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Chloromycetin (Chloramphenicol?).

The Synthesis of 3-Methyl and 3-p-Nitrophenyl

Substituted Compounds

By MiLprep C. REBSTOCK

It was of interest to prepare compounds related to Chloromycetin in which a methyl group or p-nitrophenyl group was

substituted in the side chain at the terminal carbon atom,
isonitrosobenzoylacetone and isonitrosodibenzoylmethane.

Intermediates were obtained by the catalytic hydrogenation of
A study of the conditions of hydrogenation led to the charac-

terization of certain other related compounds which were encountered as side products as well as the desired starting

materials.

In preparing compounds related to Chloromyce-
tin (I)? it was of interest to synthesize certain ones
.in which the antibiotic structural pattern was pre-
?erved except for the lengthening of the side chain
1I).

B NHCOCHC
Noz©~cl:——cl:~CH20H
OH H
I
NHCOCHCI,

l
NO~{___»—CHOH—CH—CHOHR
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During the course of this work the compounds
VIIIb and VIIIc in which R is methyl or p-nitro-
phenyl® were prepared, the desired products being
obtained by the following series of reactions.

O NOHO

catalyst and the reduction was carried out in the
presence of three equivalents of hydrochloric acid to
prevent the formation of diphenylpyrazines. The
hydrogenation of compounds I1Ia and IIIb was car-
ried out under virtually these conditions except that
palladium oxide was used as the catalyst. The
presence of a second ketone group was found to in-
fluence the course of the reaction. When R was
phenyl (IIIa) an appreciable quantity of the related
compound XIa was obtained in which hydrogenoly-
sis of the benzyl hydroxyl group had occurred.

H
IIa ———> IVa (hydrochloride) +
PdO

8HCI
NHHC!
 p—cm—cH—cuon—_ >
Xla
OCOCH,  OCOCH;

! . H. Acetylation | |
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IIIa, R = C¢H; IVa
IIIb, R = CH, IVb
NHCOCHCI,
| Dichloroacetylation
NO—___»>—CHOHCH—CHOHR <
Ville
VIIIb

The reduction of B-isonitrosophenones has been
studied extensively by Hartung and co-work-
ers®®"8 who found that the corresponding amino
alcohols could be obtained by catalytic hydrogena-
tion when palladium-on-Norite was used as the

(1) Chloramphenicol is the generic name for the antibiotic identified
as Chloromycetin, a Parke, Davis & Company trademark.

(2) Rebstock, Crooks, Controulis and Bartz, THIS JoUrNAL, 71,
2450 (1949).

(8) During the preparation of this paper one of the isomeric forms of
compound VIIIc was reported by Huebner and Scholz, ibid., 78, 2089
(1951). This group obtained intermmediate IVa by hydrogenating
1,3-diphenyl-2-phenylhydrazono-1,3-propanedione at neutral pH with
Raney nickel catalyst.

(4) No specific configurational inference is intended.

(5) Hartung, THis JoURNAL, 30, 3370 (1928).

(6) Hartung, ¢bd., §8, 2248 (1931).

(7) Hartung and Munch, sbid., 81, 2262 (1929).

(8) Hartung, Munch, Deckert and Crossley, sbid., 82, 3317 (1930).
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Hydrolysis
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The products of hydrogenation were separated by
fractional crystallization of the free bases. The
structure of compound XIa was confirmned by in-
dependent synthesis. The series of reactions used
by Algar, Hickey and Sherry® who first prepared
this compound were repeated to obtain a sample for
mixed melting point determination. The synthesis
involved hydrogenation of benzalacetophenone to
form B-phenylpropiophenone,®® conversion of this
compound to the isonitroso derivative, and reduc-
tion to the amino alcohol (XIa). There was no
depression in melting point when the free bases or
their corresponding dichloroacetamides were mixed.

When R was methyl (IIIb) the intermediate g

(9) Algar, Hickey and Sherry, Proceedings of the Royal lrish Acad-
emy, 49, 109 (1943).
(10) “‘Organic Syntheses,” Coll. Vol. I, p, 101.
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TABLE I
INTERMEDIATES AND DERIVATIVES OF INTERMEDIATES IN THE SYNTHESIS OF VIIIb, VIIIe, XIIb anD XIIc
Carbon, %% Hydrogen, %, Nitrogen, %
Compouttd R = Formula M.p., °C, Caled. Found Caled. Found Caled. Found
IT'HCOC.HCI? R = CHy- CisHisNOsCla 148-140 49.33  40.40 5.18 5.32 4,79 4.68
CsHi— CHOH—CH—CHOH--R R = CsHs CirHaNO:Clz 171-172 57.64 57.83 5.12 5.27 3.95 3.88
%THCO(LHCP. R = CHs~ C12H1sNO:Cle 132-133 52.10 52,30 5.48 5.75 5.08 5,07

CsH;CH.CH-—CHOHR R = CoHs CuHuNO:Cl: 143-144 60.37  60.25  5.06 5.22 4.14 4.23
l\fHCOCHCl:

CeHsCHOAc—CH—CHOAcCsHs CaHuNOsCla 147148 57.54 57.65 4.83 4.90 3.13 3.34
NHCOCHCL R = CHs- CuHrNO:Cls 98-99 52.84  52.84 5.38 5.38 4.40 4.60
|

CeHi-—CH—CH—CHOAc—R R = CeHs— C1sHuNOsCle 178-179 6001 60.14 5.04 5.28 3.68 3.81

NHAc R = CHy- CieHaNO; 130131 62.53 62.68 6.80 6.92 4,56 4.59

CsHsCHOAc—CH—CHOACR R = CsHs CuHyNOs 199-200 68.28 68.43 6.28 6.38 3.79 3.70

I‘N'HAC
CsHsCHy——~CH—CHOACcCsH; CyyHuNO; 96 or 1326 73.28 73.23 6.80 6.57
$NOr—CsHi—CHOH— R = CH; C1oH1sN:204 144-145 53.00 33.39 6.24 6.32 12.39 12.47
CHNH,—CHOHR R = p-NOCsHs—  CisHisN:Os 196-197 54.01 53.84 4.54 4.71 12.861 12.83
$-N0:CsHs—CH;—CHNH,—CHOHR R = CHs— C1oH1N:20s 105-107 57.13 56.85 6.71 6.71 13.33 13.27
R = p-NO;CeHe  CisHisNs0s 166-167 56.77 57.21 4.77 473 13.24 13.15
NHAc
I

2-NO:CsHiCHOAc—CH—CHOACCH; C1sH2N207 153.5-154.5 54.54 54.41 5.72  5.97 7.95 7.54

l‘\FHAc

£-N0:CsH:CHOH—CH—CHOHCH: C12H1sN20s 214-215 53.72 54.06 6.01 6.02 10.44 10.33

NIHCOCHCE R = CHy C12H1aN305Clz 191-192 12.75 43.02  4.10  4.25 8.31 8.14

:
- NO:CHi—CHOH—CH—CHOHR R = p-NO:CeHe-  CuHuN3;O:Cly  217-219 45.96  46.08 3,40 3.40 9.46 9.70
NHCOCHCI R = CHs:— CizH1aN:z0«Cle 185-186 44,87  44.96 4.39 4.42 8.72 8.59
$-NOy—CsHi—CH:CH—CHOHR R = p-NO:CsHi~  CoHuN3OsCla  252-253 47.68 47.66 3.53 3.60 9.81 9.73

¢ The analytical data were determined by Mr. C. E. Childs, Mrs. Geraldine Koch and Miss Virginia Pawlik of these

laboratories.

hours ¢n vacno. The dried product melts at 132-133°.

hydroxy ketone (IXb) was isolated. A further
reduction in the presence of Adams platinum cata-
lyst was necessary to obtain the desired aminodiol
(IVb). The gummy residue (Xb) remaining after
evaporation of the mother liquors from which IXb
was crystallized was similarly hydrogenated in the
presence of Adams catalyst. The {ree base of this
product gave a crystalline derivative when treated
with methyl dichloroacetate which proved to be the
amide of XIb. The isolation of this compound
demonstrated that again hydrogenolysis of the ben-
zyl hydroxyl had occurred.

NH,HC1

& The compound melting at 96° contains a moleculc of water which can be removed by drying at 75° for 16

precursor of XIa are formed by dehydration of the
intermediate IXb or its phenyl compound to form
dehydroamino ketones which are then hydrogenated
has not been ascertained.

Compounds XIa and XIb were converted to
Chloromycetin related compounds by nitration of
the protected amino alcohols in the usual manner.
These compounds were then hydrolyzed to remove
the protecting groups and converted to the dichloro-
acetamides XIIb and XIIc.

Four stereoisomers of VIIIc can exist as a pair of
enantiomorphs and two meso compounds. The

H  — PtO,
b — s (e CHON—CH—C—CH, + [Xb)] ©~CH.~CH CHOH—CH
Pdo \\‘ / ‘ 3 [ 3

HC

IXh PtO,
H,

\IHZHCI
XIb

1Vh (hydrochloride)

While it is to be expected that the carbonyl group
next to the benzene ring in compound IIIb will be
reduced more readily than the other carbonyl group,
ultraviolet absorption studies of IXb established
that this was the case.!? The absorption spectrum
of compound IXb was characteristic of that of a
substituted benzyl alcohol and not a butyrophe-
none.

The fact that compound IXb can be isolated as an
intermediate may have some bearing upon the
mechanism of the reaction by which XIa and b are
formed. Compound Xb was not characterized.
Whether this precursor of XIb or the corresponding

(11) The author is greatly indebted to Dr. J. M, Vandenbelt for the
ultraviolet absorption studies,

3 Og—©~CHg~CIJH~CHOH~R

NHCOCHCI,
XIIc, R = $-NO.CoHi
b, R = CH,~'2

asymmetric configuration of the structural type
VIIIb provides for the existence of four pairs of en-
antiomorphs. In reducing the oximino ketones
IITa and IIIb only a single isomer was isolated.
At the present time the configuration of these com-
pounds is not known. Methods for obtaining the
other isomers are being investigated.

(12) Compound XIIb was previously prepared by Dr. G. W,

Moersch of these laboratories by another method which will be de-
scribed elsewhere.
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Experimental

Hydrogenation of Isonitrosobenzoylacetone.—The isoni-
troso derivative of benzoyl acetone was prepared by treat-
ment of the diketone with sodium nitrite in the presence of
glacial acetic acid as previously described by Wolff.% Fifty
grams of isonitrosobenzoylacetone dissolved in 440 ml. of
absolute ethanol containing three equivalents of hydrogen
chloride was hydrogenated in the presence of 3.0 g. of palla-
dium oxide catalyst at 50 p.s.i. The hydrogen uptake was
at first rapid with heat being evolved. After 22 hours the
catalyst was removed although the uptake was only 64%
of the theoretical and the solvent evaporated under reduced
pressure. The crystalline residue was recrystallized from
absolute alcohol, 33 g. of product melting at 158-161° being
obtained. A second crop of 5.3 g. was combined with the
above material. A sample recrystallized for analysis twice
from ethanol melted at 165-166° with decomposition. Ele-
mentary analysis and ultraviolet absorption studies indi-
cated that the compound had the structure IXb,

Anal. Caled. for CioHNO,Cl: C, 55.68; H, 6.54; N,
6.50. Found: C, 55.62; H, 6.74; N, 6.50.

A sample of 26.5 g. of the amino ketone IXb was hydro-
genated to the aminodiol IVb using 600 mg. of Adams cata-
lyst and carrying out the reduction in 300 ml. of 509,
aqueous ethanol at room temperature and 46 p.s.i. When
one equivalent of hydrogen had been absorbed in about
seven hours, the catalyst was removed and the solvent
evaporated at reduced pressure. The residue was dissolved
in 250 ml. of water and the acid solution extracted twice
with ether. The aqueous residue was then made alkaline
with ammonia and the free base extracted four times with
ethyl acetate. The combined extracts were dried over an-
hydrous magnesium sulfate and evaporated. The residue
when recrystallized from hot ethylene dichloride yielded
15.8 g. of base melting at 105-108°. A sample recrystal-
lized from chloroform for analysis melted at 109-110°.

Anal. Caled. for C,oHisNO.: C, 66.27; H, 8.34; N,
7.74. Found: C, 66.53; H, 8.564; N, 7.61.

The mother liquors from which IXb had separated were
evaporated to a gummy residue amounting to 21.8 g. which
was similarly hydrogenated over 400 mg. of Adams catalyst
in 320 ml. of 609, aqueous ethanol for seven hours. The
catalyst was then removed and the solvent evaporated.
The residue was dissolved in water and the acid solution ex-
tracted twice with ether. Evaporation of the ether ex-
tracts gave 7.8 g. of a gummy material which was discarded
since it was not basic. The aqueous residue was then made
alkaline with ammonia and extracted four times with ethyl
acetate. The combined extracts were dried and evaporated
to a yield of 9.2 g. of gummy basic material. This residue
was refluxed for two hours on the steam-bath with a mixture
of 20 ml. of methyl dichloroacetate and 35 ml. of absolute
ethanol. The solvent was removed at reduced pressure
and the residue triturated with low boiling petroleum ether
to remove excess ester. The residue was then dissolved in
300 ml. of ethyl acetate, the acetate being washed with 0.1
N sulfuric acid, 5% sodium bicarbonate and water. The
acetate solution was dried over anhydrous magnesium sul-
fate and evaporated. The crystalline residue was recrys-
tallized from hot ethylene dichloride to a yield of 4.5 g. of
amide (combined first and second crops) which melted at
124-126°. A sample recrystallized for analysis first from
ethylene dichloride and finally benzene melted at 135-136°.
The analytical data were in agreement with the structure of
a dichloroacetamide derivative of XIb.

Anal. Caled. for CqusNOzClzZ C, 5218; H, 547, N,
5.08. Found: C, 52.39; H, 5.75; N, 5.07.

Isonitrosodibenzoylmethane.—Neuville and Pechmann!4
have prepared this compound by condensation of dibenzoyl-
methane with amyl nitrite. One lot of product was pre-
pared in our laboratory in which butyl nitrite served as the
nitrosating agent. However, the desired compound was
more conveniently prepared by the conditions used by Wolff'?
to prepare isonitrosobenzoylacetone. To a solution of 95
g. of dibenzoylmethane (Eastman Kodak Co.) in 1 1. of
glacial acetic acid was added dropwise from a separatory
funnel during one hour a solution of 54.9 g. of sodium nitrite
in 100 ml. of water. The reaction mixture was stirred me-

(13) Wolff, Ann., 825, 136 (1902).
(14) Neuville and Pechmann, Ber., 28, 3380 (1880).
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chanically and the temperature kept at 12-15° by means of
an ice-bath, After stirring for one hour longer at room
temperature, the reaction mixture was diluted with 1.5 1, of
water. The mixture was chilled in ice to aid crystallization
and the product finally isolated by filtration. After two re-
crystallizations from 500-ml. portions of chloroform a yield
of 60.3 g. of the pure isonitrosodibenzoylmethane melting
at 146-148° was obtained.

Hydrogenation of Isonitrosodibenzoylmethane.—Thirty
grams of the above product dissolved in 470 ml. of absolute
ethyl alcohol containing three equivalents of hydrogen
chloride were hydrogenated in the presence of 3 g. of palla-
dium oxide catalyst at 50 p.s.i. for 20 hours. After four
hours a precipitate which had formed was dissolved by
adding 170 ml. of water and the hydrogenation continued
overnight. The uptake was 4.5 molecular equivalents or
759, of the theoretical. The catalyst was removed and sol-
vents evaporated under reduced pressure. The crystalline
residues combined from two such hydrogenation runs were
suspended in 1 1. of water. To remove neutral by-products
the aqueous solution was extracted twice with ether.
Evaporation of these extracts gave 5 g. of a crystalline prod-
uct which was not characterized. The aqueous residue was
made strongly alkaline with ammonia and extracted three
times with ether and once with ethyl acetate. The com-
bined extracts were dried over magnesium sulfate and evap-
orated. The crystalline residue was dissolved in 300 ml. of
hot benzene and allowed to stand overnight at room tem-
perature without disturbance. A crystalline base melting
at 120-125° was filtered off, 31.2 g. of product being ob-
tained. Recrystallization from 200 ml. of benzene gave
27.1 g. melting at 132-134°, the base being isolated by fil-
tration after standing for 1.5 hours at room temperature.
A final crystallization from 200 ml. of benzene gave the pure
isomer IVa, which melted at 135-136°.

Amnal. Caled. for C;;HiyNO,: C, 74.05; H, 7.05; N,
5.76. Found: C, 74.14; H, 7.19; N, 5.87.

The residue obtained by evaporation of the mother liquor
from which the first crop of 31.2 g. of product had been iso-
lated was recrystallized twice from 105-ml. portions of
ethylene dichloride and finally from benzene. In this way
a yield of 10.8 g. of an amino alcohol melting at 116-117° was
obtained. Reworking of the mother liquors from this prod-
uct as well as from IVa above gave additional amounts of
this isomer. The analytical data were in agreement with
the structure XIa. There was no melting point depression
when a sample was mixed with compound Xla prepared by
the method of Algar, et al.,”® or between the corresponding
dichloroacetamides of the two bases.

Amnal. Caled. for C;HyNO: C, 79.26; H, 7.54; N, 6.16.
Found: C, 79.44; H, 7.50; N, 6.00.

Acetylation of Intermediate Amino Alcohols.—Since the
procedures used were the same throughout the series, the
preparation of the intermediates used in the synthesis of di-
1-p-nitrophenyl-2-dichloroacetamido-1,3-butanediol only
will be described. The acetylation was carried out by
treating 20.0 g. of 1-phenyl-2-amino-1,3-butanediol with 50
ml. of acetic anhydride. When the reaction had subsided,
the mixture was cooled to 15° and 45 ml. of pyridine was
added to complete the acetylation. After standing at room
temperature overnight the solution was evaporated in vacuo.
The crystalline residue when recrystallized from 200 ml. of
benzene yielded 28.0 g. of a product melting at 124-127°. An
analytical sample prepared by recrystallizing from benzene,
95%, alcohol and 509, aqueous alcohol melted at 130-131°.

Nitration of Intermediate Acetylated Amino Alcohols.—
Twenty-eight grams of 1l-phenyl-2-acetamido-1,3-acetoxy-
butane was added in portions during 15 minutes to 75 ml. of
fuming nitric acid (sp. gr. 1.5) which had been previously
decolorized by adding sulfamic acid. The temperature was
kept at 5-10° during the addition by means of Dry Ice.
The reaction mixture was allowed to stand at room tem-
perature for 30 minutes longer after which it was quenched
on ice. The excess acid was neutralized with solid sodium
bicarbonate, a little ethyl acetate being added to control
foaming and take up the solid. The faintly alkaline solu-
tion was extracted twice with ethyl acetate. The com-
bined extracts were washed three times with water, then
dried and evaporated to a crystalline residue. A sample was
recrystallized several times from ethanol for analysis.

Hydrolysis of p-Nitrophenyl Acetylated Amino Alcohols.—
The crude triacetate obtained in the above experiment was
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hydrolyzed without recrystallization by heating for four
hours on the steam-bath in the presence of 500 ml. of 5%,
aqueous hydrochloric acid. In the case of compounds con-
taining two nitrophenyl groups which were consequently
quite insoluble in water, aqueous ethanol was used as the
solvent. When the hydrolysis was complete, the reaction
mixture was chilled and extracted once with ether and once
with ethyl acetate. The aqueous residue containing the
amine hydrochloride was evaporated at reduced pressure.
The crystalline salt was then dissolved in 100 ml. of water
and the free base liberated with ammonia. After standing
overnight in the refrigerator a yield of 9.6 g. of base was
isolated by filtration, the product melting at 137-140°. A

R. O. CLiNTON, S. C. Laskowskl, U. J. SALVADOR AND MaRY WILSON

Vol. 73

sample recrystallized for analysis from water melted at 144—
145°

Dichloroacetamides of p-Nitrophenyl Amino Alcohols.—
Dichloroacetamides of all bases were prepared by the
method described recently for the preparation of «,a-di-
haloacetamides of dl-threo-p-nitrophenyl-2-amino-1,3-pro-
panediol.’®* In bases where the benzyl hydroxyl group had
been replaced by hydrogen it was necessary to reflux for at
least two hours for the reaction to go to completion.

(15) Rebstock, THis JourNaL, T2, 4800 (1950).
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Derivatives of 4-Amino-2-hydroxybenzoic Acid. I

By R. O. CLiNToN, S. C. LaskowsKI, U. J. SALVADOR AND MARY WILSON

There is described the preparation of several series of new local anesthetics derived from the 4-aminosalicylic acid (PAS)

nucleus.

As part of a continuing investigation of new local
anesthetics in these laboratories we have prepared
several series of compounds derived from the 4-
amino-2-hydroxybenzoic acid nucleus, The pres-
ent communication describes a number of dialkyl-
aminoalkyl 4-amino- and 4-alkylamino-2-hydroxy-
benzoates, I, and dialkylaminoalkyl 4-amino- and
4-alkylamino-2-benzyloxybenzoates, II.

NHR NHR
’ \ AN

_joH p—r
COO(CHa)uNR,’ COO(CH.NR

I II

Although no compounds of the type presently dis-
cussed have appeared in the literature,! a few dial-
kylaminoalkyl salicylates have been described by
McElvain.? The latter compounds did not show
outstanding anesthetic properties. It would be
expected, by analogy with other series, that the
inclusion of a 4-amino group in this type of com-
pound would greatly increase the local anesthetic
activity, but no conclusions as to toxicity or irrita-
tion would be warranted.

Considerable experimental work was carried out
in the determination of a suitable procedure for the
preparation of the intermediate w-dialkylaminoal-
kyl 2-hydroxy-4-nitrobenzoates. The direct Fis-
cher esterification of 2-hydroxy-4-nitrobenzoic acid
by means of a dialkylaminoalkanol and dry hydro-
gen chloride gave very poor results, as did the prep-
aration of the basic esters via an intermediate -
haloalkyl 2-hydroxy-4-nitrobenzoate. Transester-
ification between a dialkylaminoalkanol and an al-
kyl 2-hydroxy-4-nitrobenzoate gave fair yields with
dialkylaminopropanols and poor yields with dialkyl-
aminoethanols. The Horenstein—P#hlicke® reac-

(1) Since the completion of this manuscript Drain, et al., J. Pharm.
Pharimacol., 1, 784 (1949), have indicated tleir preparation of 2-diethyl-
aminoethyl 4-amino-2-hydroxybenzoate. No experimental data or
properties were recorded.

(2) McElvain and Caruey, THis JournaL, 68, 2595 (1946).

(3) Hoérenstein and Pahlicke, Ber., T1, 1644 (1938).

The majority of these compounds are very active, both topically and by infiltration procedures.

tion between 2-hydroxy-4-nitrobenzoic acid and a
dialkylaminoalkyl chloride gave poor to excellent
yields of the dialkylaminoalkyl 2-hydroxy-4-nitro-
benzoate hydrochlorides, the best results being ob-
tained from 2-dialkylaminoethyl chlorides. The
products were somewhat difficult to purify, due to
the properties inherent in the dialkylaminoalkyl 2-
hydroxy-4-nitrobenzoate bases. Because of the
high “acidity’ of the free phenolic group, it is prob-
able that the bases exist in the form of the salts in-
dicated by III. The bases are highly colored, high
melting, and water soluble, although their solubility

in non-polar solvents is very slight. Judging from
NO. NO,
H +
o g o (R,N(cm)ua)2
COO(CHy).NR, ¢oo
III Iv

the experimental results, it seems likely that the
“acidity’’ of the phenolic group could also interfere
with the course of the Hérenstein—-Péhlicke reaction
through the formation of semi-stable intermediates
of the type shown in IV, although no evidence was
obtained that alkylation of the phenolic group oc-
curred to an appreciable extent.*

Because of the difficulties encountered in the
above procedures, attention was turned to the utili-
zation of a ‘“blocked” 2-hydroxy-4-nitrobenzoic
acid. Since it had been found in preliminary work
that the catalytic reduction of an alkyl 2-acetoxy-
4-nitrobenzoate in alcohol gave as sole product the
alkyl 4-amino-2-hydroxybenzoate, due to acetyl
group transference to the solvent, this route of-
fered a possible source of the desired products.
The Horenstein—-Péhlicke reaction between 2-ace-
toxy-4-nitrobenzoic acid and a dialkylaminoalkyl
chloride in isopropyl alcohol solution gave a mixture
of compounds, the major product proving to be the

(4) Iu the case of the related compouud, 2-liydroxy-4-nitrobenzo-
nitrile, phenolic alkylation does occur under the conditions of the
Horenstein-Pihlicke reaction. Further, experiments in other series

(unpublished) have indicated that phenolic alkylation can also be made
to take place with tlie alkyl 2-hydroxy-4-nitrobenzoates.



