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I, INTRODUCTION

Herve tlgsue 1s unigue in that over Pifty
per cent of its dry welght i composed of fatty
substances. The sphingolipids, which are deriva-
tives of the complex bases sphingeosine and dihydro-
gphingosine, make up & lsrge portion of these
1lipids. The structure of sphingosine and dihydro-
sphingogine have recently been established by
degradation studies, The present work waes under-
taken in order to verify their structure by

synthesis,



A. Sphirgosine snd dihydrosphingosine
1. OCcourrence snd properties

Sphingosine and ﬁihyar@sphingesine are complex alipvhatic bases
found in the hydrelysstes of certain 11p1§@ of nerve tlssue., Thse
name gphingolipids (1) has been proposed for this group of mub-
stances, which includes principelly the cerebroaldes, sphingomyeling,
gangllosides, and perhaps other less: well known types. 3ince ex-
tended discussiona of the oceurrence, properties, and structure of
these 1iplds have been presented by Glieck (2), Norris (3), Phillips
(4), Rockwell (B), and Nalbandov (6}, only a brief review concerning
the bases themselves will be given here,

Sphingosine was first isolsted by Thudlehum (7) from hydrely-
sates of phrenosin and sphingomyelin., It is a waxy white aolid,
very diffiecultly orystallizable, melting at 83.5% €. It is ingolu-
ble in water and soluble in most organic golvents. On standing at
room temperature for several days 1% decomposes slowly to liberate
aemmonia, When mixed with suger and sulfurle acid, e¢phingosine gives
& purple eolor,

Dihydrosphingosine was prepared by Levene (8) in 1912 by cata-
lytie hydrogenation of gphingosine, but 1t was only recently that
the reduced base wag found in natué&l materiald. In 1941 Leguk and
Anderson (2) reported the isolation of dlhydrosphingosine from the
cersbrosides of tapeworm lervas., BSubsequently Carter and Nerrias
(10,3,11) demonstrated the presence of considerable amounts of Adlhy-

drosphingosine in the hydrolysates of brain and epinel cord
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sphingolipida. The proportion of dilhydrosphingosine in the spinal
cord (10-13 per cent} is several timeas grester than that in brain

-4 per cent). Since most of the earlier workers ussd cersbrogides
from brain, the low centent of reduced bsgs would account for the
fact that 1t escaped detection., Alego, since neither free sphingosine
nor its eulfste is easy %o purify or identify, sphingosine has usu-
glly been oheracterized as the triacetyl derivative. Unfortunstely
triacetylephingosine and triascetyldihydrosphingosine melt at almost
the asme tempsrature snd give very 1ittle depression of melting
point on mixing. Optical sctivity messurements resdily differenti-
ate between the two compounds sinca they rotate in differsnt direc-
tions, but such determinatione were not generslly made by the earli-
er workers in this fleld. fhar&fara; 1t seems llkely that some of
the products previeusly reported say have besn mixtures of sphingo-
gine and dihydrosphingosine.

Complete liasts of the derivatives of gphingosine and dihydro-

sphingosine have been complled by Glick (3), Horrie (3), Phillips
(4), and Rockwell (5).

2. lIsolstion

For the lsolation of sphingogine and dlhydrogsphingosine prob-
ably the most satisfactory method of hydrelysis 1s that developed by
Klenk (13). The cerebroside or sphingolipid mixture 1s refluxed for
5 or 6 hours with 25 volumes of 10 per cent (by weight) sulfurioe
80id in methanol. The hydrolysate is cooled, and the precipitsted
fatty acide and their e¢cters are removed by filtration. The fil.

trate is extracted repeatedly with petreleum ether tc remove any
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aclds and esters which remsin in solution., The petroleun ether
which hag disgsolved in the methsnol 1g removed by distillstion under
reduced pressure, and the methanol solution lg concentrated to about
one-third 1its original wvolunme, ﬁethaﬂoiie potasaiun hydroxide solu-
tion 18 added until‘the solution is slkaline, and the precipitated
potagssium sulfate 1s removed., The filtrate is scidified with acetic
acid snd concentrated to a emall volume., To this, water ieg added,
and the solution is made alkzline with aqueous potassium hydroxide.
Sphingoaine, dihydrosphingosine, and Owmethylsphingosine precipitate
and aore extracted with ether., The ether extract ig wsshed well with
wzter to remeve any methyl sleohol, 1s dried with sodium sulfate,
and evaporated to dryness to glve a mixture of the crude bases.

The crude bagesg have ususlly been geparated by fractional cerys-
tallizetion of the sulfates, The sulfste of dihydrosphingosine is
praetioally insoluble in methanol at room tempersturs, while thst of
sphingosing is moderately sgoluble. However, 1t was found in thig
lsboratory (11) thet such a procedure does not give a e¢lean separs-
tion. In order to overcome this diffioculty, Halbandov (6) worked
out s procedurs which combines the fractionstion of the sulfstes, as
ugsed by Horris (3), with fractional erystallization of the p-hydroxy.
azobenzene-p'-sulfonates., By thls method it is possible to obtain a
good separation of gphingosine and dlhydrosphingosine. Another baage,
O-methylephingosine, is also obtalned.

3. Froof of ghructure

When Thudioum (13} isclated sphingosine from the hydrolyeis
produets of phrenosin, he reported that 1t was a base of spparent
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Tormula Cy,Ha5M0,, and described & number of itg salts. Udrner and
Thierfelder (14) reported, in 1800, thet sphingosine absorbed bro-
mine, indlcaling unsaturation in the molecule. In 1913 lLevene and
Jacobs {(18) cheracterized sphingosine as an ungaturated mono-aminodi-
hydroxy slcohol. They prepared a trincetyl derivative (m.p. 102-
103° €.} and reduced sphingosins to dihydposphingoaine, using col-
loidal palladium as & ostelyst. In the same yepr Thomasz ond
Thierfelder {16) also obteined triscetylsphingosine (m.p. 100-102°G).

Lapworth (17} end Levene snd West (1&,19) oxidized sphingosine
at the double bond with chromic eeld and isolsted an acid which ap~
pesred to be n-tridecanoic acid. Elementary snelysges zand neutral
equivalents asgreed well with the theoretical, elthough the melting
proints 4id not, Levene snd Yest slso oxldized dihydresphingosine,
under the ssme conditions, and obtained an acld melting at §0-81° C.,
vhich they ldentifled as n-pentadecanoic acid, These results would
place the double bond between cerbon stoms 4 and 5 in a2 straicht
¢haln C;4 molecule, with two hydroxyl groups snd an amine group on
the firat 3 carbon atoms.

Levene and West (19) slsgo investigated the products obtained
from sphingosine by ozonolysis., The nitrogen-containing fragment
wag not isolated directly ass the aminotetrose, but oxidlzed further
with nitrie gcid. A small amwount of the scld thus produced was iso-
lated se the cslelium selt, and tentatively ldentified se the saalt of
mego-tartaric acld. Although not snough of the compound wag iso-
lated for complete identifioation, Levene eonsidered the evidence
sufficient Yo support stralght chaln 3,3-dihydroxy atructurss for
sphingosine (I) and dihydrosphingosine (II),
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CHy {CH g )y 2 CH=CHOHOTCHOROH 081 4 (1)
CHg(CH z) 3 sCHOHCHONOH gNH A{11)

In 1229, Klenk and his co-workers (20,12) repested the oxida~
tion gtudies of Lapworth and Lavene, since they congidered the co-
currence of an odd numbered carbon chain in a netural product un-
11kely. The acid from sphingoaine, on csreful purifiestion, was
shown %o be nyrigtic acid, not tridecanole seild., Similarly, dihydro-
sphingosine yielded plamitic acld instead of pentadecanolic acid,
Ozonolysis of triacetylsphingosine alaso gave rise to myristeldehyde
end myristic szcid. Thua sphingosine nmusgt have an eighteen carbon
chain in order to lesave raoom for thrae funetionsl groups beyond the
double bond. Relnvestigation of the analytieal data for sphingosine
znd ita derivatives showed that they fitted the C;, structure bestter
than, or ss well asg, the ;..

Klenk snd his go~workersg also sttempted to 1dentify the nltro-
gonous fragment from the ozonolysis to trisestylsphingosine. They
converted the aninotetrose to the acld and reduced the hydroxyl
groups, lsaving an aminobutyrie acld, by the following series of

reastions
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(vIi) OHw Y UM
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Compound Vi melted at 135° ©. and had s specific rotvation of
[QL]D = =33, 45%, Compound VII decomposed at 380-2385° C¢. Since A
sminobutyric scid decomposss st 285° G,, and the G -~ and Y*mamrs
both decompose belew 300° C,, it was conecluded that Compound VII was
ol-aminobutyric acid. Therefore Klenk proposed the 1,23-dlhydroxy-3-
amino structurs for gphingosins (vIII). |

CH o (CHg) 3 y CH=CHCH (NH , ) CHOHCH ,OH (vITI)

Niemann and Nichols {a1), in 1942, des¢ribed the preparation of
dw-threo- o ~amino- @, ¥ ~dihydroxy-p-butyrie acid and its dlastereo-
Lsomer, Geerythro-d -anino-(Q ,y -dihydroxy-n-butyris acid. The
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tively. 3incs neither of thesz resembles the Vaiue obtainasd by
Klenk for Conpound VI, those suthors concluded thot Klenk's formula
for sohingosinas muat be ds soorded,

Rscently, Carter and co-worksrs (2,3,223,23) in this lsborstory
have precented evidense which Q@ﬁmﬁ to definitaly zatablish the
struoture of gphingosine ss the third possibility--thet ig, a 1,3~
éihydrozy~-3-anine compound. The fezot thet the funeotionsl groups are
on the three torminal carbong wag confirmed by the rstion from
%Mbenzoyldihyaragyhingeéine of a nicely cryetailing benzyllidene de-
rivative by treatment =1th benzpldehyde end zine chloride. This re-
setion iz characteristiec only of 1,3 and 1,%-glycols. That the hy-
droxyle sre not adjscent was shown by the fset thot N-benzoyldihydrow
sphingosine wag not sittacked by periodic meld, a resgent vhich oxi-
dizes 1,2-glycols and A-amino 2lcohols but does not attack an BH-
86711, 2~amino slcohol. Oxidation of dihydrosphingosine with peri-
odle acid yislded equivalent smounts of pelmitaldehyde, formaldehyde,
formic ecid, and smmonila, giving independent evidence for the exiel-
ence of & O, chain in sphingoaine. Furthermore, catalytic reduc-
tion of triascetylaphingosine resulted in the formatlon of acetle
ancid, which lg charazeteristic of an acetoxy group in an allylic pmsi«
tion,

Thug, the structures for sphingosine and dihydrosphingoaine
have been established as (IX) emnd (X) respsoctively.

OH g {CHg) y sOH=CHCHOHCH(HH , ) OH ;01 (1%)

CHy (CHg )y 4CHOHOH (NH ) CH ;OH (x)



B. TProposed methods of synthasls

A gimple method for the gynthesis of 1, 3-dihydroxy-3-amino.
octadecane, one of the isomers of which 1g dihydrosphingosine, ap-
peared to be the reduction of the corresponding Ah-amino-Q-hydroxy-

stearic ester.
GH3(8H3}1‘$H~9H~QSaE' — Gﬁa(cﬁa}lgcﬁ-$ﬁmﬁﬁdmﬁ
Ho H NHg

1. Reduction of AA-zmino~(3-hydroxy esters

Levene and his co-workers found that the reduction of O\-amino
esters, using either copper chromite (34) or Reney nickel (35,36) as
the catalyst, gave good yields of the corrssponding smino aleohols,
%hen Haney nickel was used no rascemization of optically asctive A
smino esters was noted, VWith large quantities of estalyst and hy-
drogen presgsures of 2300 pounds the reduction proceeded smoothly at
temperatures of 40-70° O, and very good ylelds were obtalined,

in order to discover whether Oh-amino- Q-hydroxy esters could
be similarly reduced model compounds were studied in this laboratory.
Norris (3,37) subjected the methyl esters of g%rthraanina and DlL.
sllothreonine to hydrogenation in the presence of large quantitles
of Raney nickel (2-3 g. per g. of compound). The reductions were
carried out under s hydrogen pressure of 3000 p.s.i., and the temper-
ature ralzed to 90-95° C. within 15 minutes. Reduction was almost
ingtantaneocug and sppesred te be complste after the first 20 minutes.
The products were viscous oils which readily yielded crystalline
oxalates and tribenzoyl derivetives. The tribenzoyl derivative ob-
tainea,rrmmltna reduction of allothreonine (1, 3-didenzoxye3S-
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benzenido-n~-butane) melted sharply at 1505-158° C, and there was no
indication of %the presence of a second leomer, Appsrently 1lttle or
ne epimerizstion occurred during tha'egﬁerif;catian end rezduction of
allcthreonine. In the case of threonine, the dbulk of the triﬁenzayl
derivative, after repeasated recrystallizations from squsocus methsnol
and from petroleum ether, softensd at 137° L, snd mslted completely
st 134° O, After another treatment with benzoyl chloride a small
smount of compound was isolated which melted ot 144-1470 O, SBines
both materials gave the corrsct snalytiesl data for the tribenzoyl
derivetive, it would appear that epimerization (extent undetermined)
had occecurred in the reduction or esterifiecatlon of threonlne,

Another model compound, methyl ol-sminostesrste, was sﬁudieﬁ Ty
Rockwell (5,37). Yhen this ester was reduced with Raney nickel cat-
alyat under 1500 p.s.i. of hydrogen at 110° ., 1t rapldly absorbed
the theoretical amount of hydrogen and s 70 per cent yleld of l-hy.-
droxy-s-smnino-octadecsne was obtalned,

The results sﬁtaineﬁ vith these model compounds zre aﬂeéuraging
as regsrds the synthesis of dihydrosphingosine, The reduction of
the four diastereolsomers of methyl o -amino-@.hydroxystearate
should yisld the four isomerie l,3-dlhydroxy-2-smino-octadecanes,
one of which is dihydrosphingosine., BSuch a2 conversgion would not
only provide the eynthesis but vould alse furnish information asg %o
the sterecchenicsl configuration of the bass. The smooth reduction

of the long chain ester 1s partieularly encburaging.

3., Synthegig of ®-ami

Q-hydroxy seids

The synthesls of dihydroephingosine, according to the methods
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described in B, 1., requirss ths synthesis of o-anino- Q-hydroxy-
atearie acld and/or ester. fleversl methods, discucsed below, nre-

aanted themselvesg,

a. From o,(3 -unssturated acids

The addition of hypobromeus acid or one of its derivstiveg
Tt 2, ¢-octrdecenoie seid and subeeguent renlscement of the bronine

by en amino group anpesred to be s profitsble method of zpnrosch,

(R)
CasHa i OH=CHOO 1 HOBr CygHa0HamCHOO M HNHg  Cp sHgy Cl==(UC0 N
oH Br M NH,
() (R)

This type of reaction offers a very attractive method of preparing
the desired conmpound, since, in inftiroducing the assymmetric carbon
atome simultsneously by addition to s doubls bond, only one racemic
form should be produced, The uni-directional nature of the addition
of hypohallites to ol,Q@ ~unssturated eclds has been demonstrated by
Reed ané Andrews {(115). For example, the addition of hypobromous
acid to cinnemic acld prodused only one of the two possible palrs of

disstersolsonera.

(1). Synthesis of 2,2-o0ctadecencic scid

The required 3, 3-octadecenocic acld hag been prepared
in this laboratory in two different ways., Norris (3) condensed pal-
mitaldehyde with malonie acid in pyridine contalning a trace of pil-
peridine. Rockwell (5) prepared the unsaturated ascid from stearie
seld by the method of Ponzlo (3¢). Stesriec zcid was brominated, the
bromine replaced by lodine, and the A ~1odo scld wae dehydrohalo-
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gensted by the use of concentratad slechslic alkali. & by-voroduet of

thie resetion 1z the Ok-hydrﬁxy acid.

(3). Synthesis of o\-bromo-Q-hydroxy (slkoxy)-
atesric acid

One possible method of erriving st the desired A-
bromo- Q@ -hydroxy (alkexy)-stesric 26id is the mercurstion-bromination
resction used by Carter znd co-workers (28) for the synthesls of
threonine snd serine, This type of synthesls involves the following
steps:

ROHomwne QHemam COH KB
OCH;  Fedio

10HmemmCHCO K EBp Bra. RCH—e—-0HOD F
OcH, HgBre T~ dcH, Br —

Rggggn-cgnaan

This method wag tried on 2,3-cctadeeenoic acid by Nerrie (2) in this
lzboratory. Hercuric acetate was found to add readily to the unsat-
urated scid in methanol to glve good yields of A-acetomercuri-Q-
methoxystesric acid. However, the acetomercuri-addition complsex was
go ingoluble thst the bromination with aqueous potasaium bromide
gave unastisfactory rasults.

The sddition of methyl hypobromite ia another posasible route to

the desired acid, The resotlons sre as follows:



-1Z=
CHaOH + Br, ———— CHa0Br + HBp

CHOBY 3 REH-——CHOO SH
ROH=CHCO yH— OCH, Br

Br,

>R§H GHOD oH
r Br

The competition between the last two reacﬁions i¢ an important fsa-
ture of this method,

Conant mnd Jeckson (30) heve reported thet cinnsmiec =cid when
trested with methanol and bromine yielded both ol-bromo-Q -methoxy-
¢innenic seid =nd Albromocinnamic scid, Only one form of tﬁe brono-
methoxy ncid was 1solated. The yleld was falrly good since, when R
ig arometic, the pddition of bromine is relatively slow., Oarter and
co-workers (Z1) in this lsborstory, however, found thst in the case
of crotonic acild the major product wos the dibrome secld, Therefore,
in order to maske the reaction practical, methods of chifting the
methanol-bromine equilibrium in faver of methyl hyrobromite were
tried, Sodium acetste (32) and silver nitrate (33) had been previ-
ously urmed for thig purpose, Sodilum =scetaete wae found to increase
the addition of methyl hypobromite only glightly in the case of oro-
tonic =zc1d. However, in the presence of silver nitrate excellent
ylelds of e(«brﬁmn-(3~methoxy~3rbutyrie seld were obteined., Only
one racemic form--thzt corresronding to g&railathreonine-~@ou1d be
igolrted,

The gynthesgis of ol-brono-@-mathoxyetearic acid from 2, Z-octs~
decenolc scid was investigeted by Rockwell (5), The use of bromine
and silver nitrate in methanol gave only about 850 per oent of the

theorstical amount of br@mamethéxy acid, The use of N, N.dibromo
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benzenesulfonamide in méthanol wae sleo trisd. This latter reagent
‘was found to be easier to handle, =zince thes a1id dibromobenzane-
sulfonamide could be added 1n several portions over a period of time,
maintaining s mors eonstant supply of resgent than in the bromine-
gllver nitrate method, However, the yleld was etill only about 50
per cent, and ths product wag anperently %ﬁ@ntical with thst obtained
by the other method,
Acylhypohalites have been prepsred by Bockmullsr and Hoffmann
34) by the action of a halogen on the silver salt of z low molecular

welght aliphetic seld.

Thege acylhypohalites were found to sdd resdily to cesrbon-carbon
doubleé bonds., For example, silver butyrats was mlxed vith an 1ce-
cold solution of bromine in cgrbon tetrachloride, and the mixture
shaken untlil the bromine color dlssppcesred. The solution of butyryl
hyﬁohramite wag then filtered by suction inte cold cyclohexene., The
carbon tetrachloride was removed and the regldue fractionally dis-
tilled a% 14 mm. The butyrate of 2~-bromo-cyclohsexsnol-l wasg ob-
tained., Some dibromccyclohexane was also igolsted. The lstter was
due %o the formation of hydrogen bromlde which rescted with the aeyl
hypobrouite ylelding bromine. Ushekov, Chistov, snd Zelinskii (35),
using an analogous procedure were sble %o lsolate a 33 per cent yleld
of the acetate of 2-bromocyclohexanol-l. The resction of seyl hypo-
halitee with ©|,3 -unsaturated ecids has not been explored.

The addition of free hypobromous acid to 5, I-octadecencic acid

would be the most direet route fto the desired bromohydroxy acid.
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This mathod requires & gond nmeang for preparing the hypobromous geid,
Cne standard method ig ths resctlon of bromins znd yellow mercurie
oxide {28,3%7), This produces sn acueous solution of hypobromous
acld supvosedly fres from bromine. Another method 1s the addition
ef bromine to sn los-cold agqueoug solution of peta~asium or sodium
hydroxide (38,39}, and subseguent acidification in the presence of
the unsaturated compound to liberate the hypobromous acid. The re-
sction of bromine and gilver sslts is snother method of preparing
hjpobramous acid. Shilov snd Kanyaev‘(@&} have reported the prapar-
ation of & bromine-fres hyvobromite solutlon from dilute bromine
water and silver phosphate, Carter (41) used the reaction of bro-
mine and silver nitrate to forn hypobromoug scld for addition %o
grotonie gseid., Thig procedure hag the digadventags the{t nltric acld
1g formed,

411 of the above methods have the disadvantage, as far as uce
with 2, 2-occtsdecennic acid 1g concernsd, of requiring an agueous
mediuwa, In the case of the potassium hydroxide-bromine method the
sglt of the acld might be soluble enough so that reaoction could taeke
place. The behavior of olelc aseld might be used ne a model for this
resction,

“The bromohydrin of oleliec acid hse sppersntly never been ro-
ported, However, the chlorchydring of olelc and elaidic acids have
been made, Nicolet snd Poulter (43) used a 3 per cent solution eof
the scid eontaining 4 per cent of potassium ccrbonate. Thig solu~
tion was scoled below 10° ¢, gnd stirred whils ohlorine was passed
in until tha icdine number was less than 1,0, Any excess hypochlore

ousg acid was destroyed with sodium thiosulfste and the solution



scidified, Olelc acid chliorohydrin was » viacous oil, vwhile elaidie
acld yielded & seml-solid whieh could not be crystallized,

F11is (43} used d1lute sodium hydroxide solutions of the aclde
and added dilute sodium hypochlorite solution {1 1/2 moles per mole
of acid). Cerbon dloxide wsas then passed in for a peried of 13
hours. Ths chlorohydring wers not purifisd but converted to the ep-
oxide with sodium ethylate. Atherton and Hilditeh (44) used an snale
ogous procedure but 1zolated the chlorohydrins, 0Oleic aecid yielded
a 20lid product; e¢laldie, & szemi-aolid.

In the past few years L-butyl hypochlorite hzg been found to
add resdily to oarban—carbon double bondsg, The resgent hasg been
prepared by the resotion of chlorins with f-butsnol in the pregence
of sodiwa hydroxide (48, 48) or ecalecium carbonste (47}, Since it is
gugeceptible to photochemical decompeoasitlon, waieh mey ocour with ex-
plogive viclance, the reagent must be carsfully hendled. 1In ihe
presence of methanol, t-butyl hypochlorite has been found to resct
with olsfing (4G) to form the chloromethoxy compound:

>0=0< + $-CHMg001 + CHgOH ==y 0--0X  + £-C HgOH
&1 OCH,
In the presence of seetic acid the acetate was formed,

Styrene chlorohydrin (47) hss been prepared by the use of t-
butyl hypochlorite in the presence of acetic acid and water. Iso-
prens (48) reacted with the reagent, in methanol or acetioc seid, to
give the 1,3~ and 1, 4-3ddition produsts,

Cinnamic acld (49) reacted with t-butyl hypoehlorite in metha-
nol to give a 34 per cent yileld of methyl d-:zhlom—@-—methax_yaim

némate and 1 per cent of the chloromethoxy acid,
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Some work of Bireckenbreh on pgeudohrlegens alan appssrs to
offar 2 nosaible route to the aminehydroxy scid. "hen sllver lso-
eysnate was sllowed to reaet with lodine at low temperatures, the

psgudohslogen lodoecysnate woe forned (30):
AgCNO + T, ==y ICHO + AgI

Iodoeysnate was found to 244 to the double bond of cyelohoxene yleld-
ing (2-1odo-cyclohsxyl)-1socyannte (51). “hen this latter compound
wsa refluxed for 2 hours with concentrated hydrochloric acid, (2=
todo-cyclohaxyl J-anine hydrochloride (n.p. 158° C.) was isolated
(52). Treatment of the amine hydrochloride with bolling aqueous
glilver nitrate for 1/2 hour producsd (3~hyﬂr0xy~cyclahaxy1)namlne

hydrochloride (m.p. 175° C.).

(::) +  ICNO  ——9 [:::]:?30 -HE1l, I:::]*?Ha'ﬁﬂl
B S oK

(3). Conversion of halohydring to smino alecholg

The treatment of an ¢, -brome- @ -hydroxy (slkoxy) acid
with smmonia would be expected to lead to the replacement of the
bromine by sn amino group. That the reaction 1s not quite so simple
1s evidenoced by the early work of Helikoff (53) and Erlemmeyer (54).
Before 1900 these workers had found that ol and Q -chlorolactic
acid give the ssme aminolactic acid on treatment with ammonia, and

that thisg aminé acid 1is not serine but igoserins:
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CH 3= OH—00 o8 VL
on 0 Ty CHa-CH-COH

NH
CH 5= CH~CO off

G1 OH

They slso found that glycidie acld givesg igsoserine on treatment with
ammonia. Thig led them to postulate that%the gmmonis Tirst removed
the elements of hydrochloric acid from the chlorohydrin forming the
epoxide, and this latter then added ammonia to form the amino scid:
?H??}{-_Gﬁaﬁ ﬁ&% C{iz;ﬁﬁ-ﬂogﬁ iiif_?_) g‘;:—g}é-()‘?@i{

7T

OH (Ol

In 1908 Krassousky (55) also conoluded thet the epoxide was en
intermediaste in the formation of amino alecholg from chlorohydrins,
since both the epoexide and chlorchydrin of aumefhyi butene~-2 ylelded
the same amino alechol. He formulated the following epinion: "In
determining the structure of amino alcohols prepared from chloro-
hydrins, one must not base 1t on the position of the chlorine in the
chlorohydrin, becsuse there 1g formed in this reaction, as an Inter-
mediate product, the epoxide, and the structure of the amino-alcohol
obtained ls determined by the order of addition of the ammonis eor
amine to the oxlde", He did not, however, isolate the epoxide in.
termediate.

Fournesu (56) 414 isolate the epoxide in the case of the reso-
tion of ethyl o-chloro-@ -phenyl-@-hydroxyproplonate with an equi-
molar quantity of dimethylamine. When excess dimethylamine was used

the dimethylamide of o -(dimethylsmine )-..G «~phenyl- @*nydmmpicnm
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acid wss formed,

To provide further proof for the eﬁoxide internediste Tiffenezu
and Fournesu (57) prepared the two isomeric lodohydrins of styrene--
the of-iodo~ @-hydroxy by the resction of hydrogen iodide on styrene
oxide; the o(a-hydmx:?— @=~1odo by the action of lodine and marecuric
oxide on styrena.in ether solution. Both lodohydrins ylelded the
some amino sleohol on treatment with dimethylamine, This amino aleo-
hol wag shown to be dlfferent from the reduction product of sthyl
o ~phenyi- ok~ (dimethylamino) acetate.

CattaGHON,1 CHy ) gNH
CgHgCHOH N (CH, ) 2
(CHg ) Nt OH
caﬂﬁgﬁcﬁgog_________gJ;EL___q

CgHgCHCOCgHg ===  CgH gCHCH 0H
N(CHy) 5 N(CHz) 5

These two workers (58) also demonstrated that the two isomeric
chlorohydroxy~isgsc-butyric asclds reacted with dlmethylamine to form
the same producte-of ~methyl-Q-(dimethylsmine)-@-hydroxypropionic
acid,

Kinetic atudies by Smith and Nilason (59) gave further evidence
of the stepwlse nature of the converslon of halahyérins to amino
aleohols., The reagtlion between l-ohloro-3, 3-dihydroxy propane snd
d1luts squeousg ammonis wag assumed tc proceesd in two stepa:

HOCH ag}émam + OH -—9 HOCH aagggﬁ,, + 01

HOCH,CH-CH, + MNHy --—3 HOGH CHOH,NH,
No/ oH



The firast reaction was found to be the rate-determining etep and its
veloeclity was followed by determination of the chloride ion concen-
Atration. The segond resction did not intsrfere, not only becsuss it
proceeded st g fester rate but glso beeause the snmino alcohol Tormed
hed sbout the same basgic strength as the smmonis consumed, The ve-
locity constant of the first reaction wag found to be 5.83-5.84 at
30° €, The veloclty constant for the rsaction of l-chloro-3, 3~di-
hydroxy propane with alkali has been found to be $.07 =t 20° O, {g0),
The good agreement between these values supports the corresponding
mechaniams in both cases.

Thue the formation of the epoxide as an intermediaste in the
conversion of halohydring to zmino slocohols seems well sstisblished.
Since this 18 trus; the question arises sg to whether or not aminge
tion of A -bromo-Q-hydroxystesric scld will give rise to O(~emino-
anhydraxystaarie aeid or to its isomer,

In all the examples aitgd ghbove the hydroxyl group of the amino
alecohol sppeared on the most highly subgtituted carbon atom, In
fact, ag early as 1906 Krassousky (55) presented the rule that "in
the resction of smmonia with epoxideg of asymmetric strueture, the
hydroxyl group occurs by preference on the oarbon with the fewest
hydrogens®.

The cases in which we are primarily interested sre the halohye
dring and spoxides obtained from o(,@~unga‘mrataﬂ acidg., In the
case of those from acrylic acid thers seems to be no doubt that the
Q@ -amino mcid 1s the only product formed. The published data on
other members of the series tends to support the idea that the Q_

amino compound iz the main product,



Trlenmeyer (61,63) working with cinnamic aeld prepared two
chlorohydring--ons an 0ll, the other 2 c0lid, When he traatzsd the
sodilun galts of the epoxides from these two halohydring, he obtained
two different aminohydroxy acids. The olly chlorehydrin gave rise
fo an aminohydroxy acid melting at 220° {.; the s0lid chlorohydrin
gave ono nelting st 241° €. Heither of these amlnohydroxy acide was
identical with an suthantle gample of vhenylgerine,.

Cesterlin (83) in 1939 treated the bromohydrin and the epoxide
of einnamic zeld with ammonia snd obtained an anminohydroxy aecid
which melted at 3302 C, The methyl ester of epoxycinnamic aeid
yielded two aminohydroxy acids, one melting at 230° C,, the other at
270.360% £, These were all shown %o be the @—am:%.na compound by
oxldation studles.

In 1930 Burch (34) atudied the reaction of ammonia on the
chlorohydrin of crotonic scid. Becanse the product which he 1s0-
lated gave a gtrong ninhydrin test but gave the theoretical amount
of nitrogen in the Van Slyke analysis only after 10 minutes shaking,
he concluded that 1t was a mixture of the O(-~amino-(P~hydroxy and
od~hydroxy-@~-amino aeids. Howsver, the aminohydroxy acid obtained
from acrylic seid under similar conditions also gilvss a strong nin-
hydrin test.

In contrast, unpublished work from this laboratory has shown
that the formation of the clmhydraxy~(?~smino acld iz not generally
true in this ssries, From the reaetiaﬂ of ammonis with the bromo-
hydrin of crotonic acid only allothreonine could be isolated., The
yield, howsver, was low and the reaction 1s being further studied,

In the case of the aoinnemiec asld halohydrins and spoxide there
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1g soms published evidence for the formation of the O(-amino come
pound. Frlenmeysr (62) reported obtzining a small amount of phenyl-
gserine from the nother liquors of the zmination of the =201lid chloro-
hydrin, From one cxreriment with epoxyeinnamie scid Oesterlin (82)
iso&ated an sminchydrexy pcid rhose melting point couvld not be ralgad
above 224° C, Since thig =oid gave benz&}ﬂehyde and gmmonia on oxi-
drtien, he concluded thst 1t was phenylserilne,

In this lsboratory it has been possible o detect the formstion
of &t lesst 35 per cent phenylsorine in the smination of the bromo-
hydrin of cinnami¢ acid. The structure of the product was demon-
strated by conversion to Q@ -phenyl naphthslens--z resction given by
phenylserine but not by phenylisvserine (55).

The bromohydrin of &S-phenylpentenic acid has been found to
yield the e&/-amino- Q-hydroxy seid exclusively on treatment with
anmonia,

Therefore, 1t has been concluded that the carboxyl group exer-
¢iges a labilizing effect on the ol-earbon~oxygen bond in epoxy
acids of the typet!

if, then, the <§—auhstituenﬁ hag no atrong effect, the amino group
will sppear in the alpha position. When R 1a hydrogen, the differ-
ence in the amount of substitution on the ol~ and (-carbons leads
to the formation of thev(i*amina acld, Yhen R ig phenyl; the strong
gffect of the benzene ring casuses the formstion of the @.amino com-
pound za the main product but does not prevent the sppesrance of

gome o{-amino seld. When R is a methyl or a small alkyl group, the
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product iz the c{~amine acid, Therefore, when R 1s s long chsin
slkyl group, &8 1n'tha cage of ths gstearlic seld dsrivative, 1t seems
1ikely thot the major, or only, product will be the desired O(-amino-
Q§«hydrnxy acld.

This problem of isomeric aclds does not asrise in the case of the
smination of the 0@&uﬁm@-(§~methmxy aclde. In this latter case no
epoxide intermediste can be formed and the ammonie merely replaces
the bromine. Aleso the bromine definitely appesrs on the alpha
carbon since serine end threonine (66) have been prepared from the
bromomethoxy derivative of acrylic and crotonic acids respectively.
Rockwell (5) has prepered Ol-amino- @-methoxystearic acid by the ac-

tion of gmmonia on d—bremcs@*mstmxystearie acld,.

b. From (}_-kgm ssters

snother possible synthesis of dnammm@-hyﬂmxystearm
ecld would be the introduction of a nitrogen function on the ol-oar-
bon of @ -ketosteariec acid, followed by reduction of the nitrogen
function to en amino group end the carbonyl function to & hydroxyl
group, Two poasible methode for accompliching thip will be dle-

cusged,.

(1). Bynthesis and reduction of HR-oximino- (-keto

agters

The synthesis of Olwoximino- G-keto esters involves
the nitrosation of the active methylene group of a @G-keto ester.
In general, unsubstituted Q~keto esters yleld the corresponding
ol-oximino ester, while ol -monoalkyl- @-keto esters are descylated

to give simple ol-oximinc esters.
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ROCH gC0,R? + HKO, ——y RC.C-COR! + HLO0

ORee HOH

RECHOORY  + HNO, —wy HO-COR' + RCOH
The large variety of reagents and reaction conditions vhich have
besn uged for the inﬁroauétion of the nitroso group has been thor-
pughly reviewed by Touster (67) snd by Haftung {68). In general,
inorzanic or orgsnic nitritee may be used with either acldic or
basic catslysts. The proper resction conditions must be found for
each specific case.

The ol-oximino scids on reduction yleld the ol-amino acids and
this method has been used in s number of csses (69). The ol-oxi-
mino-Q@-keto scids yleld on reduotion the oA-amino-C-hydrexy aclds.

Adkins end Reeve (70) im 1935 prepsrad threonine from &~oxi-
mine scetoacetic ester. However, they found it neecessary to reduce
the O-ethyl ether of the oxime rather than the free compound as the
latter had been found to give rise to & pyrazine during reduction
with Raney nief}ga‘l snd hydrogen., FNitrosation of ethﬁ acefonedicar
boxylate, followed by reductlon using palladium on charcoal hag been
used to prépare thydmxy glutamic seid (71)., This eynthesis hsa
been repeaﬁeel in this lsborastory by Touster (67).

Norria (3) found that both o-oximine scetoscetlec ester and its
0-sthyl ether could be reduced directly to 1,3-dilhydroxy-2-smine
butane, usiﬁg 1arge amounts of Raney nickel, The tribenzoyl deriv-
atives obtained wers identical with that formed by the reduction
product of methyl allothreonine, indicating a selective reduction of
the A~oximino- @-keto esters to give conflguratlion of allothreonine,
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Yorris (3) also attempted to nitrosate ethyl palmitoyl acetate
(@-kxsto stearate) using nitrous acid snd butyl nitrite, However,

in no case could a nitrogen-gontaining produect be isolsted.

(2). Bynthesis and reduction of ol -phenylhydrazono-
Q ~keto astersg

Another nitrogen functlion whieh can be introduced on
the ol-carbon of s (-keto ester is the phenyl azo- or phenylhydra-
ZONO group.

The coupling of benzene dlazonium galts with sctive methylene
compounds was first reported in 1£%7 by V. Heyer (73) who found that
scetoscetic sster in potaesium hydroxide aoluticon reacted with ben-
zene diszonium chloride, After hydrolysis to the scid, he obtained
a Yellow ecompound melting at 154.155° C, He ealled it phenylazo-
acetoacetic ester and asgigned to 1t the structure!

CH gCOCHCO 30 gl g
NG gHg
In the following year Zublin (73) reported the synthenis of several
salts of phenylazo-acetoscetic ester but was unable to ceuse the
compound to underge the "acid® and “"ketone" olesvages common to ace-
toacetic eqter derivatives.

In 1884 von Richter and Hunzer (74) repeated the work of Meyer
but odded the aqueous diszonium solution to an aleoholie solution of
ethyl eodloscetoapcetate. They isoleted the ester (m,p. 76° C,) as
well =8 the fiee acid (m.,p, 154=158° C.), They were also successful

in effecting the "ketone” ¢leavage to phanyiazaaeamnm



but eould not csuse the "acid® esleavage to ncour.

When in 1887 Japp and Klingman (75) tried the resction of ben.
zene diszonium chloride with -methylacetozcetic ester, they were
surprigssd to Tind that the only nroduct which could bs iselated wss
ol-phenylazopropionic acid, Similerly d-ethylecetoacetic ester
yielded only Ol-phenylezobutyric acid. This led them to decide that
only (ﬂ»sabstituﬁed acetoscetic esters would undergo "acid" clesvage
sfter resction with dlazenlium salts,

They also found thst phenylazoproplonic seid could be reduced
with sodium amslgam to phenylhydrszopropionic acid:

OH GHCO gH
NHHHC GH g

which wae shown to be identical with the reduction product of the
phenylhyﬂ?azone of pyruvic aoidt
CHaGCOH
RNHC GHg
¥eyer {(78) has slso reported that the condensation product of malo-
nie eater and benzene diszonium ehleriéa wag ldentical with the
phenylhydrazone of mesooxalic ester,

In the 1ight of these facts and by anslogy with the known ro~
eotions of nitrous acid with gubgtituted and unsubgtituted acetosce~
tic esters, they postulated the following mechanisms!

i, %ith unsubstituted acetoamcetic ester, benzene dlazonium

aslts reaet to form the o|-phenylhydrazone:



NNHG 4H

2, ith ¢X~subatitute&,acetcacetic gaters, the resction ocours

with the loss of the seetyl radicsl!

23

cﬁgmk{ma{a CaHg + CHgHN 0 ~ny RECOUaH; + ROOH
MNHC oHg

They aleso found that with the free scids, the reasction ocourred

with the loss of carbon dioxlde:
i R ‘ :
CHaCOOHOO H  + OgHgNaOH ~—y CHCOC=NNHCGHs + C0p + Ha0
Because of the work of these two men this resction of dlszonlium
galts with active methylene compounds has been called the Japp-
Klingman reactlon,

In recent yesrs the Japp-Klingman resction has been utilized
meinly in two fields--for the synthesls of Oamino acids and to
prepare phenylhydrazones for eyelization by the Fischer method to
indole derivatives.

Tha.aminu 201d work hasg been carried out in Rusesia by
Feofilsktov and his co-workers, In 193¢ after studying the resetion
of nitrous ascid with various butyrolactone derivatives (78),
Feofilaktov turned his attention to the reaction of benzene dlazone
ium chloride on thess ssme compounds (79). He found that when o~
acetobutyrolactone reacted with benzens diaronium chloride in basie
golution at 0-.3% (., the smcetyl group was cleaved snd the pheaylﬁ
hydrazone of Owketobutyrelactone was formed in 90-96 per cent
¥ield, ol~-Carboxybutyrolactons produced the same product.



Reduction of this phenylhydrazone with tin and hydrochlorie mcid
producsd of-smino- ¥ -hydroxybutyric ecid. llowever, the O(mcarbethoxy
derivative was ebabls to cleavase and yielded Ol-vhenylazo- {-car-
bethoxybutyrolactons.,  The ol-gyanobutyrolsctone, =lso, resisted
oleavage and & -phenylazo- Ol-cysnobutyrolsctone was formed (80).

Feofilsktov then developsd the method into & convenient synthe-
gl for K-amino acids from Ol-alkylacetoactic esters (&1}, The

regctions are ag follows:

agueous %

CH,COCHUO 0,y + CglgHCh ---Kgﬁ,,9 cﬂaca.gﬂcnaczgs )
4-3 hours

R-0_00 0 M| 218280y R-0_00H -2y R-CHOOH
N-NHCHg alkalt  wHooH, HCL Ha

The condsnsetion products were red-brown oila. Whether or not they
gtill containsd the acetyl group was not determined, as no attempt
at purifiecation was reported. The cleavage may have occurred elther
in the cold aquenus condensation medium or later during the hydroly-
als of the ester group. BSince the acetyl group of o{-scetobutyro-
lactone was loet during the condensation (79), Feofilsktov declded
thet s similar cleavage occurred in the cold slkaline condensation
medium (82). Using this method on the appropriete alkylscetoncstic
esters he synthesized isoleucine (63,86), leucine (83,85), phenyl-
alanine (83,88), alanine (84,8¢), norleucine (87,90), valine (885,88,
§6), and tyrosine (89, 90). The ylelds obtained were good, varying
from 40-75 per sent for the conversion of the slkylacetoacetic ester

to the O{-phenylhydrazono scld. The reductions gave nearly



guantitative ylelds,
It was found thst slkylmslonic estsrs &lso would condense wlth

benzens dlazonium chloride {91,023}):

C0a0Hg
R_G}; ( C{} z(} 3?{5 } 2 + ‘3 QH‘SI% 3(}1 “'l'é &*ao— NQNQ BHB
COCali s

meey NC=NNHOHg ——-3) ROH(MH,)COH

CO oH
In this case, by analogy %o o] -carbethoxybutyrolactons (79),
Feofllsktov decided that the cleavage did not occur until the aster
wvag gaponified.

The fact that phenylhydrazones eyelize to indole derivatives
when heated in the presence of aclds hag sleo gtinulated work on the
Japp-Klinguan resetion, DBy means of this reaction many phenylhydra-
zones are readily avellsble which would otherwise be very difficult
to obtain, The accompanying table 1s e survey of ths compounde which

have been used to make phenylhydrazones for eyclization to indoles,

3, Synthesls of 3-amino-l-hydroxyproplonaldehyde

The methods of synshesis applicable te dihydrosphingosine are
of no value in the cese of sphingosine due to the presence of the
doubls bond between carbong 4 and 5. The most feasible mathod would
geem to be to synthesirze g 3~carbon unit contsining a nitrogen func-
tion betwean two oxygen functions and then lengthen the chain by
means of a sultables condensstion resotion. An idesl Z-carbon unit
would be a—aminc»3~hydroxypropimnalﬁehyda. This aldehyde could be
condensed with the appropriate ascetylenic Grignard reagent and the
triple bond selectively reduced % a double bond:
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ROSCiigBr + CHy-CH-CHO --3 RC=C-CH-CH--GH,
OH  NH, OH NH, OH

-3 RCH=CH-CH-CH-~CH,
1
ou fm, O

(R = ¢, 3Ha4 for sphingosine)

The naturally occurring amino-suger, D-glucosamine, seemed &
favorable starting place since 1t alresdy containg an amino group
between two carbon-bound oxygens, Perlodate oxidation of an E-aoyl-

D-glucogemine should yield the degired aldehyde:

CH 20H CH gOH
?HNHGQE %H%HGGR
‘?HOH 3105 S Cﬁﬂ
CHOH 2HCO GH
éﬁ@ﬁ Hgﬁﬁ

CH ;OH

The amino group must be covered in thls reactlon since perlodate
will oxidize 1,3~amino~aleahelslbut not H-scylamino-gleohols.

The reduction of the aldehyde group of D.glucogamine could be
accomplished elther before or after acylation of the amlno group,
D-Glucosaminol hydrochloride has been preparéd by the reduction of
D-glucosamine hydrochloride with Raney nickel and hydrogen for 13
houre at 110° O. (108). It has algo been prepsred by low pressure
{35 p.s.1.) hydrogenation using the Adams catalyst (107). D~Glucos-
aminol hydrochloride melts at 157.158° C. (107) and hes an opticsl
ratatlopqof[?*];‘; ~2.4% (in 30 per cent hydrochloric soid). Acyla.

tion of D-glueosaminol has not been reported.
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NeAcetyl-D-glucosamine wag firat prepared in 1828 by Breuer
{(108) by prolonged sotion of acetic anhydride on D-glucosamine. Hore
recent methods (109,110) have employed acatic anhydride and silver
acetate in absoluts methanol. The product so obtalned meltgathh e~
composition at 196° . and has sn optical rotation of [?(];Ba +4),23°
(in water),

H-dcetyl-D~glucogamine has been reduced to N-acetyl-D-glucos-
aminol using either Raney nickel and hydrogen st 90° C. (108) or the
Adams catalyst and 35 p.s.l. of hydrogen pressure (107).

NeBenzoyl-Deglucosamine has been prepared by Bergman (111). He
firet prepasred tstra-acetyl-D-glucogamine from the free sugar. After
benzoylstion to N-benzoyl-tetrs-acetyl-D-glucosamine, the acetyl
groups were removed leaving the H-benzoyl derivative. Since this
long process seemed unneceéssary, the direct reaction of benzoyl
chloride on D-glucosamine in sodium bicarbonate solutlon wae tried
in this laboratory {112). The product obtained melted at 303-204° C.
with decomposition, and anslyzed correctly for nitrogen. The reduc-
tion of ﬁ*banzﬁylmnuglueosamina has not been reported,

A number of o{-halo-acyl halides have besen found Yo condenss
with D-glucosamine in celd slkaline golution. In this wsy Nechloro-
acetyl-D-glucosamine {113), N-(d-bromoproplonyl)-D-glucosamine (113,
114), N-{d-bromo-iso-hexoyl)-D-glucosamine (112,114}, and N-(K -

bremolsuroyl )-D-glucosamine {114) have been prepsred.
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II1I. DISCUSSION OF RESULTS

A. S8yntheses from (3-keto ssters

1. Ethyl palmitoylacetoacetate

Ethyl palmitoylacetoacetate (116) was preparsd by the condense-
tion of palmitoyl chloride (117) with sodlomcetoscetats. This resc-
tion gave ylelds of only 50 per cent, 8ince the product is low
melting (35.5-36.5° C,), care must be taken during recrystallization
to prevent the product from separating from solution sbove its melt-
ing point, 8low coollng of a dilute solution gives a nlce erystal-

line product.

2. Ethyl palmitoylacetste

Ethyl palmitoylacetoacetete has bzen converted to ethyl palmit-
oylacetate (ethyl (@ ~ketostearate) by trestment with dilute aqueous
gsodium hydroxide (118,3). The yleld in thils cleavage reaction is
also about 50 per cent and the melting point of the product (37-38°
C.) is very cloge to thet of ethyl palmitoylacetoacetate. Therefore,
the introduction of an O(~-nitrogen function was carried out on ethyl

palmitoylacetoacetate.

3, Resction with alkyl nitrites

Norris (3) was unabls to effect the nitrosation of ethyl pal-
mitoylacetate with either nitrous aold or butyl nitrite. Howaver,
ethyl palmitoylacetoacetate might resct with alkyl nitrites with
loss of the acetyl group. This reaction ls analogous to that ocour-

ring with o{~-alkylacetoacetic eaters.
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CHzCO00HCO 05y  --BONC.y  RE---00,C,Hg
R HOH

CasHaa 0O
T 0HCO 0 H  ~-BONO_3 G, gy, 00G——CO 4 H
o y00— aballs 2 M 3100k ~L0 504l

Butyl nitrite with both scidic and basic catslyste was tried, but
nitrogen oould not be introduced intc the molecule.
4. Resaction with benzene diszonium chloride

The reaction of benzene diszonlum chloride with.d%alkylaceta*
acetic esters to glve phenylhydrazones of alkylacetie esters hasg been

degoribed sbhove.

CHSCOCHCO ,CgHg  ~-CalsNaCl »  Rre 00 5C 5Hs
R

NMHCgH,g
The resction of dlazonium salts with seylacetoacetlc esters has not
been reported. However, Dimroth (11#) found thst acstyldibenzoyl-
methene rescted with p.nitrobenzene diazonium chioride to form B~
nitrophenylazo-ascetyldibenzoylmethane (m.p. 110.5° €.} in "quantita-
tive" yield. ‘hen the sro compound was treasted with sodium ethoxide,
the scetyl group was preferentially cleaved ylelding the p-nitro-
phenylhydrezone of dlbenzoylmethane,

CH,400 ' , CH 400
CoReoScH  -BN0aCaMaNaCl o B O-SCNaN-C,H N0, (p)
NG CgllxC0
. CallalO
BaOCaHg _G=RNH-CgH N0, (p)
| 0 gHgCO

Exactly snalegous reactions were obtalned with p-bromobenszene



diezonium chloride {119¢). Therefore, it sesmed possible that the
resction of benzene dlszonium chloride with ethyl pslmitoylaceto-
acetate would yleld the A-phenylhydrazone of ethyl palmitoylacetate
(ethyl Q-ketostearate),
Cy a:;:{;z>gmﬁaaaus ~-GelsNalY o c“gmmggﬁ.@;{;mﬁnﬂa

Two general methods have besn used for the condensation of ben-
zene dlazonium galte with active methylene compounds. In the first
method the diaszonium solution 1s &d&éd to a cold basie gelution of
the sctive methylene compound (92,94,95,96,97,103,10%,104,105, 118,
119). In the gecond method a solution of benzene dlazonium hydroxide
15 prepared by adding the dlaszonium salt solution to a cold solution
of potassium or sodium hydroxide. The sctive methylene compound 1e
then mdded (79,80,61,83, 83, 84, 85,86,87, 88,69,90,91,93,100). Since
ethyl palmitoylscetoacstate was found to be insoluble in aqueous or
agueoug-slcoholic solution of potsssium hydroxide, the second method
proved to be more convenient. Sinee the ester ls a eolld, 1t wag
dlggolved in the minimum amount of ether and the solutlon was added
to a strongly baeic aqueous sojution of benzene dlazonium hydroxide,

Hogt of the reé;brown pruduet of the oondensation reaotion could
be extracted directly from the bagic solution with ether. However,
more complete extraction was obtalned when the reaction mixture was
firgt made strongly acid with hydrochloric acid. The olly or semi-
golid residue from the ether extracts could be orystallized from
sbgolute ethanol. A yellow erystalline materisl (m.p. 47.5-48.5° C.)
whish analyzed correctly for ethyl duphenylhydrazono- Q-ketostesrate



was obtained, The yield of eryst2lline matsriel was guite low--28
per cent. The recrystallization procedure wag tedlous since the
product tended to form e solvated masa which was difflcult to filter.
Repested cooling furniched further erops of crystals,

The low yield of crystalline phenylhydrazone might be due %o
elesvage of the palmitoyl group rather thgﬂ the acatyl group, to lack
of eny clesvage, or to the presence of uncrystallizable, polymorphie
formg of the vhenylhydrazons, Attempts to eatimste quantitatively
the smount of acetlc szcid in the aqueous mother liquor Irom the con-
denastlon reactlon were unsuccesaeful, PFeofilaktov (72-92) found
that although ths phenylhydrazones obtained frouw the condensation of
o\-alkylacetoacetic esters and benzene dlezonlum salts were red-brown
0ils which could not be crystallized, good ylelds of the of-phenyl-
hydrazono scids wers obtalned on hydrolyesis. Moreover, Liongs and his
co-workers ($3,94,95,103,104), who prepared a large number of phenyl-
hydrazonaeg by thisg method, ohtained only two oryastalline products.
All of the phenylhydrszones, however, gave good yields of the corre-
sponding indole derivatives on treatment with hot aeld. Tharsfore,
the crude red-brown oil obtailned from ethyl palmltoylacelozcetlate

and benzene diazonium chloride was reduced without purlificatioen,

The reduction of the crude phenylhydrazone wag carried out under
2000 1bs, of hydrogen pressure using Raney nickel catalyst. Hydrogen
woa sbsorbed at 75-85% C. The temperature was then railsed to 110«
120® C, to complate the reduction. In one case the compound absorbed

betwesn 70 and 100 per cent of the theoretieal amount of hydrogen,
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The sminohydroxy easter was not ifcolatnd s such but hydrolyred
to the acld. A soapy brown msterial wae obtalned from which only
20.23 per cent of ths theoretical smount (based on the ethyl palmit-
oylscetoascetate used) of A - zmino- @-hyﬁmxygtsarm acid hydrochloe
ride could be 1lso0lated by reerygtallization from glaciel acetiec acid.
The glacliel acetlc acid solutlon wee always very dark in color and
contained msterials vhich were never fully identified. Since the
palmitoyl group night have been cleaved instesd of the acetyl group,
en sttempt was made to i1dentify o(-a,minm-@-.hmmxybutyrie acid in
the hydrolysls, but without success.

Casliz,CO .
>{}-*~~-* (}Q gfﬁ aHs w—-—-—wﬂ!) 33 33{7(?—»«”-.30 2(} aH B
O 00~ H=NC g KNHC gH g
Hay HCLl 3 CH CH--mCHOO H
Ni H30 OH  HNH,

6. Hethyl ol-smino~(@.hydroxystesrate

¥ethyl of~amino~ @-—hyﬁrexystearéte hydrochloride was prepared
from the =cid by the action of dry hydrogen chloride in methanol,
The white orystalline compound so cbtained melted over a range (105-
118° C., capillary). This was to be sxpected since the method of
syntheslie uesed should lead to the formastion of a mixture of the two
possible palrs of dlastereoisomers. However, micorcanslysis showed
that the eeter hydrochloride had the proper empiricel composition.

The free ester wee slso prepared.

7.. N-Benzoyl derivativss

Since attempts to separate the isomers by fraotional



P P

crystallization of the estsr hydrochloride or the free ester were
unsuccessful, attention was turned to the H-benzoyl derivatives,
o|~iminostesric acid was used as a model compound. The technique
developed by Carter and Stevens (130) for the benzoylation of O\~
amino geids falled due to the insolubility of the long chain amino
seid in 0,5 N ggueous potasslium hydroxide, The use of 50 per cent
methanolic base mzde 1%t possible to lsolate sbout 5O per cent of the
theorsticsl smount of the Nebenzoyl derivative in the cmse of O~
sminogtesric scid, but results were still unsatisfsetory with the
aminohydroxy aecld,

Benzoylation of methyl oO|-aminostearate in pyridine gave good
yilelde (85 per cent) of the N-benzoyl ester (m.p. E3-£4° C,). This
compound was hydrolyzed to benzoyl-O|-sminostearic acid with 0,5 N
potessium hydroxide in 90 per cent methenol, A 90 per cent yleld of
a nilcely orystalline compound (m.p. 116-116.5° €, )} wes obtained.
Both compounds gave correct analytlcal results.

The action of benzoyl chloride in pyridine on methyl (- anino-
(§~hydrexyatearata yielded a yellow solid {88 per cent of the theo-
retical smount) which could not be recrystellized gatisfectorily.
Hydrolysis to the acid ylelded a oresm colored solid (70 per cent--
based on the original ester hydrochloride) which melted over z wide
renge (60-160° C.) suggesting that a mixture of lsomers was present,

The H-benzoyl acid could be separated into two fractions on the
basls of benzene solubllity. The faction easily soluble in benzene
carried with 1%t most of the color of the original produet, Thig
gsoluble fraction (m,p. 60«65° C.)} could be reorystallized from meth

anol, The colored impurities, however, continued to separate with



the product and gnalysls showed only one-heglf of the theoretical a-
mount of nitrggén. The benzene ingoluble frzction wes 2 whits crys-
talline materlsel melting from 155.165° . HMost of it dissolved in
abgolute ethanol and recrystsllized on the addition of 3 smzll amount
of benzene., The recrystallized materisl melted From 165-17V0% C, and

analyred correctly,

8. Zribenzoyl.l,3-dihydrg

fmomgmino-ootadecansg

A gmall smount of the original methyl o(»amino;@-hydroxy-
gtearate was raduced with Hahey nickel and hydrogen. Benroylstion
of the product in pyridine yielded a white msteriasl which could be
reorystallized from absolute ethsnol., The orystalline 20114 melied
at 136-142° C, snd analyzed correctly. This product reprsgents one
of the rscemiec forme of 1,3-dihydroxy-i-amino-octadecane, ons of the

four optical lsomers of which is dihydrosphingosine,

B, Addition of hypobromous soid %o

The addition of hypcbromous acid or one of 1te derivatives to
2, b=notadecenclce acid, followed by eminatlon would be an ideal route
to o\ -amino- @~hydroxystearic acid, since only one of the two posei-
ble pairs of disstereolsomers wuld be formed.
Oy gHss OH=CHCO R -HOBLy ¢, cu, cHeciecoH HHay 0, My, CH-CH-0O 1

OH Br OH NH,

Olele and erptonls zcids were used ag model compounds for the exe
ploration of verious methods of preparstlion snd addition of hypo-
brmmaualaaid.

A standard method for the preparation of hypobromousg scid


ypobromo.ua

solutiong is the resction of bromine with yellow merouric oxide (28,
27). It woe found thet a 70 psr cent yield of hypobromous acid could
be obteined 1f the reaction mixture was kept cold (0° C.). The cold

solution d14 not decompose eppreclsbly over a period of 1 hour. The

to resct with sodium srsenite and titrating the excess srsenite with
fodine (121).

Other methods of preparing hypobromite are the addition of bro-
mine to basic (potessium hydroii&@ or sodium carbonate) or acidle
(rootic acid-sodium acetate) solutions of the uneaturated compound,
In ths case of the basle medla, the solution musgt be glowly scidi-
fied sfter the addition of the bromine to libersate free hypobromous
acld., The reaction of potsssium bromide snd potagsium bromate in
sold solution has also been used to generate hypobromous ascid {(122).

The results obtained by these various methods sre summarized below:

Ungatursted acld Source of HOBr % Yield! N.E, of product®

Qleic soid Br pwla 00, 80 436
Olele acid Br ;- HOAc-NaOAc a7 356
Crotonic acid Br p-HgQ 82 228
Crotonic acid By ~Ha 00, 69 188
Crotonic acid By o~ KXOH 34 108
Crotonle agid By ~HOAc 47 21V
Crotonic acid EBr.KBrOy 81 328

13&&@@ on the saloeulated amount of bromohydroxy acid,

aﬁramohyargxymiéze acld~-379; dlbromo-olele aclidw-442; bromohydroxy-
erotonic acid-~183; dibromosrotonic acid-~346.
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These results indicste that in several cases s large portion of the
product mugt have been the dibrowo conpound,

511 of the products obtained were yellow %o brown oils, Ko
attenpts were made to purify the olls as such, Seversl of the pro-
ducts from crotonle acid were aminated with conesntrated ammonium
hydroxide. No appreclable smount of o{~m1nm-@~hydmxybutyrw acid
wag ever 1golated. Thls would indiests that either the addition
products were moastly the dibromo compound, ss suggested by the neu-
tral eguivalentsg, or that the snination procedure needed improvement.

411 of the procedures so far described have ths dlassdvantage,
as far as olelc ascid {or 3,3-octadscenole acid) 1s concerned, that
an agueousg medium is uged, Olelc seld wae not goluble in eithsr the
carbonste or the acetic acid reaction mixburse.

The use of acetyl hypobromite would overcome this dilsadvantage
gince it is preparsd by the asetion of bromine in carbon tetrachlo-
ride on gllver acetaste. With crotonie sold acetyl hypobromite gave
a 56 psr cent yileld of an o0il having a neutral equivelent of 232
(aaleulataémwaaﬁ). When this produat was sminated, & small amount
of aminohydroxy acid was isolated., Thisg was proved to be allothreo.-
nine by conversion to the N.benzoyl derivetive. With olelc aecid,
the product was a yellow pil of very high neutral equivalent (c¢al-
oulated--431; found--616)., It is possible that acetyl hypobromite
in the presence of the fres acld yields peroxldes which would cause
the formatlon of high moleoular welght products. Esters would prob-
sbly be more sultable compounde for resction with seyl hypohalites.

An attempt was made to synthesize Z.amino.3Z.hydroxypropionslde-
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hyde which in the form of zn approvriste derivetive might be con-
dansad with an scetylenic Grignsrd resgent to yield a sphinpgosine
derivative,

N-Benzoyl-Deglucosaming was prepared by reaction of benzoyl
chloride with D-glucosamine hydrochloride suspended in sodlum bilcar-
bonste solutlon. Rarly reactions gave falr yields (87-74 per cant)
of the orude N-benzoyl derivative. Large logses ocourred, however,
when recrystallization was attempbted. Later resctions falled to give
good yields and no reagon for this failure could bs sacertalned,
R-Benzoyl-D-glucossmine was reduced with Raney nieckel and hydrogen
to H=benzoyl-Ue-glucesaninol. This lottor compound resisted all ef.
forts at recrystallization and was lsolated by lyophillzation.

NeAcetyl-D-glucosamine was propared from Deglucogsmine hydro-
chloride by the actlon of silver acetste snd acetlc anhydride in dry
methanol. Yields were sround 50 per eant, and large losses sccom-
penied recrystalllization. ﬁéduaﬁiﬁn‘af Hegootyl-D-glucogamine with
Raney nickel and hydrogen produced solutiong which no longer gave a
Benedict's test, but it was never found possible to isolate Reacetyl.
D-glucosaminol.,

Periodnte oxidation rste studles showed thot Hebenzsyl-Deglu-
ecoaaminel absorbad close to the theorsticsl 3 moles of perlodate in
less than 15 minutes. NeBenzoyl-D-glucossmine sbsorbed I moles of
periodate only after 38 houre; Heatetyl-Deglucosamine sbeorbed 3
moles after 24 hours., Periodate oxidstion of Nebenzoyl-D-gluoosamine
0l on a preparative scale ylelded two producte which gave pogitive
Tellen's tests. The first of these melted at 136-127° G, and con-

tained 4,69 per cent nitrogen. The ealoulated value for Zwepminced-
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hydroxyoroplonaldehyde 1s 7.55 per cent. The gecond product melted
at 144-147° C. and contained $.53 par cent nitrogen. fOince the

yields wers very poor, the mathod wog abandoned.
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Iv, EYRTRIMENTAL

A, Byntheses from @‘*kat@ gsters

1, Zslmitoyl shlorids

in & 51iter rmunﬁhﬁ@ttmmad Z-necked flagk, fitted with & mer-
cury-gesled mechanieal stirrer, a &ra@piﬁg funnel, and & reflux con-
denser connected to & gas trep, were plsced 500 g. (1.90 moles) of
Eastman palmitic acld, melting at 61-65° C. The flask was warmed on
2 water bath untl)l the acid melted and could bas gtirred, Then 357 g.
(3 moles) of thionyl chloride were added slowly from the droppling
funnel. The mixture was refluxed for 2 hours after the a2ddition was
completed. The excess thionyl chlorlde was removed by distillation
under reduced pressure {water pump) at the temperature of bolling
water. The palmitoyl chleride was then dlgtllled under reduced
‘pressures (ol pump}‘ Bince pslmitoyl chleride tends %o decompose at
1ts boiling point, the heating bath (o1l or Wood'e metsl) wes heatsd
to 200° C, bafors the flagk wag immersed in it, The water-vhite
palmitoyl chloride (438 g.~-8C per cent of the theoretiecal amount)
d1stilled at 163-165° C./3 mm.

2. Ithyl

In & B-1liter round-bottoned 3-necked Tlask, fitted with a mer-
sury-sealed mechenical stlirrer, a reflux condenger squipped with a
drying tube, and & dropping funnsl, were placed ¥ liters of anhy-
drous ether and 23 g. (1 mole) of powdered sodium. Two hundred and
sixty grams (2 moles) of ethyl acetoscetate (b.p, £9-80° C./25 mm.)

vere added slowly from the dropping funnel. The mixture was allowed



to stir over-night to obltain coumplebe rsaction, A slight yellow
color developed. Two hundred s=nd geventy-five grame {1 mols) of
pélmitayl chlaridé waée added over a2 peried of 1 hour. The a2thyl
sodioacetoacetate went into solution, and & turbidity due to sodium
chloride sppeared, Tha‘mixtura wag rofluxed for L hour to conplete
the resction. The ether solutlon was washed twice with weler and
dried over anhydrous sodium sulfate, The ether was removed by dle-
tilletlon under redueced presssure and the 01l so0lidifisd by cooling
in ice. The product %aa recrystsllized twice from 25 per cont sthae
nol, giving 18C g. {50 per cent of the thesorstical amount) of a

white so0lid melting at 35, 05-%3° C¢1

Galﬂﬁﬁgﬁ Caleulated: ¢ 71.74 H 10.87
{358) Pounds ¢ 71.66 H 11.10

.@naw(3wketeatﬁar&te

In & 2-1iter 3~necked round-bottomed flagk, equipped with a
mechanicsl stirrer, weg placed a solution of 34 g, (0.6 moles) of
potassiun hydroxide in 500 ml. of water. The flask was immerged in
an les~galt bath, When the tempsrature of the solution resched
Dw3® C,, & cold (0-3% C.) solution of benzene diszonium chloride,
prepered from .3 g. (0.1 moles) of aniline, 25 ml, of concentrated
hydrechloric scid, 7 g. (0.1 moles) of sodium nitrite, snd SO0 ml,
of water, was added with stirring., The solution was colored yellow

but remained olear. Through a dropping funnel was sdded = solution

1&}1 mélting points, unless otherwise indicated, ware token on a
Kofler mleoroblock,
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of 36.5 g. (0.1 moles) of ethyl pslmitoylacetoscstate dlasolved in
200 ml, of ether. The additisn required 30-45 wminutes, The resc-
tion mixture turned orange and cloudy during the sddition. The re-
action mixture was kept ¢old snd wes stirred for 3-4 hours during
which time the enlor gradually turned from orange to dark red-brown.
The mixture wag then ellowed to warm up to room tempersature, made
atld with concentrated hydrochloriec acid, snd extracted with ether.
The first extract was derk red-brown; the szeocond, orange; the third,
light yellow. The remaining water solution wss light red, but no
mors color could be sxtrzcted, The ether extracts were washed with
dilute hydrochleric scid and with water, combined, and dried over
enhydrous sodium sulfste., The ether was removed by distillation
under reduced pressure and the rasgidusl brown oll dried under vacu-
um, After several days a semi-golid red-brown mese weighing a little
more than the theoretleal smount (41.3 g.) was obtaslned.

This gemi-solid eould be recrystallized from abeclute sthanol
but only with difficulty. In one ¢ase 1% was possible tn iselate a
38 per cent yield of yellow crystalline materlal melting at 47,5
48.5° C.

cgsﬁ Qagaﬂg c%lﬁulatﬁﬁﬁ £ ’ 3‘55 H 8. ¥ W 605{3
(aSh from G,Eﬂﬂ-{}oﬁﬂﬁ"}

Becsusze of the diffieulties encountered in reerystslllzing the
phenylhyﬁrazmna of ethyl (-ketostearate, the crude red-brown oil

obteined from the condensation reaction was reduced without
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purlification, The oil waz dlesolved 1in shsolute ethanol end reduced
in tha pressnce of Raney nilckel ot hydrogen pressures of 1500-3000
p.2.1. Eydrogen weg absorbed first st 75-85° O, The tempsrature
wag then relsed to 110-120° €, to complete the reduction. From 70-
100 per cent of the theoretical amount of hydrogen (based on the
smount of ethyl pelmitoylacetoscetate uged) was sheorbed,

The catalyst wes sepsrated by filtration snd the sleohol re-
moved by distillstion under reduced pressure, The rseidue, a dsrk
brown oll, was refluxed for 2 hours with 400 ml, of & ¥ hydrochlorie
acld. A dsrk brown goapy material wes obtalned om coolling. The
aquecus layer wag dark brown in color and contsined aniline. The
goany solid wes recrystallized from glacial acetlc secld yielding
7.0-6.2 g, (20~32 per csent of ths theoretical amount based on the
gthyl ~ketostesrate used) of a slichtly purple orystalline solid
melting at 180-180° C.

5. Methyl of-emino-(3-hydroxystesrate hydrochloride

In & 500-ml. round-bottomed 3-necked flagk, eguipped with a re-
flux condsnger with &rying tube and a gas-inlet tube, were plsced
7,57 g of o[~amino~(-hydroxystearic scid hydrochloride suspended
in 200 ml, of snhydrous methanol, Hydrogen ohloride gasg was run in
rapidly without cooling. After sbout 1/3 hour the solution had
warmed to reflux tempsrature and all the »1id materisl had dle-
solved. The solution was then refluxed for & hours, while hydregen
chloride wag run in slowly. The hot solution wag flltered, cooled
in lce, and the preeipliated hydrochloride removed by filtration,

The filtrate was evaporated Lo drynese under reduced preassurs.



‘The residus, ocombinsd with the precipitate, wes 7.4 g, (94 per cent
of the theoretical amount) of o gliphtly vurple nowder, After two
recryetallizations from sthyl acetate the melting point was 113-
11e° O, {eapillary).

CiaHapOaNOl  Caloulated: € 63,40 H 10,95 M 3,83
(365.5) Pound: ¢ 62.45 H 11,11 W 3,88

i

8, Mathyl d-amino~.@-hydroxvetearate
~2ERYL < ax,

In a separatory funnel were placed 0,365 g. (0.001 moles) of
methyl o{-amino-@-hydroxystearate hydrochloride suspsnded in 115 ml,
of 0.0086 ¥ acusous godium hydroxide. The mixture wag ghaken for
gsveral minutes, The ¢loudy solution thus obiained wag extranted 3
times with sther, The ether extracts were woshed with waler, 0O
binsd, and drisd over asnhydrous magnsaium sulfste, The ether was
removed under redveed preggure, The residue wag 0.30 g. {21 ver

sent of ths thesretieal smount) of a white powdar, Aftsr recryse

55,89 (0, (espillary).

7. Hethyl benzoyl-of —ar

To an ice-cold solution of 1 g. (0.003 moles) of mothyl o
eminogtesrate dlsgolved in 20 ml, of anhydrous pyridine was added
0,5 ml, (0.0026 moles) of benzoyl chloride. The mixture was allowed
e stand at room tempersturse for 3 houreg, The golution wae cooled
and water (2 ml,) sdded., It wap then poured on eracked ice and
hydra@ﬁloria acid (30 ml.) in a sepsratory funnel, The white pre-

oipitate which formed was extracted with ether, The ether solution



was weshed with dilute hydrochloric scid, dilute godium bicerbonate,
and weter, and drisd over anhydrous sodlum gulfate. The ethar was
removed by distillation under reduced prsssurs. The drisd product
vas 1.11 g. (&5 per cent of the theoretlcal amount) of 2 white erys-
talline materigl, After two recrystsllizations from petroleum ether

{b.p. 80-100° C,) the product melted at EI.84° C,

CacH 4a03H Caloulated: € 74.82 H 10,31 ¥ 2.73
{417) Found! ¢ 74.23 H 1C.78 N 3z.24
(4sh from C,He-1,17F)

B. Benzoyl-A-sminostesric acld

One grem (00,0024 moleg) of mathyl benzoyl--eminostesrste was
digsolved in 50 ml, of 0,5 N potassium hydroxide in 90 per cent
methanol. The solution was allowed te stand at room temparszture for
28 hours, Hydrochlorie aeid was sdded until ths solution was acld
to congo red. The whits precipitste was sepavsted by filtration snd
dried. After two recrystallizations from metheanol 0.87 g. { 90 per
gent of th: theoretieal amount) of g white erystzlline materiel

(m.p. 115-116,5) was obtalned,

Gasla10sX  Caloulated: © 74,44 H 10,17 N 3,47
(403) Found? 0 74,386 H 9,95 N 3,43

To a cold smolutlon of 7,4 g. (0.0203 moles) of methyl o{-smino-
Q mhyamxysmamw hydrochloride in 75 ml, of dry pyridine were
sdded 2.4 ml. {0,0202 moles) of benzoyl chloride, The eolution was



glliowed to stand at room tempersture for 5 hours, The solution was
cooled and § nl, of water zdded. The solution wag poured on ice and
75 ml. of conecentrated hydrochloric scid., The solild moterisl formed
was removed by filtration. The dried produet was 7.54 g. (&6 per
eent of the theoretical amount) of 2 brownlsh solid, It would not
recryatallize satisfactorlly from petroleum sther {(b.p. 38-42% C.),
haxene, or msthanol. |

The impure product wes susgpended in 500 ml, of 0,5 N, potsssium
hydrozide in 80 per sent methanol, The reaction mixture was allowed
to stand at reoom tempsrature for 24 hours. HNot s11 of the solid
dissolved. The brownish solid was removed by filtrstion. The solu-
tion was diluted with 300 ml. of water, and concentrated hydrochlo-
ric =c¢id added until the pH was lese than 3. The whits precipltate
which formed wag removed by filtration and dried,

The brownish materisl which hed not dlesolived in the methanolic
bage wez trested with another 50O ml. of 0.5 N potassium hydroxide
in 80 per cent methanol. BSince the solld st1ll did4 not all dissolve
after 16 hours at room temperature, the mixture was warmed to 80
5% ¢, for 1 hour. It was filtered warm and worked up ag before,
The combined precipltetes were 6,0 g. (70 per cent of the theoreti~
ozl smount based on methyl ol-amino-@-hydroxystearate hydrochlo-
ride) of a cream colored orystalline solid (m.p. 60-160° C.).

The orude c(ﬁbﬁnzaylam1nn*(§~hyﬁrexyatear1a a0id was soparated
into two froctions of the basis of benzene solubility. The benzene
soluble fraction (2.88 g.), which ¢ontained most of the color of the
original product, was recrystallized from methanol. The reerystal-

1ized materlal melted at 60-85° €., and was still cream colored.
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CasHaaOal  Coloulated: N 3,34
(419) Found? K 1.66

The benzens insoluble fraction (2,12 z.) was a vhite orystalline
materiel. On treatment with hot absolute ethanol all except 0.32 g.
dlssolved, When a small smount of benzene was sdded and the solu~

tion coolsd, white orystals {m.p. 165.170° 0,) separated,

CapH 420 4l Csleoulated: C 71.050 H 9.76 N 3,34
{419) Found: ¢ 71.41 H 9.54 N 3.5

10, ZIribengoyl-l, 3-dihydroxy-3-smino-ocotadecane

A suspension of 0,85 g. (0.0036 moles) of methyl o(namina«-@..
hydroxystesrate in 30 ml. of snhydrous methanol was reduced with
Raney niekel (3-3 g. per g. of compound) and hydrogen (23000 p,s.1.)
st 110° ¢. After 1 hour it had absorbed approximately the theoreti-
e¢al azmount of hydrogen, The caotelyst wes removed by filtration and
the solution evaporated to drynesa under reduced pressure. The ree-
1due wes diseolved in 25 ml. of dry pyridine. Ths solution was
opoled, and 1.2 ml, (0.0104 moles) of benzoyl chloride added. The
golution was sllowed to stand at room temperature for 3 hours, The
solution was cooled, and 3 ml. of water sdded. The solution was
poursd onto ice and 25 ml. of concentrated hydreohloric acid, &4
waxy solid separated, was removed by filtration, and dried. This
product (1.068 g.--68 per cent of ths theorstical smount) could be
reerystallized from ethanol or benzene. After 3 recrystallizations

from benzsne ths melting point was 118-131% C,
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g9
{814) Found: ¢ 74.61 H 9,33 W 2,98

Sinee thess values could result from a mixture of dl. and tri.
benzoylated products, the o114 was diggolved in 20 ml. of dry pyri-
dine snd rabenzoylated with 1 ml. of hanzqyl chloride. Sincs the
product did not seperate ¢leanly when theﬁéoiutiag wag poured on ice
and hydrochloriec acid, the gaspeﬁﬁion wae axtracted twlce with ether,
The axtracts wore yasghed with.water, combined, and dried over aphy-
drous andium gulfate. The sther wag éngVsﬁ under raduced pressure.
The residus was 1.13 g. (72.5 per cent of ths theorstical amount) of
a white solid. Aftsr 2 recrystallizations from absoluts ethanol the
melting point wasg 138-143% C,

CagHuaOal Ualculated: C 75,31 H .38 N 2.38
{614) Found: ¢ 76.51 H 8,20 N 3.43

B. Addition of hyoobromous scid to A, -ungaturated scids

1.

Determination of hypobromite

The sample of hypobromite zolution was added %o 35 ml. of Q.1 N
godium argenite and 75 ml. of 5 psr cent sodium bicsarbonste in a
135.ml, Erlesmeyer flask. At lesst 2 ml. of 5.1 N srsenite should
remain in excess. After 5 minutes 10 drops of 2 Ireshly prepared 1
per eent starch solution were added snd 2-3 ml, of 2 N scetic asecld
were zdded dropwilge with vigerous stirring until aar@mn}diax&éa was
evolved, The excess arsenite was titr@taa vith 0.5 N fodine gsolu-

tion uniil = permanent light blue color appeared.



3. Stability of hypobromite solutiona

Bight grams of y2llow mercuric oxide were suspended in 100 ml,
of watar, One millilliter {0.02 moles) of bromine was added, The
mixture was stirrsd until 211 ths dropg of bromine had roscted. Thig
rsquirad about B minutes. The solution was filtered and 2 nl. all.
quots removsd at intervale and titrated ag desoribed above.

In the firast experiment the solution was mazintained at room
tempersturs) in the second, it wes kept cold in ice znd the precipl-
tate waghed with 50 ml. of cold water., The results are summerirzed
bel@w:

Time g« HOBr/100 mil.
{min.)

Experiment 1

10 1.3%8

BB 1.24¢

én 1,180
Experiment 23

10 1,363

30 1,388

€0 1,337

The caleulated smount of hypobromite was 1.94 g. per 100 ml,

Therefore by keeping the solution cold and washing the prauipi~
tate a 71 per cent yield of hypobromous acld may be obtesined aftsr
10 minutes snd the cold solution 1g fairly stable for 1 hour.
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3. Addition of hyrobromous aglé %o olele =cid

2. Sodlum earbonate method

A solution of godium hypobromite was prepared by adding
10 n1, (0.2 moles) of bromine dropwige to an ice-cold solution of
57 g. (0.535 moles) of sodium carbonate in 600 ml., of water, This
golution was added with stirring to 56.4 g. (0.3 moles) of olelc
scid suspended in 2 solution of 36 g. (0,2 moles) of potassium car-
bonate in 400 ml. of water, The mixture was stirred for 1 hour at
0® ¢, Concentrated hydrochloric azcid was added dropwlee over gever-
gl hours until a permsnent bromine color formed (117 ml, required).
During the addition of the aseid a2 solid materlal separated, which
for the most part redissolved. At the end of the addition the re-
getion mixture consisted of & brown golution and a brown gemi~solld
mess which would not filter,

The solution was dscanted and extra&taﬁ twice with sther. The
ether solution was decolorized by shaking with dilute sodlum bisule-
fite solution, waghed with water, snd drled over anhydrous godium
sulfate. Yhen the ather was removed by digtillation under reduced
pregsure, the residue wes negligible and was dAscarded.

The gemi-pelid mags was digsolved in ether, and the gther solu-
tion waghed and dried as sbove, ‘hen the sther was removed, the
regldue was a yellow-brown oil, After drying under reduced pregsure
for 24 houre it welghed 60.4 g. (80 per cent of the theoretical

emount of bromohydrin).



Neutral edquivalent
Calculated: (bromohydroxyoleic acid) 379
{dibromoleic acid) 442
Found: 435, 437

b. Acetic acild method

To a vigorously stirred suspension of 56.4 g, (0.2 moles)
of olele zeild in 200 ml. of 90 per cent scetic scid were added drop-
wige 10 ml. (0,3 moles) of bromine. The addition required 2 1/2
hours. The mixture wag stirred over-night. The reaction mixturse
then consisted of two layers vhich were geparsted and worked up sép-
srstely.

The upper layer was yellow-gresn in ecolor, &nd & white cloudy
augpengion was formed when water was added., This sugpenslon wza eX-
“tracted with sther. The ether solutlon wasz weghed with dilute sodl-
um blaulfite solution and with wmster, dried over anhydrous sodium
suifate, mnd the ether removed under reduced preéssure. A brown ree-
1due (2.2 g.) which smelled like oleic acid was obtained.

The lower layer was brown and oily. Vhen water wes added an
o1l separated. This oll was removed by extraction with ether. The
.gther solution was washed and dried as sbove, The ether wag removed
undar reduced pressure and the oll dried in a desiccator, After 48
hours 1t weighed 74.0 g, {97 per cent of the theorstlsal amount of

bromohydrin).

Neutral eoulvelent ’
Calculated: {bromohydroxyolele acld) 3790
Found: 355, 368
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4. Addition of hypobromous 2cid to crotonic acid

2, Hercuric oxide method

A golution of hypobromoug acid wes prepsred by adding ¢ ml.

(0.1 moles + 60 per cent swxcess) of bromine to an ice-cold guspen~
slon of 45 g. of yellow mercuric oxide in 300 ml. of waster., This
gsolution of hypobromous acid wee filtered into a cold solution of
§.6 g. (0.1 moles) of crotoniec acid in 100 ml, of water. A slight
bromine color developed, The solution wag extracted 2 times with
ether, The ether extracts were washed with dilute sodium bigulfite
golution snd with water, comblned, and dried over sodium gulfate.
When the ether was removed under reduced pressure, the recldue was
9.8 g. (53 per cent of the theoretical smount of bromohydrin) of a2

brown oil.

Heutral ecuivalent
Caloulated: {bromohydroxyerotonic acid) 182
{d1bromocrotonic soid) 246

Found: 282

The aqueous mother liguor was extracted twice more with ether.
The sextrasots waere wasghed and dried as before, and the ether removed,
The residue was 2.5 g. of an oll which partially solidifled after

geversl days in 2 vacuum desiceator.

Neutral equivalent
Found! 193
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b, Hodiunm carbonate method

4 solution of sodium hypobromite wasg prepsred by adding
5 ml. (0.1 moles) of bromine to an ice-cold solution of 30 g, (0.3
moles) ef scdium carbonate in 150 ml. of water, This solution wae
added to a solution of 8.6 g. (0.1 moles) of crotonlc scid end 15 g.
(0.1 moles) of potassium carbonate in 150 ml. of woter. Dry lee was
sdded to the solution. At intervals 3-ml. aliquots of the rsaction
mixture wag titrated for hypobromite by the method previously des-
eribed, When the titrstion velues for the ssmple were equal to those
of the blank, addition of carbon dloxide wes discontlnued, and the
resction mixture allowed to stand over-night. Coneentrated hydro-
ehlorie acld was added until the pH was less than 2, and the solu-
tion extracted 3 times with'aﬁh@r. The extracts were washed with
dilute sodlum bisulfite solution and with water, combined, and dried
over anhydrous sodium sulfate. The ether was removed under reduced
pregsure and the resldue dried in a vacuum desiccator. The product
wag 18.6 g. (60 per cent of the theoretical amount ) of a light brown
oll,

Heutral equivalent
Calouloted! {bromohydroxyerotonic acld) 183
Found} 186

¢, Potaselum hydroxide method

4 golution of potassium hypobromite was prepared by adding
2.5 ml, (0.15 moles) of bromine to a eold solutlon of 43.0 g. {0.75
moles) of potassium hydroxide in 350 ml. of water. This yellow



solution wzs added to = cold solution of 6.6 g. (0.1 moles) of ero-
tonie acld in 350 ml, of water. Solid osrbon dloxlde was sdded une
til titration of a 3-ml., aliguot showed thet no more hypobromite was
present, The slightly yellow solutlon was sllowed %o stsnd over-
night. The then colorless solution wag made strongly acid {pH lsas
than 23) with coneentrated hydrochloric seid., It was extracted &
times with ether. The erytrszets werse washed with dilute sodium bi-
sulfite golution and.&ith water, c@mbinad; and dried over anhydrous
gsodium sulfste., The ether wss removed under reducsd prsssure. The
regidue was 3.3 g. (34 per cent of the theoretical amount) of a

yellow-brown oll.

Heutral squivalent
Unleulated: {bromohydroxyoerotonic seid) 183

Found: 186

4. Acetic gceid mathod

To s solution of &.5 g, (0.1 noles) of crotonic scid end
27.2 g. (0.2 moles) of sodium acetate in 300 ml, of 90 per cent
acetic acid wers added dropwise 5 ml., (0.1 moles) of bromine. The
addition requiresd 30-45 minutes. The solution was allowed to stand
over-night, Concentrated hydrochloriec acld was added until the pH
of the solution was less then 2., 4 slight yellow color developed.
The solution was extracted 4 times with ether, The extracta were
waghed with dilute sodium bisulfite molution and with wster, com-
bined, shd dried over snhydrous sodium sulfate, The ether was re-
moved under reduged pressure. After prolonged drying under reduced

pressure over potasalum hydroxide the residue no longer smelled of



e

seetic aold, The product was 8.5 g. (47 per cent of the theoreticsl

amount) of a 1ight yellow oil.

Neutral equivalent

Caleulated: {(bromohydroxyerotonic acid) 1853
{aibromocrotoniec sold) 246
Found! B 317

e. DBromide-bromate method

The hypobromite solution wag prepared by mixing squal vol-
unes of s solution eontaining 36 g. of potassium bromlde peﬁ 100 ml.
of water snd s solution sontaining 10 g. of potassium bromate per
100 ml. of water, For £,6 g. (0.1 moles) of crotenic scid 180 ml,
of each golution was used. The crotonle acid disgolved resdlly in
thigs mixture., Concentrated hydrochloric acid was added dropwilse un-
t11 a permenent bromins color developed., The solutlon wag allowsd
to stend over-night. Hince titratlon of & 2-ml. aliquot showsd theat
hypobromites waes ¢till preeent, more hydroechloric scid was dropped
in. %hen the titrstion showed that no more hypobromite wss preaasent,
the solution was extracted 5 tines with ethar. The ether extracts
were washed with 4ilute sodium bisulfite eolution and with water,
combined, and dried over anhyﬁréug podium eulfete. The ether was
removed under reduced pressure, and the oily residue thoroughly
dried. The product was 16.7 g. (91 per cent of the theoretiecal
gmount of bromohydrin) of a light-brown oll.
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HJeutrasl sauivalent

Caleulated: {bromohydroxyerotonic acid) 183
{dibromocrotonic acld) 245
Found? 238

5. Addition of acetyl hynobromite %o o, sg-nnsammtga acida

a. To oleic acid

A cold {0° C.) solution of 5 mi. (0.1 moleg) of bromine in
BOO ml. of carbon tetraschloride was added in portions with shaking
to 30.4 g. (0,1 moles + 30 psr cent excess) of silver scetate. The
sugpanalon was 1ight yellow., Thle solution of scetyl hypobromite
was Piltored into a cold {(0° C.) solution of 28,2 g. (0.1 moles) of
oleie zeid in 100 ml, of carbon tetrachloride, The color wag dis-
ehargsd within 15 minutes. The solution was gllowed %o atand In les
for 1 hour, The solution was extrezctsd with an equal volume of 3
per cant squeous seodiun bisulfite solution, washed with wster, and
dried over anhydrous magnesium gulfszte. The corbon tetrachlorids
was removad under reduced pressure. After thoreugh drying under re-
duced preasure the product was 35.5 g. (85 per cent of the theorsti-

¢zl amount) of = yellow oil.

Heutral equivalent
Caloulated:! 421
Found? 808, 634
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b. To crotonie gzeild

To 30 g, (0,1 moles + 30 per cent excess) of silver aoce-
tate was sdded with vigorous shaking s eold (0° C,) solution of 5 ml,
(0.1 moles) of bromine in 150 ml, of earbon tetrachloride. The
light-brown acetyl hypobromite solution was filtered into a cold
{(6® C.) solution of 8.3 . (0.1 moles) @f"cmmnia acid in 100 ml.
of carbon tetrachloride. Yost of the color was digchargsd, The so-
lution wag kept cold {09 C,) and stirred for 1 hour. The sgsolubion
wae extracted wibth diiute sodium bisulfite golution, washed with
water, and dried over caleium chloride. Tha carbon tetrachloride
wag renoved under reduced presgure. The rselidue was 13.7 g. (56 per

esnt of the theoretiecal amount) of a brown oil.

Neutral equivelent
Caleoulated: 235
Found: 223

The oll wag treated with 800 ml. of concentrated ammonium hy-
droxide. Hot sll of the msterial dlesclved. The solution was de-
canted from the sticky residue, plsced in 2 B0O.ml. bottles, and
kXept for 10 days in a hot room (37° G;), The bottles were removed,
cooled, and opened, The yellow solutlon was coneentrated under re-
duoed pregsure to an oil. The oil was dried with acetone, and dlg.
golved in 15 ml, of water and 150 ml. of azbsolute sthanel, COrygtals
geparated on cooling, were filtered, and dried. The product was
6.8 g. (55 per cent of the thsoreticsl emount, beged on the crotonio
geid used) of a white matarisl melting with decomposition at 212
216e C.
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To 2,38 g. of the aminohydroxy scld diseolved in 15 ml. of 2 N
godlum hydroxide and 8 ml., of water wers added 4.6 ml, of benzoyl
ehloride and 46 ml. of 2 ¥ sodium hydroxide alternstely in portions
with shaking snd enoling. The golution was rcidified w=ith 8.& ml,
of concentrated hydrochlorie scid., The precipitate wag removed by
filtrstion. The solution wag concentrated to 2 smsll volume and the
g011d removed by filtration., Ths combinsd precinitntes wers 2%
tracted with hot petroleum ether (b.p. 20-.100° €.}, The residue
from this extraction was 1.85 2. (41.5 per cent of the theorstieal
amount) of s whlte erystalline material., After 2 recrystsllizstions
from water 1t melted at 176~1756.5% O, {(eapilleary}, Thore was no
depression of melting voint on mizing with Nobenzorlallethreonine

but econsidersble depresaion on mixing with N.benroylthresnine,

C. Byntheses from Deglucossmine

1. N.BenzoyleD-glucossmine

o 5,38 g. {0,025 moles) of D-glucosamine hydrochloride pere
t1211y dls=olved in a solution of 5.25 g. (0.0825 moles) of scdium
bicerbonate in 25 ml. of water waz sdded in portions 3.5 g, (0,035
moles) of benzoyl chleride. The mixture was shsken vigorously after
each sddition snd cooled in ice. A thick white slurry was formed
which made sheking difficult, The solid wee collected on a filter
and dried under reduced presgure over phosnhorus pentoxids, giving
Be2eB.7 g (67-74 por cent of the theorsticsl smount) of a white
erystalline matsrisl, which nalted with decomposition at 198-188* €.
Reerystallization from 90 per cent methanol yielded only 3.8-3.1 g.
of material, whioh melted with decomposition at 302.304° C,
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Cyaly20gH Calculated: N 4.94
(363) Found? N 4.76, .01
{micre Kjeldshl)

e
The optical rotstion was [C(]g$ = +43,0° (100,2 mg. in 10 ml, water).

3. N-Benzoyl-D.glucogeminel

N-Benzoyl-D-glucoeamine (3.14 g.) was reduced using Raney
nickel catalyst at 100® €. and 1000 pounds hydrogen pressure, After
% hours ths solution gave a negative Benedict's test, The solution
was concentrated to s small volume snd, aftsr sll attenpts at Te-
erystaliization falled, was lyophilized. The resulting product con-
sigted of 1.6 g. {75 per cent of the theoreticsl amount) of o fluffy
white amorphous powder, which melted at 147.149° G,

Uy 2 OgN Caloulated: N 4.91
(285) Found! N 4.91, 4.91
{miero Kjeldahl)

in s 500-ml. ground-glass stoppered Erlenmeyer flask were
placed 10 g. (0.0465 moles) of Deglucosamine hydrochloride, 7.5 g.
(0.045 moles) of silver scetate, 6.78 g. (0.086 moles) of acetic
anhydride, and 100 ml. of anhydrous methanol, The flask was wrapped
in tinfoll to exclude light and shaken machanlcelly for 12 hours.
The mixture was then refluxed for 5 minutes and filtered while hot.
The solld was washed with 50 ml, of het water, and the washings

added to the Filtrate, One drop of concentrated hydrochlorio acld



wag added, and the solution allowed to atand in the dark for 4 hours,
The precipltated silver chloride was removed by filtration, and the
filtrate concentrated to dryness under reduced pressure. The regi-
due was taken up in s hot mixture of 25 ml. of methanol gnd 15 ml.
of water, S8ince nuthing geparated an'eeeling, 80 ml, of ether wers
added. The product, which now crystallized from the eold solution,
conslsted of 4,7-5.4 g, (46-52 per cent of the theoretical amount)
of a white orystalline material, which malted with decomposition at
185° C, Az in the casse of the N-benzoyl compound large losses were
suatalned on reerystallization. Only about 60 per cent of the mate-
risl could be recovered from ths methanol-water-sther mixture. Thisg

lattsr material melted with decomposition at 19g° C,

CoHy g0l Caleulated: N 8,33
(221) Found: N 8.31, 6,37
{miore Kjeldshl)

-]

The optical rotatlion was found to be [c(]gs = +41,.3° (water). "hile
o |

the vaslue reported by White (110) 1s [X]3° = +40.5° (water).

4, Periodste oxidations

In & 300-ml. volumetric flask were placed 237.1 mg. {1 x
1078 moles) of Ewbanméylum-glucagnmiﬁel and iéﬁ ml, of an 0,02 U
aqueous gsolution of sodium metaperiodete. The gsolutlon was then
diluted to the mark with methanol, Ten-millliliter aliquots were
removed at intervals, and enough sodium bicarbonate (sbout 5-8 g.)

wag added to provide an excess throughout the titration.
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Approximately 1 g. of potassium iodide wag added, and the liberated
fodine was titrated to the ususl starch endpoint with 0.01 ¥ sodium
arsenite, A blank containing only 0,01 ¥ sodium metaperiodate in 50
per cent methanol was titrated at the game time, ¥Within 15 minutes
the sample had consumed 3.&8E moles of perlodate per mole of compound,

and this figure remainsd unchanged after 13 héurs.

b. MN-Benzoyl-D~glucogsmine

in exactly analogous study wes run on 36.9 mg, (1 x 107°
moles) of HebenroyleDeglucosamine. The upteke of periodate wzs much
slower in this case, reaching 2,03 moles per mole of compauﬁ& after

25 hours and remsining congtant at thles Tigure,

¢. NehAcetyl-D-plucossmine

An exectly analogous study was made on 20,7 mg. (1 x 1072
noles) of Neascetyl-U-glucosamine. The uptake of periodate in this
case reached 2,98 moles per mole after 34 hours and remalned consgtant

at this figure.

6. Attempted preparation of 3-(N-benzoylsming-3-hydroxy pro-
ionaldehyde

To 1 g. (0.00325 moleg) of N-benzoyl-D-glucossminol dlssolved
in 15 ml. of water wes added a solution of 2.35 g. (0,011 moles) of
godlum metsperiodete in 15 ml, of water. The reaction mixture was
placed in ice., After about 1 hour long white noedles precipitated,
and these wers removed by filtration, This meteriel {1.12 g.) gave

2 negative Tollen's test, d4id not melt below 300c C., and gave a



rssi&ue on ignition.

The reacticn mixburs wss then allowed to warm up to room tene
perature. After one-hslf hour more érystals sprasred, and these
ware removed by filtration. This produet {0.31 g.) gave a positive
Tollents test, melted at 126.1237% C. with decomposition, and turned

yellow on ataﬁaing,

{(103) Found? H 4,70, 4,67
{micro Kjeldahl)

The reaction mixture was then left in the refrigerator for 34
hours. More white erygstals asppeared, and these were geparsted dby
filtration. This material (0.08 g.) gave a positive Tollente test
and melted at 144.147° €. with decomposition.

Qlﬁﬂl 103ﬁ Caloulated? N 7.35
{182) Found: N 8.35, 6.21
{micro Kjeldshl)
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V. SUMEARY

The O{~-phenylhydrazone of ethyl (-ketostearste was prepared
from ethyl palmitoylacatoaaetata and benzene diszonlum chloride.
This 1ls the firet reported application of the Japp-Klingman re~
actlon to an acylacetoacetic ester, ‘

Ethyl ci»phﬂnylhydrazano«(§~katastearéﬁa waa reduced with hydrow
gen end Raney nickel to of-emino~@-hydroxystearic acid. This
acid was charascterized az the methyl ester hydrochloride.

A gbtudy was madse of the banzoylation of o{-sminostearic acid and
o] ~zmino- G-hydroxystesric acld under a variety of conditions.
The resction failed 1in aqueoug solutions due to the insolubility
of these long chaein amino aelds in agueous alkall, Poor ylelds
of benzoyl derivative were obtained with acqueous methanol ss the
solvent., A more satisfactory procedure consisted in benzoyl-
ating the esters in pyridine. ¥ild alksline hydrolysis of the
E-benzoyl esters yielded the corresponding N-.benzoyl acids,

1, 3«Dihydroxy-d-anino-octadecane wag obtained by reduction of
methyl c&»aminm»Q§»hy&r0xystear&ta with Baney nickel and hydro-
gon, The aminoglycol was characterized as the trlbenzoyl deriv.
ative. Thig produet represents one of the racemic forme of 1,3
dihydroxy-2-amino-octadecane, one of the four optical igsomers of
which 1s dihydrosphingosine.

The addition of acetyl hypebromite to ¢rotonic scld wag found te
yield a bromoacsltoxy scld which on treatment with ammonla

vielded E&rallothreonine.
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