; Lb/é,»/é7.“ (94t As. /I'] [y

" INVESTIGATIONS ON THE BIOSYNTHESIS

 AND THE CHEMOSYNTHESIS OF GLUCURONIC ACID,
BY |

' WALTER R. ASHFORD

A THESIS sUBMITTED ;N PARTiAL
 FULFILMENT OF'THE REQﬁIREMENTS FOR
. rm® DEoRER OF |
| MASTER OF ARTS

~ IN THE DEPARTMENT OF CHEMISTRY.

THE UNIVERSITY OF BRITISH COLUMBIA.

'APRIL, 1941,




- (4)

S “TABLE OF CONTENTS -—-=

TOPIC R , : . PAGE

ACKNOWLEDGMENTS ’ SR : R s »: i)
: fINTRODUCTIoN : | B | i
‘PHYSIOLOGICAL IMPORTANGE OF GLUCURONIC ASID 1

;REVIEW OF METHODS oF SYNTHESID :

(1) Blosynth681s o ;' 1z
(1i) Chemical methods of synthesis o .13
EPROPERTIES oF GLUCURONIC ACIDAAID ITs GQMPOUNDS S 17

. LYP4RIMENTAL WORK

(a) Blosynthe51s R e , o 19‘
;‘(b) chemieal synthesi;» el T 25
8 (1) Oxid121ng agents' : . L S gr
| (1i) The effect of pressure  , | | 83
;f (ili) The;effect of temperatgre~f - : 54 
(1v) ‘The effect of P” o : . L B4
(v) Catalysts and their effects‘ L m
~v1) Sp6011101ty of naphthoresor01nol test 39
(vii) Mbthods of separatlon i = S 41
,GONCEUSIONS ATD DISGUBSION A P | 4B

 BIBLIOGRAPRY P . following 45

== 00 0 0 0 mm—=



(1)

ACKNO&?LEDGMENTS

* I wish to express my thanks to Dr. R, H. Clark under whose guidance
Vthls work ‘was conducted, for his contlnued interest, and for his many

, helpful and stlmulating suggestlons. o

Thanks are also extended %o Mre William Barclay and Mr. Gordon Hertt
in conjunctlon w1th ‘whom the work was done, to Mr. Je A McGarter for
';valuable ass1stance -and. to Mr. Ge Mhthlas and the Department of Bacteriology

4
wﬁgrfthelr actlve;co~operatione

cws2 000 00 ==—m



INVESTIGATIONS ON THE BIOSYNTHESIS AND THE CHEMOSYNTHESIS OF GLUCURONIC AGID

' 7mmoﬁUcTiON |

Glucuronic acid has always been of experimental’value from a phys10a
1egical point of view, but recently has taken on a new 1mportance as a
‘result of the discovery l) of‘its,function as & detoxification‘mechanism’~
in the animal body | | ‘ S
| 2) of‘ite:pOSSibleepole in'intermediary'metaeoiism
and Siiof”its uee:in the‘pfeparation“of awmthetie
| P entigens. k . ‘ T
To‘in#estigate these'phaaesyof the phyeiolegical,chemistryaof‘glnenronic
acid, 1t 18 necessary to have a means of produclng the substance in pure f
form, 20 that 1arge~scale ezperimentatlon may be carried outo The first«
objective was therefore to devxse a method, preferably ehemlcal by which ~
,glucuronic acid could be readily obtalned in ‘a pure state, The physio= N
ngical a3pects of the problem have not: been attacked as: yet but it is
hepedtthat this more 1mportant phaae of the problem.will be studied in the
near\future. 'In‘the fOIiening paper are giVen’the results OEfained from
‘1'tne'at%emptntoAsynthesize glueurenie‘aeid’from sueh compounds df gluoose‘
;as‘thevoxime.and the-d;nmthyiglucoside;"x S o |

I. PHXSIOLOGIGAL IMPORTANCE OF GLUCURONIC ACID

To show the necessity of obtalnlng a satisfactory method of making
| 'a;ailableva readyvsynthesis of- glucuronic acid, for biochemical investi= '
gation;“a short aeconnt of therphfsielogieal importance of the aeideiii
be given;_l | . |

Glucuronic acid was shown s ome years ago to be present in small

amounts in‘bIood liver and urine, where it exists 1n ‘the free or combined
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form. In 1932 Quick (1) showed that the animal organism can synthesize
glucuronic acid at the rate of ‘onse gfam per hour, which finding led hlm
to suggest~that glucuronic acid may. play a part in the metabollsm of carbo=;"

hydrates or at 1east has ‘some 1mportant physiologieal functions.

"

(i) As a detoxification mechanismo~

Durlng the digestive process, certain nocuous substances are produced
;'ig;thelinﬁestine; ‘Othersjmay result from.metabolic processes in the
~“ftissuesé‘ beiggépple;;ppgnolomay-befproduced,frombthé breakdown of tyro=
,sinéfondoindole o therdestruction of the tryptobhoﬁé moleculé, Some~
Jofithééo préqqéts aie‘conjugated‘by"gloouronic ooid ﬁo’form gluouroﬁides5
”_iﬁoﬁhiéhﬁfonm thé?aéré exoretod from.the~body.‘ Ih”this réSpecf, glﬁcuronic
‘"ééid'Séémé‘ﬁo hé#é.a:great*ﬁffiﬁityifof ﬁyﬁroxylﬁgrOupé. Sﬁch~Substanceé
as phenol and borneol are con;ugated easily'but terpenes are oxidized to
;corresponding alcohols and then congugated. ?heoaction=with hydroxyl
~ﬁgroups;is not specific.as‘benzoic*acid and-”aépirin“fare:also readily
o conjugated. | | " | 7
| It is of 1nterést to note the types of conjugation which oceur.
L They are 1)fof‘the'glucoside "ether" type such as that found in_dsborhyl
*;glucuronide, resulting in a compound which is non«reducing, 2) of the

~glucoside "ester! type such as benzoyl glucuronide which retains 1ts re-

‘wfduoing?propérties and 3) “the type containing two glucuronic acid molecules,

one attached to a. non-sugar r991due by a glucoside Methexr" linkage and the

other attached by an "ester" linkage. An example of this latter type

"is p-hydroxy'benzoic diglucuronic acid.
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(11) Ebrmetion in the body.

’ Suggestions hare been put - forward to explaln the formation of glucuronic
~. acid in: the body.’ Fischer (2) suggested . two possibllities to- explain the
presence of glucuronic acld in the body. Glucuronic acid may be present
' naturally, or may be formed by .some mechanism in-the body and thein con=
lgugated ndth toxic,substances‘introduced into;or produced in'the bodyo
A second poseibllity suggested was that toxic substances unite with glucose
to form glucosides which are then ox1dized to form glucuronides. “The- second
"possibility has been shown to be untenable as shown by Pryde and Williams (3)
who fed phenyl d:and,é glucosldes to animals and found that they were not |
converted inio the corresponding glucuronides. Instead they underwent
"hydrolysis and the llberated phenol was detoxicated and. - excreted as.an ethereal’
sulphate, Eurther, it is known that,glucuronic acid is not.a normalyoxi~~' |
deﬁion.product of,glucose’metabolism. Quickd(4)~hes suggested thathglucuronic
acid is derived‘froncbody protein,‘basing his~%onc1usions.upen hisufindings ,
;’that in:the diabetic animal, glucuronic acld is produced from that portion
- of the: proteln molecule whlch would otherwise have gone to glucose. He:
' believes that glucose and glucuronlc acld have the same. precursor in the
ibody; In: 1932 Quick (5) suggested that glucuronic acld is probably syn-
 thesized from short ehain carbohydrate der iVatives; ThiSVSuggestion;naS‘
"been expanded and. proved with some degree of certainty by Lipschitz and
Bueding (6) who by very careful experimentation found that the percentage
of glucuronic acid synthesized in vitro by surviving liVer sliceg was in~
creasedfseveral hundredfold,by,the,eddltion of dihydroxy'acetone, pyruvie -
acid’orwlactic acid to the médium; They suggested~tnatfthe carﬁonyi group
of a triose probably conjugates with an alcohol end the resultlng trloside

is bullt up to the conjugated acido
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(1ii) Factors influeneing the groduction'ong;ucurOnic~acig,
The velocity of production depends upon thé'nature .of thersubstance'to

be conjugatedal If a hydroxyl group has to be introduced by cell mstabolism,/

& as is the case Wlth camphor, then the velocity of production of the con» '

‘”jugated product 1s slow. Quick (5) has shown that insulin can markedly
'"1ncrease, while acetoacetic &"ld as well as lactic acid decidedly suppress
the output of glucur0n10~acid. Lipschitz and Buedlng (6) have made exhaust-
4’1ve tests on pure chemical subétances whiech inorease or decrease the proa
ductlon of glucuronic acid in surviving tissue slices.; They found that the
production of glucuronides was an oxidatlve process involv1ng oxygen and
that the ox;dat;on process was eatalyzed by a heavy metal -proof of which is
, contalned ln the fact that the oxidatlon process was completely inhlbited by
t’cyanide._ FUrther, it was shown that an esterificatlon of phosnhorlc aeid
with organlc material is essential for the. formatlon of glucuronic acid
“kbecause its productlon is sen51tive to- 10dcacetate and to fluorideo‘ \

; Hcm;pgway! Pryde;and Wll;lams,(7) have studied the efroct oilcyanide upon :
" cbgjggation,in survivihg”fissué,v Gonjogation,'they state, méy.depend'opon

' the cellglar,;ntcgrity of the liver or?upon the:existence”‘cf“avpre-formed‘
coéyme,,:Potassiﬁm cyanide, added to artificially perfused liver outside of
“the body prevented~the conjugation of‘phénoliahd’glucuronic acid‘thus,iending
wcight to;the first snggéstion.’ This; hOWEVer, does not rémove'the possio,c
: bility of an enzyme system taking part in the conjugation process. ‘Cyaﬁide‘
: may inhibit such an enzyme system if one is presento ; o
%ff The suggestion of Hemingway et al of the part played by an enzyie system
f'is interestlng in the light of the recent discovery by Fishman (8) of the
,vvenzyme glucuronidase, which he has shown to be specific for the hydrolysis

“of,conjugated glucuronideSo
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(1iv) Site of,Ebrmationo

T:Lipsehitz'and Bueding‘(a),heve shown thaf_conjugation takes place
h‘: practically eXGlusively in the liver. Some conjugation mey take place in
—,,thefkiqhey. | |

‘(v) GlucurOnic“acid and'fhe sex Hormones.

| Several workers have shown that -eertain sex hormones are excreted as
:;congugated glucuronldes. Among these.are Cohen and Merrlan‘(g)'and Venning‘

: oanthrowne (10) The fpmmer have "shown that oestriol is linked %o glu~
‘curonic acid by a glucosidic linkage through the aldehyde group of the
”flatter.>

(vi) Possible relatlon of glucuronlc acid to the cancer;problem.r

The dlscovery* of the car01nogenic actlon of the sex hormones and‘theirl
brelatlonshlp, structurally, to known chemical compounds has been the 1n~
5rSpirat10n for a w1de varlety of work upon these substances. It is now
| firmly established ‘that the estrogenlc hormones are growth-stlmulating
chemicals and that the femele genltel tissues are capable of responding to
ethesegchémicals during fhehgfeéter-part of theullfevof the individual.
{Workfseems'to;indicate, too, thet:estrogenic horﬁones are at least indirectly“

‘responsible for memmary tumors. Their carcinogenic effect is directly
, ERSE ' )

propertional to their verious physiological activities. Loeb (11) has
i‘‘pre.stembed'p.erl::m‘e'nt; evidence to show ﬁhat some importent-relationship~exists
: between the sex hormones and mammary cancer in ‘the female body.‘ He developed
‘ ijstrains of female mice in 99% of which appeared spontaneous mammary cancer.
‘eEXtirpation of the ovaries'at a;sufficiently early Per§0d~reduced the cancer
‘ iéafé‘fa ZEeT0. Laeassagne (12) produced memmary cancer in male mlce which
’;would not normally have develoPed it,;by Weekly inJections of crystalline

female sex hormone'preparations, Burrows (15) observed that mice injected
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with oestrone dgvoloped cystic~matsophathy, a conditioh rogarded as a.
préparatory otageitoward‘cancer.ofOthervoéstrogenic substances proégbed
vsimilar-resulfso | ”‘ 5 | ‘ o
fIt‘has been shown many times;(lé)'that'vafious(types of polyeyolié'v
"hydrocarbons have carclnogenlc properties. Whatever their dirvect or indirect
: role may be in the formation of malignant growths, 1% is clear that they have
| two'qharactor;stlos_in coomon.- Flrst they convert normel cells into mnew
typés, by an aé,yét unknown*procéss.‘ These nGW'types are without a natural
blacefin the~énimal organism, And secondly they are insoluble 1n body fluids. 3
‘,Studies have besn made on. such carclnogenlc hydrocarbons as; 1,8,5,6,
dibenzanthracene and anthracene itself with a v1eW'to determlning wheat
[o‘mechanism, if any exlsts in normal tissue to affect their detoxifieationo
;'Boyland and Levi (15) have shown that normal tissues convert anthracene into
gpwloast~three different compoundse

jo-CeHg06

Ly

-SCH&
H !:—NH(.CHBCQ)
{

iCooH

;‘NO'proof is offered as to whetherfthese oOmpounds represent successive steps
fin the metabolism of anthracene or whether they are formed independently of
?,each other. Regarding‘the_firstuof,these~mechanisms,'the development,of the
 jg1ucuronide‘l,2 dihydroxy 1,2 dihydroanthracene glueuronido,'we have a reaction
: whieh‘has an onalogy in‘the metabolisﬁ,of sex hormones; that is the‘reactiop‘

7,ofytwo;adjaceht,secondary'hydroXyl groups withfglucurong to form a‘glusosidef?
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‘linkage renderingia glucuronide withﬁater’s‘olublepﬁperties’o Oestriol

is so converted into oestriol glucuronide

C"b/ o- CeHa d6

N~ oH

.>énd:eXcretéd és sﬁch.fromxthe?éhimal body°

Mhny'éubsfancés‘normally produced in‘the>boaylareHCarcinOgenic°or are
-réadilyfcanerted ihto careinogenib substan;esj Methyl cholanthrene, a
r;5+ﬁetﬂyl'l,2.banZaﬁthracene cdntaining a 5 6&£$on ring ettached to the sixz
f,ghd,ten posificnfwas‘found to be‘véry potéﬁ%;aﬁd‘is significant infvieW of
iis résemblangé to the bile‘acids;k Wieland and Dane (16) demonstrated that
,zbila §cids;can‘be“transformeﬁ into methyl cholanthrenevby‘chemical means,
It is intéresting to ﬁote,“tOQ, that methﬁl chplahthrene,resembles the
B éférbis'gnd the sex hormoﬁés,1n~its five meﬁbered ring structure and it is
,cbnceiVable that methyl cholanthrene mey be a:degradation product of these
ifsv;bs1:yances. | | ‘
"‘.Acetyl choliné, amsubstanée set free:by;the‘soncalled chblinergic
s nérves of‘thefsympéthetic'nervous systém has been fouﬁd~highly carcinogenics
‘If‘adminiS£ered.t6~animals subcuteneously it produceé osteo sarcoma.

_Work hgsibeen'done to detefmine the relationship between the gctién,

"of oes%rone;and'the'femalé sex hormones generally5Vand;the'direct~carcinogenic‘
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action of hydrocarbons. Does oestrone act by direct carclnogenesis or is
) its. action\due to its physiological function under abnormal condltions?
It is claimed that the mechanism of the production of carcinome by carcino=
genic hydrocarbons and by oestrone 1s entirely different. It bhas been'shown :
thet cestrone does not act through its polycyclic structure. ‘Stilbestrol
en oestrogenlc substance of greater power than oestrone bhas been prepared
by Doads, Goldberg,,Laweon end Robinson (17). .This substance acts Jike
oestrone, is hlghly carclnogenic and yet lacks the polycyclic structure._
'Does this necessarlly show that At ois the polycyclic structure of hydro~
fcarbonS'or of sex hormones which:causee~carc1nogenicity? ~And'does it show'
, that the Sex hormones are dlfferent in their actlon to that of the. hydro»
’carbons? It is suggested that it does not because so meny substances of
iudie51milar;struc$ure=have\high cerclnogenlc activity. ~ Amino, azo and nitro
compounds heve,been~ehown to be cercinogenic by.Wafers (18);and“Shear_(19).,
When'so many diverse‘eubstances,kofganic and l;onganic,vhanefbeen ehown to
, be'carcinogenic, itcwould seem that chemical'etructure is not primarily
associated wmth carcinogenesis, | | : |
A mechanlsm of carcinogenesis has been suggested. The,nork;Of Warburg
;(zo);hascsh0wnmthat malignent. tissue. differs fromcmost nonmel tieenee*in
‘;nroducingjmorealactic;acid\%hen'it;ienable to oiidize°>’Keilin {21) has
;;eh0wn}thet the“reSPiiatqryisYstem of*mostkcelle ean,befdividedﬁinto three
{ Parts:~:-‘ 4 v | | |
-cil) IndoPhenol'oxidese, which ecﬁivajee,ozygen.~
Zjodytochnome;‘a reversibly reducible pigment’Which ects~ae an_k
oxygen carriero | B
3) The dehydrogenases, e, g. laectic acid dehydrogenass which activates

~ lactic acid SO'that it can reduce cytochrome or methylene blueo
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- The respiratlon of tumors is greatly 1ncreased by the addition of p»
phenylene diamine showing that there is ample indophenol oxlidase or- |
"respiratory enzyme" | Cytochrome has been found in most malignant tissues
: examined. Therefore the defect of malignant tissue may be a deflciency in
dehydrogenases. Carclnogenic hydrocarbons have been shown to inhibit the
'dehydrcgenases, which when absent allow the local accumnlation of lactic
;acid. Further, it is known that tumor cells survive and -grow in media cone
':taining lactlc acid whereas normal cells may be 1nhib1ted by the presence
,of this substance. Tumor tlssues have a mlxed metabolism.and produce lactie
~ecid both in the presence and absence of oxygen. Normal tissues produce
'little or nao. lactic acld aerobically and mnst have free oxygen to liveo
If cells in a certaln tissue should become malignant due to say the preeence
i~of exeess sex hormones, they would be- able to grow and reproduce to the
- disadvantage of surrounding normal cells, ‘ | H

Whepher chemical carcinogens, ineluding the sex hormonee; act as such,
or whether they undergo chemical changes in the tissue before they acquire
: carclnogenic properties is not known but -there should be some mechaniem in
'the body‘which removes toxic substances and excess sex hormones before they
become carclnogenic. At -any rete, the body contains in its tidsuss definite
. grthhﬁactivatorssend 1nh1b1tors. Murphy and Sturm (22) (25) have isolated rx
‘ from placenta and embryonic shin, substances which definitely inhlbited |
':trensplanted and tumorous growth. The mammary gland in the pre~lactating
'stage yielded a fraction whlch gave a marked stimnlation to tumor growth :
"It is possible that glucuronic acid maey have an lmp01tant role here, In
:fthe case of oestriol a glucurone»oxiqase enzyme system has been observed
ka Fishman (8) (24) which is reeponsible for the conjugation of oestriol

‘with glncurone formlng a~water~soluble complex, and thus making possible



: its elimiration‘irom the body, fThe sare or a'similar system may exist

k faffecting the sydrolysls of the glucuronide. if, for _some reason, tissue
cells can no longer conjugate +$he insoluble hormones to thelr waterwsoluble
form, or 1f the engyme balance is upset so that hydrolysis of the glucuronides
oceurs at a greater rate than their synthesis, then a preoonderance of in-
soluble carcinogenic compounds will result which may have their effect upor
the resoiratory system of the cell as suggested above. This suggestion is
‘ put forward only With reference to tumors which may be caused by an over=
v—accumulation of female sex hormones in the animal bodyg

| xMﬁch‘eyideﬂce has Séen collected‘to sﬂow that‘carcinogenic'substances
ﬁay be anti-carcinogenic unoer certain Ciroumstanceso Haddow and~Robinson;
(25) found that car01nogenic hydrocarbons inhibited the growth of Jensen

= and Walker tumors, Nitta (26) used sex hormones to 1nhibit tumor growthso

: Ii, aBa was suggested before9 the enzyme system balance has been upset, so

fthat hydrolysis of conjugated glucuronides ocsurs at a greater rate than

‘1

i their synthesis, then carclnogenic agents may :aet antimcarcinogenically by
restoring the enzyme balancea | | '

‘Work on this phase of the problem has not been attempted bt geveral
c‘approaches to a solution might be applied. ’
1) Studies might be made on the enzyme system with regard to its
y ability to synthesize or hydrolyze glucuronides and on the. effect on ths
t’reversibility of the reaction of various activators and inhibitors.

‘2) By the method of tissue culture to try to produce malibnant cells
'in vitro by means of carcinogenic agents including sex hormones and to study'
’vthe effect of glucuronlc acid and the enzyme glucuronidase upon. the pro-
duction»of such~a systemo

,”3) Investigate the production of cancer carciﬁogenically on the live
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-anlmal in two cases—a first where glucuronic acid is administered along with
;the~carcinogen~and gecond where the carcinogenic agent‘is applled alone.
The effect df.glucuronic acidAmight'be triéd also‘upon'a:strainvof‘mice"
ﬁith a kmomn high incidence oficancer. | | ‘

4) Study the effect of activators and inhibitors on the animals capacity |
fo produce the enzyme glucuronidaseo S

It is not to be concluded from the above remarks that it is believed
thatfglucurOnic acid will‘solveithe~cancsrvproblem."The factors concerned
are7ﬁ§pyuand involféd.f Ebr\example,‘littié is‘knoﬁn éoﬁberning‘the role Qf
“the pituitéry’gland{and its secrétion$} but‘they muast have an important
';funétiog;7conﬁrdiling as they do_thé;wﬁblé endocrine systemrof the body.
It Seems‘pOsSible,:howevef, thét glucuronic acid&aéting in a detoxification

role may be a link in‘the ¢hain of evenis,
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I, REVIEW OF METHODS OF SYNTHESIS.

(i) Biosynthesis

Qulck (27) has been a pioneer worker in the biochemical productlon of
glueuronlc acid. He condemns menthol as a glucuronogenic drug when fed to -
rabblts due to dlffleulty in administering the substance and the labor in-
volved in obtainlng large quantlties of glucuronic acid. Dogs are able to
destroy mentholvor conjugatedfmenthol. ;The~method finallyiévolved bvauick :
was to feed flve grams of bormeol dally o each of . several dogs, to isolate
the congugated glucuronlde from the urine as the zinc salt ‘and then %o pre~_
pare the,iree aoid‘from this salt. By this method, Quick was able to obtain
onie gram of zine salt for every ren of borneol fed and e final yleld of
glueuroniciacid of overVSO%VOf'%he‘theoretical;; M

In 1911o Bangf(ZB);prépafed menthol*glﬁcuronicoaoid from rabbits. I
consisted in feeding ‘rebbits two grams of menthol by stomach tube, collecting
,the urine for twentyofour hours and extractlng the anmmnium salt by half=
saturatlon with ammonium sulphate, | ;

‘Recently, this method has Beenvmodified,by Williams (29)~s§ that he
‘obtained a yiéld of‘l.é g;ams'of'ﬁhe;crudo ammonium menthol élucuronateffor
evéry’graﬁ of dl-menthol fed. Williams (50) investigated the use of other
‘élucuronogenic,drugsoandﬂgfﬁes the Tollowing relative values of materials

for conjugation with glucuronic acid in the rabbit.

l-menthol " '48%‘oonjugation
dl-menthol ~ 59% conjugation
- d~menthol = 70% conjugation

Concerning the reiative merits of the preparations of glucuronic acid -
from dogs and from.rabbits as presented by Qnick and Wllliams, respectlvely,

the following may be said.
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l; The method using dogs has the advantage of ease of administration
..of the glucuronogenic drug. “ | |
’ T8 Larger quantities can be produced by using dogs as they can receive
borneol every day w1th no apparent 1ll—effects. e

Qniok using dogs and" borneol reporte a better yield than does
“,Williams using rabbits and menthol.
 Quick's method has the edvantage of ease of separation of the Zinc
-salt from the urine; ‘The separation is more complete than 1n Williams’
,;separation using ammonlum sulphateg |
) 5. Rebbits are cheaper to buy,'more cheaply‘fedbend“easier'%o 1ook
after thahldogs, :Lerger‘numoere‘of‘theﬁ‘can be’kepto o

(ii) Chemlcal methods of svnthesxs.

| a)f_oxidation of Glucose. o

. Netf (51) reported the following products as a result ofthe eoxidation

;of:o*glucose~1n the presence of copper hy@roxide in alkaline solution.

| 114 gr. a-glucose gave 5.85 gr. 00, 14.71 gr. glyceric acid, 30 gr. i
’oxybutyrlc aeid and 50 gre of hexonlc aclds, “Acids formed‘veriedywith\the

' concentration of alkali’ presenﬁ. | ;

' Killianiz (52)"'ox1aized glucose {100 gr.) with nitric ac’i‘a (o8 {rol‘del_.,z)

for fourteen'deys"and obtaihed 10.1 gr. "of what‘is apparently caleium |
;;glucuronate" Killiani“makes two iﬂﬁortent»comments: 1) only 1.33% atoms

of oxygen per mole of glucose was used 1nstead of the two atoms celculated

,~for~therreactlon;~hence~the,regeneratlonwoﬁyni$rrc,acid which took place
,mnet playea materialjpart in the”reeotion.. 2)»Glﬁcuronic acid iteelf ie very.

,Stable tdm‘:ai-ds nitrie aeid‘ (a=1.2) at",rgom‘temperatﬁre, for the caleium ealt

breoipiteted:from*water solutiOn‘containedroﬁly a minimel‘amount‘of calciﬁm’

saccharate,
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Jolles (55) o;idized dextrose (2% solutlon) with H,0, (12 vol. %) at
37°for 144 hours. The unused glucose was removed with yeasto Glucuronic’

 acid was removed as- the lead salt, the yield belng described as poor.

" b) Oxidation of Glucosides.

= Glucose and glucosides were’suggested'es'posSible prinery'compounds
“t'for the preparatlon of glucuronic acld by Fischer and Plloty (34) ’Fischer
suggested that one source of glucuronic acid in the body might be through
the oxidatlon of glucosides. Toxlc‘substances introduced into or Tormed in"
d~the body united with glueose to form glu0031des. Suosequent oxidetiOn
1nproduced glucuronides, More recent work, .as indicated above Seems to show
that this is not the case.

Smolenski (55) attempted to apoly Eischer 8 idea to a method for the

E cnemical synthesis of glucuronic ecid. f«:Methyi glu9051de oxidlzed by'means
1_of bromine and sodium. carbonate or by hydrogen peroxide in the presence of
ﬂ:ferrlc hydrox1de produced methyl glucuronide in yields up to 507o Isolation
ecwas by means of the bru01ne salt. | |

e Jackson and Hudson (36) studied the cleavage of the éarbbn chain of

o glucosldeS‘by oxidetlon, The ox;dation ofecmethyl dnglucoside with barium
hjpbbronite(produced;e dibesic ecid;which was isolated as its erystalline
 strontiun sals, Yields of 65-70% wers obtained. Periodic acid as an
~soxid12in§ agent produced similerureSultsov |

| The ox1detion of maltose as a natural glucoside by Glattfield and

~ Hanke (57) gives further ev1dence of the destruction o; the glucose molecule
eion oxidatlon. USing hydrogen peroxide as an- oxidizxng egent a great variety:
,'Of'suostences wasibbtained including formic ecid, glucosido,acids, glycollic

“acid and oxalic acid.
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: Craik (389 studied the mechanism of the oxidation of typical carbo=‘ ‘
hydrates with hydrogen perozide. Meltose was. not attacked by hydrogen peo-
“3ox1de except in the presence of ferrous sulphate.‘ When oxidation did occur,'
',tmaltose was attacked first at the reducing group giv1ng a maltoblonic aeid
:whlch belng fairly strong, caused hydrolysis of the unchanged suger.
Subsequently, ox1datlon of the fragments occurred giving a great variety of
;products, : | | | |
Bergmann and Wolff (59) ox1d1zmicnmnthol glucoeide with bromine in
d}’the presence of pyridlne and normal sodium hydroxideg A yield of 7«5%,of |

‘l;«:menthol glucuronlde was obtalned.

1c) Reduction of the 1actone of- saccharic aCld.A»..
Eischer and Plloty (54) obtained glucuronic acid in yields up to 10%
iidby reduclng the lactone of saccheric acid with sodunn amalgam.

d) Electrolytlc method

| Leutgoeb and Heinrich (40) employed an electrolytlc method for the‘

| oxldation of«:methyl glucoeide@ The ultimate oxidlzing agent was hydrogen’
g peroxide. No catalyst was employed. Extraction was by means°of'the
o’cinchonine salt, Eleven atmosoheres pressure was employed. ~The yield

"robhained was in the nelghbourhood of 20,2%.

5»e) Pure chemical<_ynthesis.c

Stacey (41) devised a method for the oxidatlon of the sixth carbon::
H-datom of’glucose aﬁter,Protecting the remaining,carbon.atoms.with’acetyl
wéroﬁps,v GluGOSefﬁas converﬁed into 6’tritylypenta=acevyl glucosee; TR
dThe trityl group was then removed and the resultlng penta-acetyl glucose
ﬁ7ioxidized at the giXth carbon atomxwith potassium.permanganates The ydeld
"obtained was 20% over all.; | |

e Zervos and Sessler (42) started with acetone glucose and converted it



“to 1,2 acetone‘s benzylidlnecc duglucofuranose.' Oxidation by cold =
alkallne pota531um~permanganate'produced acetone»benzyiideheélucurohic acid
 “:which when heated to 100 for one hour in 50% alcoholic hydrochloric acid
3 solution produced doglueurone. Five,grams,of acetone glucose produeed o9
',gr. glucurone. o o
R Gonsideratzon and comparison of the above methods indicate that nons
is.h;ghly satisfactory. Yields -are- small in- all cases, The last two
f'ﬁentioned,~thosé of Stacey.and=Zervos ana«Sessler,~are~beéutiful examples -
of oiéanic synthesis, bﬁt mach too ihvolved to be BOnsidéied as pracficali
i: methodsafpr thé commercial preparatioﬁiéfvthe substance. :The method in=
‘,f#01ving~the’eléctrolyéis of methyl g;ﬁcos;de requires expensive apparatus,
fyﬁwhile'the yiéld is relatively low. Smolenéki’s method involving the oxidation :
"'of~Vmeth§l gludoside with hydrogen péroxide:pius ferric hydroiide with the
;K~product10n of a 30% yield of glucuronic acid 1s interesting, Unfortﬁnately
,only the abstract of the paper is avallable and none of the details of the |

‘ metnod employed are lnown,
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PROPERTIES 0FfGLUCURQNIC ACID AND ITS COMPOUNDS

JIII.
GOMPOUND OPTICAL MELTING
T ROTATION =~ POINT
l-glucurone , 169-172°
L R a3 .
d-glucurone ’ ~@¥Jpﬁﬁ18,55
S Gettia i fafter 3 min. («]:t+16.,05

d-glucuronic aeld

latter 3 hrs.

’zﬁ,fﬁi;bornéolfglucﬁronate ;2‘HZO
 ‘l-bo£néol‘glﬁcuibnic acid {anhyd.)
  'd-borne0l glucuronic acid (anhyd )
etriacetyl glueurone
~triacetyl glucurone )
 : diacetyl chloro-glucuréne
after 2 min;
;,Diébefyléiﬁcﬁroﬁé |
| 'gffe: 25 miﬁof
Silver glucuronate] .
oo o) in Hy0
:Msthyl gl@curonaye ‘

- Btetraacetyl glucuronic acid
”'mathyl ester,

*>xtetraacetyl glueuronic acid .
mathyl ester

l-chloro~+r1acetyl glucuronlc acid

V'methyl ester

Diaeetyl methyl glucoside
'iof glucurone,

T Triacétyl methyl glucoside of
glucuronic acid methyl ester.

"~ Tin H0

= - +36

in H,0

-~ 69,05

in H,0

W--57.02

f[ﬂ(']z‘f" +84., 1

in. CHC13
2
[D(.] Dt =203.6 .

in CHOl,

[~ +95.5

in CHCls
+—l 60

- 0,0 85

[958

firaa.6 -

(]t 48,7

"~ in CEG1s

98,0
~in CHCl,

E?ng _16 o7

in CHCls3

¢=.6%
o
[«];=+112.5

in CHC1

C 6%

o= +54.0

in CHCls:

.0;—06% .

Decomp. 206°

162-3
164-5°
194-195°
110-112°

107,5-108,5°

130=131 °

78 °

. 111-112°

15065=151,5°

110-111°

118 °©

REFERENCE

N

45 -

;g

45
46
46

46
46
46
47

47
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» GOMPOUND

“‘Diacetyl p—nitrobenzyl glucoside
;fof Glucurone.

~ Triacetyl penitrobenzl'glucoside‘
“.of glucuronic &c¢id methyl ester.

‘ K-Triacetyl chloroglucuronic acid
‘methyl ester, - :

'fd,triacetyl bromoglucuronic acid
1metnyl estéer,

4 Methyl glucoside of Triacetyl
- glucuronic acid Me’chyl *est;er.“ .

?kjé peNltro benzyl glu0051de of
Gluouronlc acld methyl esters -

1,2,%,4 Diacetone galactose 6 2,3,4

: Triacetyl glucuronide Methyl Ester.

* Galaetose 6,/ -Glucuronide

" Methyl Ester of Galactose |
66 Glucuronide. ~

- Heptaacetyl Methyl Ester of
"~ Galactose 64 Glucuronide.

-Trimethyl'glucurOne.

OPTICAL -
"ROTATION

[«JE+39,9
in CHOl;

0=1%

[v(;]ﬁ‘;- 5708 :

in CHC1s
G =‘06%

iEnes.r
in CHCL»
C=.5%

(«Es198,0

in CHCls
C=,5%

C s L
E(']p= ‘28.9
-in CHCly
‘ C = °7%;

BI?+65°2
win Ha O
C =1%

t-e3.0
in CH.Clz
0 =2,0%

Initial
AR 49.4

Fingl-2Hrs, .

["(:]p - "7‘ 3

¢ =1% in H,0

‘EInal ,
Y_"(-Jp =‘90Vl
{c =4,0 %

“|in ;0

(di=-17.5
in CHGl,
C =5%

Ld +197 5

76 =.76 in

HLO.

MELTING
POINT .

133-134°

175=-176 °

99-100°

104-105°

149-150°

167-168°

112,5-114°

116-119°

rInl‘bial-'S Min- EHEN 5.119 °
L"('Jp == 20 90

'202-203 °

131-132°

‘REFERENCH
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a4y

48

49

49

49

49

50
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IV, EXPERIMENTAL WORK.

g) Biosynthesis.

: Preparatory o attempting & chemical synthesis, it was necessary %o

‘f:obtain a pure sample of glucuronic acid or of one of its compounds. Bbr

J’;thls purpose the biosynthesis of Williams (29) wasffollowed with certain
‘,‘modificaﬁions.v “ |

| Difficulties encountered in this method and the mndifications applied
}are as follows, ‘Rabbits (female) weighing between 2% and:5 kg. were used. .

»Theijére‘hOused in a cagé having a wire top and béttonu The cage was

\ g§1ac;d iﬁ;a‘wo§den stand;hﬁving a galvanizedviron,funnelashaped bottom, of
- the size of theibottémfdf the cage. Urine collections were fhérefore‘easily
. made in.a 1arge erlenmeyer, A fine copper sereen. Wire Was placed between
iifthe cage bottom ‘and the funnel to- prevent food or faeces from enterlng the
'i‘nrine. ’
S5 As~neither‘d or dlnﬁeﬁthol~was avéiléble;‘ldmenthol was«ﬁsed throughs
f‘out'all experiments, Prev1ous workers have recommended feeding one gram |
: of glucuronogenic drug per kg. of body weight, It was found that mare than -
:this,couldfbe-given in thencase;of l-menthol. Rabbits weighing 2700 Gr,
: recelved 4 gr. of l-menthol at each feedlng. ﬁbedings in our éase took
' place onece & week but could be-inereased to- onee every three dayso
~'5’Te administerrlamenthol tp a rabbit it is necessary to anaesthefize the
 'aﬁiméi‘énd'tﬁsn;tO;use-an enema tube to placé the'compound in the stomach.
The animal~wa§ best held by plécing it in a large round~tin~about 18 inches
f:high end 8 inches in diameter, padded on the inside, Ether waé adminiétered,
\~by an asplrator. Care should be taken to use a good grade of ether and one.
 /fpee_of.peroxides.~ The ether was tested'£0r peroxides by acidifying with

- éoetic~acid, addingvpotassium.iodide'éﬁd starch and heating. If present,
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’ peroxides;free_¢h@‘iﬁdine and the starch solution is colored blue. If
‘liperoxidesfare pfésenty‘they‘can be removéd by distiliing the ether over
‘*?FWater éﬁd'copﬁér wire ihté a brown‘bottle containing a copper.gbil,fthe

v,boftle béing kept full to exclude the presence of air. fhe rabbit’s ﬁcuth
watheia,open by~a«boné'Spatﬁla'through ﬁhich a hole hadfbeen boreé to
",permit'the»entfance of fhe ehemé'tube. If the rabbit is- held upright there

;is llttle p0581b111ty of forcing the tube down the trachea even when the
 ;rabbit is under ether.. ‘
| fThe rabbit shou1d-be,stérvédkfor 24 hours befbré being glven the menfhol.
fbliﬁﬁing;Williams"Sﬁggestiop the menthol was mede into an emulgion with
yyébogt 30 c.c. Qf»wérm,wgferoﬁ“Diff;culty was experienced at this point.
The rabbits;éémg out_Ofgthe:ethér'withinff1Ve minutes of the administration
1 of the menthol. ,Wifhin one half hdur’aftér the rebbits came out of the
: ﬁether,‘théy'lapsed;inté a state qfvbbma, Which laéted fof,about threevhours
 ;135th§‘§ase ¢f Qﬁegrﬁbbitfand two hours in~thé<case of the Qﬁherse - The
',fénimals appeéred‘tofb¢‘groggy and. sleepy. -All voluntary action was inhibited

;and‘reflex'action\of the eye was stoppedf“ Thé rébbits appeéﬁéstﬁ be ex~

tremely hungry especially when coming out of the coma. No 111'effects7were
,kksuffered as: far as could be determined by observation; This phenomenoﬁ
';happened~atleach feeding and was thought at first to be due to the ether
.”‘QSed, bﬁ%'this possibility was femoved‘by~freshly distilling ‘thq ether
,and‘thﬁs removiﬁg peroxides.

An attempt was made to dlscover the cause of the phenomenon Just

"fdescribed, 'It‘was thought that it might be due to shook'caused by removel -

;of glucose from the blood stream of the anlmal. It was thought too that
‘.information on this point would indicate whether or not body glucose is

 wused‘by the-animal 1n~syntheszzing glucuronic. acide
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The following experlment was carried out u81ng three rabbits.

; Rabbi‘b No. I.

10 c.e.. of blood were withdrewn from the marglnel veln. Four gnamsfofh
‘»flumenthol were fed by the method described above, It was noted‘thatkﬁﬁisw
‘enimal did not go 1nto a state of coma a3 soon-as- those from.which no ‘
;blood had been w1thdrawn, but after one and one half hours it lapsed into

‘a condition resembllng death. ZEven the heart wag slowed down and body heat

«decreased. CAt this p01nt an addltional 5 e.e. Of bleod' ere withdrawu Trom

the marginal vein, Later, when the rabbit ‘hed. been 1n~the~state of coma

{ for about. two hours, it Was given 3 gr, of glucose in water by stomach tube,

This was epparently w1thout effect as the animel did not completely re~

'Vcover for another four hours, ' | | | u

'Analyses‘for‘blood sugar wene,made on;the‘£Wo senple55 by the method

- vof Somogyi+8hafferéﬁartmann (5l) No significant difference was- fOund in
,tﬁé.t&o samples;, It was concluded therefore, that the coma wes not caused
:5yithe ehock‘of‘depletlng the blood of glueose, Mbnthol apparently does not

ii ﬁnife'with‘glucose first tdfform.e‘glucdeide-ae~wes suggested by Fischere

Rebbit No. 2

’ 4 gr. of lamenthol and 4.6 gr. of glucose in a water emulsion were
| administered to a. rabbit weighing 2800 gre’ This animal did not go into a
i;‘eoma as rapidly and recoversd more quickly than in previous timee when no -
k"élncOséfwas'giVen, Thie wae noteinterpreted ag sﬁpplying evidenee that
~bodybgluCOSe went‘tobthe fOrmationuof,glucnronic acide

LRabblt Nb. 59’

The effect of borneol on rabblts was trled. If‘borneol could be used
N it would ‘be advantageous because of the ease of separating out the in-

~soluble zinc salt,~,A000rdingly, 3 gr. of 1-borneol dissolved,;n olive oil
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eWEs~fed to ome rabbit. The effect was different than in the case of menthol.
-“The anlmal did not go into a state of coma, but suffered intestinal spasms
o which must have been palnful. The effect produced by borneol lasted much
| longer than that produced by menthol three days being required for complete
’;recovery.y4During this time,‘the rabblt,suffered§a lossyof appetite and
fiost’mucheweighf. ,Ne'conjugEtedfglucuronide'wes“fecovered‘from:the“urineq“
‘_It was decided that elther borneol is metebolized o that- 1t passes through‘
fthe rabblt unchanged and that borneol is not a satisfactory glucuronogenlc
.drug for rabblteo | |
| An attempt was made t0. prevent the. oncomlng‘of the state of coma after,
‘edminietretion‘ol menthol, It was found that 4 gr. of-l—menthel could be
“y‘ad.ministered to‘ a rabbii; of é.~5’=5.0 kg withoutv producing the after offocts
lOL the. coma, 1f the menthol was dlssolved in olive oil. Slight dizzinees

‘«,did oceur. in some cases when olive 0il was used but nothing like ‘that

= pneduced by menthol alone in water, CA1YL latter experlments were cafrled

klout u51ng ollve 0il as = solvent for menthol. Tne_only explanation for the‘
“ieffect‘of thenolivek01l is one ofvslower,absorption. The urinelehonldxbe
eeolleeted,ever~a longer period of time wﬁen olive oil is used. ’
Iheumethoaiof tpeetment of urine was the same as given by Williams (29).
: :iieldevof crﬁde‘éﬁmonium menthol glucurenate are reported by the latter as
~being«i,4Tgr. of_erude glucurqnate fer eVerykgram‘of d-l’menthoi‘fed, which
| epnjuéates‘toythe;extent of 59%."Over twelve l-menfhol adminisﬁrafions
eiyieided one‘g:am-ef,erudeeammenium~menﬁhol'gluguronate per gram.of’lémenthol
5fed,:whicn;corresponds to a 43% conjugation of l-menthol as reporfed by
"ﬁiiinane. HYieldskwere net'affected‘by using olive oii in the administration

 e6f;thelmenthol,
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“'Living?aﬁd~Post~mortem.examinetien of the. rabbits.

At the end of 'a five month period Which 1ncluded flfteen administrations
,of l—menthol the rabblts were in excellent health and appeared to heve
suffered no ill—effectso: | k

s Post«mortem and hlstological examlnation was carrled out.‘ Parts

aexamined were oesoPhagus, stomach small and large intestine, liver, lungs k
and kidneys. Gross exammnatlon showed one‘rabbit to have'a haemorrhage of
the lungs.‘ Thls was probably not primerily due to the animal having been
. d‘%edjéeﬁtpol. The llver showed one white ‘area on the edge of one lobe.
ek'Tﬁis;is>the first sign ef liver'disintegration. ?he‘inside wall. of -the
:etomech was verv carefuiiy examined fer the presence of stomach ulcers.. oﬁé :
area whlch very- much resembled the so-called chronlc or round ulcer was

found about the middle of the stomach.

‘ConelusionsVcencernlng.the BioSy%thesis.
;‘si ;ﬁxactiﬁethede;of procedure;fer,the ﬁroduction,of glueuroﬁie aeid from
rebeits'hae‘been outlined, The biechemical~method‘using either dogs or
‘rabbits‘offers;probeblyrthe_best‘means now available of syntﬁesizingr
glucuronic acid. |
| It is produced relatlvely cheaply and in good yield and is separated
d yﬁromethe u:ine~as a stable eompound.
;Theﬂprocess of xemoﬁing‘the glueuroniec ecid from the secreted compound
: ieffere«no difficulties and can be carried through practically quentitativelja

The glucuronogenic drug is recoverable and can be used over again,

,’,5) Ghemical synthesis.
In this investigatlon it was proposed to prepare glucuronlc acid. from
“gglucose by}oxidation after'first protecting the aldehyde group by the

fOrmatien of some condeneaﬁion product, such as the phenyl hydragzone,



| g - 24 -
‘lloxime or glucoéide, »The primary aleohol group would theﬁ be oxidized to é
”carboxyl group and the’reéulting’cqmpoundfhydrolyzed t0 . give the aldehyde
) gfoup ﬁack~again, thereby forminglglucuronic‘acid

~.The. glucese phenylhydrazone was made according to the method éf Jacobi
5(52). ;Glueose B4 dlnltrq,phenylhydrazone~was also prepared. Neither
whydrazone Was found 40 be satisfactory for oxidation to glucuronic acld
'due to their instablllty,

| Glucose oxime ‘was prepared accordlng to Wohl (53) by Guyn (54).

; cﬁthhyl glucoside was prepered by the method of Patterson and Robertson
 ,(55). This ‘compound has been shown to be very suitable for the purpose, .
V‘belng stable in so far as the linkage between the methyl alcohol and the
'glucose molecule is concerned. |

The natural glucoside maltose was given eonsideration as a possible
? fstart1ng point.l, | |
Borneol glucoside was thought to provide a good starting point,as by
s kegp;ng;zlnc~1on in thefox1dation mixture it would be p0331ble tp preclpitaté

g bﬁt zine bofneol-glucuronate as soon as any borneol glucuidnidelwas;formed.

:The,compounﬁ'borneol glucoside was prepared accordingly, The tstraéacetyl -
lfbrom derivative of glucose was first prepared accordlng to the method of
‘~Kbenigs and Khorr (56)s This product was then condensed with borneol in
' the presence of s11ver -eaTrbonate by the method of Eischer and Raske (87)e
The following modificatlons to the method of synth631zing borneol '
1;glucoside,were,made.‘ The procedure for making tetraacetyl brom glucosge
;équires‘at least ten hOurs for completion éccording to thegmgthoa aboves
,j‘lf ether;is’added_tb the reactiQn to prevent the contents from becoming $00

viscous a mercury seal stirrer can be used -to kéép the reactants. in motion,
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ni(Thus, place glucose, glass beads (emall)‘and*acetyl bromide in a claisen-
& flask with the sidearm removed hdd sufficient ether 4o prevent the:re~
i,>action,mixture from.becoming too’viscoas;' Into the straight arm ‘of the
'clalsen flask insert a mercury seal stirrer and 1nto the other a calcium
: chlor1de tube to permit escape of hydrogen bromide and Drevent the  entrance
:eof water\vapour. The flask is then completely covered to prevent entrance
gcf*light;t The temperature should not go above 5°C, If the reactlon becomes‘
ka’too vigorous as indicated by the evolutlon of hydrogen bromlde it can be

l'slowed down by lowering the temperature of the. mixture0 Stirring is cone

;‘tlnued'until all ‘the glucoSe hags gone.lntO'solution Which:ehould be the i

 case in about half en hour. The yield in this step is about 60% end in

 the second step about 50%, so that the overall vield is only_zo%, Difficulty
‘cwas experieneed-ia'oxidizing the~compouhd, partly due.to its sparing solu-
bility in water. In view of this and the digf;cultykinvolveacin its
,lg;epatatioa,~ccupled with a low yield itlwas‘decided not to proceed

‘further in the study of borneol glucos1de as & oossible oxidizable substance.

The 1nvestigatlon was carrled out along tneoretical lines in an en-

deavour'to discover the value of dlfferent oxidizable substances and

: ‘ldlffefent ox1dlzing agents and to discover the effect of preesure, tem—

,“;perature,and;varlous catalysts. Experiments on these,phases of the problem

litinvclved the use ef Tollen's’naphthoresorcinol teet~as,modif1edwby Maughan,
vflEvelyn and Brown (58) and more recently by Mozolowski (59) and were carried
*fout~on a-small scale. When the problem of separation was attempted
:~difficult1es were encountered.‘ It glucuronic acid is present even in
' falrly complex mlxtures, it should be relatively 51mple to separate.

;»Therefore, 1nab111ty to separate ylelds indicated by maphthoresorcinol
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;‘led to a~stud§ dflthe specifi§ity‘of the. reagent,
‘,Tﬁe;Klétt-Summerson‘photo~electric célOrimeterVWas;standardized_as
‘folloﬁs.‘ Soiutiohs of purified ammonium;m@nthollglucuronateQM.P. 185°
“withfdecbmpg were‘ﬁade up so that,théy contained the equivalent of .01,
' +02, and .05 mg. of gluéuronic a@id'per 2 CoCs of solution.. 2 ¢.c. portions
,‘Of these\solutions weré‘takén ;nd to them were’aaded 2 c.Ce poftionéyof a
fO.z% sélutionmbf‘naphﬁhoresofcinol reagent and 2 c.c.;porﬁioné of con-
. cent#atéd_hydrochlbric aCid. The mixfures were heated on & wafef bath
‘ foffthirtyfmiﬁutes~andfthgn‘cooled in ice>WAter:for tén minutes., - A blank
| ‘;testﬂconsisting of 2;c,¢.>¢ffdistilled'Water312 ¢.c. of conc. hydrochloric
_ acidfandi2,c;c.;reageﬁt SQOuld be rﬁn at the sams time, After ecooling for
ten\minutés the coloring ﬁatterVwas extracted With’thrse 5 ¢c.c. portions
bf;ethergcontaining abogt~15% absolute alcohol, Vblﬁmes were made up to

the mark in calibrated Klett colorimeter _tuhes.

EON
<

Colorimeter readingé d&ﬁained with different samples of naphthoresorcinol

are as follows.

TARLE I
Gluéuronic Acid/2 c.c. g | o Klett
CoLorme 52.5
2} 0z | L 55,0
05 o 5 | 82.0 |
.0125 me. B 5.0
2l . .o k o 36,4
w5 s
;025 g S . 2 45.0
A o4 S 58,0
Lo Lo L 88,0
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It is seen, therefore, that supposedly identical solutlons of naphtho-
resorclnol produced dlfferent colorlmetric readlngs although the three
 curves produced are parallel llnes.‘ It was necessary to recalibrate the

instrument for each new solution of reagent.

f(i) O%id;21ng Agents.
Several[ozidizing'agents were tried. Hydrogen pe*oxide was tried first
/because'Of‘tﬁefease~with which eny excess can be removed and because of its

igentle oxidizing power. AnyfeXGess hydrogen«peioxide'was‘removed~from the‘

“*V;oxidatign mixture“befoye the naphthoresorcinol  test Was~applied; The

éffect of hy&rogen~per§iide,on‘the test was determined. Results are as’

followsi
o © mABLE 1T, |
Solution Tested . Resul
' i;v.ﬁiluteVﬁaOstlﬁtion - - ~Lpreen color extracted in ether
A T e . layer.-, R
2.‘ Solﬁtionfof~glucuronic acid : ‘  ,reddish purple in ether layerl
: “5. ’10 drops BO% Hgoaplus 2 CaCe | : dirty green célOr in ethex

of (2) above . - layer.

'IfkWas:Eonciuded’thei?fore'ﬁhatfhydrogen peroxide»destroys‘thé néPhtho» ”
lresoréinol tost. o

»The présénc§‘6r'absence of hydrogen peﬁoxide in‘reactioanixtures‘was
‘detefminedﬁby,the following test, 1 c.c, of the solution o be tested
was added to 1l c,c. of dilute pota551um éidhromate solution and to the
“_mlxture was,auded 2for 5 drops of one normal sulphuric acid. The solution
‘7  wés immediately extracted with ether. A blue color in the ether ﬂlayer

indicated the presence of hydrogen peroxidée
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MsthOdsvof destroying excess hydrogen peroxide were studied, - Since en
“aqueous solutlon of hydrogen peroxide 1s stabilized toward heat by the
presence of acids and since oxidation produces acidic substances boiling
W111 not remove excess hydrogen perox1de, Distlllation of the aqueous
paru of an oxidatlon mixture did not remove all of the excess oxidizing
agent even whén the solution Was taken down to a syrup. -Hydrogen perOxide
B beﬁ be destro&ed by‘ﬁanganese dioxide in’ﬁeutral solutiona The method
/followed in reactlon mixtures to decompose hydrogen peroxide was to adjust

the solution to P“? w1th a sultable dilute base and then to add excess

",~mengenese dioxide which was,;eter‘removed vbyofilteringe ‘The action here

. is catelytic; A second catalytic methed of remOVing”hydroéen‘peroxide’

w'wes to:add plstinized asbestos to the solution remOving therlatterdeL:’
filtratlon.‘d - | | |
Hydrogen peroxlde was used'to oxidize methyl glucoside, glucose oxime
: ng Gwyn 54) and;meltose.‘ The'grestest colorimetric reading was obtained
: when hydrogénvperoxide was hsed in the ratio of four of oxidizing agent |
to one of the oxidizebledsubstance; |
A’t‘ypicél eixperiméﬁt‘perfomed'is as follows. 5 grams of « methyl
: glucoside were dissolved in 80 c.c. of water. To the solution was added
‘,5 ¢.c. ferric chloride solutlon (s OOOl ‘gr./c.c, )i:and 7 c.c. of 30% hydrogen
“‘wperoxide;' The mixture was placed in a pressure flask, sealed, and malm#
:,d fained at a temperatdre of 50°C'f0rdhinetwaiVe hours."A fest by theA
~ Vphotoselectricieolorimeter, using naphthoresorcinol, showed a 10.78%
‘i~conversion;to glucuronickacid.f lOic.c. of the mixture wasftitrated with
vu.llzéiNfsokium~hydr0xide and fodnd;to require 31l:6 ¢.c. showing that the

, entirepreactioﬁrmixture contained 0331l equivalents of acid. Next, 10 c.c.
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of the,mixture‘wasedistilled under vacuun and the distillate titrated with
‘1126 N sodiumyhydroxide. 20 6 c.c, of the base were required showing the

,presenoe of .0214 equivalents of volatlle acids.‘ Non-volatlle acid was

‘ therefore equal to .Qll7 equivelents. - .0258 squivalents of x;methylygluco—
“side were used in the reaction. ‘These results indicate that the glucose

' molecule 1s split probably qt carbon atom three, with the formation of:

l’formaldehydeyand formic acid,

.A‘tYpicelfexperiment~employing maltose‘is asefollOWS.k 12 gr, of maltose
,Were;dissolved~ln 50 c.c. of water, To,this solﬁflon'Was,added 10.2 c;céf
eo£:50%‘q&a:ogen_pefoXide‘and 5 c.c. ferric chloride (.0001 gr./c.c.),
Thelmiﬁture_was‘placedvin a pressﬁreiflesk,'seeled,aﬁd‘kept at 50°C for
“'léO:hours in e constant tempereture oven. A test with ﬁaphthoresorcinol

' 1ndieated the presence of 555 gr. of glucuronic acids -

Conclusionsmeoneerning hydﬁegen;peroxideo

n ;HzO;hae;e‘distinct edvantege in being.cheap,,

25,‘Any exceee'is‘easily remo?ed. :

5),Wlf usedkat»room,teﬁperature its,actien is slow. If used at elevated

~temperatures,’0ther reactioﬁs are alded as‘well‘as the oxidation of the
- §rimar§'aleohol gpogp. |

) 4) Apparently’ehere‘arefeeveral competing’reections, namely;
a)~6xidatien ef the éth carbon atom.

b) Breakdown of the glucose molecule at the third carbon atoma

°) Possible hydrolysis of - aﬂmethyl glucoside by ecids formed

‘by‘oxidation with hydrogen peroxide, -

" Use of barium iodide and iodine as an oxidizing agent.

Goebel (60) oxidized glucose with iodine in an alkaline solution and
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obtaioed’a 91‘%?yie1d of glucOnic acid; It was thought that the same methedo
- might be- applled to the oxidation of « methyl glucoside to obtaln methyl
glucuronide. The procedure was as followse 4,5 gr. of « thhyl‘glucoSide
’ were dissolved in water. To this solution Wes addedn25 gTo of\eaiium
iodlde (Merck) and 25, 4 grs iodine and the whole made up  to 550 ¢.c¢o The
- mixture wes - warmed to 50°C. and 500 CsCs of 24 N barium hydroxide wasvadded’
from a~dropping funnel over a period.of‘fifteen minutes at‘e~constaﬁt rate
of - flow the solutlon belng mechanlcally stlﬁred during this operatione
The solution wae stirred for fifteen minutes after the addltaon of the
berium hydroxide and was then ac1dified with 9,25 CoCo cone. sulphuric'
acid, f75 gr. - basic lead-carbonate were added immedietely with vigorous
mechanical stirrihg, which ﬁae continued until the solution‘reached a P¥
v of 5 when ‘The preciplvate was allowed to settle, then filtered off and
washed seVeral times with water, The resultlng filﬁrate gave a good: test
,w1th naphthoresorclnol reagent. The filtrate was evaporated downxto a

small volume‘under vdceuo whereby excess iodine was removed, and a YelIOW

oi ; precipitate‘ofylead'iodiﬁe settled out which was filtered offe;:Dilute‘

: sﬁlphuric aeid wasg added~ﬁo precipitete.the lead whieh wag remeved,by

' centrifugaﬁion. Any hydrogen iodide left was removed bJ 31lver sulphate
‘and exeess silver by hydrogen sulphlde. Splphate ;Op was removed by

j barlum_hydroxlde,and the~excess,bar1um.by means of/carbon'dioxide. This
,ionufree soletion at thisnstage gave e good naphthoresorcinol testo The

' solutign;was_eoncentrated to a small voluﬁe end then to it was added

R severalvaIumes‘of'95%faloohol which cauged a,Whiﬁe precipitate to~settie'
"out;f; ) L

Iodine‘was tried as an oxidizing’agent‘in‘the‘belief,that a stronger
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and faster ox‘idizingv agent than»hy,d:bogen peroxide would act on the sixth
‘ carbonzatom‘of‘glucose befOre‘attaoking'the rest of the molecule. By
carefully controlling the time of oxidation, and the temperature of the:.
‘ reaction, and removal of oxidizing agent, it was h0ped to stop the reactlon
~at the crucial moment,

1Accordingly; the‘above~procedﬁre was ﬁodified és follows. 5 grams. of
4£ methyl glucoside were dissolved in 50 c.e. of water and to the solutlon
wasadded.ﬁ ¢.C. of ferric chloride (. OOOIgr./c.c.; o 3.2 gre of finely
pulverlzed 1odine were added and Just enough barium 1odide MErck) to
“ initiate solution of the iodine. The beaker was placed on an ice bath”
and 15.4 gr.'of barlum hydroxide in 400 c.c. of water added with constant
E stirring over the course of thx:ee'dayso At the end of this time a sma}l

excess of ‘barium bydroxlde was added to decolorize the solution, A pre~

- cipitate (probably barium.lodate) wes fxltered off and to the flltrate was

’;added excess leaq ecetate o remove leadviodide which was separated by
filtering.-~The remainder of‘the'iodineiwas removed with siiver'acetete.
kLead ion was removed with hydrogen su%phlde and barium.ion with excess

| sulphuric aoid,r At this point the solution wa5~hydrolyzed for threefhours,‘
after which the excess sulphuric acid was removed with lead acetate and
;“the lead ion w1th hydrogen sulphlde. Teste w;th‘naphthoresorcinol Pro-

duced a deep ‘red color. The'SOIutiOn-wae evaporated to afthickvsyrup~

‘ , Which on warming slightly, crystalllzed to a solid masso These crystels

were taken up in hot 95% ethyl alcohol, A small white residue did not
 dissolve and was filtered off. This remained unldentified. The solution,
~_on stending, prodﬁced large prismatie needles, Recrystallization to &

,cOhstantamelting point of 55°C was carried out, The compound apparently
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WaS'the meso %ofn;of diethyl tantarate, Although the first mentioned
comnound was not 1dent111ed there is reason o suppose that glyoxyllc acid
constituted‘the magor portion,0¢ethe‘rema1nder~of the. oxidation pneducts.
This would: aecount for the remarkable naphthoresorclnol test obtained at
' varlous points in the treatment of the reaction mixture, Bergmann and
it‘Wolff (59) oxidlzed q:methyl glucoside with bromine in the presence .of
‘~barium hydroxide and obtained an excellent yield of glyoxyliec acid which
they describe as glVlng a beautiful ecolor Wlth naphthoresorclnol reagent,‘n

k Conclu51ons from these and other similar experlmente were that iodlne“
»lS an unsultable ox1dlzlng agent for the production of glucuronie acid, |
from’ methfyl' glucosi.de. Ibdj}ﬁe«?iﬁ*gon.junctioﬁ with potassium iodide and
'potassium hydrexidefwas'else nsed' nnd while the*naphthoresercinol test
always proviaed evidence that glucuronic acid was present none could be

separqted out by the usual methods of proceduree

o
-l

f0xidation by,potassium‘permanganate.,

oIt was thought that pota391um permanganate might provide a. good OdelZlng‘
medlum 1n that its strength tgu eae;ly etandardlzed the menganese is ea31ly
remeved.vand the:nota351um«ealt of glucuronlc~acid~1s ea31lyfcrystallizeble.
Aceordlngly, the f0110W1ng experiment was cafried out,, 5 grame of x‘methyl‘
glucoside were‘dissolved in 50 c.c, Of water. To this solution wes added -

.9 C.Co 18 N sulphuric acld and 35 c.ce of pota581um permanganate solutlon
X 62'gr./c.c. -and the mixture allowed to stand at room temperatureo ,Ae
‘ preclpitate of manganese dioxide settled out after three hours, while after
j'standlng for two days, this dlsappeared and left a clear, colorless solution.
Tests ‘with naphthoresorclnol and the Klett colorimeter 1ndicateﬁ the presence‘

i

‘,of’2524 grams offglucnronic acid, The products of oxidation were not
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identified; but glucuronic aeid, if present at all was there only in vary
: small amounts and could not be separated out by the usual methods.

'(11) The effect of Pressure.

Considerlng the fact. that Leutgoeb and Helnrich (40) used eleven
ffatmospheres,pressure,-rn thelr*electrolytic oxidation method we investis
qgated the effect of pressure on the oxidation of < methyl glucosrde by

' ‘hydrOgen peroxide, A hlgh pressure will -control the rate of decomuosxtionv

*ethydrogen peroxide;according tO‘the reaction

. 3 H0: —= 2 H0+ 0

",whieh,ellows the use‘of a smsller excess of hydrogen ?eroxide than theﬁ
iuhichiweswﬂouuditcrbe5ﬁhe mest*advanfageous~uuder atmospheriC‘pressure.

, It was thought too, that pressure might prevent the syllttlng of the glucose
-molecule Whlch has been.shown +to take place by Jackson and Hudson (36)

. Two oxidatlon mixtures were prepared contalnlng 5 grams of methyl glucoside,
' 801c¢c‘ of water and 5 ¢.co of ferric chloriée; 3 c.c. of 30% hydrogen

ﬁ%rexide were‘added at the - beginning, 2 e.c.,more after 17 hours and 2 c;c.
- more after 4% hours. The uixtures'were=kept at 5Q°C for a total period of
.7152 heurs. “One SOlution had a~caﬁiliary'tuberseeled iufo thefstOpperfto

' keep the pressure at atmospherlc w1thout allowing evaporatlon and the other‘

,flask was put undernpressurgé susing a car pump and a tire valve sealed 1nto’

the-stoﬁper. vResults can be summarized as follows,

Klett reading ' % conversion

Mixture‘under‘high pressure - 47.8 o | 13,10%
‘Mixture under medium pressure 43,9 - 10.78%
Mixture under atmospheric pressure 42,8 | ‘ 10.12%

From these results it was concluded as a result of colorimetric

determlnation, that it is best to«oxzdizevunder pressure, elthough there
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is relatlvely llttle difference obtained under low and high pressure~-at
;,leastﬂat the,pressuree obtalned 1n:our_mixtures, Moreover, the color of
.?he 6xidetion mixture, when kept under pressure, remained lighter, showing
‘ieSS preakdown of the glucose molecule, ‘

(111) The effect of temperature.

The effect of temperature heas been investigated. Inerease of %empereture
would be expected to speed up the various reactlons going on elmultaneously
in any mixture whlch was used. The question was whether or not an increase

'of temperature would favor the reaetlon 1nvolv1ng hydrogen peroxide and
the prlmery alcohol group. It was noted that higher temperatures caused
“the reactlons involved. to proceed faster, as noted by the decomp031t1on of

"the hydrogen peroxide. At elevated temperatures, the mirture turned a -

dark color 1ndieat1ng deep seated decomposztion of the methyl glucoside

o ,molecule. Aqueous solutions of gluouronic aeid are colorless. It was

‘ﬁeclded that, it is best” to carry out the o&idation reaction at a temperature,
in the neighbourhood of 50°C, when hydrogen peroxide is used as the oxidizing
<agent. | : '
 (iv) Etfect of PX

’iExperimenfs’werefoarried ouﬁ to determine~P“ chenges during the course
of the,oxidetion.~ Five‘eolutions~were prepared each containing 1.94 greme
of %Zmethyl‘glucoside, 10 c.c. of water, 10 c.c. cOpper'acetefe_SOlution
| ({OOOl‘grems/c;c.) and 3.7 c.c. of,30%‘hydrogen peroxide. The P was ad=
fjusted to the values listed below with .1 N sodium hydroxide. Oxidation

: was carrled out at 40°C for 12 hours in seeled preseure flasks.



- 35«

‘Solution o _P¥ sdjusted to
T 6.5
gL 8
- o , |
5  . K L 6498
4 95

5 A R 7.3

- Change of P"over a period of oxidation was next investigated,

results are sunnﬁarized below,

TABLE IV.

Solution ‘ ‘. ' o O Hrs.

l) 10 c.c. CuL(AG)‘t solution :
10 cec. H,0 6,52
1.5 c.c. HpOn T

- 2) 20 d.c, HO

. . 8.8%
16‘5 Gn'ca', HLQL .
3) .97 Gr. «<methyl glucosids
10 e.c. Cu(AC), solution 682

10 . G.Cs° Hz_o ‘
l 5 O.G. HZOg,

4) .9 gr. < methyl glucoside
PR lO CeCos HLO ; _' 7&05
10 co.Co Cu(AC), solution

'5) 2 ec.c. CHsOH . :

10 e.cs H,O 6.66
10 c¢.c. Cu(AC), solum.on S
1.5 c.  Co HzoL

5.50

25512

PY after oxidation .
2.22
2.4
2.82
2,22
2.8
The
16% Hrs. 42%— Hrs., 95 Hrs.
6,58 6,72
8.46 8,15 8,18
4,72 3,82
3475 3,28  ©3il
4,95

from the pH changes noted it is evident that oxidation is eicpompaniea'

by the productlon of some acid. | It is to be noted that glucoge and methyl"

| glucosbde give nearly identlcal results. _ 'This may be due to the fact that
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production of‘éeid causes hyﬂro;ysis ofkthe methyl glucoside with'subSequent
E bxidation of glucose in the solution originally confaiﬁing methyl giﬁcoside.  k
Experlments were conducted to determlne the ‘relationship between the
f and the amount of glucuronic acid nroduced as indicated by'the naphthOn
'resorcinol test. Eive~solgtions contalnlng one gram of dfmethyl;glucOSide
'and 2 CoCs of 30% ﬁydrbgen»peroxide were prapared'and mixéd with the
additional reagents listed below, The P beford oxidation wae ad justed
~‘Wi?h:°i5 N.spdiuﬁ.hydroiidea | |

TABLE V.

o . pH i ' o PR Color of _colorimetrie
~Solution : before oxidation after oxidation solution - reading
- , Dil.of 1/100
1) 20 e,co H,O w2 2,78 . dark 48,8

ambexr
2) 10c.c. Hy0 . : , . co . ,
10c.c. Cu(AC). © 6,78 2,82 light amber 82.1°
L dark residue
-5 c.e. Cu(AC), 6,80 280 , pale yellow 57,3
'. ~ white residue

4) 10 c.c. H,0 LE L el | : ,
10 c.c., Fb(OH)g - 6,80 2,78  clear red . 29,0

10 e.c. Fe(OH); 6.85 2075 dirty brown 24,0

, R plus residue '

From these results it was concluded that there is no correlation between
the final P" of the SOlution,and the amount of oxidation as shown by the
Tollen's test.

The nature of the acid produced was investigated in one of the above '

reactidn mixtures, Number (3) was vacuum distilled. = The distillate had a-
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“pH of‘2.98,,reduced hot silver nitrate'solutionvandﬂgave a red ring test
‘with,resoréinol..,Therefore,.at least some‘of the acid produced is volatile
snd has‘reddcing propertiesf I% is,Sighificantlto‘nOte thet,the distillate
rhsd prEctically,the same P”]ss'the original,oxidation mixturejat‘the~end‘ |
of the oxidation period, |
~The‘follOWihg’oonclusions,were,reeched/with‘regardvtoer” changes in

"‘oxidation»mirtures of msthyl,glucoside and‘hydrOgen peroxide with ferric
chloride as a catalyst; Temperatures employed were in the neighbourhood of
50 C and. pressures were those developed in sealed pressure flasks.‘

1) ,IrrssPeotive'of to what value the P” was adjusted at the beginning of
| the'oxidstionoperiodf the'final value always lieS~between 2.2 and 2,8,
2) Oxidation may result in the productlon of an acld strong enough to
hydrolyze methyl glucoside into its two com.ponentso Subsequent oxiaatron‘

results in the splitting of the glucose molecule to produce aeids of two,

-

three or?four carbon atomsg
4) The acid consiuts of at least two fractlons, first a nnnwvolatlle
fractlon and secondly a volatlle fraction which has reducing propertieSe:
  ?0£510 acid is suggested as the most likely. ~The larger portion of the

acid produced ig volatile. Ebr example, in ome experiment the results

were as follows.

R R ;:;imMsthyl glucogide used-.0258 equivalents

Total aecid produced - .033L equivelents
'Vblatile fraction of acids - °0214 equivalents
an—volatile fraction of acids - ,0117 eauivalents

Aw) Catalysts and their effects.

It was hoped that some catalyst could’be found which would be speclific
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fer'thei¢xidatien;ef”the primary alcdhel group; aséociateé with the sixth
‘ earbeﬁ atom,Of the methyl glucoside melecuie; |
| . Verious workers have 1nvestigated the use of catalysts in the oxXidation
of carbohydrates.‘ Craik (38 ) found that malteee was not affected by hydrogen
fperoxide'except in the presence of ferroue sulphete. SmblenSKi (35) claimed
: to have oxidized x.methyl glucoside using ferric hydroxide as a catalyst.
Oopper acetate has been used in the oxidation of carbohydrates.‘ It was
‘decided therefore, to inveetigate a number of metallic ions with regard t0
“-their catalytic properties in the presence of hydrogen peroxides.
The catalyst as de81gnated below is based on mole equivalents of metallic
iene in mpst'suitable iOn eoncentration as fqund by Gwyn,(54).
S 1 7'4 x lO"bvmoies
2 14.8 x 10° ¢ moles
3 29.6 x 107 moles
2 c.c. of- 50% hydrogen peroxide, .97 grams of « methyl glucoside and
35 cqc,~of~water‘made up.thewox;dationlmlxture. The flasks eontalning the
mi?tures~Were sealedtand‘left etahding@at room temperaturetin the dafk‘for
.one mehth, Copper; thallium, selenﬁum;ﬂand‘iroh were investigated._ Results'

are as follows.

TABLE VI. |
Cogger:r o | . Klett reading o State of Pressure
e o am S . mainteined
é“ﬁezys o 45 o , ,,notpreseure~

¢ =3 e . e | 62.5 e maintained
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TABLE' VI(continued) :

- Thellium. - © 'Klett reading , State of’Pressore
—_—— : s sy ~ ,
fa1 i S E | 23,5 . ~ o ﬁressure '

‘4T;,‘g. . = N :25.0 | ‘ o no preseure‘

S r;3, R el el '66.0 - f mainteined

 sotontan

t: S:e i‘ff ) ,.‘ | ,f ' rflscs ‘ - ; fﬁmeiotained
ST%.3   ‘  fi R ] " ’1200 . “. B 'none

F~1 S e T e 129.0 - "~ mainteined

Fﬁe:za;‘ 4 e e e a45k L . ‘none-
"Ffa.Sw S . e :6295” ‘_; 3 ; maintained

. Accordlng to these results, iron end copper seem t0 be ebout equal in
their catalytic effect. Subsequent work - showed that 1ron wag more
effective than 00pper and was therefore used throughout most of the work.

‘ In the cases of both coPper and 1ron, the smellest amount of metal proved

N”: to be the most effectlve. In the case of iron 7 4 p:+ 10 moles was the
Xe/moet effectlve concentratlon. It is to be noted too, that pressure had |

“?“considerable effect the higher pressures giving greater colorimetric

readlngs.

- {vi) sSpecificity ofonaphthoresoreinol test., |
As stated at the outset, the problem was approached from the‘theOretical
point of view. All conditions affecting the. oxidation process were con=

'f'sidered‘in*somevdetail. Amounts of glucuronic acid produced were measured
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by means of ‘the color produced in ether solution with naphthoresorcinol
reagent,- Intensities'of;colors weTe ﬁeééured‘by means of the Klett-

' Summérson,photo-electric'coiorimster.” The cdlor produced 8y~glucuronie

- acid and naphthoresorolnol in the presence of concentrated hydrochloric

aeld has been used to determlne ‘glucuronic acid 51nce the test was proposed
by Tollens (61) Maughan, Evelyn, and'Browne (58) modi?ied this test for,
the quantitative determinatlon of glucuronic acid and state that there

are no interferlng substances exeept micic acld. Mbre recently Fashena
" and Stlff (62) have investlgated the naphthoresorcznol test for glucuronlc
aeid- Pentoses, ‘as well as glucuronle acid yleld condensation products
‘w1th naphthoresorclnol whlch are goluble in ether contalnlng small amounts
’ of alcohol. _The addltion of £ CsCs OF alcohol to 15 e, c° of ether when
”makihg~exfractions of the colored compound from Water, was recommended‘by |
‘Mhughan ot al (58) = 3
As a result of our inabllity to separate glucuronic acid in spite of
,:good 1ndicatlons of its presence with naphthoresoreinol, it was dedided to
investlgate the reaction of the reagent with substances which would |
possably be produced in our reaction mixtures. Bergmenn and Wolff (39)
reported that glynxyiic acid glVes a strong naphthdrésorcinol,test.' The
 following Substancesvwére tested‘in ambunts which might be present in the

dilutlons used for testlng for glucuronlc acid in reaction mixtures. Colors

_given are those produoed in the ether layere;

TABLE VII.
,xS&bsféﬁée ‘Oolorgpréduced
.04 mg. giyoi%lic acid : : purple
| | | purple

005 mg. glucose 
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TABLE VIT (Contlnued)

 'Substance " , " o | l ‘ ' .  ,Goi§r Prodﬁced

.05 mg. methyl glucoside' g ] b | clbudy purplé
;.05 mg. gluqonlc acid ) i ; none
.04 mg, tértaiic’acid; / o | - none
.04 mg. éagcharic'acid {  i‘ : : |  nome

Inyiargér;quantities, tartarié acid gave a definite éplor reaction; as
v‘shan in the case 6f dietﬁyl tartarate separated from’an oxidation mixture
,using_bgriﬁm lodide and iodine'aS'théfoxidizing égent,' A seeond ﬁnn
identified;fraction‘Séparated'from:tﬁe1sameloxidation ﬁiXture algo gave a
géOd tést'with,naphthdresorcinbl. As a reéult 6f;these findings, 1t'was
qdoubted whether glucuronlc acld was. present in the reactlon mixtures in
which it was indlcated by navhthoresor01nol reagent. Thms gonclusion was-
confirmed by our inability o separate out the acld by the usual methods
of procedure."

(vii) _Methods of separation,

; Varioué~methods of separation suggested’themselves. The sodiﬁm and
potéséiumfsalts of glucuronic acid are erystallizable.  The barium’and
cglcium;sélts arefémorpﬁOus‘and‘fairly inSoluble in watar_and more so in'
} alcdhol, The brucine*ahd cinchonine Salts have been suggested, the first
: by Smolenski (35) and the‘sécond by Leutgoéb and Heinrich (40). A question
'aro&e as to whether it was best to form a salt of methyl glucuronide |
’immedlately after oxidation or to hydrolyze the msthyl glucnronide and
then»tq,remove all othe? constituents'eXOept glueuronic acide. Bqth'methods
 we£é tried;‘.Ifﬁpresen£, even-in a éomplex miituré, giucuronic acid'should,

be fairly.easily‘separated, Glucuronic acid itself is slightly soluble,in'
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alcohol. When a water solutlon of the acld lS bolled, evaporated or‘even
allowed to. stand at room temperature water 1s lost with the formatlon of
the 1actone.‘ ‘The anhydride is 1nsolub1e in aleohol but readily soluble in
ngter.o

In the methods using pota551um hydrox1de olus potassium 1odide and

s 1od1ne as oxidizing agents the follow1ng ‘procedure was followed. The

iodlne was removed after the . explration of the oxidatlon time with basic
lead carbonate and flnally w1th silver: ecetate, the precipitates being
flltered‘off. The resultlng flltrate was hydrolyzed fdr th¥ee hours With
2 N sulphuric ecid, at the end of which time the sulphate ion was removed

with barium hydroxide, Excess barium.was removed with carbon dioxide.

3 Tbe’ciearrsolution,wae evaporated to small volume,to produce a thick syrnpo

Hot glaciel acetic acid was added; the gsolution allowed,to cool .and then

: ;severeljvolumeekof 95% alcoliol added. A white précipitate settled out -

¢

which was not glucurone, eS'ShOuld‘have been the case if;glueuronie acid

had been present in the solution. The product was not identified. Similar

i

methods were employed when potassium permanganate was used as the oxidizing

“agent with similar negative results,

The method employing barium iodide and iodine has been described beforeo

After removal of all metalllc ions, a whlte crystalline substance was pres

cmpitated from alcohol whieh proved to be the meso form of diethyl tartarate.

The yield of this substance'was high, show1ng that the major part of the .

,,oxidatlon products was tartarlc acid, and that the glucose molecule was'

splitwinto;atrleast two parts. A second oxidation product belleved to be-

glyoxylic scid was not fully identified.

The brueine;selt,as~reeommendedfby'Smolenski (35) was used in an attempt -

tokseparate‘glucuronic acid from the reaction mixture. 10 grams of methyl
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glucoside, ing‘C.Ga of 30% hydrogen peroxide and 5 ¢.¢, of ferrie¢ chleride .
 801ﬁfi9n(.QOO1fgr./c.e?) Wwere allowed to,stand‘in a pressuie flask for
"nihetywsix_hqurs. The resultigg‘solution gaveaafstrong ﬁaphthoresqreinol
'{'testifqr giuﬁuronicyaciﬂ.“The,mixture Was’disﬁilled under a high»vacﬁum
fefreﬁeve’anyﬁvolatile;acide,produced. The\distillate had feducing‘
; propérties. ~The residue Waeltaken uprin water‘aqdetoiﬁhis solution was
‘added excesS*brucine;f The solutibnqwasirefluxed_for‘three hoﬂrs; during
Whieh‘time there was a éarkening iﬁ:the 0010r ef the‘mixture; ‘After the
' f,solutlon cooled excess brucmne ‘was removed by extraction with chloroform.

‘The flnal solution supposedly containlng the bruclne salt of methyl :

: glucuronide gave a good naphthoresorelnol test. ‘This solution was evapof; T

'rated down to dryness under a_high vacuum and the residue taken up in ,el
hot»ethyl‘alcohol. On coollng, fine crystale separated out, which on re-
:erystellizatiqn rrom:elcbhel,gave«aAshefpxmelting point of 165°C¢ The‘
3product was ideﬁtified asg¢~methyl glucoside, Further’wofk on solutions
, end preeipitates]failea te~extract,brucine glucuronide;,which if'present
must have been fhefe in minuteVQuantities. This experiment §roved eﬂe
~thing, at least; that &,methyl glucoolde is stable under ‘the condltions
employed. The presence of reduclng substances in the distlllate indicated
sqme;breakdown‘in the glucose molecule.

CONCLUQI&NS AND. DIDCUSSION.

a) Chemical method.

| Larly work was undertaken {0 dlseover the various influenclng factors'4
in thefox1dation of dlmethyl glucoside. ConclusmonS'as to the amount of
giueurenie,acid preeent,were based on the naphthoresorcinol test. Latefé

when work Was*begun on methods of separgiiQneﬂndwnegative?resuitsfwere
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obtained, iﬁ was decided to investigate further the specificity of the

test. As a vesult of experiments on this phase of the work, it was de=-

cided that previous indications of glucuronic acid were dus to inter-

fering substances and this conolusion was strengthened by our repeatéd
inability to separate the acid. Other bekers9 particularly Smolenski {35)

claim to have isolated the substance in yields up to 30%, but our work

fails to corroborate these assertions, It is stTll believed, however that

glucuronic acid should be capable of production as a result of the oxidation
of the sixth carbon atom of «¢ methyl glucoside, Other reactions may g0 on
concurrently,'athreaﬁer speeds than the desired one, so that yields of

glucuronic acid will necessarlily be small., It is believed that other parts

of the glucose molecule are more susceptable to oxidation than the primary

alcohol group, so that, elthough this group may be oxidized, the molecule

is destroyed with the production of shorter chain acids or aldehydes. The

tproblem resolves itself into finding some specific agent for the oxidation

of the primary alcohol group. This specific action might be found in a

.catalyst and further work could be done on this phase of the chemical in-

vestigation,

The biochemical method seems to offer the best method to date 6f ob-
taining glucuronic acid, The enimals necessary are inexpensive both to
obtain and to keep emnd the yields are good. From dogs a yleld of 80% has

been obtained, Rabbite can be made to yield up to 50% of the substance.
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SUMMARY.
1) The biochemical method for the production of glucuronic acid, using
rabbits has been investigated. Modifications in the manner éf administer~
ing menthol to rabbits have been mede. Procedures are given.

2) The available methods of chemical synthesis have been reviewed and

v discussed.,

%) The results of investigations on the chemical productibn of glucuronic
acid from o« methyl glucoside are given. The findings indicate that it is

not practical to produce the acid by the oxidation of a glucoside or of a

vcompound of glucose Which‘has the aldehyde group.alone, inactiveted, unless

a{Specific agent ig found for the oxidation of the sixth carbon atom.
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