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which provides further evidence that the azo group
contributes to the interaction with the antibody.
A small amount of inhibition was observed for
sulfate ion and for phosphate ion.
The similarity in shape of the p-hydroxy-

O.—.
benzoate ion HOQC/\/ 0 and the p-
_ N
o~ Ny

O p—
O=x >=N< o suggested that p-nitrophenol

might be an effective inhibitor for the anti-benzoic
acid system at pH 8; experimental test, however,
showed that it is not.

This investigation was carried out with the aid
of a grant from The Rockefeller Foundation. We
wish to thank Professor Dan H. Campbell for
advice during the course of the work and Dr. W.
B. Renfrow, Jr., and Mr. Carol Ikeda for the prep-
aration and analysis of several substances.

nitrophenolate ion

Summary

A quantitative study has been made of the
serological properties of anti-X serum, prepared
by injecting rabbits with beef serum coupled with
diazotized p-aminobenzoicacid. It wasfound that
this antiserum gives specific precipitation with a
simple substance containing two p-azobenzoic
acid groups (substance XXXV), made by coupling
diazotized p-(p-aminophenylazo)benzoic acid to
chromotropic acid, but not with any one of six
other polyhaptenic substances, in which the hap-
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tenic groups are closer together thar in XXXV.
The antiserum also precipitates X-ovalbumin,
made by coupling p-aminobenzoic acid with oval-
bumin.

The dependence on the pH of the system of the
amount of precipitate formed by anti-X serum
with XXXV and with X-ovalbumin was studied.

The effect of each of 56 haptens in inhibiting
precipitation was also investigated, and the data
were interpreted with use of a quantitative theory
based on the assumed heterogeneity of the anti-
serum. It was found that the order of activity of
the haptens is nearly the same for the two precipi-
tating antigens, XXXV and X-ovalbumin. The
order of activity of groups in para-substituted
benzoic acids is CH;CONH > OHCH,NN >
NH2C3H4NN > N02 > CHsO > Br > Cl > CHs >
COOH > OH > F > H > NH,. In general the
meta-substituted benzoic acids are weak inhibi-
tors, and the ortho-substituted benzoic acids are
still weaker, presumably as the result of steric
hindrance. An exception is 0-aminobenzoic acid,
which exerts a strong inhibiting action, which may
Le connected with the presence of the hydrogen
bond between the amino group and the carboxyl
group. The effect’ of two or more substituents in
benzoic acid are roughly additive in the free
energy of interaction with antibody.

The precipitation of antigen XXXV with anti-X
serum was found to be enhanced by moderate
amounts of weak haptens, including substances
other than substituted benzoic acids. This phe-
nomenon was not observed for X-ovalbumin.
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Monoalkylaminopropanols and Butanols and their Esters

By EverLyN M. Hancock! aND ARTHUR C. CoPE

In previous papers? practical methods have been
described for preparing and esterifying 2-alkyl-
aminoethanols and 1-alkylamino-2-propanols.
This paper describes the preparation and esteri-
fication of 2-alkylamino-1-propanols (I), 2-alkyl-
amino-1-butanols (II), 2-alkylamino-2-methyl-1-

propanols (III) and 1-alkylamino-2-methyl-2-
propanols (IV).
CH,CHCH,0H Cszc‘H CH.0OH
NHR NHR
I II
CH,C(CH,;)CH,0H CHag(CHg)CHzNHR
|
NHR OH
III v

(1) Sharp and Dohme Research Associate.
(2) (a) Cope and Hancock, THIS JouUrnar, 64, 1503 (1042);
(b) 66, 1448 (1944): (c) 66, 1453 (1944).

Each of the aminoalcohols was prepared by
condensing a ketone (or an aldehyde) with an
aminoalcohol containing a primary amino group
and hydrogenating, the two steps being carried
out either simultaneously or successively.

! |
HO—C— O0—C—
RiC=0 + | —— either RiC< | or
Han}C- \NH—?—
v

| |
HO—C— H, HO—C—
[ — J
R,C=N——}C—— catalyst RgCHNH~?—
VI

Steric hindrance of either the carbonyl or the
amino group slowed these reactions. The hydro-
genation of ketones with 2-amino-2-methyl-1-pro-
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panol in the presence of platinum or Raney nickel
catalyst failed to give the alkyl derivatives (III).
Anhydro compounds which proved to be oxazoli-
dines (type formula V, above; Table II) were
prepared by condensing this aminoalcohol with
methyl ethyl ketone, methyl amyl ketone, cyclo-
hexanone and isovaleraldehyde. The oxazolidine
derived from the aldehyde could be hydrogenated
in the presence of platinum catalyst; the oxazoli-
dines derived from ketones were not hydrogenated
under these conditions, but were reduced with
Raney nickel catalyst at higher temperatures.
These oxazolidines were also less sensitive to
hydrolysis than oxazolidines derived fsom ethanol-
amine and isopropanolamine. Two of the oxazo-
lidines listed in Table II were converted into
stable picrates. Attempts to prepare other oxa-
zolidine picrates® have resulted in hydrolysis and
formation of the picrate of the original amino-
alcohol.

It was necessary to prepare the anhydro com-
pounds from diisobutyl ketone and 2-amino-1-
propanol and 2-amino-1-butanol before hydro-
genation to prepare the corresponding alkyl de-
rivatives, I and II. As in the ethanolamine?
and isopropanolammine series,*® the physical prop-
erties of the anhydro compounds prepared from
this hindered ketone indicated that they existed
predominantly in the Schiff base rather than the
oxazolidine form (type formula VI rather than
V). Hydrogenations of ketones with 1-amino-2-
methyl-2-propanol, in which the amino group is
not hindered, proceeded rapidly and gave high
yields of the alkyl derivatives (IV). The prop-
erties of all of the aminoalcohols are described in
Table I.

p-Nitrobenzoate hydrochlorides of the amino-
alcohols I, II and III, which are described in
Table III were prepared by the reaction of the
aminoalcohol hydrochlorides with p-nitrobenzoyl
chloride in chloroform solution. Amide formation
was effectively blocked under these conditions,
and the pure ester hydrochlorides were isolated in
51 to 84% yield. p-Aminobenzoate hydrochlo-
rides (also described in Table III) were prepared
by hydrogenation of the nitro compounds.

In contrast to the results obtained with these
aminoalcohols which are primary alcohols {(I-III),
as well as other primary and secondary alcohols, ¢
reaction of the hydrochlorides of the aminoal-
cohols (IV) containing tertiary hydroxyl groups
with p-nitrobenzoyl chloride gave mixtures of
products resulting from partial substitution of the
secondary amino groups. Reaction of 1-iso-
amylaniino-2-methyl-2-propanol  hydrochloride
with p-nitrgbenzoyl chloride, for examg)le, gave
a mixture from which was isolated 409, of the
original aminoalcohol hydrochloride, 179 of the
ester-amide (VII), and 49, of the p-nitrobenzoate
hydrochloride, VIII.

P-NOQCuH;COOC(CH;)zCHzN (Can)COCJ‘LNOz
VII
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p-NOzCJ'LCOOC(CHa)zCHgNH(CsHu) -HC1
VIII

It was found possible to esterify the tertiary
alcohols (IV) indirectly by first converting them
to amides (IX), which were then rearranged to
ester hydrochlorides (X) by heating with hydro-
chloric acid. The amides (IX), which are de-

HCl
$-NO,C¢H(CON(R) CH,C(CH;),0H ——>
IX
$-NO,C:H,COOC(CH;),CH,NHR HCl
X

scribed in Table IV, were prepared in 81 to 959,
yield by reaction of the aminoalcohols (IV) with
p-nitrobenzoyl chloride in a two-phase system
containing aqueous sodium hydroxide and meth-
ylene chloride. These conditions proved to be
advantageous because the products were pro-
tected from hydrolysis by extraction into the
methylene chloride, while refluxing the methylene
chloride maintained a suitable reaction tempera-
ture. The ester hydrochlorides (X), which are
also described in Table IV, were obtained in 69
to 939, yield by boiling solutions of the amides in
absolute alcohol with a 50 to 759, molar excess of
concd. hydrochloric acid for five minutes. They
were converted into p-aminobenzoate hydrochlo-
rides (Table IV) in the usual manner by hydro-
genation.

Although the tertiary esters (X) are most
readily prepared by rearrangement of the amides,
direct esterification of the aininoalcohol hydro-
chlorides is preferable for primary and secondary
alcohols. This was established by applying the
indirect procedure to 2-cyclohexylaminoethanol
and 1-cyclohexylamino-2-propanol. The amides
were obtained by reaction with p-nitrobenzoyl
chloride by the procedure outlined above in rela-
tively poor yield (21 and 369, respectively), be-
cause the more reactive primary and secondary
hydroxyl groups present in these alcohols re-
acted with the acid chloride. The rearrangement
of the two amides gave yields of 53 and 629 of the
corresponding ester hydrochlorides, respectively,
under conditions which gave better yields (69 to
93%) of the tertiary ester hydrochlorides (X).

A number of esters of 1-cyclohexylamino-2-
methyl-2-propanol were prepared by rearrange-
ment of the corresponding N-acyl derivatives in
the presence of hydrochloric acid; both the esters
and amides are described in Table V. The N-
benzoyl and cinnamoyl derivatives rearranged as
readily as the N-p-nitrobenzoyl compound. The
N-diphenylacetyl derivative rearranged much
more slowly, presumably because of steric hin-
drance. The corresponding phenylurea was also
rearranged into the phenylurethan hydrochloride.
In order to avoid hydrolysis this rearrangement
was carried out in the presence of dry hydrogen
chloride in chloroform solution.

In two recent publications, the products ob-
tained by reaction of aminoalcohols with p-nitro-
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TABLE I
AMINOALCOHOLS
Yield, — e Boiling point, Molecular
Alkyl group % °C. Mm n%p dBy Caled.
2-Alkylamino-1-propanols,
3-Pentyl 64° 106-107 26 1.4454 0.8839 44.28
4-Heptyl 84° 115-116 15 1.4461 .8728 53.52
5-Nonyl 72° 140.5-141 17 1.4500 .8683 62.76
1-(2,6-Dimethylheptyl) 93 127.5-128 15 1.4459 .8616 62.76
Cyclohexyl’ 82° 123-124 (m. p. 57-59) 15 1.4803°
2-Alkylamino-1-butanols,
Isopropyl 93" 69.5-70 (m. p. 48-50) 8 1.4412°
3-Pentyl 042, 73 92-92.5 7.5 1.4472 0.8816 48.90
4-Heptyl 914, 70 112-112.5 7.5 1.4488 .8717 58.14
5-Nonyl 50" 148-151 19 1.4498 .8692 66.38
4-(2,6-Dimethylheptyl) 83 121-121.5 8 1.4483 .8603 67.38
Cyclohexyl 68° 128-129 (m. p. 50-52) 12 1.4785
2-Alkylamino-2-methyl-1-porpanols,
s-Butyl* 74° 74-75.5 85 1.4460 0.8873 44.28
2-Heptyl 64° 114-115 (m. p. 35.5-37) 10 1.4500°
Cyclohexyl 47 116-118 (m. p. 78-78.5) 12
Isoamyl’ 80° 100-103 (m. p. 75.5-76.5) 13
1-Alkylamino-2-methyl-2-propanols,
Isopropyl” 96° 6467 20 1.4248 0.8469 39.66
3-Pentyl 96° 91-92 20 1.4328 .8523 48.90
2-Heptyl 98 119.5-120.5 19 1.4372 8475 58.14
2-Octyl’ a%’ 137.5-139.5 25 1.4393 .8472 62.76
Cyclohexyl 87 103.5-104 8 1.4645 .9263 51.32
Isoaniyl® 89° 104-105 25 1.4331 .8481 48.90

¢ By procedure (a) described in the experimental part.

¢ By procedure (e). / Prevously described by Skita and Keil, Ber., 61, 1682 (1928).
7 Micro Dumas analysis.

ref. 3. ¢ Determined on the supercooled liquid.

benzoyl chloride have been assumed to be p-
nitrobenzoates rather than N-p-nitrobenzoyl de-
rivatives without evidence which would differen-
tiate the two classes. Goldberg, Ringk and
Spoerri® have prepared a series of compounds
stated to be p-nitrobenzoates by reaction of 1-
alkylamino-2-methyl-2-propanols (IV, R = pri-
mary alkyl) with p-nitrobenzoyl chloride in the
presence of aqueous sodium hydroxide. Following
their procedure with 1-isoamylamino-2-methyl-
2-propanol, we obtained the neutral amide, p-
N02C5H4CON(CaHu)CHzC(CHs)QOH, XI, m. p.
114-115° (identical with this amide described
in Table IV). Their product, m. p. 112-113°,
was no doubt this same amide, and it is highly
probable that each of the compounds which they
describe as a p-nitrobenzoate is in fact the corre-
sponding N-p-nitrobenzoyl derivative. We have
prepared the p-nitrobenzoate hydrochloride (VIII,
described in Table IV) from this amide by heating
it with hydrochloric acid; in addition, the neutral
and acid sulfates of the p-nitrobenzoate have been
made by rearrangement of the amide in the pres-
ence of sulfuric acid. Hydrogenation of the p-
nitrobenzoate hydrochloride and sulfate yielded
the crystalline p-aminobenzoate hydrochloride
(Table IV) and sulfate, respectively. The m. p. of

(3) Cloldberg, Ringk and Spoerri. Trus Jourwnat, 61, 3562 (1939).

® By procedure (b). ¢ By procedure (c). ¢ By procedure (d)

? Reported in ref. 4. » Reported in
Nitrogen determinations by the semi-

the latter (150-152°) is close to the m. p. of 146-
148° quoted for this compound by Goldberg,
Ringk and Spoerri. In their reduction procedure,
their ‘“‘p-nitroesters” (actually the amides, IX)
are treated with tin and hydrochloric acid, after
which the mixtures are made alkaline and the -
amino compounds are isolated. It is uncertain
whether these p-amino derivatives, which they
consider to be esters, are actually esters or amides.
Rearrangement from amide to ester (IX to X)
might occur in the acid reduction media. How-
ever, when the mixtures are made alkaline, the
reverse rearrangement to a p-amino-amide would
be expected to occur. We have observed that the
p-nitrobenzoate hydrochloride VIII rearranges
very rapidly to the amide XI as soon as its solu-
tions are made alkaline. In the process of pre-
paring the sulfate of the p-amino compound, how-
ever, rearrangement could yield the p-aminoben-
zoate sulfate, provided the reactants were heated,
even if the parent base were the p-amino-amide.
The correspondence in melting points noted above
suggests that in this case their sulfate was the p-
aminobenzoate sulfate.

Kremer and Waldman* have described a num-
ber of high melting solids obtained by reaction of
2-alkylamino-2-methyl-1-propanols (III, R = n-

(1) Kremer and Watdman. ilid., 64, TORG (1942).
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TansLe I (Continued)

AMINOALCOHEOLS
Picrates
Refraction Nitrogen, % Nitrogen, %
Found Formula Caled. Found M. p., °C. Formula Caled. Found
RNHCH(CH;)CH,OH, I
43.90 C:H,,ON 9.65 9.47 128-130* C1H220:N, 14.97 15.02
53.11 CHysON 8.08 8.05 137-138* C1sH260sN 13.92 13.92
62.50 C1:H#ON 6.96 6.91 126-128* C1sH0sN 13.02 12.95
62.49 C1:HyON 6.96 6.97 114-116° C1sHaoOsN, 13.02 12.96
CsHyON 8.91 8.88 163-165* C1sH220sN, 14.50 14.52
RNHCH(C.H;)CH,0H, II
© CHpON 10.68 10.71 103-105* C1sHzoOsN 15.55 15.50
48.43 CyHON 8.79 8.76 140-141% CrsHOsN; 14.43 14.26
57.79 CuHx»ON 7.48 7.43 132-133* C1Ha:0sN 13.46 13.42
66.75 CisHyON 6.50 6.47 105-107* C1oH,:0sN, 12.60 12.46
67.25 C1sH2ON 6.50 6.43 138-139* C1sHz0eN, 12.60 12.58
CoHuON 8.18 8.07 142-143* C1eH30sN, 13.99 14.11
RNHC(CH,).CH,0H, III
43.78 CsH,ON 9.65 9.84 122-123* C1H,;0:N, 14.97 15.06
CuHaON 7.48 7.47 74.5-75.5" CrrH 508N, 13.46 13.43
C1H:ON 8.18 8.00 169-170* C1eH 205N, 13.99 14.07
135-136* C1sH240sN 14.42 14 .44
RNHCH,C(CH;),0H, IV
39.72 CH,ON 10.68 10.57 165-167"* C1sH200:N, 15.55 15.58
48.69 CyH,ON 8.79 8.71 170-171.5* CsH20sN 14.42 14.40
58.10 CuH;ON 7.48 7.33 115-116* CH 50N 13.46 13.39
62.73 C1H;#ON 6.96 6.79 78-79™ C1sH3O0sN 13.02 12.94
51.22 CHuON 8.18 8.00 195-196 (dec.)* C1sH1OsN, 13.99 14.05
48.96 CeH,,ON 8.79 8.76 145-1474*F CisH20sN(

micro Kjeldahl method were 0.59% low. * Recrystallized from alcohol. ! From alcohol and water. ™ From ether.
» Ringk and Epstein (ref. 5) report b. p. 186-190°. ¢ Ringk and Epstein (ref. 5) report b. p. 245-248, n%p 1.4410,
%4 0.8560.
TasLe II
R O0———CH
Nod '

2-SUBSTITUTED-4,4-DIMETHYL-OXAZOLIDINES, L |
R’ NH—C(CH,),

Con-
densa-
tion Molecular
Substituents in time, Yield, Boiling point, refraction -Nitrogen, %
the 2-position hrs. A °C. Mm. n%p d%y; Caled. Found Formula Caled. Found
Methyl, ethyl® 67¢ 65 56-56.5 22 1.4260 0.8813 42.20 41.76 CH;,ON 9.78 9.66
Methyl, amyl 5° 50 102-103 19 1.4348 .8702 56.06 55.71 CuyH.,ON 7.56 7.49
Spirocyclohexane® 8/ 73 95-97.5 20 1.4618 .9549 49.24 48.85 C,H;ON 8.28 8.38
Isobutyl, hydrogen 1.2 95 72-74 17  1.4322 .8781 46.82 46.60 CyH ON°®

¢ Picrate, recrystallized from absolute alcohol, m. p. 165-167° (dec.). Amnal. Calcd. for CiHyuOsNy: N, 15.05.
Found: N, 15.26. ? Picrate, recrystallized from absolute alcohol, m. p. 178-180° (dec.). Amnal. Calcd. for Ci;gH3204N,:
N, 14.06. Found: N, 14.15. ¢ Anal. Caled.: C, 68.73; H, 12.18. Found: C,68.97; H, 12.36. ¢ The condensation
required six hours when carried out in the presence of 0.1 equivalent of glacial acetic acid and the yield was 74%,. No
difficulty was encountered in fractionation from an amine acetate because of the low boiling point of this oxazolidine.
* The condensation was catalyzed by 0.05 equivalent of glacial acetic acid. Traces of an amine acetate which distilled
were removed by the addition of pentane, cooling, decanting and redistilling. / The condensation was complete in one
llcl)lur when a trace of acetic acid was added, but it was impossible to separate the oxazolidine from the amine salt by dis-
tillation.

alkyl or isopropyl) with p-nitrobenzoyl chloride hydrochloride, m. p. 174-175°, under mild condi-
in the presence of pyridine as the p-nitrobenzoates, tions, proving that no rearrangement had oc-
»-NO,CH,COOCH,C(CH,);NHR. We have pre- curred. This p-nitrobenzoate is very stable; no
pared the ester with this structure in which R is rearrangement to the corresponding amide oc-
isoamyl by treating its hydrochloride (Table III) curred when a sample was heated at 42—45° for
with sodium carbonate. The ester proved to bea twenty-four days. On repeating Kremer and
very low melting solid, m. p. 25-26°, whereas Waldman’s preparation with 2-isoamylamino-2-
Kremer and Waldman report m. p. 168-168.5°. methyl-1-propanol, the only pure compound
The ester of m. p. 25-26° was reconverted to its which was isolated was the p-nitrobenzoic acid
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TaABLE III
AMINOESTER HYDROCHLORIDES
p-Nitrobenzoate
hydrochloride, Yield, Chlorme %
Alkyl group formula % M. p., °C. Caled Found
p-Nitro- and p-Aminobenzoate Hydrochlorides of 2-Alkylammo-l-propanols,
3-Pentyl C1eH230,N,Cl 80 153-155° 10.72 10.68
4-Heptyl CipH 0N Cl 70 125-127* 9.88 9.84
5-Nonyl C1sH3 04N, Cl 84 100-101° 9.16 9.25
4-(2,6-Dimethylheptyl) C1:HuON,Cl 44 185-186° 9.16 9.18
Cyclohexyl C1eHs0N,Cl 207-208 (dec.)? 10.34 10.36
p-Nitro- and p-Aminobenzoate Hydrochlorides of 2-Alkylamino-1-butanols,
Isopropyl C14H2104N2C1 73 174-176° 11.19 11.23
3-Pentyl CisH 504N, Cl 70 137.5-139° 10.28 10.34
4-Heptyl CieH3,0,N,Cl 77 169-170° +9.51 9.58
5-Nonyl CaH3304N,Cl 60 136-138° 8.84 8.86
4-(2,6-Dimethylheptyl) CaoH330N,Cl 70 154-156° 8.84 8.84
Cyclohexyl CirH2;04N,Cl1 84 168-170° 9.94 9.95
p-Nitro- and p-Aminobenzoate Hydrochlorides of 2-Alkylamino-2-methyl-1-propanols,
s-Butyl C15H2304N2C1 60 173—1 74.: 10.72 10 . 70
2-Heptyl C1sH 30N, Cl 136-138° 9.51 9.56
Cyclohexyl CrH 0N ,Cl 60 192-194° 9.94 9.95
Isoamyl CisH2;0.N,Cl 70 174-175° 10.28 10.27

e Recrystallized from absolute alcohol.

b From acetone.

¢ From acetone and ether. ¢ From 959, alcohol.  Ob-

tained as dry salts by concentrating ¢z vacuo the solutions obtained by reducing the p-nitrobenzoate hydrochlorides.

/ The salt melted at 156~159° when first isolated.

salt of the original aminoalcohol, m. p. 172-174°.
Other derivatives of this aminoalcohol which were
prepared in an effort to determine the identity of
their product, m. p. 168-168.5°, were the ester-
a.m1de, P N02C0H4COOCH2C(CH3)2N(CBHH)CO
CeHNOg, m. p. 119-120°, and the p-nitroben-
zoic acid salt of the p-nitrobenzoate, p-NOyCeH,-
COOCHzC(CHa)gNHCaHuP-NOzCaI‘LCOOH, m.
p. 157-158°. These include all of the probable
reaction products except the N-p-nitrobenzoyl
derivative of the aminoalcohol. No decision can
be reached concerning the structure of Kremer
and Waldman’s products, except that the iso-
amyl derivative is not the p-nitrobenzoate ester.
By analogy and because of their high melting
points it is unlikely that the homologs which they
report are p-nitrobenzoates.?

Experimental Part®

Materials.—Special research samples of 2-amino-1-
propanol and 2-amino-1-butanol, obtained from the Com-
mercial Solvents Corp., were dried by distilling with ben-
zene and redistilled. 2-Amino-2-methyl-1-propanol (Com-
mercial Solvents) and 1-amino-2-methyl-2-propanol (Shell
Development Co.) were purified in the same manner. The
ketones and aldehydes used were redistilled commercial
products or samples prepared according to references pre-
viously cited.?

(5) Since this paper was written Ringk and Epstein, THIS JoUxr-
NAL, 68, 1223 (1943), have stated that the products obtaised by
Kremer and Waldman have the structure of amides rather than
esters, §. ¢., p-NO2CeH«CON(R)C(CHa):CHsOH.

(8) All melting and boiling points are uncorrected. We are in-
debted to Mary Elizabeth Wright and Walter Kimel for gravimetnc
chlorine analyses; to John R. Taylor for nitrogen determinatlons
{by semi-micro Kjeldahl method except where otherwise indicated):
to Saul Gottlieb and the Arlington Laboratories for micro carbon-
hydrogen and Dumas nitrogen analyses.

It was transformed into the higher melting form by grinding with a
few crystals obtained by crystallization from absolute alcohol.

9 A low melting isomorphous form was first isolated,

Method of Hydrogenation.—The aminoalcohols de-
scribed in Table I were prepared from the four amino-
alcohols mentioned under materials by one or more of the
following procedures. (a) By hydrogenation of a solution
of 0.1 to 0.5 mole of the aminoalcohol and a ketone (equiva-
lent quantity to 309, excess) in 30 to 75 cc. of absolute
alcohol. Adams platinum oxide’ catalyst (0.5 g.) was re-
duced in alcohol, the solution to be hydrogenated was
added, and the reduction carried out at 50 to 60° and one
to two atmospheres pressure, (b) By hydrogenation of
the anhydro compound prepared by condensing a ketone
or an aldehyde with an aminoalcohol, under the conditions
described in (a). (c) As in procedure (a), but at room
temperature. (d) By hydrogenation of 0.1 to 0.2 mole
of the anhydro compounds in cyclohexane solution in the
presence of approximately 1 to 2 g. of Raney nickel cata-
lyst at 140 to 160° and pressures of 100 to 150 atmos-
pheres. (e) As in procedure (d) but in absolute alcohol
solution.

2-Alkylamino-1-propanols (I) and 2-Alkylamino-1-
butanols (II).—Hydrogenations by procedures (a) and (b)
proceeded at erratic rates in both of these series, apparently
because a catalyst poison was present in the original
aminoalcohols. Several additions of platinum oxide
catalyst were necessary to complete many of the hydrogen-
ations, which frequently proceeded rapidly but stopped
abruptly at intermediate stages of reduction. Procedure
(d) gave better yields than (b) in two instances (see
Table I).

Anhydro Compounds Derived from 2-Amino-1-propanol
and 2-Amino-1-butanol: 2-[4-(2,6-Dimethylheptylidene)-
a.rmno] -1-propanol.—A solution of 22.5 g. (0.3 mole) of

2-amino-1-propanol and 56.8 g. (0.4 mole) of diisobuty!
ketone in 100 cc. of benzene was refluxed under a constant
water separator? for twenty-nine hours. The water layer
(6.4 cc.) contained some 2-amino-l-propanol. Distilla-
tion of the benzene solution through a Widiner column
gave 32 g. (53%,) of an anhydro compound, b. p. 117-118°
(15 mm.); #n?p 1.4548; di5,; 0.8828.

Anal. Calcd. for C1sHysON: N, 7.03. Found: N, 7.01.

(7) Cope, Hofmann, Wyckoff and Hardenbergh, THIS JoUmNAL,
€8, 3452 (1941).
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TasLe III  (Continued)
AMINOESTER HYDROCHLORIDES

p-Aminobenzoate Anesthetic activity ‘Toxicity,
®hydrochloride, Yield, Chlorine, % Topical, Infiltration, subcutaneous
formula % M. p., °C.e Caled, Found X cocalne X procaine 1.Dw, mg./kg.
P—NO: (or p-NHz) CQH|COOCH2CH(CH3)NHRHC1
C1sH;:0,N,Cl 72 215-217 (dec.) 11.79 11.82 1 2 550
CrHyxON:Cl 95  164-1667 10.78  10.81 2.5 2 350
CiH;30:N,Cl 74 166-168 9.93 9.90 2.5 2 250
C1sH330:N,Cl 96 178-180° 9.93 9.96 3 2 600
C1sH2:0:N.Cl 95 204-206 11.33 11.36 2 4 560
$-NO, (or p-NH;) C:H,COOCH,CH(C,H;)NHR-HCl
C1H250:N,Cl 93 209-210 12.36 12.46 2 700
C1sH»0.N,Cl 98 189-190 11.26 11.29 1 1 550
C1sH3,0:N:Cl1 93 180-182 10.34 10.40 2.5 2.5 250
CaoHiO:N,Cl 98 189-191 9.56 9.71 i
CaoHgs0,N,Cl 93 192-194 (dec.) 9.56 9.69 10 3 700
Ci7Hg0,N:Cl 97 216-217 10.85 10.90 2 2.5 500
p-NO, (or p-NH;) CH,COOCH,C(CH;),NHR-HCI
CuHyON,CFF 80 204-205(dec)*  11.79  11.79 0.5 300
CisH 0N, Cl 98 180-181 (dec.) 10.34 10.59 2.5 150

CiHuO,N:Cle 92 200-202 (dec.)’ 10.85 10.87 2.5 4 225

m. p. 92-95°, which solidified and remelted at 178-180°. When ground with a small sample recrystallized from acetone
the salt was transformed into the higher melting form. * Recrystallized from absolute alcohol and ether. ¢ A low melting
form of the salt was first isolated, m. p. 131°, which solidified and remelted at 175-185°." The higher melting form was
produced by grinding with a small sample of the high melting salt obtained by crystallization from absolute alcohol.
i Too insoluble for test. * Ringk and Epstein (ref. 5) report this compound as a monohydrate, m. p. 202-205°.

TABLE IV

N-p-NITROBENZOYL DERIVATIVES AND $-NITRO- AND p-AMINOBENZOATE HYDROCHLORIDES OF 1-ALKYLAMINO-2-METHYL-
2-PROPANOLS, ?—NOzCoI‘LCON(R) CHzC(CH;)gOH AND p-NOz(OR P-NH:) C5H4COOC(CH3)2CH2NHRHC1

N-p-Nitro-
benzoyl : p-Nitrobenzoate X

derivative, Yield, Carbon, % Hydrogen, % hydrochloride, Yield,
Alkyl group formula % M. p., °C. Caled. Found Caled. Found formula %
1 Isopropyl C1|H2004N21: 81 105-106° 59.98 60.31 7.19 7.28 Cqulo‘NzCl 74
2 3-Pentyl C16H2 ON,* 86 93.5-94.5" 62.31 62.63 7.84 7.92 C1sH2;0N:Cl 69
3 2-Heptyl C1eH3s0N, 95 40.5-42.5° 64.26 64.14 8.39 8.51 C1sH200.N:Cl 93
4 2-Octyl CioH3ON: 90 47-49% 65.12 65.13 8.63 8.81 CiHsnON,Cl 71
5 Cyclohexyl Ci7H3ON: 90 150.5-152.5° 63.73 64.08 7.56 7.54 Ci7H2504N,Cl 75
6 Isoamyl CisH 20N, 88 114-115° 62.31 62.15 7.84 7.8 C1eH 20N Cl 79

Anesthetic

activity Tox-

Infil-  icity,

p-Amino- tra-  subcu-

benzoate Topical, tion, taneous

Chlorine, % hydrochloride, Yield, Chlorine, % X co- X pro- LDuw,

M. p., °C. Caled. Found formula % M. p., °C. Caled. Found caine  caine mg./kg.
1 168-170° 11.19 11.15 CiHy;0.N,Cl 85 175-176 (dec.)’ 12.36 12.27 2 175
2 154.5-155.5° 10.28 10.21 CuH»O.N,Cl 97 176.5-177.5(dec.)® 11.26 11.25 2.5 2 30
3 135-137(dec.)® 9 51 9.55 CiH»nO;N,Cl 74 164-165 (dec.)? 10.34 10.37 4 10 100
4 122-124° 916 9.15 CpH;O0:NoCl 80  131-133¢ 9.93 9.92 4 10 100
5 130-132 (dec.)’ 9.94 9.80 CyHx»ON,Cl 85 187-188 (dec.)’ 10.85 10.81 4 10 100
6 123-124¢ 10.28 10.27 CuHnO,N.Cl 64  129-130 (dec.)® 11.26 11.26 2 5 35

o Recrystallized from absolute alcohol. * From ether and pentane. ¢ From benzene. ¢ From acetone. ¢ From
methyl ethyl ketone and ether. / From methyl ethyl ketone. ¢ From absolute alcohol and acetone. * From acetone
and ether. * Semi-micro Kjeldahl analysis: Caled.: N, 9.09. Found: N, 9.12. / Micro Dumas analysis: Caled.:
N, 9.99. Found: N, 9.72. * Obtained as the dry salt by concentrating in vacuo the solution from the reduction of the
p-nitrobenzoate hydrochloride.

The molecular refraction of this compound (61.42) indi- 2,2 ,4-Triethyl-oxazolidine.—A solution of 44.5 g. (0.5
cated that it was principally in the form of the Schiff base, mole) of 2-amino-1-butanol, 51.6 g. (0.6 mole) of diethyl
[(CHy):CHCH,,C=NCH(CH;)CH;0H (Mp calcd. 62.16; ketone and 100 cc. of benzene was refluxed under a con-
caled. for the isomeric oxazolidine 60.68).8 stant water separator for fourteen hours, during which

- time 9 cc. of water collected. Distillation through a
(8) See ref, 2a for the atomic refractions employed in this and sub-

sequent calculations. The Mp found for this compound is farther  ture than those figures indicate, for oxazolidines show an ‘‘optical
from the value which would be expected for the oxazolidine struc- depression’’ (see refs. 2a, ¢ and values in this paper).
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TABLE V

N-AcyL DEeRriVATIVES AND ESTER HYDROCHLORIDES OF 1-CYCLOHEXYLAMINO-2-METHYL-2-PROPANOL, RCON(C¢Hi)-
CHgC(CHa)zOH AND RCOOC(CH;)QCH:NHCQHH‘HCI

Acid from which acyl Amide, Yield, Carbon, % Hydrogen, %
group RCO is derived formula ) M. p., °C. Caled. Found Caled. Found
1 Benzoic CirH 30N 78 77.5-78" 74.14 74.47 9.15 9.28
2 Cinnamic CieH 0N 76 Sirup
3 Diphenylacetic CuHuON 84 154-155.5° 78.86 78.84 8.565 8.80
4 «-Phenylbutyric CnHuO,N 79 66.5-68° 75.66 75.80 9.84 9.70
5 Carbanilic Ci7H250:N2 83 131.5-132.5° 70.31 70.53 9.03 9.10
Ester Anesthetic activity Toxicity,
hydrochloride, Yield, Chiorine, % Topical, Infiltration, subcutaneous
formula % M. p., °C. Caled. Found X cocaine X procaine LDso, mg./kg.
1 CpH:0.NCl 84 162-163¢ 11.37 11.29 2 2 200
2 CyH3s0,NCl 64 161-163° 10.49 10.45 2.5 1 >500
3 CyH;0.NCl 60 172-174° 8.82 8.70 5 2 >100
4
5 CuyH»O0:N,Cl 41 196-197 (dec.)’ 10.85 10.90 4.5 2 200

s Recrystallized from ether and pentane.
ether. / From alcohol and ether.

Widmer column yielded 73 g. (93%,) of 2,2,4-triethyloxazo-
lidine, b. p. 62-63° (8 mm.); n%p 1.4375; d%, 0.8950;
Mp caled. 46.82, found 46.22.

Anal. " Caled. for C;H,ON: N, 891. Found: N, 8.80.

2,2-Dipropyl-4-ethyl-oxazolidine.—The condensation of
44.5 g. of 2-amino-1-butanol and 74 g. of dipropyl ke-
tone under the conditions described above was complete
in twenty-two hours (9.2 cc. of water collected). Distilla-
tion yielded 85 g. (929,) of the oxazolidine, b. p. 91-91.5°

8 mm.); #¥p 1.4411; d%; 0.8824; Mp calcd. 56.06,
found 55.63.
Anal. Caled. for CyHy3ON: N, 7.56. Found: N, 7.42.

2-[4-(2,6-Dimethylheptylidene)-aminoj-1-butanol.—A
solution of 44.5 g. of 2-amino-1-butanol and 92 g. of diiso-
butyl ketone in 100 cc. of benzene was refluxed under a
constant water separator for seventy-one hours, while
8.6 cc. of water collected. Distillation yielded 82 g. (77%)
of an anhydro compound, b. p. 111.5-112° (7.5 mm.);
n%p 1.4570; d?%y; 0.8807; MD calcd. for the Schiff base
structure, 66.78; for the oxazolidine 65.30; Mbp found
66.17.
Anal. Caled. for C;;HzON: N, 6.56. Found: N, 6.51.
2-Alkylamino-2-methyl-1-propanols (III).—Unsuccess-
ful attempts were made to substitute s-butyl and cyclo-
hexyl groups on the amino group of 2-amino-2-methyl-1-
propanol by reducing mixtures of the aminoalcohol with
methyl ethyl ketone and cyclohexanone according to
procedures (a) and (c). Consequently, anhydro com-
pounds were prepared by condensing 2-amino-2-methyl-1-
propanol with methyl ethyl ketone, methyl amyl ketone,
cyclohexanone and isovaleraldehyde. The condensations
were carried out in the usual manner by refluxing 0.5 mole
of the aminoalcohol with a 309, excess of the ketone (or a
molecular equivalent of isovaleraldehyde) dissolved in
100 cc. of benzene under a constant water separator until
110 more water was formed. g‘he oxazolidines produced by
these condensations are described in Table II. As indi-
cated in the footnotes, the condensations proceeded slowly
with the three ketones unless they were catalyzed by small
amounts of acetic acid. In two cases it proved inadvisable
to add acetic acid, because compounds (probably acetates
of the aminoalcohols or the oxazolidines) were formed,
which distilled with the oxazolidines as immiscible liquids
or solids which were difficult to separate completely from
the products. Diisobutyl ketone failed to condense with
2-amino-2-methyl-1-propanol, even in the presence of
acetic acid.
2-Alkylamino-2-methyl-1-propanols (III), prepared by
hydrogenation of the oxazolidines, are described in the
third section of Table I. Only the oxazolidine derived from
isovaleraldehyde could be reduced with platinum (pro-

% From alcohol.

¢ From benzene. ¢ From acetone. ¢ From acetone and

cedure b). The oxazolidines derived from the three ke-
tones were hydrogenated at 140 to 160° in the presence
of Raney nickel (procedure d or ). Mixtyres of products
formed by intermolecular dehydration of the monoalkyl-
aminoalcohols were formed if the hydrogenations were
carried out at higher temperatures. For example, hydro-
genation of 2,4,4-trimethyl-2-ethyloxazolidine by pro-
cedure (e) but at 200° gave a mixture from which 2,2,5,5-
tetramethyl-1,4-di-s-butylpiperazine was isolated; m. p.
after crystallization from pentane 75-75.5°.

Anal. Caled. for CeHyuNz: N, 11.01. Found: (micro
Dumas method) N, 10.80.

1-Alkylamino-2-methyl-2-propanols (IV).—Aminoalco-
hols of this series, which are described in the fourth section
of Table I, were prepared easily by rapid, exothermic
hydrogenation of ketones and 1l-amino-2-methyl-2-pro-
panol by procedure (¢). The compounds are less viscous
and lower boiling than monoalkylaminoalcohols which are
primary and secondary alcohols, indicating less extensive
association of these fertiary alcohols.

Aminoalcohol picrates described in Table I were pre-
pared by boiling alcohol solutions of the aminoalcohols
with equivalent quantities of picric acid. They were re-
crystallized to constant melting point from the solvents
indicated in the footnotes.

p-Nitro and p-Aminobenzoate Hydrochlorides of Amino-
alcohols I, II and III.—The aminoalcohols (0.05 to 0.1
mole) were converted to hydrochlorides in chloroform solu-
tion and esterified by reaction with p-nitrobenzoyl chloride
according to a procedure described previously,? except
that the reaction time varied from two to four days.
The products were recrystallized from solvents listed in
Table III. The p-nitrobenzoate hydrochlorides (5 to 15 g.)
were dissolved or suspended in 200 to 500 cc. of distilled
water and hydrogenated in the presence of 1 g. of palladin-
ized charcoal at room temperature. The catalyst was re-
moved by filtration in an atmosphere of carbon dioxide
(maintained by adding dry ice to the solutions), and the
filtrates were concentrated to dryness in wacuo. The
p-aminobenzoate hydrochlorides (Table III) were obtained
in this way as pure white crystalline salts. It was found
to be unnecessary and inadvisable to recrystallize them.
Recrystallization usually yielded slightly colored salts, and
was resorted to only when the hydrochloride obtained on
evaporation was a mixture of dimorphous forms.

The p-aminobenzoate hydrochloride of 2-cyclohexyl-
amino-1-butanol (3.3 g.) was transformed into the corre-
sponding glycolate (3.3 g.) by a procedure outlined pre-
viously®®; m. p. after recrystallization from alcohol and
ether 156-157°.

Anal. Caled. for CyHywOsN;: N, 7.65. Found: N, 7.64.

Pharmacological data. Topical anesthetic activity, 2X
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cocaine; infiltration anesthetic activity, 3X procaine;
LDy, 400 mg./kg.

The p-aminobenzoate glycolate of 2-[4-(2,6-dimethyl-
heptyl)-amino]-1-butanol was prepared without isolating
the hydrochloride. The aqueous solution resulting from
the hydrogenation of 4.0 g. of the corresponding p-nitro-
benzoate hydrochloride was treated with sodium car-
bonate and extracted with benzene. The benzene solution
was added to an equivalent quantity of glycohc acid in
alcohol solution and distilled to dryness % vacuo. After
recrystallization from acetone the glycolate (3.5 g.) melted
at 140.5-141.5°.

Anal. Caled. for CnH;aOsNzZ
6.74.

Pharmacological data. Topical anesthetic activity, 5§X
cocaine; infiltration anesthetic activity, 4X procaine.
LDgo, 700 mg./kg.

N-p-Nitrobenzoyl Derivatives of 1-Alkylamino-2-methyl-
2-propanols.—The following preparation illustrates the
procedure used in preparing the five amides of this series
which are described in Table IV: A solution of 27.8 g.
(0.15 mole) of p-nitrobenzoyl chloride in 100 cc. of methy-
lene chloride was added rapidly to a vigorously stirred
suspension of 17.1.g. (0.1 mole) of 1-cyclohexylamino-2-
methyl-2-propanol in 200 cc. of 5% aqueous sodium hy-
droxide. The mixture was heated in a water-bath so that
the methylene chloride refluxed for one hour with vigorous
mechanical stirring. The temperature of the reaction
mixture was 40 to 45°. The layers were separated and
the aqueous layer was extracted once with methylene
chloride. The combined methylene chloride solutions
were washed twice with water and concentrated to dry-
ness in vacuo. The residue was recrystallized once from
benzene, yielding 28.7 g. of the N-p-nitrobenzoyl deriva-
tive of 1-cyclohexylamino-2-methyl-2-propanol, m. p.
150.5-152°.

The amides described in Table IV are insoluble in water
and dilute acids. Solutions of the amides in aqueous
alcohol were acidified with hydrochloric acid and allowed
to stand at room temperature for thirty minutes. On
adding water the amides were precipitated unchanged.
This behavior verifies the neutral character of the amides
and shows that they are not rearranged to esters under
these conditions.

p-Nitro- and p-Aminobenzoate Hydrochlorides of 1-
Alkylamino-2-methyl-2-propanols.—The p-nitrobenzoate
hydrochlor:des (Table IV) were prepared by boiling solu-
tions of 0.02 to 0.05 mole of the corresponding p-nitro-
benzamides in 50 to 250 cc. of absolute alcohol with a 35
to 75%, molar excess of concentrated aqueous hydrochloric
acid for five minutes. The solutions were cooled and dis-
tilled to dryness 4n vacuo. The residues were dried by
adding benzene and reconcentrating ¢n vacuo, and recrystal-
lized from the solvents indicated in Table IV.

The p-aminobenzoate hydrochlorides, which are also
described in Table IV, were prepared in the usual manner
by hydrogenating solutions or suspensions of 4 to 7 g. of
the corresponding p-nitrobenzoate hydrochlorides in 100
to 400 cc. of distilled water in the presence of 1 g. of
palladinized charcoal. On concentration ## vacuo the
hydrochlorides were obtained as hydrates. Recrystalliza-
tion yielded the anhydrous salts.

N-p-Nitrobenzoyl Derivative and p-Nitrobenzoate Hy-
drochloride of 2-Cyclohexylaminoethanol.—The general
procedure used for synthesis of the amides listed in Table
IV was used to prepare N-p-nitrobenzoyl-2-cyclohexyl-
aminoethanol. The product obtained from 2-cyclohexyl-
aminoethanol (14.3 g.) and p-nitrobenzoyl chloride
(27.8 g.) was recrystallized from benzene. The pure
amide .was separated from impurities which were less
soluble in benzene than the product in a yield of 6 g.
(21%); m. p. 113.5-115.5°,

Anal. Caled. for CiyHzONa:
Found: C, 61.74; H, 6.71.

N-p-Nitrobenzoyl-2-cyclohexylaminoethanol (2.9 g.) was
dissolved in 20 ce. of absolute alcohol, 1.5 cc. of concd.
hydrochloric acid was added, and the solution was boiled

N, 6.82. Found: N,

C, 61.63; H, 6.89.
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for five minutes, The p-nitrobenzoate hydrochloride was
isolated by removing the alcohol #n vacuo, distilling the
residue with benzene to remove water and filtering the
benzene suspension; yield 1.8 g. (63%,), m. p..and mixed
m. p. with a known sample?® 231-232°, The unchanged
amide (1.1 g., 38%,) was recovered from the benzene filtrate.

-p—Nltrobenzoyl Derivative and p-Nitrobenzoate Hy-
drochloride of 1-Cyclohexylamino-2-propanol.—The amide
was prepared by the procedure used for the amides listed
in Table IV from 15.7 g. of 1-cyclohexylamino-2-propanol
and 27.8 g. of p-nitrobenzoyl chloride and recrystallized
froth a mixture of ether and pentane; yield 11 g. (36%,),
m. p. 88.5-90.5°. Impure higher melting fractions were
discarded.

Amnal. Caled. for CisHuOWN;: C, 62.73; H, 7.24.

The above amide (3.1 g.) was dissolved in 20 cc. of
absolute alcohol, 1 cc. of concd. hydrochloric acid was
added and the mixture was boiled for five minutes. The
solvent was removed #n vacuo. The residue was dried
with benzene and crystallized from absolute alcohol. The
p-nitrobenzoate hydrochloride was obtained in yield of
2.1 g. (62%), m. p. and mixed m. p. with a known sample
(ref. 2¢) 208-210°,

Amides and Ester Hydrochlorides Derived from 1-
Cyclohexylamino-2-methyl-2-propanol.-—The amides de-
scribed in Table V were prepared from 0.035 to 0.065 mole
of 1-cyclohexylamino-2-methyl-2-propanol and a 509
excess of an acid chloride by the procedure described for
preparation of the N-p-nitrobenzoyl derivative of this
aminoalcohol (Table IV). The corresponding phenylurea
(Table V) was prepared by adding 4.8 g. of phenyl iso-
cyanate slowly to a solution of 6.8 g. of the aminoalcohol
in methylene chloride and refluxing for one hour. The
N-cinnamoyl derivative could not be obtained as a solid
by crystallization from anhydrous solvents. Solvated
crystals (m. p. about 70°) were obtained by crystallization
from dilute alcohol, but they llqueﬁed on drying in vacuo.
The yield reported is based on this sirupy liquid product
dried to constant weight. Each amide (Table V) was
tested for neutrality and stability to rearrangement in the
same manner as the N-p-nitrobenzoyl derivative, by dis-
solving it in dilute alcohol, acidifying the solution with
hydrochloric acid, and allowing. it to stand for thirty
minutes. In each case the amide was precipitated un-
changed by adding water.

The N-benzoyl derivative (0.02 mole) and N-
cinnamoyl derivative (0.017 mole) were rearranged to the
corresponding ester hydrochlorides (Table V) in alcohol
solution by boiling with a 509, excess of concd. hydro-
chloric acid, according to the procedure used for the
p-nitrobenzoate hydrochlorides. When this procedure
was followed with the diphenylacetyl derivative, a large
proportion of the amide was recovered unchanged. The
diphenylacetate hydrochloride was prepared by refluxing
a solution of 3.7 g. of the corresponding amide in 25 cc. of
absolute alcohol containing 0.9 cc. of coned. hydrochloric
acid for one hour. Part of the amide (0.9 g., 249%,) crystal-
lized from the solution on cooling, while the ester hydro-
chloride (2.4 g., 60%) was obtained from the filtrate by
recrystalllzatlon from acetone. The phenyl urea (Table V)
underwent hydrolysis under conditions used for rearrang-
ing the other amides. Its rearrangement to the phenyl-
urethan hydrochloride was accomplished by dissolving
4.4 g. in 75 cc. of chloroform, saturating the solutiorr with
dry hydrogen chloride, and heating the solution in a bath
at 55° for seventy hours. The residue remaining after
removal of the solvent was recrystallized from alcohol and
ether; yield 2 g. (41%) (Table V).

The phenylurethan of 1l-cyclohexylamino-2-methyl-2-
propanol was prepared by treating a solution of 0.1 g. of
the phenylurethan hydrochloride in water with a slight
excess of sodium carbonate, filtering the crystals which
formed and recrystallizing from pentane; yield 80 mg.,
m. p. 107-107.5°.

Anal. Caled. for CiyH:OaN;:
Found: C, 70.37; H, 9.18.

C, 70.31; H 9.03.
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The e-phenylbutyrate hydrochloride, prepared by re-
arrangement of the amide in alcohol or chloroform solu-
tion, was not analytically pure and consequently is not
reported.

p-Nitrobenzoate of 2-Iscamylamino-2-methyl-1-pro-
panol.—The p-nitrobenzoate hydrochloride of 2-isoamyl-
amino-2-methyl-1-propanol (Table I1I) (1 g.) in 100 cc. of
water was treated with 100 cc. of 109, sodium carbonate.
The oil was extracted with benzene and dried by removing
the benzene i1 vacuo. The residue crystallized on standing
in the icebox and was recrystallized from pentane; m. p.
25-26°.

Anal. Caled. for C15H2404N2:
Found: C, 62.33; H, 7.88.

The ester was reconverted to its hydrochloride, m. p.
174-175°, with hydrochloric acid in alcohol solution. The
ester is hydrolyzed rapidly by sodium hydroxide in aqueous
alcohol solution, and does not rearrange readily to an
amide. The ester obtained from 2.6 g. of the p-nitro-
benzoate hydrochloride was dried carefully by distilling
benzene in vacuo and heated at 42-45° for twenty-four
days #n vacuo over phosphorus pentoxide. The product
was identified as the unchanged ester by dissolving it in
pentane and saturating the solution with dry hydrogen
chloride. The original p-nitrobenzoate hydrochloride
(2.0 g., 809%) was obtained.

p-Nitrobenzoic Acid Salt of the p-Nitrobenzoate of 2-
Isoamylamino-2-methyl-1-propanol.—p-Nitrobenzoic acid
(0.41 g.) was added to a solution of the p-nitrobenzoate
(0.77 g.) in 100 cc. of benzene, The mixture was boiled
until solution was complete. The salt was recrystallized
from benzene; yield 1.1 g., m. p. 157-158°,

Anal. Caled. for CyuHxOsN;: C, 58.10; H, 6.14.
Found: C, 58.31; H, 6.31.

The above compound was proved to be a salt by cleavage
into its components under mild conditions. The salt
(140 mg.) was dissolved in 15 cc. of methylene chloride
and shaken with a water solution of 27.7 mg, of sodium
bicarbonate. The aqueous extract was acidified, evapo-
rated to a volume of 5 cc., cooled and filtered. p-Nitro-
benzoic acid (44.3 mg., 88%,) was obtained. The hydro-
chloride of the p-nitrobenzoate of 2-iscamylamino-2-
methyl-1-propanol was obtained from the methylene
chloride solution by adding hydrochloric acid.

p-Nitrobenzoate of N-p-Nitrobenzoyl-2-isoamylamino-2-
methyl-1-propanol.—The p-nitrobenzoate was prepared
from 1.72 g. of the hydrochloride as described above
and dried by distilling benzene from it #n vacwo. The
residue was refluxed for forty-eight hours with 1 g. of
p-nitrobenzoyl chloride in 50 cc. of benzene. The product
was separated into an ether insoluble fraction, from which
0.5 g. of the p-nitrobenzoate hydrochloride was recovered,
and an ether soluble fraction, which yielded 0.25 g. (22%,)
of the ester-amide after recrystallization from alcohol;
m. p. 119-120°,

Anal.  Caled. for CyuHpxOrN;:
Found: C, 60.68; H, 5.85.

The ester-amide was also prepared by refluxing a dry
benzene solution of 3.0 g. of 2-isoamylamino-2-methyl-1-
propanol and 7.4 g. of g-nitrobenzoyl chloride for four
days. From this mixture 3.4 g. (37%) of the ester-amide
and 1.0 g. (149%,) of the p-nitrobenzoate hydrochloride
were isolated. When the procedure used for preparing
the gmides described in Table IV was followed with 2-iso-
amylamino-2-methyl-1-propanol, the ester-amide was
obtained in 409, yield.

p-Nitrobenzoic Acid Salt of 2-Ispamylamino-2-methyl-1-
propanol.—p-Nitrobenzoic acid (0.17 g.) and the amino-
alcohol (0.16 g.) were dissolved in hot benzene. The salt
which crystallized on cooling was recrystallized from
benzene; m. p. 172-174°,

Anal. Caled. for CquaOsNz:
Found: C, 59.09; H, 7.84.

Reaction of 2-Isoamylamino-2-methyl-1-propanol with
p-Nitrobenzoyl Chloride in Pyridine.—The only pure
compound isolated from these reactants by the procedure

C, 6231; H, 7.84.

C, 60.38; H, 5.95.

C, 58.87; H, 8.03.
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described by Kremer and Waldman* was a small amount
(7%) of the p-nitrobenzoic acid salt of the aminoalcohol,
described in the preceding section.

N-p-Nitrobenzoyl Derivative of 1-Isoamylamino-~2-
methyl-2-propanol.—The properties of this amide and its
preparation in 889, yield are described in Table IV. The
reaction of 1-isoamylamino-2-methyl-2-propanol and p-
nitrobenzoyl chloride under the conditions described by
Goldberg, Ringk and Spoerri? yielded the same amide in
smaller amount (40%). The corresponding p-nitroben-
zoate hydrochloride (also described in Table IV) was pre-
pared by rearrangement of the amide. The ester re-
arranges to the amide very rapidly when solutions of its
hydrochloride are made alkaline. The p-nitrobenzoate
hydrochloride (3 g.) in 100 cc. of water was made alkaline
with an excess of sodium carbonate and the mixture was
extracted with ether. Evaporation of the ether yielded
2.3 g. (89%) of the N-p-nitrobenzoyl derivative.

p-Nitrobenzoate Sulfate and Acid Sulfate of 1-Isoamyl-
amino-2-methyl-2-propanol.—A solution of 4.6 g. (0.015
mole) of N-p-nitrobenzoyl-1-isoamylamino-2-methyl-2-
propanol in 50 cc. of isopropyl alcohol was heated to boil-
ing. Sulfuric acid (0.5 cc., 0.008 mole) in § cc. of water
was added and the solution was boiled for five minutes,
The solvent was removed 47 vacuo and the residue washed
with dry ether (0.5 g., 119, of the original amide was
recovered from this ether solution). The salt was ground
with water and filtered; recrystallization from a mixture
of absolute alcohol and acetone yielded 1.1 g. (28%,) of the
p-nitrobenzoate neutral sulfate, m. p. 144-146°,

Anal. Caled. for CpeHgOsNH:80,: C, 53.76; H, 7.05.
Found: C, 53.97; H, 7.31.

The aqueous filtrate from this salt was concentrated in
vacuo and the residue recrystallized from a mixture of
acetone and ether. This procedure yielded the pure acid
sulfate; 1.7 g. (28%), m. p. 109-110°,

Anal. Caled. for CeHyON,-H,SO,: C, 47.28; H, 6.45.
Found: C, 47.34; H, 6.59.

Half-neutralization of an aqueous solution of this acid
sulfate with standard alkali converted it into the neutral
sulfate.

p-Aminobenzoate Sulfate of 1-Isoamylamino-2-methyl-
1-propanol.—A solution of 0.6 g. of the p-nitrobenzoate
sulfate of 1-isoamylamino-2-methyl-1-propanol in 100 cc. of
water was hydrogenated at room temperature in the pres-
ence of 1 g. of palladinized charcoal. The solution was
filtered from the catalyst, concentrated under diminished
pressure and the residue recrystallized from a mixture of
absolute alcohol and acetone, yielding 0.37 g. (71%) of the
p-aminobenzoate sulfate, m. p. 150-152°,

Anal. Calcd. for CagHuO|N|'HzSO¢Z C, 58.69; H, 8.31.
Found: C, 58.84; H, 8.59.

Reaction of p-Nitrobenzoy! Chloride and 1-Isoamyl-
amino-2-methyl-2-propanol Hydrochloride.—A solution of
15.9 g. of 1-isoamylamino-2-methyl-2-propanol in 60 g. of
chloroform was saturated with hydrogen chloride, 18.6 g.
of p-nitrobenzoyl chloride was added, and the mixture was
allowed to stand at 30° for ninety hours. From this re-
action mixture 15 g. (76%) of the hydrochloride of the
original aminoalcohol was recovered. No other pure
product was isolated.

An exactly similar reaction mixture was refluxed for
forty-eight hours. The solvent was removed #n vacuo
and the residue stirred with dry ether and filtered. The
ether insoluble material after washing with ether and re-
crystallization from alcohol yielded 8 g. (17%,) of the p-
nitrobenzoate of N-p-nitrobenzoyl-1-iscamylamino-2-
methyl-2-propanol, m. p. 127-128°.

Anal. Caled. for CoeHnOyN;3: C, 60.38; H, 5.95; N,
9.18; mol. wt., 457. Found: C, 60.48; H, 6.17; N, 9.10;
mol. wt. (b. p. method, chloroform), 433.

Addition of ether to the alcohol filtrate from the crystal-
lization of the ester-amide described above precipitated a
solid which was recrystallized from alcohol and yielded
8.0 g. (41%) of 1-isoamylamino-2-methyl-2-propanol hy-
drochloride m. p. 211-213°, This salt was identical (m. p.



Oct., 1944

and mixed m. p.) with a sample prepared from the amino-
alcohol and hydrochloric acid.

Anal. Caled. for CyH»,ONCI: ClI, 18.11.
18.09.

Addition of pentane to the alcohol-ether filtrate gave a
precipitate from which 1.5 g. (4%) of the p-nitrobenzoate
hydrochloride of 1-isoamylamino-2-methyl-2-propanol was
obtained by recrystallization. The properties of this salt
are described in Table IV.

The ester-amide described above, m. p. 127-128°, was
characterized by a .quantitative hydrogenation in the
presence of palladinized charcoal in dilute alcohol con-
taining hydrochloric acid; 979, of the theoretical quantity
of hydrogen was absorbed. In a similar hydrogenation
3.1 g. of the ester-amide dissolved in 300 cc. of 30%
aléohol was hydrogenated in the presence of 1.7 cc. of 6 N
sulfuric acid. The product, the p-aminobenzoate sulfate
of N-p-aminobenzoyl-1-isoamylamino-2-methyl-2-propanol
was recrystallized from alcohol; yield 2.4 g.,, m. p. 184-
185° (dec.).

Anal. Caled. for C;H;O3Ns-H,S0,: N, 848. Found:
N, 8.51.

The ester-amide was also prepared by refluximg a chloro-
form solution of 1.04 g. of the p-nitrobenzoate hydro-
chloride and 0.56 g. of p-nitrobenzoyl chloride for forty-
three hours. The solvent was removed in vacuo and the
residue crystallized from alcohol, yielding 0.7 g. of the
ester-amide.

Pharmacological.—Pharmacological data re-
corded in Tables III, IV and V were obtained at
the Merck Institute for Therapeutic Research
and will be published elsewhere by Albert O.
Seeler and Samuel Kuna. The method of test-
ing is outlined in ref. 2b.

Found: Cl,
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Summary

A number of monoalkylaminopropanols and
butanols have been prepared by condensing a
ketone (or an aldehyde) with an aminopropanol or
aminobutanol and hydrogenating, the two steps
being carried out either simultaneously or suc-
cessively. The monoalkylaminopropanols and
butanols which are primary alcohols were -esteri-
fied by reaction of their hydrochlorides with p-
nitrobenzoyl chloride in chloroform solution. p-
Aminobenzoate hydrochlorides were prepared
from the p-nitrobenzoate hydrochlorides by
catglytic hydrogenation.

‘1-Alkylamino-2-methyl-2-propanols (IV), which
are tertiary alcohols, were esterified successfully
by an indirect method. Reaction with acid
chlorides in the presence of aqueous sodium hy-
droxide converted them into amides, which were
isomerized to esters by heating with alcoholic
hydrochloric acid for a short time.

R’COCI1
(CH;):C(OH)CH.NHR

HCl
(CH,),C(OH)CH;N(R)COR’ ———>
R’COOC(CH;);CH,;NHR-HCl

The local anesthetic activity of a number of the
monoalkylaminoalcohol esters has been examined.
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A number of p-aminobenzoates of aminoalco-
hols containing secondary amino groups recently
have been found to have pronounced local
anesthetic activity.? These esters correspond to
the general formula I, in which R has been varied
widely, while the substituents on the ethanol frag-
ment have been hydrogen, methyl and ethyl.

L]
$-NH.CsH, COO?——?——NHR ‘HCl

I

In order to determine the effect on local anesthetic
properties, the structures of some of the promising
compounds previously described have been modi-
fied by preparing analogous esters of 3-alkyl-
amino-1-propanols, II, esters containing fertiary
amino groups (IIT and IV), and p-dialkylamino-
benzoates (V, VI and VII).

$-NH;CH,COO(CH;)s;NHR-HCI
II
(1) Sharp and Dohme Research Assoclate.

(2) (a) Cope and Hancock, THIS JOURNAL, 66, 1448 (1944);
(b) 66, 1453 (1944); (c) Hancock and Cope, ibid., 66, 1738 (1944).

$-NH,CH,COOCH,CH;NRR"-HCl
III
$-NH.CH,COOCH(CH;)CH,NRR’".HC1
v
$-RoNCH,COOCHR)CH(R//)NHR'//-HC1
R = methyl or ethyl

V,R’and R* = H

VI, R’ = methyl, R” = H

VII, R’ = H, R” = ethyl

The 3-alkylamino-l-propanol derivatives re-
quired for the synthesis of the esters (II) were pre-
pared by hydrogenation of a mixture of a ketone
with 3-amino-1-propanol, or by hydrogenating
the anhydro compound formed by condensation of
the ketone and aminoalcohol. These procedures,
which are analogous to the methods used in pre-
paring monoalkyl derivatives of ethanolamine,?
led to 78 to 989, yields of the aminoalcohols
described in Table I. The nature of the inter-
mediate anhydro compounds in this synthesis is of
interest, since they may be either tetrahydro-1,3-
oxazines (VIII) or Schiff bases (IX). Anhydro

(8) Cope and Hancock, $bid., 64, 1503 (1942),



