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Anal. Caled. for CiHuNO: C, 80.25: H, 8.60. Found:
C, 80.04; H, 8.58.

Adamantane-1-carboxaldehyde.—N-Methyl-N-phenyladaman-
tane-1-carboxamide (32 g., 0.082 mole) was dissolved in 100 ml.
of dry. redistilled tetrahydrofuran. The stirred solution was
maintained at 0-5° with an ice bath. A slurry of 1.03 g. (0.027
mole) of LiAlH, in 50 ml. of dry redistilled tetrahydrofuran was
added portionwise to the cooled, stirred solution through a cotton-
stoppered dropping funnel with a large bore. The mixture was
allowed to come to room temperature overnight with stirring.
It was cooled in ice and decomposed by the dropwise addition of
cold 6 ¥ HClL. The strongly acidic aqueous mixture was ex-
tracted with three 300 ml. portions of ether. The combined
ether extract was washed with water to remove acid and then
dried over MgS0s. An oil was obtained when the ether was
removed under reduced pressure. Unreduced anilide (4 g.)
was recovered from the oil when it was cooled inice. The remain-
ing oil was shown to be approximately a 509, mixture of anilide
and aldehyde by comparing the relative infrared absorption
intensities of the aldehvde and of the amide bands cbserved in the
oil.  Further attempts to separate the aldehyde from the anilide,
including distillation, were fruitless. The oily mixture was used
as such, yield 7 g. (presumably 3.5 g. of aldehyde, 26%,). The
aldehyde portion was characterized by converting it to 3-(ada-
mantane-1)- 6,7 - dichloro - 1,2,4 - benzothiadiazine - 1,1 - dioxide
(Table II).

1,2,4-Benzothiadiazine-1,1-dioxides (Table II). Method A.
R = H, CH;, C;H;.—The 2-aminobenzenesulfonamide (5 g.) was
heated on the steam bath with excess formic acid according to
the procedure of Park and Williams,” or with excess triethyl
crthoformate, orthoacetate or orthopropionate according to
Freeman and Wagner.®! The reaction mixture was added to
water or the excess reagent was distilled, and the resulting solid
was recrystallized from dilute aleohol.

Method B. R is Other than H, CH;, C;H;.—The 2-amino-
benzenesulfonamide (5 g.) was treated with an equal molar
amount of the mixed anhvdride of the appropriate carboxylic

(7) D. V. Park and R. T. Willlams, J. Chem. Soc.. 1760, (1950).
(8) J. H. Freenian and E. C. Wagner, J. Org. Chem., 16, 815 (1951).
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acid and trifluoroacetic acid, and the resulting 2-N-acylamino-~
benzenesulfonamides were cyclized in NHOH according to the
previously reported procedure.®

2,4-Dihydro-1,2,4-benzothiadiazine-1,1-dioxides (Table III).—
The 2-aminobenzenesulfonamide (5 g.) was treated with an equal
molar amount of the appropriate aldehvde in alcoholic-aqueous
HCI according to previously reported procedures.’ The prod-
ucts were recrystallized from dilute alcohol.

Pharmacology.—The compounds were tested in renal hyper-
tensive rats prepared by the procedure described by Kempf and
Page.’' Systolic blood pressure was determined by the micro-
phonic manometric method of Friedman and Freed.!* Follow-
ing the control blood pressure determination the compounds were
administered by mouth to groups of three rats. Blood pressure
readings were recorded hourly for 7 hr.

The results are reported in Tables IT and III as the average
percentage change in blood pressure from control over the 7 hr.
observation period. Each figure represents the mean change
in blood pressure for three animals resulting from an oral dose
of 20 mg./kg. From past experience in this laboratory with
known hypotensive agents a 597 blood pressure lowering is con-
sidered to be significant. Eight representative compounds from
Tables IT and III produced electrolyte retention in saline-loaded
female rats. There did not seem to be a relationship between the
intensity of electrolyte retention and this hypotensive activity.

Acknowledgments.—The biological activities of these
compounds were determined by Drs. P. W. Willard
and F. G. Henderson. The microanalyses were done
by Messrs. William L. Brown, Howard Hunter, George
Maciak, Alfred Brown, and David Cline.

(9) C. W. Whitehead, J. J. Traverso, F. J. Marshall. and D. E. Morrison,
ibid., 26, 2809 (1961).

(10) C. W, Whitehead, J. J. Traverso, H. R. Sullivan, and F. J. Marshall,
ibid.. 26, 2814 (1961).

(11) G. F. Kenipf and 1. H. Page, J. Lab. Clin. Med.. 27, 1192 (1942).

(12) M. Friedman and 8. C. Freed. Proc. Soc. Exp. Biol. Med.. 70, 670
(1949).

Sympathetic Nervous System Blocking Agents.

Derivatives

of Guanidine and Related Compounds!
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A series of 84 derivatives of guanidine, including 2-amino-2-imidazolines, 2-amino-1,4,5,6-tetrahydropyrin-

idines, nitroguanidines, and aniinoguanidines, has been prepared by standard methods.

These compounds

have been investigated for their ability to block the sympathetic nervous system, but without blocking the
parasympathetic nervous system. Pharmacology and structure-activity relationships are discussed.

In our Laboratories for a number of years we have
been interested in derivatives of guanidine both as
chemotherapeutic agents and for their effects on the
cardiovascular syvstem. In this paper we wish to re-
port our efforts to find an effective antihypertensive
agent in this series of compounds.

With the discovery of the potent antihypertensive
agent, guanethidine?? [2-(octahydro-1-azocinyl)-ethyl ]-
guanidine sulfate, we were prompted to reinvestigate
our series of compounds in comparison with guaneth-

(1) Portions of this work were presented before the Division of Medicinal
Ghemistry at the 141st National Meeting of tlie American Cheinical Socicty,
Washington, D.C., March, 1962,

(2) R. A, Maxwell, R. P. Mull, and A. J. Plumnwer, Ezpecientia, 18, 267
(1959).

(3) R. P. Mull, M. E. Egbert, aud M. R. Dapero, J. Org. Chem., 25, 1953
(1960).

idine, and to synthesize others which might show this
type of activity. Guanethidine differs from older anti-
hypertensive agents in that it blocks the effects of
stimulation of the sympathetic nervous system, as do
the ganglionic blocking agents, but does not at the
same time block the parasympathetic nervous system.
Since parasympathetic blockade causes undesirable
side effects such as constipation, dry mouth, urinary
retention, and impaired visual accommodation,
guanethidine maintains the advantages of the gangli-
onie bloeking agents without many of their disadvan-
tages.

Chemistry.—The guanidines described in Tables
III-VII were prepared by standard methods. Method
A is that of Rathke* and involves the reaction of a

(4) B. Ratlike, Ber., 14, 1774 (1881).
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—————Analyses, H——————————————

B.p., Press., Yield, Ewpirical Caled. IFound

No. Compound eC, . N “h formula « it N (@ 11 N

1. 4-Methyl-l-piperazine- L13-114" 13 93 CHLNG 3019 3008
acetonitrile®

2. 4-lithyl-1-piperazine 133-137 15 1.4722 7l CGeHpp N 62,71 0.87 27,43 62.66 .81 27 .37
acetonitrile®’

3. 3-Methyl-1-hexahydro- 73 1.0 1.4741 06 CiHNa 60,400 941 30,19 60,47 9,66 30.09
pyrimidineacetonitrile®

4. 4-Methyl-1-homopiperazine- 82--83 1.0 1.4809 88  CHiN, 2743 27,41
acetonitrile”

5. 4-Diethylaminoethyl-1- 178-182 2.0 1.4790 86  CuHuN, 64.24 1078 24 98 64.55 10.82 25 10
pipernzineacetonitrile® *

6. 4-Methyl-1-piperazine- 96-100 2,14 1.4747 88
propionitrile”

7. 4-Methyl-1-homopiperazine- 117-121 1.3 1.4827 81  CoHiN; 64.63 10.25 25.13 64.62 10.25 25.60
propionitrile’

8. 4-Dimethylaminobutyronitrile’ T4-767 10 1.4250 45

0. 5-Dimethylaminovaleronitrile 094-957 12 1.4310 67

1. (i-l)il1wthylaminocapronitrileh 101-103¢ 15 1.4370 6 CgHigNy 68.52 11.50 19.98 068.56 11.50 19.35

1. N-(Diethylaminoethyl)-N-ethyl- 104 8.0 1.4470 94 CoHuNy 6553 11.55 22,92 65.87 11.27 2310

aminoacetonitrily®

“ One male of the appropriate amine and 1 mole of glycolonitrile in 500 ml. of henzene were heated under reflux until the theoretical
amount of water was collected in a Dean-Stark separator.  The solvent was removed and the residue was distilled. ° M.p., 48-44°,
“ Prepured from the appropriate ainine and acrylonitrile according to the procedure of L. M. Rice and C. H. Grogan, J. Org. Chen., 20,
16933 (1955). ¢ Recorded physical constants (Rice and Grogan, ref. ¢) are: b.p. 68-72° (0.3 mn), n2®y 1.4744. € One mole of the
appropriate chloronitrile and 3 moles of dimethylamine in 300 ml. of ethanol was heated under reflux overnight. 7 The recorded b.p. is
44-47° (1.5 mm.), W. Huber, R. O. Clinton, W. Boehme, and M. Jackman, J. Am. Chem. Scc., 67, 1618 (1945). 7 The recorded b.}. ix
67-6%° (3.0 mmn.), J. M. Stewart, J. Am. Chem. Soc., 76, 3229 (1954). * Prepared by methylation of G-aminocapronitrile according to
the procedure of R. N. Icke, B. B. Wisegarver, and G. A. Alles, Org. Syn., Col. Vol. I11, p. 723, 7 The recorded b.p. is 94-96° (7.0
u), S, Patent 2,813,904, W. A. Lott and J. Krapcho (to Olin Mathieson Chemical Corp.), Nov. 19, 1957, Chem. Abstr., 52, 9107
(1958). 7 Preparation of l-ethylpiperazine was carried out in the saine inanuer as described in the kxperimental section for 1-(2-diethyt-
aminoethyl)-piperazine. The former has been described by W. S, Ide, E. Lorz, and R. Baltzly, J. Am. Chen. Soc., 77, 3142 (1055,
F Preparation of 1-(2-diethylaminoethyl)-piperazine is described in the Experimental section. ! After completion of the mannscript
for this paper, R. P. Mull, R. H. Mizzoni, M. R. Dapero, and M. k. Egbert, J. Med. Pharm. Chem., 5, 944 (1962), reported compounds 1,
2,4, and 5.

NH tage of by obtaining monoguanyl derivatives from dia-
(CHy ) NCH,CH, NH; + chsgNHfl/szSm miies containing a primary aud a secondary amino func-

tion. Examples of such diamines are 2-(2-aminoethyl)-
piperidine and 4-(2-aminoethyl)-piperidine. Proof of
structure of the guanidine from the former was obtained
by preparing it by catalytic veduetion of 1-[2-(2-pyridyl)-
ethyll-guanidine sulfate., An exception was noted with
3-aminomethylpiperidine. Even at rooin temperaturce
it reacted with 2-methyl-2-thiopseudourea sulfate to
give the diguauyl derivative. Diethylenetrianine,
wheu subjected to this procedure, reacted at both pri-
mary amino groups, but the secondary amino group did
not react.

Method A
l}’H
(CyHs) XCHgCHzNHéNHz ‘HyS0,

(G, NCHsCHyNH; + NCNH.
Method B

b =]
((;Hg)gN(CHz)aNzczi\‘Csz'I + HziVCHzCHzN(Csz)z —_—
Method C

&
(CH;)sN(CHz)sNH
>C=NCsz
(CzHr.)zNCHzCHzNH =
I.-HI

NH
CHy==N ]
T ON—CNHyHCl —>

{

(CH3)LN(CH, ) NH. + ‘
CH;

Method D
lI\I'H
(CH3):.N(CH,):NHCNH,-2HCI

2-methyl-2-thiopseudourea salt with a primary or sec-
ondary amine. In general the primary amines were more
reactive than the secondary amines. Many primary
amines underwent reaction at room temperature while
heating was usually required with the secondary amines,
Indeed this difference in reactivity could be taken advan-

The reaction of cyanamide or substituted cyanamides
with amines or ammonium salts (method B) was not,
in our hauds, a good general method for obtaining guan-
idines. Many guanidines readily prepared by method
A were not accessible by method B. We found, how-
ever, that t-carbinamines (z.e., derivatives of t-butyl-
amine) failed to react with 2-methyl-2-thiopseudourea
sulfate, but could be converted to the corresponding
cvanamides and then allowed to react with ammonium
salts to obtain the desired guanidines.® Again excep-
tions were noted. Menthanediamine, which contains
two t-carbinamine groups, did react with 2-methyl-2-
thiopseudourea sulfate to give the correspouding bis-

guanidine. Another exception was 2,24 6-tetramethyl-
piperidine  which readily formed 1-guanyl-2,24.6-

{3) The goanidines vbtained frown these hindered” amines were of spe-
cial juterest and ure still under study. They will be reported in a future
publication.
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AMINES®
Analyses, % —
M.p. or Press., Yield, Empirical Caled. —_ Found —
No. Compound b.p., °C. mm. nBp A formula C H N C H N
1. 1-(2-Aminoethyl)-4-methyl- 7677 6.0 1.4780 68
piperazine”
Trihydrochloride 242-244 CH;N3:3HCl 33.28 7.98 16.64 33.37 7.98 16.87
Secondary amine 140 0.8 1.4910 15 CuHaN; 62.41 11.60 26.00 62.85 11.67 25.51
2. 1-(2-Aminoethyl)-4-ethyl- 118 12.5 1.4780 63 CsHisN; 61.10 12.18 26.72 61.30 12.06 26.66
piperazine’
3. 1-(2-Aminoethyl)-3-methyl- 78 5.0 1.4821 30 CHuN; 58.70 11.96 29.34 58.55 11.96 29.30
hexahydropyrimidine’
4. 1-(2-Aminoethyl)-4-methyl- 86—88 4.1 1.4850 63  CsHiNs 61.10 12.18 26.72 60.73 11.87 27.21
homopiperazine®
Trihydrobromide 222-223 CsHisN3:3HBr 24.02  5.54 10.51 24.22 5.64 10.71
Secondary amine 158-162 0.6 1.4993 10 CyHgNs 64.60 11.86 23.54 64.37 11.67 23.23
5. 1-(2-Amincethyl)-4-(2-diethyl- 126-130 2.0 1.4819 34  CiHasN; 63.11 12.36 24.33 63.23 12.60 24.76
aminoethyl)-piperazine’
6. 1-(3-Aminopropyl)-4-methyl- 113 17 1.4796 81
piperazine®
Trihydrochloride 249-250 CegHioN3-3HCl  36.04 8.30 15.76 35.80 8.49 15.67
Secondary amine 172 0.9 1.4923 46°  CisHaNs 64.60 11.86 23.54 64.37 11.59 23.70
7. 1-(3-Aminopropyl)-4-methyl- 106-107 0.7 1.4860 76 CeHaN; 63.11 12.36 24.53 63.17 12.43 24.49
homopiperazine®
Trihydrobromide 147-148 CoHauN33HBr 26.11 5.84 10.15 25.89 5.92 10.12
Secondary Amine 198 0.4 1.4992 8  CisHieNs 66.41 12.08 21.52 66.34 12.30 21.66
8. N,N-Dimethyl-1,4-butane- 64 14 1.438 69
diamine®
Dihydrochloride 175.5-176 CeH 6N 2HCl  38.11 9.59 14.81 38.08 9.79 14.62
9. N,N-Dimethyl-1,5-pentane-  180-181 749 1.4403 78
diamine®
Dihydrochloride 158-159 C/H;gNo-2HCI  41.38  9.92 13.78 41.12 9.69 13.72
10. N.N-Dimethyl-1,6-hexane- ~ 108-109% 32  1.4423 80
diamine®
Dihydrochloride 142-143 CsHyN:2HCl 44,23 9.74 12.89 44.73 9.79 12.48
11. 1,1,4-Triethyldiethylene- 122-126 27 1.4528 70 CyHyNg 64.11 13.45 22.43 64.14 13.54 22.46

triamine’

¢ Amines 1, 6, 8, and 9 were prepared by catalytic hydiogenation of the appropriate nitrile and are described by M. Freifelder in

J. Am. Chem. Soc., 82, 2387 (1960).

107° (23 mm.), U. S. Patent 2,813,904; see Table I, footnote 7.

Amines 4, 7, and 10 were prepared by the same procedure.
ary amine was obtained, and those secondary amines not described by Freifelder are characterized here.
prepared by reduction of the appropriate nitrile with lithium aluminum hydride in diethyl ether.
suppress secondary amine formation in order to see how high a vield of secondary amine could be obtained.
¢ After completion of the manuscript for this paper, R. P. Mull, R. H.

In all cases a small amount of second-
> Amines 2, 3, 5, and 11 were
¢ In one run no ammonia was added to
4 The recorded b.p. is 103~

Mizzoni, M. R. Dapero, and M. E. Egbert, J. Med. Pharm. Chem., 5, 944 (1962), reported compounds 2, 4, and 5.

tetramethylpiperidine sulfate under the conditions of
method A.

The reaction of a disubstituted carbodiimide with
ammonia or an amine (method C) proved to be a
satisfactory way of obtaining guanidines. The limita-~
tion of this method is the lack of availability of appro-
priate carbodiimides.

Formation of guanidines from 3,5-dimethyl-1-guanyl-
pyrazole nitrate® and amines (method D) was found to
be a useful procedure. The hydrochloride salt of this
reagent was prepared and found to be as useful as the
nitrate salt. Method D, however, appeared to have
no great advantage over method A. For example, 1,1 -
7,7-tetraethyldiethylenetriamine could not be converted
to the desired guanidine by either method A or method
D.

Use of method A was not limited to 2-methyl-2-thio-
pseudourea salt itself. Substituted derivatives of it
could also be used to prepare guanidines. For ex-
ample, N-methylthiourea, N-n-butylthiourea, N,N’-
diethylthiourea, and N,N,N’-trimethylthiourea re-
acted with methyl iodide or dimethyl sulfate to form the

(6) A.F. 8. A. Habeeb, Biochem. Biophys. Acta, 34, 294 (1959); Can. J.
Biochem. Physiol., 88, 493 (1960).

corresponding S-methyl derivatives. They were then
allowed to react with amines in the usual manner to
obtain the expected guanidines.

A series of cyclie guanidines (I} was prepared for
comparison with their non-cyclic analogs. To obtain

——NH
(CH),  CNRR

I

the 2-amino-2-imidazoline derivatives (I, n = 2), ethyl-
enethiourea was converted to 2-methylthio-2-imidazo-
line hydrochloride and the latter allowed to react with
amines in the manner of method A. It was interesting
to note that this substance was more reactive toward
amines than 2-methyl-2-thiopsueodurea sulfate. For
example, both NN N'-triethylethylenediamineand 1,1 -
7,7-tetraethyldiethylenetriamine formed the appropriate
2-amino-2-imidazolines with the former, while many
unsuccessful attempts were made to obtain the gua-
nidines with the latter.

The tetrahydropyrimidines (I, n = 3) were prepared
in the same manner from 2-methylthio-1,4,5,6-tetra-
hydropyrimidine hydriodide.
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) H
Tapre IV
N-GUANYLUETEROCY CLES
NH
R CNH.
—_——Anulyses,
Cowpoultd M.op., Impirieal Calinl. Lo
Na. R Nali e Alethod formula [ n N & 1) N
18 Dyrrolidine 19 H N0, >3350 A CsHnNz 180, BT.02 Ta¢ hom 36,82 T U7
19 2,2,4,6-Tetramethylpiperidino 1,/21He804 197100 A CroHa N3+ 1/2Ha804 31.70 930 18.04 51.00 .88 18. 48
30 2,6G-Dimethylthiamorphiolinoe U804 240-242 A C:HisN38 - 1/9HaS0: 3T .81 7206 18.9) 37.80 7.0 1878
Al 2-Methyl-6-phenylmoruliolino 19 Ha504 268.5-270 A Cia N3O - 1/9Hi804 33,7 G766 1500 .44 .3 15. 86
a2 4-Morpliolinopiperidino 179H 804 279280 Al CroHaeN4O -1/ H0 45,0 8.10 214 15 8 N2 21,60
53 1-Piperidinopiperidine 2HC 204--295 ES CiiHag Ny - 2HC(CI .64 8 51 1D.78 46,35 & 40 2008
a4 4-(2-Pyrrolidinoethyl)-piperidinn 2HT 102-103.3 Ab CielluNg-2HI $0.01 390 1157 20,85 T 4 1200
hb) N-Plienylpiperazino HeSO, >300 A CreHye Ny He804 13.70 " 00 18.53 43,40 S.00 18,22
an N-Methylhomopiperazino 173 HaN 0y 274 A CrH N1/ Ha8 00 1043 8 3l 27020 10535 818 2700

“ The required amine, 2,6-dimethylthisinorpholine, was prepared according to the procedure of D, Huarman and W. I Vanghan, J.

Ane. Chem. Soc., 72, 632 (1950).

was prepared aceording (o the procedure of M. Freifelder and G. R.

In order to obtain the desired guanidine, the reactants were refluxed for 18 hr.

b The required amine

Stone, J. Org. Chen., 26, 3507 (19615, < 4-Piperidinopiperidine di-

hydrochloride was neutralized with sodium ¢arbonate, then refluxed for 18 hr. with 2-methyl-2-thiopseudauren sulfate.

Structure-Activity Relationships.—We found early in
our work that 1-(2-diethylaminoethyl)-guanidine sulfate
(Table TII, 2) had the desired activity. Variations in
this structure, however, led to deercased activity. The
next higher homolog, 1-(3-diethylaminopropyl)gua-
nidine sulfate (5), was less active, and 1-(4-diethylamino-
butyl)-guanidine sulfate (7) was inactive.

Replacing the diethylamiino group of (2) with di-
methylammino resulted in an inactive compound (1),
Homologous dimethylaminoalkylguanidines (4, 6, 8, and
9) were all inactive.  Activity was observed with 1-(2-
diisopropylaminoethyl)-guanidine sulfate (3), but it
was less active than the diethylamino homolog.

I a study of the effect of additional alkylsubstituents
on the guanidine portion of the nolecule, activity was
maintained, but uot increased, with 1-(2-diethylamino-
cthyl)-3-methylguanidine dihydriodide (12). Increas-
ing the size of the 3-alkyl group (14) or increasing the
number of alkyl groups (16-18) led to inactive com-
pounds,

It is interesting to note that, although (12) is active.
its isower, 1-(2-diethylaminoethyl)-1-methylguanidine
sulfate (13), is inactive. It appears that the nitrogen
of the gnanidine nueleus to which the side chain is at-
tached must alzo bear a hydrogen atom if the compound
is to be active. This could explain why none of the N-
guanylheterocyclic compounds (Table IV) is active.

Quaternization of the side chain amino group(19-21)
did not enhance activity. Compound 22, a guanidine
containing two basie side chains, one of which is quater-
nized, did show weak activity. The activity of the
latter appears to be due to ganglionic blockade and not
to the desired activity.

We next turned our attention to the effect of the
introduction of a second basic nitrogen into the side
chain. For this purpose the piperazine nucleus was
chosen, and 1-[2-(4-methylpiperazino)-ethyl]guanidine
trihydrochloride (23) proved to be one of our most
active compounds.  Two homologs, 1-[2-(4-ethyl-
piperazino)ethyl]-guanidine disulfate (24) and 1-[3-(4-
methylpiperazino)-propyl]-guanidine trihydrochloride
(26}, were both inactive, An isomer of (23), 1-[2-(3-
methylhexahydropyrimidino)-ethyl]-guanidine hydiio-
dide (27), was also inactive. Another homolog of 23,
1-]2-(4-methylhomopiperazino)-ethyl |-gnanidine disul-
fate (28), was active, but less so than 23,

A compound containing a third basie nitrogeu in the

side chain, 1-[2-(4-diethylaminoethylpiperazino)-cthyl |-
guanidine tetrahydrochloride (31), was inactive. No
activity was observed with 1-[2-(N-diethylaminoethyl-
N-ethylamino)-ethvl -guanidine  trihvdriodide  (10).
The latter is a ring-opened analog of 23,

When the dialkylamino portion of the side chain was
replaced with a pyridyl group. activity was noted with
1-[2-(4-pyridy])-ethyl]-guanidine sulfate (34). but not
with the isomer 1-[2-(2-pyridyl)-ethyl]-guanidine sulfate
(32).  The reverse held true with the corresponding
piperidine analogs. While 1-[2-(4-piperidyl)-ethvl]|-
enanidine sulfate (33) was inactive, 1-[2-(2-piperidy])-
ethyl]-guanidine sulfate (33) was weakly active.

[t was noted above that changing the ethyl gronps of
the active compound (2) to methyl groups resulted in
an inactive compound. 1u the piperazine series, the
reverse was true.  The N-methyl derivative (23) was
quite active while its cthyl homolog (24) was nactive,
This effect was also noted in the piperidine sevies.
1-(1-Methyl-2-piperidymethyl)-guanidine  sulfate  (36)
was active, but the ethyl homolog (37) failed to show
activity,

Among a seriex of miscellancous guanidines (39-47)
from monoamines, I-[2-(3 4-dimethoxyphenyl)-cthyl|-
guanidine snlfate (44) possessed weak activity while 1-
(2-chlorobenzyl)-guanidine sulfate (42) and I-(4-chloro-
benzyl)-guanidine sulfate (43) both showed a good level
of activity,

Only one active compound was found among a series
of N-guanylheterocveles (Table 1V).  This Turther
confirms the observation that guanidines from sccond-
ary amines are nsnally inactive. The exception was |-
gnanyl-2,2 4, 6-tetramethylpiperidine sulfate (49).  lis
activity, however, appears to be due to gangliouie block-
ade. That it is a ganglionic blocking agent is not sar-
prising since it is closely related to pempidine (1.2,2.6,6-
pentainethylpiperidiue), a clinically uscful ganglionic
blocking agent.?

No active compound was found among the bis-
guanidines listed in Table V. The cyeclic gnanidines are
given in Table VI, and the only member of this group
to show the desired activity was 2-(2-diethylamino-
ethylamino)-2-imidazoline dioxalate (62). The amino-
and nitroguanidines described in Table VII were imi-
formly inactive.

8) M. Mucington, I'. Kineaid-Sith, and M. D, MNihue. Lawect, 6 (1053
11y,
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TaBLE V
BIs-GUANIDINES
— -Analyses. %
M.p.. Empirical — Caled. — Found
No. Compound Salt °C. Method formula C H N C H N
NH
57 HN(CH:CH:NHCNHoy): Hl.80s 241-241.5 A CesH17N7- H2S0s 25.25 6.71 34.37 25.39 7.04 34.22
H;C NH
58 CH3N(CH.CH:CH:NCNHbs). H1S04 277-278 A CnHeiN7- HaS04 37.16 8.22 27.58 36.86 8.38 27.29
H;C: NH
59 C:HsN(CH:CH:NCNHz). H2804 160.5-161 A Ci2HzsN7- HoSO04 39.01 8.46 26,33 38.75 8.60 26.32
NH /CHzNHCNHu
1< ﬁ . o 1o s
60 HNCN NH H.S04 350-352 A CsH1sNs« H2804 32.42 6.81 28.36  32.50 7.05 28.51
NH CH; CH,
61 H.NCNHC— / NH H,804 242.5 A C1oHaeNs HeSO041/2H:0  39.87 8,09 23.25 40.11 8.06 23.41
1 N
CHs NHCNH:

¢ 3-Aminomethylpiperidine was prepared according to the procedure of M. Freifelder and G

. R. Stone, J. Org. Chem., 26,3807 (1961).
The required amine is menthanediamine.

o

TaBLe VI
Cycric GUANIDINES
NH
N
(CH;)» C—R
Y,
N
— Analyses, %
Compound M.p.. Empirical Caled. Found

No. R n Salt °C. Method® formula C H N C H N
62 (C:Hs):NCHCH:NH 2 (C2H204)2? 129-130¢ A CsHzN4- CaHaOs 42.85 6.64 15.38 42.92  6.94 15.35

LCAHAOA)Qd 167-168 CoH2 Ny CsHsOs 49.03 6.78 13.46 49.24 6.94 13.53
63 (CH3):N(CHq)sNH 2 (CAHAOA)Ed 160.5-162 A CsHisN4y» CsH3Os 47.75 6.51 13.92 47.69 6.59 13.79
64 (CH3)osN(CH,)sNH 2 (CaH404)2% 146147 A CioH22N4-CsHsOs 50.22 7.03 13.02  50.3+¢ 7.28 13.00
635 (C2Hs)eNCHCHN (CoHs) 2 (CeH:204)e? 160-160.5 A C1HasNs- CsH4Os 45.91 7.19 14.28  46.04 7.49 14.37
66 [(CeHs):NCHCHolosN 2 (CoH104)s? 145-147 Af CisHssNs- CsHesO12 45.57 7.10 12.65 45.73 6.92 12.71
67 Morpholino 2 HCl 211213 A C7Hi13N:0 - HCI 43.86 7.36 21.93 44.03 7.55 21.84
68 Morpholino 3 HI 119.5-120 A CsHisN30 - HI 32.33 5.43 32.17 5.32
69 (CeHz):NCH.CH:NH 3 2HI 148-148.5 A C1oH2N4-2HI 26.44 5.33 12.33 26.45 5.37 12.27
70 (CH3):N(CH2)sNH 3 2HI 135-136 A CsHoNs-2HI 24.56 5.04 12.73 24 .86 5.06 12.84

(CyH:04)2? 157-158 CyHzoNy - CiH4O0s 42.85 6.64 15.38 43.02 6.50 15.34
71  4-Methylpiperazinopropyl 3 (C4Ha04)3% 157-158 A C12Ho N5 C12H12012 49.05 6.34 11.92 48.91 G.54 11.78
72  (Ce:Hs)eNCH.CH.NH 4 HI 94~95 ! CnHaaNg - HI 38.83 7.40 16.47 38.68 7.60 1G.69

2 Compounds 62-67 were prepared from 2-methylthio-2-imidazoline hydrochloride (see Experimental), and compounds 68-71 were
prepared from 2-methylthio-1,4,5,6-tetrahydropyrimidine hydiiodide (A. F. McKay and W. G. Hatton, J. Am. Chem. Soc., 78, 1619
¢ Reactante refluxed in

(1956). ? C;H,0, is oxalic acid.
n-butyl alcohol overnight.

¢ Boiling point (free base), 160-175° (1.5 inm.).
7 Prepared from 2-diethylaminoethylamine and 2-nitroamino-1,3-diaza-2-cycloheptene (A. F. McKay a d

4 C,H,0, is fumaric acid.

G. F. Wright, J. Am. Chem. Soc., 70, 430 (1948).

TaBLE VII
NITRO- AND AMINO-GUANIDINES
NH
R'NHCNHR?
Analyses, % —
Compound M.p., Empirical Caled Found———
No. R! R? Salt °C. Method formula C H N C H N
73 (CH3):NCH:CH. NO: HC1 214.5~216.5 @ CsH13N502- HCL 28.40 6.67 33.10 28.19 6.75 32.97
74  (C:H;):NCH:CH: NOq 117-119 @ C7H17N50: 41.36 8.43 34.47 41.28 8.75 34.61
75 (CH3):N(CHoy)s NO: HC1 149.5-151.5 @ CsHisN5O2- HCI 31.93 7.16 31.05 31.69 7.05 30.8)
76  (CaHs)2N(CHo)s NO: HC1 128-130 a C1zH2z1Ns50:2- HC1  46.51 9.11 22.60 46.23 8.86 22.95
77 H N=C(CHs)C:Hs HNO3 143.5-145.5 b CsH12N¢- HNO3 31.42 6.85 36.62 31.656 6.92 36.67
78 H N=CHCsHs HNO; 159.5-161.5° b
79  HC NH. HI 120~-122¢ A
80  n-CiHs NH; HI 53~547 A¢
81 (CHj3)o:NCH,CH: NH. (CeH204)07 128-128.5 A?  CsHuisN3-CsHs0s  33.22 5.89 21.53 33.12 5.89 21.31
82 4-Methylhomopiperazino- NH, (CzH204)s? 110 A¢  CyoHuNs-CsHsO12 38.35 6.07 16.86 38.42 6.45 16.29
propyl R
83 (CaHs)zNCHzCHa NH. (CsHaO4)e* 134.5-135.5 A¢  (C7H19N;s-CsHsOs 44.43 6.71 17.27 44.35 7.06 17.10
84 7 H2804 270-270.5 A% Ci;HisNs- HaSO: 30.98 7.80 25.82 30.90 7.84 25.94
@ The nitroguanidines were prepared by ‘‘Procedure IT"’ described by A. F. McKay, J. 4m. Chem. Soc., 71, 1969 (1949). ? A suspen-

sion of aminoguanidine bicarbonate and the carbonyl compound was heated until solution was effected; nitric acid was added, and the
solution chilled to obtain the product. ¢ The recorded m.p. is 156-158°, F. L. Scott, D. G. O’'Donovan, and J. Reilly, tbid., 75, 4054
(1953). ¢ The recorded m.p. is 121-122°, G. W. Kirsten and G. B. L. Smith, ibid., 58, 801 (1936). ¢ Prepared from the appropriate
amine and 2-methyl-2-thioisosemicarbazide hydriodide, M. Freund and T. Paradies, Ber., 34, 3114 (1901). 7 The recorded n1.p. is 51-
52°. For reference, see footnote d. ¢ C;H:0; is oxalic acid. * Prepared from 2-methyl-2-thiopseudourea sulfate and diethylamino-
ethylhydrazine. Synthesisof the latter is described in the Experimental. ¢ C,H.0, is fumaric acid. ¢ Compound is 1-amino-1-(2-di-
ethylaminoethyl)-guanidine sulfate.
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TasLe VIII
CoMPARATIVE PHARMACOLOGIGAL ACTIVITY
Comparative
No.* Dosge, we. ke Duration. lir. activity®

2 15 A8 90
30 G0

5} 15 7 10
30 b}

B 1) 48 60
30 48

12 15 32 40
30 48

2" 15 0 L
30 A

22" 15 5 15
3 S

23 15 48 100
30 06

28 15 30 40
30 48

33 15 0 15
30 46

34 15 0 15
30 48

306 15 h 20
30 32

42 15 22 30
30 48

43 15 26 40
30 48

44 15 a i
30 3

49+ 15 24 30
30 32

62 15 (e 40
30 ¥

% The munbers in this coluimn refer to the compounds in Tables
IT1I-VI. ? The activity of this compound appeuars to be due to
ganglionic blockade. ¢ For explanation, see section on Phar-
macology.

Experimental®

3,5-Dimethyl-1-guanylpyrazole Hydrochloride.—To u reflux-
ing solution of 240.3 g. (2.4 moles) of acetylacetone in 336 ml. of
505, aqueous ethanol was added, in smull portious, 132.6 g.
(1.2 moles) of aminoguanidine hydrochloride.  After the addition
liad been completed, refluxing was continued for 2 ir.  The solu-
tion was allowed to stand overnight and then was diluted with
cther, cauging a yellow oil to precipitate. The ail slowly solidi-
fied to give 86.1 g. (40.5¢() of white, slightly hygroscopic solid
melting at 136.5-138°.

Anal. Caled. for CeH p Ny HCL: €, 41.26;
¢, 41.14; H, 6.55.

1-Ethyl-2-piperidylmethylamine.—A mixture of 24 g. (0.085
mole) of 2-pyridinealdoxime ethiodide,® 200 ml. of 2-methoxy-
ethanol, 75 ml. of water, and 4.5 g. of 5 rhodium on alumina was
hydrogenated at room temiperature and 2.8 kg./em.? The
catalyst was filtered and the solution was stripped.  The resid-
ual oil was dissolved in 50 ml. of water, made alkaling with 50¢;
sodimn hydroxide solution, and extracted with three 100 wml.
portions of benzene.  The benzene was dried over Drierite.
After removing the dryving agent and solvent, the residue was
subjected to vacuwm distillation.  The material boiling at 104-
120° (225 mmu.) was colleeted and redistilled to obtain 3.6 g. (3047}
of eolorless oil, which boiled at TO-89° (15 nun.), n2n 1.4760.

An attempt to carry out the hydrogenation in acctic acid over
platinum catalyst failed.

Anal. Caled. for CuHisN»: G, 67.55;
Faund: G, 67.44; H, 13.15; N, 19.48,

1-Methyl-2-piperidylmethylamine.-—This compound was pre-
pared in the same manner as was its ethyl homolog.  The yield

11, 6.35. Fomd:

H, 12.76; N, 10.70.

(9) Melting points are eorrected.
(10) 1. 3. Poziowek, 3. E. Hackles, Jr.,
Clem., 23, 714 (14998).

and G, M. Steynherg. J. Org.

J. H. Suorr. . BiErMAcHER, D. A. DunNIgan, aNp 1. D. Letu

Vol. &

of colorless Honid, b.p. 83-80° (22 mn. ), n®p 14724, was 3.2 g
13000

Adnal. Caled. Tor CiHieNa: CL 6557 H,
Found: C64.96; H. 12,10, N, 2255,

1-Carbethoxy-4-{2-diethylaminoethyl -piperazine.-—A solution
of 84 g. (0.5 moles of 2-diethylaminoethyl ehloride hvdrochloride,
70 (05 moles of -earhethoxypiperazine, and 83 g. (0.5 mole ) of
sodimn earbonate i 1.0 1 of 507, cthanol was heated under re-
flux overnight. The solntion was stripped and the residue was
extracted with benzene. The benzene was filtered and the fil-
trate was stripped. Distillation of the residue gnve T1.5 g {50
of colarless ail, b.p. 1741762 (15 mmn. ), n%p 1.4712,

Arval, Caled, far Cy s N0 CL 60,66, H, 1057
Found: €, 60.87; 1, 10.50; N, 16.53.

1-12-Diethylaminoethyl;-piperazine.—A salution of 41.5 g,
0.2 mole) af eearbethoxy-4-(2-diethylaminoethyl)-piperazine
in 180 ml. o coned. bydroehlorie aeid diluted with 120 ml. of
waler was heated ander reflux for 24 hee The solution was
stripped, and the vesidue was treated with liquid annnonia. After
the apmionia had evaporated, Che residue was triturated with
cthier. The inorganie material was separated by filtration: (he
other was evaporated, and the residue was distilled to obtain 30.5
2. (66 ) of eolurless oil, . 122-126° (13 mn.), n%n 1.4760.

A\ pierate waw prepared and recryvstallized twice from acetbne,
mp. 222050

Anal. Caled. for Cal1aNoOQs o C, 38530 L G170 N, 1D.26.
Found: 3879 1, 3.08; N, 19.42,

2-Methyl-2'-phenyldiethanolamine.--"To a stirred mixture of
360 g. (3 molest of styrene oxide and 12 ml. of water was added
rapwise 405 g0 4 budesy of T-amino-2-propanal. During the
addition the temperature was maintained at abont 30° by means
of ancdee bath, Upon removal of the iee bath the temperature
rose rapidly Lo 145°0 After the exothermie reaction had censed,
the reactiom mixture wag heated on the steam bath for 1 hr.,
allowed (o stand overnight at room temperature. and then dis-
tilled (a obtain 434 g (74900 af pale vellow, viscous oil, b.p. 169~
172° L1 none e n%n 1.5386.

dual. Caled, Tor CuHENO
Found: C,67.91; L, 8.61; N, T.34.

2-Methyl-6-phenylmorpholine.—To 1.0 1. of 7097 sulfuric acid
was added dropwise, wich stirring, 434 g. (2.22 mole) of 2- methyl-
2 phenyldiethanolamine.  During the addition the tempera-
ture was maintained at 19-20°. The mixture was then heated
for 4 hiro on the steam bath and allowed to stand overnight at
roam (emperature. 1t was poured on to eracked ice and made
alkaline with 10° ¢ sodiun hydroxide solution.  An il sepa-
rated, was taken up in benzene, and dried over magnesium sul-
fate. After removal of solvent and drying agent, distillation gave
a colorless oil, whieh bailed at 132-134° (9.0 mm), n¥%n 1.5344.
The vield was 261 g. (677 ).

ol Caled. for CyHENOD C
Iound: €, 7146; H, 825 N, 801

A hydrochloride =alt was prepared and after two reerystalliza-
tions from methanol weetone melted at 155--154°,

At Caled. for (L I1NOCHCL: €, 61,82 H, 7.55; N, 6.506.
Iaand: C, 6199 17000 N, 6.57.

2-Diethylaminoethylhydrazine and 1,1-Bis(2-diethylamino-
ethyl;-hydrazine.-A salution of 48 ¢. (1.5 mole) of 959 hydra-
zine in 250 wl. «f cihanol was heated under reflux while 68 g.
1.5 mole) of diethylaminocethyl ehloride was added.  Refluxing
was cantinued far 4 o Most bf the aleohol was removed under
reduced pressure, aml a golution of 33 g of 83%% potassium
hyvdroxide dissolved in the mininnnn volume af ethanol was
added.  The salid whieh formed was filtered and washed with
etlupgad, Tl filtrate was diluted with ether and the solid whiel,
formed was renoved. The filtrate was stripped and the residue was
distilled to obtain 32 g (4000) of 2-diethylamincethylhydrazine
which Dboiled ar 69-71° (7.0 mm.), n®n 1.4570. Recorded”
physical constants are:  b.p. 76-77° (9.0 mn), n*2p 14590,
A seeond prodnet, hailing at 125-127° (7.0 nun.), n%n 1.4585,
was obtained in 133 g, vield.

Anoel. (.:11(’(1. far (,)-_-l 5;)N;: (., 2.6
Found: (, 62.84; 11, 12.82; N, 25.08.

The higher boiling material differed from 1,2-bis(2-diethylamino-
cthyh-hydrazine, prepared nccording to a known procedure.!?
1e is presumed to be o 1 1-hig(2-diethylaminoethyhydrazine.

12,58 N 2185,

NG,

67.66; H. 879 N, 7.7

“hads HLo8.030 N, 700,

H, 13.04; N, 24.34.

(1 AL Ehvaiher, I dacker, AL Lindennaun, 1 Rissi. R. Steiner, R, Siiess,
and A, Vogol, Helv, Cioom, Acta, 42, 540 (1959).

a1 J.H Liel, Y1 Drakker, and T, F. Mitchell, Jr. J, Awe Chene, Soe
82, 2U0H (106a),
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2-Methylthio-2-imidazoline Hydrochloride. —A mixture of
209.5 g. (2.05 moles) of ethylenethiourea, 120 ml. (2.36 moles)
of methyl chloride, and 250 ml. of methanol was heated in a
stainless steel bomb at 100° for 3 hr. The reaction mixture was
filtered to obtain 196 g. of material melting at 166-169°. The
filtrate was diluted with ether to obtain an additional 92.5 g.
of product, m.p. 161-166°. Total yield was 288.5 g. (929%).

Anal. Caled. for CiH4CIN,S: C, 31.47; H, 5.94; N, 18.35.
Found: C, 31.29; H, 6.05; N, 18.11.

Preparation of Guanidines.—The following are generalized
procedures.

Method A.‘—Equiniolar aniounts of the amine and 2-methyl-2-
thiopseudourea sulfate in water, or the amine and 2-methyl-2-
thiopseudourea hydriodide!? in ethanol, were heated under re-
flux for 2 hr. or allowed to stand at room temperature overnight.
In most cases one equivalent of acid was added: the solution
was stripped, and the solid was recrystallized from an appropri-
ate solvent.

Method B.—Equimolar amounts of the amine and cyanamide
in water were heated under reflux for 6 hr. Acid was added
and the solution was worked up in the manner described for
method A.

Method C.—The method is essentially that of Raiford and
Daddow.'* When the reaction was run in benzene, however, it
was heated under reflux for 30 hr. If the amine was low boiling,
the reaction was carried out in a bomb and an excess of the amine
was used as the solvent.

(13) A. Lespagnol, E. Cuingnet, and M. Debaert, Bull. Soc. Chim. France,
387 (1960).

(14) L. C. Raiford and W. T. Daddow, J. 4Am. Chem. Soc., 83, 1552
(1931).
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Method D.—The procedure was based on the one described by
Scott, O'Donovan, and Reilly,* using ethanol as the solvent.

1-[2-(2-Piperidyl)-ethyl]guanidine Sulfate.—A solution of
20.4 g. (0.078 mole) of 1-[2-(2-pyridyl)-ethyl]-guanidine sulfate
(Table III, 32) in 150 ml. of water was hydrogenated over 5%,
rhodium on alumina at 2.8 kg./cm.* Uptake was complete in 3
hr. The catalyst was removed and the solution was taken to
dryness. The residue was recrystallized from aqueous ethanol
to give 20.7 g. (88%,) of white, crystalline solid (Table III, 33).
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Studies on Methylglyoxal Bis(guanylhydrazone)' Analogs.
I. Homologs of Methylglyoxal Bis(guanylhydrazone):
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Investigation of different methods leading to the synthesis of alkylglyoxals was conducted. The method used

in the preparation of ethylglvoxal via 2-butyne-1,4-diol is of only limited applicability.
reagents with dialkoxyacetylpiperidine provides the most convenient route to alkylglyoxals.

The reaction of Grignard
The procedure

utilizing ethyl diethoxyacetoacetate gives substituted glyoxals in relatively good yield. Use of dichloromethyl

alkyl ketones as precursors is limited because of the poor yields of the dichloroketones.

The preparation of all

the theoretically possible methylated aminoguanidines bearing a free N-amino group has been studied. Con-
densation of these substituted aminoguanidines with methylglyoxal, together with the condensation of amino-
guanidine with alkyl glvoxals, furnish all the necessary compounds for the phase I (homologs) study in the

methylglyoxal bis(guanylhydrazone) series.

A recent report indicated that methylglyoxal bis-
(guanylhydrazone)! (I). prepared by Freedlander and
French,® produced the first significant remissions in

CH;—C=NNHC(=NH)NH,
HC=NNHC(=NH)NH,

adult acute myelocytic leukemia.* This drug, how-
ever, 13 quite toxic.> These facts necessitated a system-
atic synthesis and investigation of compounds related
to I in an attempt to prepare derivatives with better

(1) The “‘Chemical Abstracts' name for this comnpound is 1.1'-{(methyl)-
ethanediylidenedinitrilo|diguanidine.

(2) This investigation was supported by the Cancer Chemotherapy Na-
tional Service Center, National Cancer Institute of the National Institutes
of Health, Public Health Service Contract SA-43-ph-3025.

{3) B. L. Freedlander and F. A. French, Cancer Research, 18, 360 (1958).

(4) F. Freireich and E. Frei. 1II, Proc. Am. Assoc. Cancer Res.. 8, 319
(1962).

(5) (a) W. Regelson. O. Selawry. and J. F. Holland, Proc. Am. Assoc.
Cancer Res., 8, 352 (1962): (b) M. E. Tidball and D. P. Rall. ibid.. 3, 367
(1862).

therapeutic indices. Studies on the synthesis of various
compounds related to I have thus been undertaken.

The synthesis of the homologs of 1 can be divided
into two areas: (1) homologs of the methylglyoxal
moiety, and (2) homologs of the guanylhydrazone
moiety.

Area 1—Homologs of the Methylglyoxal Moiety.—
This area includes compounds in which the hydrogen
atom(s) of the methyl group in I is (are) replaced by an
alkyl group(s)

RiR:R;C—C=NNHC(=XNH)NH,

HC=NNHC(=NH)NH,
I1. R, = CH:;, R?, R3 =H
III. Rl, Rz = CH;;, R3 =
I,V' Rl, Rz, Ra = CH3

V. R1 = CHa(CHz)z, Rz, R3 =H
VI. R, = CHs(CHs);; Ry, Rs = H
‘711 Rl = CHa(CHz)A, Rz, R3 =H
VIII. R1 = CHg(CHz)M; Rz, R3 =H

Although selenium dioxide is an outstanding agent



