 
that caused a prolapse lasting more than 7 days. It 
proved to be effective in lowering blood pressure in 
both renal and neurogenic hypertensive dogs, but i t  
was not effective in doses smaller than 10 mg/kg. 
Since 2-(2-methylthioethylamino)ethylguanidir~e sul- 
fate caused a significant decrease in the blood pressure of 
hypertensive dogs a t  2 mg/kg,' the latter was chosen 
for further pharmacological evaluation and clinical 
trial. 

t-Octylguanidine hydrochloride (5)  was one of the 
few compounds we have screened which, like guanethi- 
dine, causes a +++ prolapse at  30 mg/kg, and, 
further, it is the only compound we have observed to 
have a significant effect at  2 mg/kg. It proved to be 
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effective in hypertensive dogs, and mas subjected to  ex- 

a 

caused fewer side effects than guanethidine, but it did 

+ 0 3 3 0 

+ Structure-Activity Relationships.-The activity of 
guanet'hidine. 

sulfate (1) and 
A longer duration of 

be more desirable than 

These first' results encouraged us to proceed further 

The failure of 3,3-dimethyl+~-butylguanidine sulfate 

3 w 3  % 3, indicating that Y r n d  

with such branched-chain guanidines. 

(8) t o  exhibit the desired activity indicated that branch- 
ing beyond thep  carbon was not efficacious for activity. 

confirmed further by finding t'hat 2,2-diethyl-n-butyl- 
guanidine sulfate (9) was active. Therefore, further 

X I Z S I E !  3 work was limited to preparation of guanidines possess- 
ing branching at either the a or p carbons. 

active (see Pharmacology sect'ion). l-;\lethyl-3-(t- 
octy1)guanidine hydrochloride (6) was somewhat' less 
act'ive. Reduction of activity in a disubstituted guani- 

The inactivity of 3,5,5-trimethyl-rz-hexylguanidine sul- 
fate (10) confirmed this conclusion. This principle was 

# % # @  5 u ' c u ' c  

t-Octylguanidine hydrochloride (5 )  proved to be very 
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guanidine sulfate (13), was about as active as 17. 
Hexamethylenimino-t-butylguanidine dihydrochlo- 
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d N Y di L 9 W  i ' l s m e a  c . lN  (11) H. G. Sclioepke, H. D. Brondyk, L. 11. \T7iemeler, and J .  L. Schmidt, 
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NO. R 

TABLE I1 
NITRILES A N D  Alcriuss 

Alp or bp,  
OC (mni)  I l P j D  Method Yield, % 

CH3 
I 

RCCX 

CK3 -- 
1 (C,€Ij)?N 76-70 (28)" 1.4302 c . I  1 

2 (CH.),S 82-84 (1 ) 1.4662 C I .) 
--  h 

W 

3 C H J n  108-110 ( 1 ) b  C 40 
W 

RC( CII,),CONHi 

107-108 ( 7 )  
94.5-96' 

Forniiiia .Inslysea 

a R .  A. Jacobson, J .  - 4 t t ~ .  Chern. SOC., 67, I996 (1945), reported bp 66-68' (14 mm) aiid n Z 5 ~  1.4312. * The distillate solidified aiid 
melted at 39-60" after being crystallized from Skellysolve B. c The amide was crystallized from pentane. The acid solution was poured 
slowly onto ice t80 avoid generation of too much heat which caiises the amide to  decompose. Keutralization was effected with solid 
K2C03 to keep t,he volume low because of the water solubility of the amide. I t  was taken up in CIICh and evaporat,ed, and the residue 
was crystallized from Skellysolve B. 

TABLE I11 

Dp, "C  (mm) KO. R 

1 (CH,),CCHzCH, 11.5 (760)" 
2 (CzH5)5CCH2 166-168 (760) 

4 (CyH:),?JCH&H(CH3) ld2-134 (760)c 
a CaHjC( CH3)zCHT 106-108 (15) 

i) (CzHs)sNC( CH,)UCH, 48-21 ( 7 )  
176-178 (760) 

6 ~ C ~ ~ N C ( C H , ) : C H ~  W 56-28 (0.3) 

7 78-81 (6) 

h l l  XES 

KKH2 
n p 6 D  RIetllod Yield, % Foriiiula .Inalyses 

1 ,4093 F 66 
1.4391 h 6 .i CsH,,S C, H, s 
1.5161 FQ 76 CmH1:N N 
1.427.5 E 6!) 
1.4440 F d  .i 0 C8H,oN, C, H, ?i 

1.4792 F 8.7 CIoH&\j, C, €€, ?j 

1.4660 Ee SI ClOH,,X, C ,  I€, x 

8 C H , > A ~ W H , ) : C H ,  58-59 (0.3) 1.4778 F/ 94 CSH2lS3 C, H, ?; 
U 

a ,4. P. Howe and H. B. Hass, Ind. Eng. Chem., 38, 231 (1946), reported bp 112.8-112.9' (745 mm), nZ5D 1.4122. The starting mate- 
rial, 3,3-dimethyI-n-butyramide, was prepared according to the procedure of A. H. Homeyer, F. C. Whitmore, and V. H. Wellingford, 
J .  ,4m. Chem. Soc., 55 ,  4209 (1933). b Triethylacetonitrile (Benzol Products Co.) was reduced with LiAIH4 in the manner previously 
described for other nitriles.12 c L. Haskelberg, J .  ilm. Chem. SOC., 70, 2811 (1948), reported bp 154' (760 mm). The yield of amine 
was 21'53 when the amide was reduced with LiAIHa. e The amine was prepared by reduction of the corresponding nitro compound (Ex- 
perimental Section) in the manner of method E except that  liquid SH3  was not added. / The trihydrochloride melts a t  239-242'. 
Q The HCl salt melts at, 200-202". I t  was recrystallized from ?\leOH-EtzO. The starting material, a,a-dimethylphenylacetamide, was 
obtained from Eli Lilly and Co. 

added (same weight as the ket,one). Raneg xi was added (20- 
30Oj, of the weight of amine), and the mixture was shaken in the 
presence of Hz (70.3 kg/cm2) at  room temperature until the 
theoretical amount of H2 was absorbed (2-18 hr). The amines 
are described in Table 111. 

Amines by Reduction of Amides with Diborane. Method F.- 
The reduction was effected according to the procedure of Brown 
and Heim16 except t,hat the reaction mixture was heated under 
reHux for 18 hr. The amines are described in Table 111. 

Action of LiAIH4 on 2-Diethylaminoisabutyronitrile.-A solu- 
tion of 63 g (0.45 mole) of the nitrile in Et20 (600 ml) was added 
to a st,irred solution of 30 g (0.79 mole) of LiAlH4 in an ice bath 
at  siich a rate that  the temperatiire remained below 10". The 
reaction mixtrire was decomposed with Sa011 soliition. The 
prodiict was a colorless oil, bp 107-109" (760 nim), n Z 5 ~  1.4044. 
The yield of diethylisopropylamine was 37 g (72%) .  Recorded 
physical constants for diethylisopropylamine are bp 107.5', n Z 5 ~  
1.4047.'' 

Reduction of the nitrile with diborane also gave only diethyl- 
isopropylamine. 

Similar results were obtained when the reduction was carried 
out in the manner of method E using Ilh-C as the catalyst. 

(16) H.  C. Brown and P. Heirn, J .  Am. Chem. SOC., 86, 3566 (1961) 
(17) R.  A. Robinson, J .  Org.  Chem., 16, 1911 (1951). 

Diethylamino-t-butylamine.-The reaction of 43.8 g (0.6 
mole) of Et*X!II with 21.3 g (0.3 mole) of 2,2-dimethylaziridine 
in the presence of 60 g (0.45 mole) of anhydrons illCl8 in 100 
ml of PhH was effected in the manner described by Coleman and 
Callen's for the reaction between Bu2NH and aziridine. The 
yield of colorless oil, bp 155-156' (760 mm), n Z 5 ~  1.4298, was 
8.6 g (207,) .  I t  proved to be identical in all respects with the 
material obtained by reduction of l-diethylamino-2-methyl-2- 
nitropropane.'Q The absence of the isomer, 2-diethylaminoiso- 
butylamine, was shown by tlc. 
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