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I. INTRODUCTION

Nerve tissue is unique in that over fifty 

per cent of its dry weight is oomposed of fatty 

substances. The sphingolipids, which are dériva- 

tivee of the complex bases sphingosine and dihydro­

sphingosine, make up a large portion of these 

lipids. The structure of sphingosine and dihydro- 

sphingosine have recently been established by 

degradation studies. The present work was under­

taken in order to verify their structure by 

synthesis»
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II. HISTORICAIj and theoretical 

A* Wilœo$lne and d%hy&rone

1. Qeeurrenoe and pyopertlee

Sphingosine and dihydrosphingosine are complex aliphatic bases 

found in the hydrolysates of certain lipids of nerve tissue. The 

name sphingolipids (1) has been proposed for this group of sub­

stances, which includes principally the cerebrosides, sphingomyelins, 

gangliosides, and perhaps other less well known types. Since ex­

tended discussions of the occurrence, properties, and structure of 

these lipids have been presented by Glick (a), Morris (3), Phillips 

(4), Rockwell (6), and Nalbandov (6), only a brief review concerning 

the bases themselves will be given here.

Sphingosine was first isolated by Thudichum (?) from hydroly­

sates of phrenosin and sphingomyelin. It is a waxy white solid, 

very difficultly crystal11sable, melting at 83.5* C. It is insolu­

ble in water and soluble in most organic solvents. On standing at 

room temperature for several days it decomposes slowly to liberate 

ammonia. %en mixed with sugar and sulfuric acid, sphingosine gives 

a purple color.

Dihydrosphingosine was prepared by Levene (8) in 1913 by cata­

lytic hydrogenation of sphingosine, but it was only recently that 

the reduced base was found in natural materials. In 1941 Lesuk and 

Anderson (9) reported the isolation of dihydrosphingosine from the 

cerebrosides of tapeworm larvae. Subsequently Carter and Morris 

(10,3,11) demonstrated the presence of considerable amounts of dihy­

dro sphingo sine in the hydrolysates of brain and spinal cord 



sphingolipids. The proportion of dihydrosphingosine in the spinal 

cord (10-18 per cent) is several times greater than that in brain 

(2-4 per cent). Since most of the earlier workers used cerebrosides 

from brain, the low content of reduced base would account for the 

fact that it escaped detection* Also, since neither free sphingosine 

nor its sulfate is easy to purify or identify, sphingosine has usu­

ally been characterized as the triacetyl derivative, Unfortunately 

trlacetylsphingosine and trlaeetyldlhydrosphingosine melt at almost 

the same temperature and give very little depression of melting 

point on mixing. Optical activity measurements readily differenti­

ate between the two compounds since they rotate in different direc­

tions, but such determinations were not generally made by the ear11- 

er workers in this field. Therefore, it seems likely that some of 

the products previously reported may have been mixtures of sphingo­

sine and dihydro sphingosine.

Complete lists of the derivatives of sphingosine and dihydro­

sphingosine have been compiled by Glick (3), Norrie (3), Phillips 

(4), and Rockwell (5).

2. Ia%lat^on

For the isolation of sphingosine and dihydrosphingosine prob­

ably the most satisfactory method of hydrolysis is that developed by 

Klenk (18). The cerebroside or sphingolipid mixture is refluxed for 

5 or 6 hours with 35 volumes of 10 per cent (by weight) sulfuric 

acid in methanol. The hydrolysate is cooled, and the precipitated 

fatty acids and their esters are removed by filtration. The fil* 

irate is extracted repeatedly with petroleum other to remove any 



acids and esters which remain in solution, The petroleum ether 

which has dissolved in the methanol is removed by distillation under 

reduced pressure, and the methanol solution Ie concentrated to about 

one-third its original volume, ^ethanolic potassium hydroxide solu- 

tien is added until the solution is alkaline, and the precipitated 

potassium sulfate is removed. The filtrate is acidified with acetic 

acid and concentrated to a small volume. To this, water is added, 

and the solution is made alkaline with aqueous potassium hydroxide. 

Sphingosine, dihydrosphingosine, and O-methylsphlngosine precipitate 

and are extracted with ether* The ether extract is washed well with 

water to remove any methyl alcohol, is dried with sodium sulfate, 

and evaporated to dryness to give a mixture of the crude bases.

The crude bases have usually been separated by fractional crys­

tallization of the sulfates* The sulfate of dihydrosphingosine is 

practically insoluble in methanol at room temperature, while that of 

sphingosine is moderately soluble* However, it was found in this 

laboratory (11) that such a procedure does not give a clean separa­

tion. In order to overcome this difficulty, Nalbandov (6) worked 

out a procedure which combines the fractionation of the sulfates, as 

used by Norris (3), with fractional crystallization of the p^hydroxy- 

azobenzene-2'* sulfonates. By this method It is possible to obtain a 

good separation of sphingosine and dihydrosphingosine. Another base, 

O-methylsphlngosine, is also obtained.

3.

When Thudioum (13) isolated sphingosine from the hydrolysis 

products of phrenosin, he reported that it was a base of apparent 
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formula Ci7H3*W0a, and described a number @f its salts. Turner and 

Thierfelder (14) reported, in 1900, that g^hingosine absorbed bro­

mine, indicating unsaturation in the molecule# In 1913 T^evene and 

Jacobs (15) characterized sphingosine as an unsaturated mono-aminodi­

hydroxy alcohol. They prepared a triacetyl derivative (m.p, 103­

103° C.) and reduced sphingosine to dihydyosphingosine, using col­

loidal palladium as a catalyst. In the same year Thomas and 

Thierfelder (16) also obtained tri&cetylsphingosine (m.p. 100-102*0).

Lapworth (17) and Levene and west (18,19) oxidized sphingosine 

at the double bond with chromic acid and isolated an acid which ap­

peared to be n-trldeoanolo acid. Elementary analyses and neutral 

equivalents agreed well with the theoretical, although the melting 

points did not. Levene and West also oxidized dlhydrosphingosine, 

under the same conditions, and obtained an add melting at 80-61* C., 

which they identified as n—pentadecanolo add. These results would 

place the double bond between carbon atoms 4 and 5 in a straight 

chain G*, molecule, with two hydroxyl groups and an amino group on 

the first 3 carbon atoms*

Levene and West (19) also investigated the products obtained 

from sphingosine by ozonolysis. The nitrogen-containing fragment 

was not isolated directly as the aminotetrose, but oxidized further 

with nitric acid. A small amount of the add thus produced was iso­

lated as the calcium salt, and tentatively identified as the salt of 

meso-tartaric add. Although not enough of the compound was iso­

lated for complete identification, Levene considered the evidence 

sufficient to support straight chain 3,3-dhydroxy structures for 

sphingosine (I) and dihydrosphingosine (ÎI),



(I)

CH , ( GH * ) * aCHOHGHOHOH * (II)

In 1929» Klenk and hia oo-morkere (20»12) repeated the oxide* 

tlon studies of Lapwrth end Levene» since they ooneidered the oo* 

currency of an odd numbered carbon chain in a natural product un­

likely. The acid from sphingosine, on careful purification» was 

shown to be myristic acid, not tridecanole acid. Similarly, dihydro­

sphingosine yielded plamitic add instead of pentadecanoic add. 

Ozonolysis of trlaoetyl sphingosine also gave rise to myrlstaldehyde 

and myristic acid. Thus sphingosine must have an eighteen carbon 

chain in order to leave room for three functional groups beyond the 

double bond. Re investigation of the analytical data for sphingosine 

and its derivatives showed that they fitted the C16 structure better 

than, or as well as, the Cx ?.

Klenk and his co-workers also attempted to identify the nitro­

genous fragment from the ozonolysis to triacetylsphingosine. They 

converted the aminotetrose to the acid and reduced the hydroxyl 

groups, leaving an aminobutyric add, by the following series of 

reaction85



flOCOCH» 
CH-J-,ÔCOCH3 

CRyJ (-mCOCHa

£------------
CK,(CHa):»CHO 
Wyrigtaldehyd* (III) (IV)

OHZaL^OCoai a 

ciu >Lococh3 
; CHa-j(-MHCOÛH» 

Ihci

OHCk-CH/) floa
OH- h-OH

HO^CH-) CoH
CH-> ^OH

OHy-J -NH

ho8o-chJ) Ch
(vn) OH-yLn

(-NHa

Compound VI melted at 135# C. and had a spécifié rotation of

-33. 45#. Compound VII 

aminobutyric acid decomposes at 

decomposed at 380-385® C, Since d- 

385e C*, and the Q - and Y -Isomers

both decompose below 300® C., It was concluded that Compound VII was 

ol-amlnobutyrlo acid. Therefore Klenk proposed the 1,3-dihydroxy-3- 

amino structure for Shingo sine (VIII).

CH»(OH,)uCH»CHCH(NR»)CHOHCHgOH (VIII)

Niemann and Nichols (31), in 1943, described the preparation of 

d-three- * -amino* Q, y*dihydrexy*j^bu^ acid and its diastereo­

isomer, d-erythro-d-amine- (t, Y-dihydro xy-n^butyrio acid. The 



specific rotations were M d° ~ -13.7* and ®° = M6,0®$ re epee* 

tlvely. 31nce neither of these resembles the value obtained by 

Klenk for Compound VI^ those autliors concluded that Klenk* e fommla 

for sphligosine must be discarded.

Recently, Carter and co-workers (3,3,32,33) in this laboratory 

have presented evidence which gefxns to definitely estabile the 

structure of sphingosine as the third possibility—that is, a 1,3- 

dIhydroxy-3-@mino compound. The fact thrt the functional groups are 

on the three terminal carbons was confirmed by the preparation from 

^benzoyldihydrosphlngoglne of a nicely crystalline benzylidene de­

rivative by treatment with benzaldehyde and zinc chloride. This re­

action is characteristic only of 1,3- and 1,3-glycols. That the hy­

droxyls are not adjacent was shown by the fact that N-benzoyldlhydro^ 

sphingosine was not attacked by periodic acid, a reagent which oxi­

dizes 1,8-glyools and d-amino alcohols but does not attack an N- 

acyl-l,2-amino dicohol. Oxidation of dihydrosphingosine with peri- 

odlo acid yielded equivalent amounts of palmitaldehyde, formaldehyde, 

formic acid, and ammonia, giving independent evidence for the exist­

ence of a C&B t^iain in sphingosine. Furthermore, catalytic reduce 

tion of triacetyl sphingosine resulted. in the formation of acetic 

add, rhich is characteristic of an acetoxy group in an allylic peel* 

tion.
Thus, the structures for sphingosine and dihydro sphingosine 

have been established as (IX) and (X) respectively.

OH a ( GH$) » aCHwCHCHOHCH ( )8H,0% ( IX)

QB*(aH,)i (X)



B» Propo ged method g of synthesis

A simple method for the synthesis of 1*3-dlhydroxy-2-amino^ 

oetadeoano, one of the Isomers of vhloh is dihydro sphingosine, ap­

peared to be the reduction of the corresponding ck - ami no- Q -hydro xy- 

stearle ester,

CH3(CHa)i4CK-ÇH-.COgR* —4
ÔH k* OH NH#

1, Reduction of qk-aminp- (%-hydroxy esters

Levene and his co-workers found that the reduction of o^-aMno 

esters, using either copper chromite (24) or Reney nickel (35,30) as 

the catalyst, gave good yields of the corresponding amino alcohols* 

When Raney nickel was used no racemisation of optically active 

amino estera was noted» with large quantities of catalyst and hy­

drogen pressures of 3300 pounds the reduction proceeded smoothly at 

temperatures of 40-70* C. and very good yields were obtained.

In order to discover whether amino- $-hydroxy esters could

be similarly reduced model compounds were studied in this laboratory* 

Norris (3,37) subjected the methyl esters of D|L_threonine and DL- 

allothreonine to hydrogenation in the presence of large quantities 

of Raney nickel (2-3 g. per g, of compound). The reductions were 

carried out under a hydrogen pressure of 3000 p.s.l. and the temper­

ature raised to 90-95* C. within 15 minutes. Reduction was almost 

instantaneous and appeared to be complete after the first 20 minutes* 

The products were viscous oils which readily yielded crystalline 

oxalates and tribenzoyl derivatives* The tribenzoyl derivative ob­

tained from the reduction of allothreonine (1,3-dlbenzoxy-2- 
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bendo-n~butane) melted sharply at 155-156° C, and there vas no 

indication of the presence of a second 1mmer. Apparently little or 

no epimerization occurred during the esterification and reduction of 

allothreonine. In the case of threonine, the bulk of the tribenzoyl 

derivative, after repeated recrystallizations from aqueous methanol 

and from petroleum ether, softened at 127* 0, and melted completely 

at 134* C, After another treatment with benzoyl chloride a small 

amount of compound was isolated which melted st 144-147® 0. Since 

both materials gave the correct analytical data for the tribenzoyl 

derivative, it would appear that epimerization (extent undetermined) 

had occurred in the reduction or esterification of threonine,

/mother model compound, methyl c(-amino stearate, was studied by 

Rockwell (5,27). When this ester was reduced with Raney nickel eat- 

alyst under 1500 p,s.l. of hydrogen at 110* C., it rapidly absorbed 

the theoretical amount of hydrogen and a 70 per cent yield of 1-hy- 

droxy-2-amino-octadecane was obtained.

The results obtained with these model compounds are encouraging 

as regards the synthesis of dihydro sphingosine. The reduction of 

the four diastereoisomers of methyl o(*amlno-Q-hydroxystearate 

should yield the four isomeric 1,3- di hydro xy- 2-amino-oo t adeo ane s, 

one of which is dihydrosphlngosine. Such a conversion would not 

only provide the synthesis but would also furnish information as to 

the stereochemical configuration of the base. The smooth reduction 

of the long chain ester is particularly encouraging.

2. Synthesis at Mlââ

The synthesis of dihydroephingosine, according to the methods 
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described In B. 1., requires the synthesis of o(-amlno- (^-hydroxy- 

ete^ric acid and/or ester. never#! methods, discussed below, pre­

sented themselves.

a. from -unsaturated acids

The addition of hypobromous acid or one of its derivatives 

to g,g—ootadecenolo acid and subsequent replacement of the bromine 

by an amino group appeared to be a profitable method of approach.

(H) 
CisHaiaH=CHCOaH HOBr C16 .CH—CHCCUI Nga C1BH31ÇH—CUCOJ?

OH 9r ÔH NHs
W (R)

This type of reaction offers a very attractive method of preparing 

the desired compound, since, in introducing the asymmetric carbon 

atoms simultaneously by addition to a double bond, only one racemic 

form should be produced. The uni-directional nature of the addition 

of hypohalites to o(,(3 -unsaturated acids has been demonstrated by 

Heed and Andrews (115). For example, the addition of hypobromous 

acid to cinnamic mold produced only one of the two possible pairs of 

diastereolsomers.

(1). Synthesis of jk3roctadecenole acid

The required 2,3-octadeoenolc acid has been prepared

in this laboratory in two different ways, Norris (3) condensed pal- 

mi t aldehyde with malonic acid in pyridine containing a trace of pi­

peridine* Bockwell (5) prepared the unsaturated acid from stearle 

acid by the method of Ponsio (29)* Stearic acid was brominated, the 

bromine replaced by iodine, and the oC-iodo acid was dehydrohalo-



#enated by the use of concentrated alcoholic alkali* A by-product of 

this reaction i? the c^-hydroxy acid.

(3)* Syntheeig of o^-br<w-(l-hydroxy (alkoxy)-

atecrio acid

One possible method of arriving at the desired cl - 

bromo-Q-hydroxy (alkoxy )- stearic acid is the mercuration-brod 

reaction used by Carter and co-workers (28) for the synthesis of 

threonine and serine. This type of synthesis involves the following 

steps:

RCHeCHCOaH Hg(OAo)». RÇH----- ÇH------ CO,H KBr.
OOH* %OAo

;)CH------ CHCOgK KBr Br^. ROH------ CHCO@K ____ .
ÔCHa HgBr - ÔCHa Br *

RÇH------CHCOaH 
0CH3 Br

This method was tried on 3,3-oetadeoenolc acid by Morris (3) in this 

laboratory. Mercuric acetate was found to add readily to the unsat­

urated acid in methanol to give good yields of cl-acetomerourl-Q - 

methoxystearic acid. However, the acetomercurl-addition complex was 

so insoluble that the bromination with aqueous potassium bromide 

gave unsatisfactory results*

The addition of methyl hypobromite is another possible route to 

the desired acid. The reactions are as follows:
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CH,OH + Brg “ i CR,OBr + HBr

CHaQBr
RCH-CHCOaH-

♦ RCH---- CHCOgH 
OCH3 Br

Bra
>RCH---- ÇHCOgH

The competition between the last two reactions la an Important tea- 

Sure of this method,

Conant and Jackson ( 30) have reported that cinnamic acid when 

treated with methanol and bromine yielded both d-bromo-Q -methoxy­

cinnamic acid and dibromocinnamic acid. Only one form of the bromo­

methoxy add was isolated. The yield was fairly good since, when R 

ig aromatic, the addition of bromine le relatively glow, Carter and 

co-workers (31) in this laboratory, however, found that in the case 

of orotonic acid the major product was the dibromo acid. Therefore, 

in order to make the reaction practical, methods of shifting the 

methane1-bromine equilibrium in favor of methyl hypobromite were 

tried. Sodium acetate (32) and silver nitrate (33) had been previ­

ously used for this purpose. Sodium acetate was found to increase 

the addition of methyl hypobro mite only slightly in the case of cro- 

tonio acid. However, in the presence of silver nitrate excellent 

yields of o^-bromo-(1 -methoxy-n-butyric acid were obtained. Only 

one racemic form—that corresponding to DL-allothreonine—could be 

isolated.
The synthesis of o(-bromo-Q-msthoxyateerlc acid. from 2,3-octa- 

decenoic acid was investigated by Rockwell (5). The use of bromine 

and silver nitrate in methanol gave only about 50 per cent of the 

theoretical amount of bromomethoxy acid. The use of N,N-dibromo- 
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benzeneeulfonamlde in methanol was sl<o tried. This latter reagent 

was found to be easier to handle, since the solid dlbromobenzene- 

sulfonamide could be added in several portions over a period of time, 

maintaining a more constant supply of reagent than in the bromine­

silver nitrate method. However, the yield was still only about 50 

per cent, and the product was apparently identical with that obtained 

by the other method.

Acylhypohalltes have been prepared by Bockmuller and Hoffmann 

(34) by the action of a halogen on the silver salt of a low molecular 

weight aliphatic acid.

RCOaAg + Xa —» RCO;X + AgX

These acylhypohalites were found to add readily to carbon-carbon 

double bonds. For example, silver butyrate was mixed with an Ice­

cold solution of bromine in carbon tetrachloride, and the mixture 

shaken until the bromine color disappeared. The solution of butyryl 

hypobromite was then filtered by auction into cold cyclohexene* The 

carbon tetrachloride was removed and the residue fractionally dis­

tilled at 14 mm. The butyrate of 2-bromo-cyclohexanol-l was ob- 

talned. Gome dibromocyclohexane was also isolated. The latter was 

due to the formation of hydrogen bromide which reected with the acyl 

hypobromite yielding bromine. Ushakov, Chistov, and Zelinskil (35), 

using an analogous procedure were able to isolate a 33 per cent yield 

of the acetate of 3-bromocyclohexane1-1. The reaction of acyl hypo­

halites with 4,% -unsaturated acids has not been explored.

The addition of free hypobromous acid to 3,3-octadecenoio acid 

would be the most direct route to the desired bromohydroxy acid.
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This method requires a good means for preparing the hypobromoug acid. 

One standard method is the reaction of bromine and yellow mereuidLo 

oxide (36,37)# This produces an aqueous solution of hypobromoug 

acid supposedly free from bromine. Another method is the addition 

of bromine to an ice-cold aqueous solution of potassium or sodium 

hydroxide (38,39), and subsequent acidification in the presence of 

the unsaturated compound to liberate the hypobromoug acid. The re­

action of bromine and silver salts is another method of preparing 

hypobromoug acid, Shilov and Kanyaev (O) have reported the prepar­

ation of a bromine-free hypobromite solution from dilute bromlne- 

water and silver phosphate. Carter (41) used the reaction of bro­

mine and silver nitrate to form hypobromoug acid for addition to 

crotonic acid. This procedure has the disadvantage thtt nitric acid 

is formed.

All of the above methods have the disadvantage, as far as use 

with 2,3-octadecenoic acid is concerned, of requiring an aqueous 

medium. In the case of the potassium hydro xide-bromi ne method the 

salt of the acid might be soluble enough so that reaction could take 

place. The behavior of oleic acid might be used as a model for this 

reaction.
The bromohydrin of oleic acid has apparently never been re­

ported, However, the chlorohydrins of oleic and elaidic acids have 

been made. Nicolet and Poulter (43) used a 3 per cent solution of 

the acid containing 4 per cent of potassium carbonate. This solu­

tion was cooled below 10° 0. and stirred while chlorine was passed 

in until the iodine number was less than 1.0. Any excess hypo chlor* 

eus acid was destroyed with sodium thiosulfate and the solution 
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acidifled. Oleic acid chlorohydrin n viscous oil, while elaidic 

acid yielded a semi-solid which could not be crystallized,

Ellis (43) used dilute sodium hydroxide solutions of the acids 

and added dilute sodium hypochlorite solution (1 1/3 moles per mole 

of acid). Carbon dioxide was then passed in for a period of 12 

hours. The chlorohydrins were not purified but converted to the ep­

oxide with sodium ethylate. Atherton and Hilditch (44) used an'enal- 

ogous procedure but isolated the chlorohydrins. Oleic acid yielded 

a solid product; elaidic, a semi-solid.

in the past few years t-butyl hypochlorite has been found to 

add readily to carbon-carbon double bonds. The reagent has been 

prepared by the reaction of chlorine ^Ith t-butanol in the presence 

of sodium hydroxide (45,46) or calcium carbonate (47). Since it is 

susceptible to photochemical decomposition, which may occur with ex­

plosive violence, the reagent must be carefully handled. In the 

presence of methanol, t-butyl hypochlorite hag been found to react 

with olefins ( 46) to form the chloromethoxy compound:

)C=GC + t-C^MgOCl + CH*OH —» —çC
Cl OCH*

+ t-C4H30H

In the presence of acetic acid the acetate was formed.

Styrene chlorohydrin ( 4?) has been prepared by the use of t- 

butyl hypochlorite in the presence of acetic acid and water. Iso­

prene ( 48) reacted with the reagent, in methanol or acetic add, to 

give the 1,3- and 1,4-addition products.

Cinnamic add (49) reacted with t-butyl hypochlorite in metha­

nol to give a 34 per cent yield of methyl o(-chloro- Q -methoxycln- 

namate and 1 per cent of the chloromethoxy acid,
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Some work of Blrokenbnch on pseudohelo&mna also appears to 

offer a possible %?oute to the aminohydroxy acid. ^hen silver lac- 

cyanate was allowed to react with iodine at low temperatures, the 

pseudoh&logen lodocyanate formed (50):

AgCNO f I# —4 ICRO + Agi

lodooyanate was found to add to the double bond of cyclohexene yields 

ing (2-iodo-cyolohexyl)-isocyannt^ (51). ^hen this latter compound 

was refluxed for 2 hours with concentrated hydrochloric acid, (2- 

1odo-eyelohexyl)-amlne hydrochloride (n.p. 159e C.) was isolated 

(52), Treatment of the amine hydrochloride with boiling aqueous 

silver nitrate for 1/3 hour produced (3-hydroxy-cyolohexyl)-amlne 

hydrochloride (m.p. 175* C»),

NOO
I

NH,*HC1
I

AgNOa K X-NH..HC1

(3). Conversion of halohydrins to amino alcohole

The treatment of an o( -bromo-Q-hydroxy (alkoxy) acid 

with ammonia would be expected to lead to the replacement of the 

bromine by an amino group. That the reaction is not quite so simple 

is evidenced by the early work of Mellkoff (53) and Krlenmeyer (54). 

Before 1900 these workers had found that o(- and Q -chlorolactic 

acid give the same amlnolactic acid on treatment with ammonia, and 

that this amino acid le not serine but Isoserine:



CH2-OH-CO
OH Cl

NH& CHp~CH-CO,H
NHa OH

CHa-CH-COgH t i 
Cl OH

They also found that glyoldio acid gives iso serine on treatment with 

ammonia. This led them to postulate that the ammonia first removed 

the element8 of hydrochloric acid from the chlorohydrin forming the 

epoxide, and this latter then added ammonia to form the amino acid:

CHg-CH-COgH NH& CH g-CH-CO .H CHg-CH-COgH

ri " ' i 
OH 01

In 1908 Krassmieky (55) also oonoluded that the epoxide was an 

intermediate in the formation of amino alcohols from chlorohydrins, 

since both the epoxide and chlorohydrin of 2kmethyl butene-3 yielded 

the same amino alcohol. He formulated the following opinion : "In 

determining the structure of amino alcohols prepared from chloro­

hydrins, one must not base it on the position of the chlorine In the 

chlorohydrin, because there is formed in this reaction, as an Inter­

mediate product, the epoxide, and the structure of the ami no-alcohol 

obtained is determined by the order of addition of the ammonia or 

amine to the oxide". He did not, however, isolate the epoxide in­

termediate.
Fourneau (56) did isolate the epoxide in the case of the reac­

tion of ethyl o(-ohloro- $ -phenyl- Q -hydroxypropionate with an equi­

molar quantity of dimethylamine. When excess dimethylamine was used 
the dimethylamide of o( - (dimethylamino ^phenyl- QLhydroxyproplonie 
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acid was formed.

To provide further proof for the epoxide Intermediate Tiffeneau 

and Fourneau (57) prepared the two isomeric iodohydring of styrene— 

the c^iodo- Q-hydroxy by the reaction of hydrogen Iodide on styrene 

oxide; the o^-hydroxy- (3-Iodo by the action of iodine and mercuric 

oxide on styrene in ether solution, Both » iodohydrin g yielded the 

same amino alcohol on treatment with dimethylamine* This amino alco­

hol was shown to be different from the reduction product of ethyl 

e(-phenyl- oÇ- (dimethylamino) acetate*

CgHaCHOH,! 
ÔH

C^sÇHm»N(CHa)3 
OH

These two workers (58) also demonstrated that the two isomeric 

chlorohydroxy-iso-butyric acids reacted with dimethylamine to form 

the same product—o(-methyl-^-(dimethylamino)*Q-hydroxypropionic 

acid,

Kinetic studies by Smith and Nilsson (59) gave further evidence 

of the stepwise nature of the conversion of halohydrins to amino 

alcohols. The reaction between l-chloro-^ 3-dihydroxy propane and 

dilute aqueous ammonia was assumed to proceed in two steps:

HOCH.CHCH.Cl + OH" —HOCHgCH-CHg 01"
OH 0'

HOCHaCH-CH, * Iffi, ----- » HOCHaÇHCH,BHa
X0Z OH
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The first reaction was found to be the rate-determining step and its 

velocity was followed by determination of the chloride ion concen­

tration. The second reaction did not interfere, not only because it 

proceeded at a faster rate but also because the amino alcohol formed 

had about the same basic strength as the ammonia consumed. The ve­

locity constant of the first reaction was found to be 5.63-5.64 at 

20* C. The velocity constant for the reaction of 1-chloro-2,3-di- 

hydroxy propane with alkali has been found to be 6.07 et 20* C. (60). 

The good agreement between these values supports the corresponding 

mechanisms in both cases.

Thu@ the formation of the epoxide as an intermediate in the 

conversion of halohydrins to amino alcohol8 seems well established. 

Since this is true, the question arises as to whether or not amlna- 

tion of o(-bromo-(^-hydroxystearic acid will give rise to c(*smino- 

Q-hydroxystcarlo acid or to its isomer, 

in all the examples cited above the hydroxyl group of the amino 

alcohol appeared on the most highly substituted carbon atom. In 

fact, as early as 1908 Krassousky (55) presented the rule that "In 

the reaction of ammonia with epoxides of asymmetric structure, the 

hydroxyl group occurs by preference on the carbon with the fewest 

hydrogens".

The cases in which we are primarily interested are the halohy­

drins and epoxides obtained from o(> @ -unsaturated acids. In the 

case of those from acrylic add there seems to be no doubt that the 

-amino acid is the only product formed. The published data on 

other members of the series tends to support the idea that the 

amino compound is the main product.
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73rlenmeyer (61,62) working with cinnamic acid prepared two 

chlorohydrins—one an oil, the other a solid> Wen he treated the 

sodium salts of the epoxides from these two halohydrins, he obtained 

two different aminohydroxy acids. The oily chlorohydrin gave rise 

to an aminohydroxy acid melting at 220° 0. ; the solid chlorohydrin 

gave one melting at 241* C. Neither of these aminohydroxy acids was 

identical with an authentic sample of phenylserine.

Oesterlln (63) In 1929 treated the bromohydrin and the epoxide 

of cinnamic acid with ammonia and obtained an aminohydroxy acid 

which melted at 330* (% The methyl ester of epoxycinnamic acid 

yielded two aminohydroxy adds, one melting at 230* C., the other at 
270-280° 0. These were all shown to be the $ -amino compound by 

oxidation studies.

In 1930 Burch (64) studied the reaction of ammonia on the 

chlorohydrin of orotonic add. Because the product which he Iso­

lated gave a strong ninhydrin test but gave the theoretical amount 

of nitrogen in the Van Slyke analysis only after 10 minutes shaking, 

he concluded that it was a mixture of the o(-ami no-@-hydroxy and 

©(-hydro xy- @ - ad no adds. However, the aminohydroxy add obtained 

from acrylic add under similar conditions also gives a strong nin­

hydrin test.

In contrast, unpublished work from this laboratory has shown 
that the formation of the o(-hydroxy-Q-amino acid is not generally 

true in this series. From the reaction of ammonia with the bromo­

hydrin of orotonic acid only allothreonine could be isolated. The 

yield, however, was low and the reaction is being further studied.

In the case of the cinnamic add halohydrins and epoxide there 



ig gome published evidence for the formation of the o(-amino com* 

pound. Srlenmeyer (63) reported obtaining a small amount of phenyl* 

serine from the mother liquors of the amination of the solid chloro- 

hydr^n. From one experiment with epoxycinnamic acid Oesterlin (63) 

isolated an aminohydroxy acid ^hoae melting point could not be raised 

above 334* C. Since this add gave benzaldehyde and ammonia on oxi­

dation, he concluded that it vas phenylserine.

In this laboratory it has been possible to detect the formation 

of at least 35 per cent phenylserine in the amination of the bromo­

hydrin of cinnamic acid. The structure of the product was demon­

strated by conversion to Q -phenyl naphthalene— a reaction given by 

phenylserine but not by phenyliaoserlne (65).

The bromohydrin of &-phenylpentenic acid has been found to 

yield the ^-amlno- (%-hydroxy add exclusively on treatment with 

ammonia.

Therefore, it has been concluded that the carboxyl group exer­

cises a labillxing effect on the carbon-oxy  gen bond in epoxy

acids of the types

If, then, the ^-substituent has no strong effect, the amino group 

will appear in the alpha position. When B is hydrogen, the differ­

ence in the amount of substitution on the el* and Q-carbons leads 

to the formation of the t^-amino acid. When Ris phenyl, the strong 

effect of the benzene ring causes the formation of the Q-amino com­

pound as the main product but does not prevent the appearance of 

some *-amlno acid. When R Is a methyl or a small alkyl group, the 
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product is the o(^amlno acid. Therefore, when Risa long chain 

alkyl group, as in the case of the stearic acid derivative, It seems 

likely that the major, or only, product will be the desired o(-amino- 

Q-hydroxy acid.

This problem of isomeric acids does not arise in the case of the 
amination of the oCbromo-Q-methcxy acids. In this latter case no 

epoxide intermediate can be formed and the ammonia merely replaces 

the bromine. Also the bromine definitely appears on the alpha 

carbon since serine and threonine (66) have been prepared from the 

bromomethoxy derivative of acrylic and crotonic acids respectively. 
Rockwell (5) has prepared o(-amlno-^-methoxy st earlc acid by the ac­

tion of ammonia on o(-bromo-Q-methoxy stearic acid.

b. From (^-keto estere

Another possible synthesis of c(ramlno-(^-hydroxy stearic 

acid would be the introduction of a nitrogen function on the ol-oar- 

bon of $ -keto stearic acid, followed by reduction of the nitrogen 

function to an amino group and the carbonyl function to a hydroxyl 

group. Two possible methods for accomplishing this will be dls- 

cussed.

(1) . Synthesis and reduction of ^-oxlml no-^-ketp 

e#te&&
The synthesis of oC-oximlno- Q-keto esters involves 

the nitrosation of the active methylene group of a Q-keto ester. 

In general, unsubstituted Q^keto esters yield the corresponding 

o(*oximino ester, while d. -monoalkyl- Ç-keto esters are deacylated 

to give simple o(-oximino esters.
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1} 0 NOH
RCCHaCOjR' * HNO8 —» sS„C-OOaR« * HeO

08" JOH
RÔàHCO^* + HNOg —> RC-COgR' + RCOaH

The large variety of reagents and reaction conditions which have 

been used for the introduction of the nitroso group has been thor­

oughly reviewed by Touster (67) and by Hartung (68). In general, 

inorganic or organic nitrites may be used with either acidic or 

basic catalysts. The proper reaction conditions must be found for 

each specific case*
The cl-oximino acids on reduction yield the c(-amino acids and 

this method has been used in a number of eases (69). The o(-oxi- 

mino-Q-keto adds yield on reduction the o^-amlno- ^-hydroxy acids.

Adkins and Reeve (70) in 1988 prepared threonine from c(-oxl- 

mino acetoacetic ester. However, they found it necessary to reduce 

the 0-ethyl ether of the oxime rather than the free compound as the 

latter had been found to give rise to a pyrazine during reduction 

with Haney nickel and hydrogen. Nitrosation of ethyl acetonedicar­

boxylate, followed by reduction using palladium on charcoal has been 

used to prepare Ç -hydroxy glutamic acid (71). This synthesis has 

been repeated in this laboratory by Touster (67).

Norris (8) found that both o(-oximlno acetoacetic ester and its 

0-ethyl ether could be reduced directly to 1,3-dihydroxy-2-amIno 

butane, using large amounts of Haney nickel. The tribenzoyl deriv­

atives obtained were identical with that formed by the reduction 

product of methyl allothreonine, indicating a selective reduction of 

the droximino- Q-keto esters to give configuration of allothreonine.
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Korris (3) also attempted to nitrosate ethyl palmitoyl acetate 

(9-keto stearate) using nitrous acid and butyl nitrite. However, 

in no case could a nltrogen-conteinine product be isolated,

(2) . Synthesis and reduction of d-phenylhydrazono- 

Q -keto esters

Another nitrogen function which can be introduced on 

the o(-carbon of a Q-keto ester is the phenyl azo- or phenylhydra- 

zono group.

The coupling of benzene diazonium salts with active methylene 

compounds was first reported in 1677 by V. Meyer (72) who found that 

acetoacetic ester in potassium hydroxide solution reacted with ben­

zene diazonium chloride. After hydrolysis to the acid, he obtained 

a yellow compound melting at 154*155® C. He called it phenylazo­

acetoacetic ester and assigned to it the structure:

OHaCOCHOOaC^H,

In the following year Zublin (73) reported the synthesis of several 

salts of phenylazo-aceto a cetle ester but was unable to cause the 

compound to undergo the 8acid" and "ketone8 cleavages common to ace­

toacetic ester derivatives,

in 1884 won Richter and Hunger (74) repeated the work of Meyer 

but added the aqueous diazonium solution to an alcoholic solution of 

ethyl sodioacetoacetate. They isolated the ester (sup. 75® C,) as 

well as the free acid (m,p. 154-155® C,). They were also successful 

in effecting the "ketone" cleavage to phenylazoacetone:
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but could not cause the "acid" cleavage to occur.

When in 1887 Japp and Klingman (75) tried the reaction of ben- 

zone diazonium chloride with c(^methylacetoaoetic ester, they were 

surprised to find that the only product which could be isolated was 

of-phenylazopropionio acid. Similarly o(*ethylscetoacetlc ester 

yielded only o(-.phenylazobutyrlc acid. This led them to decide that 

only o(-substituted acetoacetic esters would undergo "acid" cleavage 

after reaction with diazonium salts.

They also found that phenylæzopropionic acid could be reduced 

with sodium amalgam to phenylhydrazoproplonlc acid:

OH,CH(X)aH 
mKHCgH*

which was shown to be identical with the reduction product of the 

phenylhydrazone of pyruvic acids

CHaCCOaH
NNHCgH*

Meyer (76) has al so reported that the condensation product of malo­

nic ester and benzene diazonium chloride was identical with the 

phenylhydrazone of mesooxalic ester, 

in the light of these facts and by analogy with the known re­

actions of nitrous acid with substituted and unsubstituted acetoace­

tic esters, they postulated the following mechanisms:

1, with unsubstituted acetoacetic ester, benzene diazonium 

salts react to form the o(-pMnylhydrazon6%



CKaCOCCQaCaH@ + H^O 
NNHCgHs

2. ''ith ^-substituted acetoacet io esters, the reaction occurs 

with the loss of the acetyl radical*

?
CH^COCHCOaC^H» + CgH.N^H RgÇO^CaH^ f RGOgH 

NNHCgH*

They also found that with the free acids, the reaction occurred 

with the loss of carbon dioxide!

? %
CH3COCHCO2H + CgH^gOH —% CR,COWnmC«Ks + 00 & + H^O

Because of the work of these two men this reaction of diazonium 

salts with active methylene compounds has been called the Japp- 

Klingman reaction.

In recent years the Japp-Klingman reaction has been utilized 

mainly in two fields—for the synthesis of amino acids and to 

prepare phenylhydrazones for cyclization by the Fischer method to 

indole derivatives,
The amino acid work has been carried out in Russia by 

Feofilaktov and his co-workers. In 1939 after studying the reaction 

of nitrous acid with various butyrolactone derivatives (78), 

Feofilaktov turned his attention to the reaction of benzene diazon­

ium chloride on these same compounds (79). He found that when o(- 

acetobutyrolaetone reacted with benzene diazonium chloride in basic 

solution at 0-3® C., the acetyl group was cleaved and the phenyl­

hydrazone of drketobutyrolactone was formed in 90-96 per cent 

yield, o(-Carboxybutyrolactone produced the same product.



Reduction of thio phenylhydrazone th tin and hydrochloric acid 

produced o(-aMno- X-hydroxybutyric acid, However, the o(-carb ethoxy 

derivative was etable to cleavage and yielded o(-phany 1 azo-O(-oar- 

bethoxybutyrolactone. . The ©(-cyanobutyrolactone, also, resisted 

cleavage and o(-phenylazo- ©(-eyanobutyrolsctone was formed (80).

Feofilaktov then developed the method into a convenient synthe­

sis for o(-amino acide from o(-alkylacetoaatlc esters (81)» The 

reactions are as follows:

CHaCOpHOOeCaHa + CeHaN^Cl
R

aqueous
___

cold
4-6 hours

R

LNC#H*

N-NHa@H&
R-O-COaH K-CHCOgH

alkali NNHCgHs &Ha

The condensation products were red-brown oils. Whether or not they 

still contained the acetyl group was not determined, as no attempt 

at purification was reported. The cleavage may have occurred either 

in the cold aqueous condensation medium or later during the hydroly­

sis of the ester group. Since the acetyl group of o(-acetobutyro- 

lactone was lost during the condensation (79), Feofllaktov decided 

that a similar cleavage occurred in the cold alkaline condensation 

medium (83). Using this method on the appropriate alkylacetoacetic 

esters he synthesised 1coleucine (82,86), leucine (82,86), phenyl­

alanine (83,86), alanine (84,86), norleuoine (87,90), valine (85,86, 

88), and tyrosine (69, 90). The yields obtained were good, varying 

from 40-75 per cent for the conversion of the alkylaoetoaoetlc ester 

to the d-phenylhydrazono acid. The reductions gave nearly 



quantitative yields.

it was found that alkylnslonic estera also would condense with

benzene diazonium chloride (91,92):

RCH(COaCaHs)a + C8H6N3C1----
COgCgH 

R-C-N=NCaH
COgCgH

s 
s
s

HC=NKH0eH6 ------ RCH(rffis)COsH 
xco3h

In thlg Oaae, by analogy to of^aarbethoxybutyrolaotone (79)#

Feofllaktov decided that the cleavage did not occur until the ester 

was saponified*

The fact that phenylhydrazones cyclize to indole derivatives 

when heated in the presence of acids has also stimulated work on the 

Japp-Kling%an reaction. By means of this reaction many phenylhydra­

zones are readily available which would otherwise be very difficult 

to obtain* The accompanying table is a survey of the compounds which 

have been used to make phenylhydrazones for cyclization to indoles*

3, Synthesis of 3-amino-3-hy

The methods of synthesis applicable to dihydrosphingosine are 

of no value in the case of sphingosine due to the presence of the 

double bond between carbons 4 and 5* The most feasible method would 

seem to be to synthesize a 3-carbon unit containing a nitrogen func­

tion between two oxygen functions and then lengthen the chain by 

means of a suitable condensation reaction* An ideal 3-carbon unit 

would be 3-ami no- 3-hydro xypropionaldehy de. This aldehyde could be 

condensed with the appropriate acetylenic Grignard reagent and the 

triple bond selectively reduced to a double bond:
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TAB1K I

Active methyline compound Diazonium aalt Reference

1* Acetoacetic esterez

CHaCCCHCOaCgHs

a» CH*

C»MgCH*

b.

e. R = GH*

n-C

d. R =

e. R = CH@
C»H»

0^9 
C#H»CHg

f. H CH3 
CaH; MaCl

CHaO 
CH/)

94
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TABLE I

Active methylIne compound Diazonium salt

= CH & 
C,Hs 
n-C^ Br

h. R = CH& 
CgHe 
n-C .^9 
CgHgGR^

N@C1

i# R =! CHa 
C@Hg 
n-C^Hf 
n»C^ig 
^^HgCOgH 
CgHgCHg

j. R = CgHgCH,

yCO^

k. R *= CgR^ M(CHg), CgHgNgOl

CgKgNaCl

C^HgNgCl

2. Aoetoaoetlo acids:

CHgCOÇHCO^

a* R * C6H6CH8

Reference

94

94

95

96

96

97

98

96



TABLE I (3)

Active methyline compound Diazonium salt Reference

b. R = CH^
G a* @ CH^O 93

S« Cyclic keto esters;

a. =0
GOgCgHg

O$HsN$Cl 96* 99

100

=0 C8HsMaCl 93, 101, 103

4. cyclic kasa a&l&g:

a*
a-

CaHsNaCl 103

o.

*

2=0 
OOgK

=0
OOgH

C6HsHaCl 103

103



TABLS I (4)

Active methyline compound Diazonium salt Reference

5. othera:

CHaCHa^

a. CHgCO-^

COCH,

zCHsC03C,H,
b. CH 3

xUHCO$Cÿ!e

COCH,

CaHsH3ei 104

C,H8N,C1 105
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RC3CMgBr + CHy-ÇH-CHO —RCsC-CH-CH—OH@ 
&H NH* on An, 6n

—) RCH^CH.*GH*CH—.CH, 
6n ÂH, 6H

(R * Cx8H87 for sphingosine)

The naturally oceurring amino-sugar, D-glucosamlne, seemed a 

favorable starting place since it already contains an amino group 

between two carbon-bound oxygens. Periodate oxidation of an H-aoyl- 

D-glucogarnine should yield the desired aldehydes

CHgOH

OHgOH CK^)H

CHNHCOR CHNHOOR

■ sip; ;
CHOH

CHO 
+

f
OHOH HCHO

The amino group must be covered in this reaction since periodate 

will oxidize 1,3-amino-alcohols but not Ü-acylamino-alcoholse

The reduction of the aldehyde group of D-giuoogamine could be 

accomplished either before or after acylation of the amino group. 

D-Gluoosaminol hydrochloride has been prepared by the reduction of 

D-glucosamlne hydrochloride with Raney nickel and hydrogen for 13 

hours at 110* C. (106). It hag also been prepared by low pressure 

(35 p.s.l. ) hydrogenation using the Adams catalyst (107). D-Glucos- 

amlnol hydrochloride melts at 157-158® G. (107) and has an optical 

rotation of -3.4* (in 30 per cent hydrochloric sold). Acyla­

tion of 0-gluoosamino1 has not been reported.
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Aoetyl-D-glucogamine wag first prepared in 1898 by Breuer 

(108) by prolonged action of acetic anhydride on D-glueogamine. More 

recent methods (109,110) have employed acetic anhydride and silver 

acetate in absolute methanol. The product so obtained melts with de­
composition at 196e C. and has an optical rotation of w- ♦»*2» 

(in water). ;

H*Acetyl-D-glucogamine has been reduced to N-acetyl*D-gluoos- 

aminol using either Raney nickel and hydrogen at 90e 0. (106) or the 

Adams catalyst and 35 p.s.i. of hydrogen pressure (107).

N-Benwy 1-0-glucosamine has been prepared by Bergman (ill). He 

first prepared tetra-acetyl-D-glucosamine from the free sugar. After 

benzoylation to N-benzoyl*t etra-acetyl-D-glucogamine, the acetyl 

groupe were removed leaving the N—benzoyl derivative. Since this 

long process seemed unnecessary, the direct reaction of benzoyl 

chloride on D-glucosamine in sodium bicarbonate solution was tried 

in this laboratory (112). The product obtained melted at 303-304° 0. 

with decomposition, and analysed correctly for nitrogen. The reduc­

tion of N*benzoyl* D-glucogamine has not been reported.

A number of o(-halo* acyl halides have been found to condense 

with D-glucogamine in cold alkaline solution. In this way H*dhloro* 

acetyl*D-glucogamine (113) , N*( o(-bromopropionyl)-ruglueosamine (113, 

114), N-( d*bromo*ieo*hexoyl)-D-glucosamine (113,114), and N- (o^ - 

bromolauroyl)-D-glucosamine (114) have been prepared.
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III. DISCUSSION OF RESULTS

A. Syntheses from p-keto esters

1. gthyl Dalmitoylacetoacetate

Ethyl palmitoylaoetoacetate (116) was prepared by the condensa­

tion of palmitoyl chloride (117) with godloaoetoacetat e. This reac­

tion gave yields of only 50 per cent. Since the product is low 

melting (35.5-36.5® 0.), care must be taken during recrystallization 

to prevent the product from separating from solution above its melt­

ing point. Slow cooling of a dilute solution gives a nice crystal­

line product.

2. Ethyl palmitoylacetate

Ethyl palmitoylacetoacetate has been converted to ethyl palmit­

oyl acetate (ethyl -ketostearate) by treatment with dilute aqueous 

sodium hydroxide (116,3). The yield in this cleavage reaction is 

also about 50 per cent and the melting point of the product (37-38® 

C. ) is very close to that of ethyl palmitoylaceto a estate. Therefore, 

the introduction of an d-nitrogen function was carried out on ethyl 

palmltoylacetoaeetate.

3. Reaction with alkyl

Norris (3) was unable to effect the nitrosation of ethyl pal­

mitoylacetate with either nitrous mold or butyl nitrite. However, 

ethyl palmitoylacetoacetate might react with alkyl nitrites with 

loss of the acetyl group. This reaction is analogous to that occur­

ring with o(-alkylaeetoaoetlc esters.
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chscoçhcoso3h6 
h

RC---- CO,C*H» 
KOH

C 2 gH g CO 
CHaCO//

CHCOaCeHs *5,100^-0030^5

Butyl nitrite with both acidic and basic catalysts was tried, but 

nitrogen could not be introduced into the molecule.

4. Reaction with benzene diazonium chloride

The reaction of benzene diazonium chloride with alkylaceto­

acetic esters to give phenylhydrazones of alkylacetic esters has been 

described above.

CHaCOÇHCOaCaHs 
R

RG——— 
taceHs

C08CaH6

The reaction of diazonium salts with acylacetoacetie esters has not 

been reported. However, Dlmroth (118) found that acetyldibenzoyl­

methane reacted with ^-nitrobenzene diazonium chloride to form 

nltrophenylazo-acetyldlbenzoylinethane (m.p. 110.5^ 0. ) In rtquantita­

tive* yield. When the azo compound was treated with sodium ethoxide, 

the acetyl group was preferential]y cleaved yielding the ^-nltro- 

phenylhydrazone of dibenzoylmethane.

CaH^O^CH CgH^O^C-N«H-C 9H *-HO a (&)
CgHgCO^ C»HSCO

CaHaCOx
^C-KMH-C.H^KÔeCs.)

CSHSCO

Exactly analogous reactions were obtained with &-bromobenzene 
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diazonium chloride (119). Therefore, it seemed possible that the 

reaction of benzene diazonium chloride with ethyl palmitoylaceto­

acetate would yield the o(-phenylhydrazone of ethyl palmitoylacetate 

(ethyl Q-ketostearate)»

^CHCOgC^» — 2aM«S-4 cleH„C0g- coacaHe 
CH,CO"^ KHHCeHs

Two general methods have been used for the condensation of ben­

zene diazonium salts with active methylene compounds. In the first 

method the diazonium solution is added to a cold basic solution of 

the active methylene compound (93*94,95,96,9?, 103,103,104,105,118, 

119). In the second method a solution of benzene diazonium hydroxide 

Is prepared by adding the diazonium salt solution to a cold solution 

of potassium or sodium hydroxide. The active methylene compound is 

then added. (79,60,bl, 83,83,84,85,66,87,88,69,90,91,93,100). Since 

ethyl palm!toylaoetoacetate was found to be insoluble in aqueous or 

aqueous-alcoholic solution of potassium hydroxide, the second method 

proved to be more convenient. Since the ester is a solid, it was 

dissolved in the minimum amount of ether and the solution was added 

to a strongly basic aqueous solution of benzene diazonium hydroxide.

Most of the red-brown product of the condensation reaction could 

be extracted directly from the basic solution with ether. However, 

more complete extraction was obtained when the reaction mixture was 

first made strongly acid with hydrochloric acid. The oily or semi­

solid residue from the ether extracts could be crystallized from 

absolute ethanol. A yellow crystalline material (m.p. 47.5-48.5* C.) 

which analysed correctly for ethyl 4-phenylhydrazono- ^-ketostearate 
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was obtained. The yield of crystalline material eae quite low—38 

per cent. The recrystallization procedure was tedious since the 

product tended to form a solvated mass which was difficult to filter. 

Repeated cooling furnished further crops of crystals.

The low yield of crystalline phenylhydrazone might be due to 

cleavage of the palmitoyl group rather then the acetyl group, to lack 

of any cleavage, or to the presence of uncrystalllzable, polymorphic 

forms of the phenylhydrazone. Attempts to estimate quantitatively 

the mount of acetic acid in the aqueous mother liquor from the con­

densation reaction were unsuccessful. Feofilaktov (79-92) found 

that although the phenylhydrazones obtained from the condensation of 

o^alkylaeetoacetlc esters and benzene diazonium salts were red-brown 

oils which could not be crystallized, good yields of the o(-phenyl- 

hydrazone acids were obtained on hydrolysis. Moreover, Lions and his 

co-workers (93,94,95,103,104), who prepared a large number of phenyl­

hydrazones by this method, obtained only two crystalline products. 

All of the phenylhydrazones, however, gave good yields of the corre­

sponding indole derivatives on treatment with hot acid. Therefore, 

the crude red-brown oil obtained from ethyl palmitoylacetoacetate 

and benzene diazonium chloride was reduced without purification.

5» stearic ®oJ4

The reduction of the crude phenylhydrazone was carried out under 

2000 lbs, of hydrogen pressure using Raney nickel catalyst. Hydrogen 

was absorbed at 7&»85* C. The temperature was then raised to 110­

130® c. to complete the reduction. In one case the compound absorbed 

between 70 and 100 per cent of the theoretical amount of hydrogen.
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The aminohydroxy ester was not isolated as such but hydrolyzed 

to the acid. A soapy brown material was obtained from which only 

20-23 per cent of the theoretical amount (based on the ethyl palmlt- 

oylacetoacetate used) of o(-amino- G-hydroxystearic mold hydrochlo­

ride could be isolated by recrystallization from glacial acetic acid. 

The glacial acetic sold solution was always very dark in color and 

contained materials which were never fully identified. Since the 

palmitoyl group might have been cleaved instead of the acetyl group» 
an attempt was made to identify o(-amino- Q-hydroxybutyrlo acid in 

the hydrolysis» but without success.

CJ————CO —CO g

—BSLA CHaC}(—GHCO&H
Mi Ha0 ? *0H fe.

6. Methyl <X-amlno- Q -hydroxygtearate

Methyl q(-amino- G-hydroxy stearate hydrochloride was prepared 

from the acid by the action of dry hydrogen chloride in methanol. 

The white crystalline compound so obtained melted over a range (105­

118* C., capillary). This was to be expected since the method of 

synthesis used should lead to the formation of a mixture of the two 

possible pairs of diastereoisomers. However, microanalysis showed 

that the ester hydrochloride had the proper empirical composition. 

The free ester was also prepared.

7. N-BensQyl derlvatl2&@

Since attempts to separate the isomers by fractional 
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crystallisation of the ester hydrochloride or the free ester were 

unsuccessful, attention was turned to the N-benzoyl derivatives, 

o(-Amlno stearic acid was used as a model compound* The technique 

developed by Carter and Stevens (120) for the benzoylation of 

amino acids failed due to the insolubility of the long chain amino 

add in 0.5 N aqueous potassium hydroxide, The use of 50 per cent 

methanolio base made It possible to Isolate about 50 per cent of the 

theoretical amount of the N-benzoyl derivative In the case of 0(- 

amino stearic add, but results were still unsatisfactory with the 

aminohydroxy add.

Benzoylation of methyl o(-amino st©arate in pyridine gave good 

yields (65 per oent) of the N-benzoyl ester (m.p. 83-8# C. ). This 

compound was hydrolyzed to benzoyl-o(-amlnostearic add with 0*5 N 

potassium hydroxide in 90 per cent methanol* A 90 per cent yield of 

a nicely crystalline compound (m.p* 116-116*5° C,) was obtained. 

Both compounds gave correct analytical results.

The action of benzoyl chloride in pyridine on methyl Of-amlno- 

Q-hydroxystearate yielded a yellow solid (86 per cent of the theo­

retical amount) which could not be recrystallized satisfactorily. 

Hydrolysis to the add yielded a cream colored solid (70 per cent— 

based on the original ester hydrochloride) which melted over a wide 

range (60-160° C. ) suggesting that a mixture of isomers was present*

The N-benzoyl add could be separated into two fractions on the 

basis of benzene solubility. The faction easily soluble in benzene 

carried with it most of the color of the original product. This 

soluble fraction (m.p* 60-65° C.) could be recrystallized from meth­

anol. The colored impurities, however, continued to separate with 
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the product and analysis shoved only one-half of the theoretical a­

mount of nitrogen. The benzene insoluble fraction was a white crys­

talline material melting from 155^165* G. Most of it dissolved In 

absolute ethanol and recrystallized on the addition of a small amount 

of benzene. The recrystallized material melted from 165-170* G. and 

analyzed correctly.

8. Tribenzoyl-1.3-dIhydroxy-3-am ino^octadeçane

A small amount of the original methyl o(-amlno-Q-hydroxy- 

stearate was reduced with Haney nickel and hydrogen. Benzoylation 

of the product in pyridine yielded a white material which could be 

recrystallized from absolute ethanol. The crystalline solid melted 

at 139-143* C. and analyzed correctly. This product represents one 

of the racemic forme of l#3-dlhydroxy-3-amino-octadecane, one of the 

four optical isomers of which is dihydro sphingosine.

B. Addition of h  acid to d acidsypobromo.ua

The addition of hypobromous acid or one of its derivatives to 

3,3-octadecenolo acid, followed by amination would be an ideal route 

to d^-e#lno-@-hydroxy stearic acid, since only one of the two posai* 

ble pairs of diastereoisomers would be fbrmed.

CxsHslCH=CHCOaH JS§E$ ClsHalÇH-^H-C08H -58.^ C1BH$l^U^H-COaH

Oleic and crotonio adds were used as model compounds for the ex­

ploration of various methods of preparation and addition of hypo* 

bromous acid.

A standard method for the preparation of hypobromous acid 

ypobromo.ua
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eolations the relation of bromine with yellow merourie oxide (36, 

3?)# It w&e found th#t a 70 per cent yield of hypobromous acid could 

be obtained. if the reaction mixture was kept cold (O* C.)« The cold 

solution did not decompose appreciably over a period of 1 hour* The 

concentration of hypobromite was determined by allowing the sample 

to react with sodium arsenite and titrating the excess arsenite with 

iodine (131)*

Other methods of preparing hypobromite are the addition of bro­

mine to basic (potassium hydroxide or sodium carbonate) or acidic 

(noetic aold^sodlum acetate) solutions of the unsaturated compound. 

In the case of the basic media* the solution must be slowly addi- 

fled after the addition of the bromine to liberate free hypobromous 

acid* The reaction of potassium bromide and potassium bromate in 

acid solution has also been used to generate hypobromous acid (132), 

The results obtained by these various methods are summarised below!

Unsaturated acid %urco of_ 4 Yield1 of produot

Oleic cold Br g— M a g CO § 80 43B

Oldo add Brg-HOAo-HaOM 97 356

Gro tonic add Br#*HgO 53 333

Grotonic acid BryNagCO BB 186

Oro tonic add By KOH 34 195

Grotonic add Br^KOAC 47 817

Gro tonic add KBr-KBrOa 91 338

^Based on the calculated amount of bromohydroxy add*
^Bromohydroxyolelc add—379; dibromo-olelc add*-443; bromohydroxy- 
orotonlo add—183; dibromocrotodc ad<*-346.
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These results Indicate that in several cases a large portion of the 

product must have been the dibromo compound.

All of the products obtained were yellow to brown oils, No 

attempts were made to purify the oils as euoh. Several of the pro­

ducts from aretonic add Were aminated with aoncentrated ammonitmi 

hydroxide. No appreciable amount of d^-amlno- Q-hydroxybutyric acid 

was ever isolated. This would indicate that either the addition 

products were mostly the dibromo compound» as suggested by the neu­

tral equivalents, or that the amination procedure needed improvement.

All of the procedures so far described have the disadvantage* 

es far as oleic acid (or 2*3-o@tadeoenoio add) is concerned* that 

an aqueous medium is used, Oleic acid was not soluble in either the 

carbonate or the acetic acid reaction mixture.

The use of acetyl hypobromite would overcome this disadvantage 

since it is prepared by the action of bromine in carbon tetr&ehlo* 

ride on silver acetate. With cratonic add acetyl hypobrosite gave 

a 56 per cent yield of an oil having a neutral equivalent of 233 

(calculated—225^. When this product was aminated* a small amount 

of aminohydroxy acid was isolated. This was proved to be allothree* 

nine by conversion to the N-benzoyl derivative. With oleic add* 

the product was a yellow oil of very high neutral equivalent ( cal* 

oul at ed—431; found**616). it is possible that acetyl hypobromite 

in the presence of the free add yields peroxides which would cause 

the formation of high molecular weight products. Esters would prob­

ably be more suitable compounds for reaction with acyl hypohalites.

C. Synthases frog

An attempt was made to synthesize 2-amino-3-hydroxypropionalde- 
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hyde which in the form of an appropriate derivative might be con­

densed with an acetylenic Grignard reagent to yield a ephingoelne 

derivative,
N-BenKoyl-D-glueosaRlne was prepared by reaction of benzoyl 

chloride with D-glucosamine hydrochloride suspended in sodium bicar­

bonate solution, Barly reactions gave fair yields (67-74 per cent) 

of the crude N-benzoyl derivative. Large losses occurred, however, 

when recrystallization was attempted. Later reactions failed to give 

good yields and no reason for this failure could be ascertained. 

N-Benzoyl-D-glucosamlne was reduced with Raney nickel and hydrogen 

to %-benzoyl-O-gluoesaminol. This letter compound resisted all ef­

forts at recrystallization and was isolated by lyophilization.

N-Acetyl-D-glucosamlne was prepared from D-glucosamine hydro­

chloride by the action of silver acetate and acetic anhydride in dry 

methanol, Yields were around 50 per cent, and large losses accom­

panied recrystallization. Reduction of N-aoetyl-D-glucosamine with 

Raney nickel and hydrogen produced solutions which no longer gave a 

Benedict's test, but it was never found possible to isolate N-a&etyl- 

B-gluccsamlnol.
Periodate oxidation rate studies showed that N-benzoyl-D-glu- 

cosaminol absorbed close to the theoretical 3 moles of periodate in 

less than 15 minutes, R-Ben&oyl^b-gluwsamine absorbed 3 moles of 

periodate only after 36 hours; K-acetyl-D-gluco eamine absorbed 3 

moles after 34 hours* Periodate oxidation of %»benzoyl-D-glucoeamln* 

ol on a preparative scale yielded two products which gave positive 

fallen*# tests. The first of these melted at 138-137^ C. end cen- 

talned 4.69 per cent nitrogen. The calculated value for 3-ami no-3-^ 



hydroxyproplonaldehyàe la 7.25 per aent& The eeoond product malted 

at 144-147* C. and contained 6.23 per cent nitrogen. Since the 

yields were very poor, the method wcg abandoned.
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A. Syntheses from Q -keto esters

1. Palmitoyl chloride

in a 5-liter round-bottomed 3-necked flask, fitted with a mer­

cury-sealed mechanical stirrer, a dropping funnel, and a reflux con­

denser connected to a gas trap, were placed 500 g, (1*99 molee) of 

Eastman palmitic acid, melting at 61-68» 0. The flask was warmed on 

a water bath until the acid melted and could be stirred. Then 357 g. 

(3 moles) of thionyl chloride were added slowly from the dropping 

funnel. The mixture was refluxed for 3 hours after the addition was 

completed. The excess thionyl chloride was removed by distillation 

under reduced pressure (water pump) at the temperature of boiling 

water* The palmitoyl chloride was then distilled under reduced 

pressure (oil pump). Since palmitoyl chloride tends to decompose at 

its boiling point, the heating bath (oil or #oed*s metal) was heated 

to 200» C. before the flask was immersed in it. The water-white 

palmitoyl chloride (438 g.—80 per cent of the theoretical amount) 

distilled at 163-165# C./2 mm.

%» Fthyl palmitoyl^^^^

In s 5-llter round-bottomed. 3-necked flask, fitted with a wr- 

oury-sealed mechanical stirrer, a reflux condenser equipped with a 

drying tube, and a dropping funnel, were placed 3 liters of anhy­

drous ether and 23 g. (1 mole) of powdered sodium. Two hundred and 

sixty grams (2 moles) of ethyl aceto&oetate (b.p. 89—90* C./25 mm.) 

were added slowly from the dropping funnel» The mixture was allowed
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to stir ovsr-nlght to obtain complete reaction, A slight yellow 

color developed. Two hundred and seventy^five grams (1 mole) of 

palmitoyl chloride were added over a period of 1 hour. The ethyl 

sodloacetoacetate went into solution, and a turbidity due to sodium 

chloride appeared. The ^IxtuM was refluxed for 1 hour to complete 

the reaction. The ether solution was washed twice with water and 

dried over anhydrous sodium sulfate, The ether was removed by dis­

tillation under reduced pressure and the oil solidified by cooling 

in ice. The product was recrystallised twice from 95 per cent etha­

nol, giving 190 g. (50 per cent of the theoretical amount) of a 
white so US iB.lt ing at 35.5-36* C.1

C»iH«Oa Calculated! C 71.74 H 10.67

(358) Found! C 71.68 H 11.10

3. %hyl

In a 2-llter 3-necked round-bottomed flask, equipped with a 

mechanical stirrer, was placed a solution of 34 g. (0.6 moles) of 

potasslw hydroxide in 500 ml. of water. The flask was immersed in 

an ice-salt bath, when the temperature of the solution reached 

0^3* C., a cold (0-3* G. ) solution of benzene diazonium chloride, 

prepared from 9.3 g. (0,1 moles) of g^lllne, 35 ml, of oonoentrated 

hydrochloric acid, 7 g. (0.1 moles) of sodium nitrite, and 600 ml, 

of water, was added with stirring, The solution was colored yellow 

but remained clear. Through a dropping funnel was added a solution

^l melting points, unless otherwise indicated, were taken on a 
Kofler microblock.
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of 36.8 g. (0.1 molds) of ethyl palmltoylaoetoaoet&te dissolved In 

$00 ml, of ether. The addition required 30*45 minutes. The reae* 

tlon mixture turned orange and cloudy during the addition. The re­

action mixture was kept cold and was stirred for 3-4 hours during 

which time the color gradually turned from orange to dark red-brown. 

The mixture wa@ then allowed to warm up to room temperature, made 

sold with concentrated hydrochloric acid, and extracted with ether. 

The first extract was dark red-brown; the second, orange; the third, 

light yellow. The remaining water solution was light red, but no 

more color could be extracted. The ether extracts were washed with 

dilute hydrochloric acid and with water, combined, and dried over 

anhydrous sodium sulfate. The ether was removed by distillation 

under reduced pressure and the residual brown oil dried under vacu­

um. After several days a semi-solid red-brown mass weighing a little 

more than the theoretical amount (41» 3 g.) was obtained.

This semi-solid could be recrystallised from absolute ethanol 

but only with difficulty. in one case it was possible to isolate a 

38 per cent yield of yellow crystalline material melting at 47.5­

48.5* C.

Calculated! C 73.56 H9.77 N6.50

(430) Pound: C 72.10 R 9.58 % 6.42

( ash from C, H—0.3^ )

4. o(-Amino- (S-hyd^ hy^^lorlda

Because of the difficulties encountered in recrystallising the 

phenylhydratone of ethyl -koto stearate, the crude red-brown oil

obtained from the condensation reaction was reduced without 



purification* The oil was dissolved in absolute ethanol end reduced 

in the presence of Raney nickel at hydrogen pressures of 1500-3000 

p. 8,1. Hydrogen was absorbed first et 75-85* C. The teraperature 

was then raised to 110-120* 0» to complete the reduction. From 70­

100 per cent of the theoretical amount of hydrogen (based on the 

amount of ethyl palmitoylacetoacetate used) was absorbed.

The catalyst was separated by filtration and the alcohol r$N, 

moved by distillation under reduced pressure. The residue, a dark 

brown oil, was refluxed for 3 hours with 400 ml, of 6 N hydrochloric 

acid. A dark brown soapy material we@ obtained on cooling. The 

aqueous layer was dark brown in color and contained aniline. The 

soapy solid was recrystallised from glacial acetic acid yielding 

7.0-8.3 g* (30-88 per cent of the theoretical amount based on the 

ethyl -ketostearate used) of a slightly purple crystalline solid 

melting at 180.190* C.

5, M&Î&ÜL p(-amino-(3 -hydroxy stee hydrochloride

in a 500-ml, round-bottomed 3-necked flask, equipped with a re­

flux condenser with drying tube and a gas-inlet tube, were placed 

7.57 g. of o(-amlno-(3-hydroxystearic aeld hydrochloride suspended 

in 300 ml, of anhydrous methanol. Hydrogen chloride gas was run in 

rapidly without cooling. After about 1/3 hour the solution had 

warmed to reflux temperature and all the solid material had dis­

solved. The solution was then refluxed for 3 hours, while hydrogen 

chloride was run in slowly. The hot solution was filtered, cooled 

in ice, and the precipitated hydrochloride removed by filtration. 

The filtrate was evaporated to dryness under reduced pressure.
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residue, combined with the precipitate, wps 7,4 fT, (94 per oent 

of the theoretical amount) of a mli^htly purple powder & .After two 

recrystallizations from ethyl acetate the melting point was 118­

119* C, (capillary).

0x,H^0»N01 Calculated* 0 63*40 H 10,95 N 3,83

(365.5) Found: 0 63.46 H 11.11 % 3*98

6» Methyl . d-aMno- P -hydroxystearate.

In a separatory funnel were placed 0.365 g. (0.001 moles) of 

methyl p(-amino-^-hydroxystearate hydrochloride suspended In 115 ml, 

of 0.0088 N aqueous sodium hydroxide. The mixture was shaken for 

several minutes. The cloudy solution thus obtained was extracted 3 

times with ether. The ether extracts were washed with water, com­

bined, and dried over anhydrous magnesium sulfate. The ether was 

removed under reduced pressure. The residue was 0.30 g. (91 per 

cent of the theoretical amount) of a white powder. After recrys­

tallization from methanol and water the melting point was 55.5­

56.6* 0. (capillary).

7. Methyl

To an ice-cold solution of 1 g. (0.003 moles) of methyl c(- 

aminostearate dissolved in 30 ml. of anhydrous pyridine was added 

0,5 ml. (0,0035 moles) of benzoyl chloride. The mixture was allowed 

to stand at room temperature for 3 hours. The solution was cooled 

and water (3 ml.) added. It was then poured on cracked ice and 

hydrochloric add (30 ml.) in a separatory funnel. The white pre­

cipitate which farmed was extracted with ether. The ether solution 



was washed with dilute hydrochloric acid, dilute sodium bicarbonate, 

and water, and dried over anhydrous sodium sulfate. The ether was 

removed by distillation under reduced pressure. The dried product 

was 1.11 g. (85 per cent of the theoretical amount) of a white crys­

talline material. After two recrystallizations from petroleum ether 

(b.p. 90-100* C.) the product melted at 83-84* C,

Calculated: C 74.82 H 10.31 N 3.78

(417) Found: C 74.23 H 10.38 N 3.34

(Ash from 0,H—1.13^)

8* Benzoyl-o(-amlnostearic acid

One gram (0.0024 moles) of methyl benzoyl-oC-aBlnoetearate was 

dissolved in 50 ml. of 0.5 N potassium hydroxide in 90 per cent 

methanol. The solution was allowed to stand at room temperature for 

36 hours. Hydrochloric acid was added until the solution was acid 

to Congo red. The white precipitate was separated by filtration and 

dried. After two recrystallizations from methanol 0.87 g. ( 90 per 

cent of the theoretical amount) of a white crystalline material 

(m.p. 116-110.5) was obtained.

C„H*%O,N Calculated; C 74.44 H 10.17 N 3.4?

(403) Found! 0 74.38 H 9.95 «3.4$

9. a®M

To a cold solution of 7,4 g. (0.0203 moles) of methyl o(-emlnc-

Q -hydroxy st carats hydrochloride In 75 ml. of dry pyridine were 

added 2.4 ml. (0,0303 moles) of benzoyl chloride. The solution was 
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allowed to stand at room temperature for 5 hours, The solution was 

cooled and 5 ml* of water added* The solution was poured on loe and 

75 ml. of concentrated hydrochloric acid. The solid material formed 

was removed by filtration. The dried product was 7*54 g. (86 per 

cent of the theoretical amount) of a brownish solid. It would not 

recrystallise satisfactorily from petroleum ether (b.p. 36-42» C. ), 

hexane, or methanol.

The impure product was suspended in 500 ml, of 0,5 N, potassium 

hydroxide in 90 per cent methanol. The reaction mixture was allowed 

to stand at room temperature for 24 hours. Not all of the solid 

dissolved. The brownish solid was removed by filtration. The solu­

tion was diluted with 300 ml. of water, and concentrated hydrochlo­

ric add added until the pH was less than 2. The white precipitate 

which formed was removed by filtration and dried.

The brownie material which had not dissolved in the methanolic 

base was treated with another 500 ml. of 0.5 N potassium hydroxide 

in 90 per cent methanol. gince the solid still did not all dissolve 

after 18 hours at room temperature, the mixture was warmed to 60- 

75# G. for 1 hour. It was filtered warm and worked up as before. 

The combined precipitates were 6.0 g* (70 per cent of the theoreti­

cal amount based on methyl o^amlno* (^-hydroxystearate hydrochlo­

ride) of a cream colored crystalline solid (m.p. 60-160# C*).
The crude o(ebenzoy lam Ino- Q-hydr oxy st ear 1 o add was separated 

into two fractions of the basis of benzene solubility. The benzene 

soluble fraction (2.88 g. ), which contained most of the color of the 

original product, was recrystallized from methanol. The recryetal- 

lized material melted at 60-65# G*, and was still cream colored.
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Caloulatea: N 3,34

(419) Found: % 1,65

The benzene Insoluble fraction (2*13 g,) was a Alts crystalline 

material. On treatment with hot absolute ethanol all except 0.32 g. 

dissolved. ^hen a small amount of benzene was added and the solu* 

tien cooled, white crystals (m,p* 165-170* separated,

Calculated: 0 71.50 H 9.79 N 3,34

(419) Found: C 71,41 M 9.54 N 3.56

10. Trlbengoyl^l, Skdlhydro amlnorO ct adeeane

A suspension of 0*85 g. (0.0036 moles) of methyl o(**a®lno*(^•* 

hydroxystearate in 30 ml. of anhydrous methanol was reduced with 

Raney nickel (3-3 g. per g, of compound) and hydrogen (3000 p.s.l.) 

at 110» C. After 1 hour it had absorbed approximately the theoreti­

cal amount of hydrogen* The catalyst was removed by filtration and 

the solution evaporated to dryness under reduced pressure. The res­

idue was dissolved in 35 ml. of dry pyridine. The solution was 

cooled, and 1.3 ml. (0.0104 moles) of benzoyl chloride added. The 

solution was allowed to stand at room temperature for 3 hours. The 

solution was cooled, and 3 ml. of water added. The solution was 

poured onto ice and 35 ml. of concentrated hydrochloric acid. A 

waxy solid separated, was removed by filtration, and dried. This 

product (1.05 g,--68 per cent of the theoretical amount) could be 

recrystallized from ethanol or benzene. After 3 recrystallizations 

from benzene the melting point was 116*121* 0.
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C3JHS1OSM Calculated: 0 76.31 H 6.38 H 3.38

(814) Found! 0 74.61 H 9.33 N 3.96

these values could result from a mixture of dl- and tri^ 

benaoyleted produote, the go lid vas diesolved In 30 ml. of dry pyri­

dine and rebenzoylated with 1 ml. of benzoyl chloride. Since the 

product did not eepar&te cleanly when the solution was poured on ice 

and hydrochloric acid, the suspension was extracted twice with ether, 

The extracts were washed with water, combined, and dried over anhy­

drous sodium sulfate. The ether was removed under reduced pressure. 

The residue was 1.13 g. (?9.5 per cent of the theoretical amount) of 

a white solid. After 2 recrystallizations from absolute ethanol the 

melting point was 139-143* C,

Oalculated: 0 ?$.31 % 8.38 % 2.38

(814) Found: C 76.51 H 8.39 N 2.43

B. Addition of hypobromous ^oid to ,P -unsaturated ^cjds

1. Determination byRobrpmlge

The sample of hypobromite solution was added to 35 ml. of 0.1 1 

sodium arsenite and 75 ml. of 5 per cent sodium bicarbonate in a 

125-ml. Srlenmeyer flask. At least 2 ml. of 0.1 M arsenite should 

remain in excess. After 5 minutes 10 drops of a freshly prepared 1 

per cent starch solution were added and 2-3 ml# of 2 N acetic acid 

were added dropwise with vigorous stirring until carbon dioxide was 

evolved. The excess arsenite was titrated with 0.5 N iodine solu­

tion until a permanent light blue color appeared*



2. Stability of hypobromlte solutiong

^Ight gram8 of yellov merourlo oxido vere auependod in 100 ml.

of water, One milliliter (0.03 moles) of bromine was added, The 

mixture was stirred until all the drops of bromine had reacted. This 

required about & minutes. The solution was filtered and 2 ml, all* 

quote removed at intervals and titrated as described above.

In the first experiment the solution was maintained at room 

temperature; in the second, it was kept cold in ice and the precipi­

tate washed with 50 ml* of cold water. The results are summarized 

below.

Time 
(mln.)

Experiment 1

g. HOBr/lOO ml

10 1.396

25 1.349

60

Experiment 3

1.180

10 1.363

30 1.355

60 1.337

The calculated amount of hypobromito was 1.04 g. per 100 ml.

Therefore by keeping the solution cold and washing the préalpin 

tats a 71 per cent yield of hypobromous acid may be obtained after 

10 minutes and the cold solution is fairly stable for 1 hour.
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3* Addition of hypobromoue acid to oleic acid

Bodlum carbonate method

A solution of sodium hypobromite was prepared by adding 

10 ml. (0.3 moles) of bromine dropvise to an ice-cold solution of 

57 g. (0.535 moles) of sodium carbonate in 600 ml. of water. This 

solution was added with stirring to 56.4 g. (0.3 moles) of oleic 

acid suspended in a solution of 38 g. (0.3 moles) of potassium oar- 

bonate in 400 ml* of water. The mixture was stirred for 1 hour at 

0» G. Concentrated hydrochloric sold was added dropwige over sever­

al hours until a permanent bromine color formed (117 ml* required). 

During the addition of the acid a solid material separated, which 

for the most part redissolved. At the end of the addition the re­

action mixture consisted of a brown solution and a brown semi-solid 

mass which would not filter.
The solution was decanted and extracted twice with ether. The 

ether solution was decolorised by shaking with dilute sodium bisul­

fite solution, washed with water, and dried over anhydrous sodium 

sulfate* When the ether was removed by distillation under reduced 

pressure, the residue was negligible and was discarded.

The semi-solid mass was dissolved in ether, and the ether solu­

tion washed and dried as above. When the ether was removed, the 

residue was a yellow-brown oil* After drying under reduced pressure 

for 24 hours it weighed @0.4 g, (80 per cent of the theoretical 

amount of bromohydrin).
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Neutr&l equivalent

Calculated: (bro%ohydroxyoleic acid) 379

(dibromolele acid) 442

Found* 435, 427

b. Acetic acid method

To a vigorously stirred eugpenslon of 56*4 g. (0.3 mole*) 

of oleic acid in 200 ml. of 90 per cent acetic sold vere added drop- 

vlee 10 ml. (0.3 moles) of bromine. The addition required 3 1/3 

hours. The mixture vae stirred over-night. The reaotion mixture 

then consisted of two layers which were separated and worked up sep­

arately*

The upper layer was yellow-green in color, and a white cloudy 

suspension was formed when water was added* This suspension was ex- 

traoted with ether. The ether solution was washed with dilute eodi­

um bisulfite solution and with water, dried over anhydrous sodium 

sulfate, and the other removed under reduced pressure. A brown res­

idue (3.2 g. ) which smelled like oleic acid was obtained.

The lower layer was brown and oily, l#hen water was added an 

oil separated. This oil was removed by extraction with ether. The 

ether solution was washed and dried as above. The ether was removed 

under reduced pressure and the oil dried in a desiccator. After 48 

hours it weighed 74.0 g, (97 per cent of the theoretical amount of 

bromohydrin).

Neutral equivalent
Calculated: (bromohydroxyolelo add) 379

Found? 355,358



~ £50**

4. Addition of hypo,bromous acid to orctonic acid

a, Mercuric oxide method

A solution of hypobromous add was prepared by adding 9 ml» 

(0,1 moles * 60 per cent excess) of bromine to an ice-cold guspen- 

sion of 45 g. of yellow merourlo oxide in 200 ml. of water* This 

solution of hypobromous add was filtered into a cold solution of 

8.6 g# (0.1 moles) of orotonic acid in 100 ml. of water. A slight 

bromine color developed. The solution was extracted 3 times with 

ether* The ether extracts were washed with dilute sodium bisulfite 

solution and with water, combined, and dried over sodium sulfate. 

When the ether was removed under reduced pressure, the residue was 

9.6 g. (52 per cent of the theoretical amount of bromohydrin) of a 

brown oil,

Neutral equivalent

Calculated: (bromohydroxycrotonic add) 183

(dlbromocrotonic acid) 246

Pound: 232

The aqueous mother liquor was extracted twice more with ether. 

The extracts were washed and dried as before, and the ether removed, 

The residue was 2+5 g. of an oil which partially solidified after 

several days in a vacuum desiccator.

Neutral equivalent

Pound: 192
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b, Sodium carbonate method

A solution of sodium hypobromite was prepared by adding

5 ml. (0,1 molee) of bromine to an ice-cold solution of 30 g# (0*3 

molee) ef eodlum carbonate in 150 ml. of water, This solution was 

added to a solution of 6.6 g. (0.1 mole*) of orotonlo acid and 15 g* 

(0,1 moles) of potassium 'Carbonate in 150 ml* of water. Cry in® was 

added to the solution, At intervals 3-ml. aliquots of the reaction 

mixture was titrated for hypobromite by the method previously des­

eribed, When the titration values for the sample were equal to those 

of the blank, addition of carbon dioxide was disoontinued, and the 

reaction mixture allowed to stand over-night. Concentrated hydro­

chloric acid was added until the pH was less than 2, and the solu— 

tion extracted 3 times with ether. The extracts were washed with 

dilute sodium bisulfite solution and with water, combined, and dried 

over anhydrous sodium sulfate. The ether was removed under reduced 

pressure and the residue dried in a vacuum desiccator. The product 

was 18.6 g. (69 per cent of the theoretical amount) of a light brown 

oil,

Neutral equivalent
Calculated* (brmRohydroxycrotonic sold) 183

Found? 186

o, Potassium hydroxide method

A solution of potassium hypobromite was prepared by adding
7.5 ml. (0.15 moles) of bromine to a cold solution of 42*0 g. (0.75 

moles) of potassium hydroxide in 350 ml* of water « This yellow 
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eolation was added to a cold solution of 6.6 %. (0.1 moles) of oro- 

tonlc add in 230 ml. of water. Solid carbon dioxide was added un* 

til titration of & 3*ml. aliquot showed that no more hypobromite was 

present# The slightly yellow solution was allowed to stand over^ 

night. The then colorless solution was made strongly acid (pH less 

than 3) with concentrated hydrochloric acid. It was extracted 6 

times with ether. The extracts were washed with dilute sodium bi­

sulfite solution and with water, combined, and dried over anhydrous 

sodium sulfate. The ether was removed under reduced pressure. The 

residue was 6.3 g. (34 per cent of the theoretical amount) of a 

yellow-brown oil.

Neutral equivalent

Calculated: (bromohydroxycrotonic add) 183

Found: 196

d. Acetic acid method

To a solution of 8.6 g» (0.1 moles) of crotonic add and 

87.2 g. (0.3 moles) of sodium acetate in 300 ml. cf 90 per cent 

acetic acid were added dropwise 3 ml. (0.1 moles) of bromine. The 

addition required 30*43 minutes. The solution was allowed to stand 

over-night, Concentrated hydrochloric acid was added until the pH 

of the solution was loss than 2. A slight yellow color developed* 

The solution was extracted 4 times with ether* The extracts were 

washed with dilute sodium bisulfite solution and with water, com­

bined, and dried over anhydrous sodium sulfate. The ether was re­

moved under reduced pressure. After prolonged drying under reduced 

pressure over potassium hydroxide the residue no longer smelled of
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&@etlc aoia. The product 8.5 g. (47 per oent of the theoretical 

amount) of a light yellow oil.

Neutral equivalent

Calculated; (bromohydroxyorotonic acid) 183 

(dlbromocrotonlc add) 346

Pound: 21?

e. Bromide-broB&te method

The hypobromite solution was prepared by mixing equal vol­

ume# of a solution containing 36 g. of potassium bromide per 100 ml. 

of water and a solution containing 10 g. of potaselum bromate per 

100 ml. of water. For b.6 g. (0,1 moles) of cratonic add 190 ml, 

of each solution was used. The cratonic acid dissolved readily In 

this mixture. Concentrated hydrochloric acid was added dropwise un­

til a permanent bromine color developed* The solution was allowed 

to stand over-night. 51nae titration of a 3-ml. aliquot showed that 

hypobromite was still present, more hydrochloric acid was dropped 

in. %hen the titration showed that no more hypobromite was present, 

the solution was extracted S times with other. The ether extracts 

were washed with dilute sodium bisulfite solution and with water, 

combined, and dried over anhydrous sodium sulfste. The ether was 

removed under reduced pressure, and the oily residue thoroughly 

dried. The product was 16.7 g. (91 per cent of the theoretical 

amount of bromohydrin) of a light-brown oil.
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equivalent

Calculated: (bromohydroxyorotonic acid) 183

(dlbromocrotonic acid) 346

Found: 338

5. Addition of acetyl hyooWomite to p( » (^-uneaturat04 acids

a. To oleic acid

A cold (0* C.) solution of 5 ml, (0.1 moles) of bromine in 

500 ml. of carbon tetrachloride was added in portions with shaking 

to 30.4 g. (0,1 moles + 30 per cent excess) of silver acetate. The 

suspension was light yellow. This solution of acetyl hypobromIte 

was filtered into a cold (0* C.) solution of 26.3 g, (0.1 moles) of 

oleic acid in 100 ml, of carbon tetrachloride. The color was dis­

charged within 15 minutes. The solution was allowed to stand in ice 

for 1 hour. The solution was extracted with an equal volume of 2 

per cent aqueous sodium bisulfite solution, washed with water, and 

dried over anhydrous magnesium sulfate, The carbon tetrachloride 

was removed under reduced pressure. After thorough drying under re­

duced pressure the product was 35.5 g, (85 per cent of the theoreti­

cal amount) of a yellow oil.

Neutral equivalent 

Calculated: 431

Found $ 609, 634



b< To orotonic aoid

To 20 g, (0,1 molea + 20 per oont exeogo) of silver aoe* 

tato wag added with vigorous shaking a cold (O* C, ) solution of 5 ml, 

(0,1 moles) of bromine in 150 ml, of carbon tetrachloride. The 

llght^brown acetyl hypobromite solution was filtered into a cold 

(0* C») solution of 8,6 g. (0,1 molee) of orotonio aold in 100 ml* 

of carbon tetrachloride. Moet of the color was discharged, The so* 

lution was kept cold (0* C.) and stirred for 1 hour. The solution 

was extracted with dilute sodium bisulfite solution, washed with 

water, and dried over calcium chloride. The carbon tetrachloride 

was removed under reduced pressure. The residue was 12.7 g. (56 per 

cent of the theoretical amount) of a brown oil.

Neutral equivalent

Calculated: 235

Found: 233

The oil was treated with 600 ml. of concentrated ammonium hy­

droxide. Net all of the material dissolved. The solution was de* 

canted from the sticky residue, placed in 2 500-ml. bottles, and 

kept for 10 days in a hot room (37* C.). The bottles were removed, 

cooled, and opened. The yellow solution was concentrated under re* 

duced pressure to an oil. The oil was dried with acetone, and die* 

solved in 15 ml, of water and 150 ml. of absolute ethanol. Crystals 

separated on cooling, were filtered, and dried. The product was 

6.6 g. (55 per cent of the theoretical amount, based on the crotonic 

acid used) of a white material melting with decomposition at 312* 

316* C.
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To 2*38 g. of the aminohydroxy aoid &l@6olved in 15 ml. of 2 N 

eodium hydroxide and 5 ml. of water wore added 4.6 ml. of benzoyl 

chloride and 46 ml. of 2 N sodium hydroxide alternately in portions 

with shaking and cooling. The solution was acidified with 8.8 ml, 

of concentrated hydrochloric acid. The precipitate was removed by 

filtration. The solution was concentrated to a small volume and the 

solid removed by filtration. The combined precipitates were ex­

tracted with hot petroleum ether (b.p. 90-100» C.). The residue 

from this extraction was 1.85 g. (41.5 per cent of the theoretical 

amount) of a white crystalline material. After 2 recrystallizations 

from water it melted at 176*176.5» C, (capillary). Th^re was no 

depression of melting point on mixing with N-benzoylallothreonine 

but considerable depression on mixing with N-benzoylthreonine,

C. Syntheses from D-glucosamine

1. N-Be n zoyl* D*gl u co semi ne

To 5.38 g. (0.035 moles) of D-glucosamine hydrochloride par­

tially dissolved in a solution of 5.25 g. (0.0635 moles) of sodium 

bicarbonate in 35 ml. of water was added in portions 3.5 g. (0.025 

moles) of benzoyl chloride. The mixture was shaken vigorously after 

each addition and cooled in ice. A thick white slurry was formed 

which made shaking difficult. The solid was collected on a filter 

and dried under reduced pressure over phosphorus pentoxide, giving 

5.2*5#? g. (67-74 per cent of the theoretical amount) of a white 

crystalline material* which melted with decomposition at 196-198» 0* 

Recrystallization from 90 per cent methanol yielded only 3.8*3.1 g. 

of material, which melted with decomposition at 802-804» C.
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Calculated: N 4.94 

(883) Pound: N 4.78, 5.01

(micro Kjeldahl)

The optical rotation was * +43.0® (100.2 mg. in 10 ml. water).

3. ^Ben%oyl%X^Rlucoeaml^

N-Benzoyl^D-gluocsamlne (3.14 g. ) was reduced using Raney 

nickel catalyst at 100® C. and 1000 pounds hydrogen pressure. After 

3 hours the solution gave a negative Benedict*# test, The solution 

was concentrated to a small volume and, after all attempts at re^ 

crystallization failed, was lyophilized. The resulting product con­

sisted of 1.6 g. (75 per cent of the theoretical amount) of a fluffy 

white amorphous powder, which melted at 147^149® C,

G&lcul&ted; N 4.91

(385) Found: N 4.91, 4.91
(micro Kjeldahl)

3. N-Acetyl-D-eluco saline

In a BOO-ml. ground-glass stoppered Brlenmeyer flask were 

placed 10 g. (0.0465 moles) of D-glucoeamlne hydrochloride, 7.5 g. 

(0.045 moles) of silver acetate, 6.76 g» (0,066 moles) of acetic 

anhydride, and 100 ml. of anhydrous methanol. The flask was wrapped 

in tinfoil to exclude light and diaken mechanically for 13 hours. 

The mixture was than refluxed for 5 minutes and filtered while hot. 

The solid was washed with 50 ml. of hot water, and the washings 

added to the filtrate. One drop of concentrated hydrochloric acid 



va8 added, and the solution allowed to etand in the dark for 4 hour a. 

The precipitated silver chloride was removed by filtration, and the 

filtrate concentrated to dryness under reduced pressure. The resi­

due was taken up in a hot mixture of 35 ml. of methanol and 15 ml. 
of water, Since nothing separated on cooling, 50 ml. of other were 

added. The product, which now crystallized from the cold solution, 

consisted of 4, 7-5. 4 g, ( 46-52 per cent of the theoretical amount) 

of a white crystalline material, which melted with decomposition at 

185* C. As in the case of the N-benzoyl compound large losses were 

sustained on recrystallization. Only about 60 per cent of the mate­

rial could be recovered from the methanol-water-ether mixture. This 

latter material melted with decomposition at 196* C.

C*Hi,O«N Calculated: N 6.33

(331) Pound: N 6.31, 6.37

(micro Kjeldahl)

The optical rotation was found to be [c( * +41.3* (water). While

the value reported by White (110) is * +40.5* (water).

4. Periodate oxidations

a. en zgyl-D- gluco swlno 1

Xn a 200-ml. volumetric flask were placed 87.1 mg. (1 x 

10~* moles) of N-benzoyl-D-glucosaminol and 100 ml. of an 0.02 M 

aqueous solution of sodium metaperiodate. The solution was then 

diluted to the mark with methanol. Ten-milliliter aliquots were 

removed at intervals, and enough sodium bicarbonate (about 5-8 g.) 

was added to provide an excess throughout the titration.
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Approximately 1 g* of potassium iodide was added, and the liberated 

iodine was titrated to the usual starch endpoint with 0.01 M sodium 

arsenite. A blank containing only 0.01 M sodium metaperiodate in 50 

per cent methanol was titrated at the same time. within 15 minutes 

the sample had consumed 2.68 moles of periodate per mole of compound, 

and this figure remained unchanged after 12 hours.

b. Mr Bentoy l- P-Muo ogamin a

An exactly analogous study was run on 26.9 mg. (1 x ICT* 

moles) of N-benyoyl-D-gluoogamine. The uptake of periodate was much 

slower in this case, reaching 2.92 moles per mole of compound after 

36 hours and remaining constant at this figure.

c. N^Aoetyl- D- 01 uco s^lne

An exactly analogous study was made on 30.7 mg. (1 x ICT* 

moles) of N-acetyl-D-glucogamine. The uptake of periodate In this 

case reached 2*98 moles per mole after 24 hours and remained constant 

at this figure.

5. Attempted proration of a-(N-ben%oylamin<^3-hydr  ̂

&la&aldgh^

To l g. (0.00325 moles) of N-benzoyl-D^glucos&minol dissolved 

in 15 ml. of water was added a solution of 3.35 g» (0.011 moles) of 

sodium metaperiodate in 15 ml. of water. The reaction mixture was 

placed in ice. After about 1 hour long white needles precipitated» 

and these were removed by filtration. This material (1.13 g.) gave 

a negative Tollen*e test, did not melt below 300o C., and gave a



re@iëu@ on ignition,

The reaction mixture was then allowed to warm up to room tem­

perature. After one-half hour more crystals appeared, and these 

were removed by filtration. This product (0.31 g, ) gave a positive 

Tollen's test, melted at 126-137* (% with decomposition, and turned 

yellow on standing,

G3OH&&O3M Calculated* N 7.25

(193) Found! N 4.70, 4.67

(micro Kjeldahl)

The reaction mixture was then left in the refrigerator for 34 

hours. More white crystals appeared, and these were separated by 

filtration. This material (0.09 g») gave a positive Tollen*s test 

and melted at 144-147* 0. with decomposition.

C%eHi%OaN Calculated: N 7.25

(193) Pound: % 8.35, 6.31

(micro Kjeldahl)
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V, SmKARY

1. The o(~phenylhyar&zone of ethyl (^-ketosteai^te was prepared 

from ethyl palmitoylacetoacetate and benzene diazonium chloride. 

This le the first reported application of the Japp-Klingman re­

action to an aoylacetoacetlo ester,

2. Ethyl o(-phenylhydra zono-Q-keto st earate was reduced with hydro* 

gen and Haney nickel to amino-Ç^-hydroxystearlc acid. This

acid was characterized as the methyl ester hydrochloride.

3. A study was made of the benzoylation of o(-aminostearic acid and 

o(-amlno- Q-hydroxystearic acid under a variety of conditions. 

The reaction failed in aqueous solutions due to the insolubility 

of these long chain amino acids in aqueous alkali. Poor yields 

of benzoyl derivative were obtained with aqueous methanol as the 

solvent. A more satisfactory procedure consisted in benzoyl- 

ating the esters in pyridine. Mild alkaline hydrolysis of the 

K-benzoyl esters yielded the corresponding N-benzoyl acids.

4. 1,3-Dlhydroxy-3-amino-octadeoane was obtained by reduction of 
methyl o(- am I no- Q- hy dro xy st carat e with Raney nickel and hydro­

gen, The aminoglycol was characterized as the tribenzoyl derlv- 

ative. This product represents one of the racemic forms of 1,3- 

dihydroxy-2-amino-ootadecane, one of the four optical isomers of 

which is dihydrosphingosine.

5. The addition of acetyl hypobromite to crotonlc acid was found to 

yield a bromoacetoxy acid which on treatment with ammonia 

yielded Diallo threonine.
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