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Synthesis of D-Glucose-1-C" and D-Mannose-1
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Heretofore, radiochemical yields of sugsrs posittonlabeled with carbon-14 have been
only 6 t0 10 pereept. This paper reports ao improved eyanohydrin syothesis, and the
preparation of p-glucose-1-Ct and p-manngsa-1-C* from D-arshinoess in yields of about 50
percent. Low yields in prior aymtheses appesr to have been dus to several inefficient atepa,
&nd to the feot that extension of the carbon chain yields & pair of epimneric sugar dercivatives,
the ﬁmpurtion of which roay not favor the desired epimer. In the classical cysnohydrin
gyothesis of glueose from v-arabinose only 30 pereent of the produot goes to the gliconic
epimer. To inereaso tha yield of glucose, B systematio stndy waz made of the proporiions
of the epimers formed from p-arabinose under a variety of conditions. It waz found that
tha ratic of the apimera depends upon the conditions under which the reaction of the augar
with cyanide takes plece, Thus, D-arsbinoss and cyanide, in the presence of sedium bicer-
bonats and earbon diexide, yiejd about thres parts of mannonice pitrile to one part of gluconio
nitrile, but, in the presenoe of sodivcn carbooase the proportion i@ approximately ravarsad,

Fesearch Foper 2301

14%

1. Imiroduction

Recognition by chemists, bacteriologists, and
biologists thet radicactive carbohydrates provide a
tool for attacking many unsolved problems has led
to & demand for sugars position-labeled with carbon-
14. To meet the need, the Bureau, under the sponsor-
ship of the Atomic E,nerg}f Commission, has under-
taken a program for the production of C"-labeled
sugars, ihcluding the development of methods of
syhthesis,

Previously, Sowden [3]," using the nitromethane
method of SBewden and Fischer [4], prepared hi%]’.‘l-
activity 1-C'-labeled glucose and mannose in yields
of T and 10 percent, respectively, based on the
nitrometbane used.? By the zame method Mahler
[5] obtained 1-C'abeled glucose and murmose in
over-all yieida of 5 and 7 percent, respectively, bt
he could not erystallize the producta without the use
of carriers. Koshland and gVestheimer (6] used the
Fiascher-Kilieni cyanchydrin synthesis [7] to pre-
pare & low-activity b-glucoss-1-C" in radiochemical
vield of 10 percent. ey sushstituted the catalytic
reduction ot Glattfeld angS(?himpff [8] for the classi-
cal eodium amalgam reduction, and used carrier
techniques in the separation of both the delta lactone
and the free sugar,

Thus, the history of the application of either the
nitromethane or the cyanohydrin synthesis to the
production of high-sctivity sugars appeared dis-
couraging. From experience in the Erepamtiun of
various rare sugars [#], it seemed probable that the
low vields in tie cyanchydrin aynthesis were dus,
in part, to the use on a semimicro scale of techniques
developed for macre preparations. A careful study
wns therefore made of the cyanohydrin synthesis,
beginning with p-arabinose, and each step waa

-
* Presanted befors the Bhiogioal Beethm of tBe Interoalionsl Congress of
Fure and Applled Chem » Mew Yok, N, Y., Bept. 13, 1051 [1, 2.1
L Fhgplrtest Iy Braekels Ind catethe lilerature referencss at Lhe end thls paper.
t A recent AEDC report bﬁ:&""w fard mm&nmu-m 1961) dmfl;.:;
tha proparation by the nitr sne methed of 1-Clip-arabinoge o 3-pesoent
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modified for cfficient operation at the millimole
level. The various steps follow and are diseuszed in,
seobion 2:

n-Arabinose
(1) J,ﬁyanohydrin reAction
RCH.OH.CN{epimeris nitriles)
(2 lhydml;mia
RECH.OH. COOH (epimerio acide)

B e laeparat.ion of epliners
[

| l
HRCH.OH.COOH RCOH.OH.COOH
(Gluconic 2eid) (Mannonie acld)
{4) llact.ﬂue formation {4} Jlﬂ.ntune formetion
{5) l NaHg, reduction (5} l NeHg, reduetion
i) lumtauisa.tiun (6) | erystallizativn
Glucoese-1-01 Mannose-1-CH
2. Discussion of Steps in the Cyanohydrin
Synthesis

21 Condensction of D.Arabinose Witi: Cyanide

Ordiparily the resction of the aldose with the
eyanide (step 1) iz earried ont on A macro scale with
an excess of (?'a.nide, in order that equilibrium con-
ditions may favor the cyanohydrin, Militzer [10]
has shown that combination of an aldose with cy-
anide under these conditions is ezsantially complete,
but it remained to he demonsirated whether such
combination could be accomplished in high degree
with stoichiometric proportions. Tn a 2eviee of con-
deneations with various quantities of cyanide, it
was shown by titration of the ezcess cyanide that
the condensation is nesrly quantitetive under a
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variety of conditions, Btudies included the resc-
tion of wodium cyanide in the presence of calcium
chloride 111}, ammonium chloride [12] or vwaripus
quantities of sodium carbonate and bicarbonatae®

2.2. Hydrolysis of Cyanchydrins

The low yields reported in the literature for the
products isolated from the cymnohydrin synthesis
might ba due to 4 partial reversal of tﬁe condensation
reaction during hydrolysis, As the evanohydrin on
heating in alkaling splution yields ammonia, and
the inorganic eyanide ia not apprecisbly alterad,
ecompleteness of the reaction could be judged hy tha
smmonis evolved. It was found that the cyano-

drin from p-srabinose gave a nesarly quontitative
vield of armmonisa, and hence thers muszt have heen
no apprecisble reversal.

The ¢onditions of hydrolysis nsed by prior workers
have been sufficiently drastic to ecause deterioration
of the product. Hydrolysis of the cyanchydrins
from p-arnhinoss was found to take place satisfac-
torily under much milder conditions than were for-
merly used. It is conveniently effected by heating
the eyanchydring in sodium carbenate solution at
60° for several houre with aeration and con-
centration of the solution. This procedure gives a
nearly colorless product and uvoic{ls the decomposi-
tion that occurs at higher temperabures,

2.3. Partial Control of Epimeric Proportion and
Separation of D.Gluconic and D-Mannonic Acids

Clartain evidence has indicated that the propor-
tion of the epimers formed in the cyanohydrin
synthesis depends, in part, on the conditions under
which the reaction takes plage, Thus, in the con-
deneation of mannose with HCN in the presence
of ammonia, Fischer obtained 87 percent of c-
mannoheptonic acid [13]* but none of the beia
isomer. Howevar, the usa of sodium cysnide in the
presemce of either calcium ohlorida [14] or barium
chloride [15] led to the separation of substantisl
quantities of S-mannpheptonic acid. Partial con-
teol of the epimevie proportions is hichly desivable
in the synthesis of the Inbeled sugnrs. Conzeguent-
iy, the condensation of p-arabinose with cyanide
wag studied under a varioty of conditions, and the
proportions of gluconic and mannonic acids formed
were setimated. The resulis, reported in seetion
3, showed that the ratio of gluconic acid to man-
oonic acid may ke varied from 72:28 to 30:70 by
alieration of experimental conditions, In fact, radic-
chemical yields as high as 70 percent of barium
gllwonate or 67 R‘ercent of mannonic lactone have

een obthined. The ability to control the propor-
tions of the epimeric acids over a wide range mnkes
possible the production of the desired acid in pre-
dominating yield and greatly facilitates the separa-
tion of the epimers, ¥or the separation of the acids,
advantape was taken of the fact that mannono—y-

¥ Thes nee of arlium qarheomate-bicarbonste and smmondim car baate-blesebomn-
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lactone tallizes more regdily than sither of the
lmtoneﬂmlumrﬁc acid, and t.ge fact that gluconic
acid forms a crystalline barium salt * whereas man-
nonic acid doez2 not,  In preperations designed pri-
marily for the production of manncse, meannonic
lactone was crystallized directly from the mixture
of erude epimeric acids: in preparations designed for
the production of glucose, gluconic acid was sepa-
tated first in the form of the barium =salt.

24. Lactonization of D-Glaconic and D-Mannonic
Acids

Raduction of aldonic acids to the corresponding
aldozes takes place through the lactone &nd not
through the free acid, Consequently, the sugar
acid must be converted as completely as poszibla
to the lactone before reduction. The gluconic acid
equilibrivme involves complex econdensation prod-
uets, as well as the delts and ma lactones,
Both of the lactones as well aa t,E:mfme acid crys-
tollize readily [17]; snd the product obtained
depends upon tempersture, solvent, concentration,
and the presence of sead crystols. Experiments
showed that the delts lactone, on reduction with
sodium amalgam, gives the sugar more readily
than the Jactone, and that erystallization
of the delta lactone can be effected satisfactorily
by slow coneentration at room tempersinre of a
methy! eellosolve solution of the gluconic seid-lactone
mixture. By this procedure, glucono-s-lacione is
obtained from barium gluconate in substantiall
quantitative yield. In some experiments the crude

tallino lactone was reduced with sodinm amalgem
without previcus sepacation, and p-gluccse was
ohtained in yields a¢ high as 83 percent. For the
prepacation of pure glueono-s-lactone-1-CH,  tha
orude lactone was recrystallized from methyl sello-
solve by the addition of ether. The conditions for
the formation of mannono-yJlactone are not critical,
and satisfactory crystallization can be obtained b
concentration of o solution of the epimeric acids wi
methanol, methyl ccllosolve, scetic acid, or other
orgenic =olvent in the presence of sead orystals, In
cxperiments designed for the production of manmoge,
mannonic lactons eryetallized in satisfactory yields,
nearly free from gluconic lactone.  Recrystallization
from hot isopropancl gave a subsztantially pure
produet.

2.8. Sodium Amalgam Reduction of D-Gluconic and
D-Mannenie Lactonae

The lactones of aldonic acids are redueed satis-
factorily to sugars by sodium a only in
mildly acid solution. To mpintsin this condition,
it is customary to test the solution frequently and
to add ncid uesliy as the reaction proceeds
[7b, 9, 18]. cduction on a millimole acale in a

+In & recent communbontion, Hodson T16) repotad the tem of bariym
L B T T ke e e UVt

, Inoluding somewrhit *Inlar work o the D-beediflsatlon, wae sonipbied
mtmghepqmd in mbatract, {1, 2], prior to the sppearance of Huddm's commoni-
catiom.
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closed aystem mq];l;mﬂ an entirely different technigue.
Expeariments at the Burean over the course of severn]
years have shown the practicability of maintaining
& alichfly acid medium for the reduction by the use
of an excess of a difficultly soluble, su]ic{ Organic
acid or acid salt. As .the sodium amalpam reacts,
the acid dissolves and muaintains an approximately
constant pH. Thoe buffering agent amf conditions
giving maximum yield of sugar vary with the lactone
employed. Sodium  actd oxalate with s small
quantity of amalgam has been found to be most
eatisfactory for the reduction of glucono-slactone,
and benzoic acid with a large quantity of Eam
for the redustion of mannono-y-lactonef With
the improved procedure, glucono-A-lactone was
reduced to glucose in tg‘m]&s of 86 to 90 percent by
anelypis, even when the quantities of lactone were
as small as 18 mg; mennono-y-lactone was reduced
to mannose in yields of 75 percent. The efficiency
of the reaction was due in part to the development
of an amalgam of uniform composition that eould
be conveniently handled in small guantities without
undue contamination from the atmosphere,

2.6. Crystallization of o-D-Glucose and o-D-Mannose

The procedure for separating the sugar formed by
godium amalgam raduction depanded m part on the
acid used as a Luffer. In preparations in which
henzoic acid was used, sufficient oxzalic acld wes
added to convert all sodium present to sodium acid
oxalata. The henzoic acid was removed by extrac-
tion with chloroferm. The aquecus selution, which
conteined the engar, oxalate, and small amounts
of aldonic acid and golyhydric aleohol, was con-
centrated, and most of the oxalate was precipitated
by addition of methanol. After removal of the
solid oxalate by filtration, and of methanol by
evaporation, the agueous solution was deionized by
means of ion-exchange resins, snd lyophilized (freeze-
deied). The sugar was cerystallized hy the addition
of methanol-isopropanol mixtures in the prescnece
of seed crystals, In preparations of 1onchive
sugars, ohe crop wae separated directly from the
sirup; the residual labeled sugar was removed from
the mother liquor by several succesaive crystalliza-
fions in which either inactive or weakly radioaciive
& was used 83 & carrier.

ariouz sclvents have becn used successfully in
the crystallization of e-p-glucosze and a-D-mannose.
Cruoda sugars crystallize more readily from acetic
acid than {rom the methanol-isopropanol mixtures
recommended hera. However, acetic acid is some-
what objectionable, since unramoved traces of acid
mey cANSe unl dizcoloration of the fina} product.
Care must be uzed m conditioning the lon-exchange
regine, because extraneous material removed from
the resineg sometimes inhibite crystallization of the
product.

It will ke zeen from the yields given on page 170
that, for the production of p-menncsc, the cyano-

+ Theaa oond itioma wers determined in 4o investigeticn of the sodium smalgs m
reduotion under & variaty of conditlons, In the course of the work DOrersng
lfcmw_ F:nl'l tiefbods wars etndled.  The reanity w1 ba ehparbsd e & [orth-

ing pper.

.added to pive a

hydrin reaction employing the sodium bigarbonate-
cerbon dioxide buffer should be used; if plucose is
desired, either the calcium chloride or the asdium .
carbonate method is praferabla. With commercial
C'-labeled sodium eyanide containing excess sodium
hydroxide, the sodiutn carbonate maﬁhnd LPPARTE (O
give a elightly higher over-all yield of glucose and
HIANDOSE the galeinm chlonde method and does
not require removal of chloride ion.’

3. Experimental Details

3.1. Study of tha Condensation of D-Arabinoss with
Cyaznide under Diverse Conditions

a. Establishment of the Completeness of Reaction Between
Stelchiomeirie Crunntibes

To ascertain the completeness of the reaction of
p-srabinose with cyanide under conditions that
might prove useful for the preparation of labelad
sugars, mixtures such as those given in table 1 were
preparcd and allowed to stend in sealed tubes a6
20° O for 48 hours. The tubes wore then opened,
and the residual cyemide wasz titvabted with silver
nd trate b‘f the method of Dvénigds [19].  The results,
expressed ar percentage of cyvanide reacted, show
that combination of p-arabinose with evanide is
substantially complete under -the conditions used.

Tasre 1. Compleleneas of reaclion of stoichiomelric quantilie
of p-gramncee and spanide
. Ozup|de
Conbnt of retetion iskurs n 6 m] conTLs,
AMilEmoles Fereend
r-Arabimosa. . 2
3 L = T 2 [: N
L L 1
p-Arsblnasa. . 2
e 2 } w3
3 L L}

= Bughd o the detarmination of onrsaeted gyanide.

b. Determination by Means of ioal Rotation of 1he Proportions
of D-Gluac;hrj;.iu eond D-h?ﬂ;:lﬂllic Bcida Formed

As the cywnchydrin reaction is substantislly quen-
titative under the conditions used, and the optical
rotations of sodivm glucondte [20] and sodjvm man-
nonate [21] differ wii.;l]y, the optical rotations of the
mixtures of sodium ealts preparad from the syano-
hydrins may be usad to estimate the propertions of
gﬁmunic and mannonic acids present. In order ta
study the epitieric proportion under verious condi-
tions, the cyanohytfrin reaction mixtures given in
column 1 of table 2 were prepared.  After 40 hours
wt 20°% C, the inprganic saltz lizted in column 2 were
mixture the same inorganic salt
contant. Hydrolysis was effected by digesting the
solutions on the stenm bath for 4 hours with reduc-
tion in wolume by use of an &ir current. After
filtration, the solutiens were diuted to 25 ml and
o bl o1-CLIn1 the, s, e st

Eatore
and ma{hl;: pairebaspsd Iromo the Mational Hoosuy of Standaedy npon saugboris-
thn by tie Atomle Energy Commsig,
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measurenmients of optical rotatwon were mada. The
spacific rotations of sodium pluconate and of sodium
raannonate were determined in solutions containing
the same concentrations of inorganic salts as those
present in the ahove experiments., These wvalues
ware used to calculate the compositions of the mix-
tures from their optical rotations,

TABLR 2, Proporfions of glucenic and stonnenic aerds formed
in fhe cyonohydrin synifesis under varipur condiliony

1
Ealta added Lo
Eepotlon mixtore w
gmillivaokes in 44 ) (mstilenojas) [adg" | Mocomate
T ol ¢ +5.2 wa
{D-Ara'bhu:-aa .- 4t
TN, ., 4 +6.1 -]
CaCly .. -arena 22
p-Arablnczs ... 4.0
My HaCM. ... 44 +7 55145
NeHCO; ... 1.4
IV[?J-!EENMM :10 +
B I—— .2 W AT
MHEHWL 44
.
R T —22 30: 70
L0 T T,
Contral et perimengy
fgpem o 4
5 e A I e I L
MOk o B D
%n:@chjimmmmnu 4 g
31 s e | | (SRR B L IS
NaCly_ S o
+ Baod oo kbe welght of the sodium salte of the sldonlc scids and assemiog
100+ t converalon. Vohime of anlution, 25 mi.

¥ manner of eddition, see po 168,

3.2. Isolation of Aldonic Acids from the Cyanohydrin
Baaction
. Mannong-y-Loctone

In order to determine the yields of barium glucon-
ate and mannono-y-lactone obtainsble with various
procedures, reaction mixtures similar to those of ex-
periments I to IV of table 2 were prepared on an S-
millimele basis. Each solution was dﬂuted to 100
ml and, afier standing for 48 hours, was hydrolyzed
by hmtmg for aeveral hours under 1.13:':11|1+::e~:ir Pressure
at. 50° C while the volume was kept approximately
cnnst.n,nt. and then by heating for 1 hour on the steam

The repulting solution wes paseed through
a cu]umn {14342 em} of cation exchange resin®
The ¢clumn was washed, and the efluent waa con-
centrated under reduced’ prassure to a thick sirup,
which was seeded with p-mannono-y-lactone and
allowed to stand at room temperature. Crystalline
mannonic lactone separated overnight from the
sirups of experiments 111 and IV; it separated more
glowly from the sirups of experimenia I and II, in
which the proporticns of the mannonic epimer were

" Ambedlite 1R 1 uh:] I'.iml grade, Resimous FProdocts Divlelon of Rohm and
Huasa Cn., Philadel

lower. After sevaral days, the partially ervstalline
mixture from each experiment was dissolved in the
minimum amount of hot methyl cellosolve {ahout
2 ml}, transferred to a smoll test tnbe, diluted with
ethyl ether to incipient turbidity, and seeded with
p-mannono-y-lactone. Tho mixture was allowed to
stand for 24 to 48 hours at room tempereiure, during
which time mannonie lactona eryatallizad as clueters
of needles. The mother liguor was removed with &
capillary pipetta, and the crystals were washed twice
in the test tube with 2 ml of o cold mixture of equal
partz of ethancl and ether, and finelly with ether
wlone. The coystalline mannonie lastone from each
experiment was dried at 80° C in a vacuum oven
and weighed. The weights of products and per-
centage yields for each condensation are given in
table 3. In each case the product was identificd by
melting point, mixed melting point, and retation,

TasLe 3. Yields of erystolline barivm gluronole end monnono-
y-faclone from D-orebinoge 4

Tte T VLWL Harlum
Papetl- Method of rlactone Togladnitt | ogg
EdgnLL aAdiflan ¥Fleld

Weight | Vield |YWekght | Visld

i e %
Toooeooo| HaCN. odm | 8 | o i |
.2 cachroaCi o ham | 1Te | Ling | s | REL
... | Ha EIUrtNa.UI\ . ] 4.3 [ 0T g T
IV | NECleNaCN._ b 50 40,7 -] ik T3

= These ylalde wara obtsined with nonTedionetive material, By uio ofisr-
rler I;euhn!q]ueaand themethods desorlbed in section 3.8, conaderably higher
readbo obcmu]oal ¥ickis wero obdileed,  Eea po 170,

b. Barium (Gluconate

Barium p-gluconate was izolated in the following
manner irom the mother liguor of each of the above
crystallizations of p-mennono-r-lactone: The mother
liquor was concentrated under reduced pressure to a
girap, which wag then dissolved in 10 ml of water.
The solution was treated with 4 millimoles of aqueous
barium hydroxide, digested on the steam bath for an
hour, and f‘u:m.]];r,r acidified to phenolphtbalein by

means of a stream of carbon dioxide gas. The mix-
ture was then warmed aoid filtered thrﬂ h & funnel
precoated with diatomaceous earth and decolorizing

cerbon, The filkrate and washings were concen-
trated under redueed pressure to ahout 2 ml, and the
solution was treated, dropwize, with methanol to
incipient turbidity, and seeded with barium p-glu-
conate trihydrate [20]).7  Although the typical plat.es
of this ¢ompound appearad within a few (fajrs erystal
lization was allowed to proceed for several da
The mother liguor was then removed with a ne
pipatte, and the crystals were washed three times
with cold 25-percent methanol. The products, after
drying in & vacuum gven at 80° C, pave optical rota-
tmns in substantial agreement with the value (-+9°}
reported for the monohydrate [20]. The weights of
barium gluconate and the percen yields frem the
four condensations arc given in table 3,

1 & supdy ol barlum rﬁednl: the Buma.u by the B!Iectrolﬂ'lc
wmallnnm‘gmuml tl:la lum bromibde and barlwm carbong
The orignsl prepmut ol agwera] DLpnLE for wmmmm

Howevar, when aaa-:l u:'sta.l;mav able, e it oryatelilzed quickly Eom soli-
thond of high purity

1E6



¢. Laad Gluconats

Table 3 shows that mannonice ncid can be separated
eatisfnctorily s the gamma lactone and gluconic acid
as the barinm =salt, Other experimenis showed that
the lesd salt [20] iv also satizfactory for the separa-
tion of glueonic geid.  In an experiment comparabla
to II1 of table 3, but on & 4-millimole level, o-man-
none-y-lactone was removed as described previously.
The mother liquor was evaporated under reduced
pressure to a sirup, and after the addition of 10 ml
of water and 400 of neutral lead carboenats, the
mixture wag diges.:gﬁ for 2 hours on the steam bath,
and filtered. ‘Lho filtrate and washings were concen-
trated under reduced pressure to about 1 ml. The
girup was tregted with sufficient methanol to produce
slight turbidity and sceded with crystialline lead glu-
conate, The crystals that formed in the course of
several days were separated, washed with cold 25-
percent methanol, and dried by heating under ra-
duced pressure. The product weighed 470 mg, rep-
resanting a_yield of 39.4 percent.

3.3, Conversicn of Barium Gluconats to D-Glucona-
FLoactone

The completeness of conversion of barium glu-
conste to the delts luctone 1= closcly dependent upon
experimental conditions, If the barium ion is re-
moved as bavium sulfate, & trace of excess acid may
hinder crystallization of the delta lactone by favor-
ing formation of estera, condeneation products, and
the lactone. The following was found fo
ke the most consistently successful tochnigque Tor
retnoval of the barium len and erystallisation of
glusono-&lactone. A solution econtaining 2 milli-
equivalents (0.5381 ) of barium gluconate was passed
over a column {1330 em) of eonditioned " cation
exchanpe resin (see footnote 83, and the eolumn was
washed immediately with water. The efluent was
Ivophilized at once. When lyophilization was com-
plets, the residue wags taken up in methy] cellosolve,
and the solvent was evaporaied in a stream of air
and in the presence of seed crystals of Dlﬁlumnu-ﬁ-
lactone. In the course of about 1 day, the soivent
hed eveporated, leaving a partially crystalline resi-
due. The residue was moistened with methyl ceollo-
solve, and evaporation was continued until the
material appeared to be completely converted to
the characteristic chunky erystals of the delis lac-
tone. This material wes ordinarily uwsed directl
for the preparation of pglucose by reduction witﬁ
sodivm amalgsm.

For the preparation of pure p-glucono-s-lactone,
the erude lactone prepared as described above waa
dissolved in sbout 10 parts of hot methyl cellozolve.
The hot solution wag filtered with the aid of dacol-
orizing carbon and sllowed to conl.  Ether was added
to the peint of incipient turbidity, and the solution
wae eeeded with cryatalline plucono-f-lactone. In
the eourse of a day, pglueono-3-lactona separated
in amount corresponding to about 90 percent of the
thaoretical.

W The rezsin was reeenerated, thoroughly weshed with wster, and bomed[-

“"'ﬁ beBoro use was withed sotesgvely with wetbaned and water, In order to
L microtiplagleal actiom,

34. Sodium Amalggm Reduction of D-Gluccno-3-
Lactone and Separation of Crystolline oD-

Glucosa

Prior to the preparation of the labeled sugars, an
extensive siudy was made of the sodium amalgam
reduction of & variety of lactones on a millimole
hagia (see footnote 6). The procedures given here
wore found to be most satisfactory for the prepar-
ation of pglucose and p-manncse, The redoction
of both lactones was conducted in o heavy-walled
glass tube fitted with a stainless-stesl stopper having
8 greaseless bearing that accommodated a stirrer
mada by flattening one end of a stainless steel rod
{fig. 1). The sodium amalgam uvsed was in the form
of pellets prepared by pouring molten S-percent
sodiuin amalgam into mineral oil in & 70-cm “‘shot
tower.

For the rednction of ogluccno-8-lactone, 0.7 g of
oxalic acid, 0.8 g of sodium oxalate, and 20 ml of ice
water were placed in the renction flask containing 1
H‘{I]]]]]lﬂl& (178 mg) of p-plucono-d-lactone.’* Imme-
diately afterward, 2.3 g of 5-percent soditm amalgam
Eell&ts were added; the mixture, cooled in wn ice

ath, was stirred vigorously until the amalgam waz
spent, after which the mercury was separated,
Three volumes of methanol was added, and the
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cryetalline salts that precipitated were removed by
filiration, washed with methanol, and set aside for
the recovery of unreacted gluconic acid. The alco-
holic liquors were nevicalized with aqueous sodium
hydroxide and evaporated under uced pressure
most to drypess, and the residue was extracted
with several small portions of methanel {total vol-
ume was ahout 10 ml). The extract was filtered,
diluted with weater, and passed through a column
(L4X10 cm) conteining equal parts of carefully
conditioned cation (see foottiote 8) and anion ¥ ex-
change reaing. The combined solution and washinga
were evaporated under reduced pressure to remove
methanol, and finally lyophilized to a sirup that
woighed 184 mg. Tha sirup was dissolved in a small
amount of methaool, and the solution was trans-
ferred to a tared tube (total volume was nbout 4 ml).
Is‘ﬂ:mpjrl alcchol was added to iocipient turbidity
and the solution was seeded with e-p-glaicoze.  Crys-
tallizaiion, which began immediaisly, was allowed
{o take place for several days. The crystals weighed
144 mg wnd bad a specific rotation at equilibrium of
4517 and & melting point of 1477 to 149° C. The
yield in this particular experiment was S0 percent.
Analyses by copper reducing methods showed that
tha yield o ucose in the reduotion process jusk
described is 85 to 00 percent of the theoretical,

35 Sodivm Amalgam BReduction of D-Mannono-
v-Lactone oand Separation of Crystalline o-D-
Mannose

I* Xor the reduction of p-mannono—y-lactone, 1 milli-
mole (178 mg) of the lactons was dissolved m 20 ml
of ice water contained in the apparatus in figure 1.
Benzoic acid (1.5 g) was added and stirred into the
solution only long enough to effect dispersion; 4.6

of 5-percent sodium nmglgam pellete was added, an

stitting was continued at 0° C for 1X hours, At this
time the mereury was removed with a pipetie, addi-

tional benzoic acid (1.2 ) and sodium amalgam

{4.6 o) were added, and stirring was continued until
the nmsalgam was spent (2 hours}). The mercury was
removed sgain, and 1.26 g of oxalic acid dihydratc
was added. The resultiog benzoic acid was removed
by extraction with chloroform. The aqueous solu-
tion was then mixed with 2 volumes of methanol and
2 of ethanol. The sodium salis that separated were
collected on w filtar, thoroughly washed with metha-
nol aad set aside for the recovery of any unreacted
mannonic acid, The aquecus alcohelic liquor was
concentrated under reduced preswure to about 10 ml,
after which it was diluted again with 2 volumes of
methanol and 2 of ethanol. The salts were scpa-
rated, and the sclution was concentratad to about 5
ml aund passed through & column (1.4310 em) con-

ing & mixiure of equal parts of cation (see foot-
note 8) and anion (see fooilnote 12) exchange resios.
The aguenis solution and washings were lyophilized.
The lyophilized residue was dissolved in 1 ml of
methancl, and the solution was transferred to a tared
tube with 2 ml of methanol. Isopropyl aleohel was
then added to the point of inciplent turbidity.

12 Donlite A=4, Chemical Process T, Hadwood Oty Cwlll

After the addition of seed crystals, the solution was
allowed to stand for several days.- 1t yiclded 100 mg
of crystalline p-mannose {55%), having an equilib-
rinm specific Totation, [o]f, of +15° and a melting
point of 130° to 132 O, Analysea of numerous
splutions resulting from similar reductions showed
that the produetion of p-mannose in this step varies
from 75 to 80 percent of the theoreticsl.

36. Procedures Used in the Synthesas of D-Glucose-
1.C* qnd D-Mannose-1-"

a. Sodlum Bicorbonabe-Carbon Dicxide Method for the Prodos-
tion of Mannono-y-Lactons apd Bariom Gluccmate

A flask containing 2 millimoles of radicactive
sodium eyanide {20 microcuries (pc)) and 2.24 milli-
moles of sodium hydroxide in & ml of solution was
cooled in a mixture of dry ice and scetone until the
golution froze. One gram of sclid carbon dioxide
and 20 m! of a solution containing 2 millimoles of
p-arabinose were then added.

The mixture was allowed to thaw. The flask was
stoppered and stored in & refrigerator overmight, and
then at room temperature for 2 days. The salution
was hydrelyzed by heating for 4 bours st 50° O wder
reduced pressure, and for 1 hour on the steam bath.
Cations wore removed by use of s eolumn (1.4X24
ci) of cation exchange resin {zee footnote 8), and
the solution and waehings were lyophilized. The
residue was moistened with mathﬂ,nof. seeded with
p-mannono-y-lactone and allowed to stand for 3 days.

ing this time considerable lactone crystallized.
The entire residus was then dissolved in 0.5 ml of
methyl cellosolve, und the solution was treated with
ather to incipient turbidity and apain seeded. Tha
p-manngno-y-lactone-1-C* that crystallized in the
course of several deys was separated, washed with
ethanol and ether, and dried. It weighed 192
and conteined 10.8 pc of carbon-14 (54% yield
[«]¥ of the product was 537, and the melting point
was 1517 t0 1529, The mother liqguor and i
were combined and eoncentrated to a sirup to whi
was added 180 mg of carrier p-mannono—y-lactone,
Sirup snd crystals were dissolved in 1 ml of methyl
callosolve, and ether was added to incipient turbidity.
The crystallization gave 187 mpg of D-mannonc-y-
lactone containing 2.6 pe of carbon-14 (13% radio-
chemical ¥ield). The total recovery of radioaciivity
a6 D-mannono-y-lactone-1-C waa thus 13.4 pe, or
67 percent.

To the mother liquor and washings from the crys-
tallization of the carrier mannpnie lactone, sftet
evaporation to a sirup, were added 1 millimole of
barium hydroxide oc drate (315 mg) and 3 ml of
waker, and the mixture wons digested en thea steam
bath for 1 howr,  After acidification to phenﬂlghtha-
lein with ¢arbon dioxide gas, the mixture was filterad
by suction through & funnel precoated with diatoma-
ceous earth and decolorizing carbon, and the com-
bined fiilirate and washings were Iyophilized. The
residus was dizsolved in 0.5 ml of warm water, meth-
anol was added to turbidity, apnd the solution wna

1 The mrbmi-t unakpsis roported in Ehe poper were made by Qiceck count e
Tormem |de axlutfon [23?‘

168



speded with barium gluconate tribydrata. After
several days the crystalline bamum 1-C*-p-ghiconate
tribydrate wae separated and dried. Tt weighed 42
mg and gave carbon-14 analyses corresponding to
1.43 po (7297). To the mother liquor and
from the above crystallization was added 100 of
cartier barium p-glucenate trihydrate, and Eﬁtar
crystellization, 148 mg of barium 1-C"-p-gluconate
trihydrate was obisined with an activity of 2,45 pe
{122%). The radiochemical recovery as barium
1-Ctpplueonate was 194 percent, and the total
radiochemical recovery from 20 pe of radicactive
cyanide amounted to 17.3 uc, or 86.4 percent.

A similar run made with approxioately 3.5 milli-
moles of sodium cyanide containing 3.5 me of carbon-
14 gave the following products:

Crop Carrier Weight Aetivity
M annpmo-y-instane
) [ e
| A Nohe 0 2618 1, 204
b S 1. 5} 4435 502
. . SO . 4344 245
4 . - SN} 4325 Ef
L T . S 4002 il
Totel_____ 2, 188
BParhum glasenots bihyd e
| 1. DD Q. 7495 405
. S 0, G0 . H%dE 212
- —— . a0 . 28T0 LitH]
Total. ... TED
Erdicohambas] recovery
Manoono-y-lactone. .. ... ... 42, 5%
Barium giuconate tribydeate__ 22. 3
Total _________________ 84, 8

b. Calclum Chloride Meihod for ithe Production of Bardum Glu-
conate and Mannonc-v-Lackone

An agueous golution containing 3.0 ¢ of n-arabinose
(20 millimoles), 1.0 g of sodium cvanide (200 ue), and
1.47 g of caleiwm chloride dibydrate was diluted to
2560 m! and allowed to stand for 2 days at room tem-
perature. It was heated at 60° to 70° O under
vacuum for 4 hours and then for 1 hour on the steam
bath. Caiions were removed by a column (2% 36 em}
of cation exchange resin (see footnote 8), and the
resulting solution was lyophilized to a residue. To
this residve was added 10 millimoles of barium
hydroxide octahydrate and 30 ml of water, and the
mixture was digested on the steam bath for 1 hour.
After carbonation to remove excess barium hydrozde
and filtration with the aid of & decolorizing carbon,
the solution was lyophilized. The solid Auffy prod-
uct was dizeolved in 5 ml of warm water, methanol
wis added to turbidity, and the solution wes seeded

with barium ghlicongte trihydrate. The crystalline
product that f%rmad in the course of several days was
saparated from the mother liguor and washed with
aqueots methanol and finally with methanol. The
product, when dried in & vacuum desiceator, weighed
2.98 p (51%) and gave a carbon-14 anaylsis cor-

responde to 102 we. In a 2-percont aqueona
solution, [«]f=-}10°.

Diasolution of 5 g of carrier barium gluconate
trihydrate in the mother liquor and erystellization in
the usual manner geve 5.52 ¢ of the salt containi
38 uo of carhon-14. Thus, & total of 140 ue (T{[I:J%%-
of the original 200 uxc of cyanide was obtained in the
{orm of barium gluconate.

The mother liquor from the carrier barinm gluco-
nate was passed through a column {1.4330 cm} of
cation exchange resin (see footnote 8), and the result-
ing solution was lyophilized to a residue. Carrier
p-maonono-y-lactone {2.0 g was added with suffi-
clent mothyl cellosolve to effect solution, and ether
wae then added to turbidity. The mannonie lactona
that erystallized weighed 2.2 ¢ and contained 31 ¢cof
carbon-14, corresponding to & 15-percent yield. The
wotal recovery of radioactive carbon from the original
200 pe of cyomide amounted to 171 peo, or §5 percent,

o, Bodinm Corbomate Method for the Prodoctom of Barium
© Gloeonabs and Mannono-y-laclone

Ten milliliters of n solution containing 2 milli-
molea of C'Jdabeled podivm cyanide (4.74 xc) and
2 millimolas of sodium hydroxide was placed 1n a

lazs-stoppered tube and frozen by use of dry ice.

hett 2 tnillitmeles of p-arabinose diesolved 1o 10
ml of 0.2 M sodium biesrbonate was added. The
tube was loosely stoppered and shaken gently until
the ice melted, allowed to stand at room tempers-
ture for 48 hours, and finally hented overnight at
60° C' In a current of air, The residue was taken up
in water and the solution waa passed over s column
{1,220 £m) of cation exchange resin (2ea footoote 8},

Tha resulting solution was evaparated to a
convenient volume, and barium hydroxide solution
was added in sufficlent amount to give 8 permanent
pink coler with phenclphthalein. Excess barium
hydroxide was removed by carbenation and Altra-
tion. The solution was concentrated to about 1 ml,
trested with methane]l to the point of ineipient
turbidity, and seeded with barium gluconate fri-
hydeate, After several days the talline barium
salt was aseparated from the mother ]J'g:;or and
washed with agqueous methanol. The t crop
of barium gluconate trihydrate {02678 g) contained
226 po, or 47.7 percent, of the 4,74 e in the o

anida, Methanol was ramoved from the mother
liguor of the first crop by eveporstion in an air
current, 0.5 g of carrier barium gluconate tribhydrata
was dissolved in the solution, and methanol waa
again added. A crop of barium gluconste weighing
0.5491 g and containing 0.98 uc of carbon-14 was
Jater separated, Thus the total radiochemical
yield of barium pluconate trihydrafe was 3.04 pe,
or &4 percent.
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The mother liquor from the preparation of barium
gluconate was passed over a column {1.4330 cm)
of eation exchange resin (3ee footnote 3}, and the
effluent and washings were eva ted substan-
tially to dryness under reduc pressure.  The
regidual sirup was diluted with 2 drops of methanel
followed by 0.5 ml of isopropancl. Crystallization
of mannono—y-lactone, induced by scoding, was
allowed to proceed for about 1 week in a glasa-
stoppered flask, The resultin%l crystalline mannono-
¥-lactone wae separated, washed with isopropancl,
and dried, The materisl weighed 0.1104 g and
contained 1.33 ge of carbon-14. Addition to the
mother liquar of 0.2 g of carrier mannono-y-lactone,
and recrystallization from izopropanol yielded (.18 g
of mannono-y-lactans containg 0,11 ue of carbon-14.
The total mapnono-y-lactone-1-C* {1.44 uc) cor-
responds to a 30-percent radiochemical yield. The
over-all radischemical yield of barium gluconate and
mannono-y-lactone obtained in this particular ex-
periment was exceplionally high, 94 percent.

A similar run made with 0.9 millitmole of sodium
cyanide containing 3.5 me of carbon-14 gave the
following products:

Crap Carrier Weight Activity
‘Barlum glucenats iribydmate
[ a e
| Naone 0. DE8S 1,211
b L ] . Bl4a2 1, 004
;T . 500 .5173 11%
4 ____ . 500 . 4813 B2
¢ . DK} . 4442 21
Total | __________ | _________ 2 M7
Munnm;'p.-lilnuwnt
s Q. 500 0, 4236 407
2. . . 4840 76
: [ . B0 . ab8h 20
Tetel . face e ea mumaimcmma- 512
Eadloechem [oal mcowary
Barium gluonate trihydrate_____ Tl 5%
Manpono-y-leetone____. ... _._. 14. 6
Tetal___ . e ___ B6. 195

4, Sodivip Amalgom Beduction of D-Gluconc-S-lactone-1-0u
and Sepnrotion of I-Glncose-1-Cl

p-Glucose-1-0% was prepared from the crops of
barium gluconate obtained from the various eyano-
hydrin syntheses. In sach case, the salt was con-
verted to the D’-ﬁ{umnu-ﬁ-lacbcme by the method al-
ready given. e crude lactone was reduced, and
the sugar was separated by the method given on
page 167. Small modifications included washing the
erude sugar with methancl saturated with neoradio-

active glueose. This prevente dissolution of the
eryatals but diluteg’ the mothar liguor with inactiva
gugar. In each ¢ase additionsl laheled glucoss was
obtained from the mother liquor by use of carriers
and, in scme instances, the carriers were o-glucose-
1-0% of low activity obtained in previous runs. By
this latter procedurc the activity of the sugar was
raised to a minimum of 1 pefmg.  The radiochemical
viclds based on the barium gluconate wers generally
R} pereent.  To obtain consistently good results, it
iz necessary to condition and wash the jon-exchanga
reain carefully and to avoid mold growth.

& 8adium Amalgom BedocHon of DMannomo-plactone-1-Clé
and Separation of Moannose-1-C4

One millimale {178 mg) of p-mannono-y-lactone-
1-C {10 pe) was t-rcategl &3 deacribed on page 163
for the production of p-mamnose. The procedurs
guve 90 mg of crysialline p-mannose-1-C* with a
a total activity of 55 po. Te the mother hquor
from this material was added 200 mg of carrier
p-mannose; after crystallization from a mixture of
methanol and isopropancl 1580 mp of p-mannosa-
1-C*" with a carbon-14 content of 1.06 ue was ob-
tained. The total redicchemical recovery from the
Inctone was 7.468 pc, or 74.6 percent. As the radio-
chemical yield of the lactone from the cyanide was
67 percent, the over-all yield of the sugar fvem the
eyanide was &) percent. :

Equally satisfactory resplts were obiained with
p-mannono-y-lactone-1-C* having activities ag high
a3z 1 millicurie per millimole,

4. Summary

Procedures for the production of the several prod-
ucté from p-arabinose are given in the following
diagrams, in which tha figures in parentheses repre-
sent over-all radiochemical yields based on the
smount of CY-laheled cyanide used in the initial
step. Fhe yields given here are typical. Individual
breparations have given highet or lower yields, as
disens=ed in the experimenta] section.

Froduction of p-mannote (NaH QOO0 method)
m-arabinose 4+ NaCUN <4 NaHCO, 4+ OOy —
D-Imathoni-y-Isctons-1-CY + barium-p-glyoonate-1-04
L oy D—&O B

r-mannose-1-CH
(509, over-all)

Production of p-glacose (CaCly method) +
p-arabinose + NaCHN 4 CaCly —
barium Degluconato-1-C% 4 p-mannoto—yp-lartone-1-C4
(7O (1550

{p-Glueono-flactone-1-CH) —p-glieose-1-CU
(5%‘% over-all)

Produsiion af n-{i’ume { Na, OOy method:)
p-arehinose + SpCHE 4+ Na OOy —
harium Dﬁ-g!;mnate-l-C“+D—mnnnnnnu-r—]nctam—la(1“
{84 575)

{D-GIugono-§leetone-1-CH) —pplusoas. 1.0+

409, over-all)
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