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HISTORY OF THE KETOSES

It 1s reasonable that in the realm of the simple
saccharides the ketose sugars should hold the same high
esteen as do the aldose sugars. Knowledze of the aldose
sugars has been far advanced and their chemistry well
established. Of the ketose sugers only one, fruotose,

a ketohexose, has been studied to any extent. This
hiatus in the understanding of the simple saccharides

can be atiributed fo the unavailability of the ketoses.
Little by little, however, the ketoses are being studied
and their charagterization is now beginning to supplement
aldose chemistry and to produce & more ocomplete under-
standing of the simple ssccharides. Such a complete
understanding of monosaccharides is needful for on such
knowledge rests the true structural interpretation of the
conplex polysaccharides, and of etill higher importance,

an understanding of the ultimate biocloglie processes.
gtructurally the ketose sugars differ from the aldose.
sugers by the submergence of the carbonyl group from an end
position %o an internal position in the carben chain. Gen-
erally, the carbonyl group acoedes to a penultimate looation
in the esrbon chalin giving rise $0 the usual structures
commonly ascribed to ketose sugars. Such structures will

be the only ones dealt with in this digsertation.



A8 evidenced from the number of agssymetirie carbon

atoms, there are possible elght ketohexoses, Tour ketow

pentoses, two ketotetroses and one ketotriose, These

monosaccharides have the configurations shown below.
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d=Erythrulose A=Erythrulose Dibydroxysoetone

p=e
R, OH

d-Erythrulose is not known, J~Erythrulose {des

eribed as deerythrulose in the older literaturs)

been chieined a8 & eirup showlns ¢ spesifie rotelion
in water of [or7 +11.4%.{1) 1% is not sttecked by
yeaat, The ketose can be prepared through the vse of

er {5) scting on

The ﬁﬁg&?jﬁﬁiﬁﬁly redudes
Fehling¥s solubion. It can be precipitated with sodiumm
bisnifite giving the addition compound., This reasction

definitely sh

ywp opes chaln structure for the sddition

sompound sud iﬁ@iﬁ%%@ﬁ iittle or ne tendency for the

pugar to be stebilized as a laotol ricg.

Eo ketopentosss are known in 5 g@?ﬁ é??&%ﬁlliﬂ&
Torm. %haﬁﬁ'ra@a§&§é in the litersture sre probably
miztares of isomeric forms.

Begteriun zyliows oxidizes
arabitol {6) to srsboketose. J=YXyloketose hae been found

in urine durisg pentosuria (7-10). This suger in water
shows & specific rotation of +34.8"%, It reduces Fehling's

solution more repldly than doss gluoose. deIyloketose



has been produced lstely (1l) by heating d-xylose in dry
pyridine and shows a specific rotation of =-33,2° in water
solution.

é~Tagatose has been prepared by the rearrangement of
d-galactose through treaﬁm@nt with 6% calcium hydroxide
(12-14). More recently d-tagatose has been prepared by
the @pimarizatian of Y=d~galactose (15) in dry pyridine
with subseguent fermentation of the remalning galactose
to alecohol. The crystalline suger has a m&iting point of
162° and an optical rotation of £;£7§§8 - 3.9% in water
and shows a muterotation (in 25 minutes) of +0.37° in the
negative airagﬁianf thereby indleating an alphs conflgura=~
tion for the crystalline sugar. The discetone derivative
has been prepared (16). Methylation of tagatose (17) by
Pischer's method yields «Leiethyl tagatoside which has &
melting point of 128° and a rotation in water of 1;&7?26 +
56.8. Complete methylation gives & poor yleld of penta~-
methyl tegastose Z;i??ga*&liéﬁ (in methanol) which can be
hydrolyzed to a tetramethyl ﬁ&gﬁ%ﬁ&@ [F£7§$$~3*4’ {in
methanol). Acetylation of the sugar, employing the usual
procedures of aéatyiaﬁiﬁn, vields a pentaacetate of melting
point 132° and r@%ati@g‘ZF£7§§$*2$¢3*'wnen dissolved in
ehlvrefsrm; or =25° when dissolved in methanol (18)., This

pentaacetate is not reduced by Raneys catalyst and is



~believed to be & ring form, aelthough ﬁa proof of ring
structure for tagstose or 1is &griVativés has yet been
given. 1~Tagstose is reported as belng formed by the
action of alkall on l-sorbese (19). E&eantly; Glatthaer
and Relchstein {20} by means of an igg@ni&a serlies of
reasctions, have converted d-gelacturonie acid into 1~
tagatose.

Two other presumably ketose sugars, glutose (21,

22) and galtose (23) have been recorded but are of doubt-
ful nature. One of these may be the missing kataallasa;
psicose, or perhaps one may be a ketose wherein the
ketone group is on carbon stom three.

Fruetose, the only ketose monosaccheride occurring
in nature, @ill not be considered here. This sugar bas
been well studied. In zast; practieally all of our
knowledge of ketose resotivity has arisen from a study
of fruetose. Yet such interpretation of ketose chemistry
must be held with some reserve since it is doubtful if
fructose is truly rﬁgregamtative of these sugars. Certain
isolated facts arising out of the evolutionary study of
other ketoses would tend to show fructose ss an exception
to general ketose chemistry rather than as & possessor
of the representative properties of the family. With
these faots in mind, it is well to proceed with a study
of the history and chemistry of the ketose sorbose.
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HISTORY iND CHEMISTRY OF SORBOSE

Sorbose 1s not commonly found in nature. It is
produced as the result of controlled fermentation ‘
processes from the naturally occurring aleohol sorbitol.
Pelouze {24, 25) in 1852 analyzed the Jjulece of the
mountain ash berries and found them to contain malie
ncid, salaium‘mﬁlata, glucose and a sugey differing
in properties from those previously known. The Juice
of the berries was left in earthen vessels for thirteen
to fourteen nmonths. The clear gupernstent liguid remsine
ing was decented and evaporated by g&nﬁle h@&twtﬁ a
thiek sirup. ¥From this sirup brown crystals were deposited
which were d@calariﬁe&’hy bone black. Upon repeated
recrystallization Pelouze obtained what he bellieved to
be & pure orystslline 5&@%? which he called sorbine
{sorbose}. Thls sugar possessed the neleeuler formula
CoHa30s and, hence, was & monosaccharide. It could not
be fermented by yeast and was not attacked by dilute
aai& although it turned brown and wes decomposed by
alkali. It rapidly redused Fehling's aalati&n*. The
optical rotation was recorded ss [/p - 35.97°. The
erystaels were rectangular octohedrens belonging to the

right prismatic system end had = density at 15° of 1.654.
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Long heating at 150-180° gave en amorphous soid substance
of deep red solor, which was called sorbic zeid. Sorbose
in fermented mountein ash berriaé wes later observed by
Bysehl (26) and Berthelot {27). Delffs (28) in 1871 con-
oluded that sorbose is not present in the original julce
but is formed during the fermentetion. However, since
Delffs believed thet sorbine belonged to the game group
a8 mennitol, gnerﬁihal, duleitol and persitol, it may be
that he 61d not find sorbose btut was dealing with sorbi-
tol. Boussengeult (29) found sorbitol in the freshly
exgreésad Juice, tharaby dﬁm@ﬁﬁtr&tiﬁg that this elochol
‘was not a @ra&uatvaf fermﬁﬁﬁatian-‘ Tﬁrsu@h the u&araf
zymitic processes, sbrbasﬁ,hﬁs been obtained by many workers
ﬁeatéﬁéét&r (30-43). Kiliari and aehrai%lﬁy'{%é} studied
the constitution of sorbose aﬁé recognized it 885 a kstas$‘
Vincent end Delachansl {45) obtained sorbitol by th&
reduction of sorbose wiih the use of sodium amalganm as
the reducing agent. From this resction it appeared
possible to produce sorbose through oxidstion of sorbi-
tol.

Freund {46) also concluded sorbose to be formed by

the fermentution of sﬁrbit&l in the juice @fltha mountain
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ash berry. This viewpoint has been contested by Lippman

{47) who olaimed that the gum over wounds in the mountain

ash could be hydrolyzed to yleld sorbose, These findings

would su

geest the natural occurrence of ﬁ&fbﬁﬁ%,\bu§ they

cannot be interpreted as gr@aaatiﬁg facts agﬁaga@iaﬁieyte

the beliefs that sorbose may result from the Termentation

of sorbitol in the Julee of the mountain ash berries,
In 1904 Bertrand (48-50) published a lengthy review

in which he drew several conclusions in reg&rﬁ to the -

known eh&mi&try of sorbose.

1.

2,
3.

ﬁ&@

Sorbose does not pre-exist in mountain ash berries
but is formed by the oxidation of sorbitol under

the influence of sorbose bacterium.

The structure of sorbose is CH,OHCHOHCHOHCHOHCOCH, OH
Since ketoses can be transformed by reductlion to

a mixture of two stereoisomeric sleohols of whieh
one is identical with the original alcohol from
which the ketose is derived, a method Is at hand

for transforming certain polyhydrle elcohols into

d~1ditol.

The baeterium t@gather with reduction masy be
employed as & means of going from an aldose to

& ket&se‘
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Sehlubach and Vorwerk (41) using Bertrand's
method, greally inoressed the yield of sorbose. They
@&téin@& between 80 snd 75 per cent conversion of
sorbitel. The sugar wes obtained in the foram of laree
rhombohedral orystuls melting et 1659=161"and had a
specific rotation of é;ﬁ?%éu 43.F in weter.

A speecisl study of sorbose production by mesns
of beoterie was made by Fulmer (B1) aend his co-workers,
wherein 1t wes found thet & fifteen per cent oncentra~
tion of sorbitol was optimum; the conversion to sorbose
being about eighty per cent. In this work the use of
Acetobsoter suboxzydens proved to be more expedient then

Aoetobagter xylinum, since the purification and sepasra~

tion of the augar was more easily effected when the
former bacteris were used. Imploying the methods of
Fulmer the T. 8. sgricultural By-Products Laboratory
{52) has studied the large sozle production of sorbose
and has suocessfully prepared this sugar in large quane~
titiess

0f theoretical significance 1s the preperstion
of l~sorbose through ﬁhﬁ oxidative action of bromine
water {83, 54) end of formsldehyde (55,88) on 8-
sorbitol.

Dilute alkali ﬁﬁﬁ?ﬁﬁ%& i=sorbose to l-galactose,

l-gulose, end l~idose (§7). Reductlion of the sugar by
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~39.1% at five per cent concentration and -40.8% at
forty per c¢ent concentration in water at 80°, Reecently
a gareful study of sorbose rat&ﬁién&l values was unders
teken by the U. 8.« Buresu of Standsrds (68). Through the
use of concentrated sclutions of pure sorbose in water 1t
was found that the rotation increased slightly and then
decreased so0 that the iaitiﬁl end finel rotations were
pnot widely different; the change being sbout 0.7° 8.
Hutarotation was found to be essentlally complete in
one hundred and twenty mlnutes. Ex&aﬁ'ﬁpéﬁifiﬁ rotations
were found to be /<70*% - 45.3° and [,‘ngﬁ - 43.4° at
a concenbration ocorresponding to twelve graus of sorbose
in one hundred cubic centimeters of solution.
HA=Methyl=-l=sorboside was early prepsred by Emll
Fiseher (69) using his versital method of shaking the
pure sugar with a one~half to one per cent solution of
dry hydroshloric acid gas aisaﬂlvéé in m@thanal. This
sorboside had & melting point of 120-122° ¢, and a
rotation efnggzﬁs mAga,?*yinﬁwa§$r, This compound was
later studied by Arragon (70). It is not attacked by
yeast or emulsin, Recently the stereoismerie f-methyl-l-
sorboeide {71) which has = melting point of 106.2% ¢,
and a speeific rotation af‘[;;7§e ~ 39° {in water) has
been prepared through the deacetylatlion of the kaﬁthyl-
l-sorboside tetraacetate of melting point 75° C. end



rotation [F£7§Q~ 79.8° (in chloroform). The last com=
pound was prepared through the action @r<mﬁthaaal; silver
carbonate and silver nitrate on L~acetochlorosorbose of
meliing point 67°C. and rotation of [§§7§9~ 85.8% in
ehloroform. The <~acetochlorosorbose was prepared by
treating A~sorbose tetrascetate (72, 73) with ligquid
hydrochloric acid for two hours at ﬁ“ﬁ.'in & glsss bomb.
Through the direct ascetylation of sarbeaa; Sehluback
and Vorwerk {(41) obtained a orystalline pentaacetate
having a m&l%ing’pﬁint of %?;5”3‘ and a specific rota-~
tion of [?ﬁ?%gw 2.9% in Gﬁi@?&f@ﬁm. This acetate was
later obtained by Arraegon (72} and was believed tec be
the ~“~pentaacetate., However, in opposition %o fructose
and other sugsrs this compound 41d not form the expected
halogenose. The compound further showed strong reduction
to Fehling's solution., Thus 1t appeared possible that
the scetate was a derivetive of the open-chain form of
sorbose, That such was the cese has lately besn proven
by Cramer and Pacsu (74) when they were sble to hydrogenate
this acetste using platinum suspended in ether solution,
and %kaa; efter acetylation of the products, to obtain the
hexaascetates of d-sorbitol and l-iditol. What is.thought
to be the true «=sorbose penteacetate {(75) has been pre-

pared through the further ascetylation of sorbose E@§?a§ﬁﬁﬁ&ﬁ&_‘
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using acetlic anhydride and two per cent sulfurie acid at
5° ¢, The &uh&tanaa showed o melbing point of 95° C. end
s rotation of /- *_gwaw B2.4° « The 4~ sorbose pentaacetate
{71} was @r@ga:&ﬂ %hxwugﬁ the action of acetic anhyéride
and si&v&r acstate on ~ scetoghlorosorbose. This pentasce~
tate skﬁw@ﬁ a melting point of 113.8° €. and s rotation of
[‘*J - 74,4° in chloroform.

o<a%£$h31ﬁgr$arbas& tetraacetate of melting point
88° C. and rotation of L =7 =%1.8° has been prepared
both by the methylation ﬁf‘*ﬂi@?@ﬁﬁﬁ tetraacetate and by
the acetylation of <-methyl~l-sorboside (70}.

Using the general procedures for methylation Arragon
(76) has methylated .~methyl-l-sorboside to a pentamethyl
derivative aﬁawiag the following constents; N 1.4475,
ﬁl 1.108, Z?Qi? ~v31¢5°{$a methanol}. @i?s compound

70
could be agérﬂiy@ﬁﬁ 40 a <~ tetramethyl sorbose Zﬁ%;7;"m
5

4.9° { in methencl) and an -#~tetramethyl derivative
jf:fir - 5.6°( in methanol). Methylation of the
73~tﬁtramﬁthyl sorvose formed & second yantamﬁ%hyi sorbose

20
L =7 = 11.8° ( in methanol).

5760 |

4~}ethoxy~l-sorbose (77) has been recorded. Trioxymethy-

lene reacting on sorbose produces & mgnomethylene compound

(78) of melting point 54° ¢. and mwtation of [ 7 . ggo
e
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ir water. Compounds of sorbose with bromal {79},
resoreinol {80) and phlorogluecinol {81} have been
r@gﬂrt&ﬁ; Earbgﬁa also takaa up hgﬁr@ey&nia~aaié to
‘praauca a8 ocrystalline produet (44)., 4 trinitrate of
sorbose aﬁhydriéa has been reported (82).

As an intermediate in the synthesis of vitamia C,
Relohstein and Griissner heve prepared 2,3,4,8-dlacetone
saxﬁﬁs& {42),

d-Sorbose ia thﬂ alﬂ@r literature was deslgnated
l~sarbca@, Ths gpmﬁdifigatiaa has been prepared {é?}
through the reerrsngement of d-galsctose in alkell,
When the products were dissolved inkmathanaimaﬂ&iine
solution gpadrbag& was the first to ocrystellize, It
3&3@@& & melting point of 164°C, &nd & rotetion of
[T:? % 4. 9° (in water), The suger has alsoc been
obtained tkraagh the re&:ranggman% of d-gulose or
ﬁ~iaﬁéﬁa {39). Reduction of énéarbﬁaa by sodium-
emalgam producsd éﬂiaital end &uaarﬁital' jmhe.¢m‘
m@thyl»&*aorﬁasida shnwaé a mﬁltiag g@int af 11@96
and a rotation of 1357 + 88,5° (in water), Jonomethylene
d-sorbose of melting polnt 81°C, end rotation of [f;7 +
25° has been prodused, The gh&myles&zans at melting
point lé&aaf is identical with that of gulosazone sand

d-idosazons.,
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ST TEMENT OF THE PROBIEY; DInCUSsIOY OF RESULTe,

With the sole exceptions of discetone sorbose snd
the opsneshsin ?&ﬁ%ﬁ%ﬁ&%ﬁ%&; the ring strustures for
4§?$$r§ﬁ§% and Itz derivetives heve ressined undetermined.
It hes been the ga&@a&&’ﬂﬁ the work hereln disecussed to
supply & precise structursl beckground to this rield.
This ﬁa&,’in part, besn Jdone through theoretical aone
glderstions end through exset shemleal methods.

Among the central compounds of the simple sugars
are Lhe glysosldes, and spy preclise developusnt of
monogaosharide chenmistry based upon strist constitue
tional assizament most in generel be referred 4o ﬁﬁé&ﬁ‘
compounds. Thus, the sssertion of their structure is of

first ilumportence. The recent develonment of sorbose ohote

is%ry hae exeluded sueb struectursl sesignment, sithoush
methylelwsorboaide (69]) was one of the serliest knmown
gerivatives of sorbose. The ﬁiﬁﬁ negative rotetion (=88,7}
compsred with that for pure sorbose (=-43.4°) indicstes
that this glyooside is an alpha nodificstion (83).

Bince sithylens oxlde rings huve never bsen known
to form upder the usuel sonditions for glycoside forma-
tion, and since the noleculer length of s ketohexose

moleanls does not permit the production of & septasneld
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ring, the structure Gf«%ﬁﬁﬂ@h?lﬁ%*éﬂrbaﬂié& must eaﬁﬁ&iﬁ
either a Turenold or pyrapoid ring. Wherever a sugar is
found to produce glycosides contalning six membered rings
and alaé glycosides containing rive membered rings, the
glycosldes possessing the smaller rings have shown, in
every case, higher raﬁaslaf hydrolysis when compared to
those possessing the larger or ﬁy:aaeiﬁ ring. To Ee
strictly compareble the aglucon ﬁﬁﬁt»bﬁ the same far the
two compared rings in the same &ﬂga:,‘aaé,~mﬁrsaver; the
glycosides must be of the seme alpha or bets isomerie
types. 2&%@3 of hyérolyﬁis sre then valusble in serving
to distinguish glycosides conteining the stable pyrenoid
ring from those conteining the unstable furanocld ring. |
Rates of hydrolysis, however, do not remain the same as
one passes from SUger to sugar. That is to say, <methyle
érﬁﬁﬁﬁﬂﬁiﬁ% does not hydrolyze at the same rate es does
c(*&ﬁ%ﬁ?lwgfglﬁﬁﬁ$iﬁﬁg This is recsonable since the con-
tribution toward reectivity by the sssymmeirlc centers
will have different values in the differsnt sugars. No
definite amﬁsimai@ﬂ eoncerning ring structara could,
therefore, be drawn unless there existed two ~Cmethylele
sorbosides sbowing among their chﬁr properties different

rates of hydrolysis. The occurrence of only one “Gnmethyl=



o

i-sorboside excluded any exsot interpretation of hydrolysis
data as regarded the assignment of ring structure. The
informetion was, however, not without some velue and so

the hydrolysis of the known crystalline w&mﬁﬁhylf;faarbasiés
was sbtudied. -

When pure ﬁryﬁzailiae ﬁ®ﬁﬁ§ﬁ¥1~§fﬁﬁfﬁ@$ié@yW&% dig~
solved in distilled wster it gave no reducstion with
Pahling's solubtion even after standing for five days.
Helther was reduction toward Fehling's solution evidenced
when the sorboside was allowed Lo stand with bundredth
normal hydrochlorie aeld for six hours. However, a coplous
precipitate of cuprous oxlde ocourred when the glycoside
was bolled one minute in tenth normal hydroehloric acid
and then tested with Fehling's solution. At a temperature
of 3%0°C. and a concentration of gightmtenkhs of one per
cent 1t was found that ,émethyl-l-sorboslde was completaly
hydrolyzed in 1.75 normsl hydrochloric acid in less than
one day. In 0.102 normal hydrochloric azcid the hydrolysis
was completed in nine to ten days, In 0.017 normal acid
completion of hydrolysis occurred in sbout thirty days.

The true end point of this latter hydrolysis was indefi-
nite dus to mold growth whieh becume notiseable after

twenty-eight days. The general shape of the hydrolysis
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gurve for this last cese 1s shown in Pigurs 1. Thls curve
suggested thet the hydrolysis wes a first order reaoction,
The veloclty constent was ocalculeted to bs 0,049, when time
was takaﬁ”ia days, This gave & half period of fourteen and
twowtenths &aya,

Menzies' (84) examination af‘m&thylﬁé*fruetefar&naaiéa
showed that this sugar axhibih&ﬁ perceptible reduction
toward Fehling's solution after stending in &iﬁtillaﬁ water
for six hours, On stending s$lx hours iﬁ,@ﬁéﬁﬁﬂﬁéfﬁﬁth
normal hydraaklarie acid, marked aviéangﬁ of ﬁyﬁrelysi%
was shown when tested with ?ﬁhli&g*ﬂ solution, At & con-
centration of nine-tenths of one per cent in 0,011 normal
sulfuric zcld end at s temperature @f‘éﬁ*ﬂg methyled=
rragtafuranaaiﬁe was completaly hyﬁrolyz@& in less than
twenty-seven days, Although complets dete concerning the
hy&raly&ia ﬁf‘mﬁ%hylfgyfrnsﬁa?yrangaiéa do not seem to
have been published, yet it 1s known thet this glycoslde
18 quite stable toward hydrolysis even ageinst relatively
high seld concentrations, | ;

This date indicated that wﬁeraag<fimatﬁyi~1~$@rbgsiéa
did pot show the extreme stability of nmethyled-fructo-
puranoside, it was evidently more stable to hydrolysis

than methyl-d-fruetofurenoside. Although the number of
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days regquired for tﬁé complaete hydrolysis af'mﬂthyl~§f
fructofuranoside and &faﬁ;mﬁ%ﬁyiﬂéy&@rbeﬁi@é did not dl’fer
greatly, 1t must be noted that the hydrolysis of the
sorboside wes carried out et 30°C. in uantxgst to the .
lower tempesreturs of 20°C. used for methyl-d-Tructo-
furenoside, Had the hydrolysis ﬂfaéﬁﬁﬁﬁhylﬁ;ﬁﬁﬁrbﬁﬁiﬁé
been sarried out et 20°C. the tims for complation of the
raaction would have been gr&&tly‘@xtsaﬁa&*

These comperisons might possibly polnt to Ll-methyl-
l-sorboslde as conmtalning the more stable or pyrenold
ring, ¥ex; such data cannot bs relied upon because of
the previously stated reeson that hydrolytie atuéﬁes are
not strictly comparable between the verious sugars. For
exact constitutional proof of the ring a%r&#ﬁux& recourss
wes mede to the well estebllshed methods of oxidative
degradation. For this purpose pure erystalline J-methyl-
l-sorboside (I or ?I) was methylated to produce a liquid
' pentemsthyl sorbose (II or VII). This completely methylated
suger was hyérglyzgﬁ by hot two per cent ﬁyéréﬁﬁiqrie acld
to produce & tetramethyl derivative (IIY or ?KII},w
3% the time of these preparations the yaat&m@thylwl*ﬁmrbaaa
end the tetramethyl-l-sorbose were the first methyleted
derivetives of sorboss known, The optical rotutlions were
token in shloroform. A peper by Arrvagon {76) soon appeared
announcing the preparation of these sams derivatives but
with rotations recorded in methenol, For comparison with
Arrogon's work the optical rotatlons of the penta-methyl

and tetramethyl sorbose were repsated in methanocl, Confirms-
tion of Arragon's rotations was obtalned.
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?agaﬁag COOH
—{HO)C CHOCH
. Qﬁg??ﬁ HNOx HOOCH,

HCOCHg HOL a?aaﬁa * COOH
l b
—n ¢

| :

CH,00H, ,

| 1:13:3:4:8. Pente~ 1:3:4:6. Tetra- Levo~Dimethoxy-

nethyl-]l-sorbose - methyl~l~sorbose succinic acld
{vii) (viix) {1x)

The tetrametbyl-]l~-sorbose was oxidized by concentrated
nitric acld to dextro-dimethoxysuccinic zecid. The latter
product was obtalined in

good yield. Ho intermediate pro-
ducts of oxidation ecorresponding to those of fructose (88)
were isolated. However, 'ms presence of dextro-dimethoxy-
succinic acid alone sufficed for the certain allocstion of
the lactol ring if consideration of an ethylene oxide
- structure were forgone.

1f the oxygen bridge engaged carbon atom five (VIII)
8 large yield of levo-dimethoxysucciniec acid (IX) would
be expected in the oxidation products of 1:3:4:68.~tetra-
methyl sorboge. No leve-dimelhoxysuccinic aoid could be
obtained. If the oxygen bridge engaged m’tmn stom six
(I11) the oxidstion products would be expected to yield
xylctrimh&ygimari@ mi& {1v) and dextro~-dimethoxy-
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with formation of an ethyl-l-sorboside, which like the
methyl-l-sorboside would be expected to be of the alpha
configuration. The reaction was essentislly complete in
four hours at room temperature.

A small quantity of )l-sorbose was subjected $o the
action of & one per cent solution of hydrogen ahl@rmﬁ in
dry ethanol with recovery, at the end of four hours, of
fine colorless needles having a melting point of 1189 ¢,
and an optical rotation of z;ﬁ?ag ~ 73.9° when dissolved

in water. The strong negative rotation as com

sorbose indicated anf-glycoside. On solution in dilute
bydrochloric acid the hydrolysis ourve followed closely
that found for F-methyl-l-sorbopyranoside. Ten days were
required for complete hydrolysis in tenth normel acid and
approximately thirty daye in 0.015 normal acid (Figure 1).
The velocity constant for hydrolysis in the 0.015 normal
acld was caloulated to be 0.043, when time was taken in
days. From this constant the half period for hydrolysis
was caloulated as sixteen days. |

The close similarities of the rate of formation and
of the rate of hydrolysie with the eorresponding rates for
M@th}l»;emxmpw&mﬁéﬁ suggeated that ac—ethﬁ»;;swbaw
gide might contain & stable pyranoid ring. The truth of
thie aesumption was proved by methods whioh permitied the
e of S~ethyl-l-sorboside with

direct chemical linkag
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Avetylation of th@c¥;athy1~gyaafba&iéﬁ produced an
F~ethyl~1-sorboside tetraacetate which was identical with
the compound obtained through the ethylation of sorbose
tetraacetate. The siructure of sorbose tetraacetate (72, 73)
wes established through the faot that acetylation of J<methyl-
l-sorbopyranoside ylelded ancxlmathyl1§raarba9yzaaasiﬂe
tetraacetate (70) identieal with the compound obtained
through the methylation of sorbose tetrascetate. It iz evi-
dent that in this series of reactions the ring structure
did pot ohange. Hence, A-ethyl-l-sorboside and 1ts tetra-
scetate also pomsess a normal pyrancid ring structure.

Through the expedient of hydrogenatlon and acetylation
followed by subseguent isolation of the hexsacetates of
d-sorbitol and 1-iditol, Cramer and Pacsu {74) have proven
that the common pentaacetate of l-sorbose is a derivative
of the open chain sugar. This oconclusion might have further
been substantiated if it oould have been shown that sorbose
pentascetate were capable of merpaptalization to yleld 1-
sorbose ethyl thioscetal pentmacetsate. With this in wmind
the mercaptalization of the keﬁa~a&t§éa& pentaacetate was
‘umﬁaztakana To prevent the loss of the easily hydreolysable
acetyl groups, mild conditions and striotly anhydrous solu-
tions were employed. Following the methods advanced by

lﬁalfram {88), for the mercaptalization of fructose, zine
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chloride was used as the catalyst. When a solution of keto

sorbose pentaacetate was treated with dry ethyl mercapian

containing zino chloride and & reaction insoluble éaﬁgdx%~
ing agent, a substance was produced which did not reduce
Fehling's solution. The sirup distilled in & high vacuum
but with some decomposition., A specific optieal rotation
ot 17 3%; - 13.1°% in chloroform and s refraoctive index of
gﬁg 15@&@ were found. The compound could be further de~
mercaptalated to produce keto sorbose pentaacetate. From

» mpound was
indeed the l~sorbose thioacetal pentaacetate and, hence, a

this evidence, 1t might be assumed that the oo

derivative of the open chain suger. The materisl could not
be obtained orystalline. lack of time mede impossible any
further attempts to orysiallize {his compound. It is in~
teresting, in this oconnection, that the non-erystalline
character of the entiomorphic compoun
thicacetal pentaacetats, bas been noted by Wolfrom (89).

i, d =sorbose ethyl

For the further study of ring structure in derivatives
of }-sorbose the monotosyl (mono-p-toluenesulfonyl) deriva~
tive was especislly desired. The monotosylation of i-sor~
" bose was of interest because the reaction implied a study
of the rates of resctivity for the various hydroxyl groups
in the a‘ﬁgar. Compeditive esterification had up to this
time never been studied in the ketome series. The uni~
molecular acylation of aldose derivatives containing both
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primery and secondary hydroxyl gro
tial esterification of the former (90). Among the second-

upe led to the preferen~

ary hydroxyl groups that could be present, the one adjacent
$0 the carbonyl group, or poeition two in the aldose sugars,
m; usually the most xmf&im; #ith these wnsiﬁem%wmf
in mind the speculation was made that in sorbose the hy-
droxyl group on ocsarbon atom one as well &s the hydroxyl
group on oarbon atom six wowld ohow high reactivity. The
hydroxyl éﬁ carbon atom three, since it is adjacent to the
carbonyl group, was expected to be reactive. Since the
kiydmxy}; group on carbon atom one was both primary apnd sd-
jacent to the oarbonyl group it wae expected to show a very
high reasctivity.
¥arly in this work 2 monotrityl-l-sorbose {monotriph-

enyl-methyl-l-gorbose) was prepared. This compound did wt
form an osazone nor give 8 precipitate with phenyl hydra-
zine. 1It, however, showed strong Fehling's reduction.
These facts suggested that the compound was & derivetive of
l-sorbose in whicb carbon atom one wasg ﬁi@ﬁke&* :
| | When & solution of l-sorbose in dry pyridine was trea~

ted with & molecular equivalent of tosyl chloride there was

formed & compound which, though it did not resot with

phenyl hydrazine, showed a strong Fehling's reaotion.
Agein these reactions suggested that carbon atom one was

blocked, while the potentially reducing carbon atom two re-
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OPTICAL ROTATORY COUNSIDERATIONS

Hudson (91) bas observed a number of interesting gen-
eralizations pertinent to the optical rotatlons in the
gugars. In his speoulations on sorbose he caleulated the
specific rotation to be [(bgorpose = Bae) *+ (Bye ~ gyg)_T7=
mol. wt. = (~17,300 + 18,500 - 8,500) 4+ 180 = -40, a value
gquite near the obuerved rotation of sorbose. He believed
that this result was & sufficient indication for regarding
~430 ag the true rotation of{~1-soTrbose, and that such a
value waes not an equilibrium rotation such as the value
+53° for glucose. This conclusion he believed justified
‘beocause the equilibrium rotations of the many rotating su-
gars are in all osses widely different from the mt&ztieﬁs
of their alphs and beta forms. Ais sorbose was later shown
to be the first exception to thisg latter statement, it was
well that Hudson limited his remarks by saying that they
should be regarded as indications only ,» and not proofs.

At this time only two ;mamnine ketoses, fructose and
p@sw’.{am* had been observed 1o underge mutarotation.
Mutarotation had not been detected for tagatose, mamo-
ke&ah@;}tam or sorbose. The reasons for this unusual laek
of isomerization in solution ﬁar& unsxplainable, although
spatial interference vvin ring formation waa partly indica-
ted (92).
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which l-sorbose produced an open chalan pentsacetate might
~have been olaimed as evidence for postulating & free kege
structure for the orystalline sugar. The extreme doubt-
fulness that any free sugar could exist, orystalline, in

open chain form did not exelude this theory from postuls-
tion. The relative high negative rotation of sorbose com

pared to the very small or nil rotations of open chain
sugar derivatives, however, did much to discourage any
congeptions of open chain struoture. The isclation of
derivatives of the unknown beta form or better still the
isolation of the beta form of the sugar itself would have
permitied a more certain assumption of ring structure for
the common ecrysialline sugsr.

With these oounsiderations in mind various attempts
were made to prepare the beta modification. There are fowr
general methods used for preparing the beta modifiocstions |
of several of the sugars, but developsd mainly for S-d-
gilucose. Thess methods are the acetic acld method of Hud-
son and Dale (93), the pyridine process of Behrend (94, 95),
the ammonia~aleohol method of Levene {96), and an exten~
gsion of Tanvet's fﬁ?éﬁ;s} original procedure. Bach of these
methods when spplied to sorboese produged no new form of
this sugar.

Certain salis have been known to influence the stabil.
- 4ty of one or the other isomeric forme of a dissclved sugar.
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Recently several sugars have been known to fors nicely
eryatalline dovble compounds with ealoium chleride (100w

rotatory changes in most conses follow olosely the changes
exhiidbitad by the pure sugar components. Such changes

oations. VWhen l~sorbose was treated with ealelum chloride

there resuited 2 nicely crystalline addition oom
taining two molsoules of water of hydration. This com-
howed a rapid but small upward mutarotation thus

%&m@%ﬁ&m the rotatory changes exhibited by pure sovrbose.
The obeerved initianl rotation wae that caloulated assuming
possess the ssme spsoifie rotation as pure sorbose. On
acetylating the addition cowpound by the gensral proce~

the sugar component to be unsltered

‘obtained. MHemce, the property of sorbose to form prefer-
entially an open chain pentascetate ls also exhibited by
the enlefum ohloride addéition compound. Acetylstion using
$he speeial method (73) designed to give sorbose letrssce~

rodused this acetate in good yleld. Thene faots in-
dioated that the caleium chloride addition compound ﬁw&
not stabilize sorbose in o new form.

Sinoe the very mild acetylation of the esloium chloride
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- addition compound produced sorbose tehtrascetate, known to
be & derivative of sorbopyrancse, added weight was given
to the suggestion that erystalline sorbose wasL-l-sorbose.
At about this time also Shlubach (71) amnounced the pre-
paration of & positive rotating methyl sorboside, thaﬁa&y
further indiecating that eryetalline sorbose was an alphs
modification,

If 4%t was sssumed, then, that common crystalline sor-

bose was indeed(~l~sorbose, it followed according to Pig~
mants and Isbellts conclusions that a solution of sorbose
in water consisted almost emtirely ofo(~l-sorbose. This,
along with the data previously mentioned, showed a strong
tendency for sorbose to remain in the alpha modifiecstionp,
which must be the stable modification for this suger. It
was known that in water solutions the equilibriuws con-

- stants {ratio of betas to alpha forms) for §§£~éiffax&nt
sugars varied from 0.4 to 2.3. For most of the sugars the

value wag 1.7 showing the predomination of the beta isomer.

For certain sugars as mannose, lyxose, and rhamnose the
equilibrium conmstant was less than one, showing that the
alpha form of these compounds was predominant in the solu-

tion. Reviewing this data it appeared that in practically

every case the most sbundant isomer in the equilibrium so-~
Jution was that in which a trans arrangement was present

between the hydroxyl group on the potentially reducing
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carbon and the hydroxyl on the adjacent asymmetric carbon
atom. When ﬁk¢~ﬂtxﬁﬁtﬁﬁﬁ\ﬁfcﬁfgrsarbasa was observed it
was seen that such a txaﬁsvarrangea@a$ existed hetween the

hydroxyl grouvps.

In this respect sorbose was seen to conform to the known
sterio phenomena of the other sugars. Indeed, sorbose

~ showed even greater tendency than other sugars to remain
in the stable trans (alphs) form; since, a&aaréiag to Pig~-
man and Isbell, almost the whole smount was retained in
this form when the sugar was dissolved in water.

If Hudeen's rules wers sssumed to hold for sorbose as
for the other sugars, then the rotation of the unknown
beta form could be predicted. Hudson found that the dif-
ference in moleoular rotatione of alpba-beta isomerie '
pairs was & constant value for all aldoses considered. If
the same generalization were assumed to hold for the
ketoses then the difference in the specifiec rotations be~
twesn alpha and beta fructose should also be equal to the
difference in specific rotation between alphs and beta sor-

bose. Thig difference for fruotose was found %o be
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«83.3 - (~133.5) = +69.9, If now this value were sdded
to the value -43, fawOiggr@ar§@$s, the value + 26.9 would
be obtained ss the predicted rotation for the

anknown
B =lwgorboge.”

At the time evidence was found for the exigtaﬂﬁa}af
A=gthyl-1-sorboside it was desired to prediect the optical
rotation for the substance in advance of its preparation.
“This prediotion could easlly be made threugh an extension
of Hudson's generalizstions. As mentioned above, Hudson
showed that A o + Ay, = constant, and likewise A py *
%eﬁﬁ = econstant. V¥Without making further assumptions
Apt - Aage = constant, might have been expested to hold
true. If this value were found to be constant then ite
addition to the molecular optiocal rotztion of a methyl-
glycoride would yield the molecular optical rotation of
the corresponding ethyl glycoside.
| When 211 of the avallable data weregollected (Table
I} it was seen that in reality this differencs, A p -
Aryer Wes roughly & constant; but that the signs of the
differences were not uniform. Thus, it could not be pre-
dicted whether the difference was t0 be added or subtrao-
ted from the moleoular roitation of a methyl glycoside in
order to obtain the valus for the corresponding ethyl

* Binoe sorbose Was o member of an 1-series the beta sugar
‘'had to be more positive in rotational value than the
alpha form. Hence, the addition of 69.9 was required.
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glyecoside.

Under these circumstances it was decided to take the
value for fruetoss exelusively, for the prediction of op-
tical rotstion. The ﬂiff%?%ﬁ@&, hgy =~ B s 1n the case
of fructose was +1,120, whioh indicated that the molecular
rotation of the ethyl Tructoside wes grester than that of
the methyl fructoside. If this value were added to the
molecular optical rotation for L-methyl-l-sorboside the
molecular optical rotation of <~ethyl-l-sorboside should
have besn obtained. Thus, w&?;EQQ (mslgaul&r rotetion for
L=methylwl-sorboside} + 1,120 = -16,080, the prediocted
molecular aﬁﬁical rotation for <~ethyl-l-sorboside, and
-16,080 < 208 = -77.3°, which is the predicted specific
optical rotation for <~sthylel-sorboside. The true optical
rotation as found was Z?§7§%~ 73.9°,

When an atbtempt was m&ﬁe’ta predict the optieal rota-
tion mfo<«$thyzaggﬁarba$ié@ tetrancetate, the literatlure
afforded date whiech, though small in extent, were consistent
with themselves {Table II}. In each oase the ethyl glycoside
tetrascetate was seen Lo heve & nuleriocslly hizher malecu»i
lar rotation than the corresponding methyl aamyﬂﬂﬁé. In tha:
ecaleulation with this date tﬁ& average value of g~ Mg
could be used with impunity. If to the molecular optical
rotation of <=methyl-l-sorboside tetraacetate, -18,820,

was added the average of the differences Apg = By (-2,790)
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and the moleeular optiocal rotation thereby otained
(+31,610) was divided by the moleeular weight of l-ethyl~
1-sorboside tetraascelate, its speolfic roftation was caleu-
lated to be ~57.5. The nctual value found after preparing
the compound was [ L7y - 54.8°.
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Table 1
Rotationa were taken with the D-line of sodium

when the solvent was water

T Sﬁ&@ifig X xaiaéﬁlari '

SIUDBLBROE oot bR R B REON 111 ference
o(nﬁhfl*&nglﬁ%ﬁidﬁ +180.8 +31,330 ..
oféﬁethyiwﬁnglngasiée +168.0 + 30,650 870
A =Ethyl-d-glucoside - 33.9 + 6,980 "

4 -Hethyl~d-glucoside - 33.0 + 8,310 — 740

A ~Ethyl-d-galactoside + 186.8 +38,810 &
«-Methyl-d~galactoside  + 196.8 +38.300 + 610

# ~Ethyl-d-galactoside - - 1,393 ,
4 -Yethyl-d-galactoside - - 81.B -1,310

6.7

%3
« -Ethyl~l-arabinoside * o 8.95 + 3,070 oo,
L-Hethyl~1-arabinoside + 17.3 + 3,380 ~1.38

A -Ethyl-g-fructoside ~ 155.3 -~ 33,380 o on
# ~Methyl=-d-fructoside - 172.1 - 33,500 *1,130
A=Ethyl maltoside +79.3 4 29,300 . o0
4 -Hethyl maltoside + 78.8  + 28,0860 T

Average | (1) 994
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Table 11
Rotations were taken with the D-line of sodium

when the solvent was chlorofornm

3 %m;aiiiwﬁals%iw .mfmrw

,v,m

Jwﬁ‘kh?i*é*glwﬁsiﬁﬁ tetraacetate
oL ~Methyl-d-glucoside tetraacetate

A~Ethyl~d-glucoside tetraacetste - 37.1 ~10,1850 e
sethyl—d-glucoside tetrancetate - 18,83 ~ 6,530 ~35,630

~~Ethyl-d-galactoside tetrancetate - 29.8 11,380 , ..
4-Methyl-d-galactoside tetrascetate - 35.3 - 9,050 2 S

ﬂwmhy}.w&dmawsma tetraacetate -137.6 -48,130 ~3.100
A-lethyl—d-fruotoside tetraacetate -134.4 ~45,030 ~°

Average 2,780




-l
EXPERIMERTAL
Preparation of l-Sorbose

The )-sorbose used in these researches was cbtained in
part =8 a gift from Dr. E. I. Fulmer and in pert as a gift
from the United States By-Products leborstory in Ames. A
further quantity of l-sorbose was prepsared according to the
methods of Pulmer (51) for the baecterial oxidation of sor-
bitel. This sugar wss purified by disselving it in the
least amount of hot distilled water required for complete
‘solution and then adding an equal volume of 95% ethyl alco-
hol. The pure colorless crystals had & melting point of
11640 and showed a specific optiocal rotation of [735- 43.4°.

Preparation of {-Methyl-l-Sorboside

This substance was prepered after the method of
Fischer (69). Fifty grams of powdered sorbose were placed
in two liters of méthanol, which had previously been dried
over sodium carbonate and to which had been added 10 grams
of dry hydrogen chloride. The mixture, in & gallon bottle,
wag shaken for two days. Then 50 grame of lead carbonate
were added aznd the mixture shaken again for two hours,

The methanol was distilled off under reduced pressure. The
residual sirup was extracted repeatedly with acetone. From

the acetone solution were obtained 43 grams of oC-methyl=1-
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sorboside. This material melted at 1189,

Preparstion of
Tetramethyl-o{-methyl~l-sorboside

7 In & three necked round bottom flask, equipped with a
glase stirrer in the éentxal neck and a dropping funnel in
each of the two side necks, were placed 25 grams of
ci;methylfgrsarbesiéa and 1Bcc of water. The mixture was
heated to 709. Dimethyl sulfate was allowed to drop at
the rate of one drop per second from one of the dropping
funnels. Through the other funnel 80% potassium hydroxide
was admitted at a rate such that the mixture in the flask
was at all times slightly alksline. In three hours 400co
of alkall and 250cc of dimethyl sulfate had been added to
the reaction. The temperature was then raised to 1002 and
the éeiaﬁién»maintained at this tempersture for one hour.
Vigorous stirring was employed. At this time the solution
was cooled and extracted with three 100cc portions of chloro~-
form. The combined extract was washed with water and then
dried over sodium sulfate. The ohloroform was removed under
diminiched pressure. The 16 grams of remaining sirup were
distilled at a pressure less than one millimeter. The liquid
boiled at 90 - 95° with the bath at a temperature of 100 ~
1109. This sirup was remethylated according 1o the above
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method. After isolating the sirup from this second methyl-
ation a third methylation was applied. PFor this purpose

the sirup wus dissolved in 25 grams of methyl iodide and
13.5 grams of freshly prepared silver oxide added in small
portiona. After addition of sll of the silver oxide the mix-
ture was refluxed for 16 hours. The methyl lodide was then
distilled off and the residue extracted with three 100 ce
portions of ether, After removal of the ether the remaining
girup was distilled at a2 ptéssaz& of less than one milli-
meter. Most of the ligunid distilled at 85° with the bath at
100¢. The distillate was & clear and very mobile liquid;
yield 3 grams. The specific rotation in chloroform was

= = 18.8°9. In methanol the rotation

Arregon recorded

g;g7§§ -~ 31.59 in methanol (78).

Preparation of Tetramethyl~l-sorbose

Thirty grams of tetramethyl-(G-methyl-l-sorboside at
10% concentration were hydrolyzed for one and one-~half hours
fin,zﬁ hydroehloric ae&d;’ths~%emyazakara’baing-maiat&inmé at
950, On completion of the hydrolysis the gsolution was neu-
tralized with lead carbonate, filtered and extracted with
three 75 ce portions of chloroform. On evaporation of the

chioroform under reduced pressure the remaining sirup was
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distilled at a pressure of approximately one millimeter. The
sirup distilled at a bath tempersture of 125° to produce a
wumﬁ& yellow sirup of rather thieck consistency. This sirup

showed a rotation of Kmmwwm =
a7
D

= - 10.38° in chlo-

roform and + %’wmow% methanol. Arragon recorded (78)
e speoific rotation of Nmmwwm + 4,9°4n methanol.

Oxidation of Tetramethyl-l-sorbose

To 5 grams of tetramethyl-l-sorboge were added 38.5 co
of concentrated nitric acid (density, 1.42). The solution
wes heated carefully to 709, 4% this temperature vigorous
oxidation set in and the solution was removed from the heat-
ing bath for & few minutes to preveni the reaction from be-
coming too violent. After the initial reaction had subsided
the solution wag replaced in the heating bath and the tem~
perature raised carefully to 95°, and the solution kept at
this temperature for two hours. At the end of this time
reaction had ceased and a ¢lear light yellow solution re-
mained. The mixture was poured into three times its volume
of water and the excess nitric acld removed by dietilling
at 409 under 30 millimeters pressure. Water was added from
time to time and the distillation continued for six hours.
The svaporsation was further continued, replacing water by
methanol until one l1iter had distilled, after which the
liguid was taken to dryness. The product was esterified
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by gently refluxing in methanol for six hours, enough nitric
acid remaining to ocatalyze the reaction. When esterifioca-
tion was complete the nitriec acid was neutralized by silver
Q&f@@ﬁ&%3* The solution was evaporated to dryness and the
residue extracted with sther. Un evaporation of the ether a
light yellow sirup remained which was distilled at sbout one
millimeter pressure to give two fractionms. The first frac-
‘ﬁzaa distilled at 130-135° and weighed 2.1 grams; the second
fraction distilled at 125-~136° and weighed 0.4 grams. The

first fraction showed a speocific rotation in chloroform of

5¢— = * 31.4°. A micro rotation of some pre-
pared suthentic dimethyl-dextro-dimethoxysuceinic ester gave
[ZJ% + 39.1° 1n chloroform.

Preparation of Dextro-
‘ Dimetboxysuccinamide and Dextro-
Dimethoxysucecinomethylamide from Nitrie Acid Oxidation Pro-
duets

4 5.9 mg. sample of the light yellow sirup from the first
fraction was dissolved im 3 oo of dry methanol saturated at
0° with ammonia gas, On standing in the ice box over night,
long needles weighing 3.7 ng. praaﬁyitate& from the solution.
These aryatazs melted at 3709 and showed specific rotation
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Preparstion of
K -Methyl~l~sorbopyrancside Tetrancetate

To 4 grams %ftx;ﬁQ@BYlﬁéfﬁﬁrkésiﬁﬁ dissolved in 35 ce.
of dry pyridine were added 13 oec. of acetic anhydride. _
After standing over n&gh& the mixture was poured into 500
co. of ice water and extracted twice with Y5 oo. portions
of ochloroform. The combined extract was washed successively
with sodium bisulfate solution, sodium bicarbonate solution,
and water. The chloroform exiract was dried over sodium sul-
fate and the chloroform removed under diminiehed pressure.
The sirup was orystallized from aleohol; yield 3.9 grams.

The malting point was 88° and the specific optiecal retation

in chloroform was [;;733 ~-53 .49, Arragon

reported {70) for this 6@m§ﬁﬁaﬁ a melting point of 88° and
a specific optical rotation of Z?E?%’ ~ 51.8 in methanol,

Preparation of
o/-~Hethyl-l~-sorbopyranoside Tetrabenzoate

Pight grams of L-methyl-l-sorboside were dissolved in
30 ece. of dry pyridine and to the cold solution were care-
fully added with stirring 24 co. of bemzoyl chloride with
80 ce. of dry chloreform. The mixbure was cooled in ice for
one hour and then allowed to stand at room temperature over

night. The mixture was poured into 500 co. of ice water and
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the solution extracted with twe 60 co. portions of chlore-
form, The chloroform exiracis were combined and washed with
cold 5% hydrochloric acid, sodium bioarbonate solution and
water. The chloroform was dried over sodium sulfate and then
evaporated at reduced pressure. The remaining sirup was
taken up in hot s%kﬁn@l* On cooling in ice a thick light
yellow sirup separated. This sirup was washed with cold
ethanel and then ice water. On etirring in ice water the
sirup erystallized yielding 14 grams of orystals which were
_not very pure. These orystals did not reduce Fehling's so-
lution and showed an optical rotation of gg_yg& 6.96° in
chloroform. The erystals were taken up 1n alcohol and the
solution evaporated. After 2 time orystals separated.
These, after being washed well with alcohol and dried,
melted at 137° and showed an optical rotation of [;§7§? =
+15.3% in chloroform.

nalysig: galed. for Ggéﬁgy'(@fms}: ﬁﬁﬁs§ 5.08.
Sample: 10.044 mg., 0.960 ceo. of 0.1000 H. NaySy0s.

Attempted Demethylation of

noside Tetraacetate

CLLﬁﬁthrlfaréarhapyr;

One gram of -(-methyl-l~-sorbopyranoside was dissolved
in 50 ce. of cold acetyl chloride which had been previously
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from norite. On evaporation 2 grams of crystals separated.
These, after one recrystallization from alcohol, melted at
81% and showed an optical rotation ﬂf Z;§7§5 - 50.59,

Hence, .[-methyl-l-sorbopyranoside tetraacetate was recovered.

Rate of Formation of
A=¥ethyl-l-sorbopyranoside

When the rate of formation of [-methyl-l-sorboside in
methanol solution was studied, it was found that glycoside
formation proceeded much faster than was expected.

A quantity of sorbose was shaken for several minutes
with dry methanol. After some of the sugar had been dig-
solved 13.5 ce. of the methanol solution were placed in a
35 ¢o. volumetric flask, The flask was then filled to the
mark with dry methanol containing 1% hydrogen chloride. The
flask was shaken vigorously and a portion of the solution
placed in & two decimeter polarimetric tube. The rotary
changes obeerved are recorded in Table iIi; The graphic
illustration of the mutarotation is shown in Figure 1. The

reaction was essentially compléte in four hours.
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Table I11
Rate of Formation of o@ﬁathylm;gsaxmpyrmfs&ée

Zero time taken at the point of mixing the sorbose solution
with the methanol containing 1% hydrogen chloride.

10 0.35
15 * 0.37
20 * 0.38
27 0.40
85 * 0.43

2 hrs. 0.850
5.5 % 0.54
8.6 % 0.5B
34 ¢ 0.58
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ing completed in less than 24 hours. In the second test an
aoid concentration 0.102 normel in hydrochloric acid was em~
ployed. As evidenced from Table IV the hydrolysis was com-
plete in 9-10 days. In the third test 0.015 normal acid was
employed. The hydrolysis apparently required 30-31 days for
completion {Table IV). The plot of this curve is shown in
Figure 1. The end point was made somewhat indefinite due to
mold growth which became noticeable after 28 daye. Assuming
the hydrolysis to be a first order reaction the velocity
constant K for this last case was calculsted by means of the
well-known kinetie equation K-ﬁ.§4§§§ﬁleg-?_iew *+ The aver-
age velocity constant K was found to be 0.049 when {time was
taken in days. The period for half hydrolysies was then cal-
culated to be ¢ %*“s%f%%%*”’i4*3 days.

Rate of Formation of L~Ethyl-l-serbopyranoside

During the study of Fischer's method (68) for glycoside
formation with relation to l-sorbose it was observed that a
solution of thie sugar in ethanol underwent an éptieal TO-
tary change analogous to the change occuring during the for-
mation of «-methyl-l-sorboside in methanol.

A guantity of ethanol which had previously been dried
over sodium and distilled was saturated with pure l-sorbose.

To 13.5 eo. of this solution were added 12.5 ce. of & 1%



Table IV
Rate of Hydrolysis of-{-Methyl-l-sorbopyrancside
in Hydrochlorio Acld

Concentration of sorboside was 0.8 grams per 100 ceo. of
solution. Average temperature 300.
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solution of hydrogen ohloride in dry ethanol. The solutions
were thoroughly mixed and the opiical ggw»g cbeerved two
minutes after mixing. The mutarotation is shown in table ¥
and $1lustrated graphiecally in Figure 1. The reaction wes
essentially complete in four hours. The ¢lose similarity of
these changes as compared with the changes ocouring during
the formation of o{~methyl-l-sorboside suggested the forma-
tion of an ethyl sorboslide which would be of the alpha con-
figuration.

Rate of Bydrolysis of ~<(~Ethyl-l-sorbopyranoside

In order to further comparec(~ethyl-l-sorboside with
the corresponding methyl derivative, the rate of hydrolysis
in acid solution was studied. These optical changes were
followed polarimetriecally when the solution was contained in
8 two decimeter tube. In the first coee measurements were
made on a solution containing 0.270 grams of -(-ethyl~l-sor-
boside per 100 ce. of 0.1 normal hydrochloric acld. The re-
sults are recorded in Table VI where it is observed that
the hydrolysis was essentially ocomplete in 10 days.

In the second case measurements were made on a solution
econtaining 0.443 grams of L~ethyl-l-sorboside per 100 cc. of
0.01 normal hydrechlorie scid. The results as recorded in

Table VI indicated the reaction to be complete in about 30



Table ¥
Rate of Formation of JS-Ethyl-l-sorbopyrancside
Zero time taken at the point of mixing the sorbose solu~
tion with the ethanol containing hydrogen chloride.
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Table VI
Rate of Hydrolysis QfGl;E*hy1f%fﬁﬁzbay?f&ﬁﬁﬁiﬁ3
in Hydrochlorie Acid

“fime  :hoid %‘i‘ﬁiiﬂ%?iﬁ# 0.1:h010 ‘%ﬁéﬁ%i%y 6.01
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days. The true end point of the hydrolysis in this case was

somewhat uncertain due to mold growth which became noticeable
after 26-28 days. The data for the last case is shown graph~
ically in Pigure 1. The average velocity constant X for this
case was oaleoulated to be 0.043 when time was taken in days.

This gave 2 half period for hydrolysis of 16.1 days. It was
seen at once that the rate of hydrolysies of [(-ethyl-l-sorbo-

side was comparable to that for -(-methyl-l-sorboside.

Preparation of J~Ethyl-l-sorbopyranoside

Twenty grams of finely powdered dry sorbose were dis-
solved with shaking in 1500 ¢c. of ethanol which previously
had been dried with sodium and distilled. To this solution
were added 350 cc. of dry ethanol conteining 20 grams of
dry hydrogen chloride. The mixture at once became & light
pink in color. After standing for four hours the solution
was light amber im shade. A soluilon of 13 grams of sodium
and this mixture shaken

digsolved in dry ethsncl was added
for five minutes. Then carbon dioxlde was passed through
the solution for one hour. The solution was distilled under
reduced pressure at a temperature no higher than 50¢. The
residue was extracted repeatedly with boiling ethyl acetate
and ethanol. The solvents were removed from the combined
‘axtzaatﬁ by distilling under reduced pressure at 50°9. The
red sirupy residue was extracted with bolling ethyl acetate
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until only & brittle red gum remained. From the ethyl ace-
tate extracts there separated on coeling a floecoulent white
precipitate whioch did not reduce Fehling's solution; yield
10 grama. This material was dissolved in hot acetone and
filtered from norite. On cooling long needles separated,
whioch had & melting point of 114-1159, One recrystalliza-
tion from ethyl acetate raised the melting point to 115~

nalysis. Oaled. for CgHyq0g(0CgHg):

¢, 46.15; H 7.689; OCgHg, 31.63. Sample: 3.850 mg.;
€0y, 6.493 mg.; Hy0, 3.664 mg., Sample: 4.808 mg.;
cc. of 0.0896 N NayBy05, 1.40. Found: O, 45.98;
H, 7.70; 0CgHg, 21.77.

Preparation of {(-Ethyl-l-sorbopyranoside Tetraacetate

To 4 grems of (-ethyl-l-sorbopyrenoside dissolved in
25 cc. of dry pyridine were added 13 cc. of acetic anlydride.
After standing over night the mixzture was poured into 500 ce.
of ioe water and extraoted twice with 75-ce. portions of
chloroform. The combined extract was washed sucosssively

with sodiwn bisulfate solutlon, sodium bicarbonate solution,
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and water, The chloroform extract was dried over anlydrous
sodium sulfate, filtered and the chloroform removed under
diminished pressure. The sirup orystallized from 45% etha-
nol. The yield was 3 grams. The orystals had & melting
point of 74-750 am% showed an optical rotation in chloroform

lysis. OCalod. for CygH;o0g(0CoHg)

¢, 51.08; H 6.38; OCgHg, 11.96. Sample: 4.577 mg.;
C0g, 8.560 mg.; Hn0, 2.626 mg. Sample: 6,476 mg.;
cc. of 0.08868 ¥ RagB8303, 1.034. Found: ¢, 50.94;
H, 6.375; OGHg, 11.95.

Twenty grams of powdered -[-sorbose teiraacetate, 75
grame of freshly prepared siliver oxlde and 138 grams of
ethyl imi&éé were heated under reflux until reaoction began,
enough heat being generaied after the resction started to
maintein the soliution ot the bolling point. ¥When the reac~
tion subsided the solution was boiled for two and one-half
hours longer under reflux. At this time the ethyl iodide
was distlilled off and the residue extraocted with ether.

The ether wag removed under diminished pressure and the
residue taken up in hot petroleum ether (B.P. 30-490),
From this solution long needles orystallized. The yleld
was 14 grams. Recrystallisation from 45% ethanol produced
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fine, soft needles baving a meltiﬁg point of 74° and a spe-
cific optical rotation ai’12§7§§ - 54.8° in chloroform. No
lowering in méiking point waa‘sh@ﬁn when some of these
crystals were mixed with crystals obtained by the first
method . | . |

S8tudy of the (rystallization of l-Sorbose

In an attempt to isolate (~l-sorbose the crystalliza~
tion of sorbose from various solvents was studied.

Ten gramg of sorbose were dlssolved in 12 cc. of warm
concentrated ammonium hydroxide. When complete s@la%i@n of
the sugar was atitained 1&@ ec. of absolute ethanol were
added. In 2z short time crystals appeared. The solution
was then filtered Ey auction and the corystals washed with
absolute aleoohol and dried. The yield wos 8 grams. The op~-
tical rotation of j;g?gz - 42.5° (c, 2 in water) showed the
recovery ofsl-l-sorbose. |

To 5 grams of sorvose dissolved in 15 ce. of hot pyri-
dine were added 55 cc. of absolute aloohel. 1In four hours
the precipitated orystals were filtered, washed with absolute
aloohol and dried; yield 3.5 grams. ﬁ@taﬁi@a £§§7g5 - 43,10
{c, 4 in water).

To B grams of sorbose dissolved in 5 cc. of water and
~gooled to 09 were added 10 ce. of glacial acetic secid., On

standing a short time crystallization oocured. The crystals
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after washing with absolute ethanol and drying weighed 3

& solution of 5 grams of sorbose digsolved in 5 oo. of

groams. The rotation was

hot water was heated to 100° o. Then 10 co. of glacisl
acetic acid which had been heated to 100° were added with
vigorous stirring to the sorbose sirup. On cooling the
solution deposited 3 grems of crystale having an optical
rotation of wgs - 43.4 {c, 2 in water).

A small gquentity of pure sorbose oonfained in a test
tube was placed in an oil bath at 165-175%. In seven min-
utes the sugar melted completely to form an amber liguid.
The test tube was then removed from the bath and rotated
in such a way as to run the m&iﬁeﬁ sugar up on the walls
of the tube. It was then quiokly cooled in an sir blast
and a portion taken for an optiecal rotatory neasurement,
The rotation two minutes after solution in water was
Eggﬁ - 39.89; in 24 hours the reading became gcjgs.- 429,

This change in optical rotation was not sufficient to war-

rant any general sssumption regarding mutarotation. The

change might have indicated the production of & emall quan-
tity of ,(~1-sorbose, or it might have been caused by traces

of decomposition material.
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Preparation of a Cslcium Chloride Compound
of oL=1=Sorbose
Twenty grams of l-sorbose were dissolved in 25 eo, of
wari water and 18 grams of calcium chloride slowly sdded
with stirring. After effecting complete solution by stire
ring and heating on s hot~plate, the solution wes placed in
a desiceator over phosphorus pﬁﬁ%ﬁxiﬁa. In three weeks the
solution had turned to a thick mush of crystals. These
were stirred with absolute ethanol, flltered and gash@é free
from sirup with absclute ethanol. The yia;é of dry erystals
was 15 grems. The melting point was lﬁ?§ or 159° esrrs@t@é.
The aukﬁt&ﬂae melted with é&a§mggai§ianﬁ Reerystallization
by diegsolving in @3@%?‘&ﬁ§ slow goncentration of the sirup
in a desiceator produced fine crystals melting ot 1ﬁ§”‘
{corrected). The specific optical ra%aﬁﬁag(inrwaﬁer two
minutes after solution waﬁ‘z;i?gg = =1.80%100 = -24.2°.
‘ 2x4x0,9293
The compound underwent a small upward moterotation of about
0.3%. The mutarotation was complete in 15 minutes producing
" @ final rotation of ﬁjﬁi 23.9% as shown in Table VII.
| If it were sssumed that the suger component in the com-
pound C,H,,04 « CaCl, . 28H,U was unaltered structurally and
possessed the same specific rotation es pure sorbose, then
the value o< could have Dbeen caldulated. %ﬁkiﬁgﬁtﬁis assump-~

tion the value Of < us8 «2.50? was calculated for 1.3029 grams
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Table VI
Hutarotation of Sorbose~Calecium Chloride
Addition Compound in Water

Inttial
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Mean

~ 3¢.159 - 23.80
- 24.3 © - 23.90
~24.3 0 ~ 23.80
~24.3° - 24.01°
~ 34,2 © - 23.9°
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of the compound, containing 0.719 grams of sorbose. This
value was in good agreement with the observed value of
which was 2.529.

Ansliyeis. Caled. for CgHya0g + Cally -

3H,0: Ca, 13.25; O1, 21.73. Sample: 0.23229 g.;
16.75 ¢ec. of 0.08 ¥ KinO;.  sSample: 0.2100 g.;
0.1844 g. of AgCl. PFound: Oa, 13.10; €1, 31.74.

& second snd faster method was found for the prepara~
tion of the caloium ehleride addition compound of l-sorbose.
In this method a sirup wes prepared by dissolving 20 grams

of sorbose in 35 c..o0f hot water and addd

ng 18 grams of
caleium chloride. The sirup was then diluted with three
times its volume of absoluie ethanol and the mixture placed
in the 4iee box. On the addition of ether in small guanti-
ties & good precipitation of the addition compound soon &p-
pmm; The yield was 8 grams. The first crop of this
meterial showed 5 melting point of 159% (corrected). Ho
c¢change in melting point was observed on mixing this sub-
stanoe with the sddiilon compound prepared by the first
method. The optieal rotation was g:,d_?g? XY
- 24.39,
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Acetylation of the COaleium Chloride Addition
Gompound of (~1-Sorbose

To 4 grams of JL-l-sorbose-calcium chloride addition
compound dissolved in cc. of pyridine were added 80 co.
of acetie anhydride. The mixture was cooled in ice and
then placed in the ige box for itwo days. At the end of
this time the mixture was poured, with stirring, into one
liter of lce water and exiracted three times with 75 cc.
portions of chloroform. The combined extraot was washed
sugcessively with 5% hydrochloric acid, sodium bicarbonate
solution, and water. The ohloroform extract was dried
over anhydrous sodium sulfate and the chloroform removed
under diminished pressure. The sirup was crystallized
from ethanol. The yield was 1 gram. The melting point was
99° and no depression of melting point ocoured when the com-
pound was mized with authentic keto sorbose pentascetate.
Thus, this type of acetylatlion led to an open chain deriva-
tive.

Second Method

Four greme of the sorbose-caleium chloride double com-
pound were dissolved in 150 c¢. of acetic anhydride contain-
ing 1.5 grame of freshly fused zine chloride. After cooling

in ice this solution was placed in the ice box for two days.
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The solution was then poured into & 1iter of ice water and
extracted with three 75 co. portions of chloroform. The
combined extracts were washed with sodium bicarbonate snd
then water. After drying over sodium sulfete the chloroform
was removed under reduced pressure. The remaining sirup
erystalliged from ethanol yielding about one gram of orys-
tals. The melting polint was 98-89° and showed no depression
when the orystals #&xa~mﬁxaé with crystels of suthentic keto
sorbose pentaacetate. Thus, this method of acetylation also

led to the formation of an open ohain derivetive.

To 3 grame of theL-l-sorbose-caleium chloride addition
compound dissolved in 30 co. of oold pyridine there were
added at intervals and with constant ﬁ%ixzing‘& total of
30 cc. of acetic anlydride. The mixture was stirred in an
ice bath for four hours and then poured into s 1liter of
water and extracted with three 75 cc. portions of chloroform.
The chloroform extracts were oombined and weshed with sodium
bloarbonate solution and water. After drying over sodium
sulfate the ochloroform was removed under diminished pressure.
The sirup was taken up in ethanol. On standing 0.036 grems
of ecrystals appeared. Combined with authentic keto sorbose
pentaacetate some of these crystals showed 2 mixed melting
point of 970. The specific rotation was [L7/a° +1.6.
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Hence, this material was keto sorbose pentaacetate. The
remaining sirup was taken up in chloroform and filtered
from norite. On the addition of ether and petroleum sther
(BP 30~400) 1.404 grams of crystals were obitained. Their
melting point was 97°. Hixzed with suthentic keto sorbose
pentaacetate & melting point of BOO was found. When the
crystals were mixed with authentic (-l-sorbose tetrascetate
the melting point of the mixture was 97°. The specific op~
tieal rotation was [;Q?ﬁ? - 19.19, Henoe, by this process
of acetylation 8 good yield of /-]l-sorbose tetraacetate

was obtained. |

Preparation of l-Sorbose Thicaceial Pentaacetate

In 80 ¢o. of athyl mercaptan dried over drierite were
dissolved 8 grams of freshly fused zine chloride. To this
solution were added 15 grams of fresh drierite and 15 grams
grams of dry keto
sorbose pentaascetate were added and the solution cooled in

of anhydrous sodium sulfate. Then 13

ice. The mixture was &llowed to stand in the ice box for
one day. The solution was poured into 300 cec. of a satu~
rated solution of sodium bicarbonate and the precipitate
filtered off. The filtrate was extracted with three 50 ce.
portione of chloroform. The preeipitate was removed ta a
beaker and extracted twice with 500 co. portions of chloro-

kiezm. The combined chloroform extracts were dried over
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sodium salfa%a, filtered, snd the chloroform removed under
diminished pressure. 7To %%a’l% grame of residual sgirup pe~
troleum ether (B.P. 30-40°) was repestedly added and dis-
tilled to remove all traces of chloroform. The light yel-
low visoous eirup could not be made to eorysiallize. It
showed no reduction to Fehling'’s solution. The refractive |
index was Hp34 1.5030 and the specifio optical rotetion

‘ 3.582300 . = - 13.23° 45 chioroform. Muta-

rotation was aﬁﬁ ehsarvad. The sirup distilled in & pres-
sure of less than one millimeter and at a tempersture of
200°, The distillate was colored a ligﬁt yellow evidenoing
aameré&a@myasatian; After dissolving in ether and filter-
ing from norite the almost colorless distillate showed a
refractive index of Np®% 1.5050 and a specific optical rota-

tion of [L730 =

£ Caled. for (CgHgB)y CygHpa0yp:
8, 12.98. Sample: 0.00410 g.; 2.34 co. of 0.015 ¥
¥aOH. Found: 8, 13.7.

Five grams of the above mercaptalated sirup were dis-
solved in 20 co. of acetone and 10 g. of cadmium osrbonate
were added. The mixture was stirred in & three necked
flask by & strongly driven glass stirrer. Then 10 grame of

merouric ohloride dissolved in 14 cc. of acetone were



slowly aéﬁ%é, While the mixture was eontinually stirred

small quantities of ca'mlum carbonzte were added from time

to time. After one and & half hours the temperature of the
solutlon was raised to 40° for fifteen minutes. Then the
mixture was filtered and the precipltate waeshed with soe-
tone. The acetone filtrates were combined. After the sddi-
tion of fresh aaﬁ&inm carbonate, lhe acetone wes rewoved under
diminished pressure. The dry residus was extreeted with
chlorofori and th? chloreform aﬁtraat evaporated under reduced
pressures On the addition of ether tﬁﬂﬁhé r@ﬁiﬁg&, white
erystals melting at 98° were obtained. On mixing some of
these crystals with orystals of auth@ntia g§3§ sorbose pente-

acetrte the meltlng point remslned ab QSQ.

Preparation Qf %agﬁtritylﬁ;fﬁﬁrﬁmga

To B grams of sorbose dissolved in 30 ce. of dry pyri-
dine were added 8 grams of triﬁyi ﬂhlﬂri&e, ?ﬁ& mixtﬁra
was allowed to sband &t room temperabure over anlght. It was
then poured inte a liter of ice waler. ATter decanting the
water from the preeipitated sirup, the sirup was dissolved
in 75 ce. of ehloroform and the chlorofori sclution waghed
with 5% hydroehloric scid, sodium bicarbonate ond water.
The chloroform solution was dried @ver’ﬁaéiﬁm sulfate and

filtered from norite., On addling sleohol and evaporating
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1. L-Methyl-l-sorboside was con

?1@%@i¥‘ﬁ@ﬁh§1g§e& to

& pentamethyl derivative, which on hydrolysis of the glyco-
sidic methyl group ylelded a tetrsmethyl-l-sorbose

| z:g?gg + 4.95%)., The oxidation of this latter compound by
means of nitric scid resulted in the production of dextro-
dimethoxysucecinic scid. 7The isolation of this moid was |
taken as sufficient evidenos for the assumpiion of & normal
pyrancse structure in the tetramethyl-l-sorbose and, hence,
2lso in the parent compound (~-methyl-l-sorboside and ite

derivatives.

3. A~Hethyl-l-serbopyrancside tetrabenzoate was pre-
pared.

3, L~Bthyl«l~sorbopyranoside and -(-gthyl-l-sorbopyran-
‘oside tetrzacetate were prepared and cherscterized. By
neans of a series of well established reactions these com-
pounde were linked definitely to -L-methyl-l-sorbopyranoside,
thus proving the presence of a pyrancid ring in thelr strue-

tures.

4. The rates of formation snd the rates of hydrolysie
for «methyl-l-sorbepyrenoside and {~ethyl-l-sorbopyranoside
were dstermined.
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5. A oaleium chloride addition compound of (~l-sor-
bose was prepared and characterized.

8. A eirupy l-sorbose thioacetal pentancetate was

prepared from keto sorbose pentascetate.

7. 5 monotrityl and a monotosyl derivative of l-sor-

bose were prepared.
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