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geven species of bvacteris tried, 3acl. coli communc, Sact,

lactis serogenes, Bact. proteus, Bact. paratypihosum, Zect.

cloacee, Dact. typhosum, and 3taphyloCOCCuUsS pyogenes aureus,

all of which are glucose fermenters, orly Bect. clozcse
’
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Jordan dig ovhylated glucose witin thie production

of acid

€9

nd gase

Methylaved Glucoscs

Glucose may have the Following structures depending upon

the spacisl configurstion of the molecule:

EO\ A

Gy o> O o

x -d-glucose o«=l-glucose pA-i-glucose

It is sesen that we mighlt ftheoreticelly have methoxy groups
attackhed to carbons one o six on each oi the configurations
given, Irurthermore, we might nave &ll possible combinaticns

E Lr3

of two to five meinyl groups for sach cornfiguraticn, snd if

o

include the so-called y=-sugsrs (compounds in which the, oxidic

5 - - =-® ”~ - d - .
2 The recent paper of iirgt, Jour. Chem. 3oe.,, London 129:
350, 1926, irndicates thiat the ozide linkage of giucose snould

TS

be emylene oxidic<i,§>instead of butylene ozidio(i,%?as Shiowle
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- ¥ - I = s e G S T TRE kSN 3 - 2 T.d o
The media used in these investigatiovnge cere of fuo iinds:
o
Cne containirzg peptone, and the other coutaining no pepione,

end hence no caruton exceri the carvon ¢f the pectin or the

- p v e e
UCOSCSe L@y Were Lalde Uy as

o
C
l.

carbon of tne methylatie
foliows:

tedla with pegtone. ledia withoub peptone.
grs. sacto-penion 2 grs. emmonium enloride
STe HoHiiC, 2 £PSe K il
& eel.l,: indrades Indicultor 10 ce.l% indre

d
} £rS. peciin or sugaer $ grs. pecetin or suger
1300 cel.distilled vater 1000 ceo. distilled

GYH by

5

Tre media were adjusted to a pi 0of 7.0 o T.2 and tubed.
dJ r
In all of tre work, tweniy-Lfour hour gluccse-phosphate

aray slaznts were 1used for irocculzstiorn of the culiure wedia.

— & - +3 3 - - I S A, = R P
pevtone to see tnat the inocculzticns were positina

?
oy S A e 23 o < = et ame R oSa +93 mag 2N e .
{ Ve CrIGeuBlng TLOSEe UPrSanlis8is WnosSe ouTlimunm was 20 vC
? S ps} -
ey o~ N s A 2 _ —
o ve, 850 &Iy acll, £&5 Or Zuimnliiess Teccrted cac. S e
fog ) P (- v e e ~- - e P SRR X
Tre pectin, & very iure form, was cobitained Irom tie
) X >

™ Yy T el PUT NN P m~ 3 . pa T A e . v
Regearch Leboratories of tie Califorsnia Fruit {rovers L¥-

crange, and vas used as received. IT contzined, as reporied

Foas Yo 3 onm 3R - 3 yranyraed deas
by them, sluminum oxide as &ax impurisye.

reduecing suger which was Zound to be absent.
The netihod followed for the preparation of the 3-mono-

metiyl glucose wes essentielly that of Irvire and llogg (1914 .
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The resctions involvsd are:

acetone sodiun
A-G-glucose > = Gluzceione glj’*_cosg >}:§a saltd
% =01l gas {Frevdentery and Hixon)
(1323)

methyl
of dizcetone blucoge-——-——>-3-hoaome thyl Ciacetone glucose
iodice
dilute
Eﬂd CEOE.udaCno‘EH.CHCE.CﬁgOH
G
S-monomethyl glucose (I)

geid

The S-moromethyl glucose thus secured is realily soluble

in water, less so0 in nmethyl alcorol, and is very siparingly
’ of > pa 3

soluble in other organic solvents. It has a nmelbing point of

e

157-158° Co, and a rotation in water of :35.5 (Zipall. It
exhibits mutarotation. It was purified vy recrystalliza
from methyl alconol.

The preparatiocn of 1,2,Z,5~-tetramethyl glucose and 1,Z,
Z,5,5-pentamethyl glucose may be described btogether, sinee
they are formed in the same methylation yrocess. The method

of Hawvorith (1915} was used. The reaciior occurs as follows:

Ciiz; O dinethyl sulfate
o-G-glucose —3> A-uethyl glucoside - >
«25% HOL FalH

{Bourquelot 1915)

%:OCKSOG:OCHgOCHOCHszhOﬁ“OC“sOCEgecgg and

pentamethyl zlucose (II)

H0CH; «CHOC H;.uZCC:-.?Z.CHOCES.Cﬁzﬁﬁ

tetramethyl glucose (II1)
The methylated glucoses thus secursl arc syrups. foey

were repeatedly fracticnated for surification. They C¢id not
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reduce rekling's solutior.

13

soluvle in water,

[43]

The tetramethyl glucose {III) is

chlorofornm, methyl iodide end in common organic solvenis.
o}

(NN
¥
o
o
o

It khas a refractive index number ecusl to 1.458

ecual to l.158. I{ does not show rutarctation.
The pentamethyl glucose (II) is soluble in aleokol,

weter, acetone, ether, and methyl iodide. Indsex of refraction,

nd is equal to l.4454. IT nas the Tollowing rotations

+147.4° in water and +153.9° in alcohol. It does not show

nmotarotation.

Description of Orsanisnms

The orgarnisms of group I belong to the colon-~iypholid
group and were mainly of fecal origine. Tnose of Group II
were obtained from activeteld sludge from creanmery vwastes,
and Group III are organisms from miscellarncous sources. b
fTigures in parentheses indicate the mumber of sirains used.
411 cultures which attacked pectin and the methylated glucoses
were examined morpnologically and culturally to determine

-

trelr position in the classification of the colon-tyshoid

p.

group as glven by ¥Weldin and Levine (1823).
Group

Bacterium coli (4}, RBact. parasrunthali (2), Bacte

ot
»
[¢)
O
0]
[¢)
(o]
H
(o]
'
™
o
—art
-
vd)
o
(¢}
ot
[
(]
]
=
f\?
aaf
(2D
Q
St
-

communior (1), Bac

Bacte neapolitanum (L}, 2act. peeundoccloides (1), Bacte.

schafferi (4), Bact. vesiculosum {2}, Bact. aerogenes {9},

Bacte cloacze (7}, Bact. levans (3}, Bact. oxyiocum (15);




: EOrSe SRLIER

‘ mesentericus (1), S nvloccus aur

- 11 -
Sacte vul sris (6), Bact. zbortivoeguirum (2}, Zact. aerirycke

(l }, 3acle narat'Jhl {5}, Bact. flexmeri (6}, Bact. schoi-

mulleri {4), 3Sact. pullorum (5), Zact. morzani (2), Bact. g
enteritidis (3}, Bz t.su;p tifer (3), Bact. ambiguum {1},

Bacts bypki murium (1), Bact. dispar (1), Bacet. Typhi (2],

Bacte alkalescens (1), Bzct. senguinariun (2), Bacte anaiunm

{1}, Bact. pfaffii {1), Bact. jeffersonii (1), Zacte. retigeri

{1}, Bacte. shigae (1), Bact. rhizoscleromatis {1}, Bact. !

¥yiscosum {1), Bact. viscosunm serogenes il).

Group II

Bacillus albols ctus (2), Bs cereus {4), B. mesenterieus

{L], Z. paris,{2), B. mesatherium (1), 3. aterrzimus {1}, 3

niger (1), Bseudomonas myxogenes (1), rfseud. fluorescens {1},

Yseud., ovalis (2), zseud. pavonaces (J), Flavobacterium ovalis

{€), Flave. zcetylicum (2}, Flav. susveolens (3), Flav. zettnowi

{1}, Zlav. deciducsum {1}, Serratia rubids {2), Zer. rubrica

(2}, Ser. amyloruber (1), Bact. metalkalescens (1), Rhodo-

I3

coecus coralinus (1)

Saccharomyees sllinsoideus (2), Sace g2 iacae (1},

Torulza rosea (1), B. subtilis (2), B. sphaericus (1}, 3.
2

(D
—~
:,
s
chk
{0
ot
ry
*
€0
}—J
[&)
o
u
Ol

—

Ser. mareescens (3}, De 3u511ov is {1}, Fasteurclla cholera

cedilivarum (1), 2. aceto-elhylicus (2}, rssul. ¢yanogeres

pombe (1), fast. suisentica (1), Sarcina lutea (1), Lonilia

(&)}, Iseud. pyocyanea (£), iseud. fiuorescens (1), sac.

‘2
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variabilis (1), iicrococcus luteus {1}, B. mesenvericus fuscus

(1), Bact. abortus (1}, Hicr. flavescezs (1l).

The cultures wiick atitacked the pectin with the production

I=fe

of zeid and gas are the following, the numbers in parentheses

being the laboratory numvers of the cultures: Seven oul of

thirieen strairns of Zacts. oxytocum (305, 369, 499, 139, 261,

259, 27C); four out of nine strains of Ract. aerogenes (117

5

8C, 256, 257); two out of two strains of Bact. viscosum aer-

ogenes (248, 298}; and two out of two strains of 3act. aceto-

_ethylicus {172, 173). Gerden soil and manure produced acid
and no gas, and garden so0il produced gwrniness in both media.
411 other cultures of Grousns 1 to 3 failed to attack pectin
with the production of acid, gas or sumniness. There wasg nc

difference between the two media, i. e., no culiure produced

acid or gas in tike syntl

ctic non-perstone medium which did

I3

not produce 1t in the peptone medium, ané vice versae.

4 larger variety of cultures sroduced acid and gas Ifrom

[
5
(¢
w\
1
B
(o}
18
Q
t3
o
|3
<}
~
@,
£
[¢]
Q
[ 5]
[¢)
-
»3
s
(¢4
ot
4
par’
o)
t-.
(¢
)
2
e
M
g
§
ot
<O
(2
[ 2]
L))
<3
(]
3
1)}
st
s
o)
w

three strains of 3Zagh, lewaxs {(238); one cut of fourteen
strains of Jactf. oxviecum (499); one sirsin of Zeoght. peeundo-

coloides (£36]; and cne out of nine straiuns of Bact. aerogenes

{268)« Ianure gave acid and gus, bub garden scil gave acid
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by any of the cultures of Grouvs 1, Z, or ¢ with ithe production

LAl A 4 Leaae ead verd d2lm e s o = 7 ey 3 - 3 et
of acid and gose Ti:e test with mepure was inderinite, a sligh

produced with a bubble of gas.
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genus Lscherichis o0f the genus Bacterium, groduced acild ox
gas from the pectin. It was to De expected that organisms

digesting pectin would be found in ths soil, siznce the rotiting

igain, it is evident that only trhose organisms occurring

—mouomethyl-

()‘.

comnonly in the soill are capable of attacking
glucose witnh the zro@uctiorn of acid and gas. It was expected
that very few organisms, if sny, would be able to touch the
tetrametnyl and pentémetn‘l glucoses. Iz these two sugar

vie nydroxyl groups are protecied by methyl groups, and this

varallels the cellulose molecule in which hydroxyl groups

~

- are presumzbly bound in ether linkages. It seems, therefore,

. that those organisms of the colon-%

. vigorous Termenters of

e

0

[43]

ose

, are unable to attack methyl-

&
[

- ated glucoses when the number of methyl grou.s hecomes larzce
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It is interesiing to specwlete just how the number and

the Cigesting ability of the organisms. It iIs nozed to maie

Conclusions

1. Pectin and the methylated glucoces tried were not
digested with the productior of acid or gas Dy those member
of the colonm-typhoid group commonliy found in fecese.

2. The organisms atiacking pectin and S-momomethyl glu-
cose with the producticn of acid and gas vere those generally
associated with the soil.

Se Zectin and tre methylated glucoses tried were not
Gigested with the production of acid or gas by organisms
isolated Tfrom the activated sludge of creamery wastes.

4. £11 of the members of the colom-tychoid group iested
vere ;ncapable of digesting 1, 2, &, 5-betraweéhyl glucose
and 1, 2, ¢, &, t-pentamethyl glucose.

5o Bacte scrotmuileri, Bact. aeriryclke and other closcly

related forms can not be differentiated on the Dasls of the
digestvion of pectin and iize meinylated glucoses used.
Go Iv 13 suggested that an agar nmedium conkaining only

J-nonomethyl gluecse may be useiuwl Ffor the isolation of Bacthe

cloacac.
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Introluction

The mein difficuldy iIn the study of carbohylraites is the
preparation of definite derivaetives, the nreparation of the

desired derivatives being rentered more difficuli due to the

apparently equal reactivity of the verious hydroxyl sroupse.
In recent years, alvantage has been taken of the formatiocn

of acetal compounds with aldenyles and kelomes or muzzliing
certein grourings and leaving otihers Ifree Tor chemical sSTuCye.

study of Schiff (183%8), but

(‘.)

These compounds date from it
their application for the purpose indicated is the work of
Figseher, Irvine, Freudenberg, Levene and others, using zrim-

arily the acetone hexosese. The scoze of such work is limited

These unions vary greatly in stabllity. The camphior
glucose 1s hyérolyzeld by water (Schiff, 1888, Ig. 21}, the
acetone gilucese is stable to concentrated clkalies, btub is
hydrolyzed bty extiremely Gilute aeils. The chloral lacose
is so stable to aecids (Fictet and Reichel, 13825, page 625)
that 1t can be oxidized with the loss of carbon dioxide o a
ventose with concentrated nitric acid, the derivative still
retaining the chloral groupe. DBeczuse of this stability, it
was concluded in the older litereture that the chloral deriv-

-

atives must have tie exlcrel group joined to the sugar by a
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carbon to .carbon linkege. Irom other studies in

, 1T seemed probable that

oy
the chloral condensation sarslleled that of tue

idence of the s

-xylochloralose is wresented in this paper.

¢

Historical Survey

Two crystalline chloral derivatives of glu
rezorted by Heflter (1883) but vere znot

[¥3
H
|..J
(U]
o
(o
*

)
c

stulied by eun

the various carbohydrat

derivatives of
{19C9) and by Hanriot
and formula I proposed for beita-glucochlorolose

bete-xyloechlorglose. These the form

-t

1 Tor

such handbooks as Meyer and Jacobson, Tollens,

JE A A
o—gZox 0—GZ0H  0—g—0
}: 16 -CH
i o | B
¢——C-CCLs

0130-9-—0 -0E  01,0-G—&-0E

E HG-0H 8-0E  #G-0H H
EG-OH X HC~0H
= =
I I1 . 11T
ﬁ-blucoch_o“alose ﬁ- xylochlore
ose

p-‘ riucochloralose

Trhe position of the oxygen linkage was changed

Folorowski {1894) ag sktomm in formvla III.

R
il S3

of stereo~isomsrism in group of compownds

-

by l. Combes during the realing of Harriotv and

this was not the case,

Tne possid

this labora-

other carbony

tructure of p-gluccchloraiose and

fanriot
papers)

P T e
cnd formula

ulas

givenr in

-glucocnloralose

by Petit and
ities

uere sugsested

Lo L]

Richet's (1893)
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paper. Guite recently, Pictet and Zeichel (13n3) have obtained
alpha-glucochlorzlose and peta-glucockhlorclose by the addition
of chioral to levo-glucosen and glucosan respectively, and they
.

sdvance formule IV for the beta-glucochlorclose. Tuis is the

formula given by Pringsheim (1925].

Discussion of Structure of 3eva-glucochloralose

—

-

Since chloralose, beta-chlcralose and all treir derivatives
contain the three chlorine atoms of the cihloral, it is evident
that the chloral unites by its aldehylie group with glucose, and

that the chloralose has included the group >C—CCls. On the

¢ combine with kytroxylamine and phenylhy&rézine, and the
resistance to nydrogenztion point To the facet thiat chloralose
com;ounds do not contain the Iree aldehyde sroup of ithe gluecse
nor of tne cklorslose. Toe two allenylde groups of chlorzl and

of glucose heve therefore been modified in this union.

»

Thig fact was recogunized by Zanriot and co-workers {1893,¢)

but they conld not reconcile the stebility and the volatility of
& J

O

E S

the chloralose with a structurs showing the compound as an ether
of glucose, and for this reacon sssigned it the carbon to carbon
linkaze shown in formuls I. This siructure, however, seems out
of the questicn since the ethylene oxide union weould mot be
étable to acids and the condensation of
would bear ro analogy with Fiscrer's conelusions on such conden-

> 2

sations of aldehydes and ketones with the carbohydrates.




- acid that is secured by oxidation of beta-xylocliloralose, and

. the aeid formed still conteins the axhydric oxygen.

| thought thau glucose and chlorel first formed an addition product

Reichel, tke glucosan alds to the chlorel, breaking easily the

- 20

Beba-chloralose forms & icira-substitutsd ester, and even
hough Hanriot and Richet employeld a great excess of acid cihloride
and, in addition, zine chlorile, they were unable to secure a
pento-substituted estere This fact renters & Zormula suen as

tlat represented by formula V as very improvabvle.
H C=2

g -glucocrloralose

Furthermore, the anhydric oxygen is not located on carbons 5 or 6

for, on oxidation, the CH,0H-CHOE is destroyed, giving the same

RO R~

b

rrevicus to the work of rictet and Neichel (1923) it vas

-

wiich Tinally lost a molecuie of water, bult thece authors showel

ek
o~
)
ot
ck
oy
[
1 43]
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ation is no longer supuorted when they rre-
pared the two chlo raloses {d :.ndp by the direct adcdition of
chloral to the two anhydrides of glucose: i.e., giucosan and
levo-giucosan. :According to the conmclusions of Pictet and

ethylene oxide ring whick it contains. This is shown as follows:

RSN .
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- of tils

- glucochlorelose toward oxidicing agzert

tonm
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Vi

- Glucosan ' B-glucociloralose

scems more probable that the exitraordinary sicbility

particular acetal linkage is induced by the negativity

of txre three chlorine atoms of the chloral regsidue. This

- assumption is supported by the asction of hydrogenated beta-

"o 1T the c¢hlorine

)]
w
R

-t

are replaced vy hydrogen by the aciion of amalgam, the

Py

is weakened, and vien two chlorine ztoms are remnoved

{so-celled bidechloroglucochloraloses), treatment with concen-

1l only

and the

treated

trated nivric acid produces aponrecisble guerntities of saccharic
acid, the crloral group having been hydrolyzed off, uribermore,

one chlorine atom is removed in bDeta-galactocilorslose,
resulting compound (&ecnlorogalactochleraslose) is

with concentrated nitric acid, mucic zcid is obiained

as the princival zroduct.

With thne assumplbion that unusuel valences are responsible

o

i -
‘for the

| 1)

the zeane

stability of the chioraloses, the chloral condensation,

A

rom analogy with the acetore reaction, may be considered as

£

J]

dee o ERK) £t o - 2N e A s .
type of reaction, and tie Tormulae considered az shown

U

in formulaoe VII and Viil.

the formula as here given (VII) would zmot allow ihe formation




e e A e A v s e =

- 22 -

O N/-LL -
l L’
:u——u*—C—uClz

- C‘-v
FeR L 2 V3

t'\
Th_OW
-

La =1
8, OF
: ¥IX VILIT
@-slucochloralose (°-xzylochloralose

of a tetra-substituted chloralose, and 1t is necessary tc show

the possibilities of keto-enol isomerism in ordsr to account for

these well-defined tetra-acesates and tet“a- enzoates. That there

is a possibility of this isomerism is showm by the pioneer work

- of Lobry de Bruyn and van Bkenstein {1896 and 7) in vhich it was

shown that if glucose is placed in water with a little sodiuvm

- hydroxzide, vraces of fructose and mannose are found, and if
fructose is placed in wafer, glucose anl mannose can be found.

. Corroboration is given by the recent work of V. Lee Lewis ané

co-workers (1926), in which the presence of a relatively stable

- enollic compound was demonsirated in the eguilibrium mixiure

during the interconversion of normal tetramethyl glucose to

normal tetramethyl marnose. This common enol Fform is vpresent

to the exbent of 34%. . This reaction mey be written
E OH g1 ‘;
X/ / /h
G ;—0’ .C-ub
EG-0CH; HG-0CE 5C-0CH,
Crz;0-CH —_— CH,0-GH > CH3O-Cn
5 G —_ *r - 1—-;'1 -
CH A0-0E : EC-CE
E(C-0CH, HC-CCH, EC-0CE,
CH,OCE, CE,OCH, Cx,0CH,
Tetramethyl glucose ' Common monomethyl

ens-diol
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= et
czzsc_ﬁ'ﬁ. : 0E 4 0-GE
H50-CE -_— c}:so-\é::
EC-OE HG
HU-0CH HC-CCE,
; H,OCH; CH,OCE,

Tetramethyl mannose
¢ The reaction, then, for the Tormation of the beba-gluco-

©

ckloralose can ve written showing the intermediste formaiion

} of an enol Torm.

o8 H-o>c oo,

T

-Vt
o4z +CCL,CHO —HO-CE &
TG0 He-0F
HG-0H HC-0H
¥, 0H A CH, 0K

Ix
 Butylene-  Aldehyde Enol Zrol form
oxide form form fornm

o« -G-zlucose /9~glucochloralose
t The enol Torm (IX) would then give a tetrasubsitituted benzoyl

or acetyl derivative. IT{ would be in ecguilibvrium with the

(¢

| keto form as follows:

b -~ .

G
HC-CH — H0-CH

bE

&

A - -
HE-0H SO
E0-0E , Ei’ }+1
H,0H CH.OH
X
enol form keto form

It eppears from the fact that in most cases tetra-benzoyl
and tetra-acetyl compounds have been obbained that the enol

form is the stable form. Under the correct conditioms i%




- 24 -

i

in fact, not

1 7]

'should be possible to get tri-substituted ester
ﬁon_y hes a tri-benzoyl beta-gzlactochloralose been described
(Hanriot and Richet, 1896,b), but also it has been imuossibdle

to obtain the corresponding tetrabenzoyl derivatives.

Jutline of ZResearch

-

The present researcn was underitzken with the view of showing

that the chloral condensation is enalogous to the acetone con-

‘denzstion in that the aldenryfe furetions of bolh sugar and alde-

<k
o
[¢)
i\;
[
o
&
‘—.l

inkages were nol formed., It was believed that the
methylation process offered the best means of deiermining whether
this was true, and it was ﬁoped to carry cut the resctioms repre-
' sented by tihe scheme:

1,2-monochloral gluecose {beta-glucochlorslose) (XI)

1250,

Ha
taCH

{
pant !

=1

+

z 3,5,6-trimethyl-1,2-monochloral glucose

- b
>

Hg amalganm

)

it
s

345,6=-trimethyl bidechlorobetagluecochloralose (XIII)
H,30,
; 5,5,6-~trinethyl glucose {(XIV)

(The resctions are writien out in full as follows:

‘hyde are lost with the formation of ether linkeges and thet carbon
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0——0-0nE 501
aC QYT Es
HO-GH {CE: )5S0,
CE TalE
HEC-CH XI1
CE,OH
i1
- beta-glucochnloralose trimethyl beta-glucochloralose
o .
‘ ' /.t
Ny o1 & ~-CH
G- o >0-0F HC-CH
fae-Eg C“EO-GB I,50, 0~ CF
alkaiine CH - , ‘r
EC OCH; EC-0CH;
iz OCE, CH, 00k,
XIIT o XIv
trimethyl bidechloro-betaglucochlorziose 9,5,6~-trimethyl
glucose

BExmerimental Pard

Preparation of Beta-gluecochloralose {XI)

The method essentially followed was thet of Ross ané Fayne

{1223) who stirred cotton or glucose into & mizture of chloral

 hydrate and concentrated sulfuric aci& contuined in a beaker

| cooled with snow. After mirture, the mass vas allowed to stand

Tor twelve hours, and the liguid poured into a large volume
of water. The mixture of dichloral glucoses segarated oub.
“re Tiltvrate was bdilea on the steam bath and precipitated
the beva-chnioralose. It was fourd in cur work that the yield
;0% beta-chloralose can be izacrezced if the mixture is zot

allowed to stand over six hourse. It is probatle that the

ipt

monoechloral glucose is formeld first: the condenmsaticn with a
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second molecule of chloral then taking plzce. Tnls is vorme

= ‘ : S k3 ) °
out by the fact that a dickhloral glucose {(mep. 268 )

. by Ross and Payne was prepared in ithls laboratory by Treating

beta-chloralose with chiorzl hylrate and sulphuric scid, a

preparation which is cozntrary to the conclusion of these

aubhors {ibid, pe 2368), who express the opinion that ihe mono-

chloralglucoses have four Iree hydroxyls which points to zaldol
cordensation; while the dichloral glucoses po%éss but cne free
hydroxyl, thus indicating acetal ccocubensation throughout.

Therefore, "monochloral glucoses could not give rise to dichlowel

 glucoses by condensation with a second mole of chlorsl',

Methylation of Beta-glucockloralose (XII)

Zeta-glucochloreslose was methylated by the use of dimethyl

i sutfste and sodium hydroxide. HRowever, because of thwe inszolu-

ility of the beta-glucccizlorslese, the method as originaily

- worked ocut by Faworith {1913} was greatly changed. Therefore,

1

a deteiled descripticon of the preparation will be given.

Five grams of the beta-glucoenloralose, very finely powdered,

are placed in 2 round-vottomed flask eguipped with a Hopkins

condenser and mechanical stirrer. UOne hundred cublce centimet

of dimethyl sulfate are 2d0ded, the fempersture brought upy to
55-60° and the mixture rred until tkhe most ¢f ihe beta-
glucoechloralose has gome into soclutior. Solid, powlered sodium

hydroxide is added in small armcounts while stirring exnd as the

pnixture becomes Hoc thick for stirring some distilled water is
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added., Tre addition of the sodium hydroxidc 1s cerrisd oud
until the reaction becomes alkaline. 7Tne solution is cooled,
and exiracted repeatedly with crloroform, which extract is
dried over caleiunm oxide, and the chloreform then taien off

roform resicue consists of

O

under reduced pressurc. The chl
a syrup which is vaken up in pure methyl alconol snd Tiltered
from gny insoluble meterial {probably incompletely methylated
chloralose). Veter is added cautiously o the methyl slcohol
filtrete un™il it is cloudy, and on standing a woive floceulentt

nrecipitate setitles ouve “his may be Liltered, teken up azain
B (3 s i hd

in petrolic etker, filtereld from any insoluble residee, evapo-

cauticusly by the addition of water. The crysizls show a melting
. o . . N
point of 109-1C9.5  ({(uwnecorz.), are soluble in most of ithe common

organic solvents and are obtzined in yields of from 30-355. The
arealysis showed them to bve the trimethyl beta-glucochlorelose:

fnalysis. Calce. for C,, K ;0,01z: Cl, 30.26. Found 30445,

Comparison of the perceat chlorine of trimethyl beva-glucochlor-
alose with other metnyl derivatives is glven in Taeble I. The
chlorine content of the trimetnyl derivative just mentioned

Giffers greatly from that of any other methylated compounds,

L




Table I
Percent Chlorine in KMethylateld Chlorzlose Derivatives
: : t
: lame oI Derivative : Zereent C :
: Beta-glucockloralose ; Sk e O% :
: Dimetnyl chlorelose : 31.52  :
; ¥onomethyl chlorslose ; OZ «88 ;
: Trimethyl dechloralose : 22.37  :
: TRINETEYL BETA-GLUCOCHLORILOSE 50.25
; Tetremethyl chloralose ; 29410 ;
; Tetramethyl Gechloralose ; 21 .41 ;
: metramethyl metuyl dechlorslose 25.42
: Trimethyl metayl chlorslose .41

The trimethyl beta -glucochlorulose shewed little or no
 rotation in methyl aleorol (Conce =2.2%) in 2 decimeter tube.
The crystels are soluble in hot water, glaciasl acetvic acid, and

ethyl acetate.

Lydrogenation of Trimethyl Beta-glucockloralose

The hydrogernation of the irimethyl bvetz-glucochlorzlose
wes carried ouv with sodium-mercury amalgam in'a manuer essentially
that of Zarriot and Xling (1911 and 1913). The reaction was
carried cut in an alxaline solution 50 as to avoid any hydrolysis
of pertiaslly or completely dechlorinated compounls. Sueh compounds

undoubtedly would hylrelyze very rezdily, even when only a small

v 9 ———e
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anount of ac¢id is present. This would apply especislly Lo ikt

solution was kept alkalire during trhe relucticn. This dechlor-
ination was carried out at a temuerature of around 50° for about

four hours, two grams of trimethyl beta- ?ucocclov" ose being

P

. decnlorinated at a time. The alksline solution was filtere

from the mercury, and neuvtralized with swlivrie acid, toking

care to keep the solution sligkily alkeline. This solufion

. was exiracted with ether, and ozn evaporation of itxae etuer, a-

- small amouat of cerystals was obtained, mep. 165—60, for wiiich a
so@lum fusion showed no chlorine present. They &id not reduce

Fehlings or alkaline potassiun permanganate and were very siowly

il
P J

- soluble in water , methyl alcohol, ether, agiel acetic zeid,

ol
&

[0}
i

and were guickly soluble in ethyl acetate, ehloroform and petrolic
ether. The quaﬁtity was toc small for analysis, bulb the crystals
were believed to be trimethyl glucochloralose with ell three
chlorine atoms replaeed by hydrogen {or 3,5,6-btrimethyl 1,2-2cetal
glucose . Eydrolysis with diluie sulfuric scil gave & syrup

which had characteristics indicative o0 3,5,8-trimethyl slucose.

by ol O

3

-

Along with the crysitals just described wes obitained & small

amount of syrur, imsoluble in water, but soluble in ether, meihyl

|
ialcohol gnd chloroforme. The syruyn contained chlprire, and the
|
1
t

: .
vWould be cslied 3,5,6-trimethyl tridechloro-betagiuecochloralose,
iscecording o the olier umsatisfaciory nomenclaturc.

e ———r vt £ 5 T
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' It distilled under nigh vocuun, uwsirng Pregl's micro methoeld

{(191%, pe 179) tc give & colorless syrup, still containing
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 syrup, having the charscieristics of 3,5,6-trimethyl glucose.

This syrup is pelieved to be & mixziture of trimethyl dechlcero-

betaglucocrlorelose and trimethyl bi&°GulO“Obet slucochloralose.

Isoxation of 3,5,6-Trimethyl Glucose (XIV)

p;

The sclutiocn, efter reluction, was neutralized with sul-

 furic aecid, and extracted with ether. The residue syrup leid

- on evaporabtion of the ether was vreated with watver, and any

5,5,6~trimethy)l glucose present dissolved, lesving partially

decnlorinated methyleteld veta-glucochloraloses. Additicnal

leaving a slightly colored syrup, which conm “e distilled, using

- e -
~ 00 K] SRR | 4 DL JEL Y S, R 3% AR aes
rreglts micro method, 2t 13C-L4G (parsiiin bath temperature)
> Oy o - PO Y b -4 3
end Q.4 mme pressure, & colorle syrup being oviained. 4

Levene end Feyer (1926; state the rotatiuvn of 3,5,6-trimethyl

glucose ¢ be -8 o -1l ; Levene axnd lleyer (1921) give it as




. . . oy O s o -
iratterson {1922) give it as =04 «3  (ethyl clconol) and -13.7

- he ] o

4

the only tri vl glucose so far described in the literature,
whiekh hag a negetive rotation. L micro wube with a small Gbore

doubtedly some error vas introduced due tc this fact.

The syrup reduces Fenlings solution but not in the cold,

jand elkeline potassium permangenate very strongly in the cold.

-

Levene and Meyer, (1928) state that it should mot do this if

absolutely pure. It gives & dark green solution and precipitate

e oreinol test; Levene axnd ileyer (1926) revort a dark bvlue

tion end precipivate but do rot give directions Ifor meking

ests It was very soluble in metihyl alcechiol and ckrlorofeorm

, - ., ~ 0 o
ess soluble in weter. 4in Osazone (m.pe 1G3-4 |} has bsen

~

deseribed by Cramer and Cox {1922} for 3,5,6-trimethyl glucose,

1%
| i
0
B
)
1]
)
n
e
<D
c{-
%]

not been obizined due to small ryields of the
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Migeellsneous Tests with Beta-glucochlorzlose

Treatment with Toluolsulfochloride

e et

The beta-glucochloralose, Tinely powdered, (one gram) and
the toluol sulfochloride (l.5 grams) were mizel in a large tesi-
tube and 20 cubic centimeters of pyridine were alded. The solids

went into solution very gquickly, ant considerable heat was devel-

-

oped. The test-tube and contents were kept ot 45-50°for 18 hours.

vater was gradually added and then in large anounts, but no pre-

5

cipitate or 0il of a sulfo-derivative was visible even vhen an

t egual volume of waier was added. On standing, the beta-giuco-
- ©Q &9 &

chloralose was obtained unchanged.

Treatment with thionyl chioride

o s . @ <
One=-hslf gram of beta-glucoechlorzalose (mepe 227 ), very

- finely powdered, was placed in & soil flask with 25 cubic cen-

timeters of dry thionyl chloride. It was then refluxed with
occasional shaking on 2 hot plate, moisture being excluded.

it the end of 45 ninutes, the bejs-glucochloralose hald gone cCoOm=-
pletely into solution. The refluxing was continued for a tobtal

of two hours, enG the yellow liguid evapor ated under reduced

pressure almost to dryness. The residue remaining was itaken up
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with eklcroform, which,on evaporation, left erystals having a

melting point of 190-2° ,organic in raturé, burning with a lum-
incus flame zné with a peculiar ofor. The crysials were wesh-
ed with ether. On svandéing, they decomnose giving off an odor

0f sulfur dioxicde.
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Treatment with chloral

Cne-half gram of beta-glucochloralose (meDe. 227°) was added
0 a mixture of ten grams of chnloral hydrate and ter cubic cent-
imeters of concentrated sulfuric acid in & beaker. The chlora-
lose went completely into solutior in fifteen minutes. It wes
| then allowed to stand at room temperature for sevexn hours, and
i then poured into 250 cubic certimeters of ice water. L white

- precipitate which formed was filtered, washed repeatedly with

each time with chloroform. Crysials melting at 262° were
. obtained. Ross ard Fayre (1923} report a dichloral glucose of
melting point 264° . It seems possible therefore, to prepare

& dichloral glucose from monochloral glucose (beta-glucochlora-

. 1ose .
Treatmenrnt with sulfuryl chloride

Cne gram of beta-chloralose and 20 cubic centimeters of

 pure sulfuryl chloride were placel in a soil flask, and refluxed

weluding moisture for a total of two hours. The beta-gluco-

Echloralose dissolved completely in aboub 15 minutes. Evepora-
gtion of the sulfuryl chloride by vacuum Gistillation zud treat-
; .

| ment of the residue with chloroform yielded crystals, waich

jwere not beta-glucochloralose, ard decomposed when moist.

weter, and repeatedly recrystallized from methyl alconol, washing
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Treatment with dry pyridine

One-half gram of beta-glucochloralbse was dissolved ir 2C
cubic centimeters of dry pyridine and refluxed for four hours.
Water was addel to the solution, but ro precipiﬁate was produced
until it had stood for some time. The precipitate was unchenged
beta-glucochlorelose. The Tfiltrate from the crysizls chowed n

reduection with Fehlings solution.

Treatment with zinc chloride
One gram of beta-gluco-chioralose, finely powdered, wes
intima%ely mixed with 5 grams of arhydrous zinc ckloride, and
placed in a drying oven at 100°for ten hours. The material was
very brown when removed, and considerable of the residue went
into solution ir water. Extraction of the water solution with

- chlorofornm gave crystals which were not further investigated.

Orcin-Hydrochloric Acid fest

in attempt was made, by the use of cclor tests, to deter-
. mine the possibility of identifying beta-glucochloralose from

: the different dichloral glucoses, since thelr solubilities are
évery near alike, and the melting point of one dichloral glucose
%is only two degrees less (225 C) than that o? beta~glucochlora-
lose (227°C).

ﬁ One porcelain spoonful (small spatula) of the subsiance
Ebeing tested wasg placed in a test-tube with one spoonful of

torein. Two cubic centimeters each of water and concentrated
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i hydrochloric acid were added, and the mixture immersed in &
 boiling water bath for five minutes, shaking continuously.
The color was observed, after cooling, by reflected light, and
; after ellowing the precipitate to settle. The tests were re-
peated several times, and@ the following resulis were alwayse
~ obtained:
Beta-glucochloralose {(mep. 227°C)
Pirkish yellow tinge with pink color most pronounced.
Substance in solution precipitates out on cooling.
Dichloral glucose (m.p. 225°C)
Faint pirk tinge but not nearly as distincet as the
color produced by the 264° dichlopal glucose. No flocculent
' precipitate.
Dichloral glucose (meD. 2643)
; Strong pink color. Clear liguid, no flocculent pre-
cipitate.

As carried out, the orcin-hydrochloric acid test does not

' offer a good means of distinguishing between the chloral glu-

%coses.
Resorcinol-Hydrochlorie Acid Test

This test, carried out as given above in the case of the
%orein test, will not offer a means of differentiating between

éthe chloral glucoses.
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Atgempt t0 prepare Beta-glucochlorzlose by
Method used in prepering Acetone Glucose

Cue hundred grams of chloral hydrate, 50 grams of glucose

and 500 cubic centimeiters of dry acetone wers placed in a ome

' 1liter pottle and tem dreps of concentrated sulfuric acid were

' added. The bottle was sealed and sheken intermittently for three
' weeks., The mixture was colorless. Fo alpha or beta-gluco-

chloralose were found present.

Fifty grams of giucose and 500 cubic centimeters of freshly

' distilled acetone were placed inm a lidter bottle with 100 granms

of freshly distilled echloral. Heabv was feveloped, ané the sol-
ution became dark-colored. Afjer shaking Por three weeks, the

contents were removed, btut no chloralose compounds were found.
Solubility Tests with Beta-gluco-chloralose

For convenience, the solubilities of beta-glucochloralose
are here tabulated.
Table II

Solubilities of Beta-glucoeunlorslose

*s 24
sy o0

: Solvent Cold : Hot

: Weber : Insoiuble $ Se.S0luble :
: Toluene : " : Insoluble  :
¢ Carbon tetracnloride ; u ; " ;
: Dimethyl sulfate .- . : Soluble .

P,
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Solvent

cold

Hot
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Petrolic ether
Ethyl acetate
Chloroform
Ritrcobengzene
Dichloroethylene
Tetrachloroethylene
Diethyl oxzalate
Primethylene glyecol
Hethyl iodide
Acetone

Thionyl chloride
Sulfuryl chloride
Fyridine
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Discussion of Results

The methylation prosgess as given is carried out in an acid

e

- medium until the Cimethyl sulfete is neutralized. 3By the use of

- s0lid seodium hydroxide at first, euhglat cn takes slotmly axd

- adéition of the water is avoidel. The process is necessarily

 gquite & violent means of methylation, which probebly accounts

| for the low w yields of trimethyl beta-glusochloralose.

| The Tormation of trimethyl glucose on reduction with
 sodium emalgenr was rether un°fnectea. ko more than two chlorine
_1at0ms were reporsed in the literature as being removed by the
Lamalgam. It was tc be sxzpected that 2 mivture of pertially
reduceld methylatel beta-glueochloraloses would be obibained.

It seems, therefore, from the experimental work that the
methylated glucochlorslose is stable fowerd hydrolyiic agents.
This stabilitv is lessened by removal of $wo or more chiorine
atoms, efver which the chloral residue can be hydrolyzed off,
issuming that the beta-glucochloralose contains the butylene
‘QAlQe ring, 1t seems probable that the cnloral group is joined

to the sugar residue on carbons 1 and 2 by oxygen linkages.
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Condensation of chloral with glucose takes place in &
%manner analogous to the corndensation of acetfone with giucose.
:The'condensation, assuming no shifting of linkages or grougs,
takes place on carbons 1 and 2 of the glucose, 3,5,6-ftrimethyl
;glucose being obtained on hydrolysis of the cnloral group.

The condensation should be represented by an acetal linke
age, and not by & carbonr o carbon linkage as given in p:evious
 formulae for beta-glucoechloralose.

| The formula best representing the siructure of beta-gluco-
chloralose is that shown by formula VII in the text of this
 thesis,

The possibility of Xketo-enol isomerism, indicatbing the

| presence of two forms of beta-glucochloralose, is suggested.

| A dichloral glucose can be prepared £rom o monochloral

glucose contrary to the views of Ross and Payne.

Inasmch as xylose has the same position in the penitose
%series as glucose holds in the hexose series, the counclusious
%here given apply to betaéxylochloralose and, therefoxre, the
%formdla best representing the structure of beta-xylochloralose
‘is that shown in formila VIII in the text of this thesis.

%The conclusions given for beta-glucochloralose must 2pply to

§the xylose derivative, since on oxidation of beta-glucochlor-

'alose with nitric aecid, the same chloralic acid is obtained as

éis prepared from beta-~=ylochloralose by oxidatiorn with suIfuriec

‘acid.

{
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