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INTRODUCTIOR

The use of local anesthetics in surgery hes shown &
remerkeble growth since the introduction of cocaine some
forty years agc. Formerly only ﬁiﬁor‘dpe?atioﬁS'were at-
tenpted under local anesthesia, but now major cperations on
the abdcminal esvity are often performed, using only local
anesthetics. This practice has been made possitle partly by
1mprcved +technigue, but mainly by the grest variely of syn=-
thetic local snesthetics avsilsbtle. These synthetle local
smesthetics may or may not fulfil the requirements specifled
by Gilman® for ideal substitutes for coczlirne, but they 4o
POSSess properties which render them acceptable to the sur-
geon for the operation at hend. Xany seemingly peculiar sub-
stances have been used as loeal ancstheties. Allen® mentions
water, phencl, alcohol, chloroform, and water solutions of
magnesium salts. To this list Brauns adds cold; and for ton-
silectony 2 mixture of urez and quinine.

mhen the structure of cocaine was definitely established
by the synthesis of this tody from tropinone, by willstitter,
the fieid of regesrch on locel snesthetics was thrown open to
mimaﬁ, g, Ind. Eng. Chem., 14, 812-814 (1922). See also
_ Braun, "Iocal Anesthetics”, {Lea and Febirger, 1914) 128.
2alien; "Local Anesthetics”, (Saunders and Compaxy, 1914)

7i-72.
i

Braun, "Local incsthetics”, {Lea and Febinger, iS5
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organic chemists. Hundreds of compounds are now tested’
armually for local snesthetic action, end those nost nearly
fulfiliing the reguirements mentioned* f£ind their way into
the hands of the clinical anestnetist. A few of those most
cqm;only used, and considered the best are procaire, bubtyn,
hq;ocaine, the borocaines, and isocaine. These have all been
found either more efficient than cocaine, or less toxic. Some
are zdapted to one sort of operstion, some to another, butb
they all have the desirsble property of being non-hsdbit form-
ing,

~ Despite the larze amount of work donme orn local anesthet-
ics, end the advance in knowledge made, it is as yet possible
to speak only in very generzl terms, concerning ihe effect of
the various groups. ZLven then, there are vnexplained contra-
dictions to 2lmost every statement. It is very evident that
2 complete ecorrelation between chemical constitution and
physiological action has not yet been reached.

In the field of local anesthetics a large part of the
trouble is due Lo the lack of 2 satisfactory method for evalu-
ating the effect of the compounds tested. The order of ef-
Pectiveness varies according to the method of testing, for any

one compound*. There are now in use soxe half dozen nore or

4031mon and Pickens, J. Am. Chem. Soc.. 47, 245 (1925).

Adams, Rideal; Burmetit, Jenkins and Dreger, dJ. Am. Chem. Soe. ,

48, 1758-1770 (1926).
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less spproved methods® °, the most widely used one being ap-

plicetion of the compound tested to the cornez of 2 dog or
rabbit. Even vwhen the same method is used, different methods
of evaluating the resulis are in wvogue, so tkat the investi-
gator encounteré difficulty in finding data comparzble to hils
own. ©

This stabe of affairs should not exist, A standerdiza~
tion of methods eould be worked out as was done ir the case
of disinfectants®, and the results evaluated in some such
manmer as hes already been suggested by Gilmen and Pickens®,
and by Copeland and Notton’. A metbod which seems o combine
the best features of most of the others mentioned, is the one
used py Adams and nis coworkers® in which goldfish are used
as test subjects. This method could be standardized, used in
connection with some other when necessary, and the resulis
expressed in comparison with cocalre or procalne. If such a
thing be possible, and be universaily adopted, the criticisas
enuncizted by Lyan and Lofgren7 would no longer be so pertl-

nent as they are at present.

SHeinekemp, J. Leb. Clin, Hed., 11, 289-292 {1925);
Yeeker, ibid., 4#68-473 (1925); LcGuigan and Brough, ibid.,
479-482 [1955); Cohen, ibid,, 1T74-176 (1925); Schulz, ibid.,
%§G-§§2 (1925} : ¥eGuigen, J. Am. Pherm. Assoc., 13, 316-17
Q24; .
Sinderson and HeGlintic, U. 3. Fub. Health Service Hy. Lab.
Bull. No. 82. |
TCopeiand and Notton, Brit. Med. J., 1925, I, SAT. _
Ypdams, Ridezl, Burnett, Jenkins and Dreger, J. Am. Chem.
Soe., 48, 1758-1770 (1926). - I
7Tyrn end Lofgren, J. Azm. FPherm. Assoe., 14, 970 (1925},

¢. &., 20, 2727 (1926).
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In a research of this iype, the choice of & pharmaca-
phorei®® is attended oy many @ifficulties. The B-diethyl-
| amincethyl oroan ({CeHs}2NCeHe-) was finally chosen as a
sauisfactory, representative pharmacaphore, since a large
amount of Gata are avallable when it is used. True, this
group is not found in many good local anesthetics such as
butyn, holoczine, tutocaine, arnd others. It is not found in
the esters of p-anminobenzoic acid, which Adams® and others®t 12
found to have local amesthetlc action. There is no amino
sroup whatever in benzyl alcohol, or the esters of it studied
by Yachi®™®, yet these have local anescthetic action. On &
obtaer hand, g=diecthylaminoethancl®® iiself has a markzed local
anesthetic zetlon. It was felt that the objections mentiored
Tere not sufficient to overbdaiance the advaniages secured by
using the 2<dicthylaminoethyl grour 28 a rharmacaphore.

Since Lynn and Lofgren? have showm that 3-d§et1t anino-
ethyl venzoate (CgHgCOOC,H,N(CeHg)2) has local zxnesthetic
action slightly less powerful than procaine, it was concluded
that the7b~ azinc group found in‘procaine was not a part of
%2 pharmacaphore mzy be defined as that group of atoms to
s gaith e %%’:é:’i%"aiéiéi"“ae 505755, tone

R 0)dasi 3 Yo s 5, zehs 13 (1924)
*2prill, J. Am. Chem. Zcc., 43, 1320 (1921).

Tho“s ﬁnd Ritsert, Ber. deut. pharm. Ges., 31, 65 {1921),
5, 2852 (79211

ol

j¢a
HN
w
L[]
"N

Altwegg and uanﬂ“1v0ﬂ G.S., 1334841, Zar, 23 {1920},
18- 9.:.:':‘.- » 14, 1595 (792f‘>

¥acht, J. Pharmacol., 12, 263 (1913). £.4., 13, 41 {1919).
1«See Tabie 1, p: %2. ’ T

-

PRV,




5=

the principel phar—aczphore. The evidernce previously mention-
ed secmed to indicate it was z secondary independent pharma-
caphore, or an anchoring group, and that its influence was
best included with the zctlon of neighbori groups.

Hydrocﬁloride salts of the anesthetlc béses prepared in
this research %ere submitted for tests. Again the choice was
made orn the basis of comparative data avalilable; convenience,

and stability.
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"RINFNTAL PART

-u..’L.

BiethglAﬂ—ﬂietngiaminoethylﬁﬁalcnate
(Cais) oNOoHCH(COOCHe ) 2
Brockmiihl end Schwarz®® have prepared the 8 ~diethyl-

minoethyl derivative of acetozcetic ester (CﬁacOCH,(CQH‘K'
{CeHg)2).COCCeHs} by adding powdered potassiun hydroxide to

2 mixture of the ester snd tne bydrobromide salt of A-diethyl-
;minoe?hyl bromider6({(CgHg ) NCoH.Br. HBr). A soluéion, com—
posed of 50 cc. benzene and~32 ga. (0.2 mole} Giethyl malonate
was mixed with 50 gm.. g-dietuylaminoethylbromide hydrobrozide..
To this mixture was added 22.4 ga. (C.4 mole) powdered potas-
siuz hydroxide, introduced one gram at a time. After five i
hours standing, the benzene solution was decanted, dried, and

distillied, Tne fraction boiling =zt 145%/12rm,. comprised the

major poriion of the distillate. | ,

The purified o0il, dissolved in dry ether and itreated

3

with hydromer chloride.yielded a yelilow oil, insol"bie i
ether, which required three months standing in an electric
refrigerator before crystallizing. The crystals sc formed
were very hygroscopic, and melted at 65-68°. A solid chlor-

platinate, or chloraurate.derivative of the purified oil ;

could =not be prepared. Analysis vas made by susvending a.

sample in water and titrating with standard hydrochloric acid,

*5Brockntini znd Schwarz, U.S. 1429922, Sept. 26 {1922},
C.2., 16, %015 (1922). ;
16ieyer and Hopff, Ber., 55@., 2274-2282 (1921}, C.A., 16, 5
1220 (1922).

o A g+ e tin b e n
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using methyl orange as an indicator. As 2 check, 2 carbon
and hydrogen analysis was made.

Analysig: Acid titration of free base. Carbon and hy-
drogen determination.
Caled. amount aydrochloric acid to neutralize O.548% gnm.
(Catig) oNCpH,CH{COOC Hg) o3 0.07731 zm. Found: C.07723ga.
Caled. for (Cgdg)slC-HiCH(COOC-Hs)a: C. 60.27; H, 9.6%.

Found: €, 6C.413:H, 9.31.

B-Diethylamiroetnyl-Phithslimide

.~zCaH43§( CgEs ) 2

~

£ -Chloroethyli-phthelimide®” was prepared by hesting
petascium pnthalimide with an excess of ethylene chloride in
2 sezled tube. The yieid was 37 per cent.

7 gm. (0.03 mole) of this B-chloroethyl-phthslimide
were placed in 2 pressure bottie with 7.3 gz=. (0.1 mole) di-
ethaylamine. The flask was heated at 100° for 1% hours, then
opened, and thevexcess diethylaznine allowed to escape. The
diethylamine hydrochloride was filiered out and tie residual
oll d&istilled, boiling at 203-4%/14 mm. vhen dissclved in
dry ether and treated with hydrogen chloride, a white solid
precipitated. This solid melted ab 230° afier reerystal-

lization from zcetone. Vhen mixed with dlethylamine hydro-

¥ Seitz, Ber., 24, 2625-2631 (1891).

Qe
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chloride, the melting point was 175-186°.

Analysisg:
Caled. for CgHa{CO) NC H F(CsHg).HC1l; C1, 12.54. Found
12.55 (by Volnard). 12.70 {by Carius).

g=Diethylaminoethyl S~Ethylacrylate

" CoHExCH=CHCOOC3H, ¥(CaHg)2-

‘The acid chloride of g-etbylserylic acid (C,HsCH=CHCGOH)
¥as prepared by treating 5 gm. (0.05 role) of this acid in
cold bernzene solution with 8 gm. {C.C75 mole) of thionyl
chloride. After 2 hours stirring in the cold, 3.5 zan. (59
ver cent} of 2 material boiling at 96-98%/7 mm. was secured
on distillation of the reaction mixture. |
) ‘This meterial was dissolved in dry ether arnd treated
with a slight excess sodium 3-d;ethylamin0e§hylatelg. A white
solid appeared immediately and the mixture was allowed to
stand overnight. The soclid was then dissolved in water, the
water solution reutralized with sodium hydroxide, and the |
0oil so formed dissolved in ether, and separzted. This o0il
boiled gt 559/3 =, and contalined nitrogen, carbon, no chlor-
ine or sulfur. It guickly decolorized brozine water and
/gThis matérial was prepared by treating an ether solution
of B -~diethylanincethanol with the czlculsted amount of metal-
1ic sodivm, It was soluble in ether ito the exient of 0.1

mole in 1CO cec. Frequent sheking facilitates the reaction
which is quite slow toward the end.
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potassium permanganate solution. TVhen dissolved in ether,
and treated with hydrogen chloride, s white solid formed,
melting at 117-120°. The solid waé surprisingly volatile,
ard could not be kept or weighed as such. The reason for
this high volgtility is not known.

_ The original benz ne solution conteined nothing but
small amounts of g-dlethylaminoethanol. The water layer af-
ter washing with e?hev, when acidified and evaporated gave
no i&entifiable organric compourd. |

In 2 second run, using C.l molar gquentities, the yield
of supposed acid chloride was 655 gz, (55 per cent). Its
boiling point was 129-130%/735 mm., however. Zther was used
instead of benz®ne and the mivture wes distilled after 2
hours standing at room temperature.

o yicld of f-3ietnylaminoethyl B-ethylacrylete was se-
cured in this second rur. Instead, 3 gn. {25.6 per cent)
B-dietnyleminoethanol, and 3.5 gE. {35 per cent} g-ethylac-
rylic acid were recovered. Ko other products could be found,
8o it was beileved that no acid chioride had rezlly been
formed by tne treatment of the acid with thionyl chaloride.

2 third run wes mede, in which the yield of acid crior-
ide was increased to a quantitalive one by using more concen-
trated solutions. Cnly 50 cc. of ether were used aliogether
. the sclution was zllowed to gtard 48 hours zfier mixiﬁg,

a2t room tcmperature.

A e 4 48 € 8 YA R AT + 55 ek



As before, this acid chloride was mixed with sodium
B-diethylamincethylate in cooled ether sclution, and allowed

to stand 4 days. The white soiid was removed znd the ether

solution distilled. 3 gn. of a very pure product was finally

secureé representing 15.C per cent yield. This material boil-
ed =t 145%/35 mm, and at 105-107%/7-8 mm. It contained carbon
and nitrogen but no sulfur or chlerine. In dry ether solution,
when’treateﬁiwith bydrogen chloride, it gave z wiite precipi-
tate, which could not be 2nzlyzed beczuse of its extreme vola-
tility.

The free base was anslyzed for carbon and hydrogen, the
variaticn of the usual methed, necessary Ioxr cexbustion ¢
conyp onnas containing nitrogen, being used.

Analysig: Carbon arnd hydrogen.
Calcd. for Co,EgCH=CHOCOCRH¥(CeHgls; C, 66.27: I, 106.62.

Found, C, 66.11; T, 1C.80.

—Diethxlan noctny1-<-hanhthoate

OUC2:1§N(62A.5/ e

«L~Tzphthoyl chloride’? CCl) was prepared by treat-

ing 10 gm. (0.58 mole) K-naphthoic acid in ether solution,
th 17 gm. (1.7é mole) of thionyl chloride. The yield was

9C.5 per cent.

Arn ether sciution 6fjc-naphthoyl chioride was thern treat-
ed with 2 =slight excess of sodlum B-diethylaminoethylate. A
white solid Torzed irmedisgtely. This was filtered out, dis-

"Hoffman, Ber., 1, 38-43 (1868).

FAR A Ay < %o 5 s ot g Ak vaAPE r caent
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olved in water, reutralized with sodium hydroxide, and the

;—;

ter drying over

yellow oil so formed, dissolved in ether. !
sodium sulfate, this ether soliution was treated with 4dry hy-
édrogen chloride. A yellow oil cazme dowm which Solidified af-
ter standing. Fhen recrystallized from acetone, this sclid
melted a2t 163°,

Analysis: Volhard for €l.
Caled. Tor o£L=C;0H,C00CH H{CHg)p . HCI: €1, 11.53. Found,
11.51

The free base had z boiling polnt of 200-220°%/10 ==,
For this reason it was cdn#erted intc the hydrochloride sali

fied by reerysinilizzilon frem aceionse,

e ey PRl Y

B-Diethylaminoetayl B-“anh thoate

| CO0CeH N Cofis) o
ﬁ-Naphthoyl chloride ( COC1l) was prepared from 9 gnm.
C.52 mole) of -naphthoic zeid and 17 gm. {1.72 nmole) of
thionyl chlorlde, in ether solution. The yield was 90 per
cent,

An ether solution of the S-ngphthoyl chloride so pre-
pared was ithen treated with a2 slight excess of scdiuz 2-di-
ethylaminoethylate. A wnite so0lid precipitated, which was
filtered out, dissolved in water, and neutralized with sod-
ium hydroxide. The resulting insoluble oil was extracted

with elther, the ether soluticn dried over sodiuzm sulfate,

e < en e
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end the ether distllled off. The residuzal 0il boiled at
183-185°%/3~4 mm,

This 0il was then treated with hydrogenrn chloride, in an
ether solution. A white sclid formed which melted at 165?
after recrystallization from acetone. ZIZqual portions of this
materizl and thq&diethy‘*“inoethyl {-naphthoate, when mixed,
melted et 140°.

Analysis:

Caled. for £=CyoH, CO0CeHN(CaHg)e.A0l: C1, 11.53. Found:
11.5¢ (by Volnerd), 11.39 (by Carius). |

B -Diethylaminoethyl-lethylaniline

Cefis® .CHg+C2TeN{CoHg)
A mixture of 10.7 gm. (C.1 mole) of methyl aniline (C.Hg

NH.CHg) and 26 gz=. (C.1 mole) of B-diethyiaminoeihylbromide

r_y

wydroovronide was treated with 11l.2 gzm. (0.2 mole) of powdered

potassium QyQ”OXlQe, the latier belnz added in smzll amounts
and the whole tkhoroughly mixed before further addition. It
w28 necessary 6 cool the flask in water occasionally.
After stending ore hour, ﬁhe semisolld mass was shaken
with benzene several times and the soluticn sc secured, dis-
t11led. A. fraction boiling at 155914 mm. was secured. It
weighed 11 gm,, and represented a2 53.5 per cent yield, This
yellow 0il, dissolved in dry ether and treated wiihr hydrogen
chloride yielded a yellowish solid. This solid, recrystal-

lized from 2 chloroform ether sclution melted at 187°.
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Analysis: Volhard for Cl.
v(.lca. for vsrs - v"13 - Caq*“q( ofls ) o e 2HCl 01 25 43. Found
25.42.

-—_

B=Ciethylamincetoyl Phenyl Zither

Csﬁsoczﬁaﬁ(czﬁs)g

 An etker solution containing 15.7 gm. (C.1 mole) of
8~chloroetuyl phenyl ether®® (CgHgOCHRCH,C1l) and 14.5 gn.
(C.2 mole} of diethylamine was sealed in a Tlask and heated
over a water bath for 38 hours. The diethylamine hydrochlor-
ide forwed was fil tered out, the ether evaporated, and the
residusl oil distilled. This yellow oil boiled at 98-10009/
7 ma. A yleld of 44 per cent was secured. An ether solution
of this cil, when treated with hydrogen chloride yielded &
white solid, melting at 135.5° after reery stallization'from

ethyl acetate.

P -Diethyiaminoethyl p-Tolyl Sulfide

P~CH3CgHe SCH.R(CoHg) g

&n anhydrous ether-tcluene solution containing 26.4 g=.

‘°Apparent1y, the formgtion of di-hydrochlorides by di-amines,
”“*7° uneemmen, ics not unknowm, See the following:

Trapesonzjanz, Ber., 25, 3280 {1892).
COTDO“, Dull. soc. cn;m. 48, 800,
Harries, Lnn., 417, 1v7‘¢91 (19183 See n. 134,
®lPerkin, Eentley and Haworth, J. Chem. Soc., §9, 165 (1896).
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{C.15 mole) of 2~-chlcroethyl p-tolyl sulfide (p-CH3.CgHyS
CHeCHoC1l) and 22 zm. (0.3 mole) of diethylsmine was refluxed
% nours at 60° without evidence of reaction. Then C.15 mole
of dietkhyleminomagnesiumbromide was prepared from phenylzag-
nesiumbrozide and diethylamine. Then this was added, a vio-
lent reaction took plzce. After § hours refluylng at 53 the
well-cooled mixture was hydrolyzed with dilute hydrochloric
acid, the resulting iwo layers separzted, ard the toluene-
ether layer discarded. The water layer was then treated with
sodiur bydroxide, aznd the yellow oil resuliing separated, by
extracting with ether.

Jonslideradle diificuliy was exXperianced In purifying
this o0il. 4 frazcilon was finally secured which bolled at
1352-134%/3 =m, A qualitative araslysis showed nitrogen, sul-
fur and carben present, and the oil in dry ether when treated
with hydrogen chloride formed a white solid. This solid zlso
proved difficult to purify, butl repeated recrystzllizations
froz acetone gave 2 product meliing at 1249, 2 melting poirnt

wnich could not be raised by furtner reerysialliizatiion.
Analiysis: Volhard for Cl.

Caled. for p-CHg.C0gHaSCoHeK(CpHg)e.HC1: (€1, 13.66. Fournd:

13.21,

[P
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Z-Diethylamincethyl p~-Tolyl-Sulfone

D-CHg.CgHg » 502+ CoHe N(C2Hg) 2

A toluerne solution'containing 22.0 gu. (C.1 mole) of
£ -chloroethyl p-tolyl sulfone®® (p-CHz.CgHyg.S00.C0HaCH-Cl) was
treated with 12.5 gu. (0.17 mole) of diethyl amire. A4 white
s80lid was gradually deposited, which proved to be diethyl-
amine hydrochloride. This solid was filtered out, and the
ether solution shaken with dilute hydrochloric acid. The
acid solution was then néﬁtralized with scdium hydrcxide, ard
the resulting oil dissolved ir ether and thus separsted from
the water layer. Distillation ylelded a fractlon weighing
9.C gm. (51 per cent yield) boiling at 205°/10 mz. This oil
in dry ecther, yielded 2 wﬁite solid when treated with hydro-
gen chloride. After recerystallization from ethyl acetzte,

this solid meited at 121°.

An attempt to prepare F-diethylaminoethyl p-tolyl-sul-
fone by oxidation of the correspondiing sulfide in zeceiie 2cid
soluticn, with 40 per cent hydrogen peroxide®?, failed. A
neavy cil which refused toc crystallize resulted.. It could
The g-chloroetihyl-p-tolyl-sulfone was prepared by oxidation
of the corresponiing sulfide with £0 per cent nydrogen perox-

ide. An almost cuantitative yield of guite pure product was
secured., See Fromm and Xonn, 3Zer., 54, 320-326 (1921).

emu
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not be identified.

2=Diethylaminoethyl-Phenyl-Thionurethane

CHsNH. C(=S)0-CaH M(CeHg) 2

‘Phenyl thioncarbamyl chioride {CgHgNE.C{=3}C1} is apper-
ently unknosn, although §henyl carbémyl chloride is known®3,
it was believed possible to prepare phenyl-thloncarbamyl chlor—
ide by the megnsAused to prepare the pkenyl csrbamyl chloride.
Accordingly, 13.5 ga. (C.1 mole) of phenyl isothicecyarate
(CsHsECS) were dissclved in 5 cc. ether and treated with dry
hydrogen chloride. The prcduct so formed was not isoclated,
but was treate&‘#ith‘a slight excesz of scdium Z-djethylamino®-
thylate'in ether solution, the flask beinz cooled mezntime.
£ vigorous reaction took place, and 2 white hygroscodic solid
formed. This solii was filtered out, dissolved in water, and
the wate: solution neutrallzed with sodium hydroxide. The
insoluble 0il so formed was dissolved in ether, the layers
separated, and ;he ether solution dricd and treated with hy-
drogen chloride. A white solid was formed, which melted at
122° when once recrystallized from dry ether. This vas the
only hydrocnloride salt of any of'the bases prepafed which
was soluble ir dry ether, from which it crystzllized in long

needles,

®%Hentsenel, Ber., 18, 1178 (1885).

—
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Analysis: Volhard forxr Cl.
Calcd. for CSHSKH.C(:S)OCQH;N(Cgﬁs}g.HCl:‘ 1, 13.C2. Found§
13.03. |

The preceding expsriment seems t0 prove the existence of

henyl thioncarbamyl chloride. Since the derivatlve prepared

J

f,

3

s previously unimown, the ethyl ester of phernyl thioncarba-

)

mic acld was made by the same method. The product was puri-
Tied by recrystalilization froz petroleum ether, had a melitirng
point of 68°, and other physical and chemical characteristics

ir ggreement with those given by Bamesberger®%.

8 -Diethylaminoethvl~-Bromide Hydrobronide

(cggs } SNC"H&.?' HBr
B-Dietqy?aﬂ*roethy* brozide h,drobwomﬂde was prepared by
¥eyer and Hopff® by treating p-diethylaminoethanol with 66

per cent hydrobromic acid, They found it necessary to hest

the reaction mixiture in sealed tubes at a temperature of 136°,

The product was crystaliized from absolute zlcohol. g -Di-
ethylaminoethyl bromide was prepared by shaking the corre-
. sponding hydrobromide with sirong sodiur hydroxide and dis-
tilling the heavy 0il resuliing. The 3-diethylaminoethnyl
brozide so prenared polymerized very qulckly, becoming en-
tirely solid within 3C minutes.

24pamecberger, Ber., ;5, 2164 (1882).
‘.J.eber"'ar., h.un., 2"\7 749 (1881)
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g =Dietzylaminoethyl bromide hydrcpromide was prepared
in this laboratory by heating “'d¢0*n31a_-“oetha,o‘ with &0

per cent hydrobromic acid in common pressure bottles. These

bottles were immersed in an oil bath held at 130°, for 6 hours,

The y;elds renged from 3C to 55 per cent of the tneo"etlc 1,

the average being 50 per cent. The constants agreed with

v ae - 16
those given by Ieyer and Hopff

£ ~Diethylaminoethyl Chloride Ivdrochlioride

(CoHg)oCH.Cl, HCL

8 -Diethylaminoethyl chloride has been mentioned™® *% bug

no directions Tor iis preparation were availasble, go far as
could be found. Since the corresponding tromide polymerizes
so readily*®, it was desired to prepare the cihloride.

Some pg-@iethylaminoetiyl chloride hydrochioride hzad been
made in an atiempt to prepare the f-dlethylamincethyl esters
of sulfurous and phosphorous acids. ‘feeordingly, & dry ether
solution contzining 36 gm. (0.31 mole} sodium A-diethylamino-
ethylate was treated with 55 gm. (C.4 mole) phosphorous tri-
chloride, since this had given the largest vield rreviousi
Th 1x ture stoed undisturbed for orze week, and was then shak-
en with water. fhe wzter layer wzs then drawn o?f and neu-
tralized with sodium hydroxide. The neutral solution was ex-

P

tracted with either, but noikling could be isclzted from this

25 : '
3illisrd, Honnet and Cartier, Brit., 155748, Hay 27 (1920).
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ether layer. 50 per cent of the diethylaminoethylate was re-

covered as g-diethylaminoetharcl, frow the originzl ether

‘solution.

In 2 second run, vwith like guantitles, sodium acetate
was used z2s a2 base instezd of sodium hydroxide, but no &i-
ethylamincethyl chloride could be isolated.

A varistion of the methed used by Norris znd Taylor®® was
rext tried. & mizture of 1l.5 zm. {C.1 mole) of diethylamino-
ethancl, 28 zm. (0.2 mole} of zipe chloride and 25 cc. concen-
trated hydrochloric acid was refluxed for 12 hours. ILxcess
sodium hydroxide was added and the 2lkaline sclution extract-
ed with ether. The ether solution yielded £ zm. (56 per cend)
unchanged g-diethylsmincethancl, but no f-diethylamincethyl
chloride. A4 cheek run gave similar results.

The method used by Xeyer and EopffS for preparing B-3i-

I
o
o]
g
0]
H
i
0
o
ct

ethylanincethyl bromide wes finzlly adopted.
guantity of crystzlliné f-diethylaminoethanol hydrochloride
was sezled in a thick walled glzss tuve, ¥with an excess of
very concentrated hydrochloric acid, ard heated from 7 to 14
hours. The hydrockloric zcid used was made by sSaturating very
cold concentrzted hydrocnloric acid with hydrogen chloride.
The product was placed in the cooled glass tudbe immedliately,

znd the latter sezled while the closed erd was still in the

4

®CNorris and Taylor, J. Am. Chem. Soc., 46, 753 (1924).
€. A., 18, 1977 (192%4).
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ice batn.
The A;éiethylaminoéthyl chloride hydrochloride secured
by this method melts at 207° after recrystallization from al-
cohol. It was identified by a mixed nmelting point with the
previously secured and aralyzed S-dlethylaminoetnyl chloride®7.
The yields secured ranged from 50 to 95 per cent.

The 3~diethylaminoethyl chloride prepared as above, po-

lymerized and turned compleiely sclid within one hour after

being freed from the salt by treainment with sodium hydroxide.
That p:epared from prosphorus trichloride dild not. £ccordingf
ly, two very pure samples of the A-diethylaminoethyl chloride,
made with hydrocialoric acid were prepered, tc ore of which
was added two drops of phosphorus itrichloride before distil-
lation. Both were sealed in smgll gless tubes and allowed to
stand, The sample withoubt phosphorus trichlcoride shoaeé some
solid after 30 minutes, and was completely solid after 4 hours.
The sample coniaining phosphorus trichloride was very faintly
cloudy after 4 hours, 50 per cent solid after 18 hours, and
completely solid only after 36 hours had elapsed. 4L later
senple, treated in the same way with phosphorus trichlorigde
was kept in the Ice chest 12 months, and showed only lo-ls.per
cent solid at the end of that time.

The polymerization product ¥es a greasy mass of flat

*7See experiments on B-diethylaminoethyl vhosphite, this
Pape¥, p, 33,

3TN e =
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platelets, melting sbove 220°. It was insoluble in ether,
ethyl acetate, and scetone, and soluble in alcohol and chloro-~
form, It dissolved in water with a basic reactiorn, and was
guite solutle in hydrochloric acid: “hen vacuum &istilled, it
vielded some diethylaminoethanol.

Diethylaminoethyl chloride is a clear,colorless liquid
boiling 2% 147-148%/731 mm.

g-Diethvlaminoethyl Chloride with Hzcnesium

A carefully purified sample of ﬂkdiethylaminogthyl chlor-
ide, containing traces of phosphorus tricnloride, was sezled
in a small tube with ether and the very reactive éoPper mag-
nesium alloy, developed by Gilman, Peterson and Schulze®?.

t was then placed in the ice chest for 18 hours. 4 similar
tube containing the szme reagents was zllowed to stand 12
hours at room temperature. A thlrd tube, like the others ex-
cept that it contained 2 trace of mercuric bromide‘aS’well,
was shaken vigorously for 12 hours. Then opened ncne of these
solutlons gave positive reactions for organomagnesium nalides,
when tested with the reagents developed by Gllman and Schulze??

for this purvose.

**Gilman and Harris, 3. im. Chem. Soc., 49, 1827 (1927).

Hurd and “ebb, ibid., L9, 556 (19527).
#7Gilman and Schulze, J. Zm. Ches. Soc., 47, 2C02 (1925).
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8 -Diethylaminaetiuyl~Fhenyl-Acetylene

CeHsCCC2E F{CoBy)e

A gry ether solution containing 10.2 gm=. (C.1 mele) of
pheryl acetylene {CgHsC=CH) was treated with metallic sodium
to prepare sodiun phenyl acetylide. To this 1C gm. {C.05 mole)
of 2~diethylaninoethyl bromide hydrdbromide was added. A white
s0l1id was p.ecipitateﬁ imrediately. After 72 hours standi-;,
the white sollid W 333 tered oud, dissclved in hydrochloric
zeid, tre solution neutralized with sodiuz hydroxide and wash-
ed with ether. Then &istiiled, the ether washings yieided 2
small amounﬁ of meterizl beiling at 190%/25 mm. This material,
dissolved in dry cther and treate& with hydrcgen chioride,
yielded & vhaite solid melting at 142° whern recrystaliized from
aceicnre.

- anelysig: Veolhard for Cl.
caled. for GgHgCSCC.E B{CpHs)p.HC1: C1, 14.95. Found: 14 .45,

Phe ether solution and washings yielded abous 5C per cems
urchenged phenyl acetylene.

The above experiment was repeated geveral times, but in
nc cther case was any of the product described, found. VoY
tnis was 9o could not be determined.

In another attempt, 15 gm. (0.15- mole) of phenyl acet-
Flene a&@ L0 zm. of B -diethylaminoethyl bromide hydrobromide

fum h—-@_-ngv_

RS
g
e
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vere mixcd end 18 sm. (C.3 mole) of

ide =2dded, one gram ot 2 time, With shaking and cooling when

-
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necessary. After standing the mushy solid formed was washed
with 4ry benzene, =nd the solution sO secured, distilled.
The main fraction, boliling at 98-1152/7 rm. whenr dissolved

in dry ether a2nd treated with hydrogen chloride, yielded a

walte selld nelting at 210? when recrystaliized from aceione.

This materizl could not be identified.

Ansliysis: Volhard for Cl.

Presammdieduas 2 eR

-

Calecd. for GGHSCEccaﬁgﬁ(Caﬁs}g.JCl: g1, 1&.93. Found: 17.37.

An aitermpt wes madle O prepare18-dietby1aminoetﬁyl-phenyl-
acetyiene by treating ﬂhchloroethyl—phenyl—“cety1ené3“ {CeHs=
CCH,CHoC1) with diethylamine. Ap-roximately one equivalent of
Qlethylonmine hyiroch;oriéé was formed, but none ¢f the other
products could be identified.

¥o pﬁysiological'testS'vere made on the ccmpound first
described, because of the very small amound left after ih
analysis wes completed. ¥o more of this mebterisl could be

nade,

3 -{B-Diethylaninoethyl) Styrene

CeHsCH=CECpFa¥(CeHg)e
Styrylmagnesiumbromide wes prepared in arproximetely 50
per cert yieid, bé using the specially activated magnesiun de-
veloped by Gilman, Peterson ard Schulze®?, with g-brcmoctyrene

Io b~ & ITTD Y M ol o 2
(CoHsCH=CIBr}. To this materisl was added on eguivalent

3933 iman and Beaber, J. An. Chem, Soc., 45, 839-842 (1922).




* | amount of 3-Giethylaminoetl thyl bromide,

| solution when acidified with hydrochloric acid,e

-l

freshly prepered. &f-

ter stirring for 1 hour the reaction mixture was hydrolgzed in

the cold, with dilute hydrochloric acid. The ether solutlon

yielded some styrene and #-bromostyrene, but nothing else.

The water solutic” =hen neutralized with sodlnﬁ nydroxmde ard

washed with ether yielded o jdentifiable products. The water

veporated to

dryness axnd extracied with various solvents, also yielded

nothing identifiable.
Iwo attemots to prepare g=-chloroethyl styrene from styr-

y lmagnesiumbromide and A=chloroethyl p-itolue sulfonated? (2-C

Hs.csﬁg.SOS.CHgCHeGl) fziled, giving only 3C to 40'per cent

vields of symmetriecal dipherylbutadiene {CxHsCH=CH.CH=CHCgHs) -

B—Diethylaminoethyl Prenvl-kercapto-Formate

C’sas' 3 CCOCzH&E(CaEs} 7~
Sodium thiophenate was prepared by allowing metallic

sodium Lo react with 10 gm. (0.91 mole) thiophenol in etner

solution. Absolute 21lcohol was added until solution was com-

nlete, and then 1z gn. (0.1- mole) of 3-chloroethyl chloro-

formatedl (C1COO0CoH,C1l) was added. The whole was stirred 2
nours znd allowed to stand overnight. 3 gm. of sodium chlor-

jde was fiitered oubt and the solution remaining distilled,

yielding 9.5 gm. (41 per cent) of an oil boiling-at 180-183¢

39331men and Besber, J. Am. Chem. Soc., _g 830-842 (1922).
SiNemirowsky, J. prakt. Chex. , {2) 31, 17

-

A the s €r Nn et e ¢ K0T 4 g

A = i St o ittt o



-25-

/25 mm. This product {representing 0.0C44 mole CgHy-S5+COCCRH.CL)
was dissolved in dry ether and treated with 4.5 gm. (0.06 mole)
of diethylamine, After 12 hours standing, a whiie solld was
filtered out, and separated into two parts by crystaliization
frgm eﬁhyl acetate. One pert was composed of C.4 gm. diethyl-
amine hydrochloride and the other of 1.6 gm. diphenyldisulfide.
The solution remaining yielded 4.0 gm. of a material boiling
at 9C-100%5 mm., This material contzined carbon, nitrogen and
sulfur, but was insoluble in hydrochlorie acid; arnd gave no
Drecipitate when an ether solution of 1t was treated with hy-
d:ogen chloride. It could not be identified. Since the sim-
ple esters of merezpioformic geids are &ifficult to nrepare,
and relatively unsteble®?, it was believed that if any p-di-
ethylamincetnyl nhenyl-ncrcapto-fo te was formed, it had de-
cozposed to form dlphenyT aﬁsnlflie and tae unidentified liguid

described.

8-Diethylaminoethyl Sulfinvliurethane

. CgHgNH"S0-0C,HyN{CHs ) g
A dry petroleum ether solution of 13.9 sz. {0.1 mole) of
hionyl aniline (CgHgN:S:0) was cooled and treated with hydro-
gen chloride®s, fhe solution so prepared was treated with
sodiun ﬁ-diethylaminoeihylate, the whole being well cooled and

S2Hepworth and Clapham, J. Chem. Soc., 113, 1188 (1921).
33¥ichzeles, Ann., 274, 200-266 {1893). See p. 201.
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stirred. & white‘precipitate imrediately formed but the mix-
ture wes allowed to.stand 72 hours, after which it was treat-
ed in the cold with enough dilute hydrochloric acid o neu-
tralize it and dissolve the solid.

The ether layer was found t0 contair no appreciable amount
of material, so the acid solution was neulralized with sodium
hydroxide, an intensely red oil resulting. This oil, dissolv-
eé_;g etherrand geparated Irom the water izyer, was dried over
calcium chloride, and treated with hydrogen chloride. A
greasy whlte solid appeared, which zelted at 1959 gfter re-~
cerystallization from acetone.

Anzlysis: Volhard for Cl. _

Caled. for CgHgNH»S5(=0)-0CsE,N(CeHg)2+-2HC1: Cl, 21.5%.
Caled. for CgHgNH-SO0C H N(CeHg)o*HCL: C1, 12.16. Found:
15.8%.

irn znother run, 7.0 gm. {C.5 mole) thionyl sniline and
& gm. {O0.5 mole) diethylaminoethanol were placed in a glass
tube, the tube sealed and =2llowed to stand 5 months. At the
end of that time 2z small amount of white solid had formed.

This s0lid melted with decomposition at 2279, was insoluble in

ether, toluene, aleohol, acetone, ethyl acetate, and chloro-

Torm, very elightly soiuble in water or hydrochloric acid.

The mother liguors vielded an oil boiling at 110-1309/25
mm., This oil, in dry ether solution, when itreated with hy-
drogen chloride yielded a2 white solid, melting at 1920 after

d
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recrystallization from acetone. ‘Hixed meiting'point determin-
ations with the solid from the first run proved the two solids
identical.

Evidently the desired ester camnmot be vrepared by the two

methods tried.

B ~Diethylemincethyl-Dibenzoylmethane
(Ceﬁs)gNCgHQ’CH:(COCGHs>g
A mixture composed of 22.4 gm. (O.1 mole) of dibenzoyl-

methane (CgHgCO*CHCOCGHs), and 25 gm. (0.1 mole) of g-di-
ethylaminoethyl bromide hydrobromide was treated with 11l.2 zz.
(0.2 mole) of powlered potassium hydroxide. A vigorous re-
actior resulted, so the flask was cooled and shaken during
the slow addition of the potassium hydroxide. ATfter 2 hours

)

standing, the liguid was decaznted and distiiled, the mz

n

b

fraction coming over at 230-250°/15 mm, It wis found io be
unchanged dibenzoylmethane, and represented s 50 per cent re-
covery.

Tne solid residue was then dissolved in hydfochloric
acld, the solution neutralized and extracted with ether., The
dried ether extrapt 7ielded a very small azmount of white sol-
id, when treated with hydrogen chloride, This solid was in-
soluble in acetone, but melted sharply at 18C¢ without recrys-
tellization. it could not be ildentified.

In 2 second run, 11.2 gm. {0.05 mole) of dibenzoylmethane

were treated with sodium, in absolute zlconol. An eguivalent

Ay e mam s s e e b
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éuantity of p-diethylaminoethyl bromide hydrobromide was then
added, 2nd the whole allowed to stand one week. Since only e
srall gmount of white solid had precipitated, C.C5 mole of
scdiun ethylate was added, arnd the mixture allowed to stand

ancther week, teing cceasionally shaken. The a!i&ité solid was
then filtered out and found to be sodium chloride, Iv.reight 4.5
gm. The alcohol solutlor was uhen distillied, 2nd the major
frection collected at 230°%/30C mm. It was found to be uncheng-
ed dibenzoylzethane, weight 4.5 gm., representing 82 per cent
recaovery. '

' A third run, using the procedure just described gave
similar results. Evidently the compound desired cannoi be

prepared by these methods.

8 =Diethylaminoethyl Chlorocarbonete

| C1COCCHLF{Cohg) 2

A variation of the method used by Hamilion and johnsons4
for the preparation of eithyl chlorocarbonate (C1lCO0C,Hg) was
used. 50 cc. of a 20 per cent toluene solution of carbonyl
chloride {approximately C.l mole) were allowed to react with
11.7 gr. {0.1 mole) of B-diethylaminoethanol, being well
stirréd and cooled in ihe meantime. Dilute hydrochloric acid
was then added and the toluene layer discarded. The acid so-

lution was washed with ether, and then neutralized with sodi-

®%Eamilton and Johnson, J. fm. Chem. Soc., 48, 1405 {1926).
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wm hydroxide, bui no identifiable products were secured.

& Guplicate run under carefully regulated anhydrous con-
ditions resulted in 2 like result.

In a third run, A-diethylaminoethancl hydrochloride wzs
used instead of 2-diethylaminoethanol. The mixﬁﬁre was heat-
ed to 60° for 12 hours, and then allowed to stend 5 days. Ap-
proximately ?5 per cent of the dletnylaminoethanol hydrochior-
ide was fecgvered, but nothing else could be identified.

in 2 fourth run 0.2 mole of g-diethylaminoethanol hydro-
chloride was sealed in a large bottle with aprroximately 0.2
mole carbonyl chloride in toluene. After 2 months standing
in the shade, examination showed two layers, the lower one
containing crystals melting at 211° after recrystallization
from acetone.

Apziysis: Volhard for Cl.

Caled. Tor CLCOOC,H.B{CzHglz: €1, 16.%2.
Caled. for CILCOOC,H.N{CpHg)e-HC1: €1, 32.8:.
Caled. for C=0(0CzHeN(CaHg)a)a2H0l: C1, 21.52. Found: 24,0k

An attempt to prepare from this product, the S-nzphthol
derivative mentioned by Zinhorn and Rothlauf3® was unsuccess-
ful. Evidently then, B-diethylaminoethyl chlorearbonzte could
not be prepared by the methods used.

In order to chneck the purity of the carbonyl chloride solu-

3Bginhorn and Rothlauf, Ann., 382, 257 (1911).
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tion benzyl chlorcarbonated® was prepared. The yield indi-
cated the carbonyl chloride solution to be between 15 and 20

per cent strength, and to be re=z ctlve.

g -Diethylaminoethyl-Diphenyl-Arsene
(CeHis) sASCE, ¥(Cals) 2

A mixture composed of 19.5 gm. (0.1 mole} of diphenyl ar-
sene ({CgHg)pisH) 2nd a slight excess of f-diethylaminoethyl
bromide hydrobrozide was placed in a closed flask. To this
nmixture was added 12 gm. {(C.2 mole) of powdered potassium hy-
droxide, a small smount a2t a time. The fiask was well sheken
°‘*cr eack addition, and when sll the potassivn hydroxide had
becn added, was allowed 1o stand 2C nours The oily mess was
tmice'washed'with ether, the so0lid diccarded and the ether

washings shaken with dilute hydrochloric acid. The acid SO-
lution was then separated and neutralized wivh sodium hydrox-
ide, the resuliing pil peing dissolved in ether and the twe
layers thus separated. From this ether sclution 7 gm. of an
oil bolling at 210-22C%/15-20 mm. were secured. This o0il con-
tained carbon, nitrogen, and arsenic, and waen treated wiih
hydrogen chloride Tformed an ether inscluble solid, It was
found impocssible to purify this solid so that it had a2 sharp

melting point, or z constant ore, even, so gquantitative znal-

36Thiele =nd Dent, Ann., 302, 257 (1898).
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ysis was not made. Aitempis to purify the free base also

falled. ©No physiological tests were made.

Di-{2-Diethylanmincethyl) Sulfite
{{CpHg) 2NCoHs }25C,

Hizon and Allison®’ have Tound that meny sodium alcohol-

ates reacted with thionyl chloride to give e€sters of sulfur-
ous acid. | _

“Accordingly 11.7 gm. (C.1 mole} of g-dlethylamircethnanol
was converted into the sodium derivative and treated with 23.0
gg..(Q.é'mole} of thionyl chloride, cooling being necessary to
centrol the vigorous reaction. The white solid formed during
the course of the rezctiorn turned btrown on warning to rocm
temperzture. A sample of 1t turned to 2 water scluble, black,
tarry mass in 4 days. The solid was dissolved in weter, wash-
ed with ether, and ' an excess of sodium hydroxide solution add-
ed. A very small amouni of an o0il boiling at 70%/10 nm. was
secured, walch in ether solution, with hydrogenm chloride form-
€3 2 solid, melting at 207° after reerystalligation from acet-
ore.

Anz2lysig: Volhard for Cl.
Caled. for (ceﬂs);§02§431~301: €1, 20.64. Found: 2C.54.

Xone of the ether solutions contzined zny apprecizble

amounts of materizal,

37 Hizon and Allisor, J. fn. Chem. Soe., 48, 408-410 (1926).
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A second rur, using 0.15 mole of sodium A-dlethylamino-
ethylate and 0.1 mole of thicnyl chloride, yielded 1.0 gm.
B-diethylaminoethyl chloride hydrochloride but no dif{3-dieth-
vlaminoethyl) sulfite, or any other identifiable product.

» Two check rurs were msde using sodium y=diethylaminopro-
pylate ({CgHs)oNCHeCH.CHpON2) instead of sodium diethylamino-
ethylate. About 50 per cent of the alcohol was recovered un-

changed, but nothing else could be identified.

Pi-(8-Diethvlaminocethyl) Sulfate
( (GBHS } gI‘ECgH‘& ) 504 )

Sodium g-diethylaninoethylate was prepared by treating

é3.4 {0.2 mele) of A-distsylamincethancl with sodium, in dry
ether. %hile this solution was being stirred and cooled, 13.5
gn. {C.1 mole) of sulfuryl chloride in dry either was slowly
added. A white solid formed, which gradually turned a dark
trown. After 3 hours water was added until a1l the solid was
dissolved.

The ether layer yielded 5 gzm. {21 per cent) of #-diethyl-

aminoethanol. The waler layer which was a2likaline in reaction

was treated with excess sedium hydroxide, tut yielded no iden~

tifiable produet. Tae water solution was then neutralized
with hydrocnloric acid, cvaporated tc drymess and extracted
with chloroform, yielding 7 gm. ofipdiethylamincethancl hydiro-
chioride. The total amount of recovered B-diethylarminoethanol

was 40 per cent. No other identifiable products wmere found.

[T
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A second run, using I equivalent of sul;uryl-chloride'in
excess gave no ildentifigble products and no recovered A-dieth-
ylaminoethanol.

A check run using 1 equivelent of sodium y=diethylamino-
propylate and l-eéuivalent sulfuryl chloride resulted in 38
ver cent of the alcoholAuseé being reecovered.

' Using snother methed, 15 gm. (O.QS nole) of silver sul-
fate were stirred violenily with an equivalent amount of
freshly prepared Zadtethylaminoethyl bromide. Apvarently no
reactionvtook'place, and 50 per cent of the silver sulfate
was recovered unchanged. A small gmount of unidentified ‘sol-
id, melting at 121°, and containing nitrogen but no sulfur,
crystallised from the ether solution. Complete evaporation
of the ether gave an intractzble tarry mass, some of which
was char, gnd the rest tar.

Evidently di-{f-diethnylamincetinyl) sulfate cenrot be pre-

vared by the two methods tried.

Tri-{ 8-Diethyvlzmincethyl) Phosvhite
{(C2Hg)2NCeH, ) sP05

Sodium £ -diethylamincetnylate was prepared by treating

% gm. {C.3 mole).of g=diethyleminoetharnol ir dry ether solu-
tion with the eguivalent cuantity of metallic sodium. To this
golutlon, while being cooled and stirred, was a2dded an ethe
solution containing 55 grn. (0.36 mole) of phosphorus trichlor-

ide. A wnite precipitate whick guickly turned yellow, was

PP P
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|formed. After 5 days standing, enough water was added tq

dissolve the so0lid, and the two layers s¢ formed, separated.

Sodium acetate was added to the water solution until an

21keline reaction was secured, and the cil formed dissolved

irn ether. This oil proved to bels-diethylaminoethyi chloride,
boiling 2t 148%/739 mm. The smount secured represented a

1 yield of_29 per cent.

‘Fo identifieble products could be secured from any of the
other portions of the reazctlon mixture.

This experiment was repealted severzl times, as described
under the preparation of ﬂ-diéthylaminoethyl chloride. ¥o
tri=-{3-diethyloninocetnyl) phosphilte was secured in any case,
Zvidently the S-diethylecinoethbyl esters of sulfurous, sulfur-
ie, z2nd phoépho:ous acids canrol be prepared by Hixon and

A1ligon's nethod®?,

A i
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Analytical ¥ethods

Unless otherwise specified, the Volhard method for
; quantitative determinaticn of ionizable chlorine was used.
Except for one or two anzlyses on compoundé contalining sul-
fur, the end poinit was sharp and distinct.

To check its accurécy under the conditions to be used,
analyses on known pure compounds were made,

. Analysis: Volhard for Cl.

Caled. for (cgﬁgzz&z’ﬁcz: €1, 32.38. Found: 32.32.
Caled. for (CoHg)eNCoHgOH-HC1l: CI, 23,12. PFound: 23.20,

Fo difficulty waé experienced in checking dugiicate
arzlyses, or aliquols where aliquots were used, usually with-
in C.1 of one per cent.

As a Turther check on the validity of the method used,
the fcilowing halogen determinaticns by the Carius metaod
were nmeade.

Analysis: Carius for Cl.

Caled. Tor f-CyoH,CO0CSE,N{CaHg)g-H0l: 01, 11.53. Foumd: 11.39.

Caled. Tor CgHy{CO)aMCoH. N{CzHg)a*HCLl: C1, 12.54. Found:
12.70.

ATV ¢~ wa iy
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PRYSICLOGICAL TESTS

By Dr. L. ¥W. Rowe of Parke, Davis arnd Company,
Detroit, iichigan.

Rabbit Cormesz etrod for Testing
A Local_Anesthetic Aetion

I. {(CoHe)eNCoH, -CH- (COOCeHg)p &

6-22-27: 0.2 cc. of 2 5 per cent solution instilled
into right eye of grey rabbit at 2:59 p.m. &% 3:00 there »
wag complete snesthesia. Tests were mede atv 3:05, 3:12, 3:17
3:22, 3:26, 3131, 3235, 3:40, 3:45, &:00, 4:20, a2nd 4:30 p.m.
Anesthesia was still complete 2t £:3C. The solution was ir-
ritant._'} _ |

- 6-24-27: 0.2 ce. of z 2 per cent solution instilled in-
to right eye of browm rabbit at 2:51 p.m. At 2353, since no
enesthegia was a;parent,‘e,a cc. of the samc solution wés
added. -éne:thesia resulted at 2:54.  Tests were made at 2:59,

:C7, 3:12, 3:117, 3:22, 3327, and 3:33 .. Sensation had
returned at 3:37 . p.m.
6-2 -275 0.2 cec. of a2 1 per cent solubtion instilled in-

to right eye of gray rebbit at 2:27. There was no ancsthesia

M
ct

2:27, 2:28, 2:30, ».2. There was anesthesic when tesied

7]
i

2:38, 2:49 and 3:00. ©Sensation had returned at 3:01 p.z.
£-27-27: 0.2 ¢c. of an 0ld 1 per cent sclution instill-

11:22 a.m. There was no
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effect at 11:23. Another C.2 cc. was added at 11:24, Xo
effect was notlcesble at 11:25 a.m.

6-28-27: 0.2 cc. of a 1 per cent solution instilied in-
to eye of brown rabbit at 9:36 a.m. There was no effect at
9:37, so an additional 0.2 ce. w®as instilied. HNo effect had
resuited at 9:38.

_ 1-16-28: A 4 per cent solution of hydrochloride salt
instilled in rebblit’s eye with no effect. Frog sensory nerve
method showed no effect. The solution was less than 10 per

cent as zctive as cocaine.

II. CeH.{CO) NC M X(CorH)pHCL :

6—éé~é?: 0.2 ce. of 2 2 per cent solntion inskilled in-
to left eye of red rabbit at 1330 p.m. There waes ro effect
at 1:31, 1132,.or 1:33 v.z. The soluntion was inzctive .
III. CoH:CH=CHCCOCeHN{CaHelp @

6-22-27: 0.2 cc. of a 5 per cent solution imstilled in-

to left eye of grey re2bbit =zt 3:02 p.m. At 3:03 anesthesiz
%as complete. Still anesthetized when tested at 3:10, 3:i5,
3:20, 3:25, 3:30, 3:35, 3:40, 3245, £:00, 4:20 and 4:30 p.m.
The soluti;n was irritating.

6=24-27: 0.2 cc. of 2 2 per cent sclution instilled in-
to left eye of brown rebbit at 3:01. Anesthetized at 35:02,
3206, 3:11,'and 3215 p.m. Sensation had returned a2t 3F:21.
6-23-27: 0.2 cc. of a 2 per cent soluticn instilled imn-

to left eye of gray rzbbit st 2:35 p.m. There was no effect

esram i
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at 2:36. Anesthetized at 2:37, 2:20 and 2:49 p.m. Sensation
had returned at 2:55 p.@E.

6=2T=-27: ©C.2 cc. of a 1 per cent sclution instilled in-
to left eye of brown rabbit at 9:4C a.m. Slight anesthesla at
at 9:41, and complete snesthesia at 9:46," 9:56 a.m.

. 6-27-27: 0.2 ce. of a 1 per cent solution instilled in-
to right eye of browm rabblt et 11:15 s.m. There was no ef-
fect at 11:16 and 11:18. 0.2 cc. more instilled at 11:18.
There was no effect at 11:19. An old solution used in this
test and‘fognd very irritant.

1=16-27: 4 per cent solution of the hydroehloride salb
Instilled in sye of rabblit. A slizhl anecthesia was preduced.
With the frog sensory nerve method, there was no effect in &
per cent solution, This local anesthetlic was slightly more
then 1C per ceni as effective as cocaine. |
IV. o£~Cy oH, COOCoHy N{CoHe ) o= HCL:

6~21-27: 0.2 ce, of 2 2 per cent solubliorn irstilled at

3:17 p.m. Trere was complete anesthesia zt 3:18 éﬁd 3:23 p.d.
Sensation returned at 3:31 p.i:. Duration.-1C minutes.
6-20-27: 0.2 cc. of a.2 pew cent solubtion instilled at
1:22 p.m. There was complete anesthesiz zt 1:23 and 1:28.
Sensation returned at 1:34 p.m. Duration - 1C minutes.

V. £ =CqoH, COOCeB.H(CoHe)nHCL ¢

6-20-27: 0.2 ce. of .a 2 per.cent sclution instilled at

D

2:21) p.z. Anesthesia was complete at 3:22, 3:27. Sensation

Srmr Ay e nal
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began to return st 332 and had entirely returned at 3137 v.m.

Duration - 10 to 15 minutes.

6-20-272 0.2 ce. of a 2 per cent solution instilled at
1:19 p.m. There wazs complete anesthesiz at 1:20, 1:26. Sen-
sation returned at 1:34 p.m. Duration - 10 to i5 minubes.

VIi. GaHel (caa) cgygwgcoaﬁ)a‘2_01

- 6=22-27: 0.2 cc of a 2 per cent solutlon instilled in-

to left eye of white rabbiit at 2:3% p.m. There was no effect

at 2135 or 2:36 p.m. The solution vas irritating.

+0aC1l

6422;2 : 0.2 ce. of a 2 per cent solution instilled in-
to rigat eye of white rabbit at 2:29 p.m. There wes no ef- -
fect at 2:30, 2:32. The solution was irritating. It had a
noticegble effect on the humsn tongue.

Viil, 15—633 CaH-SCoHaN{CoHg) g+HCL 2

7 .
6-21-27: 0.2 cc. of 2 2 per cent solution instilled in-

to eye of rzbbit at 10:39 a.zm. Anresthesiz was compieie at

10:4C. ©Sensation had returned at 10:45 a.m. The solublon was
culte irritant.

6~21~27¢ 0.2 cc. of 2 2 per cent solution instiiled in-
to left eye of rabbit zt 1:56 p.m. Anesthesiz was complete at
1:57, 2:02 and 2:07. Sensaiion had returned ai 2:12 p.m. The
sclution was 8lightly irri

5=21-27: 0,2 cc. of 2 2 per cent solutlon instilled in-
w0 left eye of rabbit at 2:55 p.m. Anesthesia was compiete at

2:56 and 3:01. Sensation had returmed at 3:06. The solution

e e AL b e e+ o e e 8 b 8 T,
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was irritant.

IX. -/%‘-CHS'CGIL;'SOQ.’ oH N(CoHg) 2-HCY :

§-22-272 0.2 cc. of 2 2 per ceni solutiorn instillied in-

to right eye of red rsbbit at 1:22 p.n. There was nc effect
at 1:23 end 1:28 p.me 4
X. CgHgﬁEﬁﬁC(=S)5Q§3§£§{G3§5)a’§01 :

6-21~27:‘ 0.2 ce. of & 2 per cent soluticn instiiled in-

to right eye of rabblt at 1:5C p.n. There wes coxplete anes-
thesia at l:51, 1:55, 2:00, 2:07 and 2:10. Sensation hzd re-

surned at 2:315 P.R.

ot

to right eye of rabbit at 10:36 a.m. Aresthesia was complete

at 10:37, 10:41 and 10:46. Sensation had returned at 10:51 za.m.

- §-21-27: 0.2 ce. of 2 2 per cent solution instilled in-
©0 right eye of rabbit at 2:52 p.n. There was complete anes-
thesiz at 2:53, 2:57, 3:02 and 3:07. Sensatiorn had returned

2t 3:12 p.m. The solution was irritant.

X1 (8255)22‘332&31"@? :

6-21=273 0.2 cec. of a 2 per cent solution instilled im-

to right eye of rabbit 2t 3:26. There was no effect at 3:27
and 3:28 p.nn. The solution was irritaent.

6-21-27: ©C.2 cc. of 2 2 per cent solution instilled in-
to left eye of rabbit at 3:29 p.m. ESlight anesthesia at 3:3C,
Sensation had coxpletely returned at 3:33. The solution was

irritant.
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XIII. (CoHg)oNH-ECL :

6-23-27: C.2 cc. ¢f a 2 per cent solutiorn instilled in-
to left eye of thite rabbit 2t 4:35 p.m. There was eresthesia
at 4:36. Senszition had returmed st 4:41.p.m. There was no
sensétion oﬁ'the toengue Or ween injected.

XIV. (CoHglo-NCoH,CEIBr ¢

6-25-27: 0.2 cec. of 2 2 per cent solution instilled in-
to left eye of browm rebbit atA#:32 D.B. There was ccaplete-
anesthesia 2t #.,;, 1228, &k2, A4hT, 4152 gnd £:55 p.m.  Sen-

sation kad not returned when test had to be ended. Duration -

Pl o il o ~ o~ el . . . - =
8-25-27t C.2 cc. Of a 1 per cent solutlion instilled ip-

to right eye of blue rebrit at 10:16 a.m. Zinesthesia wes com-

plete 2t 10:17, 10:22 and 10:59. Sensatiorn had returned at

'~J
.o
Q
<D
)
[}
|
»
3]

ureiion -~ 4% minutess There was no anestheswa on

the huhan tongue, or when injected.
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TABLE I
:Strengthiirri- Duration: 39 4
Compound : of :tation :of Anes-:Rating ’
:Solution: sthesla @
CHo~CH CHCCOCHg : 2¢ : nome :30 min. : 10
] t - - . -
N(CHa ) HCOCOC gHg+ HCOL S S 115-20min:
t : 3 - : - ‘. -
CHp-CE—CH;p : o058 : * 18-10 min:
Cogaine Hydrochloride ; : : ;
. {CaHg)pHCoHy ~CH (COOCeHg)2*HCL : 4% : nome :no effect O
; - : tLess than
(CoHg ) 2BCoH, * CH{CCCCHg ) o t 5% : marked :60 min. :10% as
3 : : teffective
{Tree base) : 2% : slight :35 : a5 co-
H : £ ¢ caine
s 14 * 20 "
: ' svery : :
1. CgHe (CO)a¥CpHF{CpHg )2+ HECL : 24 :slight :no effect O
: : : :slight
. §II.C.HgCH=CHCOOC H,N{CgHg)eHC1 : 4% : none :anes- : 1.0
i : : tthesiz
. : : : :¥ore
CoHgCH=CHCOOC  Ha ¥(Cplg) g t 5% : marked :60 min. :thanflo%
: : : : : tas ef-
(Free base) : 24 2 slight :20 " :feetive
: : : :as co-
: 1 s " 220 tcaine
. _ _ : : very ¢ :
N, oo=C3 o, *CO0C,H,N{CeHg)2-HC1 ¢ 2% @ slight :10 min. : 3.33
g : Very :
fo £~C10H,+COCCH,N(CoHg) e HOL @ 2%  : slight :10-15min:3.33-5
ITr ‘ : : rather @ :
I, CaHBsN{CH3 )CoH ¥(CoHs)p*2HCL 3 2%  : marked :no effect O




&

)-
:Strength? Irri- :Duration: ~
Compound P of : tation :0f aresg-:iRating
sSolutlon: tthesia @
g : 3 rather :shows ae:

. H1I. CgHgOCeH,N(CoHg) e HCL : 2% : marked tionon.: O
1 v . : : stongue 3
HIII.p~CHy-CoHySCeHaN(Calg)a HCL : 27 & marked :10-15min:i3.3-5
i ' ‘ ' : ' 1 very ;_ .t
{X. D-CHy-Cgly+S0p-CoieN(CaRgl)a-BCL 2% = slight :no effect O
: ‘ s : very ‘; ;
fl.  CaHsNEC(=S)OCoH N(CHg)e*HCLl : 28 ¢ slight :20 min. :6.66
JI:  (CaHg) eNCoHyBreHBr : 29 : marked :no effect O

JuIl (Ceits) oNCaHCL.HOL | : 24 : merked :siight ': O
: ‘ : s very : T
401T. (CpHg) o NE-HCL : 2% : slight 21C min. :3.33
ﬂ : T very ¢ :

V. (CeHg) o NCoH,CH HEr : 2% : slight 125 min. :8.33
2 : : 3 to
s ¥ : 0® h % 213:66

{?®cocaine has been selected arbitrarily as s standard ard given a

value of 1C.

The ratings given in the last eolumn of the pre-

ceding table were.determined by comparing the duraitiorn time with
that of a solution of coczine hydrochloride of like concentraition.

oo
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DISCUSSICE OF RESULTS

Gfeat care nust be takern in z discussion of the relation-
ship of chemical constitution:to physiqlosical action. Zven
more caution must be exercised in the interpretation of the re-
sults of experimentis dealing ?ith this:relationship. As an 11~
lustraticn of the far-reaching effect thalt comparatively minor
changes in chemical constitutlon may have on physiclogical ac-
tion; the following examples are given.

Hatural cocaine has the following structure:

cas;gx___93000033
?CHsHFO-CGCGHS
CHz-CH-——CH

It has a.marked local aresthetic action., «K-Cocaine, with

the folliowing structure nzs no such action:

CE,-CH CHe
! ! OCCHg
KCHg
' ) N0COCeHs

<. 0T (‘Hc

A third'substance,<<reucaine, resenbling L-cocaine more

than it dces cocaine, has marked local anesthetic azction:

(CHs)a';? CHg
. ' _LCOCCE
HCH d//b e
1Y Y N0C0C 4T
(CH )»-.C cHe
872 2
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The Effect of Unssaturziion on lLocal
Anesthetic Action

Kazm® has demonstrated that compounds of the procaine
type showed local anesthetic action when the carbomyl group
cf the ester was attached ic an atom what was & member of an
unssturated group. Gilman and Pickens* showed that this was
also true when the carbonyl group was attached to sromatic
nucléi other than bengene, Gilman, Heckert and Helracken*®
have shown that local snesthetic zction persisted wshen the
carbonyl group of the ester wes aitached to unsaturated ali-
phatic radicals. Compounds coniaining the ethylenic linkage
(EoC=CHE-} ard the trichloromethyl (cisc-} group were tested.
This present work extends the in&éstigation vo other unsatur-
ated groups, and to the unsaturated atoms, trivalent nitrogen,
divalent oxyger, and divalent sulfursti, Hnsaturated'groups
- comprising a part of the pharmacaphore itself 2l1so czused in-
creased local znesthetic actiorn®®,

Use will be made later of the term 'degree of unsatura-
tion'. Little definite information is avzilable concerning
thé extent Lo ?hich there is =z varistion in the unssiuration
3’£{aam, 5. im. Chem. Soc., 42, 1030 (1920). -
403ilman, Heckert and ZcCracken, J. Am. Chem. Soc., 50, 437
41Fo;122§géprehensive discussion of unsaturation, and tynes

of uvmsaturated groups, see Stewart's "Recent Advances in

O”ganzc Chemistny (bongmans, Green and COﬂneny, 1927)

-l- . :50 -318'0
“23ee section on 'Effect of the Ethylene Group', p. 54,
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of tue groups called ‘umszturated' 3. That such a variatlion
exists is shown by the fact that cexrtalin groups react as
though unsaturated towaré one reagent, and quite saturgied to-
ward anotherts, 41, although this second reagent may reaet guite
readily with anctiher 'ungaturated’ group:s As an illustration
of this, btromine 2dds quite readily te the double bonds in eth-
yvlere, bui not a2t =ll to those of benzene. Arparently, the de-
gree of unsaturstion of the ester group was increased Uy the
substitution of divelent sulfur for divalert oxygen in the car-
bonyl group*®*, because increased local anesthetic action re-
sulted. Sulfur probebly is more umsaturated when divalent,
than 1s oxygen, for the compournds of tetravalent sulfur are
=ore stable than those of tetravalent oxygerne®. . Compounds of
hexavalent sulfur are even more stable, whlle heravelent oxy-
gen is unknown.
A discussion of the theories®6,%% of physiclogical action

43yorlinder, Ann., 328, 66 {1902). See =lso Vorilnder, Ber,.

32[': 3-633 \l?@l)'. . .
443ee scetion on “The Thion Ester Group”, p. 63.
4850xonium Compounds, Collic and Tiexkle, J. Chexm. -Soc., Z?,

710 (1899), Baeyer and Villager, Ber., 3%, 2679 (1901).
464 discussion of the various theories of physiological action

may be found in such books as Frénkels "Die Argzneimittel-

- synthese” (Springer, 1921) 10-42, or Hays "Cremistry of
Synthetic Drugs" (Longmans, Green and Co,, 1921) 1, 16, 36.
¥or some later developments, see also Yeyer and Bullroth,
Z. Phys. Chem. 112, 55-79 (1921), C.A., 15, 2925 (1921).
Yumikura, Bioehem. Z., 157, 359-70 {1925).

Horeau, Chem. Reviews, 212, 190,

Traube and Klein, Bioehem. Z., 12C, 111-24 (1921).
Copeland and Motton, Brit. Zed. d., 1325, 547.
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is out of plaée in +his dissertation: It is desirsble how-
ever to e¢all attention to ore such theory wﬁich.may bave a di-
rect bearing on the results of this resezrch. Eethews 77 has
suggested that a unlon between the nerve tissue and the mole-
cule of a local snesthetic Was brought about by means of re-

sidusl valencies somewhere in the molecule of the compound.

The Effect of Unsaburated Grouns

The Effect of the Ester Group:

Kany of the compounds krnowm to have locsl anesthetic ac-
tion have somewhere in the molecule, an ester group. In com-
pounds of the procaine type, this ester group links the phar-
macaphore tc the remsinder of the molecule. The presence of
this ester group certainly aids local anesthetic action, as a
consideration of the following compounds shows.

s ~Diethylaminoethyl phenyl-Urethanes ((c m ) wo H,00C-
¥E-CoB) and s-diethylaminoedayl vhenylmethyl-uretheme 7
({CoHg ) oNCpE, 00C-H<CHg*CgEg) both showed local anestuetic ac-
tion. LA compound corresponding to the latter, but without the
ester group (CgHgNeCHg-CoH.N(CgHg)z) 1% did not show local
anesthetic action. |
“#Tathews,  Iptern. Z. physik. chem Biol., 433-49 (1914),

C.A., 9, 2940 (1915), d. Chem. Soc. 108, 106 (1915),
#gronners. Arch. Exp. Path. Pharmakol., 76, 266 (1914).

IParb. ¥erster, Lucius and Brunning, Ges. 270529, Apr, 3
(1914), Chen. Zent®Z., I, 85, 1534 {(1914).
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On the other hand, the presence of the ester group is
not essentizl to the property of local anesthetie action.
Benzyl aleochol has local anestnetic action*®, as does holo-
caine®® ¥ Celiy 10C2Hs )

(CHC” )
\NH*CgH*0C3Hg) and certain of its derivatives.
Diethylamine ({CoHg)sMH)®*, 2 ~diethylaminoethanol ({CqHs)e
NCoH(OH); and #<diethylaminoethyl p-tolyl sulfide (p-CHg®
CeBgSCsH,N(CHs)a) , prepared and tested in this research, all
showed marked local anesthetic action®®.

- Two exvplanations for the influence of the ester group on
local anesthetlc zctlion may be offered. The first of these
is 1ln zecord with the results obtained in investigating the
effect of the other unsaturated groups.

The ester group (G(:0)-0:R) conbains the unséturated
carbonyl group (C:0)%1., The pharmacaphore (R) is atizched to
the carbon atorm of this group by divalent oxygen, an unsatur-
ated atom. Taken as az whole, the ester group possesses a
certain degree of unsaturation. As will be shown later, un-
saturated atomg, or groups attached to the pharmacaphore in-
creases local anesthetie actiont®, If this be strictly true,
2ll esters containing pharmanaphore groups should show local
80Kill and Rzbinowitz, J. Am. Chem. Soec., 48, 732-737 (1926}

F111 and Cox, J. Am. Cpem. Soc., 48, 321%, 1926.

SiPhenylethylamine Bhows s local aresthetic action. Abelin,
Bicchen. Z.; 111'! &58-'70 {1023).
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snesthetic action. Kemm>7 has shown this 15 not the case,

for he found that the carbvonyl group of the ester must be at-

tached t0 an unsaturated atom, if the compound shows loczl
anesthetic action. It may be that the ester group alone does
not pdsséss a sufficient degree of unsaturation to"cauge this
effe¢t. " ¥hen attached to an unsaturated atom or group; how-
ever, this degree of unsaturation may be increased to such an
intensity that local amesthetic action results. If this is
the case, a part of the function of the neighboring umsatur-
ated group may be to increase the degree of unsaturation of
the ester grouy. | |

Sugh an aciion is not unknown, because various unsatur-
ated groups in the same molecule do effect esch others ac-
tivity to a ceritain extent®2., This is especially true when
the unsaturated groups are arranged in the so-called conju-
gated manner. The'presence of two ester groups in the same
nolecule might ther csuse an inerease ir local anesthetic ac-
tion. This was not the case with the compounds testedl®.

The literature furnishes conflicting data®® so a definite

conclusion can hardly be drewn.

S2Thiele, ., 306, 87-170 (1899); Posner, Ber., 34, 1395
(1901), 35, 799 (1902), 36, 4305 (1903), 38, 646 (1905),
39, 3515 -906) 40, 218 _907)' Posner and Opperman,
Ber., 39, 3705 gl906), nlaise, Bull goc., chim, III, 33,

42 (1905)
53-‘,..3.22 J. u_‘em. Qc.,., 25’ _479::...1:10-7 (’9”8)
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An example of the effect of increasing the degree of un-
saturation of the ester group is furnished by the behavior of
p-diethylaminoethyl phenylthionurethane (CgHgNHC(=S)OCH,N
(caﬂ§)g) %4 mnig compound shows an incresse in local anes-
thetic zetion over the correspording compound without the siui-
fur. Substitution of sulfur for the carbonyl oxygen should
render the ester group more unsaturated, for suliur ls more
unsaturated than oxygen.

_ The second expianation of the influence of the ester
group is orfered because of the surprising local anesthetic
action of 3-&iethylaminoethancl (({CaHs)sKCoH,CH)) *“. Tnis
compound, tested as the hydrochloride seli, had 2 cocsine co-
efficient of 8.3 to 13,5 by the rabbit cornea.method, 2l-
though inzctive wher injected. The free 5 -diethylomincethan~
ol was very active. | -

Esters hydrolyze guite reedily to givé the zlcohol ard
the acid from which they were originally formed.. Since 8 ~-di~
ethylaminoéthanol was found to be so active, possibly esters.
and other physiologically active compounds containing the
pharmacaphore ((CzHg)NCoHs~) hydrolyze to give the aminoal-
cohol in the frée-state.

Copeland end Notton’? state that the effect of a loezl
anesthetic 1s due to the selective affinity of its free base
for nerve fibrils. They base this conclusion on the behavior

of the boreccaines, which are borate salts of anecsthetics of

e e A 8 e e
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the procaine type. The conclusion is further supporied by
tne faet that locel anesthetics as free bases'® are much more
effective than the strong acid salts of the same compounds.

The idea of & hydrolysis of the ester to give free B-di-
ethylaminoethanol whkich is physiologically active, seems a
logical extension of this reasoning.

. & comparison of the effects of di—(ﬂ-diethylaminoethyl)
diphensate (caauooco&" CoHglg) 5%

(0334 «CO0CHN(CpHs) ) and diethyl ¥ -diethyl-
amxnoetnyl malonate {{CgHg)NCgH,+CH*{CO0CHs)e) seems to sup-
port the theory of z hydrolysis to free g-diethylaminoethanol.
”he Tirst of these compounds when injected as z C.05 per cent
solution of the hydrochloride salt produced liceal znesthesiz
rqr‘5 t°\10 nirutes. The second conpouwrd, as a-4 per cent
Solution of the hydrochloride sali Ees insetive by the rabbit
cornea method. The ester groups of this latter compound can-
not bydrolyze to give g-diethylaminoethanol.

If hydrolysis of the ester does take place, the basicity
of the aminozlcohol used to esterify the carboxyl group at
once becomes an important factor in that it will Influence
tae rate of h},rdrolysis.

It is fully realized that there are many objections to

the idez that bydrolysis of esters frees an aminozlcohol

54poberts and Johnson, J. Am. Chem. Soc., 47, 1396~14C2 {1925).
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which has Yocal anesthetic action. The local anesthétic
action of meny compounds having ester groups®*® in the mole-
cule cannot at present be explained.on this basis. On the
other hand many compounds which should readily hydrolyze®3
to give 8 -diethylaminoethanol, show no local anesthetic ac-
tlon. Still other compounds showing local anesthetic action,
¥ield only inzetive products on hydrolysis®®, However, in
vieg of the evidence presented, partially supported as it is
by the resulis of other investigators®®%%, it is felt that
the idea.is sprthy'of sone consideration.

Whether or not the suggestion made is of value, hydrely-
sis of some sort probably is a Tactor in the loczl anesthetic
actionS® of certain compounds. Adams and V1iet®® found that
@ecreasing the hydrogen ion concentration of the solution used
caused an increase in local anesthetic action. Regnier and
Devid®’ claim this increzsed action is not due to hydrolysis

of the snesthetic, but due to the action of the hydroxyl ion

88jensen and Hirschfelder, J. Pharmacol. 24, 423-48'(1925).

Nielsen arnd Higgins, J. Lab. Clin, Ted. z, {1922}.

Volwiler and Vliet, J. fm. Chem, Soc., 43, 1672 (1921).

Schonle and Row, ibid. 43, 3061 (1521).

Regnier, Compbt. rend. soc. bicl., 92, 605-8 ’192,,, C.A.,
19, 19C4-5 (1925).

665dams and Viiet, J. Am. Chem. Soc. 48, 2158 {1026).

~-—-—'—_——.——.—-——

See also, Gros. Arch. exp. Path. Pharmakol., 63, 80 (1910},
ibid. &7, 127, 13C (1912).
S57Regnier and David, Bull. sei. pharmacol., 32, 513-522
1525), C.A.. 20. 451 {13526).
See also, Re5n¢er, Bull. sci, pharmacol., 32, 4C5-12

(1925), C.i., 19, 3000 (1925).

£ Yo B e am s A 34 bt



—

=55~

on the cell acted upon by the anesthetic. The cell is sone-
how made more receptive, but not necessarily by decreased sur-
face tension.
fﬁe Effect of thé Carbonyl Group:

The intreduction of a carbonyl {€:0) group into the mole-

cule of a2 compound showing local anesthetic action shouid in-
crease this action®* since it is an unsaturated groupti. Ac-
cording to Keach ard Hilisg the ketonie carbonyl group con-
fers hyp#otic aetion. The carbonyl group is present in the
ester group {~C:0*0OR), but it is impossible to determine the
extent to which iocal anesthetic action is influenced by the
carbonyl group alcre, in thls connection. Undoubtedly its de-
gree qf unsaturation does determine to some extent the influ-
ence of thre ester grouping previously discussed, as is shown

by the substitution of a more unsaturated grouping {-C=S) for

4

(24

s
- L

. In view of the facts shown by this research, bubt little

light can be thrown on the subject. Inp-diethyleminoethyl

pathalimide®® =0
( NCoHg N(CoHgl e)
(NC=0

- o =

rresent. The compound did now show local aresthetic action.

two carbonyl groups are

Bthyl B-diethylaminoethylaceto-acetatel® (CHZC:0CH {CoH Xl
(CoHg) oCCCCHg) has local anesthetic action and there is one

corbonyl group in its molecule, besldes the one in the ester

| *’Keach and H11l, J. im. Chem. Soc., 48, 2743-5 {1926).
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group. Trether or not the physiological action of this com-
pourd is due to inis carbonyl group., or ic some other group,

or to the gereral make-up df the molecule, car hardly be dis-

tinguished. The same is true of most other compounds describ-

ed in the litersture. Frankel end Cormelius’’ have prepared
s-hydroxy-ethyl benzamid {CgHsCONHCEaCH.OH) and two other com-
pounds in which the hydroxyi grouy formed esters with m- and
p—aminobegzoie aclds., None of these compounds showed local
aﬁesthetic’action. |

~ Evidence concerﬁing‘ﬁhe effect of carbonyl groupé‘was
found to be' inconclusive. It was believed that the inectivity
of B-diethyleminoethyl phihalimide was due to some factor®7?
othsr‘than.the presence of the two carbonyl groups. The pres-
ence of z carbonyl zroup atlached directly 4o = pharmaczphore
should"have'the sare effect as the presence of any cther un-
saturated group or atom in 2 ilke position,

T™he Effect of the Zthylene Groupd

The effect of unsaturation on local z2nesthetic action is
most marized when the unsaturated linkage is made a vart of the
pharmacaphore®*. This has been shown by V. Braun and Brauns-
dore®*who replaéed one of the ethyl groups'in vhe pharmaca-~

vhore of proczine with 211yl and cinnamyl groups. Kamm and

*7Prankel and Cormelius, 32er., 51, 1654-62 {1918).

R e oed

603ee Section on "Iffect of Nitrogen in Amino znd Imido Groups”,n.5
g p ryre s
1=

61V. Braun and Braunsdorf, .Ber., 548, 2081-38 (1921}, C.A.,
16, 1084k (1922), See 2lso, V. Eraun and Zohler, Ber.,
51, 79-96 (1918).

!
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Volwiler®? have prepared the di-21llyl anslogues of both pro-
czine and butyn, and have fouhd inereased loczl znesthetic
action in both cases. 4 part of this inereased asction may
be attributed to an increase in molecular weight*s.
| Under certain conditions the effect of unsaturation
takes a surprising turn. Adsms and Barmes®® found p-amino-
benzoyl-r-hydroxypropyl pyridonium bromide
/CH=CH\
{p-NH,- sH4COeVSHe‘B CH)
i NeE-CE/

- =ZBr to be physiolog-
ically inactive while the corresponding saturated compound

' Hp=CHa |
{p-NHz*CeHaCO2CaHa~F ,/”ngﬁBr) is 8 times as ac-

CHge=-CHE .
tive as pfocaine; Gilman and Pickens?® noticed the same sord
cf behavior with #'-diethylaminocethyl phenylpropiblate
(CeHgC=C-CCOCH, N(CeHg)2) which should have had a strong
locz2l anesthetic action, but produced " intense pzain instead.
Kemm®? has indicated the apparent necessity for the car-

bonyl group of an ester being attached to an unsaturated atom
or group®®, if the compound is to have local znesthetic ac-
tlon. Gilman znd Pickens?* and later, Gilman, Heckert and
EcCracken®® have shown this to be true in cases where the un-

S2zamm and Volwiler, U.S. 1388575, Aug. 23 (1922), g s 16,

990 (1922).

83 pdams and Darnes, J. Am. Them. Soe., 43, i3G8-25 {1i927).
S%See Pyman, &. Chem. Soc., 4ii, 167, 1119 (1I91T).
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saturated atom or group was attached to either an aromatic or
an z2liphatic rediczl. This work extended the investigztion
still further, end corroborated the results previously obtain-
ed. #-Diethylaminoethyl A-ethylacrylate (CoHgCH=CHCCOC HXN
(CgHg)e) was prepzred and found to have a cocaine coefficient
of 6.6 as = free base 2nd 1.0 as the hydrochloride sa1t?®,

Conclusion:

 The unsaturated groups, ~C(:0)-OR, =C:0, and -HC:CH-,
have been studied with 2 view to determine the effect they
heve on local anesthetlic action. It has been corcluded that
the effect of the Iirst of these was due either to its degree
of unsasuration, or to a ready nydroiysis which frees the
aninoaleconol with which ﬁhe group has. been esterified. This
aminoaleohol has been shown to have local anesthetic action
to 2 marked degreeit. '

Concerning the effect of ﬁhe second group, the carbonyl,
1itile direct evidexnce was aveilable. In the compounds.stud-
led it was found impoésible to reach any definite conclusions.

The third group, which contains the ethylenic linkage,
was fourd to have an effect confirming the conclusions of
Gilman and Pickens®, Xamm®7 and Gilman, Heckert and XeCracken®®.
| Unsaturated groups of this type Increase physiological action
g when 2 part of the pharmaeaphore, Or when aitiached 6 the car-

. bonyi group of an ester group holding = pharmscaphore.




local anesthetic actilon resulis when the pharmacsphore is at-

" whether or not this property continued to exist when the

 A-giethyleminoethyl phenyl-methyl-urethane *¥*7 (o u,7(0Hs) |
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The Effect of Unsaturated Atoxms

2s has been indicated by the preceding discussiouns,

tached to zn ztom which 1s 2 member of an unsaturated group.

This section of the present work was an attempt to determine

pharzaca;hore eas‘attaghed to an atom which may be considered
28 unsaturated®*.

_ To this end, the s-diethylaninoethyl group was sitached
to trivalent nitrogen, divalent oxygen, and divalent ard hexa-
vzlent sulfur, ALl these di- and trivalent atoms are capable
of showing higher valences®® 45,

The Effect of Nitrogen in
Aming and Imido Groups:

The presence of two nitrogen astoms in a molecule of =2
compourd showing local anesthetic action is not al all unusual.
Crdirarily orne of these nitrogen atoms is bresent in the phar-
macaphore, really being the nueleus of that group. The other
nlirogen stom may be far removed from the first, zs in the

cage of procaine, or it may be cuite near, as in the case of

COOCH,B{CeHg)e). Apparently, the presence of the second ni-

tregen at = which 1is usually trivalenit, inecregses local an~

I3 Qe

esthetic action?, It may serve 2s an anchoring group, or

possibly as a secondary pharmacaphore. In the case of the




esters of diethyl carbamic acid
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,CHg
((CgHps) sNCOO-C~CHgN(CHs ) o)
CoBg
prepared by Riedel®® the second nitrogen atom undoubtedly
served ‘as the ﬁnsaturated atom to which the earbenyl group of
the ester should be attached irn order to show loczl anesthetic
aetion37, |
In view of these f;cts, the action'of‘ﬂ-ézethylaminoethyl

methyleniline (S HgN(CHs)CoH N(CoHs)s) was surprising. This
compound showed ﬁo local anesthetic action whateverls. This
bghayiqr may have been due to the absence of an ester group,
althqugh this should not have been the case since f-diethyl-
aminoethyl p-tolyl sulfide, (p-CHa*CaHgSCoH N(CaHg)g) and
B =Giethylaminocethyl phenyl ether (CaHgOCRE4N{(CoHg)e) both
showed local anesthetic action™. |

- & more logical conclusion would be that neither of the
nitrogen atoms was unsaturated, for anzlysis of the hydro-
chloride salt of this compound (as which it was tested) show-
ed that a di-hydrochloride®® had been formed. If this con-
clusion is correct, it offers a striking example of the ef-
fect of unsaturated and saturated atoms on loczl anesthetic
sction. |

A third possibility is that the relative positicns of

the two nitrogen atoms causes this result. This conclusion

®®riedel, Ger., 169787, April 2 (1906), Chem. Zenmtr., I,
1683 (1906).
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seemed to be supported by the fact that # -diethylaminocethyl
phthalimide (CgHas{CO)RCoH N(CeHg)p) was also physiologically
inactive**, The'relatiye'positions of the nitrogen stoms
were the sanme in both compounds.
~ In the case of the phithalimide derivative it might be
suggested that steric hindrance played some part. A compound
somewhat similar in type, di-(8-diethylamincethyl) phthalafe®s
_/CO0C5H, N(C2Hs)a) |
(Ce 300C,H, N(CgHg)e), 18 without local arvesthetic action.
The evidence is not corclusive enough however to prove
cither of the last conjectures. For some reason, attachment
Of the pharmacaphore to the rest of the molecule with a ni-
trpgen aton falled to give the cxpecied local anesthetic ac-~
tion.,

The Effect 0f Oxvomen in
the Ether Groun:

In 211 local anestheties of the procaine type, the phar-
macaphore 1is attached to the éarbonyl group of ihe ester by
a2 divalent oxjgena In nolocaine (cﬁsc¢§acaﬁgocgns ;
. \NH-CgHyOCoHg) and its
derivatives, studied by Hill and his coworkers®®, the ethyl
group is zttached by means of a2 divalent oxygen. Dullerede

has prepared z series of compounds containing divzlent oxy-

S6puliere, Bull. Scec. Chim. {&4) 39-2C, 285 {i526).
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gen. (C4EsCH(OR)CeHeNRp) , in which R means various alkyl rad-
icals. These compounds had some locel znesthetic action.
During this investigation, another type of compound con-.

taining divalent oxygen attached to the pharmacaphore, was
prepared. This gompound, S-diethylaminoethyl phenyl ether>*
(CsHsCCHuN(CoHs) 2), Showed no local anesthetic action when
applied to the cornea of & rabbit, but did show such action
on the humen tongue. This places its activity as approxi-
mately that of procaine, which has no effect on the cornea
until § per cent solutions of 1t are applied.

 Agein it is possible to sugsest that the effect was due
©o hydrolysis of the compound, forming B-Qiethylaminoethanolb{
fcleod and Rcbinsonég have found that #-dlethylaminoethyl
ethyl ether hydrolyzed very readily. This property probably
would decrezse somewhat when the phenyl group was subétituted
for the ethyl group, which would explain the degree of local
snesthetic aciion shown by B-diethylaminoethyl phenyl ether.

The Effect of Oxyzen
in Amino Alecohols:

In f-diethylaminoethanol {{CgHg)eNCoE,OH), the vhermaca-

phore group, S-diethylamincethyl is attached to a divalent
orygen, as was also the case with the compound just discuss-

ed, Yher tested orn the cornea of a rzbvilt, zs the hvdrobro-

mide salt, £ -diethylaminoethanol showed surprising activiiys¥,

67 .
gSee section on " The Effect of the Ester CGrowp", p. 47.
6%3cLeod and Robinson, J. Caem. Soc. 119, 1470-6 (1921).
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its cocaire coefficient ranged from 8.33 to 13.66*%. The
factors causing this variation were not known. vhen injected
or placed on the tongue, f-diethylaminoethanol hydrobromide
produced no anesthesia. A mimute quantity of the free 8-di-
ethylaminoethanol placed on the tongue, anesthetized an‘area
of two square’centimeters.for over three hours.

In this connection it is interesting to note that 83 -di-
ethylamincethyl chloride {({CgHg)gNCeH,C1) ** and the corre-
spording bromide were inactive, while diethylamine®* * had
a cocaine coefficient of 3.35. The marked aciivity of tke
amiroalechol may have been due to the degree of.Unsatu:ation
of the oxygen atom. Hore probzably it was mz2inly due to the
enchoring®? effect of the‘hydro#yl group.

The Effect of Sulfur
in the Sulfide Groun:

So far as canr be determined, sulfides have not previous-
1y been tested for loezl anesthetic action, although lLawson
and Rei&7ofhave prepared alkyl amino derivetives of diethyl
sulfide by causing primary and secondary alkyl amines t0 re-
act with g-dichlorodiethyl sulfide {C1CgH,SCpH,C1).

During thls investigzetion, B-diethylaminoethyl p-tolyl

sulfide (p-CHy+CeHySCoH N(CoHg)2) Was prepared and itested for

®7Temriich, Deut. med. Wochschri 1052 (1898), Proc. Roy.
Soc. (London), 66, 424 (1300), Z. Physiol. Chenm., 47,
§SE.£%906), “studies on Immunity® {Viley and Soms 1906),
P AhD,
7Lawson and Reid, J. Azm. Chem. Soc. 47, 2821-36 (1925).
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local anesthetic action. It had a cocalne coefficient of
3.5-5 and was quite irritant as the hydrochloride salt. This
last property wes nob surprising in view of the well known
action of some organic»sulfides7'. It was not surprising that
this compound should have shown local anesthetic action. The
previouély discussed oxygen compound showed some such actiqn,
and the two are similar in type. Nelther was it surprising
that it showed local anesthetic action®® to 2 greater degree
than the oxygen analogue, for divalent sulfur is obviously

The Effect of Sulfuxr
in the:Sulfbne Groun:_

Some sulfones heve hypnotic’® action, but so far as cen
be determired none has previousiy been tested for local anes-
thetic action. .

8 ~Diethylaminoethyl p-itolyl sulfone {p-CHzCgH.-S502-CoHY
{Czﬁs)a) was found %o have no loczl anesthetic action what-
ever, vhen tested on the cormea of a rabbit, or on tre numan
tongue. This was not surprising, as oxidation of the very
irritent A-chloroethyl p-tolyl sulfide to the corresponding
sulfone was found to completely destroy the irritant property.
Bauman and Xast?* found that for a sulfone to exert hypnotic
action, two sulfone groups must be attached to the same car-

Bourme, Brit. Eeda. J. (1926) 778.
77Baumann and Xast, Zelt. paysiol. Chem. 14, 52 (1890).
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boh atom, which must have all of its hydrogens rerlaced by
other groups. They found 211 other sﬁlfoneS'investigated

73 peve found that in-

to be inactive. Renshaw ard Hotchkiss
troduction of 2 sulfonic aeid group intoc a molecule often
destroys physiologiczal action.

The explanstion of this loss of local anesthetic action
when ‘a2 sulfone group has replaced a sulfide group may be gilv-
en Troxz the fagts showr in previous discussions. Divailent,
and therefore unsaturated suifur, has been replacéd by hexa-
valent,sulfur:.a_saturated‘atom.

- This bepavior was in direct accord with the expected
action. It is believed to offer direct conflirmation of the
view that unsaturated atoms increase loczl anesinetic action
as_weil as unsatursted groups. Sstursted atoms should not
have this efTect, but should behave as do saturated groups.

The Effect of Sulffur in
the Tnlon Esiter Grouvs:

As has been previously pointed out,ithe substitution
of a divalent sulfur atom for 2 divalent oxygen atom should
result in an increazse in local anesthetic actlon because the
sulfur atom has a higher degree of unszturation. If the car-
bonyl group of an ester is an unsaturated groun, a thion car-
bonyl group should be even more unsatursted, and conseguent-

ly the cozpound should show more local anesthetic aciion,

RPN

S P
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This conclusion was verified by the behavior of 8-di-
ethylaminoethyl phenylthionurethane (CgHsNHC(=S)OCpH(K(CeHg)za),
which hed a2 cocaine coefficient of 6.6, tested by the rebbit
cornea method. Although the datz were nou completely compar-
able, this compound apparently wWas considerably more active
than s-diethylaminocethyl phenylurethane (CeHgzNHCOOCoHiH(CgHg)a)
tested by Promherz??. |

Apparently the substlitutlon of divelent sulfur for dival-
ent oxygen was abiended by an increase in local gnesthetic
action. This conclusion was Turther verified by the behavior
| of g-diethylaminoethyl p~tolyl suifride”” and #-diethylamino-
ethgl ‘Thenyl ether ’°,

Conclusion:

The results obtained in this seciion indicate that single
u:saturated atoms mey be subsiituted for unsatureted groups
outside the pharmacaphore, without destroying loczl anesthet-
ic action. - Divalent oxygen and especlally divalent sulfur
had this effect. Trivelernt nitrogen did not, so far as could
be determined. The substitulion of divalent sulfur for di-
valent oxyéen resulted in ar increase of loecal anesthetic ac-
tion. Ssturation of the unsaturated atoms resulted in a com-
plete loss of anesthetic action.

745 e section on "Effect of Sulfur in the Sulfide Grour', p..61.
7 °°e section on "Effect of Cxyzen in the Zther Group’ p. 53.
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There was-some indicztion thaet steric hindrance mey have
caused A-diethylsminocthyl phthelimide to be Insctive. There
was also some indication that the relative position of two
nitrogen atoms in this, and & releted compound, hadé some in-
fluence on the lack of physiological action..

' The Effect of Position in the Nevhthelene

Mucleus. The Effect of Increased Molecunlar
- Weicht.

The positions of the substituents in the naphthalepe
micleus usually causes a marked difference in the physical.
and chemical properties of the compounds. It is possiblie to
explain these differences, in part, if it be assumed That
eaéh carbon ator in the two venzene rings forming naphtha-
lene vossesses z certain degree of‘unsaturation,“Tbis may

be represented by the following structiurzal formunlza irn which
Lo, -
Loy
o~ the unsatursztion components are repre-
9
'l'ﬂ';a

S sented by dotted lines. The components
N T

on the 'carbon atoms in the 3-%4 and 8-9 positions (F-positions)

n2y be assumed to neutralize each other, as shown by the fol-

! L
I

lowing disgranm’ @, g The component of unsatura-

tion of carbon stom : .1, Thowever, should be equal-
Pt

1y disiributed between carbon atoms 2 and 10, and that of car-

Don 2tom 6 distributed between carbon atoms 5 and 7, leaving

Mrniele, Ann., 306, 125 (1899).
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these carbon atoms still posses31ng some degree of unsatur-
aoion7al Rapht halene compounds heving a sﬂbstituert group
in the K-position should mosi nearly resemble gromatic com-
pounds,‘sihce the substliuent is attzched to 2 somewhat un-
sgturated% earbon atom. ~Those naphthalene compourds having
substituents in the f-position should most nearly resemble
gliphgtic compounds of corresponding molecular weight; since
the substituent 1s attached to a saturated carbon atom.

~ “The differences, required by the above siructuzral formu-
la, for«- and B=monosubstitubed napﬁthalene compounds are
spparent to a certzir extent. For exsmple, the molecular re-
fraetion caleulated for both mono-naphthylemines is 45.80.
The experimental value for £-nsphthylamire is 46.66 and for
thé 8 -nephthylamine, 45.88, Only the so~called arcmatiec
amines show exalied molecular refraction. Other'physicalq?
constants vary markedly, not only in the case of the amino
derivatives, but in 21l L~ and.g- monosubstitution products
of naphthalene. | |

- L -Nzphthylamine has an odorvclosely resembling that of
aniline. g-Nephthylemine has no odor. Vhen ~naphthylamine
is reduced, four hydrogen atome atvtach themselves to the car-
Tror 2 comparison of the nﬁysical and cheniczl properties

of various K~ ard B-substitution products of ranhtnale

See Meyer znd Jacobson's "Lehrbuch der Orgenischen Chemle
(Vvon Veit and Co. 1903) Vol. II, part 2, pp. 295-383. In

particular see pr. 323, 333, 364-6 305, 31C.
FPor Ionization Constants, see vcudaer ‘Conductivity and

Ionization Constants of Organlc Compounds (D. Van Nostrand
Company 1914) 219.
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bon- atoms of the ring not holding the amino group. The tei-

rehydride so formed behaves strictly as an aromatlc amine
with a satgrated.side éhéin, because the amino group can be
diazotized, and does roi react with carbon dioxide. &8 -Naph-
thylamine or reduction gives & tetrahydride in which the en-
tering hydrogen atoms have attached themselves to the carbon
atons of the ring holding the~amino group. This compound re-
serbles an aliphatic'amine; since the amino group cannot"“
readily be dizzotized, and reacts easlly with carbon dioxide.
L-Haphthylemine gives colored precipitates with ferric ehlor-
ide, ard potassium dichromate, while S-naphthylamire does not.
Physiologiczlly, there is a marked difference between
the two naphthylamines. «~Nephthylamine is more poisonous
than g-naphthyiamine, having, as does aniline, a peralyzing

action on the ceniral nervous system7g

« B =-Naphthylamire

Causes a contraction of {the pupil of the eye and is oxidized

ir the orgenism to amino naphthols7g. |
L-Naphthol and g-naphihol show the usuzl differences in

7

physiczal constants7., 8 -Naphthol readily forms ethers when

treated with alcohols and hydrogen chleride. «-Naphthol re-

i acts much less readily with these reagents, resembling phen-

"Frpdnkel, "Arzneimittel-synthese" (Springer 1921)
Physiological action of Nepnthylamines, 117, 177, 295.
Physiological aetion of Naphthols, 117.

Physiologiczal action of Naphthoie icids, 103, 195.
- Physiological scvion of Benzoic Acid, 1T71.
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ol in this respect. It is also difficult to convert <-naph-
thol to the correspornding naphthylamiﬁe by treatment with

ammonia, while #-naphthol 1s readlly converted into s-naph-
thylanine. Physiologically, 4~naphth91?7 is more poisonous
than s~pazphihol , having three times its toxicity and anti-

septic actionqg. This shows some resenblance to phenol

which is an excellent antiseptic, a2s well as =z germicide®,
¥aen attempts are made to nitrate or sulfonate naph-
thalene, only the L~positicns are entered by the substitu-
ents. In the case of the sulforic derivative, neating re-
sults in a rearrangement forming the B-derivative. Then
naphthalene is halogenated, the first two halogens occupy
the K-positions on the same ring. Such behavior mey indi-
cate that the «-carbons are least saturated. ¥hen reduced
with aleonol amd sodium, hydrogen =2dds first to the L-posi-
tions, then Ho the 8 -positions in ithe same ring, only four
hydrogen atoms adding to the whole molecule. This behavior
inGicstes that thedl~-positions are leasi saturated, and fur-
nish the initial point of attack for the entering atoms o .
7ith certain reagents the halogen in the g -position
seems more reactive. Loevenich and Loeser? secured 42,7
7?ans "Chemistry of Synthetic Drugs® (Longmans Green and
o 1 L0ns 1921) Aok, o of Helmetons "Tacories of
gohzmsont and Hehn's translation of Heinriens “Theories of
Crzanic Chemistry" {John Tiley and Sons. 1922), 67-68.

%/ Loevenich and Loeser, Bex., 60, 324 (1927), C. 4., 21,
1649 (1927). |
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per cent ylelds of B-naphthollby-treating A~promonaphthalene
vith sodium acetate, while only 12 per cent yields of <-maph-
thol were secured from L-bromonsphthalene. In other reactions,
however, this difference was not so zpparenti. Halogens at-
tached to saturated carbon atoms are more reacﬁi&e than those
attached.to unsaturated carbon atoms.

«~Naphtholc acid melts at 160° and has an ionization con-
stant’ of 2x10%. # -Naphthoic 2cid melts at 182° and hes an
ion zation constant” of 7x10™°. «-Naphthoic acid passes
througn the body unchanged, resembling benzoic =2cid in this
resnect. :art of the g-nzphthoic scid ingested is eliminzted

tnchanged and 2 part absorbed. For dogs, the toxic dose is 4

gt

In viewx of these facts it was surprisirg to find thaib
B-diethylaminoethyl S-napnthoate ([:J::jCOOCo&§L Gafig)e) Was
slightly mere a2ctive as z local aresthebic then P-diethyl-
aminoethy1<<~naphthoate~([::[:jCOchﬂgﬁ(ngs}) % e op-
posi te effect had been expected; as well as a2 much grezter
difference in zcetivity. Apparently the correlation between
unsaturation and loczl enesthetic action has broken down
rether completely in this case.

An interecting comparison of the effect of an increase
in molecular weight of the pharmzcogen, outside the phar-
mzcaphore, is possible in this case., Lynn and Lofgren?
found # ~dilethylamincetihyl benzoaze t0 have aznesthetic prop-

erties., The data given were notv directly comparable, but
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the benzoate was less active than procaine while the naph-
thoztes were several times zs powerf&l'as procaine.

This result was in accordance with the general conc}u—
sions ‘reached by KammB? and coworkers **, Osterberg and Kendall®,
Braun and Braunsdérf6°, and Adams and Barnes?S, who increaséd
the molecula: weight of the pharmacaphore, usually, and fqund
increased local znesthetlc aetion and toxicity. Gllliard,
¥onnet ard Cartier™™, working with alkyl esters of piamino-
benzoic acid, found thai the increased molecular welght of the
alkyl groups also resulted in an increased local anesthetic
action.

The fact that tae napnthoauves prepared were nci even nore
active was somewhat surprising. It has besn shown by MHadin-
aveitiag4'that anines contalning the naphihslene nucleus were
40 times es actlve as those containing only the benzene.nuc-
laus. However, the physidlogical zction so shown was not
local znesthetlic action, bul sympathomizetic (stimulation of
sympathetic nervous system) action.

Apparently, the position of the substituents in the

nzpnthalene nucleus has very little effect on loczl anesthet-

82 pdams, Kamm, and Volwiler, U.S. 1358751, Nov. 16 (1921)
C.A. , 15, %12 (1921).
Kemm and volwiler, U.S. 1388573, Aug. 23 {1922) C.A.
16, 990 (1922).
ﬂ%Osterberg and Xendall, J. An. Chem, Soc. 43, 1370 {1521) g
di“are*t*a insles soc. espan, fis, cuim. 18, 66-78 :
(1920): .,).., _3:_5: 92 (19227.
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ic action, since both componunds are active to gbout the.
same degree. Substitution of the naphihaléne rucleus for the

benzene nucleus was attended by a marked incresse in local

anesthetic action.
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SURDS

1. The effect of unszturation on loczl anesthetic action
has been studlied with reference to unsaturated groups arnd un-
saturated ztoms. The pharmacaphore group was retained un-

changed in all cases.

2. For the most part, it has been found that the presence
of unsaitureted groups ouitside the pharmacaphore, serves to

increzse local aznesthnetic action.

5. The unsaturated atoms, divalent oxygen and divalent sul-
fur, attaching the pharmacephore to the rexmzinder of the
molecule, csuse local znesthetie action. Trivalent nitro-

gen did not have this effect.

4. Substitution of divalent sulfur for divalent oXygen in-

creased loczal anesthetlic actiocn.

5. Very little diffexence in loczl anesthetic aciion was
found when the (- and S-positions in the naprhthalene nucleus

were studied,

6. In gereral, the resulis obtained enable the correlation
tween unsaturetion, and physicel and chemiczal propertiesss

to be externded to include loczl anestithetiec zction.
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