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'I'he preparation of a quinoline and quinuline X-oxide analog of chloramphenicol in which the 2-dichloroacct-
ainido-l,3-propanediol side chain is attached to the 6-position of the quinoline' ring system is described. The \i\.-
Ihreo configuration of the side chain on the analogs studied was established by the preparation and comparison of 
both Di.-threo and \>\.-erylhro derivatives, the assignment of configuration being based on analogy with previously 
studied systems. The results of in vitro and /// rii-o antibacterial and antifungal screening are also presented. 

The chemical stability of chloramphenicol,- as well 
as the relative ease with which the 2-amino-l,f!-pro-
panediol side chain can be at tached to various aromatic 
systems, lias made this antibiotic a popular candidate 
for modification studies. Although a large number of 
analogs of chloramphenicol have been prepared and 
studied in biological systems, specific structural re­
quirements for maximum antibacterial activity have 
not been fully determined. Comparison of the relative 
activities of various analogs suggests that optimum 
microbiological activity may be dependent on the 
presence of a fiat surface (phenyl moiety) with an elec­
tron-rich substituent it) the para position. This sub-
sti tuent may enhance the activity of the molecule by 
serving as a point of a t tachment to an enzyme surface 
or similar biological system.3 ' 

On the basis of this premise, we have examined 
analogs with substituents of high electron density in the 
para position. This paper reports the preparation 
of 2-dichloroacetamido-l-i (i-quinolyl. X-oxide)-^{-pro­
panediol (XI) , a structure with the electron-rich X-
oxide moiety in the quinoline nucleus. 

Quinoline-(i-carboxylic acid (I') served as starting 
material for the reaction sequence. It was converted 
to the ethyl ester ria a Fischer esterification,''' and the 
resulting ester was condensed with ethyl acetate in the 
presence of alkoxide to give ethyl ,d-oxo-3-((>-quinolylj-
propionate. An unsuccessful at tempt was made to 
convert this keto ester to the desired 2-amino-l .^-pro­
panediol via the isonitroso ester. , i"h The a-isonitroso-
ri-oxo-/i-((i-quinolyl,)-propionic acid was readily obtained 
on treatment of the acetoacetic ester derivative with 
nitrous acid. Treatment of the isonitroso intermediate 
with lithium aluminum hydride furnished a complex 
ninhydrin-positivo mixture which could not be resolved 
into eharacterizable components. Yiscontini"'1 re­
ported a similar occurrence when he reduced ethyl 
a-isonitrosobonzoylacetate with lithium aluminum hy­
dride. Ilydrogenation of the isonitroso intermediate' 
in the presence of platinum resulted in concomitant 
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reduction of the heterocyclic ring giving \ 1.2.o.l-
tetrahydro-(i-quinolyl)-serine ethyl ester. 

Consequently, a route similar to the sequence used by 
Long and Troutman7 for the preparation of chloram­
phenicol was followed. Acid hydrolysis and decar­
boxylation of ethyl ,fJ-oxo-ii- ((i-quinolyl) -pi opionate using 
a modification of a reaction described by .Jones and 
co-workers'1 gave (i-aeetylquinolino (III. This ketone 
was brominated in the a-position. Treatment of the 
bromomothyl ketone III with hexamethylenetettaminc 
followed by decomposition of the quaternary salt with 
concentrated hydrochloric acid at room temperature 
produced aminomethyl (i-quinolyl ketone. The use of 
dilute acid and or elevated temperatures (or the hy­
drolysis resulted in extensive decomposition of the 
amino ketone, which was isolated as the hydrochloride. 
Acylation in cold aqueous solution using sodium acetate 
and acetic anhydride gave acotamidomethv] (i-quinolyl 
ketone (IV;. 

Ilydroxyinethylation of IV was accomplished m 
methanol solution using paraformaldehyde and potas­
sium carbonate. X'one of the bishydroxymethylated 
material which is frequently encountered in this re­
action7 was isolated. Conversion of the resulting 
2-aeetamido-b-hydroxy-l-((i-quinolyl,i-l -propamine : V i 
to the 1 .{{-propanediol (VI) was carried out using the 
Aleerwein Bonndorf A'erlcy reduction. This reduction 
generates a second asymmetric carbon atom in the 
molecule and thus can potentially give a racemic mix­
ture having either the desired Ihrin or the undesired 
cnjthrn configuration, or a mixture of both. A .-ingle 
product was obtained from this reduction. It was 
assigned the oi.-llura configuration. Studio- carried 
out to determine the configuration of this compound 
are described below. 

Acid hydrolysis of VI and subsequent treatment of the 
resulting 2-am i 1 to-l-(li-quinolyl)-l,.'-{-propanediol VII • 
with methyl diehloroacetate in methanol gave the cur-
responding dichloroacetamide \ I I I . 

Initially, the oxidation of the quinoline nitrogen atom 
was carried out on X,0 I ,() : i-triacetyl-2-amino-l-i ' i-
quinoly])-l .{{-propanediol, obtained by the pcracetyla-
tion of VI. The; oxidation was accomplished using 
monoperphthalic acid. The excess monoperphthalic 
acid and the phthalic acid which formed during the 
oxidation were removed by passing the reaction mix­
ture, dissolved in methanol, through an Amberlite 
IRA-40() (Oil) column. In this process, transesferi-
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fication occurred, resulting in a mixture of the mono-
and triacetyl derivatives X, IX. This oxidation was 
later carried out directly on the diol VI, using mono-
perphthalic acid in absolute ethanol. 

IX and X were hydrolyzed to the amine and this was 
converted to 2 - dichloroacetamido - 1 - (6 - quinolyl N-
oxide)-l,3-propanediol (XI) as in the preparation of VIII. 
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The 1,3-propanediol preparations described above 
have the DL-threo configuration. One method for 
establishing the configuration of such a structure was 
originally described by Fodor, Kiss, and Sallay.9 It 
utilizes the difference in the ease with which erythro 
and threo amino alcohols undergo N to 0 migration 
of an appropriate acyl group under the influence of 
hydrogen chloride in an inert solvent. With 2-amino-
l-phenyl-l,3-propanediols, migration of the N-acyl 
group to the oxygen atom of the secondary alcohol 
occurs when the primary hydroxyl group is protected. 
This migration occurs readily in the threo series but at 
an unappreciable rate with the erythro isomers. Un-
oxidized VII was studied in this manner. O^O3-

(9) G. Fodor , J. Kiss, a n d I. Sal lay, J. Chem. Soc, 1858 (1951). 
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Fig. 1.—Infrared spectra of 2-amino-l-((i-quinohi)-l,3-pro-
panediol dihydrochloride in Xujol: top, DL-threo derivative 
(VII); bottom, Bh-erythro derivative (XIV). 

Diacetyl-2-amino-l-(6-quinolyl)-l,3-propanedioI dihy­
drochloride was prepared by treating VII with acetyl 
chloride in glacial acetic acid containing dry hydrogen 
chloride. The O^O'-diacetyl derivative was con­
verted to X,03-diacetyl-2 - amino -1 - (0 - quinolyl) -1,3-
propanediol by brief treatment with aqueous sodium 
carbonate solution. However, attempts to determine 
the configuration by acyl migration studies on this X, 
Oa-diacetyl derivative were unsuccessful. In contrast 
to the neutral phenyl derivatives which remained in 
solution until acyl migration occurred, addition of 
hydrogen chloride to a solution of the X,03-diacetyl 
derivative in nonpolar solvents resulted in immediate 
precipitation of the hydrochloride because of the quin-
oline nitrogen. When polar solvents were used to 
prevent this precipitation, loss of the 03-acetyl group 
occurred, and VI was recovered in nearly quantitative 
yield from the reaction mixture after careful neutraliza­
tion, isolation, and purification. The identity of this 
product as VI was established by means of its melting 
point and infrared spectrum. 

Because of this, the problem was attacked by ob­
serving the differences in reduction of V with and with­
out the presence of bulky substituents on the hydroxyl 
group. X,0-Diacetyl-2-amino-3-hydroxy-l-(G-quino-
lyl)-l-propanone (XII) was prepared by treating V 
with acetic anhydride at 100°. When acetylation 
was attempted using acetic anhydride in pyridine at 
room temperature, cyclodehydration occurred to give 
(2-methyl-4-oxazolinyl) 6-quinolyl ketone. With the 
hydroxyl group free, the Meerwein-Ponndorf-Verley re­
duction of V gave the DL-threo compound VI which could 
be hydrolyzed to the DL-threo aminodiol VII as already in­
dicated. On the other hand, the diacetylpropanone XII, 
when reduced with aluminum isopropoxide, underwent 
simultaneous loss of the O-acetyl group to give VL-eryth-
ro-2-acetamido-l-(6-quinolyl)-1,3-propanediol (XIII) 
which displayed a different infrared spectrum than 
the DL-threo compound and, while melting at a tem­
perature close to the melting point of the DL-threo-acet-
amidodiol, depressed the melting point of the latter 
material (DL-threo m.p. 194-196°; DL-erythro m.p. 
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18!) 190 J ; m.m.p. lf)8°j. The m-erythn/-Linm\odio\ 

dihydrochloride XIV obtained by acid hydrolysis of 

X.III displayed a different melting point (\)L-thrcn 

m.p. 2;")0-2()0°; m.-enjthro m.p. 228-229°.) and infrared 

spectrum (Fig. 1) from those of the m.-thrrn derivative 

VII. 

finally. 2-acetamido-]-(()-(niinolyl)-o-tntyloxy-l-pro-

panoue was prepared by treating V with triphenyl-

methyl chloride in pyridine. Aleerwein Ponndorf Ycr-

ley induction of this material ga\-e 2-acotaiuido-l-((>-

(luinolylj-o-trityl-l-M-propanediol. Hydrolysis of this 

compound with acid gave 2-amino-l-((>-quinolyl)-l,.'->-

propanediol dihydrochloride (XIV) which was identical 

with the \)L-erythr<> material obtained by reduction 

of the X.O-diacetyl derivative XII . By analogy with 

previously described reactions1"11'1' of this type, the 

Hiiro and rri/thro configurations were assigned. 

In the course of this work the quinoline analog XV 
of 2-dichloroacetamido-:)-hydroxy-l-( lp-nitrophenyl)-l-

propanone (XVI.) was prepared. This analog was ob­

tained by dichloracetylating aminoniethyl (i-quinolyl 

ketone and then hydroxymethylating with formalde­

hyde to give 2-dichIoimcctamido-o-hydroxy-l-(6-quin-

olylj-1-propanone (XV). Compound XVI had been 

previously reported to have a surprising degree of fungi­

cidal activity in riln>.1' 

QCOCHCH2OH 

NHCOCHCb 
XV 

N02 COCHCH.OH 
I 
NHCOCHCb 

XVI 

Microbiological Studies.—In vitro bacterial inhibition studies 
were carried out on the quinoline and the quinoline N-oxide 
analogs of chloramphenicol (VIII and XI) using the following 
organisms: 1'seudomonas aeruginosa, Escherichia coli, Proteus 
vulgaris. Micrococcus pyogenes var. aureus, Diplococcus pneu­
moniae Type 1, and Klebsiella pneumoniae Type A. The test 
consisted of applying the compounds to agar plates seeded with 
the previously mentioned organisms using 13-mm. filter paper 
disks wet with solutions of the test compounds at concentrations 
of 20.000, 2000, 400, and SO 7,/ml. and measuring the diameters 
of the zones of inhibition. The X-oxide XI was inactive at all 
lest levels. The quinoline VIII gave zones of inhibition only at 
20,000 - nil. against D. pneumoniae and Klebsiella pneumoniae 
(17 and 20 mm., respectively). The lowest concentrations of 
chloramphenicol (in -,/ml.) that produced a zone of inhibition 
were as follows (the zone sizes in mm. at the given concentrations 
are shown in parentheses): Pseudomonas, 20,000 (21); E. coli, 
2000 (2-1.: Proteus, 400 (.15); S. aureus, 2000 (22): ' I), pneu­
moniae, 400 (23); and Klebsiella, 80 (16). 

In spite of their low in vitro activities, these derivatives were 
also studied in a mouse infection-protection test using the Finland 
100 strain of Staphylococcus aureus as the infecting agent. The 
infection was induced intravenously and the treatment consisted 
of three oral doses at 1, 24, and 48 hr. post infection. Neither 
XI nor VIII protected the mice as seen by the following 7-day 
survival figures for the dose levels indicated. VI I I : control, 
()/](): 100 and 800 mg./kg. dose, 0/5 and 1/5, respectively. 
XI: control, 2/10; 50 mg./kg. 1/5; 100 and 500 mg./kg., 0/5. 
Chloramphenicol: control, 0/10; 50 mg./kg. 1/10; 100 and 300 
mg./kg., 8/10. 

A very slight protective effect was obtained with VIII in a 
mouse infection-protection test using a K. pneumoniae infection 
(intravenous) with oral treatment at I and 24 hr. post infection. 
Here 7-day survival rates were as follows: control, 1/10. VI I I : 
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53 , 620Hf (I9oQ). 
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100 mg. kg.. 0 /5 : 800 mg./kg.. I 5. Chloramphenicol: 150 
mg./kg., 8 10. 

The in rilrti antifungal activities oi XV and XVI were com­
pared using an agar diffusion technique similar to that described 
for the in vitro antibacterial studies. These results arc sum­
marized in Table 1. 

TABI.K I 

In I'itvo AxTit'iMiAi, ACTIVITY 

Diame te r of /one of inh ib i t ion i imn, / 
.Polyethylene 

( oneent ra t io i i of s lyro] 20O 
'•ornpd., -,/]h!. di luent 

OrjianiMi. C o m p o u n d 21)1)0 400 80 .-ontroi 

Ca rid iila X V Iti II II 0 

albican* XVI 23 13 0 (I 
Trichophyton XV 32 20 u n 

mcnlagrophytes XVI II 2s n II 

The in vivo antifungal activities of XV and XVI were compared 
by infecting mice with Caintida albicans intravenously and then 
administering the test compounds orally once daily for 5 days. 
The mice were sacrificed; the kidneys were removed, cultured, 
and studied for the presence of infection. From groups of 10 
animals, the numbers having kidneys which cultured positively 
for Candida albicans, based on the number of animals surviving. 
were as follows: none (control), 9/10; XV at 300 mg./kg., 8 TO; 
XVI at 50 tug./'kg., 5'!»: amphotericin H at (i.4 mg. kg.. 0/40. 

Experimental! -

6-Acetylquinoline (II). — In order to prepare suitable quan­
tities of this compound for further investigation, it was necessary 
to modify the published procedures of Jones, ct al.s I t was found 
more feasible to eliminate the isolation of ethyl /3-oxo-(6-quinol\T;-
propionate and to convert this crude material directly to 0-acetyl-
quinoline. For reproducible results, it was necessary to dry 
thoroughly all equipment, and reagents used in the ester conden­
sation. 

The (i-quinolyl acetoacetic ester was converted to ti-acetyl-
quinoline without isolation by adding 25c-'c sulfuric acid to the 
reaction mixture of the ester and distilling the lower boiling or­
ganic components. When the temperature of the distillate 
reached 100°, the distilling head was replaced by a reflux con­
denser, and the mixture was rerluxed for 5 hr. The reaction 
mixture was cooled and adjusted to pH !) with \0% sodium 
hydroxide. It was extracted with ether, and the ethereal solution 
was dried over magnesium sulfate and evaporated to dryness 
in vacuo. The solid residue was recrvstallized from petroleum 
ether (b.p. 1 15-140°); yields averaged 5 9 ^ , m.p. 69-71°. 

Ethyl a-Isonitroso-/3-oxo-/3-(6-quinolyl)-propionate.—T< > a 
solution of 8.0 g. (0.033 mole) of ethyl 6-quinoly] acetoacetate 
in 50 ml. of 9 5 / / alcohol was added 10 ml. of glacial acetic acid. 
The yellow solution was cooled while 90 ml. of a 10% aqueous 
solution of sodium nitrite was added. After stirring and cooling, 
the mixture was diluted with water to precipitate a white solid 
which was recrvstallized from ethanol, yielding 6.0 g. (67 ( , ) , 
m.p. 203-204° dec. 

Anal. Calcd. for CiJIe.XoO,: C, (11.70: II, 4.44: X, 10.29. 
Found: 0 ,62.00; 11,4.74; N, 10.01. 

(l,2,3,4-Tetrahydro-6-quinolyl)-serine Ethyl Ester Dihydro­
chloride.—To a suspension of 0.4 g. of platinum oxide (previously 
hydrogenated) in 200 ml. of V hydrochloric acid was added 5.44 
g. (0.02 molei of the isonitroso compound. The mixture was 
hydrogenated for 7 hr. in a Parr shaker under an initial pressure of 
50 p.s.i. (3.5 kg./cm.2) of hydrogen. The catalyst was removed 
and the filtrate, was evaporated at reduced pressure. The white 
residue was suspended in a little absolute alcohol, filtered, washed 
with ether, and dried; yield 5.0 g. (78"),); m.p. 224° dec. Further 
purification was effected by recrystallization from methanol-
ether. The material was dried at 100° to constant weight for 
analysis. 

Anal. Calcd. for C.iH-ChNoO;,: C, 49.86; H, 6.58; X, 
8.31. Found: C, 49.68; H, 6.82: N. 8.20. 

t.12) Me l t i ng p u m t s were t a k e n in a Thomas™Hoover capi l la ry mel t ing 
po in t a p p a r a t u s a n d are cor rec ted . T h e microana lyses -were performed by 
M r s . Dor is Ro l s ton a n d co-workers , Ana ly t ica l and .Physical Chemical 
Section, Smi th Kline and F rench Labora to r i e s . 
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Bromomethyl 6-Quinolyl Ketone (III i.—The acetyl compound 
II (67.0 g., 0.39 mole) was suspended in 180 ml. of 48% hydro-
bromic acid. The material dissolved and then reprecipitated 
as the hydrobromide salt. The mixture was heated on a steam 
bath while 24 ml. of bromine was added dropwise. After all of 
the bromine had been added, stirring was continued for 30 addi­
tional min. The mixture was cooled and filtered, and the solid 
was washed with acetone. The crude product weighed 118 g. 
(91%), m.p approximately 225° dec. Recrystallization from 
methanol-ether yielded an analytical sample, m.p. 236-237° dec. 

Anal. Calcd.'for C„H9Br2XO: C, 39.91; H, 2.74; X, 4.23. 
Found: C, 40.00; H, 2.98; X, 4.56. 

For use in subsequent reactions, it was necessary to convert 
the hydrobromide to the free base. This unstable base was best 
prepared by neutralization of the hydrobromide salt in aqueous 
solution at 0° with sodium bicarbonate. The product was fil­
tered, washed with water, and extracted into chloroform. These 
operations were all performed below 5°. The chloroform solution 
of the free base was dried over magnesium sulfate and was used 
directly in the following reaction. 

I t was possible to prepare an analytical sample by drying the 
crude base from the neutralization in a vacuum desiccator over 
sodium hydroxide and then recrystallizing it from warm ether, 
m.p. approximately 115° dec. 

.Uni . Calcd. for C„H3BrX(): C, 52.82; H, 3.22; X, 5.60. 
Found: C, 52.42; H.3 .41 ; X, 5.61. 

Acetamidomethyl 6-Quinolyl Ketone (IV).—A chloroform solu­
tion of I I I obtained from 30.0 g. (0.09 mole) of the hydrobromide 
salt was filtered into a stirred solution of 62.0 g. (0.45 mole) of 
hexamethylenetetramine in 400 ml. of chloroform. This was 
stirred at room temperature for 1 hr., cooled, and filtered. The 
resulting solid was washed with chloroform; yield 28-33.0 g. 
(80-94%), m.p. 159-161° dec. The material decomposed when 
attempts were made to recrystallize it. 

To 40 ml. of concentrated hydrochloric acid was added 19.0 
g. (0.049 mole) of the hexamine salt. The mixture was stirred 
for 1 hr. at room temperature, diluted with two volumes of ab­
solute alcohol, cooled, and filtered. After washing with alcohol 
and ether, the amino ketone hydrochloride was contaminated 
with paraformaldehyde and ammonium chloride. I t weighed 
13.7 g. (theoretical yield, 12.7 g.) and melted at 229-230° dec. 
I t was used in this form for subsequent operations. 

Crude aminomethyl 6-quinolyl ketone dihydrochloride (50.0 
g., 0.19 mole) was dissolved in 350 ml. of water and cooled, while 
40 ml. of acetic anhydride and enough solid sodium acetate to 
maintain the mixture at pH 5-6 were added with vigorous stirring. 
The mixture was stirred for 2 hr. at 0° and for 1 hr. at room 
temperature. The solid was filtered, washed with water, and 
dried to yield 24.3 g. of IV, m.p. around 95°. After recrystalliza­
tion from ethyl acetate it was necessary to dry the product at 
60° in vacuo to obtain a sharp melting point, 120-122°. 

Anal. Calcd. for CuH^XjO,: C, 68.41; H, 5.30; X, 12.27. 
Found: C, 68.37; H, 5.37; X, 12.02. 

2-Acetamido-3-hydroxy-l-(6-quinolyl)-l-propanone (V).—To 
22.8 g. (0.1 mole) of IV and 6.0 g. of paraformaldehyde in 200 ml. 
of methanol was added 0.6 g. of solid potassium carbonate. After 
stirring for 2 hr. at room temperature the reaction mixture was 
cooled and filtered. The product was washed with water, dried, 
and recrystallized from alcohol: yield 19.0 g. (74%), m.p. 185-
187°. 

Anal. Calcd. for Ci4H14X203: C, 65.10; H, 5.46; X, 10.85. 
Found: C, 65.08; H, 5.75; X, 10.81. 

DL-ttreo-2-Acetamido-l-(6-quinolyl)-l,3-propanedio] (VI).—In 
a 250-ml. three-necked flask fitted with a stirrer and a short 
distilling column packed with glass helices were placed 16.0 g. 
(0.08 mole) of redistilled aluminum isopropoxide and 100 ml. of 
anhydrous 2-propanol. The solution was heated and stirred 
while 15.6 g. (0.06 mole) of V was added. Refluxing and slow 
distillation were continued until the distillate no longer gave a 
positive test for acetone with 2,4-dinitrophenylhydrazine reagent 
(about 6 hr.). Celite and 25 ml. of water were added, and the 
gelatinous mixture was stirred and heated for 15 min. and filtered. 
(Difficulty was often encountered in the filtration and extraction 
of the inorganic mixture. Therefore, it was often more feasible 
to extract the inorganic mixture overnight with absolute alcohol 
in a Soxhlet apparatus.) The filter cake was washed with hot 
absolute ethanol, the combined filtrates were evaporated, and the 
residue was triturated with ethyl acetate. The resulting solid 
was recrystallized from alcohol-ethvl acetate to give 9.65 g. 
(45%) of VI, m.p. 194-196°. 

Anal. Calcd. for C14H16X203: C, 64.60: H. 6.20; X. 10.76. 
Found: C, 64.30; H, 6.50; X, 10.50. 

DL-^reo-2-Amino-l-(6-quinolyl)-l,3-propanediol Dihydrochlo­
ride (VII).—A suspension of 10.4 g. (0.04 mole) of VI in 80 ml. of 
N hydrochloric acid was heated on a steam bath for 2 hr. The 
resulting solution was concentrated almost to dryness under 
reduced pressure (bath temperature kept below 50°). After 
evaporating twice with absolute alcohol, the solid was purified 
by recrystallization from methanol-ether; yield 9.4 g, (81%), 
m.p. 259-260° dec. 

Anal. Calcd. for C,2HI6C12X202: C, 49.50; H, 5.54; X, 
9.62. Found: C, 49.96; H, 5.72; X, 9.88. 

DL-iftreo-2-Dichloroacetamido-l-(6-quinolyl -1,3-propanediol 
(VIII).—The dihydrochloride VII (7.7 g., 0.026 mole) was dis­
solved in methanol and passed through an IRA-400 (OH) column. 
The column was washed with methanol and the eluates were 
reduced to 150 ml. This solution was refluxed for 1 hr. with 20 
ml. of methyl dichloroacetate and then allowed to stand at room 
temperature overnight. The solvent was removed under reduced 
pressure, and the white residue was recrystallized from absolute et 11-
anol and dried at 100° in vacuo; vield 4.4 g. (51%), m.p. 190-192°. 

Anal. Calcd. for Ci4H14Cl2X205: C, 51.08: H, 4.29; X, 
8.51. Found: C, 51.17; H, 4.48; X, 8.59. 

DL-;/)rfo-N,0I,03-Triacetyl-2-amino-l-(6-quinolyI)-l,3-pro-
panediol. Acetic Anhydride Method.—To 140 ml. of acetic 
anhydride was added 9.1 g. (0.035 mole) of VI. The mixture was 
refluxed for 15 to 20 min., cooled, and concentrated in vacuo 
to a sirup. The sirup was dissolved in ice-water, made alkaline 
with solid sodium carbonate, and extracted with ethyl acetate. 
The organic extract was dried over sodium sulfate and concen­
trated at reduced pressure. The sirup (usually representing 
about 80% yield) was triturated with ether until crystallization 
occurred: yield 7.0 g. (58%), m.p. 105°. An analytical sample 
was obtained after several recrystallizations from ethyl acetate-
petroleum ether (40-60°), m.p. 106-108°. 

Anal. Calcd. for C18H,„X205: C, 62.78; H. 5.85; X, 8.14. 
Found: C, 62.59; H, 5.93; X, 8.34. 

Acetic Anhydride and Pyridine Method.—A solution of 6.0 g. 
(0.023 mole) of VI in 25 ml. of acetic anhydride and 25 ml. of 
pyridine was permitted to stand at room temperature for 24 hr. 
The reaction mixture was concentrated under reduced pressure, 
and the residue was evaporated twice with toluene. The residue 
when triturated with ether did not crystallize. The sirup, 
weighing 6.5 g. ( 8 1 % \ was used without further purification. 

DL-^reo-2-Acetamido-l-(6-quinolyl N-oxide)-l,3-propanedioI 
(X). A. From 2-Acetamido-l-(6-quinolyl)-l,3-propanediol and 
Monoperphthalic Acid.—A solution of 2.6 g. (0.01 mole) of VI in 
200 ml. of absolute ethanol was treated with 29 ml. of a solution 
of monoperphthalic acid in ether containing 0.38 mole equiv. of 
acid per ml. After standing overnight the solution was concen­
trated in vacuo. The residue was dissolved in methanol and 
passed through an IRA-400 (OH) ion-exchange column. The 
phthalic acid-free eluates were evaporated in vacuo; yield 2.23 g. 
(81%), m.p. 185-190°. Recrystallization from absolute alcohol 
gave a material which melted at 223-226°. 

B. From N^O'.O'-Triacetyl^-amino-He-quinolylH.S-pro-
panediol.—A solution of 14.4 g. (0.04 mole) of N,0\0 3 - t r iace ty l -
2-amino-l-(6-quinolyl)-l,3-propanediol in 350 ml. of an ethereal 
solution of monoperphthalic acid containing 0.35 mol. equiv. of 
peracid per ml. of solution was kept at room temperature for 
2.5 hr. I t was then concentrated to one-half its volume, diluted 
with about two volumes of methanol, and passed through an 
IRA-400 (OH) ion-exchange column. The eluates were taken to 
dryness in vacuo, and the resulting solid was suspended in hot 
absolute ethanol, cooled, and filtered to give 6.35 g. of X melting 
at 226°. Concentration of the alcoholic filtrate yielded a mixture 
of mono- and triacetyl derivatives which were converted to the 
monoacetyl derivative by allowing the mixture, dissolved in 
methanol, to stand at room temperature with an equal volume 
of methanol saturated with ammonia at 0°. This gave an addi­
tional 1.3 g. of material which melted at 222-226°. The total 
yield of acetamide was 7.65 g. (69%). 

Anal. Calcd. for Ci4H,6X204: X, 10.14. Found: X, 10.43. 
DL-</ireo-N,0I,03-Triacetyl-2-amino-l-(6-quinolyI N-oxide)-

1,3-propanediol (IX).—This could be obtained in 4 1 % yield by 
extracting the residue from the IRA-400 (OH) column eluate with 
warm absolute alcohol and cooling. This material after recrys­
tallization from absolute alcohol melted at 220-222°. 

Anal. Calcd. for Ci8H2„X206: C, 59.99: H, 5.59: X, 7.77 
Found: C, 59.99; H.5.64; X, 7.92. 
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DL-t/(/-eo-2-Amino-l-i 6-quinolyl N-oxide)-l,3-propanediol 
Dihydrochloride.—The X-oxide X (4.1 g., 0.015 mole) in 40 ml. of 
1.5 N hydrochloric acid was heated on a steam bath for 2 hr. and 
then concentrated to dryness in cacao. The residue was evap­
orated twice in vacuo with absolute alcohol: yield 4.3 g. (93c-, 'J, 
in.p. 224-22(5° dec. This material after recrystallization from 
methanol-ether and drving in vacuo overnight at 100° melted at 
234 -235° dec. 

Anal. Calcd. lor (YdbfiCbXoO,,: (), 40.92; H.5 .25 : X.9.12. 
l-'mind: ( ' ,47.11; H, 5.48: X.9.27. 

Di.-lli/eo-2-Dichloroacetamido-1 -(6-quinolyl N-oxide) -1,3-
propanediol (XI).—2-Amino-l-(6-quinolyl X-oxide,)-l,3-propane-
diol dihydrochloride (2.05 g., 0.0067 inolei was converted to the 
free base arid reacted with methyl dichloroacetate as was VII. 
yielding 1.4 g. (01 (<)',. in.p. 198-199° dec. Recrystallization 
from water followed by drying in cacao at 100° yielded 0.8 g. of 
white needles, m.p. 205° dec. 

Anal. Calcd. for 0, flluC'laX^),: (', 4S.7I: H, 4.00: N, 
S.I2. Found: ( ' ,48.76: II. 4.20; X, S. 12. 

D L-th re.n-2- Amino-1-( 6-quinolyl) -1, S-propanediol-O^O'-di-
acetate Dihydrochloride.—A mixture of 3.0 g. of VII and 15 ml. 
of acetyl chloride in 80 nil. of glacial acetic acid saturated with 
dry hydrogen chloride was allowed to stand at room temperature 
overnight. The white needles which separated were washed 
with acetic acid, then with ether, and dried in cacao over sodium 
hydroxide yielding 3.45 g. (89 r;-j, m.p. 170-178° dec. Recrys-
lallization from 95',,'- alcohol did not alter the decomposition 
point. The analytical sample was dried at 100° in cacao. 

Anal. Calcd. 'for C,5Hei.CbX,(),: C. 51.21: If. 5.37: X. 
7.47. Found: C, 51.00: H, 5.61; X), 7.00. 

Picrate. The amine hydrochloride was added to a saturated 
solution of picric acid in water. A gum separated which crys­
tallized on standing, m.p. 126-128° dec. 

DL-///reo-N,03-Diacetyl-2-amino-l-( 6-quinolyl):-1,3-propane-
d io l . -A solution of 3.0 g. of 2-amino-l-(0-quinolyl)-l,3-pro-
patiediol-O'.O-'-diaeetate dihydrochloride was dissolved in 20 nil. 
of water, and the pll was adjusted to S. After 20 min. the white 
solid was removed and dried in vucao, yielding 1.2 g. (50/))). m.p. 
153-155' Recrystallization from chloroform-petroleum ether 
gave 1.0 1 g. of solid, m.p. 159-100°. 

Anal. Calcd. for CIOHJSNSOJ: C 63.56: 11, 6.00; X. 0.27. 
Found: C, 03.28; 11,6.19; X,9.13. 

N,0-Diacetyl-2-amino-3-hydroxy-l-(6-quinolyl i-1-propanone 
(XII). - A mixture of 2.6 g. (0.01 mole) of V and 20 ml. of acetic 
anhydride was stirred at 100° for 1 hr. The acetic anhydride 
was removed /// cacao and the residue was treated with a little 
ice. made alkaline with solid sodium carbonate, and extracted 
into ethyl acetate. The ethyl acetate solution was dried over 
sodium sulfate and concentrated. The sirup was triturated with 
ether. The resulting solid was extracted with ethyl acetate, and 
the solution was filtered from 0.20 g. of unreacted starting mate­
rial. The solid, which formed on addition of petroleum other to 
the ethyl acetate solution, was recrystallized from chloroform•-
petroleum ether; yield 1.0 g. (00' ,' '. m.p. 100-110°. 

Anal. Calcd. for (VIFsX-th: (', 03.00: 11, 5.37: X. 0.33. 
Found: ( ' ,03.07; 11,5.78; X.0.00, 

2-MethyI-4-oxazolinyT) 6-Quinolyl Ketone.—A solution 
of 4.0 g. (,0.015 mole) of V in 30 nil. of acetic anhydride and 15 ml. 
of pyridine was allowed to stand at room temperature overnight. 
The excess pyridine and acetic anhydride were removed by dis­
tillation under diminished pressure. The residue was evaporated 
in vocao several times with toluene. The sirup remaining was 
triturated with ether: yield 4.2 g. ( 9 3 ' ; :, m.p. 95-122°. This 
was recrystallized from water to give a product melting at 130-
138°. The infrared spectrum and elemental analysis indicated 
t hat the oxazoline had been produced. 

Anal. Calcd. for Ci ,Hi;X/)2 : C. 09.98; H. 5.04; X. 11.66. 
Found: C, 60.79; Ft, 5.08; X, 1 1.67. 

DI.-IT,(///jro-.?-Acetamido-l-(,6-quinolyl -1,3-propanediol (XIII). 
—X,0-Diaeetyl-2-amino-3-hydroxy-l-(6-quinolyl)-1-propanone 
'9.0 g.. 0.03 mole) was reduced with 9.6 g. (0.045 mole) of alumi­
num isopropoxide and 90 ml. of dry 2-propanol in a manner anal­
ogous to the reduction ofV; yield 4.0 g. (0Gr) A, m.p. 175-180°. 
The yield after two recrystallizations from absolute alcohol was 
1.2 g., m.p. 180-190°. 

Anal. Calcd. for C H J S X ' . O : , : C, 04.00: H. 0,20; X, 10.7ti. 
Found: C, 64.83; 11,6.33; X, 10.84. 

2-Acetamido-l-(6-quinoIyl)-3-trityloxy-l-propanone. A sus­
pension of V (10.0 g.. 0.039 molef and trityl chloride (24.0 g , 
0.080 mole' in 25 nil. of pyridine was allowed to stand at room 
temperature for 5 days. The heterogeneous mixture was then 
poured into ire water and allowed to stand until crystallization 
occurred. The solid was filtered, suspended in a small amount 
of alcohol, and filtered again to give 17.1 g. !Ss ' , of product, 
m.p. 110 120°. After standing at room temperature for I week, 
the milting point had changed to 151-155°. The material, when 
recrystallized from methanol, displayed the higher melting point. 
Infrared spectra of samples having both melting points were 
identical. For analysis, the sample was recrystallized from 
ethanol, and then from chloroform- petroleum ether. 

Anal. Cah-d. for C:,H.;<X20.;: ('. 79.18; If, 5.64. Found: 
('. 78.07: II. 5.8s. 

iii.-i /a/I inYi-2-Acetamido-1-t6-quinolyl)-3-trityloxy-1-propanol. 
-The tritylated ketone (5.0 g.. 0.01 mole) was reduced with 5.0 

g. (0.025 mole of aluminum isopropoxide and 80 ml. of dry 
2-propanol as previously described. Recrystallization from ethyl 
acetate -petroleum ether gave 4.2 g. (S4''.,"i of the reduction prod­
uct, m.p. 173 175°. The analytical sample melted at 1N3--1N50, 

Anal. Calcd. for C:,:lH:;,-XA<: C. 78.86: H, 6.02: X. 5.57, 
Found: C, 78.74: 11.0.38: X,5.75. 

DL-crytlico-2-Amino-i-i6-quinolyl-1,3-propanediol Dihydro­
chloride (XIV.i. From DL-cr,)///?ro-2-Acetamido-l-(6-quinolyI -
1,3-propanediol. -A mixture of 0.65 g. (0.0025 mole": of cnjlhra-
acetamidopropanediol. prepared by the reduction of X,( )-di-
acetyl-2-amino-3-hydroxy-l-i0-qiiinohT:-l-propamine, and 50 
ml. of A" hydrochloric acid was heated at 100° for 2 hr. The 
resulting solution was evaporated to a sirup in cacao, and the 
sirup was evaporated twice with absolute alcohol. Recrystalliza­
tion of the residue from methanol gave 0.52 g. ( 7 1 ' , - of white 
crystalline dihydrochloride, m.p. 228° dec. 

From i)L-r/////iYi-2-Acetamido-l-(6-quinolyl)-3-trityloxy-I-pro-
panol. A solution of 1.5 g. (0.003 mole) of tritylated cc,/t/ico-
propanediol [prepared by the Meeruein reduction of 2-acetamido-
l-(6-quinol\r:-3-trityloxy-l-propanoi)e] in 25 ml. of 2 .V hydro­
chloric acid was heated under rellux for 2 hr. Filtration of the 
reaction mixture gave O.S g. of triphenylcarbinoi, m.p. 160 102°. 
The a queous ('titrate w as extracted with ether and then evaporated 
lo a sirup undei reduced pressure. The isolation and purification 
of the amine dihydrochloride were carried out as described pre­
viously, yielding 0.4 g. ' 10' < i. imp. 228° dec. The infrared spec­
trum of this materia! was identical with the spectrum of the 
preceding preparation. A mixture of these preparations did not 
result in depression of the decomposition point. 

Anal. Calcd. for C ;,II lr,ClsX2(b: C. 49.50: 11,5.51: X.9.02. 
Found: C, 10.85; 11,5.02: X.0.00. 

Dichloroacetamidomethyl 6-Quinolyl Ketone. —-A suspension 
of 2.0 g. '0.01 mole' of crude aminomethyl 0-quinolyl ketone 
dihydrochloride and 10 ml. of <r.«-dichloroacetyl chloride was 
heated and stirred at SO" for 30 min. The mixture was cooled and 
poured into 50 nil. of ice water. The resulting aqueous solution 
was stirred lor 1 hr. at room temperature and was then made 
slightly alkaline by the addition of solid sodium carbonate. 
The mixture was extracted three times with ethyl acetate. The 
ethyl acetate extracts were dried over sodium sulfate and the 
solvent was removed hi lacao. The residue was suspended in 
ether and filtered to give 1,7 g. (57 ' , ' of solid, m.p. 137 If f" 
dec Hecrystallization from absolute alcohol gave pure material, 
in.p. 150-1 57" dec. 

Anal. Calcd. for C ; .JF.CbX.t), : C. 52.54: II. 3.30: X. 
9.13. Found: C, 52.04; 11.3.00; X, 9.27. 

2-Dichloroacetamido-3-hydroxy-l-(6-quinolyl;-l-propanone 
(XV). - A suspension of 1.6 g. (0.057 mole) of the dichloroacet-
amido ketone in 5 ml. of 37',';- aqueous formaldehyde and 75 ml. 
of 95'),' alcohol containing a small amount of sodium bicarbonate 
was stirred at room temperature for 2 hr. The mixture was 
cooled, and the solid was filtered, washed with water, and dried 
to give 1.8 g. (75<:;,i of white crystals, m.p. 185°. Recrystalliza­
tion from methanol gave pure material, m.p. 190-191°. 

Anal. Calcd. for CcHviCbXA,: C. 51.39; H, 3.70: X, 8.5ti. 
Found: C, 51.19: II. 3.82: X,S.84. 


