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was soluble in acid and contained no halogen (Beilstein

test). Itevidently was 6,6’-dimethoxy-8,8'-biquinolyl.
Anal. Caled. for C20H13N202: C, 7593, ' H, 5.10.
Found: C,76.05; H, 5.10.

8-p-Aminophenyl-6-methoxyquinoline.—To 27.2 g.
(0.097 mole) of crude tan-colored 6-methoxy-8-nitro-
phenylqguinolines was added 145 ml. of 6 N hydrochloric
acid and 88 g. (0.389 mole) of stannous chloride dihydrate.
This mixture was heated under reflux on a steam-bath for
forty minutes and the clear red solution which formed was
allowed to cool to room temperature. A brown precipi-
tate, probably the stannic chloride salt of the higher
melting amine, formed in the solution. This salt was
filtered and decomposed with an excess of 409, sodium
hydroxide to give a tan, alkali-insoluble solid. After this
solid was filtered and washed free of sodium hydroxide, it
was recrystallized from 400 ml. of 959, ethanol, the boiling
solution being treated with Darco. On cooling the amine
crystallized in light yellow prisms, m. p. 181-182°. The
filtrates were evaporated and the solids obtained fraction-
ally recrystallized. The total weight of amine so obtained
was 6.6 g. (27.2%). Recrystallized for analysis, the
aminophenylmethoxyquinoline melted at 180-182°,

Amnal. Caled. for CxHi:N.0: C, 76.78; H, 5.64; N,
11.20. Found: C,76.66; H, 5.84; N, 11.41.

It was found that when the purified sample of 6-meth-
oxy-8-p-nitrophenylquinoline melting at 206 ° was reduced
it gave a product identical with this amine, establishing
its structure as 8-p-aminophenyl-6-methoxyquinoline.

The filtrate from removal of the tin salt was made
alkaline with excess 409, sodium hydroxide to give a red-
brown solid. This solid was washed with water and then
dissolved in 100 ml. of 959, ethanol. Cooling in an ice-
bath for an hour gave only a trace of brown crystals. An
equal volume of water was added to the filtrate and the
milky solution so produced was again cooled. A dark
brown precipitate separated. This precipitate was again
dissolved in ethanol, and the solution was diluted with
water to cloudiness. The solution was heated, treated
with Darco, filtered and cooled to give a white solid. This
procedure was repeated until the solid fused at 130-132°,
although the melt was not clear until 140°. Tle weight of
dry inaterial so obtained was 5.5 g. (23%).
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A portion of this fraction was recrystallized repeatedly
from 759% ethanol. After five recrystallizations, the
product melted constantly at 148-149° and had the com-
position of an aminophenylmethoxyquinoline.

Anal. Caled. for CigHusN,O: C, 76.78; H, 5.64; N,

11.20. Found: C,76.55; H, 5.70; N, 11.36.

8-(p-3-Diethylaminopropylaminophenyl) -6-methoxy-
quinoline.—A mixture of 11.24 g. (0.045 mole) of 8-p-
aminophenyl-6-methoxyquinoline and 7.0 g. (0.047 mole)
of 3-diethylaminopropyl chloride was heated in an oil-bath
at 130° for seven hours. The reaction mixture was
cooled, the hard, glassy hydrochloride was treated with a
solution of 6 g. of sodium hydroxide in 50 ml. of water and
the mixture was extracted with ether. Quite a large
amount of the reaction mixture was insoluble in ether and
it was discarded. The ether solution was dried, the ether
removed and the product distilled with a mercury vapor
pump. The fraction boiling at 200-208°, a viscous, yellow
liquid, was collected. It weighed 9.0 g. (0.0248 mole)
representing a yield of 55%,.

Anal.ll  Caled. for CyuHeeN;O: C, 76.00; H, 8.04.
Found: C,76.29; H, 8.20.

Attempts to isolate a crystalline hydrobromide were un-
successful, since even very slight exposure to moist air
caused it to turn into a red, semi-solid mass. The picrate
was prepared in ethyl alcohol. It initially formed as a
liquid but recrystallization gave a red solid, m. p. 157-
158°.

Anal.
Found:

Calcd for C35H39N9015'. C, 5116, H, 4,29,

C, 50.92; H, 4.34.

Summary

8-(3-Diethylaminopropylaminomethyl)-6-meth-
oxyquinoline and 8-(p-3-diethylaminopropylain-
inophenyl)-6-methoxyquinoline have been syn-
thesized and submitted for testing as potential an-
timalarial drugs.

(11) Analysis by Mr. H. L. Clark.
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Piperidine Derivatives. XVII.

Local Anesthetics Derived from Substituted

Piperidinoalcohols

By S. M. McELvaIN axD THomas P. CARNEY!

The favorable pharmacological properties of
the hydrochloride of v-(2-methylpiperidino)-pro-
pyl benzoate? (I) (Metycaine) have led to its
rather extensive clinical adoption for both topical
and infiltration local anesthesia. More recently it
has been used and recominended for continuous
caudal analgesia.® This comnpound has the addi-
tional clinical advantage of not showing the an-
tagonism to the sulfa drugs that is characteristic

(1) Eli Lilly and Company Post-doctorate Fellow. 1943-1944;
present address: The Lilly Research Laboratories, Lli Lilly and
Company, Indianapolis, Indiana.

(2) McElvain, THIS JoURNAL, 49, 2835 (1927).

(3) Edwards and Hingson, Am, J. Surg., 87, 459 (1942). Hingson
and Southworth, £bid,, 88, 93 (1943); Hingson and Edwards, Anes-
thesic and Analgesia, 21, 301 (1942); J. Am. Med. Assoc., 121, 225
(1943); tbid., 123, 538 (1943): Southworth, Edwards and Hingson,
Ann, Surg., 117, 321 (1943). Southworth and Hingson, ibid., 118,
945 (1943).

of such p-aminobenzoate esters as procaine.?
The general usefulness of I as a local anesthetic
suggested a systematic study of the effects of
variations of its structure on the pharinacological
properties of the resulting compounds, in the hope
that even more satisfactory local anesthetics
night be discovered.

CH, ~CHCH,
CH:  ON-CHCHCHOC—C >
“CH~CH, J

I

For the purposes of this work, the structure of
I was considered as composed of three structural
(4) Cf. inter alia, Keltch, Baker, Krahl and Clowes, Proc. Soc.

Exp. Biol. Med., 47, 533 (1941); Pfeiffer and Grant, Anesthesiology. 5,
605 (1945); Peterson and Finland, Am. J. Med. Sci,, 207, 166 (1944).
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units: (1) a substituted piperidino radical, (2)
an alkylene group connecting this radical to the
remainder of the molecule, (3) which in most cases
is an acyloxy group. Ninety compounds contain-
ing this basic structure have been prepared and
are listed in Table I (no. 1 is the previously de-
scribed compound I), together with the chemical
and certain of the screening pharmacological data
pertaining to them. The duration of topical anes-
thesia (T) was determined by application of a solu-
tion of the anesthetic in the per cent. shown to the
rabbit’s cornea; subcutaneous anesthesia (S) was
determined on the guinea pig’s skin. These phar-
macological data were kindly furnished by Mr.
Charles L. Rose of the Lilly Research Laborator-
ies, Eli Lilly and Company, Indianapolis, In-
diana. A more complete report of his pharmnaco-
logical evaluation of these piperidine derivatives
will be published elsewhere.

The compounds listed in Table I may be conven-
iently divided into five groups. Those in the
first group (nos. 2-54), with four exceptions, are
various ¢sters of +-(2-methylpiperidino)-propyl
alcohol; the exceptions, nos. 47-30, have an ether
or ketonic residue instead of an acyloxy group
attached to the alkylene radical. In the second
group, nos. 53>-62, are esters of substituted pi-
peridinopropyl alcohols containing a single alkyl
substituent (other than the 2-methyl) in the pi-
peridine nucleus and having those acyloxy groups
found to be inost advantageous iu the preceding
group. The members of the third group, nos.
63-77, differ from those of the preceding groups
by containing a dinethylpiperidino rather than a
monoalkylpiperidino substitutent. The com-
pounds iu the fourth group, nos. 78-79, contain the
2,4,6-trimethylpiperidino nucleus. The memnibers
of the fifth group, nos. 80-90, represent variations
of the alkylenc groups. The nethods of prepara-
tions given in Table I refer to general procedures,
which are described in the Experiinental part.

Discussion of the Pharmacological Data.—
A study of tlhe pharmacological data for the
groups of closely related compounds that appear
i1 Table I leads to the conclusiou that certain
structural characteristics may be related fairly
" satisfactorily to ome pharmacological property:
the production of topical local anesthesia as meas-
ured by the application of a dilute solution of the
compound to the rabbit’s coriiea. The other phar-
niacological properties, infiltration anesthesia and
toxicities, depending as they do upon unknown
rates of absorption, 1etabolic destruction and
elimination of the tested compouuds, do not ap-
pear amenable to even an approximate correla-
tion with structure. This is particularly notice-
able in the toxicities, where a group of compounds
may have similar intravenous toxicities but show
widely differently subcutaneous toxicities. Such
deviations from regularity necessarily limit the
discussion of these data to noting certain treuds
in the topical anesthesia values and pointing out
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those few fortunate combinations of structural
features that produce a generally favorable phar-
macological behavior.

The introduction of methyl, isopropyl or halo-
gen substituents (nos. 2, 3, 5-%) into the phenyl
group of I causes no marked improvenient in the
pharmacological properties; however, a p-phenyl
substituent (no. 4) causes a marked rise in the
anesthetic action with a siimultaneous loweriug of
the intravenous toxicity. The hydroxyl substitu-
ent causes an improveinent in the pharmacological
action only when it is in the o- or m-position (nos.
9 and 10). As a p-substituent (no. 11) this group
causes the molecule to lose its topical anesthetic
action as well as to become more toxic. This is
particularly noticeable in no. 12, which has both
o0- and p-hydroxyl groups.

The alkoxy substituents show no advantage to
the o-position, in fact the p-substituents appear to
give superior pharinacological properties to the
compounds (¢f. nos. 13 and 14, 19 and 20, 12 and
33). The compounds (nos. 20-30) containing the
higher p-alkoxy substituents in the benzoate po:-
tion of I produced such profound topical anesthe-
sia that they had to be applied in more dilute
solutions to obtain comparable values; 197 solu-
tions of these compounds produce indefinite anes-
thesia of the rabbit’s cornea. The toxicities of
these compounds are interesting. While in general
their intravenous toxicities are as low or lower than
that of I, their subcutaneous toxicities are usually
nuch higher. A particularly favorable combiua-
tion of pharmacological properties, however, ap-
pears in the p-cyclohexyloxybenzoate, no. 27; itis
very effective for anesthesia and also has surpris-
ingly low intravenous and subcutaneous toxicitics.

The separation of the phenyl group from the
carbalkoxy group by oue or more carbons (110s.
34—0) or by a carbon and an oxygen (no. 41) usu-
ally destroys the topical anesthesia, although in-
filtration anestliesia i1s retained; however, tlie
p-butoxyphenyl acetate (no. 37) and the diplienyl-
acetate (no. 40) do show some topical anesthesia.
Of the three non-aroinatic esters it is interesting to
note that only those with cyclic structures (nos. 42
and 43) possess any anesthetic action and toxicity;
the myristate (no. 44) is devoid of any anesthetic
action and shows an extremely low toxicity. The
carbamates (nos. 43 and 46) have no advantage
over the benzoate I.

The non-ester compounds (nos. 47-30) are of
miterest because they show that the ester struc-
ture is not essential for local anesthetic action.
Two of the ethers show some infiltration anes-
thesia, while the ketone (no. 50) produces topical
anesthesia comparable to I. Each of these coin-
pounds has as high toxicity as do the more potent
anesthetics with an ester structure.

The miscellaneous esters, nos. 51-54, have no
notewortlly pharmacological properties except
possibly the extrewely low intravenous toxicity of
the nicotinic ester, no. 32.
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TABLE I

HYDROCHLORIDES OF VARIOUSLY SUBSTITUTED PIPERIDINES, THEIR LOCAL ANESTHETIC ACTIONS AND TOXICITIES

Pharmacological data
L. Do = S. E.

CH:CH;CHCHCH(CH:) N(CHz);:R-HC1 —~——————Chemical data——M8Mm —————— Anesthesia m.g/kg. in mice
| J Molecular M. p.. % Ionie C1 dur., min. Intra- Sub-
No. R = formula °C. Prep.® Caled. Found 76 % sol. S¢ venous cutabeous
1 —OCOGCsH(I) A 10 1 22 =1 589 = 65
2 —OCOCsH«CHi(p) C1:Hz6CIN Oz 182-184 A 11.37 11,35 9 1 25 =1
3 —OCOCsHiCH(CHs)2(p) C1sHa20CIN O 165-166 A 10.43 10.52 9 1 29 =1
4 —OCOCsHCiHs(p) CeeHysCINOs 185-187 B 9.48 9.51 80 0.5 356 =3
5 —OCOGsHLCl(p) Ci1sH2C1:NOs 213-214 A 10.67 10.67 10 1 25 =2
6 —OCOCsHBr(p) CisHnBrCINO, 225-227 A 9.42 9.36 15 1 28 =2
7 —OCOCsHI(0) C1sHg:CI1INO: 153-155 A 8.34 8.31 9 1 23 =1
8 —OCOCsHI(p) C1sH2C1IN O, 238-240 A 8.34 8.13 12 1 48 =1
9 —OCOCsHI«OH(») C16HgCIN O3 145-146 B 11.30 11,29 21 1 34 =1
10 —OCOCsH4«OH (m) CisHzCINO; 189-191 B 11.30 11.15 23 1 32 =2
11 —OCOCsH4«OH(p) CisHxCIN O3 130-132 B 11.30 10.92 0 1 40 18 =1
12 —OCOCsH:(OH):(2.4) CisHuCINO, 190-192 B 10.76 10.77 0 1 8 15 =2
13 —OCOGCsH«OCH;(0) CirHz6CIN O3 150-152 A 10.82 10.853 8 1 23 =1
14 —OCOCsH4sOCH;(p) CirHxCIN Oy 174~175 A 10.82 10.84 13 1 22 =1
15 —OCOCsHOCHs(p) CisHasCINOy 183-184 A 10.37 10.42 24 1 21 =1 120 = 6
16 —OCOC:H1O(CHy):CHi(p) CrHz:CIN Oy 162-163 B 9.96 9.83 40 1 15 =1 115 =2
17 —OCOGCsH«OCH (CHs)a(p) CisH3CIN O3 177-179 B 9.96 9.87 40 1 26 =2 217 =7
18 —OCOGC:H.OCHCH=CHa(?) CreHasCIN Oy 155-156 B 10.02 9.95 30 1 27 =2
19 —OCOC:H«O(CH2)sCHy(o) C2H;2CIN Oy 103-105 B 9.59 9.54 30 0.5 12 =0
20 —OCOCsHO(CH);CHal(p) CooH;3:CIN O3 147-149 A 9.59 9.61 39 0.5 22 =2 177 =11
21 —OCOC;HOCHCH(CHy)2(p) CaH;3:CIN O3 175-176 B 9.59 9.55 80 0.5 32 =1 161 =23
22 —OCOGJILOCII(CH;) C:Hs(p) CenH32CINO; 153-155 B 9.59 9.51 50 0.5 22 =0 270 =21
23 —OCOCsHsO(CH)«CH;(p) CaHuCINO; 154~155 B 9.24 9.24 50 0.25 24 =2 202 =26
24 —-OCOCsHO(CH2):CH(CH;):(2) CaHuCINO; 145-146 B 9.24 9.24 50 0.25 31 =1
25 —OCOCHO(CH)CHa(p) CeoeHi3sCINOs 160~-162 B 8.91 8.8 8 0.25 23 =1 222 =17
26 —OCOCHOCH(CH;) (CHe)sCHs(p) C2H3sCIN O3 136-139 B 8.91 8.97 55 0.1 37 27 =2 369 =48
27 —OCOCsILOCH(CH4CHy) (p) C22H;3CIN O3 178-180 B 8.96 8.88 20 0.1 37 54 =4 447 = 22
SO
28 —OCOCHOCsHs(p) Ca2:HysCINOs 157-159 B 9.09 9.14 30 0.25 35 =2 156 = 17
29 —OCOCsHOCH:CsHs(2) CuHunCINO; 142-144 B 8.78 8.65 25 0.25 33 =2 187 =11
30 —OCOCsHO(CH)2CsHs(p) CeH3CINO; 145-147 B 8.48 8.42 50 0.25 26 =2 272 = 28
31 —OCOGH.CHOCH:(2,p”) CyH;30CINOs 203-204 B 8.78 8.69 40 0.25 46 =2 235 =1
32 —OCOCsHCOCsHs(o) CnHuCINO; 161-162 B 8.82 8.79 35 0.25 9 *=1 155 = 24
33 — OCOCsH:(OH)O(CH2)sCH;(2 4) CaHypCIN O, 150-151 B 9.19 9.00 22 1 30 =2
34 —OCOCH:Ce¢Hs CirH2CIN Oz 129-131 A 11.37 11.38 0 1 30 s2 =2 800 = 64
35 —--OCOCH:CsHOH(p) CuHaxCINO; 146-149 B 10.82 10.92 0 1 28 T4 =4 1550 = 185
36 —OCOCH:CsH:OCH:(p) CisHasCIN O3 110-113 A 10.37 10.25 0 1 7 42 =4 235 =15
37 —OCOCH:CsH4O(CH2)sCHs () CaHuCINO: 91-93 B 9.24 9.11 25 1 29 =5 275 =21
38 —OCOCH(C:H;s) CeHs C1vHaoCINO2 134-136 B 10.43 10.35 0O 1 34 18 =1 305 == 30
39 —OCO(CHg):CsHs C1sHasCIN Oz 97-100 B 10.88 10.72 0 1 23 5 =+ 2 G490 =117
40 —OCOCH(CsHs)2 CesHypoCINO2 148-150 B 9.14 9.09 18 1 27 =1
41 -—OCOCH:0C¢Hs CrrHauCINO; 110-112 A 10.82 10.84 0 1 22 36 =2
42 —OCOCH(CH:)CH: CisHpnCIN Q2 121-123 B 11.67 11.62 0O 1 25 40 =2 370 *= 56
..... e
43 -—()CO(‘H?CLH(CHﬂACI'h C1rHi2CINO: 103-105 B 11.12 11.34 0 1 50 3L =4 200 = 3y
- s
44 - QOCO(CH:)CH; CaHisCINO: 107-109 A 8.78 &.65 o 1 0 117 =3
45 —OCONHCsH, Ci1sHaCIN2O2 216-217 B 11.34 11.34 14 0.5 22 =2 177 = 11
46  -~OCONHCH:(a) CaHerCIN203 172-175 E 9.77 9.70 18 1 24 =1 109 =9
47 O(CH;);CH; CisHasCINO 86-88 D 14,19 14.37 0 1 16 18 =0
A8 - -OC:Hs CuHxCINO 145-147 D 13.11 13.15 0 1 16 25 =1
491 ---OCH:CsHs CisHaCINO 105~108 D 12.49 12.41 01 18 =2
50 - -COCsHs C1sHaCINO 175-178 B 12.58 12.59 15 1 32 +5
Sl - -OCOCsH(SH (0) C1sHuCIN O2S 165-168 A 10.75 10.68 0 1 15 42 & 3 2310 = 23
a2 - OCOC=CHCH=CHN=CH CisH CIN20g 171--172 A 11.88 11.7v 0 1 8 100 +9 500 =11
53 - OCOC=CHCH=CHO C1HpCIN Oy 126-128 A 12.32 12.16 01 5 36 = 2 420 = 19
. . ]
54 —OCOC—=CHCH=CHS CuHnCINO:;S 155-156 A  11.66 11.50 5 1 26 =1 TI0 =43
O |
R—CsHsMN (CHz);OCOR’-HCI
R = R’ =
535 3-CH: ——CsH4O(CH2):CHi(p) CaHa2CINOs 149-151 A 9.59 9.68 35 0.5 27 =2
56 4-CH: —CsH4O(CH2)sCHa(p) CeoHaeCINOs 167-169 A 9.589 9.71 37 0.5 27 =1
57 2-CHICH)): ---CsHs CisHasCIN Oz 156-158 A 10.88 10.83 10 1 34 =1
38 2-(CH2sCH; -—CsHs CaHyiCINO: 151-1353 < 10.02 9,93 12 0.5 19 =1
59 2-CH«CiH:je -—CsHa CooH3pCIN Os 169-170 A 10.02 9.86 8 0.5 18 =1
60 2 ACHHCHy -—CaHs CaHy CINO: 142-143 C 9.64 9.57 6 0.5 22 =2
Gl 4-CHCllpe ---CyHs C1sHasCIN G2 181-183 C 10.88 10.91 3 0.5 28 = 1
62 1 (Ol - Calds CaHCIN Oz 179-181 C 10.02 10.00 13 0.5 JATRE
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TaBLE I (Concluded)
~————Pharmacological Data———
L. Dy = 8. E,
(CI13)2CsHs N (CH2)sOCOR 'HCl — ——— Chemical data —————-——  Anesthesia m.g./kg. in mice
Positicn Molecular M. p., % Tonic C1 dur., min, Intra- Sub-
No. of CHs R = formula °C.  Prep.® Caled. Found T? % Sol. S¢ venous cutaneous
63 2,3 —CusHs CirHzCIN Oz 151-153 A 11.37 11.18 5 1 35 =2 1600 =69
64 2,3 —C«H«OH(0) CisHxCINO; 144-146 B 10.82 10.68 15 1 18 =1 345 = 29
65 2,4 —CuHs CrHzCINO: 179-181 . A 11.37 11.36 16 1 28 =1
66 2.4 —CHsOH(0) C17H26CINOs 154-156 B 10.82 10.75 19 1 45 20 =1 410 = 48
67 2.5 —CsHs C1rH2CIN Oz 144-147 A 11.37 11.24 12 1 23 =1
68 2,5 —CsHiOH (0) C17HasCIN Os 154-156 B 10.82 10.89 15 1 21 =1 305 = 21
69 2,6 —CyHs CiHz6CINO2 168-170 A 11,37 11,32 27 1 60 21 =1
70 2,6. —CsH4OH(0) CrHasCIN O, 155-157 B 10.82 10.71 23 1 39 35 =1 380 = 27
71 2,6- —CsHO(CH2)sCHi () CaHuCINO; 155-156 A 9.24 9,02 30 0.5 24 =1
72 2,6- —CiHOCsHs(2) CaH30CINO; 142-145 B 8.78 8.68 50 0.25 32 =2 160 =16
73 2.6- —CsHO(CHa)sCH3(2) CosHisCIN Oy 149-151 B 8.65 8.75 60 0.25 33 =3 300 =20
74 2,6- —CsHSH(0) CryHssCINO:S  186-187 A 10.31 10.20 0 1 2 45 =3 250 =12
75 2,6- —CH:CsHs Ci1sHCINO: 117-119 A 10.88 10.79 0 1 11 28 =1 T10 =55
76 2.8- —CHCsHOCH: () C1sH3CINO; 83-86 A 9,96 9.79 0 1 3 3F =3 630 =39
77 26- —C=CHCH=CHN=CH CisHnCIN:O:  157-158 A 11.33 11.27 0 1 3 115 =6 330 =39
S —— |
C‘H(CHg)CH:vCH(CHs)CHQCH(CI{a)IJ\I(CH?)JOCOR'HCI
R =
78 —CsHs C18H2:CINO2 178-180 A 10.88 10.86 21 1 35 15 =1
79 —CsHs0H (0) C18H2sCIN Og 177-179 B 10.37 10.256 15 1 27 =1 510 = 24
CH—CuHsN—X—0COR HC1 ~—~——Pharmacolvgical duta——
Posi- . Do =S I
tion ————————Chemical dala—— ———  Anesthesia mg. kg, in niice
of Molecular M. p., Y% lonic Cl Dur., min. Intra- Subcu-
No. CHa X = R = formula °C.2  Prep.2 Caled. Found Tb % sol. S¢ venous tancous
80 2 —(CHz2)s— —CsHs CrHzCINO: 135-137 A 11.37 11.43 7 1 20 =1
81 2 —(CHa)s— —CeHs Ci1sHaCINO: 117-119 A 10.88 10.79 17 1 17 =1
82 2 —(CHa)e— —CsHs CuHpCINO: 112-114 A 10.43 10.37 15 1 28 =1
83 2 —CHCH(CH;3)— —CeHs CisH24CINO: 174-176 A 11.91 11.70 3 1 0 36 =2 ¢al500
84 2 —-CHCIHI(CH3)— —CsH4OCHs(p) CuHpCINOs 154-156 A 9.59 9.45 0 1 0 141 =2 c¢a 800
85 3 —CH(CH;)CH:CHr— —CsH4OCHs(p) CaHuCINO: 111-114 A 9.24 9.59 60 0.5 31 =2
86 4 —CH(CH)CH:CH— —CsHs CrHsCINO: 162-165 A 11,37 11.33 17 1 18 =2
87 4 —CH:CH(CH3) CH(CH;)— —CsHs CisH»CINO:  190-192 A 10.89 11.10 35 1 2t =1
88 4 —CH:C(CH;):CHy— —CsHs CisHssCINO:z 197-200 A 10.89 10.89 8 1 27 =2
89 4 —-CHyC(CH;):CHa— —CsHsOCHs(p) CauHupCINO; 120-123 A 8.91 9.07 a 36 =2
90 2 —(CHa)2:O(CHg)z— —CsHs CuHzsCINO; 118-120 D 10.82 10.71 30 1 15 20 =5 ¢ali00

e Preparational procedure described in Experimental part.

ous anesthesia of tlie guinea pig’s skin.

Among the other monoalkylpiperidino deriva-
tives (mos. 53-62) it may be noted that the p-
butoxybenzoates of the 3- and 4-netlhylpiperidino-
propyl alcohols (nos. 55 and 56) are as poteut as
anesthetics as is the correspouding 2-metliylpiper-
idino derivative (m1o. 20). However, the replace-
ment of the methyl substituent of the piperidine
nucleus of I by higher alkyl groups produces no
marked improvement in pharmacological proper-
ties.

The dimethylpiperidino derivatives (110s. 63-77)
shiow no advantage over the corresponding 2-
methylpiperidino derivatives unless the dimethyl
substituents are in the 2,6-position. Then the ben-
zoates (¢f. nos. 1 and 69), the p-phenoxybenzoates
(nos. 28 and 72) and the p-amyloxybenzoates (nos.
23 and 73) show noticeably greater anesthetic ac-
tion with approximately the same toxicities; how-
ever, the corresponding salicylates (nos. 9 and 70)
and the p-butoxvbenzoates (nos. 20 and 71) do not
have very different pharmmacological properties.
Among these dinethylpiperidino derivatives, the
verv low subcutaneous toxicity of the 2,3-di-
methylpiperidinapropyl benzoate (no. 33) should
he noted.  The trimethylpiperiding substituents
in nos, 78 and 79 produce no improveuent in

b Topical anesthesia of the rabbit’s coruea. * Subcutanc-

¢ Eyes closed due to irritation; anesthesia value indefinite.

pharmacological properties over the corresponding
2-methylpiperidino derivatives (nos. 1 aud 9).

The variations of the alkylene radicals in coui-
pounds 80-90 show some striking effects. Leugth-
ening of the carbon chain that joins the nitrogen
to oxygen (nos. 80-82) causes no marked change
in pharmacological action. However, shortening
an alkylene group to a two carbon chain, which
carries a methyl substituent, practically destroys
the anesthetic action of the benzoate and p-
butoxybenzoate (nos. 83-84). That this marked
change in pharmacological properties is due to the
shortening of the carbon chain of the alkylenc
group is shown by return of strong anesthetic
action to compounds 85 and 86, which have a
three carbon alkylene group similarly substituted
by a methyl group. Indeed, unsymmetrical sub-
stitution of methyl groups in the alkylene chain
appears to enhance anesthetic action (¢f. nos. 87
to 1 and 86), while symmetrical substitution of
the inethyl groups lowers the activity (¢f. nos. 88
to 1; 89 to 20 and 56). Finally, the interruption
of a four carbon alkylene group by an oxygen
appears to imiprove the anesthetic action as a
comparison of the pharmacological properties of
1o, 90 with those of no. 80 will show.
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Experimental

Alkylpiperidines.—2,3-Dimethylpiperidine was ob-
tained fromn the Eastman Kodak Co.; 4-n-amylpiperidine
was furnished by Reilly Tar and Cheinical Corporation,
Indianapolis, Indiana. The other alkylpiperidines were
prepared by the hydrogenation of the corresponding
alkylpyridines over Raney nickel according to the pro-
cedure described by Adkins.? Each hydrogenation product
was fractionated througlh a 10-plate Fenske column packed
with glass helices and a sample having a constaut boiling
point and index of refraction collected. These properties
arc listed in Table II; the yields of the alkylpiperidines
with such properties varied from 45-66%,.

TasLE 11
ALKYLPIPERIDINES
Alkyl B. p.,

substituent °C. n2n
2-Methyl 117 1.4495
3-Methyl 125 1.4471
2-Methyl 197 14382
2,4-Dimethyl 137 1.4430
2,5-Dimethyl 136 1.4442
2,6-Dimethyl 129 1.4408
2,4,6-Trimethyl 145 1.4385
2-Isopropyl 163 1.4524
4-Isopropy!l 174 1.4678
2-n-Amyl 212 1.4549
2-(3-Pentyl)* 205 1.4600
2-n-Hexyl? 230 1.4560

¢ Caled. for CpHyN: N, 9.02. Found: N, 9.12.
b Caled. for C;HxgN: N, 8.28. Found: N, 8.08.

Chlorohydrins.—The chlorohydrins used in this work
were prepared from the corresponding glycols by the pro-
cedure described® for the preparation of trimethylene
chlorohydrin. It was found desirable to employ somewhat
liigher reaction temperatures for the higher glycols. The
properties, reaction temiperatiires used for the preparation,
and tlie yields of tlie chlorohydrius are listed in Table 111,

Tapre 111
ClULOROHYDRINS
Reaction
. p.. °C. temp.. Yield,
Chlorohydrin (mm,) #?p °C. %
Tetramethylene 87 (10) 1.4502 165-170 16°
Pentamethylene® 103 (8) 1.4518 180-185 23
Hexamethylene 112 (12) 1.4541 195-200 31
2-Ethyl-3-chloro-
hexanol® 121 (30) 1.4559 200-205 30

@ The major product from the preparation of this
chlorohydrin was tetrahydrofuran. ? Caled. for C;Hj-
ClO: Cl, 28.91. Found: CI, 28.75. ¢ Caled. for Cs-
H;Cl10: Cl, 21.33. Found: Cl, 21.33.

Methylpiperidinoaldehydes and Ketones by the’ Man-
nich Reaction.—Xor the preparation of tlic piperidino-
aldehydes and ketones by ineans of the Manuich reaction
two nietliods were used. In the first micthod the alkyl-
piperidine hydrochloride, paraforumaldeltyde, and the
proper aldchyde or ketone were allowed to react in isoainyl
alcohol. In the second inethod water was used as the
solvent. The following examples illustrate both methods.
In general, for the compounds prepared iu this work, the
aqueous medium gave the better results.

(1) 4-(3-Methylpiperidino)-butanone-2.—Iuto a 500-
ml. flask, equipped with a stirrer and dropping funnel and
heated by means of an oil-bath, were placed 40 g. of -

(5) Adkins, “"Reactions of yilrogen,” University of Wiscolisint
P’res®, Madison. Wisconsiu. 1937, pp. 64-67.
(6) “Orgaiic Syntheses,’” Coll, Vol. I, 2wl ed., 533 (1041).
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pipecoline hydrochloride, 12 g. of paraformaldehyde, and
200 ml. of isoamyl alcohol. The mixturc was stirred and
heated to 130° for one hour and then 40 g. of acetoue was
added over a period of thirty minutes. After two hours of
heating, an additional 12 g. of paraformaldehyde was
added. Stirring and heating were continued for an
additional three hours after which the isoamyl alcohol was
distilled off under diminished pressure. The solid residue
was dissolved in water, and this solution extracted with
ether. The separated aquecous layer theu was made basic
with sodium hydroxide, and tlie aminoketone extracted
with cther. The ether layer was dried over sodium sulfate
and distilled. A yield of 22.5 g. of the desired ketonce was
obtained.

(2) Into a 500-ml. flask, equipped as described iu (1),
were placed 40 g. of 8-pipecoline, 39 ml. of concentrated
hydrochloricacid, aud 43 g. of 379, aqueous formaldehyde.
Tlie mixture was heated at 100° for one hour and then 40
g. of acetone was added over a period of thirty minutes.
The mixture was stirred and heated for three hours niore,
after which an additional 20 g. of aqueous formaldehyde
and 10 g. of acetoste were added. Stirring atd heating
were conttinued for threc additional hours. About 75 ml.
of liguid was then distilled off to remove unreacted acetone
and formaldehyde, after which water was added to the
residue, and this solution extracted with ether. The water
layer was then made basic with sodium hydroxide and ex-
tracted with ether. The ether layer was dried over
sulfate, and distilled. A yield of 26 g. of the aminoketone
was obtained.

The properties, methiod of preparation, yields, and
analyses of the various methylpiperidinoaldehydes and
ketones prepared in this work are listed in Table IV.

Substituted Piperidinoalcohols.—The substituted piperi-
dinoalcohols were prepared by three general methods:
(1) by the condensation of a chlorohydrin with a substi-
tuted piperidine, (2) by tlie reduction of an aldehyde or
ketone obtained from the Mannich reaction, and (3) by
thie reaction of a substituted piperidine witli propylene

oxidle. The following preparations illustrate these
methods.
(la) 3-(2,6-Diniethylpiperidino)-propyl Alcohol.- 11

this niethod two wioles of the piperidine per niole of cliloro-
Irydrint were used, thie second niole of the base beittg usced
to take up the hydrogen chloride formed in thie rcaction:
1 a 100-l. flask cquipped with a stirrer and reflux con-
denser were placed 26 g. (0.23 mole) of 2,6-dinethyl-
piperidine and 10.8 g. (0.115 mole) of trinietliyicue chloro-
hydrin. An oil-bath surroundiug tlie flask was lieated to
150° for one hour, then to 175° for two hours, and finally
tlic temperature was raised to 210° over a period of onc
liour. The reaction mixture on cooling set to a semi-solid
mass. Ether was added and the insoluble 2,6-dinicthyl-
piperidine hydrocliloride filtered off. Distillation of the
filtrate yielded 10 g. of 3-{2,6-dimethylpiperidiio)-propyl
alcohol.

(1b) 3-(2,4-Dimethylpiperidino)-propyl Alcohol.—In
this mecthod the equimolecular proportions of the clhloro-
hydrin and the piperidine are condensed in the presence of
potassium carbonate: In a 100-ml. flask equipped as in
(la) were placed 13.2 g. (0.12 niole) of 2,i-dimethyl-
piperidine, 11.0 g. (0.12 mole) of trimetliylene chloro-
hvdriu, and 16 g. of auhydrous potassiuint carbonate.  The
oil-bath surrounding the flask was lieated to 130-160° {or
seven hours. The reaction mixture thien was cooled, and
watcr added to dissolve tlie potassiun eliloride and excess
potassium carbonate. Thie iiixture was extracted with
cther, and the etlier layer dried and distilled. A yield of
10 g. of the desired alcohol was obtained.

(2a) 4-(4-Methylpiperidino)-butanol-2.—In a 200-ml.
flask equipped with a reflux condenser were placed 10 g.
of 4-(4-methylpiperidino)-butanone-2, and 70 ml. of
absolute ethyl aleoliol. To this solution 10 g. of sodium
was added over a period of fifteen minutes. The solution
turned dark red on the first addition of sodium.  An
wlditional 30 ml. of alcobol was added aud the reaction
utixture heated until all the sodivn dissolved; this usually
required about twenty minutes.  The mixiure was cooled,
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TABLE IV
R
METHYLPIPERIDINOALDEHYDES AND KETONES, R—C;HoN—CHCCOR3
R
B. p, °C. Method Vield, Analyses, % N
R R Re R3 (mm.) n®D of prep. % Formula Caled. Found
2-CH; E H CH, 83 (6) 1.4660 1 28 Ci1oH33sNO 8.28 8.11
2 29
3-CH; H H CH; 74 (2) 1.4621 1 45 CicH;sNO 8.28 8.59
2 38
4-CH; H H CH; 72 (2) 1.4613 1 52 CicH1sINO 8.28 8.48
2 38
4-CH; CH; CH; H 64 (3) 1.4573 2 45 CuHaNO 7.64 7.73
4-CH; C.H; H H 86 (2) 1.4655 1 12 CuHgNO 7.64 7.70
4-CH; CH; H CH; 85 (2) 1.4623 2 26 CiHaNO 7.64 7.84

and 60 ml. of water slowly added. After saturation of the
aqueous solution with sodium chloride, the reaction mix-
ture was extracted with etlier. The ether layer, after
drying and distillation, yielded 3.3 g. of the desired alcohol;
3 g. of 4-methylpiperidine also was obtained.

(2b) 4-(4-Methylpiperidino)-3-methylbutanol-2.—To a
solution of 16 g. of the hydrochloride of 4-(4-methyl-
piperidino)-3-methylbutanone-2 in 100 ml. of ethyl alcohol
was added 0.7 g. of Adams platinum oxide catalyst. This
mixture was shaken at room temperature under a pressure
of two atmospheres of hydrogen for twenty-three hours.
The catalyst then was filtered off, the alcohol evaporated,
and the residue dissolved in water. The aqueous solution
was made basic with sodium hydroxide and extracted with
ether. The ether layer, after drying and distillation,
yielded 4.5 g. of the desired aminoalcohol.

(2¢) 2,2-Dimethyl-3-(4-methylpiperidino)-propanol-1.—
In a 200-ml. flask were placed 18 g. of 2,2-dimethyl-3-(4-

methylpiperidino)-propionaldehyde, 100 ml. of isopro-
panol, and 14 g. of aluminum isopropoxide. Tlie flask was
attached to a Fenske column and its contents heated to
refluxing. The head temperature began to drop immedi-
ately, indicating the formation of acetone, which was re-
moved as it formed. After two hours of refluxing the liead
temperature rose to 82°, the boiling point of isopropanol.
Water then was added to the residue in the flask, and the
mixture was extracted with ether. After drying, tlhec
ether layer was distilled and 10 g. of the desired amino-
alcohol was obtained.

(3) 3-(2-Methylpiperidino)-propanol-2.—To a solution
of 125 ml. of methanol and 99 g. of a-pipecoline cooled to
— 5°was added, with stirring, 58 g. of propylene oxide over
a period of thirty minutes. The reaction flask then was
well packed in ice, and the mixture allowed to staud. Asx
the ice melted, the temperature in the reaction mixture
was allowed to come to room teniperaturc over a period of

TaBLe V

SUBSTITUTED PlperibiNoaLcounors, R, C;Huy. ) N—R’

B. p., °C. Method Yield, Analyses, ¢ N
R R’ {mm.) n¥p of prep. % Formula Caled.  Found
2-CH, - -CH.CH.,.CH.OH 112 (15 1.4780 1h 60 Ref. (2)
3-CH; -CH.CH,CH.OH 114 (186) 1.4708 1b 70 CoH sNO 8.91 8. 84
4-CH, -CH,CH,CH,OH 110 (13) 1.4699 1b 70 CoHysNO 8.01 9.01
2,3-(CHj)e -CH,CH.CH,OH 111 (8) 1.4754 1b 58 CioHaNO 8.18 8.02
2,4-(CHj). ---CH,CH,CH,OH 129 (16) 1.4729 1b 50 C1oHayNO 8.18 8.21
2,5-(CH;). -—-CH,CH,CH,OH 138 (24) 1.4719 1b 39 CieHaNO 8.18 8.15
2.6-(CHj). ---CH,CH.CH,OH 149 (30) 1.4839 la 51 CicHyNO 8.1 8.04
1b 57
2,4,6-(CHjis --CHsCH,;CH.OH 131 () 1.4778 1b 41 CyiHeusNO T.06 738
2-(CH,;).CH --CH,CH,CH.OH 134 (7) 1.4799 1b a7 CyHuNO 706 7.29
2-(C;H;).CH -CH,CH.CH,OH 148 (6) 1.4797 b a7 CiHyNO 6.37 6.75
2-CHj CH,CH(CH,OH 115 (45) 1.4622 3 85 CeHsNO 8.91 8.78
2-.CH; - -CH,(CH.),CH,O0H 133 (8) 1.4792 1b 31 C1oHaNO 8.18 8.39
2-CH; - ~-CH,CH,CH(OH)CH, 87 (4) 1.4630 2a 9 CieHayNO 8.18 8.2
2c 0
3-CH; -—CH,CH.,CH(OH)CH;, 111 (8) 1.4608 2a 36 CicHaNO 8.18 8.30
2bh 63
2c 0
4-CH,; -—CH,CH,CH(OH)CH,; 98 (5) 1.4598 2a 32 CicHaNO 8.18 7.99
2¢ 0
2-CH, -—CH(CH,);CH,O0H 149 (10) 1.4800 1b 61 CuHzNO 7.56 7.34
4-CH; -—CH,CH(CH;)CH(OH)CH, 100 (3) 1.4590 2b 33 CuHzNO 7.56 7.37
4-CH, -—CH.CH(C,H;)CH.0OH 101 (2) 1.4700 2a 42 CuHxNO 7.56 7.49
2¢ 0
4-CH; --CH.C(CH,).CH.OH 72 (2) 1.4600 2¢ 35 CinHuNO 7.56 7.58
2-CH, -—CH,(CH,):CH.OH 167 (13) 1.4780 1b 62 C12H2sNO 7.03 7.12
2-CH; ---CH (n—C:;H7) CH(C.H;)CH,0H 166 (24) 1.4667 1b 20 CiuH»NO 6.16 6.40
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TABLE VI
SUBSTITUTED PIPERIDINOALKYL CHLORIDES, RyCsH (19— nyN—X—Cl
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B. p., °C.

R X (mm.,)
2-Methyl CH,CH,CH, 100 (12)
2-Methyl CH,CH(CHj;) 115 (40)

2,3-Dimethyl CH,CH,CH, 99 (5)

2,4-Dimethyl CH,CH,CH, 89 (3)
2,5-Dimethyl CH,CH,CH, 99 (10)

2,6-Dimethyl CH,CH,CH, 108 (8)

2,4,6-Trimethyl CH,CH,CH, 106 (7)

about six houss, after which it was allowed to stand for
twenty-four hours. Fractionation of the reaction mixture
yielded the desired alcohol.

The properties, methods of preparation, yields, and
analyses of the various piperidinoalcohols are summarized
in Table V.

Substituted Piperidinopropyl Chlorides.—The substi-
tuted piperidiniopropyl chlorides were prepared from the
corresponding alcohols and thionyl chloride. The prepa-
ration of 3-(2-methylpiperidino)-propyl chloride illus-
trates the method: In a 500-ml. flask fitted with a drop-
ping funnel, stirrer and reflux condenser was placed a solu-
tion of 30 g. of 3-(2-methylpiperidino)-propyl alcohol in
150 ml. of chloroform. To this solution was added, with
stirring, a solution of 40 g. of thionyl chloride in 150 ml. of
chloroform over a period of 45 minutes. The rate of
addition was such that the temperature of the chloroform
was maintained just below its boiling point. After the
addition of the thionyl chloride was completed, the solution
was refluxed on a steam-bath for three hours. The chloro-
form and excess thionyl chloride then was distilled off, the
solid residue dissolved in water, and the aqueous solution
extracted with ether. The water layer, after separation,
was made basic with sodium hydroxide solution and the
piperidinoalkyl halide extracted with ether. After drying
over potassiuni carbonate, the ether was removed and the
residue distilled; 25 g. of the piperidinopropyl chloride was
obtained.

The structures, properties, yields and analyses of the
piperidinoalkyl chlorides prepared in this work are given in
Table VI.

Acids.—Those acids not listed in Table VII or men-
tioned below were purchased from the Eastman Kodak
Company. The alkoxy acids in Table VII were prepared
by two general methods: (1) the phenolic acid was
alkylated with an alkyl bromide in an aqueous potassium
hydroxide solution; (2) the methyl or ethyl ester of the
phenolic acid was alkylated with the alkyl bromide in
methanol int tlie presence of sodium methoxide. The fol-
lowing examples illustrate these procedures.

(1) p-(n-Butoxy)-benzoic Acid.—A mixture of 34.5 g. of
p-hydroxybenzoic acid, 38 g. of butyl bromide and 28 g. of
potassiunt hydroxide in 112 ml. of water was heated to
refluxing for -welve hours. At the end of this time a
large upper layer of the ester of the alkoxy acid was pres-
ent. An additional 14 g. of potassium hydroxide in 140
ml. of water was added, and the mixture refluxed until a
clear solution was obtained (onc to three hours). The
solution then was cooled and acidified. The precipitate
was filtered coff, washed with water, and recrystallized
from glacial acetic acid. The recrystallized material was
washed with water and dried; the p-butoxybenzoic acid
obtained amounted to 28 g.

(2) p-Isoamyloxybenzoic Acid.—To a solution of 4.5 g.
of sodium in 100 ml. of absolute methanol were added 30
g. of methyl-p-hydroxybenzoate and 42 g. of isoamyl
iodide, and the resulting mixture refluxed for eight hours.
The alcohol then was distilled off under vacuum, the resi-
due made basic with 109, sodium hydroxide solution and
this solution extracted with ether. The ether was re-
moved and the residue refluxed with 109, sodium hydrox-
ide until a clear solution resulted (one to three hours).
The solution was acidified, filtered, and the resulting alkoxy
acid recrystallized from glacial acetic acid.

Yield, Analyses, 7, Cl
n¥p o Formula Caled. Found
1.4724 75 CoHsCIN 20.18 19.96
1.4665 90 CgHyCIN 20.18 19.97
1.4738 70 C1oHzoCIN 18.69 18.54
1.4684 78 C1oHzoCIN 18.69 18.60
1.4690 76 C1oHaoCIN 18.69 18.72
1.4770 75 C1oHzoCIN 18.69 18.55
Solid 75 CnHzCIN 17.42 17.61

The n-propoxy-, isopropoxy-, allyloxy-, isoamyloxy- and
benzyloxybenzoic acids’; the z-butoxy-, isobutoxy-, #-
amyloxy-, and z-hexyloxybenzoic acids,® and s-butoxy-
benzoic acid® have been reported in the literature. The 2-
hydroxy-4-(s-butoxy)-, p-(2-pentyloxy)-, p-(2-hexyl-
oxy)-, p-cyclohexyloxybenzoic acids and the p-(n-but-
oxy)~phenylacetic acid are new compounds, the analytical
data for which are given in footnotes a-e of Table VII.
The melting points, methods of preparation and yields of
allb'ihe alkoxy acids prepared in this work are listed in this
table.

TaBLE VII
ALkoxy BENzOIC AND PHENYLACETIC ACips, R -COOH
Method
of Yield

R = M. p.. °C. prep B4
p-CH,;(CH,),0C:H,— 145-147 1 73
p-CH,==CHCH,OC:H,— 164-166 2 74
$-(CH,),CHOC:H,— 167-168 2 45
p-CH;(CH,);OCH— 147-149 1 60
2-(OH)-4-(CH;(CH;)30)-

CeHs_a 135-136 2 H0
p-CH;CH,CH(CH;)OC:H,— 121-122 2 15
p-(CH;);CHCH,OCsH,— 144-145 29 27
p-CH,;(CH;),OC:H— 122-124 2 70
$-CH3(CH,),CH(CH,)-

OCH— oil’ 2 12
p-(CH,),CH(CH;),OC:H,— 141-143 o 64
$-CH;(CH,);0CH,— 103-105 2 63
P-CH;;(CH2)3CH(CH3)'

OCgH,—° oil’ 2 34

p-CH,(CH,),CHOC:H,—* 186-188 1 7
e
193-195  2° 76
85-86 1 96
86-87 1 A7

p-CeH;CH,OCH,—
p-CH,OCH,CH,—
p-CH;(CH,);0CH,CH,—*

e Caled. for C,yH1304: C, 62.8; H, 6.7. Found: C,
62.8; H, 6.6. ¢ Caled. for CioHsO03: C, 69.2; H, 7.7.
Found: C, 69.3; H, 7.8. ¢Caled. for Ci3HisO,: C,
70.2; H, 82. Found: C, 70.0; H, 81. ¢<Caled. for
C):;H]so:x: C, 709, H, 7.3. Found: C, 70.7; I{, 7.3,
¢ Caled. for Ci2H;05: C, 69.2; H, 7.7. Tound: C,

69.0; H, 7.6. /Oil substantially pure as obtained.
¢ Amyl alcohol instead of methyl alcohol used as solvent.
* Alkyl iodide instead of bromide used. ¢ Beuzyl chloride
instead of the bromide used. 7/ Dimethyl sulfate used as
methylating agent. * Twenty-two hours of lwating re-
quired to produce this yield.

Miscellaneous Acids.—y-Bromobutyric acid was pre-
pared from +y-bromobutyronitrile!®; «-thiophene-car-
boxylic acid and hexahydrobenzoic acid were obtained by

«7) Cohen and Dudley, J. Chem. Soc., 97, 1732 (1u10),
(8) Bradfield and Jones, 7bid., 131, 3073 (1928); 132, 266 (1929):
1874 (1935).

(9) Lauer, et al., THIis JourNaL. 61, 3050 (1939).

(10) Prill and McElvain, sbid.. 85, 1233 (1933).
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the carbonation of a-thienylmagnesium bromide!! and
cyclohexylmagnesium bromide,!? respectively; resorcylic
acid was prepared from resorcinol!®; cyclohexylacetic acid
was prepared from cyclohexylnalonic ester, obtained from
the reaction of cyclohexyl bromide with sodiomalonic
ester¥; p-isopropylbenzoic acid was obtained by oxidation
of p-isopropylbenzaldehyde with an aqueous solution of
potassium permanganate; p-phenylbenzoic acid, p-
phenoxybenzoic acid, and p-(4-methoxyphenyl)-benzoic
acid were prepared by the oxidation of p-phenylaceto-
phenone,®® p-phenoxyacetophenone!® and p-(4-methoxy-
phenyl) -acetophenone,!? respectively, by the procedure of
Johnson, Gutsche and Offenhauer.!

Acyl Chlorides.—All of the acyl chlorides used iu this
work were prepared by the action of thionyl chloride oin the
acids. An excess of the reagent was employed and the
reaction mixture heated on the steam-bath for two to
three hours, after which time the excess thionyl chloride
was distilled off and the acyl chloride distilled. p-Todo-
benzoyl chloride was used without purification, as it de-
composed at the temperature required for its distillation.

The boiling points and yields of these acyl clilorides are
listed in Table VIII.

TaBLE VIII
Acvr CHLORIDES
B. p, °C. Yield,

Acyl group (mm.) T
~v-Bromobutyryl® 101 (87) 60
Myristoyl® 166 (15) 96
p-Methylbenzoy!° 106 (12) 77
p-Isopropylbenzoyl? 121 (10) 87
o-Methoxybenzoyl® 133 (10) 90
p-Methoxybenzoyl® 143 (13) 92
p-Ethoxybenzoyl’ 144 (10) 90
p-Butoxybenzoyl? 160 (8) 96
p-Chlorobenzoyl® 107 (10) 76
p-Bromobenzoyl® 155 (12) 95
p-lodobenzoyl®* ... ..
Phenylacetyl® 102 (16) 97
p-Methoxyphenylaeetylh 143 (10) 88
Cinnamoyl® 137 (10) 94
Thiosalicylyl’ 170 (20) 45
Phenoxyacetyl! 112 (10) 89
Thienyl* 85 (14) 60

e Anal. Caled. for C;HsBrClO: BrCl, 62.21. Found:

B:Cl, 61.95. °®Izar, Biochem. Z., 40, 402 (1912).
¢ Meyer, Monaish., 22, 425 (1901). ¢ Anal. Caled. for
CieHuClO: Cl, 19.41. Found: Cl, 19.24. ¢ Fischer,

Ber., 36, 2585 (1903). / Cohen and Dudley, J. Chem.
Soc., 97, 1741 (1910). ¢ Rohmann and Scheurle, Arch.
Pharm., 274, 110 (1936). * Cain, et al., J. Chem. Soc.,

103, 1037 (1913). * Anal. Caled. for C;H,CIOS: Cl,
20.83. Found: Cl, 20.73. i Blaise, Compt. rend., 152,
260 (1911). * Ref. 11.

Miscellaneous Compounds.—y-Bromopropylphenyl
ether was prepared from phenol and trimethylene bro-
mide!?; +-bromobutyrophenone?® was prepared from -
Dromobutyryl chloride, benzene and aluminum chloride
by tlie procedure! used for a-bromobutyrophenone; +-

(11) Blicks aud Zizuty, Ti1s JourNaL, 63, 2945 (1941).
(12) Wahl and Meyer, Bull. soc. chim., [4] 3, 958 (1908).
(13) **Organic Syntheses,’”’ Coll. Vol. 11, 557 (1943).

(14) Hope and Perkin, J. Chem. Soc., 95, 1364 (1909).

(15) Long and Heuze, THIS JoUurNAL, 63, 1939 (1941).

(16) Kipper, Ber., 38, 2941 (1905).

(17) Fieser and Bradsher, THis JoURNAL, 58, 1738 (1936).
(18) Johnsou, Gutsche and Offenhauer, ibid., 68, 1648 (1946).
(19) *‘Organic Syntheses,” Coll. Vol. 1, 2nd ed.. 435 (1941).
(20) Perkiu, J. Chem. Soc., 47, 842 (1885).

(21) Collet, Bull. soc. chim., 15, 1100 (1896).
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chloropropyl benzoate? and ~~chloropropyl benzyl ether??
were prepared by methods previously described. The
following compounds are new and were prepared by the
procedures given.

3-Hydroxybutyl Benzoate.—To a solution of 9 g. of 1,3-
butanediol and 8.5 g. of pyridine in 40 ml. of carbon tetra-
chloride was added, with stirring and over a period of
thirty minutes, 14 g. of benzoyl chloride. The resulting
mixture was stirred and refluxed for fifteen minutes.
Then water was added and the carbon tetrachloride layer
taken up in ether. After drying and distillation of the
cther extract, 10 g. (52%,) of 3-hydroxybutyl benzoate, b.
p. 132-133° (3 mm.), n?D 1.5130 was obtained.

Anal. Caled. for C;Hu0;: C, 68.02; H,
Found: C, 068.22; H, 7.15.

Diethylene Glycol Monobenzoate.—To a solution of
106 g. of diethylene glycol and 79.g. of pyridine in 400 ml.
of carbon tetrachloride was added 140 g. of benzoyl
cliloride and the solution refluxed for two hours. Dis-
tillation of the reaction mixture gave 60 g. (299) of the
monobenzoate, b. p. 153-154° (2 mm.); »®p 1.5193. In
addition to the monobenzoate a 45%, yield of diethylene
giycol dibenzoate, b. p. 235-237 (7 mm.); #n2'p 1.5448 was
obtained.

Anal. Caled. for CyHuO4:, C, 62.84; H, 6.71.
Found: C, 62.67; H, 6.66. Caled. for CisH;sO;: C,
68.78; H, 5.77. Found: C, 69.44; H, 6.00.

3-Chlorobutyl Benzoate.—To a mixture of 15.5 g. of 3-
hydroxybutyl benzoate and 10 g. of pyridine was addcd,
over a period of thirty minutes, 15 g. of thiouyl chloride.
The resulting mixture was stirred for an additional thirty
minutes. The unreacted thionyl chloride was then re-
moved under a vacuum, water added to the residuc and
the mixture extracted with ether. Distillation of the
ether layer gave 7.5 g. (45%,) of 3-chlorobutyl benzoatc,
b. p. 111-112° (3 mm.); »?°p 1.5140.

Anal. Caled. for C11H13CIO2$ Cl,
Cl, 16.50.

2-(2-Chloroethoxy)-ethyl Benzoate.—This compouud
was prepared from diethylene glycol monobenzoate in thie
same manner as described above for 3-chlorobutyl ben-
zoate. The product boiled at 126-127 (1.5 mm.), »n*p
1.5183, and the yield was 73%.

Anal. Caled. for CyHyiClOs: I,
Cl, 15.41.

The hydrochlorides of variously substituted piperidines
listed in Table I were prepared by five general methods,
illustrated by the following examples.

Method A. Reaction of a Piperidino Alcohol with an
Acyl Halide; +v-(2-Methylpiperidino)-propyl p-Methyl-
benzoate Hydrochloride.—A solution of 13.3 g. of -(2-
methylpiperidino)-propyl alcohol in 70 ml. of beuzene
was placed in a three-necked flask equipped with a reflux
coudenser, stirrer, and droppiug funnel, and heated to re-
fluxing. Over a period of thirty minuntes 13 g. of p-
methylbenzoyl chloride was added to the refluxing solu-
tionn. Refluxing was continued for two hours afier 1he
addition of the acid chloride. Ou cooling the reaction
mixture, a precipitate formed. After reerystallization
froin isopropyl alcohol, 18.3 g. of the desired hivdrochloride
was obtained.

Method B. Reaction of a Piperidinopropyl Chloride
with an Acid: +y-(2-Methylpiperidino)-propyl Salicylate
Hydrochloride.—In a flask fitted with a rethix condenser
was placed 11.0 g. of ~y-iZ-mecthylpiperidino) -propyl
chloride, 11.0 g. of salicylic acid, and 100 k. of dry iso-
propyl alcohol. The mixrure was refluxed for twelve
hours. On cooling, a precipitate formed, whicl after re-
crystallization from iscpropyl alcohol antounied to 18.5 g.
of no. 9, Table I.

Method C. Reaction of a Chloroalkyl Benzoate with an
Alkylpiperidine:  +-(2-n-Amylpiperidino)-propyl Ben-
zoate Hydrochloride.—A niixture of 31.2 g. (2 mol) of 2-
(n-amyl)-piperiditie and 20 g. (1 mol) of y-cliloropropyl

7.26.

16.67. Found:

15.51. Found:

(22) Bennett and Hock, J. Chem. Soc., 472 (1927)
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benzoate was heated at 175° for four hours. As heating
progressed the mixture turned semi-solid due to the pre-
cipitation of 2-(#-amyl)-piperidine hydrochloride. When
the reaction was complete the mixture was cooled, ether
added, and the solid filtered off. Dry hydrogen chloride
was passed into the filtrate and the precipitated hydro-
chloride recrystallized from isopropyl alcohol.

In cases where the reaction was incomplete, it was neces-
sary to evaporate the ether filtrate from the original reac-
tion mixture aud distil off the unreacted piperidine before
adding the hydrogen chloride; otherwise a practically in-
separable mixture of the piperidine hydrochloride and the
hydrochloride of the benzoate was obtained.

Method D. Reaction of a Piperidinoalkyl Halide with a
Sodium Alkoxide: ~-(2-Methylpiperidino)-propyl Butyl
Ether Hydrochloride.—To a solution of 3.8 g. of sodium in
100 ml. of n-butyl alcohol heated to refluxing was added
25 g. of v-(2-methylpiperidino)-propyl chloride over a
period of thirty-five minutes. The mixture then was re-
fluxed for an additional six hours. After the mixture had
been cooled and the sodium chloride filtered off, the filtrate
was distilled. The distillate (18 g.), which boiled at 130°
(9 mm.), was dissolved in dry ether and precipitated as
the hydrochloride by the addition of hydrogen chloride.
The resulting hydrochloride was recrystallized from an
isopropanol-ether mixture.
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Method E: Reaction of an Alcohol with an Isocyanate:
v-(2-Methylpiperidino) -propyl Phenylcarbamate Hydro-
chloride.—To 20 g. of v-(2-methylpiperidino)-propyl
alcohol was added 15 g. of phenyl isocyanate. An im-
mediate reaction took place. The resulting product was
dissolved in 150 ml. of benzene, and hydrogen chloride gas
passed into the solution. The resulting solid was filtered
off a}?d recrystallized from a mixture of ethyl and isopropyl
alcohols.

Summary

The physical and pharmacological properties of
eighty-nine structural variations of ~-(2-methyl-
piperidino)-propyl benzoate hydrochloride (Mety-
caine) are reported. A number of the compounds
are potent local anesthetics.

The relationships of the structures of these
compounds to their anesthetic actions and toxici-
ties are pointed out and discussed.

Numerous new compounds, intermediates in
the preparation of these piperidine derivatives,
are listed.
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[CONTRIBUTION FROM THE CHEMISTRY LABORATORY OF INDIANA UNIVERSITY]
Substituted 4-Aminodiphenylmethanes'

By C. E. KasLow aND R. D. STAYNER??

A method has been developed for the prepara-
tion of substituted 4-aminodiphenylmethanes
from 4,4’-diaminodiphenylmethane. Tlie reac-
tion is illustrated by the equations,

,CH«;\ /
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J N
HzN//\;/ \)\XHg

Ac.O
_

ML |-
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. .
RSV VNNHCOCT,
Y
- CH. -
y \x/ ) )
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The first step in the synthesis involves the
monoacetylation of 4,4’-diaminodiphenylmethane
with acetic anhydride in dilute alcoholic hydro-
chloric acid solution in 35-437, vields. Consid-

erable unchanged 4,4’-diaminodiphenylinethane
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(2) Abstracted from a thesis submitted to the faculty of tlie Gradu-
ate School in partial fulfillment of the requirements for the degree,
Doctor of Philotophy, in the Department of Chemistry, Indiana
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(3) Present address: California Research Corporation, Richmond
Califoraia.
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may be recovered from the acetylation reaction
but increasing the amount of acetic anhydride
serves only to increase the amount of diacetylated
amine and to decrease tlie percentage yield of
monoacetyl derivative.
The diazotization of

| the 4 -acetamido -4’-
k/\ aminodiphenylmethane

NHCOCH:  proceeded smoothly and
NaNO;, replacement of the di-
Acid

azonium group by chlo-
rine and bromine atoms
as well as by the hydroxy
group proceeded satis-
factorily. It was found
more satisfactory to pre-
pare the 4-acetamido-4’-
methoxydiphenylmeth-
ane by alkylation of the
4’-hydroxy  compound
than by direct replace-
ment of the diazoniuin
group by the methoxy group. Better yields were
obtained if no attempt was made to isolate the
intermediate acetamido compound after replace-
nient of the diazonium group had been carried
out.

Attempts at nitration of 4-acetamido-4’-meth-
oxydiphenylinethane gave only tars from which
no identifiable substance could be isolated. Ni-
tration of -4-acetamido-4’-arninodiphenylmethane
gave a 539, yield of p-nitroacetanilide as well as
some unidentified high melting material which
was insoluble in all of the ordinary solvents.



