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1,4,5,6-Tetrahydro-as-triazines.
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Varinmsty substitnted 1.4,5,6-tetrabydm-os-trinzines were prepared /o the tindensatinn nf g-nminantkyihy-

drizines with iminoesters and nrthnesters,
campunnds ix disenssed,

Previously, we reported! the results of an investiga-
tion of the synthesis of substituted 1,4,5,6-tetrahydro-
as-trinzines vt condensation of nitriles with hydrazino
alcohols  catalyzed by concentrated sulfuric  acid.
During this investigation we found that the condensa-
tion could be effected only if the hydrazino aleohol
possessed n hydroxyl group which yielded a relatively
<table carbonium 1on. This stringent requirement ax
to the types of hydrazino aleohols that could be ¢on-
densed with nitriles to give triazines liniited the scope
of thix =ynthetic method. Therefore, in order to
synthesize other structurally diverse types of triazines,
we =tudied the condensation of g-aminoalkylhydragzines
with a variety of iminoesters and orthoesters,  This
paper deseribes our study of these reactions which led
to the synthesis of new substituted 1,4,5,6-tetrahydro-
as-triazines, and it also reports the pharmacological
activity of these compounds.

The required g-aminoalkythydrazines were prepared
by treating either aziridine, N-ethylaziridine, or 2-
methykwzividine with o 10-mole excess of cither hy-
drazine or methylhydrazine i the presence of a eata-
Ivtic amount of ammonium ehlovide,  The large excess
of the hydrazine renctant was necessary to minimize
the formation of polymerie produets,  Also, slow, drop-
wixe addition of the aziridine to the rapidly stirred,
heated hydrazine reactant containing the ammonium
ehloride gave o gher vield of the g-=amimocethyihydea-
zine,

R R, NR.
' <N7 + R,NHNH, NH;CI :
‘ RNH NH,

R I

Ia, B, Ry, Ry = 11
b, R, Ry = H; Ry = CH,
e, W= H: Ry, R = CHj,
A, R = Gy Iy = I Re = CH,

The four g-aminoethythydrazines (Ia—d) were allowed
to react with either an iminoester hydrochloride or an
orthoester to give the desired substituted 1,4,5,6-
tetrahydro-as-triazines (II1).

R,C(OE), Rlj/\NR_.
1 + or — 2 |
OC-ZH;'. Rl\ /N
| hé
R,C=NHHCI R,
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The sampe nl these rearthms=and the pharmaentogieal metivity of the

The iminoester hydrechlorides were prepared using
the Pinner synthesis? which consists of condensing the
nitrile and the aleohol under anhydrous conditions n
the presence of HCI at 0-5°.  Ethanol was used m ali
cases.  However, both methyl and cthyl benzimidate
hydrochloride were prepared.  The iminoester hydro-
chlonides were not purtied and characterized.  They
were nsed as erude produets that were washed thor-
oughly with anhydrous ether wnd dried 70 cacin o1
ambient temperature,

The iminoester hvdrochlovides were condensed with
the g-aminoalkyihydrazines by slowly adding the 3-
aminoalkylhydrazine to a =tirred =olntion or suspension
of the iminoester hydvochloride in absolute ethanol
(method  A), chloroform  (method B), or methanol
(method () at ambient temperature and then heating
the stirred mixture <o that it refluxed for 6 hr. Method
I is the =ame as method B except that methyl imino-
exter hydrochloride was used instead of the ethyl iminoe-
ester hydrochloride. A =urvey of Table T which lists
the results obtained using these four methods with «
variety of iminoester hydrochlorides and the amino-
alkylhydrazines Ta-d indicates that (1) the yvield of
triazine varied considerably, (2) generally higher yields
were obtained with amnoalkylhydrazine Ib and lower
vields were obtained with aminoalkylhydrazine Ia,
(1) minoester hvdrochlondes of lower alkyvinitriles
(aceto- or propionitrile) or eyvanopyridines gave low
vields of triazines, and (1) the reaction proceeded
equally well i either ethanol, methanol. o chlovo-
form.  The facc that the condensation proceeds nx
well in chloroform as it does in ethanol or methanol
dieates that aleoholy=is of (he iminoester hydun-
chlonde to the orthoester i= not o necessary intermediate
step.

Three commeraally avalable orthoesters (frethyl
orthoformate, -acetate, and -propionate) were allowed
to reaet  with  the  variour  aminoalkylhydrazines.
Just as with the innnoester hydrochlovides, yields varied
considerably.  The  condensation  was  effected by
heating ut reflux for 20 hr either neat or i the presence
of o solvent, =uch as cthanol, chloroform, or ethyl
acetate.  Condensation of g-aminoethylhydrazine ond
triethyl orthoformate gave the unsubstituted 1,4,5,6-
tetrahydro-as-triazine,

We previously reported! the preferred position of the
double bond in thix heteroeyelic system to be between
N5 rather than between C;-N,. To farther sab-
=tantiate this assignment we compared the e <pecira
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SuBsTITUTED 1,4,5,6,~-TETRANYDRO-0S-TRIAZINES

Z -yHCl
\r Y

R,
Screen- Ilexobar- d-Amphet-
ing bital Hydroehloric  Maximal amine
dose, sleep aeid electric aggregation
ip (iin) or To s—————Caled, % ~—-—— .———— lound, % —— mng/kg  time writhing shiock toxicity
No. Rs R R R y myp, °C yield Metliod¢ C H N C H N ip test? teste test? test?
1 Celt, CH; 11 11 0 88-89 an R 68 .54 7.48  23.98 68.60 7.61 24.18 100 44hH/31 1/4 0/4 0/4
23 G
2 2,3,6-CLCILCIL, CH; H H 0 167-168 81 A 45.15 4.14  36.3>¢ 45.09 4.20  36.21¢ 100 139740 2/4,4/10  2./4,8/10 2/4,2/10
5 2,3,6-CLCILCH, CIt; CH; 1 0 161-163 S8 A 47.00 4.6 54.69¢  46.91 4.66  34.30¢ 100 88/41 2/4,1/10  4/4,4/10  0/4
4 2,6-CLCsH;CH. 11 Il 11 0 159-160 5 A 49.20 4.04  29.05¢ 49.20 4.73  29.06¢ 25 51/59  2/4,6/10  0/4 0/4
3 2,6-CLCI1;CI1, Cli; 1} I 0 128130 65 A 41,18 5.08 16.28 a1.52 4.02 16.05 H0 28/59 3/4,8/10 1/4 0/4
6  CeHs CIll; CH; H 0 1353-137(0.8) 49 T 69 .81 7.99 2220 (Y.66 7.97 22.01 100 60/32  2/4,6/10 0/4 1/4
7 2,6-CLCsl1,CH, CH; CH; 1 0 158-139 39 A 32.95 5.06 15.44  52.78 5.62  15.40 50 36/32  1/4 0/4 0/4
S 34,5-(CH;0):CsH, H 11 11 0 152-133 35 A 57.36 6.82  16.72 57.21 6.84 16.44 200 73/33  1/4 0/4 2/4,0/10
9 Cll, H H 0 0 S2-85(0.12) 16 A 48 .46 0.15  42.39  48.71 9.10  42.01 400 79/47  1/4 0/4 1/4
16 B
0 C
10 Cll, 11 TI TI 0 99-101(0.3) 380 D 03.07 980 37.14 52.58 10.01 36.60 400 62/47 0/4 0/4 2/4,3/10
8 B
0 A
i1 CIl, CII, 11 H 0 73-75(0.5) 11 A 33.07 980  37.14 A52.68 10,03 37.20 400 44/47 1/4 0/4 1/4
7B C
12 C.H, CH; 1l I 0 80-83 (0.7) 37 A 56.66  10.30  33.04  56.65 10.14  32.84 200 57/47 0/4 0/4 2/4,5/10
13 CIl Cl; CIl, 1 0 74-76 (0.7) 34 A 56.66  10.30  33.04 56.43 10,42 52.94 200 55/47  2/4,3/10  0/4 1/4
20 D
14 4-CICsH, H TI TI 0 156-137 39 A 57.28 H.77 20,04 57.5D 5.82 19.30 25 48/47 1/4 0/4 2/4,7/10
15 4-CICHCIl, CIl; 11 H 0 133-134 A 59.06 6.31  18.78  58.52 6.46 18.71 50 n6/47  2/4,3/10 1/4 4/4,10/10
16 3,4,5-(CT,0)Cell,  CH; CHy 11 0 148-149 47 A G0.20 7.08 1504 60.02 7.67  14.91 200 96/60  0/4 0/4 0/4
17 CgHs CH, 11 Colils 0 118-119(0.2) 40 A 70.90 8.43  20.67 70.72 8.50 2098 100 98/30  5/4,8/10 0/4 0/4
18 4-CICl 1,CH, CH; H LI, 0 6:3-64 14 A 62.02 7.21 14.08  62.48 7.70  14.10 25 109/30 1/4 0/4 0/4
19 3,4-ClCsH;OCH. CH, 11 H 0 83--85 16 A 48.19 4.77  25.86° 48.20 4.82  26.07¢ 100 133/39 4/4,7/10  3/4,6/10  3/4,0/10
20 3,4-CLCILOCITL, TI H H 1 223-224 dec 19 A 40 .49 4.08 35H.86- 40.73 4.27  35.67¢ 100 77/39  3/4,10/10 0/4 0/4
21 3,4-Cl.CeH:OCH, CH; CII; 11 1 181-183 dec 19 A 44 .39 4.96 32.76° 44.51 H.37  32.82¢ 100 >147/40 3/4,8/10 0/4 1/4
22 (CH,).NCII,CH, CH; H 0 113-1151.7 41 A 56.43  10.66  32.91 56.03  10.60 33.23 100 58/49  3/4,6/10  0/4 3/4,3/10

@ See Experimental Section. * See Pharmuacology. ¢ Writhing was indneed by intraperitoneal injection of 10 inl/kg of 0.19, HCL  The results are expressed as a ratio of the number of animals
not writhing over the number of animals (ested. ¢ The resnl(s are expressed ax a ratio of the mmber of animals protected fromn the tonie hind limb extensor phase of the seizure over the nmum-
ber of animals tested. ¢ Chlorine.
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of 15 and 18. The position of the double bond in 18
is unambiguons. It must be between No-Cy becaunse
Ni bears an cthyl substituent.  The nmr spectrnm of 18
showed the two ring CH.s groups at —2.79 (sharp)
and —3.33 ppm (sharp) and the spectrum of 15 showed
these groups at —2.64 (sharp) and —3.36 ppm (broad-
ened by NH).  The lack of significant shift change of
these ring CH, protons in the NH (15) and the NCyH;
compound (18) can be taken as pood =upport for assign-
ing the same donuble bond position to both campounds.

Results.— Table I shows the results of the pharmaco-
logical evaluation of the 22 as-triazines in this xeries,
Five (2, 17-19, 21) of the 22 compounds tested were
found to be potentiators of hesobarbital-induced sleep
(greater than threefold increase).  Compound 5 pro-
dueed a significant shortening of hexobarbital-induced
sleep.

Iight of the compounds (4-6, 17, 19-22) tested were
found to mhibit the writhing response indieed by HC
in mice. These eight compounds were subseguently
tested for antiinflammatory activity asing the carvra-
geen-induced rat paw edema test.* None of these
compounds exhibited signifieant antimflammatory ae-
tivity in this test (not shown).  One of them (4) was
alzo tested for analgetic activity i 2 maoditied hot plate
pracedure and wax found to be inactive (Tahle I1).
However, when administered simultancously with 2
mg/kg of morphine sulfate it wasx found to enhanee
the nnalgetic activity of marphine.

TasrLe I

Resulas or Movimen Hot Prate Tesy ax
Comporsn 4 oF Tasrr 1¢

~-=Reaction times of mice, sec~-~

Dose, 30 min - 60 1in

meg/kg Pre- after after

(‘ompdb s¢ emuwrol  Control  campd  compd

Caontrol (saline) o 40099 1E39 13012 1264

Morphine snifate 4 037.94 10,41 22,48 20.45

4 10 26.47 12.06 09,68 2.5

25 36,78 11.76 12.99 11.66

500 23,22 11 41 1198 10.25

Morphine snlfate 2 26,36 808 12,84 16.17

4+ 25 32.81 G.70 IN.S4 19.67
morphine sulfate 2

4+ 50 40,01 8.75 22,06 22,02

morphine sulfate 2

*xee Pharmacology  section.  * Componnd 4 nf Table 1 s 3-
(2,G-dichlorobenzyl-1-methyl- 1,4,5,6- tetvahydro-ns-triazine.

In the maximal clectroshock test only two com-
pounds (2, 19) showed significant activity. Both of
these compounds were also potentiators of hexobar-
bital sleep time.

Three compounds (12, 14, 15) decreased the toxicity
of d-amphetamine in the aggregated situation. It is
of interest that these compounds did not show signifi-
cant activity in any of the other screening procedures
employed. In control experiments with d-amphet-
amine itself only !/ of the animals survived the aggre-
gation procedure.

(3) A, Winter, T, N, Risley, aud G0 W, Nuss, roc, Sye. sptl. Biol.
Aed., 111, 534 (1962,
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Experimental Section

Pharmacology. Analgetic Tests. - Adult male mice (Cax;
weighing 1822 ¢ were nsed n these tests. In the bydrachlorne
acid writhing tests, the method of Eckhardt, of af.,7 was nsed, nnd
the mndified hot phae methad of Marshall, ¢f al." was nsed.
Maximal clecimshack =eizures were produced by the method of
Swinyard, ef ol 8

vy the hexoharbima sleep thne test, adnlt male mice were
Injected ntraperitaneally with the test compoind 30 min prior
ta injection af 1) mg/kg of hexobarbital, The time in miuntes
hetween njection uf the hexobarbital and the regain of 1he
righting reflex was taken ax the duration of <leeping time.  The
resnbixare oxpressal as o ratio of the treated gronp over 1he cam-
b granp,

In the d-nmphetamine aggregation toxicity test, female nl-
binn mee (19-23 gl of the Swiss=Webster strain (Iaboratary
Snpply Coo were nsed inall experiiments. The text componnds
were administered 30 mmin priar ia the injection of 20 mg/kg nf
d-amphetamine.  Tnnnedintely  after the adminisuation of -
amphetanine the mice were aggregated in gromps of Tonr fur
itinl =ereemng oy Iy graups of ten. 1o the relests {granps ol
tent the wire mesh cages for aggregation measnred 15 ¢ on earh
side.  The mmber of animals that died dnring 24 hr of aggre-
gotian was reenrded.  The resnlts are expressed as the nnmber
af animals snrviving over the immber of anhmals tested.

Chemistry.,  Melting points were determined in open eapillary
tuhes nsing the Thimas-tover Uni-NMelt and are nncorrected.
The clemental analyses were dane by Midwest Microlab., Tn-
Banapolis, Ind.

General Preparation of Aminoalkylhydrazines (Ia--d)--10 n
mwpidhy stirred, refinxing mixtare of 10 moles of the hyvdrazine
and g of NTLCLH was added, dropwise, over a perind of 4 by, 1
maole ul the aziridine camponnd.  After the addition was com-
pleted, the nuxtore was stivred and heated at refinx for 16 bhr,
Moxt of the exvess hydrazine eompound was removed by dis-
tillatian at atmosplieric pressnre nsing o 40-¢m Vigrenx colnmmn,

2-Aminoethylhydrazine (Ia) was nhtained in 7105, vield; hp

S-SUC IS T A2 305, 315, and 6.20 g pnr (500 in
CHCEY, =265 3 1) and =278 ppm (4 1),
1-(2-Aminoethyl-1-methylhydrazone (Ib) was obtained in
78 vield, bp 1Aa 161°. Aned. Caled faur C4H Ny G 40.42;
[h 1244 No47T. 40 Fonod: €, 39.73; M, 12.53; N, 4G.88,
1-(2-Aminopropyl)-1-methylhydrazine (Ie), was oblained in
3200 viehl, bp 41-34° (10 nuny Anal. Caled for CihaNae
C, 46.5G; W, 12700 N, 4070 Foond: €, 45.07; T 1267,
N, 3048,

1-t2-Ethylaminoethyl)-1-methythydrazine (Id), was obtained
in 837, vield, bp 103-103° (74 m). Anal. Caled for C3HNy:
C,ab240 T 12290 N, 34,860 Fond: ¢, 50,29 11, 12,58 N,
30,58,

General Procedure for the Preparation of Methyl and Ethy!l
Iminoester Hydrochlorides.-—A xtirred, cooled (5°) mixture af
(1.20 mole of the pbitrile, 0.26 mole of either methanol or ethanol,
and 100wl of anbydrans ether was sabirated with dry 1CL
After standing frr an additimal 3 hr o« 5% the mixture wos
comeentrated o abont one-hall the vriginal vobime onder a
stream af dry nitrogen.  The precipitated iminoester hydm-
chhnide wis vemaoved by snetion filtration, washed with anhy-
drans ether, and allowed to dirv in s vacomm desiceator. When
the iimineester hydrochloride sepornted as an oil, anhydrons ether
war added and the evaporation was rvepeated. Thiz nsually
consed the nib tovrystallize. When thixs failed erystallization was
ndored by serdebing with o glass rod nr allowing the il ta
<tand avernight at smbient temperatire in a vacmim desicentin,

Methods Used to Prepare the Compounds Listed in Table I.
Method A.--Ta a stirred mixture of 0.10 niole of ethyl iminao-
ester hyvdrochloride and 230 ml of absohite ethanol was added,
dropwise, over o perind of 0.4 hr, a schition of the g-aminocthyl-
hydrazine in At ml of absolnte ethanol. The mixtnre was
stirred and reflnxed for G hr, cancentrated in varwo, cooled, dibited
with 130 ml of ice water, acidified to approximately pH 2 with
TICL and washell ewice with 3D-ml portions of CHuCl, The

‘

oty 1L T Bekbardn, o Cheplovirz, M. Lipwo, and WO N, Goviee, /teoc.
av, Plrpit, BBiol, Med., 98, 186G 11158).
V31N AMarshall, W1 Jones, and L. CL Weaver, thid., 116, 912 (19611,
i 1N Swinvard, W O Drawn, nwed TS Gocddman, Jo Pbarmacat,
et Therap,. 106, 410 1149523
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washed acidie, agueous solution was 1made strongly basie with
cold aqueous NaOH and extracted CHCl;,. The washed (water)
and dried (MgSO,) chloroform solution was evaporated n vacuo,
and the residue was purified either by distillation or crystalliza-
tion,

Method B is identical with method A except that chloroform is
used as the reaction solvent instead of absolute ethanol.

Method C.—A mixture of 0.10 mole of orthoester, 0.10 mole of
B-aminoethylhydrazine, and 30 ml of ethyl acetate was refluxed
for 20 hr and then distilled 7n vacuo.

Method D is identical with method C except that CHCI; is
used as the reaction solvent instead of ethyl acetate.

Method E is the same as method C except that absolute ethanol
iz used as the reaction solvent instead of ethyl acetate.

Method F is the same as method B except that the methyl
iminoester hydrochloride is used iustead of the ethyl iminoester
hydrochloride.

(QUATERNARY NEUROUMUSCULAR BLOCKING AGENTS 231

Method G is the same as method F except (hat methanol is
used as the reaction solvent instead of CHCl,.

1,4,5,6-Tetrahydro-as-triazine.—A mixture of 30 g (0.40 mole)
of g-aminoethylhydrazine and 80 g (0.54 mole) of ethyl ortho-
formate was heated at reflux temperature for 24 hr and then
distilled, bp 98-100° (0.3 mm), yvield 209;. Anal. Caled for
C:H:Ns: C, 42.34; H, 8.29; N, 47.37. Found: C, 41.82; H,
8.57; N, 47.27.

1,4,5,6-Tetrahydro-as-triazine monopicrate was prepared in
ethanol aud after recrystallization from water; mp 136-138°.
Anal. Caled for CsHNeO:: C, 34.40; H, 3.21; N, 26.75.
Found: C, 34.61; H, 3.47; N, 26.95.

Acknowledgment.—The authors are grateful to
Dr. J. Heeschen of the Chemical Physics Laboratory
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Svnthesis of ¥il-labeled 1,10-bis(trimethylammoniun )-i-chloro-6-indo-3-decene dihalide has been accom-

plished by several different methods.

It is a stable depolarizing neuromnscular blocking agent.

Some related

unsaturated diquaternary amines of interest in structure—activity relationships were also prepared.

Stable depolarizing neuromuscular blocking agents
such as 1,10-bis(trimethylammonium)decane dihalide
[decamethonium (I)] characteristically produce a dual
block on isolated nerve-muscle preparations.® It has
been suggested! that the second phase of this biphasic
block is related to the penetration of the drug into the
skeletal musele fiber. This hypothesis can be studied
most conveniently by using labeled depolarizing drugs.

Decamethonium (I) labeled with N-methyl-1C
has been prepared.’ However, labeling with 3

(YCH3)sN *(CHa)ioN *(4CHa)s
I

would be advantageous, since y-emitting isotopes per-
mit easier and more accurate counting than is possible
with 8 emitters. Furthermore, the counting is simpli-
fied since no disintegration of the tissue or extraction

(1) (a) This work was supported in part by U, 8. Public Health Service
Grant B-738(C7). (b) Some of the results contained in the present report
liave been submitted by one of us (0. A. N.) in partial fulfillment of the re-
(uirements for the degree of M.Sc. in Pharmacology, University of California
at Los Angeles, 1961. (c) Presented in part at the American Pharmaco-
logical Society Meeting, Nashville, Tenn., Aug 1962. (d) D. B. Taylor and
0. A. Nedergaard, Pharmacologist, 4, 183 (1962).

(2) Investigation carried out during the tenure of U. 8. Public Health
Hervice Predoctoral Fellowship.

(3) (a) D. J. Jenden, K. Kamijo, and D. B. Taylor, J. Pharmacol. Ezxptl.
Therap., 108, 348 (1951); (b) D. J. Jenden, K. Kamijo, and D. B. Taylor,
ibid., 111, 229 (1954); (c) D. J. Jenden, ibid., 114, 398 (1955).

(4) (a) R. Creese, D, B. Taylor, and B. Tilton in *'Curare and Curare-like
Agents,”” D. Bovet, F. Bovet-Nitti, and G. B. Marini-Bettiolo, Ed., Elsevier
Publishing Co., Amsterdam, 1959, p 386; (b) R. Creese, D. B. Taylor, and B.
Tilton, J. Pharmacol. Exptl. Therap., 189, 8 (1963); (¢) D. B. Taylor,
Anesthesiology. 20, 439 (1859); (d) D. B. Taylor in **Curare and Curare-like
Agents,” A, V. 2 de Reuck, Iid., Ciha Ponndation Stndy Group No. 12,
Little, Brown and Co., Boston, Mass., 1962, p 21; (e) D. B. Taylor and O. A.
Nedergaard, Phystol. Rev., 46, 523 (1965).

(3) (a) P. G. Waser and U. Luthi, Nature, 178, 981 (1956); (1)) U. Liithi
und P. G. Waser, Arch, Intern. Pharmacodyn., 166, 319 (1960).

of the drug is necessary. Hence !#'I-labeled 1,10-
bis(2-iodoethyldimethylammonium)decane  dichloride
liodocholinium (II)] was synthesized**™® However,

BICH.CH, CH,CH,"
(CHj)2N *(CH2)N *(CHjy):
11

it is difficult to obtain pure iodocholinium by the
method employed; the product appears to be unstable
and a biphasic block is not observed consistently.
These difficulties have been overcome largely by the
synthesis of 1,10-bis(trimethylammonium)-5-chloro-6-
iodo-5-decene dihalide [TID-5'4 (I1I)].

(CH;)sN *(CH.),CI=CCI{CH. )N *(CHj);
ITI

Some unsaturated diquaternaries related to I, which
are of interest in structure—activity studies, have been
prepared also. These compouiids and some of the in-
termediaries can serve as a convenient starting material
for specific tritium labeling of neuromuseular blocking
agents.

Partial hydrogenation of 1,10-dichloro-5-decyne (IV)?
gave 1,10-dichloro-5-decene (V), which, when heated
with anhydrous trimethylamine, gave 1,10-bis(tri-
methylammonium)-5-decene dichloride (VI). Addi-
tion of iodine monochloride to VI in glacial acetic acid
or methanol-dimethylformamide failed to give the
expected 1,10-bis(trimethylammonium)-5-chloro-6-io-

(6) R. Creese, 12, I5. Taylor, and 3. Tilton, Science, 126, 494 (1057).
(7) D.L. Cram and N, L, Allinger, J. Am. Chem. Soc., T8, 2518 (1956).



