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washed acidic, aqueons solution was made strongly basic with
cold aqueous NaOH and extracted CHCl;,. The washed (water)
and dried (MgSQ,) 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 ix
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 50 ml of ethy! acetate was refluxed
for 20 hr and then distilled ¢n vacuo.

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

Method E is the same as method C except that absolute ethanol
i 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 instead of the ethyl iminoester
hydrochloride.
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Method G is the same as method F except that methanol is
used as the reaction solvent instead of CHCl,.

1,4,5,6-Tetrahydroe-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), yield 209;. Anal. Caled for
CsH: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 iu
ethanol and after recrystallization from water; mp 136-138°.
Anal. Caled for C:HNgO:: C, 34.40; H, 3.21; N, 26.75.
Fonnd: C, 34.61; H, 3.47; N, 26.95.
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Svnthesis of ¥-labeled 1,10-bis(trimethylammoninm )-3-chloro-6-indo-3-decene dihalide has been accom-

plished by several different methods.

It is a stable depolarizing nenromuscular blocking agent.

Some related

nusaturated diguaternary amines of interest in structire-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 muscle fiber. This hypothesis can be studied
most conveniently by using labeled depolarizing drugs.

Decamethonium (I) labeled with N-methyl-4C
has been prepared.® However, labeling with 31

(14CH3 )‘;N +(CH2)10N +(“CH3)3
I

would be advantageous, since y-emitting 1sotopes 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
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of the drug is necessary. Hence !'*'I-labeled 1,10-

bis(2-iodoethyldimethylammonium)decane  dichloride
liodocholinium (II)] was synthesized**™® However,
1TCH.CH. CH,CH,!3]
(CHy)N *(CH N *(CHay)z
II

it is difficult to obtain pure iodocholinium by the
method emploved; 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-3'4 (ITI)].

(CH3);N F(CH)CI=CCI(CH )N *(CH;);
III

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

Partial hydrogenation of 1,10-dichloro-3-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-6-1o-

16) R. Creese, 1), I3, Taylor, and B. Tilton, Science, 125, 494 (1957).
{7) D. L. Craln and N, L, Allinger, J. Am. Chem. Soc., 78, 2518 11956).
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RCH==CHE —— RCLHCHIR

Ot
R o= 1CHaaN ~(CHyye N
B = Cll or OCCH,

dodeenne dichloride (VID), presumably bhecause =ide
reicetions of the follawing type took place.

The synthesis ot VIT using evt =alvents was not
pursiied. It was recognized that IIT would be a
mare stable campound than VII, beenuse the presence
af a double band at the 5,6 pasitians in the decamethyl-
cue cham would canfer added stabihity ta the molecule.

1,10-Bis(trimethylammonun)-d-chloro- 6-10do-5-
decene dichloride (ITT) was prepared by twa different
procedures. sty jodme manachlande was added
to aither IV ar 1,10-dnodo-3-deevne (VIT) 1o give ti-
iodo-1,5.10-trichlaro-d-decene (IN) and 6-chlaro-1,3,10-
trioda-d-decene (X)), respeetively. Compounds  IX
in DAMEP and X 1w methanal were then converted to
111 by treatment  with  trimethylunine,  Sccondly.
1. 10-bix(trimethybunmonnun)-i-deevne  dihabde (N1
wis abtamed by treating either IV or VIIT with ti-
methylamine,  lodine monachlande was added to the
chlaride salt of XTI to give ITT. The suspen=ion af XI
i acetonitrle mamentarily heesime clear when wdine
monochloride was ndded, which presuimably canld be
related to the hmtial formation of a polyhalogen coni-
plex® which would be very soluble i necetonitrile.

Campound III labeled with "1 was prepared by
bothi procedures. Using the second method, excess
1odine manochloride was removed with divinyl ether,
sinee uxe of aqueous odium thiosulfate =olution would
cottuminate 11

The stability of IIT 1 physiologienl sale =olution?
wis examined,  The resulis obtaned indieate that TI1
ix xtnble nnder the conditions ciploved and henee the
detected  radionetivity  should  represent salely 111,
However, the passibility that T may he metabolized
in the body, ™ e g, by travsmethyivion, cannot be
overlooked.,

I'ar comparative studies 1.10-bis(trimethylannnon-
tun)-n-decevne ditodide (XIT) and 1,10-bis(tri-n-propyl-
ammoniun)-=H-deeyne diiodide (XTI were prepaved by
treating VIID with the appropriate tertinry amines.

Experimental Section

General.-- Melting points were derenuined with a Koller miero
hot stage.  The melting point= and boiliug poiuts are nucorvected.
Microanalyses were done by Berkeley Aunlytieal Labortory,
Berkeley, Calif., and Clark Micromuedytienl Lanboratory, Grbaua,
HL Dowex 1-X10 anion-exclimnge resin Vtotal eapacity: 18
meqniv/wet g) ia the ehloride form was ased.

jtiI]Iodine Monochloride. A.- -Cinvier-free tless dun 111
mg/mb) clewental T in nitromethune (5 nl, toral aetivity 10
menries) was obtuined from Tracerlab, Tue, To thix <ohnion was
added 1CPT (48 g, 0530 minole) in ninrometlne (1 mib).

B.~-A <olntion of elemental 1311, 164 mg, 1.25 wanole) in CCL
(10 ml, total activity 15 menes) was prepared.  Chlorine was
bubbled throngh CCly (100 ml) for | hr, diluted 1:10 with CCl,,

@81 AL 1. Popoy and N. N xkelly, J. Chew Nov., 76, 3309 11954).

i) The conceniration of ions I waler expressed in mmoles/]. ix: Na
14420 X0 500 Ca2®, 1 Mgt 0,61 C1 012700 HCO: -, 25.0; =0.
0.61; and glacose, 11.1.

10v (a) C. Manni, G. Moricea. B, Giovanella, and P, Mazzoni, A#r Sov.
Tl Asnestesiningid, Conygre XNzl NT70 Tenerin, 22380 210 5 14B4 ¢ s G
Gwranellg, O dlanni, 120 Mazzong, and G, Morrween, /0 Ogn. Apaesthesises
S 8, B8 (1961 (et PGl Waser, rof 4, 1 322,

110 1. Cornoz amd R\ Karges (i U lnovganie Syntheses,"" 110 50 Dyorh,
s, MeCoans 1 Book Coo, ITne, New York, NoOYL T830, 1 165,

Val. 10

atad Tieaded, Chlovine 18 g, 0225 msle) in CCL VG wly was
added o he 4 solation to form M CH S ref 121

1,10-Dichloro-5-decyne (IV), prepaved by the mothod of Cran
avel Mlinger” Tad hpe 1151109 ¢4 noms ik bp 122 123° 5
ITTTTREN

Al Cualed Tor (‘1‘-“15(1;\2 C,
(G I N | N

1.10-Diiedo-3-decyne (VIL).--Compound 1V (500 g, 2401
wimoles) snd Nol CHLRG g, 7223 nunoles) i dry acetone 1100wl
was hemed with <tirring under reflux for 24 he (¢f. vel 151 After
lilenon the =olvent wax evaporated 7n eecrvo.  The vesidne wis
oxtricered with ether, and the combined ethereal extrets were
witshed witle agneons 1.1 N sodinm thiosulfate <olniion 15 ml)
and water Vhtwd s and dried (Mg80;y). Evaporation of the ether
gave o =lightly yellow oil of conde VITT (7.42 g, 797,

1.10-Dichloro-3-decene 2 V).-—A solmion of IV (1ot g, 47.4
mnoles 1 e ethmel 2600 ml, 957, was partindly hydrogenared e
the preserese of =vathetie quivoline (1.75 ¢, 13.0 unanoles) nnd
e Pd-C powder t lnmg). The uptake of 1 eqniv of hydragen
ceased abmptly after 5l The =nxpension wax filtered and the
fillrate wis poared imo water (300 ml). The olelinie dicldoride
wits extraered with ether: the ether extret was washed with 1V
HCE 20wl sqoeons 1N NaeCOy <olution (10 1l and water
15 b The erhereal =olmion wis dried (M gRO,; aud 1the ether
wis evipeaated. The residue distilled tlivongh a 64-rm Podbiel-
vk edimnn noder winvogenc so o vaene gnve 772 AT bp IS
1107 (5 unns, oy 14744,

Jdwals Caled Tar CullCler G 07420 H, KON,
ST LSS5,

6-lodo-1,5.10-trichlore-5-decene /1X). - A solnticn of 11
G328 g0 2002 nonolesy o CCL (40 ml) was added to TV 1414 ¢
20 mnslex cine the sime <olvent 110 mb) and placed iu complete
dickues=lor st The <olmion was washed with aqueons 1.V
<odinm thio=nlfyre ~alntion 110 ml) and water (30 mb) and dried
EM eSO i davkuess. The =olvent was distilled 7n earwo nudec
snubdned light leaving a <lightly vellow oil of cmde IX (6.50 g,
a4,

1,10-Bis! trimethylammonium )-5-decene Dichloride (VI).
Anhvdrons MaN 335 g, 56.8 mmales) and V(222 g, 10.6
wmolesy were heated in a realed tube at H50-53° for 1 week.
Fvaporntion al exees< Me, N gave o residie which was washed
witl cerlier 30 mlr leaving <ome  erystalline wmerinl, The
L ter was dizzalved e g mixture of DMEF (S ml) and methauol
Homdt aud panred iao exeess bhenzene giving o yellow oil which
vapidly cevaiallized. Dvied do eaces (1205, V1 weighed 1.25 ¢
56t o TOS 2140,

Awal. Caled Tor CudlaCLN: U ONT 1
CoASST L L1,

1,10-Bis¢ trimethylammonium )-5-decyne Dichloride (XI1. A.

Auhyvdrons Me;N (150 g, 0.22 mole) and 1V (3.67 g, 17.7
nnnolesd were hiesnted i =ealed tube at 50-55° for 1 week
Evaiporation of excess MeyN give o residiue whicl was preeipi-
tared o wethumol ¢ wdl withe ether 150 ml) giving e oil
whielh vapidly ervsiallized.  Dried m 115° (e vecoo, XTI weighed
FR24 @ a529 05 mp 230-250° (gradunl browning).

Luals Caled Tor CigHgCLN: G, S000; H, Huod: N, S61L
Foaud: 58580 T, 055 N, 7.78,

B. -Auhvdrons Me,N (15.0 g, 1125 male) and emde VI
(147 g 570 wmalesy e dry methanol (100 ml) were treated
nnder yeflnx Tor 4 I The metlemol wax partially evaporated
ndil crvstdlizzonion begaine The ey <= were collected and
dissolved in water, aud the =olntion wax passed tirongh n colnnm
ol exclumge vesiie (168 g1 The elflnent was distilled (n 200
aved the ve<idne precipiiated Tromn metiuol (10 ) with exeess

HTOR: UL 7T Panud:

Fonud: €

11N, Pand:

erher. Reprecipitated Trane wmetlhinokether N1 dried 7o 2w
12005 105° weighed 505 g VAS001 mp 2352482 (gradual hrowne
ingl

Aeunl, Colad {or CallgClhNyg: C, 5006, ll, L5 :\', 8.6

Pound: €, a8.00: 1, 10.55; N, 5.406.

1,10-Bis(trimethylammonium)-5-decyne Diiodide (XI).
MesN (1.0 g, 17 munoles) and emde VIIT (174 mg, 0.45 mimole) in
methanol (4 1y were heated mnder reflux for 11 hr. The cooled
solution wis ponred into excess ether with contimons stirring
to precipitare white erysrals.  Reprecipitated twice from meth-
warhether, N1 weighed 133 ig (594 ).

S 1L Fardl L s, Chenr Soe,, B6, 522 019080
1w Raker, Re WL Kierstad, R, P. Linstead, and 13 Co Lo Weabag
o (e S TR3UL 11451y,
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dnal.  Caled far CHuIN.: C, 37.81; H, 6.74; I, 49.04.
Fomnd: C, 37.85; H, 6.56; I, 51.84,

The following componnds were prepared similarly.

1,10-Bis(triethylammeonium )-5-decyne Diiodide (XII)—Re-
cry=tallization from 2-propanol-methanol gave white nonhygro-
scopic erystalz (829%), mp 212-214°,

Anal. Caled for CoHglaNge: C, 453.22; H, 6.55; N, 4.79.
Found: C, 45.06; H, 7.83; N, 4.95.

1,10-Bis(tri-n-propylammonium )-5-decyne Diiodide (XIII).—
Recrystallization from 2-propanol gave white nonhygroscopic
erystals (7552), mp 330°.

Anal. Caled for CxHuIoNe: C, 49.70; H, 8.64; N, 4.14,
Fouund: C, 49.87; H, 8.62; N, 4.10.

Attempted Synthesis of 1,10-Bis(trimethylammonium )-5-chlo-
ro-6-iododecane Dichloride (VII).—The addition of excess ICl
(varying from 1109% to 200¢¢ of the stochiometrically required
amonnt) to VI was tried nsing either glacial acetic acid or a
nixture of 3% methanol and 959, DMF as a solvent. The
reaction was allowed to take place in darkness at room tempera-
ture varying the reaction time from 30 min to 30 hr. The addi-
tion prodiuet was precipitated as an oil with excess ether or ben-
zene. The oil was dissolved in water and passed throngh a
colunun of the exchauge resin.  The elnate was distilled in vacuo
ta leave a pink oil which turmed red within 24 hr, The oil failed
ta crystallize by either freeze drying or from several of the com-
mon alcohols.

1,10-Bis(trimethylammonium )-5-chloro-6-iode-5-decene Di-
halide (III). A —Auhydrous MeN (4.72 g, 80 mmoles) and
cernde IX (6.60 g, 17.9 mmoles) in DMF (5 ml) were heated in a
sealed tnbe at 35° for 16 hr. Evaporation of excess MesN and
addition of ether (10 ml) precipitated light brown crystals.
They were washed with ether (10 ml) and recrystallized from
niethanol-2-propanol.  After drying in vacuo (P-0; 105°), III
weighed 4.65 g (48¢¢), mp 210-215° (charring).

Anal. Caled for CiiHaCLIN,: C, 39.40; H, 7.03; I, 26.02.
Tound: C, 39.43; H, 6.91; I, 26.13.

B.—The addition of ICl (98 mg, 0.60 mmole) in CCly (2 ml) to
VIII (224 mg, 0.57 mmole) in CCly (3 ml) in the same manner
as described for IX afforded crnde 6-chloro-1,5,10-triiodo-3-
decene (X). Compound X aud Me;N (0.80 g, 14 mmoles) in
methanol (4 ml) were heated nuder reflux for 17 hr. The cooled
solntion was poured into excess ether to precipitate III as the
diiodide =alt. TReprecipitation from methanol-ether gave 86 mg

(229,).

Anal. Caled Tor CiyllgCH Ny C,) 28.65; 1, 5.11; Cl 0.2,
I, 56.77. Found: C,28.84; 11, 5.48; Cl 425, I 54.7%, 57.60,
a4.51.

The picrate had mp 190-192°.

Anal.  Caled for CusHygCHIINO: C, 38.52; 11, 4.39; 1, 14.54.
TFound: C, 89.04; H,4.12; I,11.01.

C.—A freshly prepared solntion of IC! (109 mg, 0.67 nimole)
1 acelonitrile (2 ml) was added to a snspensian of XI (198 mg,
0.61 mniole) in the same solvent (5 ml). The suspension, which
becanie alnlost clear temporarily, was stirred for 1 hr in darkness.
The solvent was evaporated leaving brown solid material, which
was ounly partially soluble in water. The agneons solution was
passed through a column of the exchange resin, Distillation of
the efflnent in vacuo left a yellow oil, which was freeze dried to
give white crystals. After dryving in vacuo (P,0;), III weighed
233 mg (759:), mp 212-216°.

Anal.  Caled for CuHClIN,: C, 39.40; H, 7.03; 1, 26.02;
N, 574, Found: G 39.18; 11, 6.82; I, 23.12; N, 4.24.

Crnde T was prepared also in a similar manner nsing nitro-
nicthnne as the solvent with a 789 vield. A sample was pre-
cipitated from 2-propanol-methanol-ether.

Anal. Caled Tor CiHpCLIN.: C, 39.40; M, 7.03; Cl, 21.81;
1,26.02. Fouud: C,30.37; H, 6.88; Cl, 21.533; I, 23.6.

1,10-Bis(trimethylammonium )-5-chloro-6-iodo-5-decene Di-
chloride Labeled with 13:T (III). A.—A solution of *1ICl (49 mg,
0.30 mnniole) in nitromethane (6 ml) was added to XI (92 mg,
0.28 mimole) in the same solvent (3 ml) and placed in darkness
for 1 hr. Freshly distilled divinyl ether (100 mg) was added to
remove excess B1ICL  The additian of excess diethyl ether pre-
cipitated white erystals and o brown oil.  After the solvents were
decanted, the rexidue was washed with diethyl ether and dissolved
in water. The aqueous solution was passed through a column
of the exchange resin (3 g).

The picrate was precipitated as yellow crystals from an alignot
of the cefflnent, mp 190-191°.

Anal. Caled for GalliCLINGO: T, 14,54, Found: I, 13.80.
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B.—A solution of 131IC1 (82 mg, 0.51 nunmole) in CCly (10 ml)
was added to IV (100 mg, 0.48 mmole) and placed in darkness for
30 min. The solvent was distilled in vacuo leaving a yellow oil
of ernde IX. Auhydrons Me;N (1.12 g, 19 mmoles) i1 DMF and
IX was heated at 55° in a pressure tube for 18 hr. Excess Me;N
was evaporated and DMF was removed from III, which had
precipitated. The crystals were washed with ether and recrystal-
lized from methanol-2-propanol.

Anal. Caled for CieHaCLIN,: I, 26.02. Fouud: I, 22.02.

The purity of !%1-labeled IIT was examined by ascending
chromatography on Whatman No. 4 filter paper using 1-bntanol-
ethanol-water-acetic acid (8:2:3:1, v/v). The chromatograms
were sprayed with Dragendorff’s reagent!* and showed o1nly one
clearly marked spot. Strips of the chromatograms were scanned
for radioactivity. Ouly one peak was recorded which corre-
sponded to the position of the labeled III.

Stability of III. A.—A 2.7 X 10~1 M solution of ¥-labeled
IIT in physiological salt solution® was maintained at 37° and
aerated with a mixture of 959, Oz aud 55 CO..  One alignot was
removed at the begiuning of the experiment and another 19 hr
later and both were chromatographed as described above. Ilach
of the chromatograms showed only a single peak which corre-
sponded to the position of the spot seen after spraying with Drag-
endorff’s reagent.

B.—A 2.4 X 1078 M solution of IIT was treated similarly far
8 hr. The picrate was precipitated from an alignot of this
solution at the beginning (A) and at the end (B) of the experiment.

Anal. Caled for CysHisCLINOw: I, 14.534. Found: 1,
14.61 (A), 14.87 (B).

Estimation of Neuromuscular Paralysis and Acute Toxicity.—
Mice of both sexes weighing 27-36 g were nsed, 20 for each study.
Decamethonium, III, and (4 )-tubocurariue were injected into a
tail vein. Doses are expressed as milligrams per kilogram.
Nenromuscular paralysis was determined by the ability of the
mice to remain on a wire grid inclined at 60°. The observation
time for this procedure aund lethality was 5 min. The EDy
(paralysis) and the LDy and their standard deviations were
established by the “np and down’”’ method of Dixon and Massey.15
The therapeutic index (LDs:;/EDy) was calculated after con-
version of the doses into micromoles per kilogram.

Chicks were nsed for IIT nsing the method of Buttle and
Zaimis, 16

Effect of III, Decamethonium, and Succinylcholine on Neuro-
muscular Transmission and Blood Pressure of Cats.—Adult
cats of either =ex were anesthetized with a-chlaralose (70 mg/kg).
Six o sciatic tendoachilles preparations were nsed.  Isowetrie
contractions elicited by stinmlation of the =ciatic nerve were re-
corded by means of a Grass force displacement transdicer and an
Offuer recorder. The arterial pressure was recorded fronmi the
carotid artery. The drugs were injected into the femoral artery.

Effect of III on the Isolated Nerve-Diaphragm Preparation of
Guinea Pigs.—Twenty-two preparations were used; The
muscles were stimnlated, alternately indirectly and directly asx
described previously,® at a total rate of 6 stimmli/min and the
isometric contractions were recorded as above. The physio-
logical salt solntion® was aerated with a mixture of 95 O. and
539 CO,; and maintained at 37°. Doses are expressed in moles
per liter.

Effect of III on Other Isolated Muscle Preparations Stimulated
Transmurally.—Seven human intercostal muscles,™ 22 rabbit
lnmbrical mnscles,® and 8 cat Inmbrical muscles from the hind-
paw of cats weighing approximately 2 kg were u=ed. The
nuiscles were stimulated by the “short shock™ technigque.t7.1%
The Mg+ concentration of the =alt solntion was lowered o
0.23 mM for the lnmbrical nmscles.  Other experimental details
are similar to those desceribed above.

Results

ED;, and LDs.—These values for III, decametho-
nium, and (4 )-tubocurarine are shown in Table I.

{14) H. Thies and F. A. Reuther, Naiurwissenschaften, 41, 230 (1954).

115) W, T. Dixon and F. T. Masseyv, ""Introduiction to Rtatistical Analy-
518" MeGraw-Hill Book Co., Ine., New York, N. Y., 1937, p 314,

(16) ta) G. A. H. Buttle and E. J. Zaimis, J. Pharm. Pharmacol,, 1, 991
(1949); (b)) K. J. Zaimis, J. Physiol. (Loudon), 122, 238 (1453).

{17) R. Creese, J. B, Dillon, J. Marshall, P. 3. Sabawala, 1). J. Rchneider,
D. B. Taylor, and D. E. Zinn, J. Pharmacol. Exptl. Therap., 119, 485 (1957).

(18) P. 13, Sabawala and J. 13. Dillol, Acta Anuesthesivl. Scaud., 8, 83
(1059).
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I"igare L--The blocking ellect of 10 17 I on the isolmed
rubbit lhmmbrieal  muscle.  Ordinates: conlraction  height.
Abscissas:  time alter the addition of 111, The nmscle was
stimulated alternately transmurally and diveclly.

TasLe |
NEUROMTSCULAR BLockING PorExcy anp Toxiary
1215y, L 1¢s, Therajen-
Comypsd me ket me/ kg® tie index
111 0.43¢0.1: 11T (0. 30) 2.58

Decnmethoninm .37 (0. 14) 0.68(1).12) 1.84
(- )»Tnbocnrarine 0.08¢C0. 01Dy 0. 170.047)  2.83
» The nvmbers in parentheses are the standard deviavions,

Effect on Chicks.—T'he effect of I1I was very similar
to that produced by decamethonium.’  Intravenous
injection of 4 X 10~ moleg/kg of III produced an im-
mediate tonie extension of the legs and contracture of
the dorsal neck muscles which lasted for about 3 miu.
Higher doses increased both the duration aud intensity
of this effeet until the birds died of muscular paralysis,

Effect on Neuromuscular Transmission and Blood
Pressure to Cats.—Compound III produced a tempo-
rary small inercase i muscle tension together with
fascicnlations and  contracture.  Approximately the
same degree and duration of neuromuscular blockade
wus scen with 0.15 wmole/kg of ITI, 0.10 pmoles/kg of
suceinyleholine, and 0.05 gmole/kg of decamethonium.
None of these compounds altered the blood pressure.
Marked tachyphylaxis was seen with ITT and deca-
methonium,

Effect on the Isolated Rabbit Lumbrical Muscle.—--
IMigure 1 shows the characteristic biphasic block of 102
ML 'The imtial vapidly developing block, phase 1,
s followed by partial recovery of neuromuscular trans-
mission n the continued presence of the drug. A second
block, phase 1I, then begius and mereases slowly.
The response to ITT differs from that seen with deci-
methoninm by (1) less marked recovery of neuro-
muscenlar fransmission between phase T and 115 (b)
absence of uny depression ol the direet musele response
during phase Iy and (¢) 1t takes 1-2 hr longer for phase
II block to rench n steady stato. Repented additions
af 111 followed by washing of the preparation caused n
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Fignre 2.--The dual block of 4.1 % 1076 30 11T an the isalated
ent mbrical musele.  Ordinate:  per cent contraction height;
®—@, ilie respanse to direct stinmlarion expressed ns o per-
ceptage of initial respouse to direet stimmlation; O=-0, 1he
respollse (v nerve stimmlation expressed as a percentage ol the
response to direct stimmlation.  Abseissa:  the square rool of
lime,

progressively less marked phase I unti) the latter even-
tually was absent.  This tachyphylaxis is characteristic
of the depolarizing neuromuscular blocking agents.
The phase I block also became less pronounced when
the Mg?= concentration of the same solution was raised
to 0.61 ml/. Ncastigmine, IX*, and a 10° fall in tetn-
perature antagonized the phase 11 block seen with IT1
and decamethonium, indicating that this phase ix an
antidepolarization block.

Effect on the Isolated Cat Lumbrical Muscle. -
Compound IIT produaced a typical dual block (Figure 2).
TThe phase I block was more marked and distinet in the
ent preparation than in the rabbit and was associnted
with depression of the direct musele responsge.  Tachy-
phylaxis to phase T bloek, and an wnerease in phase 11
block was observed with (- )-tubocurarine.

Effect on the Isolated Human Intercostal Muscle. -~
A dual block similar to that deseribed for decametho-
' was scen with IIT (1.6 X 102147,

Effects on the Isolated Guinea Pig Nerve-Diaphragm
Preparation.—I'igure 3 shows the characteristic re-
sponse of this preparation to ditferent concentrations ol
1. The very small phase 1 Block and complete ab-
sence of any mitial potentintion of the direct response
scen with IIT is in marked contrast to that obscrved
with decamethonium.® The action of Mg+ 1s curare-
like™ and in high concentrations Mg?+ can produce
neuromusceular block itself.? Hence, lowering of the
Mg+ concentration should facilitate the development
of phase T block.  However, complete elimination of
this 1on from the =nlt solution did not enhance the phase
I block seen with 111, Six hours after addition of four
different  concentrations  af  III,  apparent steady
neuromusculie block occeurred. The EDje (nine ex-
periments) was estimated by graphical interpolatioun
to be 1.1 X 10" Y, ax compared to 2.7 X 10 3]
for decamethoninm as previously determined. e

Compounds XT-XTII were tested alzo on this prep-

aration.  Compound X1 produced o typical dual block

G L Engback, Dheonenl, Rev 4, 396G 010528,
2 L 1 Halimes, 1.0 Jenden, vl DB Biodare. S0 Phavsiaad
Foaoptl, Thomsep,, 108, 382 (14517,
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as seen with decamethonium and hence belongs to the
group of depolarizing neuromuscular blocking agents,
The block seen with XII and XTIIT was similar to that
observed with the antidepolarizer, (4 )-tubocurarine,

Discussion.—Even the slightest modification of the
decamethonium molecule usually either decreases the
potency or changes it from a depolarizing drug to an
antidepolarizer, or both.?> Thus the introduction
of the halogen atoms and the double bond in the 5,6
positions of the decamethylene chain, as in III, caused
a change in potency and therapeutic index. Further-
more, on the isolated preparations, the ability of III
to produce the characteristic biphasic block and initial
contracture, together with fasciculations normally seen
with depolarizers, was less marked as compared with
decamethonium. In particular this was the case for
the isolated guinea pig diaphragm, as IIT produced
only a slight phage I block. The slowly developing
block seen with IIT on this preparation is not typical
of either the depolarizers or antidepolarizers, Pre-
sumably, this block is characteristic of compounds
which have a very weak ability to depolarize the motor
end plate,

Recently, tritiated decamethonium has become avail-
able and has proved to be useful for in viiro studies. 22

{21) R. B. Barlow, "Introduction to Cliemical Pharmacology," Methuen
and Co., London, 1964, pp 87-139.

(22) (a) O. A. Nedergaard, Ph.D. Dissertation, University of California,
Los Angeles, 1964; Dissertation Abstr., 26, 1254 {1964); (b) D. 13. Taylor,

R. Creese, O. A. Nedergaard, and R, Case, Nature, 208, 901 (1965); (c¢)
0. .. Nedergaard and D. B, Taylor, Experientia, 22, 521 (1966).
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Figure 3.—The blocking effect on three isolated gninea pig
diaphragm preparations of different concentrations of III:
0—e@, 107 M; X—X,25 X 107 M; 0O—O0, 5.0 X 10 M.
Ordinate: the response to nerve stimulation expressed as a per-
centage of the response to direct stimulation. Abscissa: the
square root of time,

However, ITI labeled with 3T would still be particularly
suited for in silu experiments where continuous ex-
ternal monitoring of its radioactivity is desirable, e.g.,
in a muscle,
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A series of w-alkylaminoacyl derivatives of 4-aminosalicylic acid esters (methyl through hexyl; plus 2-dicthyl-
aminoethyl) were synthesized and their hydrochlorides were tested for local anesthetic activity. The synthesis
of the diethylaminoethy! ester series was examined in some detail since these compounds easily undergo alcoholy-

sis and aminolysis.

These reactions were ascribed to an intramolecular o-hydroxy catalysis.

Only derivatives

of the methyl, ethyl, and diethylaminoethyl esters exhibited significant local anesthetic activity. Compared to

lidocaine, these compounds were generally more irritating, less toxic, and less active.

When the compounds

exhibiting local anesthetic activity were quaternized with methy! iodide, local anesthetic activity was lost while

the toxicity increased.

Although Drill® states that, as a general rule, effec-
tive local anesthetics rarely contain either free car-
boxy or hydroxy groups, Clinton and co-workers? and
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search grant from the Royal Hellenic Research Foundation.
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peared: G. Tsatsas and C. Sandris, Froc. Acad. Athens, 88, 372 (1960);
G. Tsatsas, C. Sandris, and D. Kontonassios, ibid., 87, 54 11962). This
paper comprises a portion of a thesis presented by D. K. at the University of
Athens,

(3) A. V. Drill, "Pharmacology in Medicine,” 2nd ed, MeGraw-Hill
1look Co., Inc., New York, N. Y., 1958, p 98,

Luduenaand Hoppe®havereported that a series of dialkyl-
aminoalkyl 4-alkylaminosalicylates showed a high degree
of infiltration and topical anesthetic activity. Keil and
Rademacher® also reported that some alkylaminoethyl
4-aminosalicylates possessed local anesthetic activity
similar to the corresponding esters of 4-aminobenzoic
acid. Oxyecaine, the 2-hydroxy analog of procaine syn-
thesized by Grimme and Schmitz,” has been shown by
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