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1 
This application is a continuation-in-part of 

our copending application Serial No. 15,264, ?led 
March 16, 1948, and the invention relates to new 
chemical compounds and to chemical methods 
useful for their synthesis. More particularly, the 
invention relates to certain organic amino diol 
derivatives possessing outstanding antibiotic ac 
tivity. 
One of the objects of this invention is to ob 

tain the antibiotic compound, [l]-¢-1-p-nitro 
phenyl-2-dichloroacetamidopropane-1,3-diol, on 
a commercial scale by methods which are rela 
tively inexpensive as compared to microbiologi 
cal methods ordinarily used for manufacturing 
other antibiotic compounds. 
Another object is to produce a new class of 

valuable chemical compounds useful for their 
therapeutic properties and useful also as inter 
mediates in the preparation of other valuable 
compounds. 
A further object is to devise synthetic meth 

ods for the preparation of a class of valuable 
chemical compounds heretofore unknown. 
These and other objects are attained as here 

inafter more fully set forth. 
The class of organic amino diol derivatives with 

which this invention is concerned may be rep 
resented by the formula, , 

RQIA; 
where R1 and R2 are the same or different and 
represent hydrogen, halogen, lower alkyl and 
lower alkoxy radicals and R: is hydrogen or a 
lower alkyl radical. The term “acyl” as used 
herein includes saturated and unsaturated lower 
aliphatic acyl, halogen substituted lower aliphatic 
acyl, carboxy substituted lower aliphatic acyl, 
cyano substituted lower aliphatic acyl, ether sub 
stituted lower aliphatic acyl, hydroxy substituted 
lower aliphatic acyl, ester substituted lower ali 
phatic acyl, benzoyl, substituted benzoyl, arali 
phatic acyl, furoyl, pyridinoyl and the like rad 
icals. 

It will be appreciated by those skilled in the 
art that the acylamido diols of the invention 
and the starting materials used in their prepara 
tion can exist in structural as well as optical 
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2 
isomeric forms. The term “structuraP’ isomer or 
form as used herein refers to the cis or trans, that 
is, the planar relationship of the polar groups on 
the two asymmetric carbon atoms. To differen 
tiate between these two possible diastereoisomers 
we will subsequently refer to the cis compounds 
as the "regular” [reg] series or form and to 
the trans diastereoisomers as the "pseudo” [1,11] 
series or form. Such cis compounds are prod 
ucts wherein the two most highly polar of the 
groups on the asymmetric carbon atoms lie on 
the same side of the plane of the two carbon 
atoms. Conversely, the trans or pseudo com 
pounds are those wherein the two most highly 
polar groups lie on opposite sides of the plane 
of the two carbon atoms. 
Both the regular and pseudo forms exist as 

racemates of the optically active dextro [d] and 
levo [l] rotatary isomers as‘ well as in the form 
of the individual or separated dextro [dl and 
levo [1] optical isomers. 
Because of the difficulty of representing these 

structural differences in graphic formulae the 
customary structural formulae will be used in 

. both the speci?cation and claims and a nota 
tion placed below or to the side of the formula 
to designate the particular structural and op 
tical con?guration of the compound. Where the 
formula represents the unresolved mixture of the 
structural and optical isomers the notation "un 
resolved” will be used. However, it should be 
expressly understood that where no notation ap 
pears with a structural formula the formula is 
to be interpreted in its generic sense, that is, 
as representing the [11-111, [dl-r11, . [ll-reg. or 
[dl-reg. isomers in separated form as well as 
the [dll-\// or the [dll-reg. optical racemates or 
the total unresolved mixture of structural and 
optical isomers. Such a formula does not merely 
represent the unresolved mixture of isomers. 

In accordance with the invention several dif 
ferent methods are provided for the production 
of the acylamido diol compounds of the above 
formula. One of these methods involves mono 
acylating an amino diol of formula, 

RQia 
NO, 
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where R1, R2 and R3 have the same signi?cance borhood of about 0° C. It is also preferable 
as given above. Another method by which these from the standpoint of increased yields and ease 
Products may be obtained comprises selectively in controlling the temperature to carry out the 
hydrolyzing the o-acyl groups of a polyacylated reaction in an inert organic solvent. some suit 

‘ amino diol of formula, 5 able solvents for this purpose are esters of lower 
12, OR NH-Acyl fatty acids such as ethyl acetate, lower aliphatic 

é_éH__CHI0Acyl ketones such as acetone and methyl ethyl ketone, 
R, 3 cyclic ethers such as dioxane, hydrocarbons such 

NO, _ 10 as benzene and toluene, halogenated aliphatic 

where R is H or an acyl radical and R1, R2 and R3 hgldm‘éarbons Such as, ethylgne dichloride and 
have the same signi?cance as given above. The c om orm' 
‘acyl groups present in the polyacylated ammo The acylation in an aqueous reaction medium 
diol can be the same or di?erent for, as will be using an acyl halide 01' anhydridc as the acylating 
evident from the following description, only the agent 15 e?'ec'f'ed at 11 DH greater than 7 and at a 
acyl present on the amino nitrogen remains un- temperature below the boiling point of the mix 
changed during the process. These transformae ture. Water alone or water together with a water 
tlons may be diagrammatically illustrated as miscible or water-immiscible organic solvent is 
follows; used as the reaction medium. In general, water 
RI 0H NH, R1 QR Nil-'Acyl 

gzpt_tn_eaoir ®t_é1q_eaoim R: 1L: Ra 1L: 
0: N0|‘ 

Mono _ B / Selective_ 
A \acylation ‘l . hydrolysis 

B1 OH NH-Acyl . 

@t-tn-omon B’ it: 
No, ' 

where R, R1, R2 and R3 have the same signi?cance alone is satisfactory inmost’ instances but where 
as given above. the amino diol starting material is quite insoluble 
In carrying out the reaction designated as A it is sometimes‘ advantageous to add a water 

in the above diagram the amino diol is treated 35 miscible organic solvent such as methanol, eth 
with an acylating agent under mild acylating anol and acetone to increase its water solubility 
conditions. In order to eliminate the possibility and facilitate the reaction. In other instances, 
of polyacylatlon it is preferable to use either an however, such as where the acylating agent is 
ester type acylating agent under substantially quite reactive, it is sometimes preferable to em 
anhydrous conditions, an acyl anhydride or halide 4.0 ploy a two-phase system in order to minimize 
under substantially anhydrous conditions at‘ low the exposure of the ?nal product to the unreacted 
temperature or an acyl anhydride or halide in acylating agent. This is accomplished by carry~ 
a mildly alkaline aqueous reaction medium. ing out the reaction in a mixture of water and a 
Where an acyl ester is used as the acylating water immiscible organic solvent such as ethyl 

agent the optimum reaction conditions are con- 45 acetate, ether, benzene, xylene, chloroform, 
tingent upon the reactivity of the ester per se carbon tetrachloride and the like. Some examples 
and also upon the reactivity of potentially'active of the alkaline materials which can be used for 
substituents of the acyl portion of the molecule. maintaining the alkalinity of the reaction mix 
Thus for esters of a given acid the lower aliphatic ture are the alkali metal acetates, bicarbonates, 
alkyl esters are more reactive than higher alkyls 50 carbonates, hydroxides and phosphates; the alka 
and are therefore the preferred type: The methyl line earth hydroxides and organic bases such as 
esters being the preferred member of the lower pyridine, N-ethyl morpholine, triethylamine and 
alkyl types. In the case of a highly active ester the like. v 
of the type of methyl dichloroacetate the reaction Although several different procedures for 
is substantially complete in periods of one-half 55 carrying out the mono N-acylation of the amino 
to four hours at temperatures varying from 100° diol starting compounds have been described 
C. to 50° C. On the other hand, a relatively above there are,‘ of course, instances where the 
inert ester such as methyl benzoate does not use of one method or procedure is preferable. 
react with the amino diol starting materials in Similarly, the optimal conditions or reagents 
practical time intervals so that acatalyst such as 60 used in conjunction with one procedure vary 
an alkali alcoholate is added to accomplish this somewhat in the individual cases. For example, 
in a reasonable time. Again, while methyl di- when an acyl group containing at least one 
chloroacetate reacts when heated with the amino a-halogen is desired on the amino nitrogen atom 
diols to form amides without substantial side re- in the ?nal product the choice of the method of 
actions a bromine atom of the corresponding 65 acylation is to some extent dependent upon the 
methyl dibromoacetate at 100° C. reacts further reactivity of the halogen atom or atoms. Thus, 
to form cyclic amide-ethers which are undesir- in the case of the'mono-, di- and tri-?uoro~ and 
able products. This side reaction is avoided by ~chloro~acetic acids the halogens are relatively 
using a lower reaction temperature, e. g. 40-60" C. inert and the acylamido diol compounds of the 
in this instance or by’ use of an inert diluent 70 invention may be prepared by any of the methods 
such as alcohol. described above with about equal success. How 
When the acylation is carried out using an acyl ever, where the halogen atoms are more reactive, 

anhydride or halide under substantially anhy- as in the case of the a-bromo and a-iOdO aliphatic 
drous conditions the temperature should be kept acids, the preferred and best method of prepar 
below about 15° C. and preferably in the neigh- 75 ing the corresponding acylamido diol compounds 



2,483,886 
5 

is to react theamino diol with the haloacyl halide 
in a substantially anhydrous organic solvent such 
as ethyl acetate. 
The transformation designated as B in the 

above diagram involves selectively hydrolyzing 
the O-acyl groups present in the polyacylated 
amino diol compound. This is accomplished by 
treating the polyacylate-d amino diol starting 
compound with a strongly alkaline material dis 
solved in an aqueous solution containing a water 
miscible organic solvent at about —20 to +50° C. 
Some of the strongly alkaline materials which 
can be used are the alkali metal hydroxide, the 
alkaline earth metal hydroxides and the alkali 
metal carbonates. This transformation can also 
be effected in a similar manner using a mildly 
alkaline material such as an alkali metal bicar 
bonate and heating the mixture at about 75 to 
100° C. Suitable organic solvents for use in this 
reaction are, in general, lower aliphatic alcohols 
such as methanol, ethanol, isopropanol, isobu 
tanol; lower aliphatic ketones such as acetone, 
methyl ethyl ketone and cyclic ethers such as 
dioxane. The preferred method of carrying out 
this selective hydrolysis is to maintain the tem 
perature in the neighborhood of 25° C. and to use 
only a slight excess over the amount of strongly 
alkaline material necessary to bring about hy 
drolysis of the O-acyl group or groups. When 
carrying out the reaction in this fashion the sol 
vent of choice is about a. 50% aqueous solution 
of a lower aliphatic alcohol such as methanol or 

. a lower aliphatic ketone such as acetone. 
The invention is illustrated by the following 

examples. 
Example 1 

A mixture consisting of 1.5g. of the free base 
of [ll-ib-l-p-nitrophenyl - 2 - aminopropaneel? 
diol and 1.5 g. of methyl dichloroacetate is heated 
at 100° C. for one hour. The reaction mixture is 
cooled and treated with 25 cc. of petroleum ether. 
The residue which fails to dissolve is collected, 
washed with two additional 10 cc. portions of 
petroleum ether and dried. The product thus 
obtained is [1] -¢-1-p-nitrophenyl-2-dichloroacet 
amidopropane-1,3-diol. This product which has 
the formula, 

I noOcn-r‘m-cmon 
[1111/ form 

can be puri?ed by recrystallization from ethylene 
dichloride; M. P. 147.5-148.5° C. Repeated re 
crystallization raises the melting point to about 
150-151° C. 

Example 2 

A mixture consisting of 3 g. of the free base of 
[d1] -1//-1-p-nitrophenyl- 2 -aminopropane-1,3-diol 
and 3 g. of methy1 dichloroacetate is heated at 
about 100° C. for one hour. The reaction mix 
ture is cooled and treated with 50 cc. of petroleum 
ether. The residue which fails to dissolve is col 
lected, washed with several small portions of 
petroleum ether and dried. The product thus 
obtained is ldll-u-l-p-nitrophenyl - 2 - dichloro 
acetamidopropane-1,3-diol. It has the formula, 

H 
OH NH- C-CH Ch 

[dB-‘p form: 
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6 , 
After recrystallization from 

uct melts at 154-5” C. 

Example 3 

500 mg. of the diacetate of [dll-reg-l-p-nitro 
phenyl - 2 - dichloroacetamidopropane-1,3-diol is 

dissolved in a mixture consisting of 25 cc. of ace 
tone and an equal volume of 0.2 N sodium hy 
droxide solution at 0° C. and the mixture allowed 
to stand for one hour. The reaction mixture is 
neutralized with hydrochloric acid and evaporated 
under reduced pressure to dryness. The residue 
is extracted with several portions of hot ethylene 
dichloride, the extracts concentrated and then 
cooled to obtain the crystalline [dll-reg.-1-p 
nitrophenyl - 2 - dichloroacetamidopropane - 1,3 

diol; M. P. 171° C. The formula. of this com 
pound is: 

ethanol this prod 

[dH-reg. form 

Example 4 

A mixture consisting of 75 mg. of [d]-reg.-1 
p-nitrophenyl-2-aminopropane-1,3-diol and 0.1 
cc. of methyl dibromo-acetate is heated at 60° C. 
for about one hour, cooled and petroleum ether 
added to precipitate the desired amide. The 
solid is collected and puri?ed by recrystallization 
from ethylene dichloride. This product which 
has the formula, ' 

[d]-reg. form 

is [d] -reg.-1-p-nitrophenyl-Z-dibromoacetamido 
propane-1,3-diol. 

Example 5 

A two-phase system consisting of 60 cc. of 0.5 
N potassium hydroxide solution, an equal volume 
of ether, 1.06 g. of [l] -1p-1-p-nitrophenyl-2 
aminopropane-1,3-diol and 0.93 g. of p-nitrobenz 
oyl chloride is shaken at 0° C. forten minutes. The 
insoluble product which separates from the reac 
tion mixture is collected, washed with water and 
puri?ed by recrystallization from alcohol; M. P. 
204-5” C. This product is lll-ip-l-p-nitrophenyl 
2- [p'-nitrobenzamido]propane-1,3-diol which has 
the formula, 

0 

on L 
NOr-Qélll- H—CH:OH 

[1H0 form ' 

Example 6 

A two-phase mixture consisting of 50 cc. of 0.5 
N potassium hydroxide solution, an equal volume 
of ethyl acetate, 1.06 g. of lll-ip-l-p-nitrophenyl 
2-aminopropane-1,3-diol and 1.13 g. of chloro 
acetyl chloride is shaken for about ten to ?fteen 
minutes at 0° C. The ethyl acetate layer is sepa 
rated and the aqueous phase extracted with sev 
eral portions of ethyl acetate. The combined ex 
tracts and ethyl acetate layer are evaporated to 
dryness under reduced pressure and the residual 
[ll-wp-l - p-nitrophenyl - 2 - chloroacetamidopro 

pane-13-diol [M. P., crude, 83-6° 0.] puri?ed by 
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recrystallization from alcohol-petroleum ether 
mixture. The formula of this product is: 

0 

rem-O-dx-(Sn-cmon 
[114/ form‘ 

Example 7‘ 

.A mixture consisting of 1.06 g. of [l]-\p-1-p 
nitrophenyl-2-aminopropane-1,3-diol and 2 g‘. of 
methyl trichloracetate is heated at about 100° C. 
for about one hour, cooled and the 50 cc. of 
petroleum ether added to the solution. The in 
soluble material is collected, washed with petro 
leum ether and puri?ed by recrystallization from 
ethylene dichloride. This product is [1]-\I/-1-p 
nitrophenyl - 2 - trichloroacetamidopropane - 1,3 

diol which has the formula, 

noOdn-tn-cmon 
[II-v.0 form 

Example 8 

A solution of 350v mg. or the triacetyl deriva 
tive of [l]-zp-l-p-nitrophenyl-Z-aminopropane 
1,3-diol in 1'7 cc. of acetone is added to 18 cc. of 
N/10 sodium hydroxide solution at 0° C. After 
one hour at 0° C. the excess alkali is exactly 
neutralized with N/10 hydrochloric acid and the 
solution evaporated to dryness in vacuo. The 
residue is warmed with ethylene dichloride, 
?ltered to remove salt and the ?ltrate concen 
trated to a small volume. Addition of petroleum 
ether induces crystallization of N-acetyl- [11-11-1 
p-nitrophenyl-2-aminopropane-L3-diol; M. P. 
125-6° C. It has the formula: 

0 

v Noroén-lmgcmon 
[ll-a1! form 

Example 9 

2 g. of [d]-reg.-1-p-nitropheny1-2-aminopro 
pane-1,3-diol is heated at 100° C. with 2 g. of 
methyl dichloroacetate for one hour, the reaction 
mixture cooled and extracted with 35 cc. of petro 
leum ether. The insoluble residue which consists 
of the desired [d]-reg.-l-p-nitrophenyl-2-dichlo 
roacetamidopropane - 1,3 - diol is washed with 
petroleum ether and dried. The formula of this 
product is: 

NbOCH-CH-CEOH 
[d]-reg. form 

By treating the free base of [ll-reg. 1-p-nitro— 
phenyl - 2 - aminopropane - 1,3 - diol in the same 

manner one obtains [l]-reg.-\1-p-nitrophenyl-2 
dichloroacetamidopropane-1,3-diol. 

Example 10 

350 mg. of [l]1b-l-p-nitrophenyl-Z-aminopro 
pane-1,3-diol in 2 cc. of methyl di?uoroacetate is 
heated for two and a half hours at 85° C. The 
reaction mixture is cooled, the product precipi 
tated by the addition of petroleum ether and the 
precipitate recrystallized from ethylene dichlo 
ride to yield the pure [H-iII-I-D-DitI‘ODhEHYI-Z 

10 

20 

8 
di?uoroacetamidopropane-1,3-diol melting at 95° 
C. The formula of this product is: 

[11-30 form 
Example 11 

500 mg. of [l]1b-1-p-nitrophenyl-2-aminopro 
pane-1,3-diol and 1 cc. of propionic anhydride 
are. heated at 70° C. for ten minutes. The reac 
tion mixture is evaporated to dryness in vacuo, 
the residue taken up in 125 cc. of acetone and 
treated with 150 cc. of 0.1 N sodium hydroxide 
for one hour at 0° C. The solution is neutralized 
with hydrochloric acid, evaporated to dryness in 
vacuo and the residue extracted with ethyl ace 
tate. The extract is ?ltered, extracted and then 
treated with petroleum ether. The [1] -¢-1-p 
nitrophenyl - 2 - propionamidopropane - 1,3 - diol 

- is collected; M. P. 107° C. The formula 01 this 
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product is: 

‘ [11-1]: form 

Example 12 

200 mg. of [l]-¢-1-p-nitrophenyl-2-aminopro 
pane-1,3-diol in 5 cc. of absolute ethanol and 3 cc. 

‘ or ethyl tri?uoroacetate is re?uxed for two hours. 
The solvents are evaporated and the residue 
crystallized from ethyl acetate-chloroform mix 
ture to obtain the pure lll-gll-l-p-nitrophenyl-2 
tri?uoroacetamidopropane-1,3-diol; M. P. 115 
16° C. This compound has the formula, 

[11-10 form 

Example 13 
A mixture consisting of 400 mg. of [dll—¢-1-p 

nitrophenyl-2-aminopropane-1.3-diol, 5 cc. of ab 
solute alcohol and 2 cc. of methyl trichloroacetate 
is re?uxed for two hours. The liquids are evapo 
rated in vacuo and the residue crystallized from 
ethylene dichloride to obtain the desired [?ll-gli 
1 - p - nitrophenyl - 2 - trichloroacetamidopro 

pane-1,3-diol [M. P. 147.5-148.5° C.] of formula. 

N orO-lm-tm-cmon 
[till-up form 

Example 14 

500 mg. of [dll-reg.-1-p-nitrophenyl-2-amino 
propane-1,3-diol is re?uxed for six hours with 20 
cc. of ethyl acetate. The ethyl acetate is evapo 
rated and the residue which consists of the de 
sired [dll-reg. 1 - p - nitrophenyl - 2 - acetamido 

propane - 1,3 - diol crystallized from ethylene di 
chloride; M. P. 195-6° C. The formula of this 
Product is: 

O 

OH NH-E-CH; 

[dlJ-rog. tom 
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Example 15 

368 mg. of the triacetate of ldll-yb-l-p-nitro 
phenyl-2-aminopropane-1,3-diol is dissolved in 
50 cc. of acetone. 50 cc. of 0.1 N sodium hydroxide 
solution is added and the mixture allowed to 
stand at 0° C. for one hour. The solution is neu 
tralized with 0.1 N sulfuric acid, evaporated to 
dryness and the residue extracted with ethyl ace 
tate. The extract is ?ltered, the ethyl acetate 
distilled mi in vacuo and the residue recrystal 
lized from ethanol to obtain the desired [1111-30-1 
p-nitrophenyl - 2 --acetamidopropane - 1,3 - diol; 

M. P. 1665-1675‘? C. The product has the 
formula 

[(111411 form 
Example 16 

A mixture consisting of 0.57 g. of [dl-lll-L-p 
nitrophenyl-Z-aminopropane-1,3-diol and 6 cc. of 
methyl dichloroacetate is heated at 100° C. for 

i one hour. The solution is diluted with petroleum 
ether and the precipitate which separates col 
lected. The precipitate is dissolved in ethyl ace 
tate, the solution washed with dilute sulfuric 
acid, then with water and ?nally evaporated to 
dryness in vacuo. Crystallization of the residue 
from ethylene dichloride yields the pure [dl-ip-l 
p—nitrophenyl- 2 -dichloroacetamidopropane-1,3 
diol; M. P. 150.5-151.5° C. This compound has 
the following formula 

0 

[(11] all form 

Example 17 

A mixture consisting of 1 g. of [dll-zp-l-p 
nitrophenyl-2-aminopropane-1,3-diol, 50 cc. of 
ethyl acetate and 50 cc. of 0.5 N potassium hy 
droxide solution is treated with 1.5 g. of chloro 
acetyl chloride at 0° C. with shaking. The or 
ganic phase is separated and the aqueous phase 
extracted with two equal portions of ethyl ace- , 

The extracts are combined, dried and the ' tate. 
ethyl acetate removed by distillation in vacuo. 
The residual gum is treated with 200 cc. of 0.05 N 
sodium hydroxide in 50% acetone at 0° C. After 
about one hour the solution is neutralized with 
sulfuric acid and evaporated to dryness in vacuo. 
The residue is extracted with ethyl acetate, the 
ethyl acetate distilled in vacuo and the residue 
crystallized from ethylene dichloride. The prod 
uct thus obtained is [d1]-¢-1-p-nitrophenyl-2 
chloroacetamidopropane-l,3-diol [M. P. 99-100° 
C.] of formula 

[611-111 form 

Example '18 
A mixture consisting of 1 g. of [dll-yb-l-p 

nitrcphenyl-2-aminopropane-1,3-diol and 1.5 cc. 
of isobutyric anhydride is heated on a steam bath 
for ten minutes. The reaction mixture is chilled 
and the crystalline [d1] -1,l/-1-p-nitropheny1-2 
isobutyramidopropane>1,3-dio1 collected and pu 
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10 
ri?ed by recrystallization from ethylene dichlo 
ride or ethyl acetate; M. P. {gm-5° C. This prod 
uct has the formula, ‘ 

0 ’ CH3 

II A: on NH-C- H-cm 

[d1 ] 10 form 

Example 19 
A mixture consisting of 900 mg. of [dll-w-l-p 

nitrophenyl-2-aminopropane-1,3-diol and 1.5 cc. 
of butyric anhydride is heated on a steam bath 
for ?ve minutes. The reaction mixture is cooled 
and the crystalline [d1] -¢-1-p-nitrophenyl-2 
butyramidopropane-1,3-diol collected. This prod 
uct melts at 129.5-130.5° C. after recrystallization 
from either ethylene dichloride or ethyl acetate. 
It has the formula, 

0 

[d1] all form 

Example 20 

1.5, cc. of idll-rp-a-chloropropionyl chloride is 
added to a mixture consisting of 1 g. of [d1] -'//-1 
p-nitrophenyl-2-aminopropane-1,3-diol, 50 cc. of 
ethyl acetate and 50 cc. of 0.5 N potassium hy.- 
droxide solution. The mixture is shaken at 0° C. 
for ?fteen minutes and the organic phase sepa 
rated. The aqueous phase is extracted with two 
equal volumes of ethyl acetate and the extracts 
combined with the organic layer. The combined 
extracts are dried, the ethyl acetate distilled off 
in vacuo and the residue crystallized from eth 
ylene dichloride to obtain the desired [(111-50-1 
p-nitrophenyl-2- a -chloropropionamidopropane 
1,3-diol; M. P. 133-5° C. This compound has the 
formula: 

0 ('11 
OH NEE-iL-CH-CH: 

' [dl]-\l/ form 

Example 21 

900 mg. of [d1]ap-l-p-nitrophenyl-Z-amino 
propane-1,3-diol is treated with 1% cc. of 2 
ethyl butyryl chloride. The reaction is carried 
out in a. mixture consisting of 50 cc. of ethyl ace 
tate and 50 cc. of 0.5 N potassium hydroxide solu 
tion and at a temperature of 0° C. with shaking. 
The organic layer is separated, the aqueous phase 
extracted with two portions of ethyl acetate and 
the extracts combined with the organic layer. 
The combined extracts are dried, the ethyl ace 
tate distilled in vacuo and the residue treated 
with 200 cc. of 0.05 N sodium hydroxide in 50% 
acetone. The splution is neutralized with sul 
furic acid, evaporated to dryness in vacuo and the 
residue extracted with ethyl acetate. The ethyl 
acetate is distilled and the residue recrystallized 
from ethylene dichloride to obtain the desired 
[d1] -\I/— 1-p-nitrophenyl-2-a-ethylbutyramidopro 
pane-1,3-diol; M. P. 127—128° C. This product has 
the formula: 

0 CzHl 

on Nn-("s-en-omom 

[d1] 4/ ‘form 



ether added to the residue. 

aeaaaau 
. 1 1 

Example 22 
500 mg. of [d1]-\l/-1-p-nitrophenyl-2-aminopro 

pane-1,3-diol is re?uxed with a mixture consist 
ing of 3 cc. of absolute alcohol and 2 cc. of ethyl 
u,a,?-trichloropropionate. After two hours the 
ethanol is removed by distillation and petroleum 

The insoluble gum 
thus obtained is dissolved inethyl acetate, washed 
with dilute sulfuric acid, the ethyl acetate ex 
tract dried and the ethyl acetate distilled. The 
residue isrecrystallized from ethylene dichloride 
to obtain the desired [dll-50-1-p-nitrophenyl-2 
“41,16 - trichloropropionamidopropane - 1 , 3 - diol; 

M. P. 89—91° C. The formula of this product is: 
0 

OH NH-é-CCIPCHrCI 

[an-w form 
Example 23 

900 mg. of [d1]-\l/-l-p-nitrophenyl-2-amino 
propane-1,3-diol in 50 cc. of ethyl acetate and 
50 cc. of 0.5 N potassium hydroxide solution is 
treated with 1 cc. of p-chloropropionyl chloride 
at 0° C. with shaking. The organic layer is sepa 
rated, the aqueous phase extracted with two por 
tions of ethyl acetate and the extracts combined 
with the organic layer. The combined extracts 
are dried, the ethyl acetate removed by distilla 
tion and the residue treated with 200 cc. of 0.05 
N sodium hydroxide in 50% acetone. After about 
one-half hour the solution is neutralized with 
hydrochloric acid and ‘evaporated to dryness. 
The residue is extracted with ethyl acetate, the 
ethyl acetate evaporated and the product crystal 
lized from a mixture consisting of ethylene di 
chloride and ethyl acetate. The product thus 
obtained is [d1]-1[/-1-p-nitrophenyl-Z-?-chloro 
propionamidopropane-1,3-diol EM. P. 140-41° C.] 
which has the formula, 

0 

OH NH-LCHaCEaCl 
NOy-OCH-CIL-CHgOH 

[dlhl/ form 
Example 24 

1 cc. of isovaleryl chloride is added to a mix 
ture consisting of 900 mg. of [dil-w-l-p-nitro 
phenyl-2-aminopropane-1,3-diol in 50 . cc. of 
ethyl acetate and 50 cc. of 0.5 N sodium hydroxide 
solution. The mixture is shaken at 0° C. for a 
short time, the organic phase separated and the 
aqueous layer extracted twice with ethyl acetate. 
The extracts are combined, dried and the ethyl 
acetate distilled. The residual gum is treated 
with 200 cc. of 0.05 N potassium hydroxide in 
50% methanol at 0° C. After about one-half hour 
the solution is neutralized with sulfuric acid and 
evaporated to dryness. The crystalline material 
thus obtained is recrystallized from ethylene di 
chloride and from ethyl acetate to obtain the 
pure [d1]-¢-l-p-nitrophenyl-2-isovaleramidopro 
pane-1,3-diol; M. P. 125-6“ C. This compound 
has the formula, 

0 OH: 

on NH-tt-cmtH-om 
H- n-cmorr 

Example 25 

A mixture consisting of 900 mg. of [d1]-¢-1-p 
nitrophenyl-Z-aminopropane-1,3-diol in 50 cc. of 

NO 
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12 
ethyl acetate and 50 cc. of 0.5 N potassium hy 
droxide solution is treated with 1.2 cc. of tri 
methylacetyl chloride at 0° C. with shaking. After 
a short time the organic layer is separated, the 
aqueous phase extracted with two portions of 
ethyl acetate and the extracts combined with 
the organic layer. The extracts are dried, the 
ethyl acetate distilled and the residue treated 
with 200 cc. of 0.05 N sodium hydroxide in 50% 
acetone. After about one-half hour the solution 
is neutralized with hydrochloric acid and evapo 
rated to dryness. The residue is extracted with 
ethyl acetate, the ethyl acetate distilled and the 
residual product recrystallized from ethylene di 
chloride and then from a mixture of ethyl ace 
tate and petroleum ether. The product thus ob 
tained is [dll-\l/-1-p-nitrophenyl-2-trimethyl 
acetamidopropane-l,3-diol which has the for 
mula, - 

[d1]-¢ form 
M. P. 112-8’ C. 

- Example 26 

A mixture consisting of 1 g. of [dll-gll-l-p 
nitrophenyl-2§amlnopropane-1,3-diol, 3 cc. of 
ethyl a,u-dichloropropionate and 3 cc. of ethanol 
is heated for one and a half hours on a steam 
bath. The reaction mixture is evaporated to dry- ' 
ness in vacuo and the residue leached with petro 
leum ether. The undissolved material is dissolved 
in ethyl acetate, the solution washed with dilute 
hydrochloric acid and then evaporated to dry 
ness. Recrystallization from ethylene dichloride 
gives the desired [rill-1,0-1-p-nitrophenyl-a,a-di 
-chloropropionamidopropane-1,3-diol; M. P. 119 
20° C. The formula of this compound is: 

O 

OH NH-E-C 011GB: 

NoGtH-(lm-cmorr 
[dll-wp form 

Example 27 

A mixture consisting of 800 mg. of [dll-w-l-p 
nitrophenyl-2-aminopropane-1,3-diol, 3 cc. of 
methyl dibromoacetate and 5 cc. of absolute 
ethanol is re?uxed for one hour and then the 
liquids removed by distillation. The gummy resi 
due is dissolved in ethyl acetate, the ethyl acetate 
solution washed with dilute hydrochloric acid, 
dried and evaporated to dryness. The residual 
gum is crystallized from ether-petroleum ether 
mixture and from acetone-petroleum ether mix 
ture, ethyl acetate-petroleum ether mixture and 
?nally from ethylene dichloride. The pure [dil 
1p-1-p-nitrophenyl-2-dibromoacetamidopropane - 
1,3-diol of formula, 

0 

on Nrr-ti-onnn 

[?ll-‘,0 form 
thus obtained melts at 150-1° C. 

Example 28 

1 g. of [dlIl-rk-léP-Ditl‘ODhWl - 2 - aminopro 
pane-1,3-diol dissolved in 15 cc. of dry ethyl ace 
tate at 0° C. is treated with 0.5 cc. of bromoacetyl 
bromide over a ?ve-minute period. After the 

- mixture has been allowed to stand for ?fteen 
75 minutes 35 cc. of ethyl acetate is added. The 
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solution is washed with dilute acid, 2% sodium 
bicarbonate solution and ?nally with water. 
Evaporation of the ethyl acetate gives a gum 
which is crystallized from ethylene dichloride, 
then from ethyl acetate-petroleum ether mixture 
and ?nally from waterto obtain the desired [dll 
rp-l-p-nitrophenyl - 2 - bromoacetamidopropane 

1,3-diol; M. P. 128-9" 0. This product has the 
formula, ~ 

0 

I NOr-OCH-CH-CHzOH 
[dl]-\I/ form 

Example 29 

0.5 cc. of a?-dibromopropionyl bromide is 
added to a mixture consisting of 1 g. of [dU-yb-l 
p-nitrophenyl - 2 - aminopropane-1,3-dl0l and 15 

cc. of ethyl acetate at 0° C. The reaction mix 
ture is evaporated to dryness, the residue dis 
solved in ethyl acetate and the solution washed 
with dilute hydrochloric acid. The ethyl acetate 
is distilled and the residue crystallized from eth 
ylene dichloride. The product thus obtained is 
[dll - rp-1-p-nitrophenyl-2-a,,8 - dibromopropion 
amid0propane-L3-diol which melts at 155-7° C. 
and has the formula, 

0 Br 

I | rroOon-wn-cmon 
. [dll-r0 form 

Example 30 

0.5 cc. of a,p-dichloropropionyl chloride is 
added to a mixture consisting of 1 g. of [dll-rb-l 
p-nitr0phenyl-2-aminopropane-1,3-dio1 in 15 cc. 
of dry ethyl acetate at 0° C. After about ?fteen 
minutes 35 cc. of ethyl acetate is added and the 
solution washed with dilute acid, 2% sodium bi 
carbonate solution and ?nally with Water. The 
ethyl acetate is removed by distillation and the 
product crystallized from ethylene dichloride, 
ethyl acetate-petroleum ether mixture and ?nally 
with water. The compound thus obtained is 
[dll - \p-1-p-nitrophenyl-2-a,5 - dichloropropion 

amidopropane-1,3-diol [M. P. 145-6” 0.] which 
has the formula, 

[an-p form 

Example 31 

2 g. of [dll?ll-1-p-nitrophenyl-2-aminopro 
pane-1,3-diol in 15 cc. of ethyl acetate at 0° C. 
is treated with 1 cc. of ?uoroacetyl chloride. 
After a few minutes 35 cc. more of ethyl acetate 
is added and the solution then washed with dilute 
acid, 2% sodium bicarbonate solution and ?nally 
with water. The solution is evaporated to dry 
ness and the residue crystallized from ethylene 
dichloride, ethyl acetate-petroleum ether mix 
ture and ?nally from water to obtain the desired 
[dll-ip-l-p-nitrophenyl - 2 - ?uoroacetamidopro 
pane-1,3-diol; M. P. 65-7° C. This compound 
has the formula, 

II 
OH NH-C-CHzF 

I l noQcrn-crnomon 
[dll-W form 
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Example 32 

1 cc. of ?-chloropropionyl chloride is added to 
2 g. of [d1]-¢-1-p-nitrophenyl-2-aminopropane 
1,3-diol in 20 cc. of ethyl acetate. The resulting 
mixture is stirred at 0° C. for ?fteen minutes, 35 
Cc-'Of ethyl acetate added and then the solution 
washed with dilute acid, 2% sodium bicarbonate 
solution and ?nally with water. The ethyl ace 
tate solution is evaporated to dryness and the 
residue recrystallized from ethyl acetate to ob 
tain the desired [dll-rp-l-p-nitrophenyl - 2 - l9 
chloropropionamidopropane - 1,3 - diol; M. P. 
155-6o C. This produce has the formula, 

N 01- 

0.6 cc. of iodoacetyl chloride is added to a mix- _ 
ture consisting of 1 g. of [dU-Ip-I-D-Hit-I‘ODI'IBIIYI 
2-aminopropane-1,3-diol and 20 cc. of ethyl ace 
tate. The resulting mixture is stirred at 0° C. 
for ?fteen minutes and then diluted with ethyl 
acetate. The solution is washed with dilute hy 
drochloric acid, 2% sodium bicarbonate solution 
and ?nally with water. The ethyl acetate is 
evaporated and the residue recrystallized from 
ethyl acetate to obtain the desired ldll-gll-l-p 
nitrophenyl - 2 - iodoacetamidopropane-1,3-dio1; 

M. P. 138—9° C. This product has the formula, 
0 

[(11] ~41 form 
Example 34 

1 g. of ldll-rt-l-p-nitrophenyl - 2 - aminopro 
pane-1,3-diol in 20 cc. of ethyl acetate is treated 
with 1 g. of 3,4-dichlorobenzoyl chloride and the 
resulting mixture stirred at 0° C. for ?fteen min 
utes. The reaction mixture is diluted with ethyl 
acetate, washed with dilute hydrochloric acid, 
then with sodium bicarbonate solution and 
?nally with water. The ethyl acetate is re 
moved by distillation and the residue crystallized 
from ethylene dichloride, ethanol - petroleum 
ether mixture and ?nally from ethylene dichlo 
ride to obtain the desired ldll-w-l-p-nitrophen 
yl-2-[3’,4'-dichlorobenzamidolpropane - 1,3-di 
01; M. P. 149-51° C. This compound has the 

[dlhb form 

Example 35 

1 g. of succinic anhydride is added to 2.12 g. 
of [dll -¢-1-p-nitrophenyl - 2-aminopropane-1,3 
diol in 20 cc. of water and the mixture heated 
for thirty minutes. The reaction mixture is al 
lowed to stand overnight at 25° C. and the crys 
talline [dll-rp-l-p-nitrophenyl - 2-?-carboxypro 
pionamidopropane-1,3-diol [.M. P. 178-9° vC.] 
collected. This product which has the formula, 

[d1] 10 form 

NOT 

Nor 
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may be puri?ed if desired by recrystallization 
from water. . 

This compound may also be prepared by dis 
solving 2.12 g. of‘ [dIl-w-l - p-nitrophenyl-2 
aminopropane-l,3-diol in a mixture consisting 
of 3 cc. of pyridine per gram and 0.4 g. per gram 
of succinic anhydride. The mixture is allowed 
to stand overnight, the solution, diluted with 10 
volumes of 1 N hydrochloric acid and the pre 
cipitated product collected and puri?ed byv re 
crystallization from water. 

Example 36 
0.08 g. of sodium dissolved in methyl alcohol 

is added to a mixture consisting of 1 g. of [ll-‘0 
l-p-nitrophenyl - 2-aminopropane-L3-diol and 5 
g. of methyl benzoate in 20 cc. of methanol and 
the mixture heated ‘on a steam bath for twenty 
minutes. The solution is diluted with 3 volumes 
of 1 N hydrochloric acid and the oily precipitate 
which solidi?es collected and puri?ed by recrys 
tallization from ethyl acetate. The product thus 
obtained is [l]-¢-1-p-nitrophenyl-2-benzamido 
propane-1,3-diol which has the formula, 

0H NHJLO 
(BH- H-CHaOH N0 

[ll-vp form 

and melts at 167‘-9° 0. 

Example 37 
2.2 g. of [l] - \b - 1-o-methyl-p-nitrophenyl-2 

aminopropane-L3-diol is mixed with 1.75 g. of 
methyl dichloroacetate and the mixture heated 
at 100° C. for one and a half hours. The reac 
tion mixture is cooled, extracted with two 25 cc. 
portions of petroleum ether and the residue 
which fails to dissolve collected. The residue 
which consists of [l]-1p-1-o-methyl-p-nitrophen 
yl - 2 - dichloroacetamidopropane - 1,3 - diol is 

washed with two additional 10 cc. portions of 
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petroleum ether and puri?ed by recrystallization - 
from ethylene dichloride. Its formula is: 

[11-11 form 

By similar treatment of the free base of [d]— 
rp-l-o-methyl-p-nitrophenyl - 2 - aminopropane 

1,3-diol with methyl dichloroacetate, one obtains 
[d]-¢-1-o-methyl-p-nitrophenyl - 2 - dichloroac 
etamidopropane-1,3-diol. _ 

Example 38 
1.2 g. of the free base of [d] -reg.-1-o-methyl 

p-nitrophenyl-Z-aminopropane-1,3-diol is heat 
ed at 100° C. for one and a half hours with 1.3 
g. of methyl dichloroacetate. The residue'is ex 
tracted twice with a small amount of petroleum 
ether, the extracts ‘discarded and the residue 
consisting of [d]-reg.-l-o-methyl-p-nitrophen 
yl-2 - dichloroacetamidopropane - 1,3 - diol col 

iected. The product is washed with petroleum 
ether and puri?ed by recrystallization from eth 
ylene dichloride. It has the formula: 

NOQL‘llI-JJH-JIEOH Ha 
[dl-tél. form 

45 

' residue washed well with petroleum ether. 
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By treating the free base of [l]-reg.-1-o-meth 

yl-p-nitrophenyl-2-aminopropane in a similar 
manner one obtains [1]-reg.-1-o-methyl-p-ni 
trophenyl-2-dichloroacetamidopropane - 1,3-diol. 

Example 39 

A mixture consistingof 1.2 g. of [dl]-¢-1-m-' 
methoxy-p-nitrophenyl - 2 - aminopropane-1,3 

diol and 1 g. of methyl dichloroacetate is heated 
at 100° C. for one hour and a half. The residue 
is cooled, extracted with two 25 cc. portions of 
petroleum ether and the material which fails to 
dissolve collected. This crystalline material 
which consists of [dll-rb-l-m-methoxy-p-nitro 
phenyl-2-dichloroacetamidopropane - 1,3-diol of 
formula, 

NOQéH-JlH-CHMH on, 
[dlI-lll form 

is washed with two 10 cc. portions of petroleum 
ether, dried and then puri?ed by recrystalliza 
tion from ethylene dichloride. 

Example 40 

0.75 g. of the [l]-ip-l-m-methoxy-p-nitrophen 
yl-2-aminopropane-1,3-diol is converted to the 
corresponding 2-dichloroacetamido derivative ofv 
formula, 

by heating with 0.6 g. of methyl dichloroacetate 
at 100° C. for one and a half hours followed by 
leaching the impurities out of the residual prod 
uct with petroleum ether. The insoluble prod 
uct can then be puri?ed further, if desired, by 
recrystallization from ethylene dichloride. 

Eaiample 41 
A mixture consisting of 4 g. of [dl]-reg.-1=m— 

methoxy-p-nitrophenyl - 2 - aminopropane - 1,3 

diol and 3.3 g. of methyl dichloroacetate is heated 
at 100° C. for about two hours, cooled and the 

The 
undissolved residue which consists of [dl]-reg.-1 
m - methoxy-p-nitrophenyl-2-dichloroacetamid 

0propane-1,3-di0l of formula, 

NOQJJH-élH-CILOH CH: . 

[dIJ-reg. form 

is collected and puri?ed by recrystallization from 
ethylene dichloride. 

Example 42 
4 g. of [d1]-reg.-1-[2'-nitro-4',5’-dimethyl 

phenyl]-2-aminopropane-1,3-diol is heated at 
100° C. for one and a half hours with 3.2 g. of 
methyl dichloroacetate. The residue is cooled, 
washed with several portions of petroleum ether 
and puri?ed by recrystallization from ethylene di 
chloride. The product thus obtained is [dB-reg. 
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1-[2' - nitro - 455' - dimethylphenyll -2-dichloro 
acetamidopropane-1,3-diol of formula, . 

O 
O m 0H NH-lL-CHCI: 

oHrQdH-tn-c'mon 
N0: ' 

[dl] -reg. form 

Example 43 
A mixture consisting of 2 g. of [dl] -ip-2-amino 

3-p-nitrophenylbutane-1,3-diol and 1.7 g. of 
methyl dichloroacetate is heated at 100° C. for 
about two hours and the reaction mixture cooled. 
The solid product is extracted with petroleum 
ether and the material which fails to dissolve 
collected. This insoluble product consists of [dil 
gb-2-dichloroacetamido-3-p - nitrophenylbutane 
1,3-diol. This compound, whose formula isI 

N0 JJ-éH-CILOH 0. H: 
[dll-xl/ form: 

can be puri?ed by recrystallization from ethylene 
dichloride. 

Example 44 

About 4 g. of unresolved 1- [2'-chloro-5'-nitro 
phenyl] -2-aminopropane-1,3-diol is heated with 
4.5 g. of methyl dichloroacetate at 100° C. for 
two hours. The reaction mixture is cooled, 
treated with 75 cc. of petroleum ether and the 
insoluble product collected. The crude 1-[2' 
chloro - 5' - nitrophenyl] - 2 - dichloroacetamido 

propane-1,3-diol is washed with several more por 
tions of petroleum ether and puri?ed further, if 
desired, by recrystallization from ethylene di 
chloride. The formula of this product is: 

NO, 
0 . 

OH NH-ik-CH C13 

Glance... 
4.. 

Unresolved 

Example 45 

.054 g. of sodium methoxide is added to an ab 

10 

15 

20 

18 - 

diol, 50 "cc. of ethyl acetate, 50 cc. of water and 5 
g. of calcium carbonate. During the addition 
the mixture is maintained at about 0° C. The re 
action mixture is stirred for one hour, the lay 
ers separated and the ethyl acetate phase ?ltered 
from the excess calcium carbonate. The ethyl 
acetate solution is evaporated to dryness and 
the residue recrystallized from ethylene dichlo 
ride to obtain the desired [dll-w-l-p-nitrophenyl 
2-phenylacetamidopropane-1,3-dlol. This prod 
uct is identical with that obtained by the proc 
ess described in Example 45. 

Example 47 
110 cc. of 0.1 N sodium hydroxide solution'is 

added to a solution of 2.83 g. of [dl]-¢-1-p-nitro 
phenyl — 2-phenylacetamido-1,3-diphenylacetoxy 
propane in 100 cc. of acetone and the resulting 
mixture allowed to stand at room temperature for 
two hours. The reaction mixture is neutralized 
with dilute hydrochloric acid and the acetone 
evaporated in vacuo. Crystallization of the pre 
cipitated solid from ethylene dichloride yields the 

' desired [dl] - 1p - 1ep-nitrophenyl-2-phenylaceta 
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solute alcohol solution containing 2.12 g. of [dll- _ 
ap-1-p-nitrophenyl-2-aminopropane-1,3-diol and 
2.05 g. of ethyl phenylacetate and the mixture 
heated under re?ux for one-half hour. The solu 
tion is neutralized by the addition of 1 cc. of 1 
N hydrochloric acid and the methanol evapo 
rated. The residue is taken up in ethylene di 
chloride, ?ltered to remove the sodium chloride 
and the ?ltrate concentrated to the point of crys 
tallization. The [d1]ape1-p-nitrophenyl-2-phen 
ylacetamidopropane-1,3-diol which separates on 
cooling is collected and dried. This product has 
the formula, _ 

0 

N'H—PJ—-CHI—<:> on 
NO CH- H-—CHIOH 

[dll-vl/ form 

Example 46 
1.7 g. of phenylacetyl chloride is added with 

stirring to a mixture consisting of 2.12 g. of 
[dll-ib-l-p-nitrophenyl - 2 - aminopropane - 1,3 
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midopropane-1,3-diol. This product has the for 
mula given in Example 45 and is identical with 
the product obtained in Examples 45 and 46. 

_ _ Example 48 

.054 g. of sodium methoxide is added to a solu 
tion consisting of 2.26 g. of ldll-ip-l-[m-methyl 
p - nitrophenyll - 2 - aminopropane-1,3-diol and 

2.05 g. of ethyl p-methylbenzoate in 50 cc. of 
methanol and the resulting mixture heated under 
re?ux for one-half hour. 1 cc. of 1 N hydrochloric 
acid is added and the reaction mixture evapo 
rated to dryness in vacuo. The residue is crys 
tallized from dilute methanol and then from eth 
ylene dichloride to yield the‘ pure [dll-ip-l-[m 
methyl - p-nitrophenyl] -2-p' - methylbenzamido 
propane-1,3-diol which has the formula 

NO 

[dll-W form 

Example 49 

Alsolution of 2.9 g. of the tri-p-methylbenzoate 
of [d1]111-1-[m-methyl-p-nitrophenyl]-2-amino 
propane-1,3-diol in 110 cc. of acetone is diluted 
with 110 cc. of 0.1 N sodium hydroxide solution 
and the mixture allowed to stand at room tem 
perature for three hours. The excess alkali is 
neutralized with dilute hydrochloric acid and the 
acetone evaporated in vacuo. The residue is col 
lected and puri?ed by recrystallization from eth 
ylene dichloride to obtain the desired [dIl-lll-l 
[m-methyl-p -nitrophcnyl] -2-p'-methylbenzarni 
dopropane-1,3-diol. This product is identical 
with the product obtained in Example 48. 

Example 50 

A mixture consisting of 5.57 g. of the tribenzo 
ate of [d1]-reg.-1-[m-methoxy-p-nitrophenyl] 
2-aminopropane-1,3-diol, 220 cc. of 0.1 N sodium 
hydroxide solution and 200 cc. of acetone is al 
lowed to stand at 50° C. for one hour. The ex 
cess alkali is neutralized with dilute hydrochloric 
acid, the acetone evaporated and the crystalline 
product collected and recrystallized from ethyl 
acetate. The product thus obtained is [?ll-reg. 
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1- [m-methcxy-p-nitrophenyll-2 -b enzamidopro 
pane-1,3-diol which has the formula 

.. 

NOPQJJH— n-onlon 
. on‘ I , ‘ - 

[dlI-reg. form 

" ‘Example 51 

2.42 g. of [d1] -reg.-l-[m-methoxy-p-nitro 
phenyll-2-aminopropane-1,3-diol is shaken with 
50 cc. of 0.33 N sodium hydroxide solution and 1.7 
g. of p-methylbenzoyl chloride added ~in small 
portions with shaking. After the odor of the ben 
zoyl chloride has disappeared the product is col 
lected and recrystallized from ethyl acetate. This 
compound is [dll-reg.-1-[m-methoxy-p-nitro 
phenyl]-2-p'-methylbenzamidopropane-1,3 - diol 
of formula 

0 . 

NH-EOCH; on 

rem-9111a :a-omon 
CH; 

[61] -reg. form 

Example 52 

A solution of 2.42 g. of [dl]'-reg.-1-[m-meth 
oxy - p-nitrophenyl]-2-aminopropane-1,3-diol in 
250 cc. of dry ethyl acetate is treated at 0° C. with 
1.4 g. of p-methylbenzoyl chloride. After stand 
ing for about one hour. the solution is extracted 
with two 50 cc. portions of water and the ethyl 
acetate concentrated to a volume of 20 cc. where 
upon the desired [d1]-reg.-1-[m-methoxy-p-ni 
trophenyl] _ >2-p'-methylbenzamidopropane-1,3 
'diol crystallizes from the cooled solution. This 
product is identical with that obtained by the 
method of Example 51. 

Example 53 

.054 g. of sodium methoxide is added to a solu 
tion consisting of 2.12 g. of [dl] -1,b-1-p-nitrophen 
yl-2-aminopropane-1,3-diol and 2 g. of ethyl lac 
tate in 50 cc. of dry methanol. The mixture is 
re?uxed for one-half hour, 1 cc. of 1 N hydro 
chloric acid added and the methanol removed by 
distillation. The residue is taken up in hot ethyl 
acetate, the extract ?ltered to remove the sodium 
chloride and the ?ltrate chilled. The crystalline 
product is collected and dried. The product thus 
obtained is [d1]-\//-1-p-nitrophenyl-2-lactamido 
propane-1,3-diol which has the formula 

NorOtn-tH-omon 
[an-1p form 

Example 54‘ 
A solution consisting of 2.12 g. of [dll-¢-1-p 

nitrophenyl-2-aminopropane - 1,3 - diol, 1.5 g. of 
ethyl cyanoacetate, .054 g. of sodium methoxide 
and 50 cc. of dry methanol is'heated under re 
?ux for one-half hour. 1 cc. of 1 N hydrochloric 
acid is added, the methanol evaporated and the 
residue diluted with 25 cc. of .1 N hydrochloric 
acid. The oily layer is separatedand induced to 
crystallize from ethylene dichloride to obtain the 

10 

20 
desired [d1] - w.-1-p-nitrophenyl-2-cyanacetami 
dopropane-1,3-diol of formula 

0 

on NH-E-CHgON 

- NoOén-dn-cmon 
[dlI-s) form 
Example 55 

1.48 g. of phthalic anhydride is added to a solu 
. tion consisting of 2.26 g. of [d1] -¢-3-p-nitrophen 
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yl-2-aminobutane-L3-diol in 10 cc. of dry pyri 
dine and the resulting solution heated for one 
hour on a steam bath. The solution is cooled. 
diluted with 10 volumes of 0.1 N hydrochloric acid 
and the precipitated product collected. The pre 
cipitate which consists of the desired [dl] ~1p-3-p 
nitrcphenyl-2ephthalamidobutane-1,3-diol is pu 
ri?ed by crystallization from acetone. This prod 
uct has the formula- ' 

' coon 

- Nil-i5 
on L 

NOOd- H-omon 
, tn. 
[an-u form! 
Example 56 

.054 g. of sodium methoxide is added to a solu 
tion consisting of 2.12 g. of [dll-ip-l-p-nitro 
phenyl-2-aminopropane-1,3-diol and 2.5 g. of 
ethyl-??-dimethylacrylate in 50 cc. of dry meth 
anol and the mixture warmed for one-half hour. 
The alkali is neutralized with 1 cc. of- 1 N hydro 
chloric acid and the methanol evaporated. The 
residue which consists of sodium chloride and 
the desired product is extracted with ethylene di 
chloride, the extracts ?ltered and the desired 
compound crystallized from the ?ltrates. Re 
crystallization from water yields the pure [d1] 4/ 
1-p-nitrophenyl-2-p,p - dimethylacrylamidopro 
pane-1,3-diol of formula, _ 

’ [di'l-rp form 

Example 57 
2.32 g. of [l] -menthoxyacetyl chloride is added 

to a solution of 2.12 g. of [d] -1//-1-p-nitrophenyl 
2-aminopropane-1,3-diol in 150 cc. of ethyl ace 
tate at 0° C. and the solution allowed to warm 
with stirring. After one hour the solution is ex 
tracted with two 50 cc. portions of water and the 
ethyl acetate layer separated and dried. The 
ethyl acetate is removed by distillation and the 
residue crystallized from ethylene dichloride. 
The product thus obtained is the N-[ll -menthoxy 
acetyl derivative of [d] -1p-1-p-nitrophenyl-2 
aminopropane-L3-diol; M. P. I'll-2° C. This 
compound has the formula, 

CHCH: 

E C | OH; 

on In.— —CH|0— Ho Hg 
Nor-O-cn- n-cmon é HIGH!!! 

[dll-w form 

Example 58 

‘2.32 g. of [1] -menthoxy acetyl chloride is added 
to a solution of 2.12 g. of [ll-w-l-p-nitrophenyl 
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2-aminopropane-1,3-diol in 150 cc. of dry ethyl 
acetate at 0° C. After one hour the solution is 
extracted with two 50 cc.'portions of water and 
the ethyl acetate layers separated and dried. The 
ethyl acetate is removed by distillation until a. 
volume of 20 cc. is reached. The residue is cooled 
and the crystalline N-[ll -menthoxy acetyl deriv 
ative of [llap-1-p-nitrophenyl-2-aminopropane 
1,3-diol which separates from the solution col 
lected and dried; MLP. about 160° C. This prod 
uct is the optical antlpode of the compound of 
Example 57. 

Example 59 

1.7 g. of benzoyl chloride is added in small por 
tions to a well-shaken suspension of 2.4 g. of[dl] 
reg.-1-[2'-nitro-4',5’-dimethylphenyl] - 2 - ami 

nopropane- 1,3-diol in 50 cc. of .33 N sodium hy 
droxide solution. After the mixture has been 
allowed to stand for one hour the precipitate is 
collected and washed with 30 cc. of 0.1 N hydro 
chloric acid. The product thus obtained is [d1] 

til 

10 

reg.-1- [2'-nitro-4',5'_-dimethylphenyll-2- benza- ' 
midopropane-1,3-diol of formula, 

on, 0H. CH 611- H-CHgOH 

N01 
[dB-reg. form 

and can be puri?ed by recrystallization from 
ethyl acetate. 

Example 60 

1.4 g. of benzoyl chloride is added to a solution 
of 2.4 g. of [dl]-reg.-l-[2'-nitro-4',5'-dimethyl 
phenyl]-2-aminopropane-1,3-diol in 150 cc. of 
dry ethyl acetate at 0° C. and the mixture stirred 
for one hour. The solution is washed with water, 
then with sodium bicarbonate solution and ?nally 
with water again. The ethyl acetate extract is 
dried, concentrated to a volume of 15 cc. and 
cooled. The product thus obtained is [dl]-reg. 
1-[2'-nitro-4',5'-dimethylphenyl] - 2 - benzami 

dopropane-1,3-diol. This compound is identical 
with the product of Example 59. 

Example 61 

A solution consisting of 3.86 g. of the triacetate 
of [dl] -reg.-3- [2'-chloro-5'-nitrophenyl] -2-ami 
nobutane-1,3-di0l in 250 cc. of acetone is diluted 
with 220 cc. of 0.1 N sodium hydroxide solution. 
The mixture is allowed to stand for one hour at 
0° C., the alkali neutralized with dilute hydro 
chloric acid and the acetone evaporated in vacuo. 
The precipitate is collected from the aqueous 
residue and recrystallized from ethyl acetate. 
This compound is [d1]-reg.-3-[2'-chloro-5'-ni 
trophenyl]-2-acetamidobutane-1,3-diol of form 
ula, 

[dll-reg. form 

Example 62 

1 g. of acetic anhydride is added slowly to a 
solution of 2.6 g. ofidl]-reg.-3-[2’-chloro-5'-ni 
trophenyll-2-aminobutane-1,3-diol in 5% sodi 
um acetate solution at 10° C. After the odor of 
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anhydride has disappeared the solution is ex. 
tracted with 4 volumes of ethyl acetate and the 
combined extracts washed with dilute hydrochlo 
ric acid and then with water. The ethyl acetate 
extract is dried and the ethyl acetate evaporated 
to a small volume and the product allowed to 
crystallize. This compound is [dll-reg.-3-[2' 
chloro-5'-nitrophenyl]-2-acetamidobutane - 1,3-_ 
diol. It'is identical with the product prepared I 
by the method described in Example 61. 

Example 63 

1.5 g. of [d1]-¢-1-p-nitrophenyl-2-aminopro 
pane-1,3-diol in 30 cc. of ethyl acetate is treated 
with 1 cc. of 'pure furoyl chloride at 0° C. After 
one-half hour water is added, the ethyl acetate 
layer' separated, washed with dilute acid, then 
with sodium bicarbonate solution and ?nally with 
water. The ethyl acetate is removed by distilla 
tion in vacuo and the residue crystallized from 
water to obtain the desired [dll-ip-l-p-nitro 
phenyl-2-furamidopropane-1,3-diol; M. P. 136° 
C. This product has the formula, 

, Z. 
[dlhb form 

Example 64 

1 g. of [l]-\//-1-p-nitrophenyl-2-aminopropane 
. 1,3-diol is heated under re?ux for one hour with 

3.5 cc. of methyldibromoacetate and 5 cc. of ab 
solute ethanol. The reaction mixture is evapo 
rated to dryness in vacuo, the residue dissolved in 
ethyl acetate, the ethyl acetate extract washed 
with dilute hydrochloric acid, then with sodium 
bicarbonate solution and ?nally with water. The 
extract is dried, the ethyl acetate distilled and the 
residue recrystallized from acetone-petroleum 
ether mixture. Final puri?cation is accom 
plished by recrystallization from ethylene di 
chloride. The product thus obtained is [11-50-1 
p-nitrophenyl- 2 -dibromoacetamidopropane-1,3 
diol of formula, 

0 

“Gt 
[ll-cl: form 

Example 65 

0.6 g. of methoxyacetyl chloride is added to a 
solution of 2.12 g. of ldll-ip-l-p-nitrophenyl-2 
aminopropane-1,3-diol in 25 cc. of ethyl acetate 
at 0° C. After thirty minutes the reaction mix— 
ture is washed with 5 cc. of water, 5 cc. of satu 
rated sodium bicarbonate solution and then with 
a. fresh portion of water. The ethyl acetate layer 
is dried, concentrated to a volume of about 4 cc. 
and diluted with petroleum ether until the solu 
tion becomes cloudy. The solution is allowed to 
stand in the refrigerator and the crystalline [d1] 
5t-1-p-nitrophenyl-2-methoxyacetamidopropane 
1,3-diol collected. This product has the for 
mula, 

O 

H NH-é-CHBH 
H- AIR-CH: OH 

0 
I OH NH-d-CH,0 CH1 

NoOdH-dH-cmon 
[dlhl/ form 
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Example 66 

A mixture consisting of 2.12 g. of [1]“lI/‘1'P‘Ili 
trophenyl-Z-aminopropane-1,3-diol, 1 cc. of a 
5% solution of sodium methoxide in methanol 
and 2 g. of methyl nicotinate in 30 cc. of metha 
nol is re?uxed for one hour. The alkali is neu 
tralized with 1 cc. of 1 N hydrochloric acid, the 
methanol evaporated and the residue crystallized 
from hot water. The product thus obtained is 
[l] -¢-1-p-nitrophenyl - 2 - nicotinamidopropane 

1.3-diol of formula, - 

0.8 cc. of acetyllactoyl chloride is added to 2.12 
g. of [d1]-¢-1-p-nitrophenyl-2-aminopropane 
1,3-diol in 25 cc. of dry ethyl acetate at 10° C.‘ 
The reaction mixture is allowed to stand for one 
hour, washed with water, then with saturated 
sodium bicarbonate solution and ?nally with wa 
ter. The ethyl acetate solution is dried and the 
ethyl acetate evaporated. Crystallization of the 
residue from ethyl acetate-petroleum ether mix 
ture yields the desired [dll-gll-l-p-nitrophenyl 
2-acetyllactamidopropane-1,3-diol which has the 
formula, 

The above sixty-seven examples are illustrative 
of many of the new chemical compounds of this 
invention. One of the most important is the 
compound, [1] - ,0 -1-p-nitrophenyl - 2 - dichloro 
acetamidopropane-1,3-diol, disclosed in Example 
1, which has been given the name, chlorampheni~ 
col. It is a particularly valuable antibiotic ‘which 
may also be prepared by microbiologicalmethods 
as described in the copending application of Bartz 
Serial No. 15,265, ?led March 16, 1948. Chlor 
amphenicol has the formula, 

0 

it OH NH- —CHClz 
l NOGCHAEH-Cih?i 

[114p form 

C'hloramphenieol 
Chloramphenicol, whether produced by chem 

ical synthesis or microbiological methods has the 
following characteristic properties. It has the 
empirical formula C11H12O5N2Clz and a molecular 
weight of 323.1. It contains, by analysis, 41.0% 
carbon, 3.74% hydrogen, 8.64% nitrogen and 

Its optical rotation, /¢Z/D25, is 
—25.5° in ethyl acetate and +18“ in ethanol. It 
is a solid and is obtained as colorless needles or 
elongated plates metling at 150-151° C. (uncor 
rected). The compound is further characterized 
by the fact that it exhibits a Amax. at 278m» and 
a E111 cm. of 312 (0.1 NHCl) on ultra violet adsorp 
tion spectrum analysis. It is soluble in distilled 
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water at room temperature to the extent of about 
2.5 mg./cc. It is relatively insoluble in cold 5% 
sodium bicarbonate but dissolves slowly in 5% 
sodium hydroxide. It can be recrystallized from 
water or from organic solvents or solvent mix 
tures such as methylene dichloride, ethylene di 
chloride and ether-petroleum ether mixture. It 
‘is soluble in a wide variety of organic solvents 
and may be extracted from aqueous solutions by 
many of the more water-immiscible organic sol 
vents. For example, it is soluble in and may be 
extractedfrom aqueous, solutions with cyclohex 
anone, methyl isobutyl ketone, n-butanol, ethyl 
acetate, .nitrobenzene, nitromethane and ether. 
However, this compound is practically insoluble 
in aromatic and aliphatic hydrocarbons such as 
benzene,'toluene, pentane and petroleum ‘ether. 
In contrast to most. of the-known antibiotic 

substances, chloramphenicol possesses a remark 
able degree of stability to heat, acids and alkalis. 
For example, it has been found that it may be 
heated in distilled water at 37° C. for at least a 
month or at 100° C. for about ?ve hours without 
any signi?cant loss of its antibiotic activity. Un 
der similar conditions such well-known antibiotics 
as penicillin, streptothricin and, streptomycin 
are completely inactivated. The compound is 
stable in aqueous solutions within the pH range 
of 0.4 to-about 10 for at least twenty-four hours 
at room temperature. Tests have shown it to be 
much more stable in acidic aqueous solutions 
than streptomycin, one of the most stable of the 
known antibiotics. For example, streptomycin is 
90% inactivated within twenty-four hours by 1 
N- hydrochloric acid at room temperature where 
as this product, under the same conditions, re 
tains its full antibiotic potency. 
Chloramphenicol, (l) -¢-1-p - nitrophenyl-2-di 

chloracetamidopropane-1,3-diol, is "strongly ac 
tive bacteriostatically against gram negative bac 
teria as well as against both the acid fast and 
non-acid fast types of gram positive bacteria. It 
is also e?ective against the micro-organism re 
sponsible for typhus fever, 1. e. Rickettsia pro 
wazeki. Some examples of the gram positive bac 
teria against which it is eifective are: Staphylo 
coccus auTeus, Streptococcus haemolyticus, Bacil 
Zus subtilis and Mycobacterium ‘tuberculosis. 
Among the many gram. negative bacteria against 
which the compound exhibits its ‘bacteriostatic 
action are such bacteria as Escherichia coli, Sal 
monella schottmuelleri, Klebsiella pneumoniae 
and Shigella paradysenteriae (Sonne). In gen 
eral, the bacteriostatic activity of this new anti 
biotic is similar to that of streptomycin but in 
some instances, notably in the case of Shigella 
paradysenteriae, it is much more active than 
streptomycin. It, in general, is more effective 
against gram negative bacteria than \against 
gram positive bacteria. 
The toxicity of chloramphenicol is much less 

than that of such well-known antibiotics as 
tyrothricin, actinomycin, clavacin and the like 

. but about the same as that of streptomycin. 
Chloramphenicol has been found to give thera 

peutic blood levels when administered by either 
the parenteral or oral routes. The fact that it 
exerts its bene?cial e?ect when administered 
orally is surprising in view of the vfact that at 
the present time penicillin is almost the only an 
tibiotic which gives therapeutic blood levels on 
oral administration. Even in this case the de 
struction of the penicillin by the. digestive ?uids 
renders it necessary to administer approximately 
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three to four times the intramuscular quantity of 
penicillin in order to obtain therapeutic blood 
levels. The antibiotics which are most e?ective 
against gram negative bacteria, such as strepto 
mycin, are completely inactive ‘when adminis 
tered orally due to the fact that they are not 
absorbed from the intestinal tract. Thus it will 
be appreciated that chloramphenicol is the ?rst 
antibiotic exhibiting a high degree of activity 
against gram negative bacteria which is thera 
peutically e?'ective upon oral administration. 
The usual oral or parenteral dosage of chloram 
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daily “depending, of course, upon the type and 
extent of the infection. 
In the foregoing examples we have employed a 

certain new class of organic amino diols and their 
polyacylated derivatives as starting materials. 
These starting materials can be prepared in a 
number of different ways. One of the general 
methods which can be used to prepare these 
amino diols and their polyacylated derivatives is 
that represented by the following diagram. 
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where R1, R2 and Ba have the same signi?cance 
as given above. The starting materials used in 
the practice of the invention are marked with an 
asterisk in the phenyl ring. The preparation of 
the unresolved starting materials has not been 
shown on the above diagram but these products 
may be prepared by the indicated processes by 
omitting the steps 01' separating the structural 
and optical isomers. Many of the processes and 
products depicted in the above diagram and 'dis 
closed but not claimed herein are described and 
claimed in our copending applications Serial Nos. 
‘76,172; 76,173; 76,174; 76,175; 76,176; 76,177; 
76,178; and 76,180, all ?led Feb. 12, 1949 on even 
date herewith, as continuations in part of our 
parent application Ser. No. 15.264. 
The following examples serve to illustrate the 

application of this general method to the prepara 
tion of some of the speci?c starting materials used 
in the foregoing examples. 

Example 68 

1.1 g. of sodium is dissolved in 20 cc. of methanol 
and the resulting solution added to a solution of 
5 g. of benzaldehyde and 4.5 g. of B-nitroethanol 
in 20 cc. of methanol. After standing at room 
temperature for a short time the gel which forms 
on the mixing of the reactants changes to a white 
insoluble .powder. The precipitate is collected, 
washed with methanol and ether and then dried. 
The product thus produced is the sodium salt of 
1 - phenyl - 2 - nitropropane-1.3-diol. If desired, 

the free nitrodiol having the formula, 

NO, 

Unresolved 

can be obtained by acidi?cation of the salt. 
20 g. of the sodium salt oi’ 1-phenyl-2-nitro 

propane-1,3-diol [prepared by the above method] 
is dissolved in 200 cc. of glacial acetic acid. 0.75 
g. of palladium oxide hydrogenation catalyst is 
added and the mixture shaken with hydrogen 
under three atmospheres pressure for about 
twelve hours. The catalyst is removed by ?ltra 
tion, the ?ltrate concentrated to about one-tenth 
volume in vacuo and diluted with ?ve volumes of 
water. 
of ethyl acetate or ether and the extract dis 

* carded. The aqueous phase is made alkaline to 
pH 12 with strong sodium hydroxide solution and 
extracted with ?ve 100 cc. portions of ethyl ace 
tate. The combined extracts are dried, the ethyl 
acetate evaporated and the residue recrystallized 
from chloroform. The white crystalline product 
thus obtained is [dl]-reg.-1-phenyl-2-amino 
propane-1,3-diol [M. P. 103-4° C.] of formula, 

OH NH: 

[dll-reg. form 

The chloroform ?ltrate from the crystalliza 
tion of the [d1]-reg.-1-phenyl-2-aminopropane 
1,3-diol is evaporated to dryness and the residue 
heated with an excess of acetic anhydride at 70° 
C. for ?fteen minutes. The reaction mixture is 
evaporated to dryness in vacuo and the residue 
recrystallized from ethanol. This white crystal 
line product which melts at 167-8° C. is [dll-u 
1 - phenyl - 2 - acetamido-3-acetoxypropane-1-ol. 

It can be represented by the following formula, 

The solution is extracted with one volume _ 
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2 g. of [dl]11/-1-phenyl-2-acetamido-3-acetoxy 
propane-l-ol is added to a mixture composed of 
4 cc. of acetic anhydride and 4 cc. of dry pyridine 
and the resulting mixture heated at 100° C. for 
about one-half hour. The reaction mixture is 
evaporated 'in vacuo and the residue recrystallized 
from methanol to obtain the triacetate of [d1] "p 
1-phenyl-2-aminopropane-1,3-diol melting at 79° 
C. Its formula is: 

CH: 

=0 I O 

J) rung-cm o 

C>—éH—-éiH—CH:0-(£~CH: 
[an-u form 

2 g. of the triacetate of [d1] -1[/-1-phenyl-2 
aminopropane-1,3-diol is added in small portions 
to a mixture composed of 2.5 cc. of concentrated 
nitric acid and 2.5 cc. of concentrated sulfuric 
acid. The temperature of thenitrating mixture 
is maintained at about 0° C. and the reaction con 
tinued until solution of the amino diol derivative 
is complete.’ The reaction mixture is poured onto 
250 g. of ice and the resulting solution extracted 
with several portions of ethyl acetate. After 
washing with sodium carbonate solution the ethyl 
acetate is distilled from the combined extracts in 
vacuo and the residual triacetate. of idll-ill-l-p 
nitrophenyl-2-aminopropane-1,3-diol puri?ed by 
recrystallization from ethanol. This product 
which melts at 145° C. has the formula, 

CH8 
=0 0 

t NH-g-om /o 
NOr-O-é —Jm-cmo-o€om 

{an-w form ’ 

-2 g. of the triacetate oi [d1] -¢-1-p-nitrophenyl 
2-aminopropane-1,3-diol is heated with 100 cc. 
of ‘5% hydrochloric acid for two to three hours 
on a steam bath and then the reaction mixture 
evaporated to dryness in vacuo“ The crystalline 
hydrochloride salt of [dll-ip-1-p-nitrophenyl-2 
aminopropane-1,3-diol [M. P. 177.5-8.5° C.] thus 
obtained is taken up in a small amount of water 
and the solution‘made alkaline to pH 9 with so 
dium hydroxide solution. The solution is ex 
tracted with ethyl acetate, the combined extracts 
dried and the ethyl acetate evaporated to obtain 
the desired free base of idll-ip-l-p-nitrophenyl 
2-aminopropane-L3-di'ol; M. P. 140.5° C. The 
formula of this compound is: 

NoOilm-en-cmon 
[dl]-1Il form 

The [d1]-¢-1-p-nitrophenyl-2-aminopropane 
1,3-diol prepared above is dissolved in a small 
amount of water and treated with an aqueous so 
lution containing an equivalent amount of [d] 
tartaric acid. The solution is evaporated to dry 
ness in vacuo and the residue fractionally crystal 
lized from the minimum amount of hot methanol. 
The ?rst isomer to separate from the solution in 
crystalline form is the [dl-tartaric acid salt of 
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[l]-¢-1-p-nitrophenyl-2-aminopropane-1,3 — diol; 
M. P. 198-200° C. [dl-tartaric acid salt of [d] 
w-1-p-nitrophenyl-2-aminopropane-1,3-di01 is re 
covered from the ?ltrates after removal of the 
salt of the [1] -isomer. 
The [dl-tartaric acid salt of ill-ip-l-p-nitro 

phenyl-2-aminopropane-1,3-dio1 obtained above 
is dissolved in water, the solution made alkaline 
to pH 9 with sodium hydroxide solution and ex 
tracted with several portions of ethyl acetate. The 
combined ethyl acetate extracts are dried and the 
ethyl acetate evaporated to obtain the free base 
of [ll-gb-l-p-nitrophenyl - 2 - aminopropane-1,3 

diol [M. P. 157° C.] having the formula, 

OH NH: 
I I \NoOoH-cH-cHmn 

By decomposing the [dl-tartaric acid salt of 
[d]-50-l-p-nitrophenyl-Z-aminopropane - 1,3-diol 
in the same manner as described above for the 
[ll-isomer, one obtains the free base of [d]-¢-1 
p-nitrophenyl-2-aminopropane-1,3-diol. In an 
analogous manner the [dl]-¢-1-p-nitrophenyl-2~ 
aminopropane-1,3-diol may be resolved into its 
isomeric forms via the [dl-camphor sulfonic acid 
salt. This is accomplished by reacting the op 
tically active acid with the racemic base in butanol 
or isopropanol and separating the isomers by re- 5‘ 
crystallization from n-butanol or isopropanol. 
The salt of the [1] isomer which separates from 
the solution ?rst has an M. P. of 172° C. 

3 g. of [d1]-51/-l-p-nitrophenyl-2~aminopro 
pane-1,3-diol is heated with 10 cc. of acetic an— 5 
hydride at 70° C. for ?fteen minutes and then 
the reaction mixture evaporated to dryness in 
vacuo. Recrystallization of the residue from 
ethanol yields the desired [dll-rp-l-p-nitrophen 
yl-2-acetamido-3~acetoxypropane-1-ol of for 
mula, 

in pure form. 
1 g. of [l]-¢-1-p-nitrophenyl-2-aminopropane- ' 

1,3-diol is mixed with 3 cc. of acetic anhydride 
and the mixture heated on a steam bath at 70° C. 
for about ?fteen minutes. The reaction mixture 
is evaporated to dryness in vacuo and the resi 
due recrystallized from methanol to obtain the 
desired [l]-¢'-1-p-nitropheny1 - 2 - acetamido-3 
acetoxypropane-l-ol of formula, 

[11-111 form 

By substituting [d]10-l-p-nitrophenyl-Z-ami 
nopropane-1,3-diol for the [ll-yb-isomer used in 
the above procedure one obtains [dl-ip-l-p-nitro 
phenyl-2-acetamido-3—acetoxypropane-1-ol. 

2 g. of [ll-\p-1-p-nitrophenyl-2-aminopropane 
1,3-diol is added to a mixture composed of 4 cc. 
of acetic anhydride and 4 cc. of dry pyridine and 
the resulting mixture heated at 100° C. for about 
one-half hour. The reaction mixture is evap 
orated to dryness in vacuo and the residue re 
crystallized from methanol to obtain the desired 
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triacetate of [l]11/-1-p-nitrophenyl-2-aminopro 
pane-1,3-dio1. This product has the formula, 

CH3 

(‘1:0 0 
(1) NH t CH 

[11-111 form 

By employing the corresponding [dl-y/ isomer 
in the above procedure one obtains the triacetate 
of [d]-\//-1-p-nitrophenyl-2-aminopropane - 1,3 
diol. 

Example 69 

10 g. of [d1]-reg.-1-phenyl-2-aminopropane 
1,3-diol, prepared as described in Example 68, is 
heated with a mixture consisting of 20 cc. of 
pyridine and 20 cc. of acetic anhydride for one 
half hour at 100° C. The reaction mixture is 
evaporated to dryness in vacuo to obtain the de 
sired triacetate of [d1]-reg.-l-phenyl-2-amino 
propane-1,3-diol. This same compound can also 
be obtained by ?rst diacylating the [dl]-reg.~1 
phenyl-2-aminopropane-l,3-diol on the amino and 
terminal hydroxyl groups with acetic anhydride 
and then subsequently O-acylating the [dl]-reg. 
l-phenyl¢2-acetamido-3-acetoxypropane-1-ol so 
obtained with acetic anhydride and pyridine. 

10 g. of the triacetate of [dl]-reg.-1-'phenyl-2 
aminopropane-L3-diol is added in small portions 
to a mixture composed of 12.5 cc. of concentrated 
nitric acid and 12.5 cc. of concentrated sulfuric 
acid at 0° C. After the addition has been com 
pleted the temperature is maintained at 0° C. 
until solution is complete and then the reaction 
mixture poured onto 1250 g. of ice. The solution 
is extracted with several portions of ethyl acetate, 
the ethyl acetate extracts washed With dilute so 
dium carbonate solution and the ethyl acetate 
removed by distillation in vacuo. The residue 
which consists of the triacetate of [dl]-reg.-1-p 
nitrophenyl-2~aminopropane-1,3-diol is puri?ed 
by recrystallization from ethanol. 

8 g. of the triacetate of [dl]-reg.-1-p-m‘tro 
pheny1-2-amino-propane-1,3-diol is heated with 
400 cc. of 5% hydrochloric acid for about three 
hours and the reaction mixture evaporated to 
dryness in vacuo. The residual [dl]-reg.-1-p 
nitrophenyl-Z-aminopropane-1,3-diol hydrochlo 
ride is taken up in a small amountof water, the 
solution made alkaline topH 9 with sodium hy 
droxide solution and the mixture extracted with 
ethyl acetate. 
and the ethyl acetate removed by distillation in 
vacuo to obtain the desired [dl]-reg.-1-p-nitro 
phenyl-2-aminopropane-L3-diol. 

5 g. of [dl]-reg.-I-p-nitrophenyl-Z-aminopro 
pane-1,3-diol is dissolved in water and treated 
with an equivalent amount of [dl-tartaric acid. 
The reaction mixture is evaporated to dryness 
and the mixture of the [dJ-tartaric acid salts 
of the [d] and [1] forms‘ of reg.-1-p-nitrophenyl 
2-aminopropane-1,3-diol separated by fractional 
crystallization. 
The ldl~tartaric acid salt of [d]-reg.-1-p-ni 

trophenyl-2_aminopropane-1,3-diol is dissolved 
in water, the solution ~made alkaline to pH 9 with 
sodium hydroxide solution and extracted with 
ethyl acetate. The extracts are dried and the 
ethyl acetate distilled to obtain the free base 
of [d] -reg.-1-p-nitrophenyl - 2 - aminopropane— 
1,3-diol. - 

In a similar manner, the free base of [ll-reg. 
1-p-nitrophenyl-2-aminopropane-1,3-dlol may be 

The combined extracts are dried ‘ 
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obtained by decomposing the corresponding [d] 
tartaric acid salt with sodium hydroxide. 

4 g. of [dl]-reg.-1-p-n.itrophenyl-2-aminopro 
pane-1,3-diol is added to 15 cc. of acetic anhy 
dride and the mixture heated at 65-70” C. for 
?fteen minutes. The reaction mixture is evap 
orated to dryness in vacuo and the residue re 
crystallized from ethanol to obtain the desired 
[d1] -reg.-l-p-nitrophenyl - 2 - acetamido-3-ace-' 
toxypropane-l-ol of formula, - 

on NH-g-CH. 0 

In a similar manner by employing the indivi 
dual ,,[d]- and [11 -reg. isomers in the above pro 
cedure one obtains [d]-reg.-1-p-nitrophenyl-2 
acetamido-B-acetoxypropane-1-ol and [ll-reg. 
1-p-nitrophenyl-2 - acetamido - 3 - acetoxypro 
pane-l-ol, respectively. 
' 2 g. of [d]-reg.-1-p-nitrophenyl-2-aminopro 
pane-1,3-dio1 is added to a mixture composed of 
.4 cc. of acetic anhydride and 4 cc. pyridine and 
the resulting mixture heated at 100° C. for about 
one-half hour. The reaction mixture is evapo 
rated to dryness in vacuo and the residue re 
crystallized from ethanol to obtain the desired 
triacetate of [d]-reg.-1-p-nitrophenyl-2-amino 
propane-1,3-diol of formula, 

CH: 

A) V NH-é-CH: O 
éH-(BZEL-CHzOC-CH; 
[dJ-reg. 

Use of the [ll-reg. isomer in the foregoing pro 
cedure results in the production of the triacetate 
of [l]-reg.-1-p-nitrophenyl-2-aminopropane-1,3 
diol. 

NO 

Example 70 
1.7 g. of [d1]-reg.-1-phenyl-2-aminopropane 

1,3-diol is treated with 1.6 g. of methyl dichloro 
acetate and the mixture heated at 100° C. for 
one and a quarter hours. The residue is washed 
with two 20 cc. portions of petroleum ether and 
the insoluble product collected. Recrystallization 
from ethyl acetate yields the desired [dll-reg-l 
phenyl-2-dichloroacetamidopropane -‘ 1,3-diol in 
pure form; M. P. 154-6° C. This product has 
the formula: 

0 

[dll-reg. form 

500 mg. of [d1]-reg.-1-phenyl-2-dichloroace 
tamidopropane-1,3-diol is added to a solution 
consisting of 1 cc. of pyridine ,and 1 cc. of acetic 
anhydride and the resulting ‘reaction mixture 
heated at 100° C. for one-half‘hour. The re 
action mixture is evaporated to dryness under 
reduced pressure and the residue taken up in 
and crystallized from methanol. Recrystalliza 
tion from methanol produces the pure diacetate 
of [dl]-reg.-l-phenyl - 2 - dichloroacetamidoprog 
pane-1,3-cliol [M. P. 94° 0.] having the formula. 

‘ on. 

NIL-Qi-CHC], o a; 
OalMmMz... 

[dll-reg. form 
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200 mg. of the diacetate of [dll -reg.-1-phenyl 

2-dichloro-acetamidopropane-1,3-diol is added to 
a mixture consisting of 0.25 cc. of concentrated 
nitric acid and 0.25 cc. of concentrated sulfuric 
acid at 0° C. The reaction mixture is stirred 
until solution is complete, poured onto 25 g. of 
ice and the mixture extracted with ethyl ace 
tate. The ethyl acetate extracts are evaporated 
under reduced pressure and the diacetate of [d1] 
reg.-1-p-nitrophenyl - 2 - dichloroacetamidopro~ 
pane-1,3-diol so produced puri?ed by recrystalli 
zation from ethanol; M. P. 134° C. This com 
pound has the following formula, 

0.11 
—O 0 

NH-EF-CH Cl: 0 A; 
noOtn-_tn—cmo-cfom 

[dl]-reg. form 
Example 71 

2.2 g. of sodium dissolved in 40 cc. of methanol 
is added to a solution of 12 g. of o-methyl benz 
aldehyde and 9 g. of p-nitroethanol in 40 cc. of 
methanol. The reaction mixture is allowed to 
stand at room temperature for a short time and 
then the white insoluble sodium salt of 1-o 
methylphenyl -2- nitropropane-1,3-diol removed 
by ?ltration, washed with ether and dried. Acidi 
?cation of this sodium salt produces the corre 
sponding free nitro compound, I-o-methyl 
phenyl-2-nitroprcpane-1,3-diol, which has the 
formula, 

OH NO; 

Unresolved 

18 g. of the sodium salt of l-o-methylphenyl 
2-nitropropane-1,3-diol is dissolved in 1'75 cc. of 
glacial acetic acid, 0.75 g. of palladium oxide 
hydrogenation catalyst added and the mixture 
hydrogenated under three atmospheres pressure 
of hydrogen for about twelve hours. The cata 
lyst is removed by ?ltration, the ?ltrate concen 
trated to a small volume in vacuo and then the 
residue diluted with ?ve volumes of water. The 
solution is extracted with one volume of ethyl 
acetate or other and the extract discarded. The 
aqueous phase is made alkaline to pH 12 with 
strong sodium hydroxide solution and extracted 
with ?ve volumes of ethyl acetate. The ethyl 
acetate extracts are combined, dried and the ethyl 
acetate evaporated in vacuo. The residue which 
consists of a mixture of the [dll-reg. and [d1] 
gll-1-o-methylphenyl-2-aminopropane-1,3-diol is 
taken up in and crystallized from chloroform to 
obtain the [dl]-reg.-1-o-methylphenyl-2-amino 
propane-1,3-diol in crystalline form. Its formula 
is L. 

[dl]-reg. form 

The chloroform filtrate from which the [dll 
reg.-1-o-methylphenyl -2- aminopropane-1,3-diol 
has been removed is evaporated in vacuo to obtain 
the crude [dll-¢-l-o-methylphenyl~2-aminopro 
pane-1,3-diol. If desired, the crude [dll-v/ prod 
uct can be converted directly to the triacetate by 
treatment with acetic anhydride and pyridine 
but we have found it preferable to purify this 



2,488,885 
33 

product through an acyl derivative such as the 
N-mono acetate or the N, 3-O-diacetate before 
proceeding further in the synthesis of our new 
antibiotics. This puri?cation may be carried out 
as follows: 

1. The crude [dll-1l1-1- o - methylphenyl -2 
aminopropane-1,3-diol is treated with an excess 
of acetyl chloride at about room temperature 
in a solvent of dry benzene. When a considerable 
amount of the hydrochloride salt of [dl]-¢-1-o 
methylphenyl-2-aminopropane-1,3-diol has sep 
arated from the solution the reaction is stopped 
by the' addition of 300 cc. of Water. After thor 
ough mixing the aqueous solution is removed and 
saved for recovery of the unacetylated amino 
diol. The benzene solution is Washed with dilute 
sodium bicarbonate solution and then dried. The 
benzene is removed by distillation in vacuo and 
the crude [dl] -\l/- 1-o-methylphenyl-2-acetamido 
propane-1,3-diol taken up in alcohol and puri 
fled by recrystallization from alcohol. The for 
mula of this product is: ‘ 

[dH-w form 
2. An alternative method for purifying the 

crude [dll-xp-amino diol is as follows: 
The crude [d1]-‘p-1-o-methylphenyl-2-amino-I 

propane-1,3-diol is heated with an excess of 
acetic anhydride at about '70 to 80° C. for ?fteen 
minutes and then the reaction mixture evapo- " 
rated in vacuo. The residue which consists of 
[dll-ip-l-o-methylphenyl - 2 - acetamido-3-acet 

oxypropane-l-ol has the formula: 

[dl]-¢ form 
and is puri?ed by recrystallization from ethanol. 

5 g. of either [dll~11-l-o-methylphenyl-Z-acet 
amidopropane-1,3-diol or [dl]-¢-1- 0 -methyl- 
phenyl-Z-acetamido - 3 - acetoxypropane-l-ol is 

added to a mixture consisting of 10 cc. of acetic ' 
anhydride and 10 cc. of pyridine and the result 
ing' mixture heated at 100° C. for about one-half 
hour. The reaction mixture is concentrated to 
dryness in vacuo and the residual triacetate of 
[dll-ip-l-o-methylphenyl - 2 - aminopropane-1,3 

diol recrystallized from methanol. The formula 
of this product is: 

CH; 

i=0 (n) 
o NH-G-CH; 0 
l | % Ocrncn-omo-m-om 

I 
CH1 

[dll-l/l form 
6 g". of the triacetate of [dll-ip-l-o-methyl 

phenyl-Z-aminopropane-1,3-diol is added in 
small portions to a nitrating mixture composed 
of 7.5 cc. of concentrated nitric and 7.5 cc. of 
concentrated sulfuric acid while keeping the tem 
perature at about 0° C. The reaction mixture is 
stirred until solution is complete and then poured 
onto 750 g. of ice. The solution is extracted with 
several portions of ethyl acetate, the extracts 

10 

30 

40 

60 

‘34 
washed with sodium carbonate solution and the 
ethyl acetate distilled. The residue which con 
sists principally of the triacetate of [dll-xp-l-o 
methyl-p-nitrophenyl - 2 -aminopropane-1,3-diol 
of formula, 

H, 

:0 (I? 

can be puri?ed by recrystallization from ethanol. 
5 g. of the triacetate’of [dll~=p-1-o-methyl-p 

nitrophenyl-Z-aminopropane-1,3-diol is heated 
with 250 cc. of 5% hydrochloric acid for about 
three hours and then the reaction mixture evapo 
rated to dryness in vacuo. The residue which 
consists of [d1]-¢/-1-o~methyl-p-nitrophenyl-2 
aminopropane-L3-diol hydrochloride is taken up 
in water, the solution made alkaline to pH 9 with 
sodium hydroxide and then extracted with sev 
eral portions of ethyl acetate. The ethyl ace 
tate extracts are dried and the ethyl acetate dis 
tilled to obtain the free base of idll-ib-l-o-meth 
yl-p-nitrophenyl-2-aminopropane-1,3-diol which 
has the formula, 

NoQcHJm-cmoH . Ha 

4 g. ' of [d1] -¢-l-o-methyl-p-nitrophenyl - 2 - 
'aminopr0pane-1,3-dio1 is dissolved in a small 
amount of water and added to an aqueous solu 
tion containing an equivalent amount of [d] 
tartaric acid. The solution is evaporated to dry 
ness in vacuo and the residue fractionally crys 
tallized from hot methanol. The ?rst isomer to 
separate from the solution is the [dl-tartaric 
acid salt of [l]~311-1-o-methyl-p-nitrophenyl-2 
aminopropane-1,3-diol. After removal of the 
[dl-acid salt of the [ll-isomer the corresponding 
[dl-acid salt of the [d] -isomeric diol is recovered 
from the combined ?ltrates. 
The [dl-tartaric acid salt of [ll-ip-l-o-meth 

yl-p-nitrophenyl - 2 - aminopropane-1,3-diol ob 
tained above is dissolved in water and the solu 
tion made alkaline to pH 9 with sodium hydrox 
ide. The solution is extracted with ethyl ace 
tate, the extracts dried and the ethyl acetate 
evaporated to obtain the free base of [1]‘![1-1-0" 
methyl - p-m'trophenyl-Z-aminopropane-1,3-diol. 
This compound has the formula: 

' I 

noQcn-drncmon Ha 

[(111-11/ form 
By neutralization of the [dl-tartaric acid salt 

of the .[dl-yb-isomer one obtains the free base of 
' [d]-¢-l-o-methyl-p-nitrophenyl - 2 - aminopro 

pane-1,3-diol. 
By starting with the [dl]-reg.-1-o-methyl 

phenyl-2-aminopropane-1,3-diol and following 
the procedures described in detail above the cor 
responding reg. series of starting material is ob 
tained. ' 

Similarly, by utilization of the procedures de 
scribed in Examples 65 and 66 the diacyloxy and 
optically active triacyl derivatives used as start 
ing materials are obtained. 
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Example 72 
The starting materials having as the root of 

their formulae the structure, 

“Qantas” CH; 

‘can be obtained by starting with m'methoxy 
benzaldehyde and p-nitroethanol and applying 
the procedures described in Examples 68 and 69 
above. ‘ 

Example 73 l 

The starting materials which have as the root 
of their formulae the structure. 

CH3 
NH 

CHQAHEMW 
N O: 

can be prepared by starting with 3,4-dimethyl 
benzaldehyde and p-nitroethanol and following 
the procedures described in Examples 68 and 69. 

Example 74 

The compounds used as starting materials in 
the preparation of the acylamido diois of for 
mula, 

are prepared by starting with acetophenone and 
p-nitroethanol and following the procedures out 
lined in detail under Examples 68 and 69. 

Example 75 

The products used as starting materials hav 
ing as the root of their formulae the structure, 

No, 3) 
NH 

on-en-cmo 
1 

can be prepared from o-chlorobenzaldehyde and 
?-nitroethanol using the procedures described in 
Examples 68 and 69. However, the preferred 
method of reducing the l-o-chlorophenyl-Z 
nitropropane-1,3-diol is by the use of stannous 
acetate or chloride in acetic acid rather than by 
the catalytic method disclosed in the aforemen 
tioned examples. 
What we claim is: 
1. A compound of the formula, 

R: on NH-Acyl 

é_ n-cmon 
R: I 

No; 
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where R1 and R: are members of the class con 
sisting of hydrogen, halogen, lower alkyl and 
lower alkoxy radicals and R: is a member of the 
class consisting of hydrogen and lower alkyl 
radicals; said acyl being a carboxylic acid acyl 
radical. 

2. A compound of the formula, 
OH NH-Acyl 

Ghats-emu 
N0; 

said acyi being a carboxylic acid acyl radical. 
3. A compound of the formula, 

on NH-Acyl 

‘said acyl being a carboxylic acid acyl radical. 
4. A compound of the formula, 

OH NH-Haloacyl 

NOrO-eH-eH-CmOH 
said haloacyl being a halogenated lower aliphatic 
carboxylic acid acyi radical. 

5. A compound of the formula, 
0 

0H NH-E-CE [halogen]: 

6. The [ll-‘p form of a compound of the for 
mula, ‘ 

O 

OH NH-FJ-CHlhalogen], 

7. [1]-¢-1-p-nitropheny1-2-dibromoacetamido 
propane-1,3-diol. 

8. [dil-ip - 1 - p-nitrophenyl - 2 - dichloroacet 
amidopropane-L3-diol. 

9. [l]-¢-1-p~nitrophenyl-2-dichloroacetamido 
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