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a-methyl substitution, and it 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 III that a similar pattern is observed
in the present hydrolysis studies, a marked drop in the
rate of hydrolysis occurring on 8-methyl substitution of
SCh,, thus supporting the idea of induced-fold forma-
tion. Although low rates of hydrolysis are observed
for both the r- and p-3-MeSCh; 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 1L-8-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 8 enantiomers,
and therefore the low affinity of the p-8-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 -(—)-a-MeSCh,.  An analogous in-
crease in the rate of hydrolysis upon r-a-methyl sub-
stitution of BuCh was not observed by Mitchard,®
although in inhibitor studies using the a- and 8-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 p-e-methyl derivative has a high affinity and cor-
respondingly low rate of hydrolysis, the 1-« isomer hasa
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lower affinity and is hydrolyzed rapidly, and SCh; has a
high affiinity and a comparatively high rate of hydrolysis;
the activity of the enzyme toward SCh; and r-a-MeSCh,
must therefore be considerably higher than toward
p-a-MeSChy. 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.

It has been found!* that S-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 Mitchard,’® 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 i-butylguanidine sulfate and neo-

pentylguanidine sulfate are active.
member of the alkylguanidine series.

t-Octylguanidine hydrochloride (Table I, 5) proved to be the most active
It was subjected to extensive pharmacological evaluation and clinical trial.

Substitution of one or two methyl groups on the « or 8 carbons of dialkylaminoalkylguanidines was also investi-

gated.
thetic nervous system.

Mecamylamine® (I) and pempidine* (II) were the
first substances found to possess ganglionic blocking
activity which were not quaternary ammonium salts.

(1) Paper IV: J. H. Short and T. D. Darby, J. Med. Chem., 11, 848
(1968).

(2) Presented before the Division of Medicinal Chemistry at the 155th
National Meeting of the American Chemical Society, San Francisco, Calif.,
April 1968.

(3) G. A. Stein, M. Sletzinger, H. Arnold, D. Reinhold, W. Gaines, and
K. Pfister, III, J. Am. Chem. Soc., 78, 1514 (1956).

(4) A. Spinks and E. H. P. Young, Nature, 181, 1397 (1958); G. E. Lee,
W. R. Wragg, S. J. Corne, N. D, Edge, and H. W, Reading, ¢btd., 181, 1717
(1958).

2-Hexamethyleniminoisobutylguanidine sulfate (20) caused a remarkably long blockade of the sympa-

Both are t-carbinamines, that is, the nitrogen atom of
each is attached to a carbon atom containing three
alkyl substituents. This hydrocarbon bulk which
surrounds the nitrogen may be of great significance as
far as the activity of I and II are concerned and sug-

NHCH, ‘st
CH;, CH;_ N._ ,CH,
CH, CH; CH,
CH,
I I
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gested to us the idea of synthesizing guanidines (VI,
VIII) from “bulky” amines such as 2-dialkylamino-
isobutylamines (V, R! = R,;N) and derivatives of
neopentylamine (V, R' = CH;, RyNCH.:) and t-butyl-
amine (VIL, R' = RyN).

Very few guanidines have been reported which possess
a f-carbinamine moiety. Robertson, Biel, and Di-
Pierre® investigated a series of compounds related to
pempidine and also containing the guanidine group of
which TII is a typical example.

NH

” 5 '
(|JH2CH2NHCNH2-0.5HZSO4 R R NH

[
CH,._N._CH, <:>—hH([?—CHNHCI\H,_,
("H:s(jcf‘h R

111 IVa,Ri=R:=H;R"=CH,
bR'=CH;R:=R'=H
o R'=R:=CH;R'=H

After our work was completed Rand and Wilson®
reported their studies with several derivatives of 2-
cyclohexylaminoethylguanidine as sympathetic nervous
system blocking agents. Included were the a-methyl
(IVa), the 8-methyl (IVb), and the 8,8-dimethyl (IVc)
derivatives. They found IVa and IVb to be slightly
more active than 2-cyclohexylaminoethylguanidine
while IVe was slightly less active.

Chemistry.—We first prepared several alkylguani-
dines, both unbranched and branched chained. These
included n-butylguanidine sulfate, n-octylguanidine
sulfate, -butylguanidine sulfate (VIII, R? = R? = H),
l-octylguanidine  (2,4,4-trimethyl-2-pentylguanidine)
hydrochloride (VIII, R' = (CHa);C; R* = H), neo-
pentylguanidine sulfate (VI, R' = CH;; R?* = H),
3 3-dimethyl-n-butylguanidine sulfate, 3,5,5-trimethyl-
n-hexylguanidine sulfate, and 2,2-diethyl-n-butyl-
guanidine sulfate. In addition, 2-phenylisobutylguani-
dine sulfate (VI, R! = CgH;; R? = H), p-chlorophenyl-
{-butylguanidine hydrochlovide (VIII, R' = p-Cl-
(sH,; R? = H), 1-benzyl-3-(¢-butyl)guanidine hydro-
Method A

Cllq NH
Jl’é)(flllelg + (:II&SCNIII)\Z'().»-)IIQS()‘; (or HCl) —>

Cli;
v
Clly ‘Av\"li
{‘(KJH-;.\'Il(‘JNUl{‘*-(J..')Il-_,.\‘(u (or 11CH
|
Cl;
V]
Method B
ClI;
|
VCHLON T - 0.0 He=0, (or HCD + NCNHRE —>

CH,
VI
(‘/‘113 :‘\"H
Rlcklg?NHCNHR%U.5H2b‘04 (or HCL)
CHs
VIIT

(3) J. E. Robertson, J. IL. Biel, und . DiPierro, J. Med. Chem.. 6, 381
(196:3).
(6) M. J. Rand and J. Wilson, Furopcean J. Pharmacol., 1, 200 (19067,
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chloride (VIIL,R' = H; R* = C¢H;CH,), and 1-methyl-
3-(t-octyl)guanidine hydrochloride (VITI. R = (C'Hy):C:
R? = ('Hj) were prepared.

The guanidines possessing a methylene group adjacent
to the nitrogen atom could be prepared from the ap-
propriate wmine and 2-methyl-2-thiopseudourea sul-
fate (method A). The unbranched amines and those
amines with an ethylene group adjacent to the nitrogen
atom (branching at the v carbon) formed guanidines af
room temperature, while neopentylamine (V, R! =
('Hy) and the other amines with branching at the 3
sarbon formed the desired guanidines only at higher
temperatures.

Method A wus  unsuccessful with  ~butylamine
(VII, R' = H) and related compounds in which branch-
ing oceurs at the o carbon.  Tsuji and Uedd had pre-
viously commented on the failure of ~butylamine, di-
methylamino-f-butylamine, and  piperidino-f-butyl-
amine to react with 2-methyl-2-thiopseudouren sulfate
to form the corresponding guanidines.

Variations of method A employing 2-methyipscu-
dourea sulfate (or hydrochloride), 2,5-dimethyl-1-
guanylpyrazole hydrochloride,® and  1-chloroformam-
idine hydrochloride®  were uniformly unsuccessful
with #-butylamine and its derivatives (V1I). These
guanidines (VIII) were prepared by allowing the amine
hydrochlorides (monoamines) to react with cyanamide
(method B). With the dimmines best results were
achieved by dissolving the amiune in water, adding only
1 equiv of HCL, and allowing the “monohydrochloride”
to react with evanamide.

Neopentylguanidine sulfate (VI, R' = CHjs; RY =
H), -butylguanidine =ulfate (VIII, R' = R* = ),
and t-octvlguanidine hydrochloride (VIII, R = (CHy)s-
(; R? = H) =howed significant activity, while n-butyl-
guanidine sulfate und n-octylguanidine sulfate were
inactive (sce Structure-Activity Relationships section).
These results encouraged us to extend this line of in-
vestigation to the 2-dialkylaminoethylguanidine series,

Farlier we found 2-diethylaminoethylguanidine sul-
fate (IX, R' = R? = R* = R* = H) to be uetive’ and
we decided to investigate the effect on activity of sub-
stitution of methyl groups on the cthylenc chain.  Nim-
ilar - homologs  of  hexamethyleniminoethylguanidine
sulfate (X, R = R = R? = R = H), also known to
be active, ' were prepared.

T
I
(C_,H;,)._,N(l‘,—(‘?NHCNHZ-H:S()‘ (or 2HCD
R.‘ R4
X
Rt R* NH

L1
GNC——CNHCNHZ'HZSQ (or 2HCD)

| ]
R® RS

X

2-Diethylamino-r-propylguanidine sulfate (IX, ' =
CHs; R? = R* = R* = H) and 2-diethylamino-1-

(7) T. Tsuji and T. Ueda, Chem. Pharm. Bull. (Tokyo), 12, 946 (1964).

(8) J. H. Short, U. Biermacher, D. A. Dunnigan, and T. D. Leth, J. Med.
Chem., 6, 275 (1963).

(#) The compound was prepared in the manner deseribed in the Experi-
mental Rection for tire f-butyl homolog. T, B. Johnson and J. M. Sprague,
J. Am. Chiem. Soc., 61, 176 (1939), reported mp 182-183°.

(10) R. PP. Mull. M. 15, Egbert, and M. R. Dapero, J. Org. Chem., 25, 1953
(1960).
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methylethylguanidine sulfate (IX, R? = CHj; R! =
R?* = R* = H) were prepared by methods A and B,
respectively. The amine required for the latter guani-
dine was prepared by reductive alkylation of ammonia
with diethylaminoacetone.

Diethylamino-t-butylguanidine dihydrochloride (IX,
R' = R* = H; R? = R* = CH;) was prepared by
method B, while method A was used to prepare the
isomeriec 2-diethylaminoisobutylguanidine sulfate (IX,
Rt = R® = CH;; R? = R¢ = H)

Diethylamino-t-butylamine (VII, R!' = (C.;H;).N)
was prepared by reduction of the nitro compound ob-
tained by allowing diethylamine to react with 2-methyl-
2-nitro-1-propanol. The diamine was also obtained
when diethylamine was allowed to react with 2,2-di-
methylaziridine.

Reaction between acetone cyanchydrin and diethyl-
amine gave 2-diethylaminoisobutyronitrile. Attempts
to reduce the latter with LiAlH, and by catalytic means
gave diethylisopropylamine as the only isolable product.
The nitrile, however, was hydrolyzed successfully to
the eorresponding amide and reduction of the latter
with diborane gave the desired 2-diethylaminoiso-
butylamine (V, R! = (C.;H;),N). LiAlH, also effected
reduction of the amide, but in much lower yield.

Hexamethylenimino-t-butylamine

) —~
VII, Rt =(CH,)N
N’

and 2-hexamethyleniminoisobutylamine
v, 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, Rt = R® = H; R? = R* = CH;) and 2-hexa-
methyleniminoisobutylguanidine sulfate (X, R! =
R? = CH;; R* = R* = H) by methods B and A, re-
spectively.

The reaction between N-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,N N
/

The amine was transformed in the usual manner to
2-(4-methylpiperazino)isobutylguanidine sulfate.
VLR = CH3N/—_\N; R2=H
-/

Diethylaminoneopentylamine was prepared by re-
ductive alkylation of NH; with diethylaminopivalde-
hyde. 2Method A was used to convert the amine into
diethylaminoneopentylguanidine sulfate (VI, R! =
(Csz)zNCHz; RZ = H)

In our earlier work® 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 we prepared several
1,3-disubstituted guanidines in which one substituent
was a dialkylaminoalkyl group and the other was a
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branched alkyl group. 1-(:-Butyl)-3-(2-diethylamino-
ethyl)guanidine dihydrochloride was obtained by the
reaction of diethylaminoethylamine with either ¢-
butyleyanamide (method B) or with 3-(t-butyl)-2-
methyl-2-thiopseudourea hydrochloride (method A).
The same amine was allowed to react with f-octyl-
cyanamide or with 2-methyl-3-(f-octyl)-2-thiopseudo-
urea hydrochloride to give 1-(2-diethylaminoethyl)-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-butyleyanamide and t-octyleyanamide to give,
respectively, N-(t-butyl)-1-chloroformamidine hydro-
chloride and 1-chloro-N-({-octyl)formamidine hydro-
chloride. Neither 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 to
react with ¢-butyleyanamide and t-octyleyanamide to
give, respectively, 1-(t-butyl)-3-(2-hexamethylenimino-
isobutyl)guanidine dihydrochloride

N
VI,R= (C@N; R?2=(CH)),C

and 1-(2-hexamethyleniminoisobutyl)-3-(t-octyl)guani-
dine dihydrochloride.

TN
VL Ri= (C{IE)}N; R?=(CH,),CCH,C(CH,),

The guanidine from 1-(2-aminoethyl)-4-methylpi-
perazine was found to be active,® and that amine was
also allowed to react with {-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.X® The
results are compiled in Table I.

2-Hexamethyleniminoisobutylguanidine sulfate (Ta-
ble I, 20), when screened at 80 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 it
was not effective in doses smaller than 10 mg/kg.
Since 2-(2-methylthioethylamino)ethylguanidine sul-
fate caused a significant decrease in the blood pressure of
hypertensive dogs at 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 444 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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= *,:vﬁ'cgg_,.e-g-c.:.'-g . . . 8y
O R HE = E HTE 53 EOEET 58 The structure-activity relationships outlined here
o o - LZRS=T2 8 T22F % and in the previous papers in this series led us to pre-
=D = CYEEE T g E=SEE O : s L
oo RS S B ~ B o SEESEEE < £g.57 dict that 2-(4-methylpiperazino)isobutylguanidine sul-
o ~2 g%;gﬁ == o 88.£ fate (25) might show exceptional activity. As often
£ e E’m S8 o8 g= - = £ happens in medicinal chemistry our prediction proved
ZN rFN S 8 & g’_g:}}o o B % & wrong, since 25 failed to cause a prolapse at 30 mg/kg.
E) (i) (Es) [Zj [z] 2 §§ %'g =g gdz@é 3% We found in our previous work with dialkylamino-
& S o 5 2 & — k . - P . <7
(§ E/I\E/ § & L 3z §§§ ai g%é qéf*g alkylguanidines,® as well as in the benzylguanidine
= R B3
- N ™ ) mgﬁ'iégﬁs'agfa‘?‘
NN A A i N SRt Bog™ g e _g £ =4 (11) H. G. Schoepke, H. D. Brondyk, L. H. Wiemeler, and J. L. Schmidt,
s & g a"g E-E £ = g -% E’ Arch. Intern. Pharmacodyn., 188, 185 (1965).
SES5ESS 82 E 8% (12 1 H Shortand T. D. Darby, J. Med. Chem.. 10, 833 (1067).
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series, ' that one methyl group could be substituted on
a guanidine nitrogen (to give 1,3-disubstituted guani-
dines) without losing activity (¢f. 5 and 6), but in-
corporation of larger n-alkyl groups led to inactive com-
pounds. We were interested, therefore, in determining
il 1,3-disubstituted guanidines containing a dialkyl-
aminoalkyl group and a branched-chain alkyl group
such as a {-butyl or t-oetyl group would possess activity.
I'ive such compounds were prepared (18, 19, 22-24) and
were found to be uniformly inactive confirming once
again that monosubstituted guanidines are, in all eases,
superior to di- and polysubstituted ones.

Testing of the compounds by the oral route raises the
question whether a compound might fail to cause a
prolapse, not because it is intrinsically inactive, but be-
cause it is not absorbed.  The ratio of oral toxicity to
intraperitoneal toxicity gives an indication of the de-
gree of oral absorption.  We have not determined the
LD:'s of the compounds deseribed here, but routine
toxicity datu in mice ean give us an approximate oral-
intraperitoneal ratio.  For example, 1 eaused no deaths
(0/3) in mice at 50 mg/kg, 2/3 deaths at 75 mg kg,
and 373 at 100 mg/kg by the intraperitoneal route.
By the oral route no deaths (0/3) oceurred at 75 mg, kg
while 3/3 died at 100 mg. kg, These data give an oral-
intraperitoneal ratio of about 2:1, indicating that 1 is
well absorbed.  This ratio is not typical, however. None
of the other guanidines are as well absorbed.  For 2 the
ratio is about 10: 1 (intraperitoneal, 0.3, 30 mg/kg; 1.3,
S0 mg kg 373,75 mg ke, oral, 073, 300 mg/ke; 273,
500 mg/kg; 373, 750 mg/ke).  The remaining inactive
compounds all had oral-intraperitoneal toxicity ratios
between 5:1 and 10:1 except for 18 which had a ratio
of 20:1.

Ratios for the active compounds were comparable.
For 3, 5, and 7 the ratios were 5:1 or less.  Six active
compounds (6, 14-17, and 21) had ratios between 6:1
and 10:1. Compounds 9 and 13 had ratios of about
15:1, while our most active compound, 20, had a ratio
of about 20:1,

The above information indicates that all the guani-
dines in this series are absorbed to some extent follow-
ing oral administration, and that we are not likely to
have missed a very active compound because of lack of
absorption.

This work had led to the following conclusions: (1)
allyl substituents on C-1 or C-2 of simple alkylguani-
dines lead to active compounds; (2) methyl substituents
at C-1 of dialkylaminoalkylguanidines have little effect
on activity, while substituents at C-2 usually enhance
activity; (3) incorporation of a second substituent (I-
butyl or t~oetyl) gives inactive compounds.

Experimental Section'?

N-(¢-Butyl)-1-chloroformamidine Hydrochloride.—A solution
of 49 g (0.5 mole) of t-butylcyanamide in 500 ml of dry Et:O was
stirred as 400 ml of 109, ethereal HCl was added during 2 hr.
After standing overnight at room temperture a white solid was
collected. The yield was 78 g (9197), mp 114-117°. Recrystal-
lization from CHCI;-THF gave thick colorless prisms melting
at 115-117°, lit.** mp 110-113°.

(13) Melting points were determined in capillary tubes in a silicone oil bath
and are corrected. Where analyses are indicated only by symbols of the ele-
ments, analytical results for those elements are within £0.3% of the theu-
retical values.

i1} M. seefelder, German Patent 1,110,258 (Dec 14, 19613, Chem. Abstr.,
88, 11450 (1u62).

Jo L Suowr, C0 W, Ouns, axp Wl Rasus, Ji.
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3-(t-Butyl)-2-ethyl-2-thiopseudourea Hydrochloride.-~-A =u~-
pension of 83 g (0.5 mole) of N-(¢-butyl)-1-chloroformamidine
hydrochloride and 62 g (1.0 mole) of ethanethiol in 500 ml of
I,2-dimethoxyethane was heated under reflux for 8 hr. The
solution was chilled to obtain 66.2 g of white solid, mp 130-132%,
Concentrating and chilling the filtrate gave an additional 15 g
of product, total yield 81.2 g (839%). A recrystallized portion
(Me,CO) melted at 131-132°.  .inal. (CiHheN3-HC ¢ 11, N,

1-Chloro-N-(¢-octyl)formamidine Hydrochloride. - --Octyvi-
cevanamide (31 g, 0.2 mole) was allowed to react with HC! i
the manner described above for the t-butyl homolog.  The vield
of product was 40 g (88C5), mp 123-126°,  Anal. (Cyll1CIN.
HCH ¢, 1, N,

2-Methyl-3-({-octyl)-2-thiopseudourea Hydrochloride.—- A ~ux-
pension of 113.6 g (0.5 mole) of l-chloro-N-(t-octyl)formamidine
hydrochloride in 753 ml of 1,2-dimethoxyethane and 48 g (1.0
mole) of methanethiol was heated under veflux for 6 hr. The
solution was taken to dryness and the residue was dissolved in
200 ml of boiling acetone. The solution was chilled to obtain
64.6 g (5477 of white, glistening leaflets, mp 145-147°.  Re-
crvstallization from EtOH-Me,CO raised the melting point 1o
148.5-149°. Anal. (ClHuNS-1ICH C, I, N.

Preparation of Guanidines. Method A.—A solution of 0.1
mole of the amine and 14 g (0.05 mole) of 2-methyl-2-thio-
pseudourea sulfate in 25-50 ml of T1,0 was heated 1nder reflux
for 2-18 hr.  The =olution was taken to dryness and the residue
was crystallized from an appropriate solvent. In a few cases the
guanidine precipitated on chilling the reaction solution. Some
of the amines were not water soluble and sufficient IStOH was
added to form a solution.’® When 3-(/-butyl)-2-ethyl- and 3-(/-
octyl)-2-methyl-2-thiopseudonrea hydrochlorides were used, 0.05
mole of the psendourea was allowed to react ax above with an
equivalent amount of the amine in 100 ml of ~BuOH. The
guanidines are described in Table L.

The use of N-(t-butyD)-1-chloroformamidine hydrochloride, and
its 7-oetyl homolog, failed to give the guanidines when allowed
10 react with amines in the above manuner.

Method B.—~The amine hydrochloride (monoamines) (0.1
mole) or the free amine (diamines) was dissolved in 50 ml of
H.O0. To the diamine solutions was added 0.1 mole of HCT or
0.05 mole of H.S0,. A slight excess of cyanamide (0.11 mole) was
added. When {-butyvl- and {-octvleyanamides were used, enough
EtOH was added to form a solution. The reaction solution wias
placed in a silicone oil bath and the temperature was allowed o
rise to 180° during 1 hr as the solvent distilled, and then kept at
180° for 2 hr. The guanidines from the diamines were dissolved
in water, a second equivalent of acid (HCl or H,80,) was added,
and the solution was taken to dryness. The residue was crystal-
lized from an appropriate solvent. The guanidines are described
in Table [.

1-Hexamethylenimino-2-methyl-2-nitropropane.—A solution
of 99 g (1.0 mole) of hexamethylenimine and 119 g (1.0 mole) of
1-hydroxy-2-methyl-2-nitropropane in 500 ml of PhII wax heated
under reflux with a water separator until no further HsO xepa-
rated (43-72 hr). The solvent was removed and the residue was
distilled to render 180 g (909%) of colorless oil, bp 98-101° (1.5
mm), which solidified, mp 38-40°., A4nal. (CxHN:0:) C, i, N.

2-(Substituted amino)isobutyronitriles. Method C.—A solu-
tion of 1.0 mole of the amine and 1.0 mole of acetone eyano-
hydrin in 250 ml of dry PhH was heated under reflux until ne
more water collected in a water separator (about 18 hr). The
solvent was removed and the residue was distilled. The nitriles
are described in Table 11,

2-(Substituted amino)isobutyramides. Method D.—A =olu-
tion containing 3 ml of 90¢% HsSOy for each gram of nitrile was
heated on the steam bath for 0.5-2.0 hr. The solution was
poured onto ice and made basic with aqueous NIz The amide
was collected on a filter if it was a solid or taken up in CHCly,
dried, and distilled. The amides are described in Table 1.

Amines by Reductive Alkylation of Ketones. Method E.-- The
ketone was dissolved in ItOH (4 ml/g) and liquid NI was

(15) The use oi ethanol to take the water-insoluble amines into solution
does not appear 1o be essential.  Reaction of 2,2-diethyl-n-butylamine (0.03
mole) with 2-methyl-2-thiopsendourea (0.025 mole) sulfate takes place in
H,O (25 ml) to givea 7

7 vield of the expected guanidine even though the
reaction mixpure consists of two lavers at the start, A comparable yield
(399%) of the gnanidine was obtained when the reaction was effected in 807
EtOH (25 mld.  The reaction does not proceed satisfactorily in absolute
FtOI (25 mli because of the insolubility of 2-methyl-2-thiopseudourea sul-
fate in K1OHL  The more soluble hydrochloride salt, on the other hand, gives
satisfactory results in KtOH.#



November 1968

BuLky GUANIDINES AS BLOCKING AGENTS

1135

TaBLE II
NITRILES AND AMIDES
Mp or bp,
No. R °C (mm) nHp Method Yield, 7 Formula Analyses
T
RCCN
\
CH;
1 (CyH;)N 76-79 (28)e 1.4302 C 5T
2 HAN 82-84 (1) 1.4662 C 7 CpHN, C, H,N
g
3 CHJNQ 108-110 (1) C 40 C.HiN; c, 0
RC(CH;),CONH,
4 (C:H;)N 107-108 (7) 1.4600 D 78 CsHisN,O C, H, N
5 (CHIN 94.5-96¢ D 55 CioHaN 50 ¢ H,N
g
6 cm{\_}' 96-07 D4 60 CoHsN0 C, H, N

a R. A. Jacobson, J. Am. Chem. Soc., 67, 1996 (1945), reported bp 66-68° (14 mm) and n%®p 1.4312. ® The distillate solidified and
melted at 39-60° after being crystallized from Skellysolve B. ¢ The amide was crystallized from pentane. ¢ The acid solution was poured

slowly onto ice to avoid generation of too much heat which causes the amide to decompose.

Neutralization was effected with solid

K,CO; to keep the volume low because of the water solubility of the amide. It was taken up in CHCl; and evaporated, and the residue

was crystallized from Skellysolve B.

Tapie 111
AMINES
RNH,
No. R Bp, °C (mm) n®p Method Yield, 9, Formula Analyses
1 (CH;),CCH,CH, 115 (760)* 1.4095 F 66
2 (C:H;),CCH, 166-168 (760) 1.4391 b 65 CsHyoN C, H, N
3 C:H;C(CH;).CH, 106-108 (15) 1.5161 Fo 76 CipHyuN N
4 (C,H;),NCH,CH(CHj3) 152-154 (760)¢ 1.4275 E 69
3 (C.H;),NC(CH;)CH, 48-51 (7) 1.4440 Fd 50 CsHypN, C, H, N
176-178 (760)
~—~
6 (CH.2,NC(CH,).CH, 56-58 (0.3) 1.4792 F 83 CioHpN» C, H, N
7 (C/H-_/)\,f,NCH»CACH) 78-81 (6) 1.4660 Ee 81 CroHanN: C,H N
~— i o
8 CHQ‘\QNC(CHQ_,CH_, 58-59 (0.3) 1.4778 ¥/ 94 CyHaN, C H,N

@ A, P. Howe and H. B. Hass, Ind. Eng. Chem., 38, 251 (1946), reported bp 112.8-112.9° (745 mm), n%p 1.4122. The starting mate-
rial, 3,3-dimethyl-n-butyramide, was prepared according to the procedure of A, H. Homeyer, F. C. Whitmore, and V. H. Wellingford,
J. Am. Chem. Soc., 55, 4209 (1933). ® Triethylacetonitrile (Benzol Products Co.) was reduced with LiAlHy in the manner previously
described for other nitriles.’? ¢ L. Haskelberg, J. Am. Chem. Soc., 70, 2811 (1948), reported bp 154° (760 mm). ¢ The yield of amine
was 219, when the amide was reduced with LiAlH,. ¢ The amine was prepared by reduction of the corresponding nitro compound (Ex-
perimental Section) in the manner of method E except that liquid NH; was not added. / The trihydrochloride melts at 239-242°.
¢ The HCI salt melts at 200-202°, It was recrystallized from MeOH-Et,0. The starting material, a,a-dimethylphenylacetamide, was

obtained from Eli Lilly and Co.

added (same weight as the ketone). Raney Ni was added (20~
309 of the weight of amine), and the mixture was shaken in the
presence of H, (70.3 kg/cm?) at room temperature until the
theoretical amount of H, was absorbed (2-18 hr). The amines
are described in Table III.

Amines by Reduction of Amides with Diborane. Method F.—
The reduction was effected according to the procedure of Brown
and Heim!® except that the reaction mixture was heated under
reflux for 18 hr. The amines are described in Table III.

Action of LiAlH, on 2-Diethylaminoisobutyronitrile.—A solu-
tion of 63 g (0.45 mole) of the nitrile in Et,O (600 ml) was added
to a stirred solution of 30 g (0.79 mole) of LiAlH, in an ice bath
at such a rate that the temperature remained below 10°. The
reaction mixture was decomposed with NaOH solution. The
product was a colorless oil, bp 107-109° (760 mm), n%®p 1.4044.
The yield of diethylisopropylamine was 37 g (729%). Recorded
physical constants for diethylisopropylamine are bp 107.5°, n¥p
1.4047.%7

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 Rh-C as the catalyst.

(16) H. C. Brown and P. Heim, J. Am. Chem. Soc., 88, 3566 (1964).
(17} R. A. Robinson, J. Org. Chem., 16, 1911 (1951).

Diethylamino-{-butylamine.—The reaction of 43.8 g (0.6
mole) of EteNH with 21.3 g (0.3 mole) of 2,2-dimethylaziridine
in the presence of 60 g (0.45 mole) of anhydrous AlCl; in 100
ml of PhH was effected in the manner described by Coleman and
Callen!® for the reaction between Bu.NH and aziridine. The
vield of colorless oil, bp 155-156° (760 mm), n?Dp 1.4298, was
8.6 g (209%). It proved to be identical in all respects with the
material obtained by reduction of 1-diethylamino-2-methyl-2-
nitropropane.!? The absence of the isomer, 2-diethylaminoiso-
butylamine, was shown by tle.
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