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OHAPTER Y
THERODUOTION AND HISPORICLL BURVEY

DeGalactosanine (Feaninow2-daoty-Degalactose) was
the second amine sugsr bo be isolated from nabtural sourees..
.En 191, almost forty yoars after the disgovery of the
mors comaon Deglucosamine, Levens and LaVorge {62) peported
tha isolation from chondrolitin sulfats ol & new suino ;;;;;_
sugar, wihiieh was isomeric with Leglucossmine, The structure
of chondrosamine, a8 1t was Lirst namaﬁ, wag not completely
dotormined for asnothey thlyrty yesars, wh@ﬁ Japes gg‘aka
{32, 3%} schieved an uneguivoenl synthesis of s compound
that wes ldentlioal wisth the g&%ural Droduct.

Between itz discovery and its synthesls, a number
of investigators contribvuted to a_knawleﬁga of ths nature —
of Degalactosamine. Although firsi iaalétaﬂ from ohoni=
droltin sulfate exbtracted from bovine Sendon, cartilege,
or trachea, wmore resent work bas found small amounts of
Degalactosaning widely dlstribuied In such thinge an
B ~haparin, eafﬁéiﬂ lipnids, cerabral gangliosides, and
submaxllliury muclins. Howaver, the subshancs bas beoen
diffiouls %o iaalﬁﬁﬁ in sipeable amounts, untll the more
recont developments in lon-exchange and othsyr methods of

golumn chromatogrephy keve made i%a sepspation practlical. =z

DeGlucosaming, which has besn esaler to obtaln and sasier



m.

%o crysballlsze, was taken as the prolotype of all the
awamin@mzmﬁa¢xymﬂ«haxaa@a. Howaver, the blologlcal impor.
tance of D-galactosamine was thought o justify sn investls
gation of the propertles of a nuuber of 1is dapivatives,
which &re reported in this dissertatlon.

@hagﬂarly strustural studles on chondrosamine wers
conbtinued by Lgvané (59,60}, who found that oxlidation with
bromine formed & Zeaminohexonie acid. ¥He also found that
it formed the sane phenylosazone as did Degalactose. &
Btrecker type synthesls of Degalactosamine and 1ts epimerew
Dabalosamine--Prom De-lyxose {59} confirmed the conflgurt-
tion of the thres, four, five, and six carbons. Howsver
these axpariments left the sonfigursilon of the C«2 amino
@ﬁuup:unéﬁaidaﬁt _ |

| In 1616 Hudson and Dale {30) prepared the nenbae-
ascetates of chondresamizne and ware abls %o éap&rata tha
ENOmeTs by erystallising the alphe foprnm frow an abaolube
alootiol solubtion by adding ebther. They thon measupad the
agaaifie nptiaai rotablions of the two purlifiled Torps.
Thelr work proved that Hudsonts Y2A" values aprsed with
sach other for the acebates of plusoses, glucosanine, and
chondrosaning. AL & eunéiﬂar&hlﬁ later tiwme, Stmeey (79}
%as able to show that acebylstion of ohondrosaulne by
agetic anhydride in pyridine produced the alpha penba-

gambate, while if gine chloride were used as the catalyst



only the bebta form was produced.

. iIn 192% Levens (60) ipolated the puﬁé alpha and beta e
ahan&raaa@in@ hyﬁro@ﬁloriﬁéa. The first sswple lasolaled
{63} naé'hﬁén the elphe f@?m;: Howaeweyr, all latey prepara~
tlonsg, 6§ both the natural and ayaﬁhﬁtié_yrnﬁaet, h&&-giv@ﬁ
the bsta anomer, indicating this as one of the ow sugars
whioch crystallized as this forme By repeatedly recrysiul-
lizing the produch from wmethanolesthanol-sther, Levens was R
abls b0 separate the two anomers. The differencs in the 7
mﬁl@aalaw-r&haﬁian {op = maleaulér walght) of the two forms
was caloulated So be L6,48%, a value nesrly ifdentleal with
the normal valus for thﬁ'm&jqrity of ﬂuﬁaréﬁ inﬁiaaﬁing tha
samples were probably pure. The accepted values ol the
specific rotations today arve; ot‘ anoper  +155%—— +92°;
A anomey +§§@L—i+$§g (i@ watere |

One furthav-inmigﬁh inko the structure of chon

drogamsine %aa the dﬁgra&atian of wethylated chondrosawine
by Lmvané {$1) %o prove that 1% had the pyrannse stracturs.
in 1957 Karr@?rand Kayor {41) ldenkified the produchs of
a lewd tetraacebabe oxidatlve Gepradatlion of Wecarbsthoxnyw
monobengel-galactosaninic acid ethyl ester hydrochlorids.
They concluded that the benzylidene group was atisched
through earbons four and six, ratber bhan through numbers

five and six. Their work alse identified a l,l~lactone . SR

ring systes in feacetyleD~galsctosaminle dcld. By the use



of optical rotatory Gilspersion they found that ths amlne
and ydroxyl gf@uya on carbons two and thres, reapesctively, e
wore Iln a trans positions | S
The final definitive proor of the econlfigupation of —
the amine group on U-Z in D-galaatﬁaamiﬁé wag providsd by .
James et 81.(32,33) in 1945 and 1946. Thelr synthesis was
depondent on the discovery that anbydre rings of the
ethylene oxide btype, when formed by the alkyl«0w=fingion of o
suiﬁable osters (i« 8. p-tolusns.sulfonstes), wnderze ring
soigsion on either gide of the oxygen bridgs, when subjectsed
to nucleophiliec attack.. In esech caze Walden Inversion
poours where ﬁh@ antering anion attaches to the molecule, -
giving two lsomeric devivatives. In the sugars one of
the poasible isomers wsually predominates over the other
(22,%7,46) . R
Provious work bad shown that ehondrosamine must be |
either 2-puino-D-galactose or d-amino-D-talose. Jawes of
ale (52,33%) started with 1,6-anhydro-2eO-mosyle@ «D-galactone
and changed it by alkaline hyérolyais to 1,6 : 2,%-dianbydro-
B ~pwtnloss. The bwo anhydre rings were found to differ in
etability, with the 1,6-linkage Stable toward alkall and.
broken by scids. Treatment of the dlanhydro compound with
amnonisa, fali@we&-hy hyﬁrﬁahiﬁr;m aeld, was found to produce

eplefly uhe ﬂwamiﬁgmnrga}&mt$5ﬁ, Euﬁﬁth@r=%&tb a4 small e

amount of ¥-amino-De-idose, as illustrauted on pags 5,



NH, H
Th hydrochloride gult of the D-galastosamine proved to
have the same phyaleal constants and Y-ray powder photo-
graph as the naturally occurring chondrosauine hydro-
ehloride and gave rise to ldenbical depivatives.
The ivoreasing number of Investliatlions ol the
chonlotery of Legalactosamine snd itﬁ a@rivaﬁiv@a in recent —
yeard can ve atitribubted to th@ developnent of lnproved
methoda fop i&alaﬁin@_hhs'yraﬂua%‘fvam pnatural sources.
Even after rinding Degalactosamine present ln & number of
natural producte, ite persentage wug low enough %o make
difficulk a:mhaminai separation from othey closely related
produetis.  Nedern methods ol lon-exchange chvomatography.
ware firsat applied to this problem by Gerdell {20}, Ha
found in 19%% that & column of Dowex 3@\{ﬁ+_fﬁrm) ione o

exchangs resin would separats Dezalactoraming from De- T

glueogamine, using 0.% ¥ bydrochloric acld as the devel.



oping solvent. Also separated wore the ssmonium chleride
and otler contaminents that wers usually pressnt. Phis
wsthod, as refined by Phead snd Devidson {933, %aa basn
the best curvent mebthod Tor obbalning ﬁm&ﬁlﬁﬁ@@ﬁﬁﬁ&ﬁ§ 
hgﬁfﬁéhiﬁriéﬂ from bhe hydeniyses of ehondpoltlin. pulfate.

ﬁ*&ﬁl&ﬁ%&ﬁﬁﬁiﬁ@ differs {rom ﬁhgl&#ﬁﬁﬁmiﬁﬁ.@%zﬁ
in whe eonfiguration ol She ol hydpronyl grovp., In
Depalactosaming 1% iz cks to the Ge% hydroxyl group, and
in E%ﬁlﬁﬁwaamim@ it o trens to the O3 subsiltuend in the
Piseher srojestion formuls, Witk the uvausl cheliy form of
the hezagonal formuls this messs that while Degluconamine
bas bosh Bhe Ce¥ and Oeh brdrenyl grouwps in an sguatorisl
nosiblon, Degalactosanlog hag Loe (3 ﬁy’a‘%m:@;ﬁi ETDuD SguEs
borial and the ﬁak;hyﬁraagl group axiale. This axial
hpdroryl group mekes Degalachiosamine the lsss bbable of
the bYwo asine gugars. In sizple miztures De-galsolosaming
san Yo sapsrebed from Degluoosuning by Lés abillyy to form
& eumolax with mwviﬁ“aﬁi§§ baonuse of these ehe hydronyl
proupse This faet hos bean applisd sainly In paper
ahvomatograghy up Ho the preasnt Llude |

The use of Sobiff basss fow bthe fsoelution of swall
ﬂﬁ%ﬂﬁiﬁi@ﬁ i Deglucosamine and Depulacbosanine was
invesbigated by Joliss and Mepgan (L0} They deternlned
the properties of the compounds Foruwed frow Sen 4lffspent

aldehydes and ooholuded Luab the twe Besb condensing agsnte




wers d-hydroxynaphthaldeohyde and Hemethogy-l-hydroxy-
bangaldehyds (vanillinj}. The forwey, which bas the advan-
tape of farmiﬂg bright yellow orystals; Las E@eﬁ used
considerably sinee thelr work im AY40. Wore recently the
aoﬂ%wglla& formatlon of anhydro rings by lhe slkaline
slininstion of mesyl and tosyl groups has led to Lhe forma-
tion of sertain D-galactosamine derivatives from the wore
roadlily avallable Deglucosamine (21,22,%%) or irom D-lyxose
(L9). These methods should help to inerease. the avallable
gupply of this rather rare auwine BUgAT.

| The synthesis of the penhancetutes of Legalactos-
‘awine by Hudson and Bale (50) has been previously mentioned.
- The {ive reactive positlons of Degalactosanineg dlifer
sonsiderably in ackbivity. Haperlments Liave shown thaﬁ the
Hegoebyl group is mors stable bhen the ﬁu&céﬁyl groups {79},
and & limited amount of reagent goes Llyst to the ¥epositlon,
oy conversely, acyl ﬁuhatitu@mﬂa are yemoved first fraﬁ the
oxysen positions. In addition, the pyranose forw in whieh
the sugars are usually Pound Imparts mére activity to the.
hamiaaaﬁai hydroxyl on the firast carbon then to the sther
kydroxyl groups in ihe melecule. WNezb in activity iz the
primary hydroxyl group at C.6, which exceeds that of ibe
aacondary alecholie functions. An underatanding of the
oprdeyr of activity of the positlons in De~palastossmine halps

o emplaln the synthenls of Lis varlous derivatives, whioh



arse given in the following pugss of this chapher.
ﬁaaawﬂa Degalactosamine has, in common with the S
athey hexosamines, fiv& reactive positlons, wmost types of —
synthesis require selective blooking of vaviaaa @@sitiﬁna'
in the @el@@ulﬁ-' Sinea the time of Plscher, acebabe groups
have been most Frsguenily used In this raagaet for they ave
rather easlily removed by hydrolyslis. Aleo a lactor is tLhe
fact that aome naturel products, including chondroitin sule e
fabe;, slready contaln H-zcsbyl groups. Benzoyl gr@ups
somatimes glve consliderably more stabllity Lo the molosculs
(70,87) at bthe coat of slower and less vigorous resctlons,
They are mor@ ﬁif£iﬁu1ﬁ-ﬁg attach or o remove than bhe
acebate groups. The wost sbable blocking groups are the
'méthyl abhers, and they have besn widely used In elucidating
hha.mﬁruaturﬁ of the pmaturally occurring polysucocharlides.
Of oourge, a wide varlesbty of groups have basn used ha:fmﬁm
glyooslides at =1, Ali of the blecking groups will be
mam%iﬁﬂﬁd further in connoctlon wibh specific syntheses.
In recent years earbobengoxy echloride (benzyloxy-
carbonyl chlovide or benzyloxy chioroformate} has Lesn
used as & yeagsnt for attaahﬁng‘a blochking group Lo the
nitrogen atom of an amino suger or an amine acld (77,89,91),
It nas the advanbage of belng easlily removed Ly eatalytile

hydrogenation, without alfecting @ﬂhﬁr_graups in the mole-

culee Obher mors drastic reagents, such aa bhydrogen bromids



in.glaclal mcetle acid, also will tlesve this group (H7).
Heyns and Back {27} in 1957 were the {irst %o §r$para1
fi=aarbobaneony=-l=gglachogamine, Ain im@rovaﬁ pwﬁeaﬁuré WG
dmvél&gad by Bwmith ﬁﬁ;ﬁif‘{7g)* and was the basls for ths
_?raﬁﬁa% oropared for the lnvestizatlon covered by this
vaporbe . | |

| . Soveral methods have been developsd for plasing a
halogen atom on the anowmeric carbon abom: {C-1). These
halogen vowmpounds vary sonsiderably in stabllity, bub they
'arﬁ vaiuabla;in%aym@ﬁiaﬁaﬁ for the synthesls of & number

-~ of derivabives of Degalactosamine. In genaral, ths sta- |

Bllity of acetyl glyeosyl hallides decreazss in the order of.

fluoyring, chlovrine, bromine, iodine (26}, altbough not all
of thess have besen preparst in the De-gulactosamine serles.
In the Degloeosamnine series, the Lfodide will desowmpose
within a akort tize, while the fluoride can be subjoctsd So
alkaliﬁ@-ﬁamﬂ»amafylatiﬁn without loss of halogen. The
bromide has often representesd the beat comproulse hetwasn
rescblvity and stablility.
-ﬁlyéaﬁyl halides have heon prepared by tho following
mebhods (2633
1. Troatment with liqmiﬁ mydrogen halide. .
This is the only way 50 make the flumfiﬁ@
eompound.
£+ Treatwenbt with hydrvogen hallde in drvy

sther. Phis las boon used mms*ly for
the cohloride eowpound.



:5¢

e

Traabment with hydrogen halide in glagial
gecetle acld, Hmil Flascher (15) discovered
this widely used method. Aa&tiv ‘anhydride
can alsc be used as a combined selvent and
acabylabing agent (23). :

Treatmont with. pha&wh@ruﬁ gant&h&l‘ﬁ@
plus alumlnug 0hla§1ﬁa in ehloroform.
These reagonts scsvee isomerizabion
with gome au&&rs;

?r&&%m&nt wi»h Hitaniun t&trahﬂlim
iao ehlorotors (7). : ,

Prantuent with aeetyl halide (%1).
This reagent Lorms the awetyl @atar

cof the halopen gompound.

E&iﬂ&nﬁﬁ.in&imat@& ht, with U-glucosswine, the alphea

anomer of the hulide is formed by thess reschions (B 87).

4 disgussalon of Bhis faebor as applisd to D-galsctosawmine

1s given: in Chapter IT of this reporh.

Sehlubach and Gilbert (77), in 1930, were the Iirsy
te prapare acetobromo~ and acetochloropalactose, and they
alao found that the bebta anomer could be formed {rom the

aiyﬁa by reachion with Tactivated® silver chloride.

The

10

firas halogen derivatives of Degalactoseamine ware dasoribed

in 1990 by Tarssiejske and Jesnloz {86), who preparsed the
acetochloro= und @estobrono-Compownis a8 lnterpediates lor

the 3yﬁth@ais ol somd pha&ghat%‘aatﬂfs;

reaction: of either one of the anowmers of gﬁﬂﬁaaa@tylu

Dwgalactosamios with hydrogen: ehloride or hydrogen bromide

in glaoisl acetle acid fovmed the unebable Cel halide.

Immediate resction with an aloohnl Iin the pressnce of

They found thab



_ 1%
merouric cyanlde op slilver oxide changed 1t lnto s stable
glycosids, In the same yesr Neyworth and Leabaok (28) R
'?Wﬁp&?&é acetochlorogalachosanine by btreatment of an E—
anomeric minbure of Degnlactosamine penteacebtates with -
aaaﬁi@'anhyﬁriﬁawhyﬁraahlevia aai&ur@agamt. This product
was condsnsed with penlbrophenol in acetone %o yield the
beta glyéﬁaida, as the acetate estar, which was ulno dowie
acotylated Ho glve §Wﬁitr&§h$n?l Zencobanldo-dwiooxy-g %“Lf:
Dezalasctoside. Both groups of investigators reported the T
~acetohalogen derivative of Dspalactosanine subject to
rasprangement on recprystallizing 4o the 1,%,0,6-tetiraee
24685y lm o »Dmpalactondnine hydrohalida.

In 1961 Opodera and Komano (7L} tremted 1,3,l,0
&ﬁtraﬁﬁwac@tylwﬁwsarbaﬁanzaxy«tx,ﬁ?wﬁ»galaetaa&mina.wiﬁh
hydrogen bromide in glacial svetioc acld Lo form §,l,6-tri-
Oeaoatyl-2eamino«labrono~Z-daory~ =Degalactoss hydro-
bromldes This was gonflrmed by forming the Be-methyl
glycoside and finally the F-avobtyl derivative, which was
identiecal to an authentle sample, and had the same constants
as reported in the literature (86}, The ssme reaction had
begn used on the corrvesponding Deglucosamine Denzoate ester
by Weldwmann and Zdpmerman {87). In boith cases the carbpe
benzoxy group wus clasaved with ovolutilon af‘garban dioxids -
and formation of bengyl bromlde. The asmd seebobromoe

ghlactossming compound was formed in 196% by Wolfrom ob al.



12
{96} by the direct reasction of asoityl br@miﬁﬁ on Degalactoss
amine hydroshloride. It oo was characterized by forming : s
the known B emethyl Heacetyl devivatlive. The present
lovestigabion £11ls in the gap loft in the previouws work
by a study of the derivatives of the bengoyl @ﬂﬁ@rﬁ of
hrmm@galaﬁtaaamina hydrobromida. N

Gﬂly % faw otber glycosides of lDegalsctomanine have
been yeported in the liﬁﬁratﬁf@, except for those used in ' ;;;:;;
blochemleal prepavatlons, which will be covered in & labter
gection. In 19%Y Bolfrom and Yosizawa {101} reacted ¥
asebyl-Degalactosanine with ethanetbiol %o forw the acyelie
diethyl dithicscetal derivetive, wbieh changed in aqueous
mercurie chloride-mercurle oxide solutlon to the ethyle
thio=2 sDegalnotopyrancside. When treatsd with acetie
antiydride in pyridine, the scetel formed the acebnts }————
derivatives of both the alpha and beta glycoslides with a |
furanose ring system. Bach of ths ring structures was
confirmed by 8 perlodate oxldatlon,

In 1960 Xushids and Hayashl (5%,%4) prepaved the
sthyl glycosides aﬁ_%«&eatgluﬂ-galaetaaamimee By the uvse
of both paper and colusm ohiromstography they wers able %0
ldentify and then to separabs the alphe and bebs anomers
from saek other. They also isolated a third componens
which proved to be én ehhyl ﬁ?m@ﬂl&etmfuranaaiﬁa. , e

snother phase of the derivatives of D~galactosamine:



13

has bsen covered by the work of Jesnloz gt al. (34,38,39,
80,01,82,8%) who in recent years have synbhegiged wll the S
mothyl ebbers of this smino augar. These ethers were
chapscterized in order to help ldentify the products from D
the degomposition of methylated polysaccharides obbalned.
- from natural sources . Thia ﬁ@thads used were, In general,
the ﬁamé‘ﬁmﬁm-that had beorn previously wused for the correge
ponding Deplucosanine deyivatives.. In Bome anses, though, S —
thisg was not possible. The ﬁlffiﬁaiﬁiﬁﬁ ars polnted out in
the following guobts from Stesrns et al. (BD) and are cone
firmed by the iaformation in this dlssertablons

Howaver, slds peactions already notlicad : -

in the glucosamine series bLegamoe wuch

more important, Lecauvss of bhe ochauge

from an egustorial $o an axisl conllp-

uration of the hydroxyl group abt Oel,

whon passing from the Deglucosanins

to the Degalachosamine gerlea, : —

#ost of the methyl athers ware ﬁaﬁ@ by changling |
Degalactogsanming o the Nesgsbyl sowrpound, followsd by the
formatlon of the. alpha methyl glveosldea. The remaining
carbon thres, Iour, and six hydroxyl sroups were ﬁhan.
gelesctlvely blocked or methyleted to form the regquirsed
derivatives. Hothylation was Gone wiih Aimethyl sulfatbe
and sodlum hytdroxide iﬁ gloxane opr with mathyl lodlide and
ailwa§ pride In. ¥,f-dinethylformamide. Fov examples,
Stoffyn end Jeanloz. {£1) eynthesipmed the J-methyl ether by S

bloeking the four and six positions with a benzylidene
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group, methiyleting the (% positlion, and hy&relyticﬁlly
rewoving  the hanzgliﬁaﬁﬁ groups. This was changed to the
free base and characterised by formatlon of a Behiff base
with 2-hydroxynaphtheldebyde. 1% was: al#o chenged into the
rnown 5,h; 6-trinethyl ether derivative, which h@ﬁ bean
reported much sarlier by Levene (£1}).

-?ﬁ@'hwﬁwm@thyl-ﬁwgalaatosamiﬁa hydrochloride was -
formed by using James' ab al. (32,;%%) @@th@é=m£ forming a
vegalactossming derivative from 1,4 t 2,5-dlanhydro-@ «
talose, which has only the le-hydroxyl pesition fres for
methylation.  Afier methylation, ammonis was used to open
the 2,%eepoxide to & Uegalactose derivative, then acetle
anhydride to scebtylate the C-2 aming and the (-3 hydrogyl
groups, followed by hydrochlorie acid %o opsn the 1,0-ring.
_ﬁaaa$hylatieh 1684 to the requived henethyl compound. This
was sanfirm@ﬁ-hy-%ha-gﬁmﬁ type of derivetives as wers used
for the S-wmebhyl eompound.

e  GulenotbyleDogalactoaaning hydroshloride was
synthesized in two different wﬁya {E@), Beth routes started
. with wethyl Nesgabyl-ot-D-pgalactosaninide., One method wus
to fovm the O-f trityl ether, then the O3 antd (-} benzoate,
followed by removal ol the trlityl group by hydrolysis, and
methylation of the resulting hydroxyl groups The second
method involved blocking bthe Ce? and (uly positions with sn

jgopropylidens group, methylating the {res (£ hydroxyl,



and pemoving ths bloeking group by hydrolysis. ﬁhﬂnﬁiﬂéltﬁ
known darivetlves complebed the idan%ifimatiaﬂ;

- The L,b«0-nethyl derlvative was hhe firﬁé of the
ﬁim@thyi.athﬁéa of Begalackosamine to be prepared (B2).
The ﬁathy& Heticoiyle ellaplyopsids was used aa éﬁartimg'
aaterial. %ha‘ﬂnh snd Ceb @waitﬂonsfwar@ blocksd by
r@aatiugwwihh h@ﬁza&ﬁéﬁg&e befors placing & p-bolylsuliony
-5rmﬁp on the third carbon. Acetic acid then removed the
banzylidena group anﬁ:m@%hylatimm produsad the reguived
lps b=dimethyl derivabive. Hydroohloric weid hyﬁ?alyﬁiga
remnovad ﬁli ﬁhﬂ ptheyr protecting proups lsaving the i, fe-
gimethyl-Degalactosanine hydrochloride, which wus characte
eriged as the btrimebthyl ether, and aa the Jeblifl base of
depydrorynaphthaldohyde.

The 3,l-dimethyl ether waz completed by starbing
with 1,6 1 2,%-dianhydro«@ «D-talose (38), similar to the
éyntheam of ths l-methyl compound. Howaver, the (=% .
hydroxyl group was found to be wore resisfant to wethyla~
tlon, so that the reguired dimethyl compound was produced
.in low yielda.

The last of the dlmethyl etharses?, t=dinmtensthyle.
of Degalactosamine was synthesized by Stearas st al. (€0)
in 1961. They Lirst tried to methylate wmebhyl Weucebyle
betirityleof ~Degalactosaninide, expacting that the Zemebhyl

would ba formed im nypefepence to the lemethyl Gerivative.

15
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Results indlcated 53% of the 3-methyl snd also %2% of the
3,4 ~dimethyl compound. However, attamﬁts to benzoylate
the ffee hydroxyl in the monomethyl sther gave.a low yield
of the C-i benzoate, which was methylated in the C-6
position, after removal of the triphenylmééhyl_graup.
Removel of the benzoate blocking group then completed Lhe
synthesis., 1%t was notlced that benzoylation of ¢-lj also
iresulted‘ in aome replacement of the acetamido by the
benzamido group., Alkall would also cause the axlal (-l .
benzoyl group to migrate to the -6 squatorial primary
hydroxyl group. Orystalline derivetives wers formed %o
somplately characterizs the 3%,6edimethyl-Degalactosamins
hydrochloride.

A number of other derivatives of D-galactosamine
have been prepared in recent years and will be briefly
mentloned. Wolfrom et al. (98) have studied the nuclear
magnetic resonance spectra of the amcetyl derivatives ol
D-gal&cﬁosé phenyl- and penitrophenylhydrazones, in which
they found evidence for sun acyclic atfuctufa in sugars and
for tha chelats sbtructure in phanyleaazaneé, ag first pro-
posed by Fleser and Fleser {13},

Sowme sulfur_dafivativas havé been préparéd othsyr
than the glyc&aié@a or the mesyl and ﬁoayl intermediéﬁaa
previously ﬁentiohed. Whitehouse et uls (95) found ﬁhaﬁ

the pentaacebyl D-galactosamins diethyl mercapbal in
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agueous acetone and in the presence of mersuric chioride |
formed the aldehydo sugars HResulis of their sxparinents
proved that acyelic amino sugars are detscobed in nulural J S
Qrwduaté.hy the wvaual tests mede Loy anino sugars. . ﬁbugh
and Taylor (29) oxidized the dlothyl dlthioacobtal of i
gualactose with a@uﬂaua peroxyproplonic scid and obislined
& ay&iin'ﬁiaulfamﬁ, instead of the expected aeyelic unsabe
uratad compound. The disulfone was changed to a D-galactoee A,
awine deriv&ﬁiv@ for charascterizations .

Jeanlor o% al. (56) bave changed a Degalactosanine
1_6@?&Vﬁhiva inte D-iGosamine and Detalosamine. A&lso Joanlow
{35) transformefl a 1,b-anhydro-Degaloctosanine into a
Dmpulosamine doplvabive by the uss of an invevrsion reaction.
feDooxy-Depalactosaninic seld hydroeblovride has baon
pra@afaﬁ by kubn ok al. (51}, The B,he-anhydro-Degalactos-
aming derivative has beon preparsd by Uross et al. (21,22} E
from & D-glucosamine derlvative. They prepared beneyl
Neearhobonsoxys Seuootylell, b-tdinesylngl«Unglucosanineg and
found that the me@ay;_grmu@ souid bDe saim&tiv$ly replaced
by acetate with an aaatiﬁ_aaiﬁﬁaﬂaﬂignamﬁydriﬁawyatassium
aggbate vougent. An agusous gatmﬁaiam'hy@ramiﬁaadiaxama
golution removed tho acetabe growp on C-6 and also formed
the %,h-anhydrﬁ.ﬁing of the Degalsctosamine derivative, g
Renctlon of thiz compound with mesyl ehloride produced B

the 6Gemesyl derivative of Depalsctossmine, which could : -
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-&iao-b@-f&rmeﬁ from the Deplucosamine stertiog material by
the actlon of sodium lsopropylate in lsopropyl sleohole
dloxane solukion, Ths selective mesylation of awmino sugars
thus of fers a roubs to the deoxy-. and the polyaminosugars,
Groas et al. (2%) have also shown bow to soparate
| a~graﬁue§ whiah.ﬁayna‘aﬁﬁ Eéeg {27} sonsldersd te bo puye
bengyld ﬁméarhahwnzmxyucanﬁugalaatmsaminidm;in%m Lwo anomers.
Thia £nv@5ﬁigﬁti0ﬂ proved that glycosidation alse formed
some of thﬁ b&%ﬁ_glﬁ@ﬁﬁi&@, slthough the alpha form yé@ﬁemn
inateds The beta anower was the more seluble, and sepayas
tion was possible, by a rather involved prcéaﬂur@-making
use of the small differences in the solublilities of bhe
two anomers in water and in acetonitrile. Hognar and
'Nammai (L) have separeted the alpha and vebta anomers of
Nepetolyl-Degalactosylamine tetrascetats and other nibrogen
- derivatives by dhe use of sarseful fractional crystalliza-
.ﬁiens. Taeh of the different methods used Bo propare the
gsame compound produced & mixturs of anomers. The wﬁa
anomars showed a fasi ﬁutaraﬁ&hiamfin hydrochloric selde
methanol solubion. In additlom, hestlng of elther one of
the anomers with sceltle anbhydride and zing chloride produced
the Heacetylated deprivetlve of ths other anomar,
| : Xﬂdﬁatk@v gg,g%.-{&%)‘have eaaﬁ@ﬂﬂdﬁ‘ﬁnpfatﬁet@ﬁ
apine sugard, lnoluding Degnlactosanine, with ﬁgaawbaw f

benzoxy smino acids in the presence of dleyclohexyl carboe
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dilmide in agueocus pyridine to form Ye(N'ecurbobengoxye
aminoacyl)-hexosanines.  These compounds ware converted
bo Heaminoscyl derivatives with a free ﬁmiﬁé Lroup hy.hyéwaw —
ganulyéi& in agueous methancl in the presence of vzealabes.
?h@_ﬂaeiﬁaiva formatlon of the nitrogen derivatives seemed
to h@.dué_t@ the aspecilic sotlon of ithe carbodilmide and
offers a'yramising routa to the gynthesls ofFf a number of
ﬁgﬁurﬂl profducts. B S : s

- Bertho and ¥aler (3} in 1972 laid & foundation Tor N
later work by praparing B-apldostebraccetyle-D.galactose
from the alphs ghlors compound, and by eatalytie bydro-
genavlon of the azide they prepared B ramino=tatrancstylebs
galuctoss, Later Eeyns and Beck (27) started with benzyl
ﬁmaarbaheﬂzmxy-cx@ﬁ-galanhaaaminiﬁa.and aalectivaly nﬁim.
diged the Ce6 priwery aloohol group to a carboxylic group
by using platinum and oxygen. Heduction with pallaﬁiﬁm snd
hydrogen then formed the Iree Degalactosamine uronie acid.

Bullding on . this foundablon and by analogy to prioe
work of Weldmann et al. (90,91,92), Swith et al, (78} in
1965 started with venzyl Necarbobensozy--U-galsctosaminide
uronic acld and formed the methyl aster with diszomethane,
kesotion with dwmmonla prepared the amide, ascebtlic mnhydride
formed the 3,i~dlacetyl compound, end triphenylphosphine e
formed the nitrile., Eydrolyais and cabalytlc hydrogenation

were used to transfoym the niteile %o the dihydrochlorids.



20
of 2, 6=Alaulnos?, fedideony-Degalactose, This work .opensd
the way for a study of the devivatives of dlaminogalactone,
whieh will not-be Included in this review,

®ithn ﬁﬁ(ﬁﬁ? {46) bas &ynﬁh%aiﬁéﬁéall aleht of the
Eaaminémhéxaama from the pentosses. . Hy hh%«r@aﬁﬁignlof &n
aldapantasarwithcaﬁiiinﬁ or a benzylamine ané;hyﬁromyéﬁia
~aold, they prepaved bhe two eplmers of en arylamlnonitrile.
A study of the amount of sach eplmer formed indleanted, with
aamﬁugaifa thﬁt.%he praeponderant one formed led to thé
hexosapine with the Zebenzylamine or FZeaniline snd the .
- Behydroxyl grmugéfim‘ﬁh@ trans posiblen in thie Flscher
pro jection formula. Mor exsmple; from Ewlyxaaa the yield
was 2%5 D-talosamine devivative and 588 Degalactosamine
daplvative. - In & latsy paper by the sume auvthors {50) a
wochanism for the rearrangﬁmﬁﬁﬁ of ﬁh@éﬁ afylaminﬁniﬁriiﬁa
  ha$‘bé@n §r@aﬁmtmﬁa Pwo intarmedliate produchs wara'iﬁﬂiataﬂg
the Lirst sn iminolactone, while hhé gsecond was an onge
dlaminolactone. The loss of water formed an end product,
from whieh they ebtalned s Zeanino-j-deoxy-sugar and also
8 B-deozy-dekato-sugar. - 4 number of derlvatives of the 1,l-
iaaﬁmmia aeld of ﬁ;gﬁl&ct@aaminﬁ are veported in the same
paper. In s third compunlcation (47) the wmechanism Ffor the
eplimerization of the ﬁnsuhatiﬁuma&nauaming#awdaaxyphaxanaic
‘acid nitriles by heaiing in sleohol ia'axﬁlainad, It waa

found %o proesed by the reversibls cleavege ol hydrogen
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oyanide to form a4 Sohiff base,

Tha"ramainﬁer=afrth@ published meterial .on Degale
achosamine is concernsd with its bicchemleal aspsots~-the o
formation, isolation, or gynthesls of derivatives thab
oaau&;iﬁ-ﬁha=tia$uasmﬂﬂ living thinga. A numbaﬁfﬁf invas#ig
gations have besn made since Fent snd Whitehousse's extonsive
raview iﬁ 1955 (43). Two studies have been ma&a-ﬁﬁ_mathﬁéa
to separate Deglucosamine and D-galactosamine derivativea . R
a8 thmywﬁacur.in human blood groups.  Annlason st al. fl} -
farmeﬁ“%ha‘ﬁma,&aﬁimitrayﬁgnyl derivative of :the amine .
sugars, then used u boric acid complex of Degsluctosamine
as & basis for a chromatographic method of separation.
Leakowlts: and Fabat (58) went one sbep further and reduced
the aldehyde group of the Ne2,l-dinitrophenyl derivatives
wlth sodium borehydrife to & hydroxy~methyl group. These
amiﬁah&xital& ware .sepurated from other blood group sub-
stances by & sillcic acld ecolumn with 108 ethancl-ohloroform.
?hﬁ tﬁm\&mina sugar d@rivaﬁivma wera Ghen aapgr&taﬂ from.
eagh othar by u#ing-a borate-buf forsd ocolumn of 2ilicie acide
calite wi%m-2$%~$thﬁnmlﬂﬂhlﬁrgfarm. This method was used
for samples as small as 0.5 mg.z_ﬁrimmﬁa;{ﬁ} has also uaéﬁ
sodium borohydride %o reducs Neacetyl-ol-D-palactosanine
to Neacebyl-D-galactosaminol, a fafaraﬁua'gmmysunﬁ for | —
struchural siutdles of derivatives fronm Wioed group BROGw

polysaccharides. .
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Marbet and Wintersteln (éh) have rsported a blood-
goagulating inhihitér sontaining ﬂmgaléetaaamimﬁ, whi@h
they deaﬁ.g;ﬁrzatmd as B-heparin. o¢~heparin is known to. a ——
contain ﬁugluaaaamia@. Ancther ﬁarivau&vé of Depalactogs
anine has-b@an,isélataﬂ Ly Grﬂmptéﬁ and favies (9,10) from

sS0me a%?aiﬁé of ﬂhrmmoﬁacﬁﬁrium violacoum, This new amino

augaY wad ﬁ&aiﬁnataé Defucosamins and 148 gtructurs was
found to eerraﬁpan& bo E-a@inawa,6wéiﬁeaxymﬁngalﬁeteaa. Tt S s
was isolated as a ocrystalline hydrochloride snd character-
izsd by forming & number of derivatives.

farasie jska ané Jeanloz {85} isolated a new amino
sugar from streptothricin and strepsolin §, and the struce
ture of Q»guioaamim& was proposed for li. A synthesle
material, which agreed with the natursl produect, was made
from methyl ﬁ“aeétylmk,6uﬂuh$ﬁxyliﬁ$ﬂ@uotmﬁmgalaetosaminiﬁ@ —
by using an inversion reaction at Gw3 through the mesyl
derivasive. TLloyd (63) has made a soples of (-6 sulfabe
esters of the various hexosswmlnes, by treating the 1,2,3,le
hetraaeaﬁylmém%vityllaqmyaun& with ehlorosulfonie seld, for
comparison wikh thie propertles of aémpﬁgn&ﬂ fyom the
anﬁyﬁaﬂia degradation of natursl sminapalgﬁaacharid@ aulfatede
1t was shown that the KeasebylsG-phospho-Deglucosaming and
the ﬁ-agatylyé»aulfgnﬁeﬁlueas&miﬁa both guve a 100% color
roaction in the Klson~Horgun reactlon, while the corres- T

ponding C-3 derivative geve more coloration and the U=l



subsbituent suppressed the eolor.

¢_@§&fﬁaﬁ eb al, (97) have studled deriveblves of
Q-gal&etaﬁaminﬁ in an attempt ﬁm reducs the foxlelsy of
2*{2“$mimﬁﬂﬁhyléf?athiéﬁﬂﬁﬁdﬂuﬁeﬁ5 one of the moet offeotive
¥nown agenbe Tor the protection of biological systems .
ag&inat@iamizimgsradiaﬁiana The ﬂ@@hﬁ%wqmb@alaatoaamina
-.hyd?ﬁbrwmidﬁ wag propared from Degalaotosamine hydro-
chlopide by direct reaction with -asetyl bromide (96}
Reaction of this bromide with thiocures fopwed a snlf&f
dapivative, which resrranged in bagle ﬂaluﬁian-a&-&howﬂ

belows

~N

& number of invesbtigabors have reported en the
enzymatle formetion .of Dmgelactosamine derlvatives: oOne

of -the first of these was Jhou and Doodekts. (7) gr@af?thaﬁ

pigoon 1iver extract would oause the aoetylabion of Depalage

tosanines « Cardini and Leloir (5) found thebt an axtrecty
from a yesst engyme adapted to palachose, would catalyze
the phosphorylation of Degalactose and Degalactosamine bo

an squel extenb. . They also reported a liver snzyme would
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catalyze the transfor of phosphorus from adenosine trie
phoaphate to form aEﬁmgaiaataé&mi@@ﬂinghaﬁyhata, Ther R
hydrolysls of the Degtlactosanine spter was also much e
slower than tha-ﬁﬁgﬂlﬁ&%@ﬁﬂ eater. in & later paper bywl-
the ﬁﬁma éuth@raaiéiitne HeaoebylebDegalactosamnineele -
phegphﬁt@~wmaaf@rm@§_%y rat livar‘ﬁaﬁalyﬁia; This ayaten
was actlvated by oystelne or magneslium loms, but ne eflget
W&ﬂ;ﬁﬁﬁiﬁﬁﬁ w&%h%ﬁofm%@, fiuoride, acetyl salloylate, penle e
c&ilim@-qaftiaana,!arthyﬁvbemr%iacne. Eﬁhylenm&iaminan'
taﬁraasétig acld caused 507 inhibition, while nickel or
cobals lons, instead of magnesium ions, caused 1007 inble
bition. & mechanism was proposed for the formation of
uridine dipnosphate acetylgalactosamine In the Liver,
ﬁ&sﬁlﬁr et al, {1&) prepared Uegalsctossmine«fe

phosphate from Degalactosamine hydroethloride and poly=
phosphorie acld and found 1% ldespntlesl in Meray powdsr
diffraction pattern and infrared absorptlon %paztraftm the
product from adenosine triphosphate. “Phe protucht was
acabylated by fungal, bacterial, ar'm@mmalian-tiasu@
extracts as siffectively as Deglucosaminebephosphate,
although it wag not determined whether the game enzyme
formad both products. _

© Kim and Davidson (&&}-réﬁamﬁiy synthealsed D
gal&etaaam&&aeléyhcaphaﬁe, An abtenmpt Yo prepars $his come

pound - via & l-bromo-~Pwpalactoganing was not succassliul.
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Eowavar; a veschion of pantaaeatylwﬁwaalaﬁtaﬁamimﬁ'wiﬁh
anhydr@ﬁa phosphorie aecld yielded a ‘crude product which
could be purified by eoluwm chromatograghy. In 1963 o e
Davidson and Wheat (1) prepared the feme compound by &
combination of chemical snd enzywabtic procedurss. They

used a growth of Sacebaromyces fragllis on lactoss to

TOMmOYY tﬁa glunose part of the ﬁmgar and canse sduptation

of the youst t¢ Degalactose., The gelactokinuse formed —
wag extracted and purified, then uwsed for the cetalybic
aymthesis of Desgalactosamina-¢=lephoaphate. Thia com
pound was converted to Lts H-scebyl derivatlive and cone
densed with uridine-%temonophosphate %o ylisld upidines~ S
diphoapho-teagetyl-Degalactosamine.,

Tnis ehapter summariges all the known &itératmrﬁ
rafereing to Degalagiosamine. I% hag been glven to review
the current knowledps about this natural @wﬁﬁuat,'amﬁ to
point out some of the gaps in our knowledge, part of which

are filled in by the researoh reporbted in bthis disssriations



CHAPPER II
DISCUSSION OF RESULES

the Degslactosamine hydrochloride used in thia
éaseareﬁ projest was lsolated fwmmrchanﬁraiﬁim pulfate, &
pmlyaaeeharid@ ehtained fra@ the cartllaginous tiaauea of
anipals. The meithod used wag the progedure of Gardell (20),
with nodifleations developed in this laborstory in ¢olleote
ing the offluent from the resin celumn éné in ﬁ@sting.far
the prosence of the Degalacbtosamine hydwrochlopride (785,933
Althourh bthe procedure shlll involved a Gaméiﬁaﬁahlﬁ pericd
of time, the resulting produet is obtained in 1myra€ﬁ@
yield and le of high purlty.

The néxﬁaﬁap'in th@iﬁvﬁﬁaﬂﬂ was the preparation of
H—oarbab&naoxy#ﬁw@alaeﬂoaamim& from Degalactosamine hydroe
ehlariﬁé" Modifications of ﬁh& progedure published by
Heoynes and Baock (#7) were used to inorease the yileld %o
seventy«four per csnt. These lncluded carrying out the
reaction in the presence of pobasslum hieﬂrhanaﬁ&,=whieh.ia.
Bnore so;uhle at the lowsr temperadbure, inshesd of sodlum
blearbonate, Also, ths addition of the carbobenzozy
chloride reagent to the reaction mixture was done in pore
tlons over two hours rather than one, while the flask was
shaken at zero degrees, lnstoad of abt room tomperaturs.

Thig incrsase of yield in one of the beglnnlng ateps of the
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synthesis had a signilicant favorable effsel on the tinme
and expense involved in She preparation of tha.rﬁm&iﬁ&ng
derivativeos.
| lorenyer, all the mother liguors from the preparation
éﬂd raeéyataliig&hiﬂﬁ processes were coklescbed and evaporated
unider vaauum until the inorganic salts sbarted to eryﬁtalm
lize (2333.'3ﬁffiaiﬁnﬁ water was added bo juaﬁ-&igﬁulﬁé
these salbs, snd the resuliing solutlion was shaken with
teﬁrahyﬂvnfaraﬁf The organic matserisl ssparated imt@rtha
- sebrahydrofuren phase, which was then evaporsted; the
rési&ua wad fBaken up in wiaber and evaporated agaln, then
hydrolyzsd in four nermal hydrechloric aeld. The reauvlting
solublon was deeolorizsd, swvaporabed to dryness under
vacunn, ant diagolved In the minimum necessary amount of
waters Additlon of acstone bo Inciplent turbldivy gave,
upon atantding, orystals of the remsinder of the eriginal
Degalackosanins. Thus 1t was possible %o obbaln Yecarbo
 beangoxy-Degalsctosamine with rather swall overall losses.
ln.viaw.mf the relatively high cost of Degslachbosamine
bydroehlorlde this lmprovement wes of greast lmportance.

Since the bensoyl esters ol legalactosamine had
not been proviously lunvestigated, the Y-carbobenzoxy-le
galachéa&minw {IT) was converted by parbenzoylation, with
banzoyl chioride in pyridine, into a sirupy mizxture of the

alpha and bobts anomers ef:1,%,k,6mtatra»ﬂwbﬁnzuylmﬁmearhan
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bengoxy-D-galactosanine (I1I). Compared Lo the correspond-
ing moetates, which bave besn mora fregquently ueed (28,30,

61,86), the bengoalos are more sluggish in their reaoctions,

but arse gonsiderably more stabls {(70,87). The shabillsy

was on lmportant fackor with Degulactosamine compounds for

they are generally less stable and wmors 41fficult to brys»

tallize than the copresponding De-glucosamine derivatives.

Fgrt‘afﬂthﬁ girup (IL1) was used latisr for the seperation
into the pure snomers and the rewmsinder used to prepare the
reat of the derivatlves.

In & resstion fipst used by Fischer (15), the sirupy

mizture of anomers {(III) was Srested with a saturated

salutlon of hydrogen bromide in glucial acetie acid. This

reagent substliunted a browmlne atom for the bengoyl group ab

the first carbon atom of the sugar aﬁﬁ slimulbaneocusly cleaved
the carbobenzoxy group at ecarbvon Bhom- Lwo {87), into benzyl
vromide and carbon diloxide, to form the previcusly unknown
Boils btV ielnlionnoy lelobronos {~Dagalactosenine hydrobromide
(I¥)s The l-bromo cumpound rspresented the best compromise
betwaen reactivity end stablility of the possible halogen
ecompounds. As auch, 1t was stable enough Yo keeop for long
pericds of time, LI refrigerated, and the bromine atom was
labile enouglhi Lo be rather e&sily.ﬁﬁyiasa&'by obhier sub=
stlituents.

Since the benzoyl ester groups blocked Yhe thres,
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four, and six positions, and the pyramose ring structure
blocked carbon atom five, only pozitions one and two cone .
tained possible reaction sitos. 1Th& nltrogen atam-&n*ﬁhelf
secont garbon was. sufilciently more rescitivethan the i
anamepié éarbaﬂ;rﬁa @hﬁﬁ substltutlon sould be mads soles-
%ivaig pah@sam the two positlons by controlling the: cons
ﬁiﬁianaféf the reactlions.  Thls compound then furnished the
sharting m&tarial_fﬁr all the othar deprivatives. For, by
the use of a series of stereospesific roacktions, eaoh of
the alpha and bebs snomers of two seriss of compounds was
syntheslzsed in pure form.: The atudy of the properties of .
aach of these forms furnishsed the informstion necassary for
the later resolving of an anomeric mizbture nf the produeis.
from & sGlution.

The guestion might well be ashoed, What faobtors led
te the produchion of the alpha l-brome compound from &
mixture of anowers? This was shown to be true for the
_éerrﬁﬁganﬂimg Deglucosamine compound hy-ﬂaiﬁmann.(ﬁ?;p for
& similar Degulactosanine sompound by Onoders and Fomano
{T1) and also by Wolfrom et &l. {96}, and for sowme other
sugars by Fletcher et al, {16}. The theory for the forma-
tion of the thermodynamically mors stable alphs anomer has
besn presented by Hassel and Ottar (25) aﬁﬁ_apﬁliad bo the
earbohydrates by Plgmsn (7%) and also by Lemleux (57).

Imynes and Newth (24) monblon two general rules that have
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been . derived from the theopry:

-1y In the sitable form of » substitubed sugar,
the halogen atom ab C=-1 is tramﬁ $o thﬁ
Omb. group.s - o

Euivin the-atable form of & substitubted sugar,
- the healogen abtom at (-1 isg trama to fha
ﬁﬂbﬁhiﬁuﬂﬁt at f‘*—?)v : : {

_Qhaarﬁatianemf the structural formula ol {lv)-illustrQEEﬂ

that for the alphs anomer of the Degalasctosapine derivatlive

bobh of these rules hold, whiles for the mﬁta FTorm hoth sre
:viazaﬁaﬁ;

| - }%hat_abmuﬁ-tha@axpﬁrimaﬂﬁal=yvmmf? in the fivay
placa, ﬁhaaastual-rﬁaatian in ﬁhﬁ.lﬁharata§§:wa$ done’ in
glaeial seatlic acld, Under meld condliions; anmmgﬁiﬁéti@n
is knaﬁn té;taka place, 20 ane should expact sither an
sguilibrlus mixbure of the anowmsra; or the producklon of
.gmlﬁ_%hé-mﬁra:gtabla onee  The compound is not shable:
.@ﬁmu@h by itself fo use in. obtélning apy Girvect shemleal
proof %, hut -the high positive spsolifis optleal rotatlon
_sugg@sﬁg that 1t 18 abt lesst wostly the alpbe form. As a

check on bhis faet; one guantity of (IV) was made fpom the

pure ‘beta anomar of 1,%l, b-tebra~-O-hensoylelesarbobansonye

Degalaotosanine  {III~b) -altsr the anomers of (III) nsd haen

ssparated, The rasction sheould be expscied ta=prﬁcaﬁﬂ :

with doversion of configuration at -1, aince vhe nuclecs

: -u?éﬂé St Les mgm ‘resolve this qwaazen, but tm
regulsits equlpment had not bosn avallable. :
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philic substitutlion of bromide lor benzeyl should reach by
an ﬁﬁﬁ maehamiﬁm. Gryetals of (IV) that were produced had
ﬁhe-mams-@éltingapaint and the same speelfic optical ﬁ@taw- S
tion as Phome produgsd from o mixbure. of anomers, sugpeshing .

‘that oty were the. alphia Forms |

. Phe maln evidence for the alpba strusbure ol {IV),
a8 uﬂﬂﬁ.ﬁﬁ Onodera et al. (71) and also by Wolfrow et al.
.(Qé}, was ite ready comversion lnto a series of bats S
glycosides, in yields varying from 28% o 808, by resction
with the coyresponding pure aloohels, lu ths proseuce of
the organie base pyrldine., This lonverslon peacilon pro-
duced compounds whilch all had.a low speclifie robation A
indieating they wore the bela form, and wers of the
sxpocted order of mugnibtude, when compared to the slmilarp
Deglucosanine gompounds. Although the ylelds for these
aompounds varied conalderably, the only produet Lhat could
bie iﬁml&%@ﬁ was Bhe babs glyvoslds., Phe roactlon appare
anitly approached sn squilibrium, sven wlith the csleuwlated
amount of base present, for & slzsalle amouat of unreacted
starting material was lelt over in esch cmse, and recyoeling
was  used o Increase the yield of product.

The %yl betbrl-Oebenzoylelevrone- X-T=-galas bosanine

hydrobromide (IV) waa substituted selochively in the
nltrogen position by vesction with carbebenzoxy chloride ab

0 . . " . : .
07 to give the uwnstable l-bromo-l-carbovenzoxy devivabive



{¥ij, which was noi ilsolated, Immediate treatment of this
girup {¥I} with silver benscate, witl the sxeclusion of
Light and molsture, led by a stersospeciflic inversion
reaction %o bthe. formatlion of . 1,%,lj,6-tetra-Debanzoyl-te
éarimbanm}:ya-ﬁ ~Pepalactosamine {VII}s ‘this reaction. was
#sa& and dlgenssed by Weldmann and ﬁimmefmém‘£8%} and also
used by wieheel and whehilng (66} for a peaction with a
almilay Deglucosanine derivative.

Preatment of (IV) with benzoyl ehlorlde at 0P was
also used Lo producs another unstebls intermediata«=%,h, 6~
Erle{lebonzoyle-N-honsoylelabromo- ol-Negalactosamine {VIIT),.
ALL ateompta 40 orystallize this slrup resulted In & .
rearrangensent Lo strucbure (X)e & rveasklion of (VIIL), as
@ girup, with powdered sllver bongoate in the absence of
light and molsture 4id not form the erxpscied produches
Lo %,ipy bototraeebonzoylafiabonzoylsf ~Degalactosanine {I%).
In one cage cprystals were oblalped. that 414 not corvespond
%o thae ﬁﬁp&ﬁﬁaﬁ analysis. . In a laber case, a thin-layer
chromatopram on & fresh guantity of simap ﬁﬁmﬁnﬁﬁr&taﬁ
that o number ef products wers forwmed, BONS of whilch ware.
althey the alphs {¥1} or ths beta {IK}.faym.mf:ﬁb@,$X§@ataﬁ
product..

fince this resstlon was aua@aaﬁﬁﬂlly:ua@ﬁ.ﬁa\praﬂumﬁ
(Y11} from the same bottle of silver benzéate, ons pust

conclude alshor that this ig not a relisble psactlon, or
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that the presence of a . garbobeongoxy group on the nltrogen
atom instesd of & bengoyl funetion, in some way gramaﬁaﬁ
tha:rﬁ&ctianj pornaps by the stabilﬁzatimm of an inteirme-
diate stale. Bowsvery it must: ba r@m@mﬁar@&-@hat tils Is
a ‘two-phase éyaﬁ@m; for the silver b@ﬁ%@ﬁta.ﬁmﬁﬁfﬁﬂt
d&aaolve in the chlorofors: used as a solvenk. As suck, the
reaotion may ﬁ@ simllar -to muny cabalytic processes in'
th&ﬁ.ﬁh@ivatﬁ gould be dependent on such fschors s aupface
&eti?iﬁy of the sokid, smount of surlfaos 4res, op the rate
mfwahakihgitha‘m&xtura,« &b any vate, ithe saws compound ag
(23} was. separatead from the wmizture of anowmers  (Ieb) éﬂﬁ_-
carefully purificd by ehromatopraphie methoda.

‘As previously menbioned (VIII) would be changed by
the presence of ‘water inte the migratlon produet, (K};
1;5,%,éwtﬁﬁranﬂnbeazaylno(vmwgaxaﬁtaaamiﬁa hydrobromide.
The reactlion was caryled oub by mixlng a e¢hloveform:
soluhion of the slrup wi%hfan-aquaﬁuﬂvﬁalutien»af-ﬂiaﬁhyi
e%ﬁér and lebting the mixbturse étamﬁ‘aﬁ-raaml%&mparatu?ﬁn
Bhite crystals started to fozm in a few minubtes. . Hmwév@r,
ths yield {(for two steps) sould not ba wmade to approach
that reported fbr the Deglucesamine ﬁﬂmﬁ@ﬁﬂﬁ, and the
product was not apalytleally purs when preclpliated, as
was  alao veported for Leglucosiming. - in-adﬁiﬁian, analysisg
indi@atsﬁ-thaﬁ it crystalllized as & monohydrate., An:

Cequilibriunm sesmed Lo Ve reached, for additional crops
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of progressively less pure crystals could e removed over
a period of several wonyhs. Heating with reflux in dlethyl
ethor or in tetrahydro furan wade ﬂﬁ apparent diffapencs ip
tha.ameunt.af roastion. The -addltlon of & weak amid,.
puﬁaiu@né.aulfénia:aﬁiﬁ, also had 1little, if anf, sffTach,
bub ﬁﬂa raae%i@ﬁ;m&y=ha subject to other catalysts.

: ﬁiﬁhuugh.the meochanisgs of bhe reasocblivn Yor bthe
Degalastosanine derivative bas not been studled, an Lok re
madliabe Loy the resction of & l-bromow-N-acebyl derivative
af Deglucosamine was igolaked by wichesl and Petersen (67).
Fulktarnl and Zimmermen (%2) have also studied the Inkor-
madiates In mthef darivatives of the same serles., #Hicheel
and Petersen (67) proposed the following wechenisw for ithe
wlgrations |
| CH,0hc

——

H +NH=C-CH3
- -
Br
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The mlgratlon of substituents in sugars with free hydroxyl

groups has beeon known for many years. In 1920 Fiseher (1h)
found én.aayl group wlgration In soms of the glyeari@éa,r_
while the same reaction was filpyst observed in the amiﬁqf
BuSary ﬁya%hiﬁﬂ {ol) . In‘thﬁ‘aaaa-af:aagara,:it;ia‘kﬁ@%ﬁ
ghat ﬁhe grﬁngs on carbon sbtoms one end two must be ols
~{earbon atom one, alpha for Deglucovsaming, Eygalactaaaminé,
eto.) b0 each other for the reaction to ﬂéaur.‘ Therafore,
thls resotion ls stereospecific and may ba ussd, ag In
hhigrinvaaﬁigaﬁiﬂn, for the production of the purs alphas
ANOMGT

Thizg migration product. (¥) was treated with benzoyle
shloride to farm:1,%,&,6~ﬁatra»&whﬁna&ylnﬂmhananylmct¥ﬁ~
galaaﬁagaminae{ﬁi},.whié& was subgequently proven ldentloal
L0 & produst isolated from & minture of ancmers (I-a).
Alternately, a rﬁastiénamfﬁ{ﬁ} w&th“aarbab&nasxy ehloride
was used 0. producs 1,3,k,b-tetre~0-benzoyl-t«carbobenzoxy=
HA=Dwgaluotosamine (X1}, & product which wes proven
identlcal ko (I¥lea)s .

sefore & discussion of the aaparﬁtiam_@f the mixture
of anomers, an ezplanation of the chromatographle methods
nasd in thelr lsoletion should be given, A& lavge part of
th@1auﬁeaaa.im isolating the purs anomers in the two serles
of compounds munt be oyvedited to the diaagvéry'af 8 aulte

able selvent system for the Qiffervential migratign ol the
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alpha and beta anomers by thinelayer chromsbography. A4fger
& number of axpsriménta, it was found that e@mmaraial.ehlaro- ::;;_:
form, which conbtaling five-~tenths of one per cent ethanol, —
when used with glass plates coated with allics gel, caused
the alpha form te move considersebly faster than the bheta
in aﬁ ascending chromatogram. The silica gel was mixéd
with & phosphor before coating, s¢ that detsetion of the
gpots gould be mads with an ultraviolet lighﬁ. This debac- .
tlon method would work only with sugayr derivatives cone o
tainlng enough bﬁnzané rings in the molecule to absorb the
ultraviolet Light reys.

After 1te development; thils wmethod Ifurnishsd a -
rapid, soccurate way ol detacking the enomeric purlty of a
chloroform solution of any sirup befors 1ts crystallizstion
was abbtemplted. The method, of guurss, L8 not limited %o
Degatluctosamins derlvetives, bub ocould proflitably be used
with any of the smlno sugare., 154 .use on some of the pre-
viously reporited sories might soncelvably show thab asome
eontamination Qf the anomers was present. ioreover, the
rasulis of thinslayer ehrom&tﬁg?a@hy gays raﬁﬁily'hramﬂ*
forred to the cplumn form. Oiilclo acld plus s phosphor,
when activated by heabting at 125° for ons-half hour, would
gaparate a slrup loto 1ts anomers upon olution with commere —
clal chlorotorm. Ultraviclet 1ight was used to. Getect the

elution progress of the anomers in a guartz glass column
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about one mebver in length. Albernately, the efflusnt wag
aagarasaé by an autﬂmatie fractlion collsetor and each
fraction snalyzed by thin-layer chromabopraphy. One of
the typleal chromatograms obtained is shown ln figure 3.
in view of the very similaw propertiss of ths two ancﬁers
of any sugar aseries, and of the praﬂtie&l'diffi@ultiea of
aomplate éapmraﬁién by thé procasy of fractlional erysiale
lization, this m@ﬁh@d hag tremendous advanﬁ&gﬂéq hare are,
howevayr, practical difficulibies in brying bo separats larpe
amownss of material by column chromabographye

Ay described In the experiménial detalls, a mixturs
of the alphs and beba anomsrs for each of the two sepries
of compounds was propared by a von-sterecaspsoific reastion.
Then in edch case the least soluble ancmer was induced $o
erystallisge firat. Alter its vemoval the second anomey .
was separated. Iun the 1,3,L,6-tetra-tebonzoyl-Febonzoyle
Degalactosanine serles the alphe anomser wes preseni iIn
larger amount and oeryatalllized Dirat. Tm@'aﬁh@r sarliége-
1,%,0, b=tbotra~U=bongoyl-=oarbobengoxy-Lwgalactosanine=-lad
ta‘hh& bate anomer from the Lirsht crystals. In both csases
the second anomar was very dilficult to @bﬁain.

Bxbensive abtempts o orystallize the alpha anomer
in the ﬁnaar@mh@nx@xy series, as desoribed in ithe ORpeYie
mental detalls, wers nobt successiuls The sBame product was

obtained bothk by a stereospecific ehepical -resction and by
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SEPARATION OF THE ANOMERS OF 1,3,4,6-TETRA-O-
BENZOYL-N~BENZOYL~D=GALACTOSAMINE WITH A SILICA
GEL COLUMN AND AUTOMATIC FRACTION COLLECTOR
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5$pﬁrgtian of the mixbture, but nelther one has beosn erystale
liged at this time. The mixture of the ﬁuéarbeb&nz@xy :
anam@ra had & very small amount of the alyﬁa form present,
whieh maae tha abtompt Lo cryskallizs it more &1f£icult.

Iﬂ an effort 5o explain the small swouny of thﬂ .
al§haﬂform presenk, a limibed rate Investigation was madse
of the benzoylation of N-carbobangoxyeBegalactosaming,
The reactlon was run in the usual way with bengzoyl chloride
in pyridine at 09, except that &t timed Inkervals an
allquot of the reaction mixbure was withdrawn, Eagh of
_thaaa samples were pub into eold water, and the benzoylatsd
sugar exbracted with ahlnrﬁﬁnrm,‘which-w&m'than waahad,
dried, and finallﬂweaneﬁntraﬁ@ﬁ by wvacvum distillatlon.
Baoh of these fractions were then analyzed by # thip-layer
chironatogram o debsrmine gualitatively the rolative amounts
of sach anomer present, In addition, each sample waa:
diluted bo asmactly five milliliters with c¢hloroform, and
the optical rotation was determined for esch: ssuple,. |
Allguots were remeved ah various times over a period of
twenty=Pour hours. Toward the @hé of the run some brown
color appeoaraed in the solution Indicabing soms degradatlion
of the produch, which rendersd the last few optloal poba~
jons less rallable. i

However, both wmethods of deboction showsd that the

haba aﬁamﬁr was formed first, whioh ahaulé,b@.axQ@et@ﬁ due
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to itﬁ_mar@‘favmrahla sguatorial pmaitioﬂ;f This anomer was
later partially converted to the alpha form, with equili-
ﬁmiumsbsing reached after abiout slx n@nrs'éf reaction Ling.
This, when coumpared %o the usual reaction btime of three.
nours, explained the small persentage of the alipha anomer
present, It also illustrated the slower wesction rate of
ﬁhﬁ'ﬁugalaetﬁﬁamina compounds, comupared to bthe similap
campa#ﬁéa in the Deglucosamine serles. fn'aﬁ&itimn;-it ig
of partioculsr intersest bthat thls anomerizatlon of the
&abamzaaﬁé=saam3-%a be in aecord with the dnomerization of
pangyl N-carbobengoxy-heglusosaminides previously reported
by other wovrkers from this laboratory (2h,5i), suggesting
Ahat aﬂoﬂariﬁ-aqmilﬁhvaﬁi@ns may well constlitute a process
of gemeral lwmportance smong amino sugay derivablives; the

significance of which hes not been appreclated heratofore.



 GHAPTER IIL
PREPARATION AND SEPARATION OF THEE AFONERS

DeGalagbosamine Hydroshloride (I)e. According to the

mathod. of ¥heat snd Davidson (93), 250 g ﬁ£ chondroitin
sulfate were dlssolved in water and stirred with Dowexn -
50W-%-0 ion excbange vesin. Aftsr one hour the pasty mass
was filltered with suotlon and washed with watevr., Earium
_hydfaxiﬁa golutlon was used to adjust the pH 0 6.0, then
an equal voluwe of copesntrated HCL was added and the
mixtufa hoated under reflux ovarnight. The resulting
solutlon was decolorized with carbeon, fllterad, and vacuunm
- disdllled to concentrabe the product., Dletillation from.
aloohol and then bengzene served to roncve the final traces
of seld, Addltion of wcetons to the aloohel solution.
cansed ghite crystals to form. These were dlassclived in a
solution of equal parts of wmethanol and wabter and the
yellow solubion decolorizaed with carbon.

Pollowing the method of Gardell (20}, the filtrate
waz run through & colunn 5 om in dismeter and 1 meter long
packed with Uowex 50%Wex-0 lon sxchangs vesin., As shown by
Smith et al. (78), the contaminents consist of a small
amount of Deglucossmine wilth larger amounbte of WH,Cl.  The
column was prepared by shaking the resin with 2 ¥ HG&} then
rinsing with distilled water untll the elfluent became
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neutrals Fhe solution was bthen allowed to flow through the
column ab the pate of 30 ml per houre A waler rinse was
used Lo remove hydrogen long and inorganie salis. YEluslon
with ésﬁ ¥ MOl removed the sdgorbed nitr@gén compounds in
the opder of inoressing besleisy. This results in D-
glugosamine hydrochlorids coming ﬁhraugh.firﬁt, followed
by ngélagtoﬁamin& hydroehlorlide, ané_fin&ily by the
sgmonlum chlopride solution. The Ifractiions eollected can

be snalyged by compariszon of color in the Hlsoun-iorpan
tast, by specific optical rotation, by specific resistance,
or by Xepray powder photogrsphs made on residual solidss.
Spaglflie rotutlions wers used for thle wérk. ¥hite eorysbals
wore obitalined by evaporating the solvent in vatuo, dissolve
lng the slrup in sbsoluke sleohol, and adding scetome to
tuprbiditys Long needle~like ecrystals formed aftsr cooling
overnight. VYield %2.k grams.: {OL}EE +9%° (¢ =2.10%

water)e.

%wa&rbub@naﬂxgnﬁu&alaet@aamin& {13)» A mixture of

1G.§ g of ﬁmgalﬁet@ﬁamima hyﬁra@hla?i@a (E}s 1l.% g of
9&%&33&&& blearbonate, and 7% ml of distilled water was
cooled to 0P with shaking. Aftér the s0llds wers dlissolved,
10.9 g of earhobmnmeyy chlaridﬁ were added ab the rate of

5 ml every ten wlnukes with eentlnued ahﬁkiﬁg. The smahiﬁg

was copblnued for s total peried of two houra. Then 100 ml
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of ethyi avetate wers aﬁééé %o the white pasty muss, and ths
wixtnure was heated ln the wster bath?ﬁntil ﬁiaaolutim# way
complete, as Indlicated by %wm-alaar layors. Thiﬁ-was-@tareﬁ
evarnigh% jro vhe refrigsrator and the eryetalline product was
filﬁéraﬁ, washed with sthyl acebtate, dlasolved ln a minlomuw
amount of hot methanol, and sthyl acehate added Ho turbidity,
Glow eeéiing produced white orystals, which were ftiltered
and waéhw&'suea&éaivalg with athivl éveta%ﬁ, athﬁr,'an&

petroleun ether to glve 11.5 g (745} melting ab 177-78%,

,§,h,é~?ﬁ%rauﬂ~b@nzay1~ﬁ~$arhab@nsozymcx,ﬁ?aﬁw

Galacbosunline {&ﬁl}t ri%% prans of {gz} alaaalvaa in &ﬁ ml

~of pyridine waﬁa cuml&& in &n iecs babh anﬁ.lﬁ wml of bﬁngayi
ucﬁiar&&a w&&a aﬁaaﬁ &ropwiﬁe; while ﬁﬁa wmixture was silrred.
A whit&'gwa#i@ita%é began to Form after abous onsekalf of
bha ﬁangmyl @hlﬂri&ﬁ haﬁ bean added, and the llguid phas@
aasum&ﬁ & pink‘amlavs ﬁf%ar mtaﬁﬁin& overnight in th@
cold, the ﬁarkivﬁﬂ 1iqm&ﬁ gomtaimiﬁ@ bhe white pr@cigiﬁat@
was pmur@& inte & mixtar& of 51 ml ﬁameﬁntrat@m ROk, with
agu&l valumaa af iﬁﬁ waﬁsr and mhl@rafmrm, and th@ copbined
ar&anie axﬁraa*s wie waaheé with aald LW h?l then twice
with ice w&ter, aaﬁ driad at 69 aver anhyﬁrmua aeﬁium sule
f&tﬁ-l The filtratﬁ wWas aﬁﬁﬁankratﬁd in gﬁﬁﬁg, amﬂ than '
raw@véyeraﬁ@d %wiea f?ﬁm hwlman@ to miva B thiak, yollow

sirup. @nﬁ qu&mﬁiﬁy'ai the siruw waa uaaé far tha $ﬂyﬁr&ﬂ
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tlon of the anomerz and the obthers were changsd into {I¥).

5,&,6»Twi~0wﬁﬁﬁsmylulawromaactwﬁuaaiaetaaamime Jgara~

b?@ﬁié@ {“?}o Th@ sirup, {Iii}, was brested with aﬁﬁwﬁ foup
tm fiva valumas af &aﬁurﬁtﬁu afrf vluaial sgetie aaia,in the
aame flaak, and, aftar Lh@rmugh ahakin@, it w&% ﬂﬁﬂ?ﬁ& in
ﬁhﬁ aalﬁg ?ha viaciﬁ, partially eryat&lkin@ mixﬁupa was
fhﬁm ennaamtr&ﬁaﬂ in 3§g§g‘anﬁ, whiens ﬁ@avlv Ury, ather was
addod. ﬁﬁﬁiti@mal ﬁryﬁﬁaia formed upon Gﬂﬁllﬁ These R
wﬁi@a'ﬂryatals wera wash&ﬁ bhoronghly with ether and ﬁriaé
in vacuo over ﬂﬂﬁfﬁéé; zTﬁ@ oruds gréﬁu@ﬁ was ﬁﬁarysﬁ&lw |
1&5&& %y:disaﬂimtiém in eold tetrabydrofuran, feliwﬁaé by
aﬂ&itieﬁ of ether %o turbldity o giv@'yialﬂa'#aryimg | -
,béﬁwaan 7he and 81¢ for the twm.ﬁha@é iﬁiffarénh tricls).

Tﬁﬁ §raﬁﬂ%ﬁ m%léaa ak 1&%*@&“ iﬁaa@mp;} and was uaeﬂ us

ﬂ%a?hi#g ﬁétérial f@r;ﬁhﬁ.préyaré%iﬁn af Eh% obhay é@?i-

vatives, ()32 = +139° (o = 1.19% in t@traiyﬂrafuran)o

Qz?hﬁhﬁﬁ By » Hpp iéﬁﬁ §£),‘

guloulatods 51.05% ¢ 5,575 b 2,219 W
Founds 51.41% ¢ o105 B 2,167 W

3, 11, 6708 «Ou BONZOYLm 1o Brono-N~0arbobenzoxy ol «i-

galsotosaming (vzj.-:& mixbure of L&7 g of {(IV) suspended

in 25-ml of absolute chlovoform and l.0 g of sodiuw bloaps
honata disselvaed in 20 al of watey was oooled in an los baths e

Sfher additlon of 0.40 wl of carbobenzozy chlorids, the
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mizture was shaken in lce water for three hours. The chloro=
fﬁrﬁ layer was sepsrabted, washed with saﬁufataﬁ los-ould
sodium bicarbonate sclution, then twice wlth loe water,
and éfi@d ovér anhydrovs magnesiuy sullabe at %, ;Thﬁ‘f.
ghl@égfarm filvrate was concenbrated %o @ eglari&sg slrup
on the evaporabors  ‘This w&ﬁerus@nﬁiuiQa cogpound was oo
-unatah1é ts'bﬁ erystallized and was used ﬂirastl§~ig bhe

followling step.

1 3,@,éwi@@?&u@mh@ﬂﬂ@?lw?wﬂ&?huh&ﬂdmxjwﬁ?m?*

walamﬁﬁaamia& {Vii} and {ﬁf;wh).

#a %emﬂ freah amhyﬁrﬂug maaﬁasiuw ﬁml?ahﬁ WAE aﬁ&aﬁ
Lo %h@ vhlnroﬁurm smlnhiam frmm ﬁhﬁ gvﬁa&ﬁiﬂ ﬂ%@p, {vz}#
and £¢Q 8 ai 9wd@r@ﬁ gllver banﬁmatﬁ ware a&&@aa The |
fl&ak WHE eavarﬁﬁ with ﬁlaah rumhrr, ?@n?@ﬂ ﬁhvauhi
?a?l ﬁryin tub&, and shakten &t roon ﬁﬁmg@raiur@ for i%
hﬂ%ﬁﬂd HBolids waré Lhan filumrﬁﬁ wuh, and the filtrate:
axtr&ataﬂ twia& with imﬁnsmiﬁ 25 &gu@@uﬁ ﬁmmﬂuiu ﬁﬁd bulce
with lce wabar to remove traces of 3il9$f'$ﬁlt$s. After
adﬂiﬁiﬂm ﬁf magﬁﬁaiém éuif&t@ the saluﬁiﬁn was stored overe
ni@hﬁ aﬁ 09 manaﬂaﬁwatiem of tha fiitr&t@ &ﬁd amﬁﬁttan of
-haxan@ p?ﬂﬂh&ﬁﬁ @ily ﬁv&aa, wh&ﬁh ???&%&l&iﬁ&ﬁ with ﬁ@?ﬁﬁ@hw
1m& ef Lh@ flaaka &ry&ﬁala with = ali@nh yellow ealar in
a aru@a yield of ?6% (? ataya} WETG @rmmuaﬁd. Th@am WO

rﬁargﬁtallimaﬂ fmur timas from hot h&luﬁﬁewﬁiia@yrapyl ath@r



5
to glve 0.28 g (19.2%, 2 sbeps) of fluffy white erystals,.
Mape & 16T-GHC (cg)%ﬁ-z-fﬂl.aa {e = 1;0&% in pyridinej.

be  Bepsration From The Mixbure. Addltion of a little

diethyl ether and an sxcess of dllsopropyl ebher to a quans
tity of the sirup (IIL), caused oily drops %o form, which
slowly erystallized when left standlng at room tsmperature.
Thesa, whan.r@ﬂﬁyﬁtallia@ﬁ from telushe-bisxans or tolusna-
diisopropyl ether, proved to be the bete snomer {I1IL«b).
&ﬁ&iﬁiaﬁal oryatals were labter obbtained hy.runnimg a.ahléra-
form solution of the remainling sirup through a silieie aeld
column, in which the alpha form moved. the more repldly.
Total yleld of bete anomer was O.3h g (1179, 2 steps).
Cmepe = 167-68° (0)23 3 +22.6° (¢ 2 0.97% in pyridine).
(VXE}:&nd {(ITI=-b} wers proven identical by ﬁﬁﬁ;mﬁﬁ of
mﬁlting‘p@inh,\apaaifim ﬁat@ﬁian; mizad m@ltimg‘gaiﬁt,
infrared speotra, and thinelaysy chivomatographys.

G)yoHzeHi0yy (729475

Caloulateds 9. % ¢ LB H . L. 99N 2L.129 ©
Founds . 69.13% 6 Le93 B - 2.24% w 2lLe0hE o

ﬁ,&,éwwrinﬁwﬁanzaylumwhanaaylulaﬁr@mawcéwﬁwﬁalaﬁt@am

amine (vxmx3¢ Tﬂiﬁ componne was ﬁ?@ﬁa?@ﬁ from (1?; by the
aam@ ﬁirﬁﬂﬁiﬁﬁﬁ alraaﬂy givan fmr tna yrﬁp&f&tiﬂn af (%1},
axe@p% that h@nxayl whiﬁriﬁﬁ Was usau &8 %h@ raagam%

instead of aar&mhanza&y ehloride. The pr@duaﬁ was alse
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5%
exiracted snd dried by the same procedure.  The unstable
airny‘was Toft in the obhloroforw solublion and ussd directly

in the félluwiﬁg=$ﬁep«

1,5,%,6~%atr&~%-ﬁens@yl»ﬁuﬁanaayﬁmﬁ?uﬁm&alaat@mamina
‘(Iﬁ) &ﬁﬁ Tmh)#

fe CEK}. %h&a a@mygund was yv@yaraﬁ from bhe ﬁirup
(VX&E) by the sawme Qi?ﬁﬁti@ﬂﬁ givmn far %ﬁ@ yrayar&%ian of
{¥XE), exeept thﬁt tha finml ﬁirug was anal?zaﬁ by t&ina
layep eh?amaha@raphy b@ﬁ&?a a%tamptim& ﬁs aryataliiza itg
Hesults indicataﬁ thaty 8 mixtura of graﬁu@t& WaY @hhainﬁd
ﬁy the r@aaﬁiaﬁ with ﬁhﬁ sllvar b@nﬁﬁat@; none mf whi@h wePe
the ‘Bame 8 the p&?& hata anamaf {Emh}g Furthey iﬁ@ﬁtifiu
aatiam wag not ahtgmyheﬁ. it ahaulﬁ be ﬁ@tgﬂ, hawaver, that
8 aiﬂilar r@&sﬁian waa auen@aafulls uaea to yraame@ {?1139

bia {Iwb} from aapar&tian of the mixtu§$¢ wha
mﬁthar liguor fram Bha alpha anomer was auna@ntraﬁaﬁ, freah
ﬁiisayrapyl aﬁﬂar was added in eXOEB3, and the solution
was ataraﬁ ir the fﬁa&mﬁr for Eﬁ?ﬁ?ﬁl ﬁayau Dﬁeﬁaﬁimg ths'.
liquiﬁ 1@ft Y y»llaw B, ﬁhiah Wad ﬁi&salva& in %elumma.
ﬁryatala formed when éiiaagrmpyl esher was added, Th@aa
wera mostly the beta anomer amnhamiﬂatsﬁ with 8 smazl amﬁun%
of ﬁh& alpha form. The ﬁ@aanh@ﬁ iiquiﬁ alsa yrmﬁue@ﬁ a
ﬁur%h@r erop of a mim%n@@ ef orystala when lef't sbanding

ab room tempseraturs. The pure Leta anomer was obbalned in
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each - of ths followlng wayss - |
l. ‘Hepeated fractleral erystallizatlons from toluene-

diflsopropyl ether in which the alpha form is the less seluble.

_ 2,_ Eﬁnnimg ¢ schloroform solublon of the sirup bhrough
a-lﬂﬂzem'éulumn mf #lliclc acid containing a phosphor. A |
S gquartz glaas onlunn was usad, s8¢ the prograss éf‘the alrup -
sould be followad by uitraviolet light. As described slses
where in this raepory, the alpha anomer moved fagtar through
the eélamn-ﬁh&n e beta, and pure solublons of each form
war&=bbtﬁiﬂa& which a#wstallis&ﬁ from dlisopropyl m%ﬂargi'

E @ha beta anomer was recrystallilsed from tolusngs
dilaopropyl ethor to give a tobal yield of 0.%6 g (He2%).
meps & 163-6L°. Thin-layer chromatography was nsed Lo prove
this wans the purs beta anomer. |
(0L)25 = +37.2° (o = 1.02% in pywidine)s () fizsli0, (69971 )
Onloulated: T70.%8% ¢ be75% 8 2.00% W 22,874 o
Found s 70888 ¢ LeTO% B - 2.39% % 22.41% o

l,5,%§ﬂsﬁaﬁfaéﬁmﬁaﬂgay}fo&~§~ﬁa1&6%@a&ﬁiaa Hyarow-

h#@ﬁid@ {X}e The giru@,fviii}, ?$£$l§iﬁ@ from th@ TRAG=
tién-@f'ﬁaﬁﬁ g of {E?) #ﬂs digsolved iﬁ %hé minlasur smound
of sbgolute amlérgfarm, i5 mi éf dAlsthyl ﬂﬁhér, aatuéahea
with water, w&rﬁ-aﬁééd* gl the aﬁl&%iﬁn.alléyaﬁ o Qtaﬁd
for hwamﬁwaﬁur-héuﬁﬁ é% ramﬁ ﬁamparat&ra. Woise cﬁyaﬁala

started to form witbin a half hour. After tooling, the




l | | 1
4000 3000 2000 1500 M 1000 900 800 700
'IOO lrllllllll!llll[l T 3 | | ] oy v 1 L Bl 1 1 | L ! 0.0
80 -1
= .
5, P L 2%
$60+ 28
< : O
N — 3@
= >
=40 - 47
Z ! - 591
Z N
o -.6
20- Lﬂ] Y -7
- U . / ~1.0
1.5
0 T T T T T T T i T i i i T 1 T T 7 ; 7 T : oo
3 4 5 6 7 8 12 13 14 i5

%4 10
WAVELENGTH (MICRONS)

FiGURE 10

INFRARED SPECTRUNM OF 1,3,I+,6—TE’I‘RA-O—BENZOYL-N-BE[‘";iOYL—fB-D-G."'». LACTOSAMINE (I-b)

LG



solutlon was filbered, and the hydrated orystals were washed

with ether, to yleld 0.Z3 g (56.1%, 2 steps). The product

was recrystallized from methanol-dliethyl ether. m.p. = 2040

{degomps ) icm)%3 :-+9§;39 (¢ = C.57T25% in wethanol), -
o .?" ] s ‘J; . o en ) )

G, Ho N0y *HED H,0 (69550

Caloulateds = 58.715 ¢ Le8hd 8 2.01¥ W

Pound: - 58.85¢ ¢ 5; R4 B BeB9L N

lgﬁ,h,ﬁnTﬁtranﬁuE@nmmyiwﬁwﬁenﬁﬂyiwocumw&a1&3%&3am&ma

(M} aml {?-m).

Be {?i}» A mixtars of é@ mg of {x} in 20 ?1 ahsmn
luﬁﬁ ahlarwfmrm, laﬁ & af saﬁimm himarhﬁﬁmtw ﬁiaﬁalvaﬂ in
2& ml 9£ low w&tﬁr, anﬁ G;ZG ml ai h@nzayl c&l@ridﬁ w&s |

3hakan for thraﬁ haurﬁ in an 1@@ ﬁatha Aftaﬁ saparatimn

of the liquiﬂ layapa, ﬁhﬁ ehlaraiarw phaa@ w&ﬁ waﬁhaﬁ wlth -

_iaaneml& aa%urﬁhaﬁ aaéium hle&rhﬂm&%@ ﬂﬂxﬁtiﬂw, ﬁhan twi@@

with ie@ wat@r, anﬁ aﬁia& at Q@ over anhydyﬁu& magmaaium

ﬁulﬁ&%as Tﬁﬁ filtr&t& Wa g amﬂaanﬁratﬁd in vaau@ aﬂﬁ Giigow

p@@pyl sbhar a&ﬁﬁ& ﬁﬂ ﬁ&rhiﬁ@ﬁya %hiﬁa ary&tala farma& on
a%amﬁin%. vield ﬁﬁ B (3lﬁ}n T&a pr@ﬂuat was ra&ryﬂtaim
11z0@ from hot talu@nm«éiiaa@ragyi ether, m«p. = 195960,
€0¢)g@ " +151€’ {ez e 5?5{ in wrmim}. | |

B (Ewﬁ) fwam aapmratxﬂn of the anam@raw ?%c am&
aixtaamuhﬁn&raétha grams (0. 0L ¥} ef {l) Were ﬁisaalwaﬁ in

20 ml af pyridine and umal&é in sn ics b&th. -?&@n $.0 ml
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of benzoyl chloride dissolved in 2l ml of pyridine were
added dropwlse during the firat 30 minutes, while the mixe
ture waslbeimg=gﬁarra@ in an leoe bath., Jtirring in the
eelﬁ:wa$ aant1nuaﬁ.far-aﬁtatal:@f four hours, alter which
the raﬁ-saluﬁian‘wéa'ﬁﬁﬁrﬁﬁ in the refrigerabor, %h9 $iru§
WG ﬁéparata& by the same procedures used for (ITI).
a&ﬂitiﬁn ﬂf'&'litﬁiﬁ diethyl ethey, &n excesa ol dilsopropyl
sther, seratching the flask, and standing for several days
at raém tampﬁr&ﬁur@,.pra&mcaﬁ & orop of white orysbals.

They were raaﬁfﬁﬁailixed from hot tolusne-8ilsopropyl ether
ta\gi?@-ﬁh@ puré alpha anomar (I-a). Total yiald 2,04 g
(29428} ¢ mepe = 395-96% (oL)ET = +133° (o 2.1.23% in
pyridine). Orystals of (KX)\am&.(xﬂaB worg proven identlieal
by mized melting @ﬁimﬁ; specific rotation, infrared gpacbra,
and thiln-layer chromatographys.

Claliasi0yg - (659471)

Caleulateds  T0.385 ¢ La75% B 2.008 ¥ 22,879 o
Founds 0568 ¢ heb2F B 2,066 N 22.81% 0

1#5,@’émﬁﬁﬁrauﬁmﬁﬁnﬁﬁylmﬂmﬁa?bﬁh@nﬁﬁxgwOL*ﬁﬁ

Galaotosamine (XII) aﬁé‘{xix§a}e_

as  {XIZ)s A mixturs éf Oulb g of (X} in 2% ml
absolubs chloroform, 1.0 g of sofium blearbonate in 25 wl
of distiillisd water, and 0,20 ml of carbobenzoxy ehloride

was gshaken for Four hours in an ioe bath. The ghlmrmfarm
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layer was separabed, wasked with lce-onld saturalsd sodium

bigsarbonate solutlon, then twlce wlth lve water, anﬁ;@vié&
at 0° over enhydrous magnesium sulfate. ?ha_filtrat@iwaa-
concentrated in vacuo. Exbensive attenpis to erystellize
the slrup were nob suecgessful. Bight ﬂlrf@rmat;gmaﬁtitiaa
ware prepared, but every combination of solvents used
pwaﬁumad'an oll or oily floceulent partlcles that could
not be fliltered, and which decomposed on slandlng.  Thin-
layﬁr.ahrum&tagra@hy.waa-uaaﬁ to provs that the sirup was
a single cmmﬁaﬁnd and identlenl with (ILii-a}.

B {XII*&}-frém gsaparation ol the anowsrs. -The
mother liguor wamaiﬂimg fron the crystalllzation of the
beta anomer, {(IIi«b), fpaﬁ the sirup {(1TI) was purified by

runnlng through a sillole agld colusn. Exbtensive attempbs

to erystalliize the small amount of pure alpha sirup, (TIlea),

obtalned wers not sucgessiul., Thin-layer ahvamétag?a@hy HAS

uged to prove that it wes a alngle eompound and identleal

with (X1}

Rate. of Benzoylation of H-Carbobenzoxy-leGalacton«

amime {113+ ‘Pwo and seventy~thrss hundredths grams of {II)

wars ﬁiaaaAVéﬁ iﬁ pyridine anﬁlﬂilut@ﬁ té éﬁ mle Whilse
stirring in an loe bath, 10 wl of hénaeyl phlariéﬁ WHTS

added during sheé firéﬁ thirty ainubes. fwo milliliser

alligquoks were removed at tised intervals, Hech sample was



poured into Loe water sontalning 20 wl of ehloroform and

1 ml of consentpsted hydrochlorie scld., The water layer
waaeaxtfacﬁaa with two more 20 ml volumes of chlorolform.
The aamhiﬂéﬁ organiec phase was washed with 1 ¥ hydra&hlﬁrie
a¢id,  twice with'ico waser, and dried.at 0P over anhg@ﬁbm&
»adium ﬁg1fatae Hach sample wag filtar@ﬁ;'a&na@mtratéﬁ,
amﬁ‘aama'uaﬁdtférfa thin-iaysy ahrmm&tﬁ@r&m.r Then eagh
solubion was diluted %o 5.0 wml with chloproform and  the
optical weﬁatién*dﬂt@vmimﬁé. Eéﬂalts-are:summarizeﬁ-in'

table I and ip figures l and 5.

iy

ﬁhrmmatéwra&hig %mthé&a. The éhrvma%eg?&pﬂié

separatilons reported ir this invesbigation, both the thine
‘1ay®r amé.ﬁﬁﬁ ﬁ@lﬂﬁm ﬁyp@, néﬁﬁ eammé?ciél ehlorotom, |
which containg éﬁﬁﬁ @ﬁh&ﬁ&l, as the QQlV@ﬁﬁrﬁyﬂt@Mn The
tﬁinwlay§r ahmamétagrﬁﬁa wafé ?uﬁ on ¥ x 9 inﬁh.glaaﬂ"
plates ln glags %anka. &alvaﬁh‘waﬁ placed only on the
bothom of the nwéﬁain&r. Phe adsorbent was silles gel
continining a trace af phosphor, with ulﬁravimlaﬁ‘lignﬁ
used aa she detesbor. The ﬂﬁlﬁmm ﬁﬁpéraﬁigna waé@ done

in 8 quartz glass eclumn % om in diamebor and 70 em in

langbh, conbalining silliele seld and phosphor.

6l
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CCHAMERR IV
PREPARATION OF THE BEDA GLYCOBIDRS

Methyl §,E§,-. 6w§ri~$~£§enﬁ-@gl~ﬁ ~LeGalagtosaninide

Hydrobromide (Ves). Ten milliliters of dlstilled wetbanol
ﬁ@rﬁ uged to dissolve 0.50 g of 3k, 0-tri-0-bengoyl~l-
hramo«ctuﬁ-galaatoaamina hydrobromide (IV); and four drops
of pyridine wers added. The solutlon was left standlng at
OO tampéraﬁura.far.ﬂava$al é&ya, Crystals &id ﬁat form
sven when the solublon was @&é&a&traﬁaﬂ gg‘gggggn Addition
of dlethyl @%h&? praeigihateﬁrtﬁa r@mﬁimihﬁ original
compound as an oil., The llguid was decantsd and [uether
addltion af:aﬁhér preﬁucaﬁ whiﬁa crystals, which weré
recryatallized frow m@ﬁh&ﬂalm&iﬁthyl &ﬁharq‘ The oll was
pacyeled to produce addltlonal erops of cvystala. Yield
06 2 {T8.58)s mep. 2 216 (ﬁeaamp;}. {o(}%ﬁl:‘+1(h2°
(0 = 1.23% in methanol). ipgliggN0g HBr . (586.45).
Galoulated:s 57.35% ¢ L8R ¥ 2.%9% ¥ 21.8%% ¢
Founds CBELTEE C Le6Y% B 2.39% N 22.%1% ©

Eohyl §;h;£ﬂ??ﬁwﬂaﬁaﬁaﬂqu$«ihﬁﬁl&uﬁasaminiﬁa

Hydrebrowide (V-b)s Filty-hundredtbs of & gram of (IV)
wag dissolved im 15 ml of absolube é%hanal, fTour drops of
pyriﬂime were added, und the mixbure allowed to stand ab

room %ﬁmyérasurﬁo Afber several days the liguid wes fiii&ﬁ
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with white fluffy orystals. These were cooled, filtered,
and washed with diethyl ether. Additionél crystals were
obtalned by coneentraiing the mother liQuar, adding dlethyl
ether, and aepérating the cfystéis from the oily sﬁarﬁing
materiale The combined crops were recrystalliaad from
_méﬁhanaléﬁiathyl ethior. Yield 0.38 g (80.4i%). mep. = 250°
:(decomp.)e (cz}%S z +1h.69 {¢ = 1.16% in methanol).
0pgHpgNOg EBT  (600.47).
caiculatad: 58.01% ¢ 5.04% H 2:33% N
Found 57.82% ¢ L.97% H 2.%2% N

n-Propyl 5,1;., baTrl«(-Ponzoyl=-2 ~l=alactosaminide

Hydrobromide (V-c)e One and twenty-seven hundredths of a

gram {(C.002M) of {IV) were added to 200 ml of distillsd
l=propancl and the liguid stlirred and heated untll the
sollid dissolved. Four drops of pyridine were added and the
aoiution laft at room temperature. Concentration by vacuum
distillation produced white crystals when nearly drye. The
product was recrystalllized from methanol-diethyl ether.
Y1e1d 0.35 g (28.5%). m.p. = 230° (decomps )«

()22 = +19.9° (o = 1.00% in methanol).

G§OH§lﬁOB°HBr {6114.50) .

Caleunlateds 58464% C 5.25% B 2.206 W

fFound 58.66% ¢ 5.08% I 2.30% N
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Isopropyl ¥,h,6-0risp-Benzoyl-B ~D-Galucbosaminide -

Hydvobromide {Ved), Stirring and slight heating wers used

to alssolve 1.27 g of (IV) in 200 ml of dlstilled 2-prow
pagﬁif :héﬁi%igﬁ of four drops of pyridine, &nﬁista?aga
for several days, raauitaﬁ 1ﬁ.ﬁna tormation of fiaky,-ﬁhita
crystals. Goncenbralion mf.ﬁhe mother ligueor pﬁeﬁusaé
addltional agounts . Tha‘ﬁraﬁaa%;waﬁ reorystallilezed fyrom
mothanol-dietliyl ether. Ei@l& ﬁ;?E g {50693 Mepe = 25459
{docompe ). (0(}2& “-+z§ 9% {o = ialﬂw in mﬁﬁh&nal)s

G glizy HOpnHED {(61h.50) . | | __
Galeulateds  58.64% ¢ 5.2%5% 8 2.288 1

Founds " 58._7?55 ¢ 52&‘3 i AN

_n«ﬁut?l_§;hwé«?ri-ﬁﬂﬁanzaylwﬁ3wﬁm&alaetmsamiﬁiﬁa

Hydrobronids (v-a), atirrin& end slighy h@ﬁ%img were used

to digsolve 1. 2{ g of - (I?} 10 200 ml of distilled 1~butanm1.
Four drops of yyridxnm WEre aéﬁaﬁ and bhe solubion 1$it at
roon taﬂparatufﬂ¢ o @fyatala formad unbil mogt of the

- solvent was ramavaﬁ. ﬁaargﬁtalli%aﬁian from mahh&n@l-
dlethyl aﬁhév @aéa Dedi2 L {25, 115) éf %hi%@ fl&ky'@myétals.
maps 2 2467 (decompe}s. (o()“'*’f ~+£l¢6é’ (a-: 1.06% in
mathanol). Gy ligzl0g* Hir  (628.52).

galenlatods  59.248 ¢ BJASE R 2.2% @

Founds | 58,.01% ¢ 5575 B 24589 %

[



Benzyl Q,h,ésﬁriwﬂmﬁanﬁeglﬁﬁ?»ﬁ—ﬁaléeﬁaa&miniﬁ@_
Hydrobrounide (Vaf)e Ten miilliliters of distilled benzyl

aloohol wers uged Lo dlasolve 0.40 g of {1V}, three drops

of pyridine were added, and the mixture allowed o stand.
Ko eryatals formed, -ﬁiiaﬁprmpyl'ﬁth@r was gdded to t#rn
bidity and thﬁ.salmti@n allowed to stand until white
crystals had formed. = These were conled, filtered, and
washed with dlisopropyl aﬁh@r; &ﬁﬁﬁhienai crystals were
obtained by concentrating the solubtions bachk tm'bénzgl
aleohol and recyeling by hﬂating and stlrring the mixbure
in a water bath at hﬁn&ﬁ“.fer soveral hours, then crystale
lizing'aﬁ bafﬁ?ég- ﬁ&a%yaﬁall&éatieﬁ fron mas&amgl-ﬁi&hﬁgl
ather g&vb 016 g {BB.L8). mep. = 2479 (docomp.).

()27 = «21.6° (¢ .z 0.30¢ in methanol)s

ﬂ%ﬁ%@mge HBr  {(662.55). |
Calonlabed: 6L, 6LE ¢ LeB7% 5 2.13% W 19.%2% 0
Pounds ' 61.1% ¢ ﬁ.é}&fz«i K 22515 W 19594 0
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CHAPTER ¥
SUMMARY

PeGalaotosamine has been known as one of the rarer
amino:aﬁg&yag ﬂéaﬁrwing widaly ﬂiﬂﬁﬁibﬂgﬁﬁ in small cons
gantrations in liéing eraamiéma, The bi@l@gicai lmportanoe
of Degalactosamine and ite éariv&ﬁivéa waaftnau@ht to
Juatlfy a study of tharehamiaél graﬁeﬁtiea=af.ﬁhia graﬁp
of bsmgaunﬁa; rﬁa a réaulﬁ-aﬁ ﬁhia-aﬁuﬁyqth@ #aaeﬁiena of
Qagalaatasamine have besn fanﬁﬁ.ﬁ@ Giffer mare'tham'ppﬁw
viﬁuély thought from ﬁhesa of D=glucosamine, the more
COmmON Anine SUSaP.

Foy ﬁhia inﬁestigatimn Ewﬁalactéaaﬁina hydroehlorlde
was isolatad from ahﬂnﬁraitin anlfata; a polysaoccharide o
shtained frcﬁ the carﬁilagimwua tisewes of animals. This
was changed by appropriste reactions to the 1,%,&,6¢£@ﬁraw
Gubanz@yl-ﬁeaarbs%anzaxy-c(qBQﬁ-gﬁiaaﬁmaamina (3115}

This airup, when veaoted with hydrogzen bromide in glaclal
acabtle aeld, produced 3,@,éntri*ﬁuhenzaylmlmhrsmﬁao(-ﬁm
galaa%aéamina kydrobromide (IV), which was.ua@ﬁ-aa the.
\at&rting material for thﬁ-aaﬁéaquaﬂt reaschlons. -

: @hé fipst phase of Gthe project lnvolved synthesising,
by a saries of aﬁaraaaﬁaaiﬁié renchlons, both the slpha
‘and beta anonmers of the teﬁrﬂpﬁwbgmz¢§14§~nsnzay1~anﬁ the

tatr&ﬁﬂwbﬁnmaylwywaarbﬁbsﬁzaxyuﬂngalaetgsamina pariey of
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derivetives. The yrwpﬁrhies ef these purs anomers ware
studled with & view toward developing & mebdhod of separating E—
the reapective alpha and bete snowmers from sach other in @ T
rixbore. |

Tbﬁ seaond phase Involved the preparstlon, by a
nons=stereospecific ressbion, of an anomeric mixture of
auch of the two sevies manﬁibmaﬁ above. Then, using ﬁh@
Inforwationh sogulred by &8 gbtudy of the pure fgrms, each of
the two airuya waa aeparated iﬁt@ i1t pura alpha and beta
#mmggn@ntﬂq In so0 ﬁuin&,_a thin-layer chromatographiec
mebthod was devaloped to ﬁétarmina the anomeric purity of
the product obtained. In addition, the resulis were transge
farred to emlumn.ehrom&ﬁﬂarﬁﬁhy, and this wmathod was used
to remove the final traces of lmpurdtles. _Tha malbing
pointg an&-spaaifim optical rotation wore deteruined for
sach compounds :ﬁaraavar, gach of the anomeric palrs was
compared to eash other Ly mixed maltiﬁg point, thinmlay@r
ahrnmat@grap&y, and Infrared ap@atra.

The ¥hird and final phase of the investigatlon
tavolved the reaction of the l-bromo compound (IV) with
six different aleahﬂia'ﬁq-@btaim a series of bats glyeos
sidau, mhﬂ‘ghysicéx y?ﬁ?gftiﬂm of this group of soupounds o
aps reportode o ‘ | A : —

Corbain Alffloulties in the syntihesls and stabllivy

of the various 9&?&?%@& eompounds ars discunsad. &lsﬁ, &



T2
limitaﬂfra%a'imvaa%igati@n-af the vengoylatlon of Hecarbo-
bangoxy-legalaotosamine ls reported to explaln the rslative
amounta ©f the two anomers obbtained from the gaparation In
thils seviss, These observations support the concept that
anomeric egﬁil&brétiﬁm reactions may well bs of more ﬁémma&

ogcurrencs than has formerly been believed.
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