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I. INTRODUCTION

Certaln specles of the genus Acetobacter can, by

selective oxldation, produce chemleslly pure ergaﬁic compounds
in excellent ylelds. Historically, the foremost of these
specles is A. xylinum: more recently A, suboxydans has sssumed

& highly important poslition. By the agency of these organisms
the production from D-sorbitel of L-sorbose, an invaluable
intermedlate in the synthesls of aseorble acid, has been
rendered commercially feasible.

The specifie sction of A. xylinum is elucidated in what
has become known a8 'Bertrandts rule! (9, 12, 20). In
effect, this rule states that for fully hydroxylated sugar
alecohols of four or more carbon atoms A. xylioum will promote
- the oxldastion of & secondary slechol group to a ketone, but
only if the hydroxyl group involved 1s adjacent to a primmry
hydroxyl group and in cis relation to an sdjacent secondary
hydroxyl group.

Hann, Tilden, and Hudson (52) have suggested that A.
suboxydans is even more speciflic than A. xylinum. This
orgenism follows the rule of Bertrand but only for those
aleohols cecurring in what is known in earbohydrate chemlstry
as a D~ series.

The investigations reported in this thesls involve
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testing the tenability of the Heann, Tilden, and FHudson
modification of ftBertrand's rulet as applied to l-desoxy
sugar aleohols.



II. BISTORICAL

Fairly complete reviews of the oxidizing asction of the

various specles of Acetobscter have been given by Bernhauer

{3) and Butlin (29). While these articles are scmewhat dated
(1938 and 1936, respectively) they are fairly comprehensive
with respect to all excepting the specles ga_subagxdgggfwi%h
which most subsequent individual publiecations have dealt. A
review eoncerning the oxidation of polyhydric aleohols by A.
suboxydans has recently been published by Fulmer and
Underkofler (47)« The historical materisl presented here
willl be restricted to reviewing the oxidative action on
organic ecompounds by the two species, A. xylinum end A. sub-
oxydans., Wherever possible, the specifieity of such aetion
will be emphasized.

Under identical experimental conditions essentiasl to
suescessful oxidstions utilizing these two orgenisms it 1s to
be noted that A, suboxydens inevitably producee yleldas highly
superior to A, xylinum over shorter periods of time. Regarding
the tirme required for maximum oxidation, wigorous seration,
in the case éf A. suboxydsns, remarkably abbreviates the
reasction pericd with maintenance of excellent ylelds, A,
xylinum grows very slowly, producing a thieck zoogloea which
retards its oxidizing section, and isolation of the primary
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products of coxidation results in ﬁém@aratiVQIy poor yields.
Aeration of substrates herboring A. xylimum produces further
oxidation and consequently lower ylelds of the primery
products.

A. Oxidation of Carbohydrates and Derivatives

1. Oxidation of sugar slcochols to ketoses.

as Oxidation of glycerol snd derivatives. Bertrand
(10, 13, 1) first produced erystalline dihydroxyacetone by
the astion of A. xylinum in & 5-6 per cent solution of
glycerol in yeast water. Bernhauer and Schén (5), Hermenn
end Neusehul (5li), Virtanen and Barlund {10l ), and Vissertt
Hooft (106) reproduced this experiment. Optimum conditions
for obtailning very high ylelds (quentitative, as measured by
the amount of reducing ecompound in solution) of dihydroxy~
acetone with A, xylinum sre rescorded by Bernhauer and Schén
{(5)s With intense seration Butlin {(31) obtained an analytieally
quantitative yield of the ketose under sprroximately the same
econditions but in mueh shorter time (-6 days as sgainst 16-20
deys) with 4. suboxydans. The conditions end ylelds of Butlin
are superior to those given for the same orgenism by Virtanen
snd Nordlund (105).

The recovery of product has presented a serious problem.
The best recovery ylelds (77-80 per ecent) recorded are to be
gained by utilizing the Underkofler and Pulmer (99)
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modification of the Neuberpg end Hofmann method (77).

Of intereat are the reports of Irene Neuberg (78) and
Marguerite Cozic (38) concerning the action of the two
organisms toward glycercl derivatives, Mlss Neuberg intro-
duced the monomethyl and monoeihyl ethers of glycerol to the
influence of both organlems and was able to recover, though
it be in poor yield (10-20 per cent), the substituted dihydroxy-
acetones,

CH, {OR) «CHOH.CHy0H —— CHy (OR) «CO.CH50H

Miss Cozic measured the oxygen uptake on the Warburg
apparatus of the mono- , di~ , and triacetyl glycerols in the
presence of A. xylinum cells and found evidence of oxidation

only in the sase of the mono- ester.

Table I
Tetritols and Thelr Oxidation Products

CH,OH CHy OH CH50H CHoOH
HCOH HCOH HCOH HOCH
HCOH co HOCH HCOH

CH,O0H CH,0H CH,0H CH,O0H

Erythritel I~Erythrulose I~Threlitol D-Threitol
I : 11 111 v

be. Oxidation of tetritols. Only one of the three
possible dilastereoclsomeric tetritols has been testsd for
oxidizability with A. xylinum and/or A. suboxydans. The
tetritol involved is the one now known as erythritol (I), the
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meso compound. Bertrand (17, 18, 19), using A. xylinum,
isolated e sirupy ketose whieh he named erythrulose (II), and
whose strueture he proved by reduction tc the known I~threltol
(I1I). Subsequent work by Cozie (38), Hermari end Neusehul
(sh), %ﬁllar, Montigel, and Relchstein (7L), and Visser't
Hooft (106) confirmed Bertrand's results.

For large mcale preyaraﬁién of pure L-erythrulcse A.
suboxydans has been snseaasf&liy employed by Whistler end
Underkofler (11li) to oxldize erythritol. In a vedium consisting
- of 0.5 per cent yeast extract end .5 per centerythritol A,
subozydans was effective in producing practically an
analytienlly quantitative yileld of ketose In four days. The
recovery of pure ketose by molecular distillation was 87.4
per cent.

It should be noted here that Bertrand (12) expressed a
curiosity as to the production of only one ketose. According
to the rule of Bertrand as stated in the introduction, one
might expeet either or both of the secondary hydroxyl groups
to be oxidized. It should especlally be notliced that the
secondary hydroxyl whiech is oxidized maintalns s D~ relatlion-
ship with respect to the adjsecent terminsl carbon; the
remaining secondary hydroxyl group is L~ relative to its adja-
cent terminal earbon. Such a relationship is of utmost
importance in consideration of the oxidizabllity of various

glyeols by A xylinum and A, suboxydens., A more detslled dls-

cussion willl follow in the sectlon on glycols.
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purportedly similar to A. suboxydasns, obtained almost a quanti-
tative yleld of sirupy L-ribulose (IX) which he fully
chargcterized snd identified through the preparation of s
number of derivatives.

I~Arabitol (VII) apparently ylelds a ketose (X) under
the oxidative influence of 4. xylinum. Bertrand (9, 12, 20)
was responsible for this information but the reducing compound
was nelther isolated nor charsecterized. With A. suboxydans,
Henn, Tilden, and Hudson {52) have indieated the oxidation of
L-arabitol to be negligible.

D-Arabitol (VI) ylelds a ketose when oxidized by A. sub-
oxydans. Identity of the ketose by the reporters of the
aetion, Hann, Tilden, and Hudson (52}, with D-xylulose (XI)
was suggested by comparison of 1ts specific rotation with
that of the known enentiomorph.

According to Bertrand (9, 12, 20) the remaining pentitol,
xylitol (VIII), is not oxidized by A. xylinum.

Table 11X
Hexitols and Thelr Oxidation FProducis

CH,OH CH,OH ﬂﬁﬁeﬂv CH,OH
HCOH HCOH HOCH HOCH
HOCH HOCH HOCH HOCH
HCOH HCOH HCOH HCOH
HCOH : co HCOH co
CH,OH CH,OH CH,0H CH,0H
D-Sorbitol L~Sorbose D-Mannitol D-Fructose

XIi1 - X111 Xiv v
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Guymon, and Underkofler (45) used coneentrations of D-sorbitol
up to 35 per eent without notably deersasing the final yleld
(80~86 per cent) of ketose. On a pllot plant seale, using
rotary drum fermenters with proper seratlon, Werd (11l1), welles,
Lockwood, Stubbs, Roe, Porges, and Gastrock (112), and Well ,
Stubbs, Lockwood, and Roe (113) have used s 20 per cent D~
sarbs.t—a}. medium and obtained up tet 90 per cent ketose in 16~
32 hours. They realized an 80 per cent recovery of pure I~
sorbose,

The fact that Demamnitol (XIV) ¢an be oxldlized to D-
mgt@sa (XV) through the action of A. xylinum was primarily
recognized by the discoverer of the i:)mtarim, A+ Jo Browmn
{27)s Subsequent reports of this action by Cozie (38),

Hermenn and Neuschul (5li), Vineent and Delaschsnal (103), and
Visser 't Hooft (106) have indicated a maximum yield of only
31 per cent D-fructose.

A« suboxydans will produce D-fructose from the same sub-
strate according to Fulmer, Dunning, and Underkofler (L6,
Kluyver and de Leeuw (66), Visser't Hooft (106), and Ward (111).

Fulmer, et alia, (Li6) have made e systematic study of the
oxidative actlon of A. suboxydans on D=mennitol. They proe-
posed that up to 25 per cent D-mannitol may be used, giving
over a period of seven days a 93 per cent yleld of D~fructose.
Duleitol (XVI) 1s oxidized by nelther A. xylinum
sccording to Bertrand (9, 12, 20), Cozie (38), Hermann (£3),
Seifert (9li), and Visser?'t Hooft (106) nor A. suboxydans
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Table IV [Continued)

Qﬁgﬁﬁ

HOCH
HCOH
HCOH
HOCH
HOCH
HCOH
CH,OH
- ga-Galaoetitol

XXXIX

according to Dunning, Pulmer, and Underkofler (1) and
Visser't Hooft {106),

The production of L~allulose (XVIII) in good yleld
(50-60 per cent) by the oxidation of ellitol (XVII) with A.
xylinum has been deseribed by Steiger and Relchstein (96).
The ketose was fully characterized and identified.

The remaining hexitol that has beern tested for oxidize-
bility with an Acetobacter is I~1ditol (XIX). Bertrand (20)

paintained this hexitol to be indifferent to the action of

As ﬁliﬂm&
¢+ Oxidation of heptitols and cctitols. The oxidetion

of naturally occcurring perseitol (XX) (D-g-mannoheptitol) to
perseulose (XXI) by A. xylinum was first achieved by Bertrand
{21, 22). The ketose was easily obtained in erystalline
form., This method of preparstion of perseulose has been
repeated by Cozic (38) and Vissertt Hooft (106). The latter
also duplicated the oxldation using A. suboxydsns as have
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more recently Henn, Tllden, end Hudson (52). Ruwploying A,
guboxydaens in s medlum of 3 per cent perseitol, 0.3 per cent

potassium dihydrogen phosphate, 0.5 per cent yeast extract,
and 0.5 per cent gluccse Tilden (98) recovered 65 per cent
erystalline pﬂésaalmas after fermentation in a rotery drum
over a perlod of seven days.

~ Bertrand (9, 12, 20} was also able to obtain the sirupy
ketose, later identified ass sedoheptulose (XXIII), by the
‘aetion of A, xylinum on volemitol (XXII) (D-g-mannoheptitol).

Ae xylinum in a medium of 0.5 per cent yeast extract and

3 per cent D-g~gluccheptitol (XXIV) generates over 6-8 weeks
from 60-90 per eent crystalline ketose (XXV) ameccording to
Bertrand and Nitsberg (23, 2l). Hann, Tilden, and Hudson (52)
have repeated this oxidatlon utilizing A. suboxydans.

Cozle (38) isolated an unidentified ketose, presumably
{XXVII}, by subjecting D-f=glucoheptitol (XXVI) to the action
of As xylinum,

The remsining heptitols and ocetltols listed were exposed
to A. suboxydans by Hann, Tilden, end Hudson (52). While D-g-
galaheptitol (XXVIII), D-pegalsheptitol (XXIX), and D-g,g-
galacetitol (XXXII) were attacked t¢ a negligible extent,
Dmg,p-glucoostitol (XXX) yielded an unidentified ketose ro-
tating at ~57°, probably (XXXI).

A reconsideration of the suger alcochols listed above
will emphasize the role of configuration relating to the
susceptibility of this type of compound to the oxldative
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action of both A. xylinum and 4, suboxydans. As pra#iaualy
mentioned, sueh oxldative specificity is expounded in what
are known as *Bertrand's rule! for A. xylimum (9, 12, 20) and
the Hann, Tilden, and Hudeon modifiestion thereof (52) for A.
suboxydans.

For those sugsar alcchols of four or more esrbon atoums
which have been subjected to the actlon of A, zylinum only
those are highly suseeptible to oxidation (I, VII, XII, XIV,
XviI, XX, XXII, XXIV, XXVI) which contein the grouping
wggwgﬁ;ﬁﬁgﬂﬁ or the mirror image thereof. For A. suboxydans

H H
only the grouping shown is readily oxidized, while the mirror

imaege 1z elther not oxidiged at all or, at best, at an almost
negligible rate.

It should be noted here that the differentiation in the
action of the two organisms {A. xylinumt!s sttacking a com~
pound In elther a D= or I~ 8eries; A, suboxydans' restricting
its activity to those compounds of a D- serles) hinges on the
report of Bertrand (9, 12, 20) ccnecerning one compound, I~
arabitol (VII). Bertrandts results with Le-arsbltol apparently
have not been questioned; they eertalinly have not been sub~
stantisted, There is an interesting note on this item In a
paper by Votodek, Valentin, and Rac {110, p. L06):

Nous avons d'silleurs observe la passivite
vis~d~-vis de la baectérie du sorbose encore cheg
ltarebite (pentite), mals nous avons renonce &
ltetude des pentites gussitdt que 1l*un de nous
2 appris par M. G. Bertrand que lfarabite est
studlee sous ce rapport dans son laboratoire. . «
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Speculation is tempting but suffice 1t to say that here
1s definite indicetion for the necessity of corroboration of
the report of Bertrand concerning the positive action of A,
Zylinam towards Learebitol.

2. Oxidatlion of desoxy suger alechols.

as Oxidation of l~desoxy sugar slechols. The replace-
ment of & primsry hydroxyl grouplng of a sugar aleochol by a .

methyl group ylelds & sompound which has been identified

variously a® a wethylitel, an v-desoxy- or l-descxy aleohol.
In keeping with the suggestion of Plgmen and Goepp (80, p.
258) the designation of this type of compound as l-desoxy
aloohols will bg adhered tos« The variety of synonyms will
be included st the introduction of each l-desoxy aleohol into
the discussion.

Suffielent data have been accumulated concerning the
mode of attack on the l-desoxy aleobols by A. xylinum and A,
suboxydans %o assure a lack of conformation te 'Bertrandts
rulet, Contrarily, éaffi@ jent evidence of any regularity of
setlion has not }baaa obtained.

The first compound of this type tested as to oxlidiza-
bility by A, xylinum was the l-desoxy-L~-galactitol (I)
(rhodeitol, D-fucitol, g»galazfsmﬁhyliml}; Votogek and
Bully (107) assigned the relative configuration on earbons
four and five of this compound on the basis of the lack of
oxidizing setion, sssuming the applieabillity of 'Bertrand's
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Table V
l-Desoxy Suger Alecohols and Thelr Oxldation Products

GEB ﬁﬁa 6’83 633
HOCH HCOH HOCH HOCH
HCOH HOCH HOCH HOCH
HCOOH HOCH HGOH HCOH
HOCH HCOH HCOH co
ﬂﬁaﬂﬁ‘ ﬁﬁégﬁ Gﬁgﬁﬂ EHEGH
l-Desoxy =L~ 1-Desoxy~-D- leDegoxymwD= D-Fructo-
gelactifol galactifol mennitol ~ methylose
I 11 111 Iv
Gﬁg cﬁé Gﬁs
HCOH BCOH HCOH
BOCH HOCH HCOH
HCOH HCOH HOCH
BCOH €0 HOCH
CH,,0H CH,0H CH,0H
l-Dosoxy~D= i~Sorbomethylose 1-Desoxy-I~mannitol
glucito
v VI vIil
HCOH HCOH
BCOH HCOH
HOCH HOCH
HOCH HOCH
HCOH HOCH
CH, OH CH,OH
l-Desoxy-De~ga la= 1-Desoxy~L-altrow
L~manno-heptitol I~manno-heptitol
VIIX IX '

rulet. Such &n asssumption was unfounded. Later results
reported by Hann, Tilden, and Hudson (52) Indlcated a distinet
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oxidation of the enantiomorph of (I}, the l-desoxy-D-galactitol
(II) (I-fueitol, L-galactomethylitol) by A. suboxydans. Here

is a definite departure from 'Bertrandts rulet., The site of
oxidatlon has not been established.

Votoéek, Valentin, and Rae (110) were unsbls to show
oxidation of l-desoxy-L-mannitol (VII) {I~rhemnitol, L~
mannowethylitol) by A. xylinum and therefore suggested that
the oxldative susceptibility of eumpaunﬂs to A, xylinum
depends upon the homologous series involved. It should be
emphaslized that the verisnce illustrated by this compound
{VII) 48 concerned only with D- and I- series, not with the
relative configuration st the potential site of attack. Such
an observation was strictly fortultous.

Recently Anderson and Lardy {1) have oxidized the 1~
desoxy~D-mannitol (III) {D-rhemmitol, D-mennomethylitol) with
A. suboxydans and isolated what is epparently the ketose (IV).

The oxidation of l-desoxy-D-glucitel (V) (L-gulomethylitol)
with A. xylinum wes effected by Miller and Relehstein (76).

The yleld of ketose was poor but the compound was completely
charscterized and identified as L-sorbomethylose (VI).

The remaining l-desoxy slcohols {VIII and IX) proved
immune to the oxidative actlion of A. xylinum sceording to
Vototek, Valentin, snd Rag, (g;a{;}.

Again let it be emphasized that further experimentation
is definiﬁaly‘indieate& before it may be asecertained whether
or not 'Bertrand's rule! for A. xylinum should be identified



81yy Ligemmeesy ~Lrpidea sJom Yonwm speedsodd saemos] omeUl

JO 9UO JO UOT3VPIXO suj yFnoygre ‘TAUILAX °V puU®B SUSPAXOGNE *V
Lq pomoeqqe seae (III pus II) STOtay @af3o® LrTwergde yaod

. *pamXOJ 98OYOY UG JO UOLIONPSL

wedtewe umipos uo (III <0 II) TO0T43 eapyde ArTsofgdo us Jo

uoTqBTO8T 86Uy Lq pegsefBne 8T uUOTIVPIXO Jo eaTs eyyr *sdnoad

1ixoapfy Jegnc eyg Jo euc uo pexowqys 81 Arjueawdds (1) pezip

SUBPAXGONE *V puUB EMU}LAX

¥ uyaTa (AY) maoJ euo 3nq TT® ez}pTX0 03 o[qs oaem (6Hg)

-IX0 81 UYOIUA WI0J GEOm euo ouy *

sUueABY pUB JBUIesod C(IA OTABL ‘AT ‘III ‘II ‘I) TOoTgeusxey

~0ToLo~C¢2%T JOo SWIOJ OTJPWORICOIRLE JNOJ O JO

sqasuy LieajasTed 8T punodmoos suBdl oYl

9TTUM Bd0630RG04007 ous Lq pezjpixo LIIsw¥e ST TOlpouUsXoyoToLo

-2 €T~8F0 oYy 38Y4 pejou (§Q) BUUSABY DPUB NBUIOFS0J

*$103[[0A0 JO UOTABDIX0 "€

syoTnI

8y puBagaeg,; uszta emmprdwoo uy Lysuveasdds fUOTIEPIXO TUBDALOGNS
Y o3 pepuodsed poyeocte JemacJ ouyg LATUD *SSOATIBATJSOD

TO1IPT PUB T037qH08 @y3 o4asd es0gel eyj Jo uoljonpey

*980qI08~] ~AX083P~G §B POTJIIUSDP] ©8030Y B 03 FUGUPAXOQNS
Y Aq peziplxo oq usd fosoonyd-{ JO UOTIONPEIOIIITE

oYy wodJ jonpodd-£q ¥ “1037QI0S-(~AX0ORODP-2 3BUL POWFELS

(16) wvuBey +BIOUOOLY 46INE AKOSOP~Z JO UOLTAUPIX0 °q

*suepixoqns

*V J0J UOF3POTITPOM UOSPN PUB ‘USPTTL ‘UUBH oU3 UITA

gt



19

action is anslogous to the preferentisl attock by the
organisus upon compounds belonging to a D= serles in the
stralght chain alcchols. TFosbernak and Revemnna (89)
suggested that in order to become susceptible to the asetion
of A. suboxydens eyelltols should possess vieinal hydroxyl
groups which are ¢ls In relation to sach other.

The first keto-inositol or inosose (Table VII) was ob-
tained by Fosternsk (8l}) who oxidized meso-inositol (VII)
with nitrie seld. Before Fosternak submitted s proof of
étrustnre, Kluyver snd Boezaardt (65) reported the production
of an lnosose, elaimed identiecal with that of Posternsk, by
the oxidstion of mesgwinositol with A. suboxydans. Fosternak
eonclusively demenstrated later (8, 85, 86) that the two
methods of oxidation glve entirely different inosocses, By
nitrie aeid oxidation the di-epi-mg~inosose (IX + XI) is
obtalned while As suboxydans oxidation of meso-inositol
yields the scyllo-ms-inosose (VIII).

Kluyver end Boezaardt (65) obtained a low yield (1825
per cent) of inocsose and Dunning, Pulmer, and Underkofler (L1)
proved the inability of A, suboxydens to dissimlilate (1l.s.,
utilize ms a growth substrate) the meso-inositol to any great
extent. The latter investigators showed that supplying the
organism with & smell amount (0.05 per cent) of an avallable
{or dissimileble) earbon socurce, such as sorbitol, allowed
the responsible enszyme system to oxldize the meso-inositel te

& much grester extent, with conseguent ineresse in yleld of
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Table VI
Sehepatic Representation of Sowe Cyelitels

OR CH

b # 4 11X
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Teble VII
Scheuatie Representation of sama Xmsikala gnd Their
Oxidation Produ
o  OF H OR
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inosose (average of 50 g. inosose per 100 g. inositol).

It should be mentlioned here that Dunning (39), Dunning,
Fulmer, Guymon, and Underkofler (L0}, and Pitcher (82) have
claimed the production of a substantisl amount of an unidenti~-
fied diketo-inositol by A, suboxydans oxidation of meso-
‘iggaital. A close repstition of the econditions used by
ﬁéﬁé&ﬁg, et alis by Carter, Belinskey, Clark, Flymn, Lytle,
MeCasland, and Robbins (3l;) gave predominantly the scyllo-ms-
inosose (VIII). |

By the oxidation of epi-inositol (X} with A. suboxydens

Posternak (88) procured s new inosose, l-epi-ms-inosose {XI),
the configuratlon of which he conelusively proved. MNagasanik
and Chergeff (60) substentiasted these findings.

A rather thorough series of invesitigations concerning the
oxidetive action of A, suboxydans on the various inositols has
been published by Chargaff and Magasanik (36, 68, 69, 70).

Using = modified Warburg technique, ¥agesanik and Chargsff
{69) determined quantitatively the amount of oxygen a number
of the inositols and inososes would consume in the presence of
As suboxydans. On the basis of these data they predicted the
formation of correesponding inososes and diketo-inositols and
finslly isolated, characterized, and ildentified some of the
reducing compounds.

Such experiments Indicated only a moncketo compound can
be derived from meso~inositol. The seyllo-ms-incsose of
Kluyver and Boesaardt (65) was so identified. The same



indication was obtained with epl-inositol and the inosose was
proved identieal with the leepi-mm-incsose of Posternak (88).

The counbination of the faet that leepi-ms-inoscse (XI)
consumes no oxygen in the presence of A, suboxydsns and that
the dl-epl-ms~inosose (IX + XI} obtalned by Posternsk's
nitrie acld oxidation of ygﬁgfina&itul does teke up a
definite ewount led to the eonelusion that the d-epl-ms-
inosose could be further oxidized, presumebly to a diketo~
incaitol. The latter compound has yet to be isolated.

Both d= and l~-inositol (XII end XIII) were shown to give
diketo~inositols {XVI and XVIX) although in both inatences
monoketo eompounds, (XIV end XV) could be isolated. The
dilketo-incsitols w%ra isclated as the bisphenylhydrezones and
strusture was established by iéantifiaaﬁian of the dl~
bisphenylhydrazone with that obtalned by Carter, Clark,
Flynn, Lytle, and Robbins (35) by oxidstion of the phenyl-
hydrazone of seyllo-ms~inoscse (VIII} with phenylhydrazine.

Heither quebrachitel, the monomethyl ether of l~incsitoel,
pinitel, the monomethyl ether of de-inositoel, nor scyllltel
{V1) were oxidized under the same conditions.

Magasanik and Chargaff (69) have proposed a unique
method for showing the speciflelty of A. suboxydsns toward
the inositols. Assuming such compounds to exist in the chair
form the resultent model will show six esrbon constituents
forming e belt eround the molecule. Such atoms are deslignated
as equatorisl, Of the remeining six constituents, three will



2l

be on top of the model, or north polar, and three on the
under silde, or south polar. Ezsminetion of models of the
inositols oxidized shows thet only those hydroxyl groups whieh
are poler are attecked. The relationship to 'Bertrand's rule?
is indicated by proposing that & poler group between two
equatorial groups ecorresponds to a secondary hydroxyl
sltuated between a primary and adjacent eis hydroxyl group.

i« ©Oxidation of aldoses to alﬁmig_ acids.

By fer the most searching exemination of Acetobacter
oxidation of aldoses has been concerned with the anm’&rraién
of D=glucose to Deglueconisc acid,

A. 3, Brown (27) employed the produetion of acid from D=
glucose as a characterlzation of his 4. xylinum., Bertrand
(11, 16, 20) isolated the acid and identified it as D-
gluconic scid. Bernhauer and Schén (6) obtained an 80 per
cent yield of Dwgluconic acid as the salelum salt by eulturing
A xyllnux on a medium wasiaﬁing of 0.5 per eent yeanst
extract, 5 per cent Deglucose, and caleium esrbonate. A
yield of 58.6 per cent aecid was obtained by Porges, Clark,
and Gastrock (83) from the ssme medium, Upon seration of sueh
a mediwm for four days Porges, et alia, (83) reduced the
vield of acid to 28.5 per cent. Aeration evidently causes
further degradetion of the acid in question. In fact, Bamning
{2) observed a rathsr prolifie produstion of oxalie secid when
» two per cent Deglucose solution was subjected to A. xylinum



over fourteen days.

With A. suboxydens such secondary oxidation is quite
negligible. On aeration of a concentrated Deglucose
solution (30~35 per cent) over a three day period in the
presence of A. suboxydans Butlin and Winee (32) procured a 05
- per cent yleld of Degluconie acid, isolated as the calelum
salte.

&+ xylinum also oxldizes D-galacicose to the corresponding
aldonic acid. Bertrand (11, 16, 20) made the original
observation of this resection. His work was corrocborated by
Visser't Hooft (106) and Hermann and Neuschul (5l, 56).

Although Cozic (38) was unable to show any oxygen uptake
by As zylinum in the presence of L-arabinose on the Warburg
apparatus, it would appear gulte evident thet A, xylipnum is
able to oxidize this aldose. Bertrand (11, 16, 20} identi-
fied Learabonlie acid produced under such conditions. Visser's
Hooft (106) reproduced these findings and Hermann end Neuschul
(5li) isolated L~arsbonie seld in L6 per cent yleld after
allowing 4. xylinum to aet upon a solutlion conteining two per
cent I~arabinose and 0.5 per cent yeast extraet for ihree and
one half months. It is strange that Cozilse (38) was unable to
show p@éit&ve results with her Warburg experiments when one
also considers the fact that Banning (2) disclosed that A.

omnt of oxalic acid

xylinum could preoduce a substantisl am
frow Le~arsbinose. Purther diserepancies of the same sort will

be noted in fubure secitlons.
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Visser't Hooft (106) also obtained Lwarabonic acid from

LI~arabinose using A, suboxydense.

It has also been demonstrated by Bertrand {11, 15, 16, 20),
Cozic (38), end Visser't Hooft (L06) that either A. xylinum
or A, suboxydsns is capable of oxldizing D-xylose to D=

xyloniec acid.

In media contailning D-xylose or L-arabinose Fred,
Peterson, and Anderson {ll;) obtained singular results with A,
xylinum. With both aldoses they lsolated substential emounts
of earbon dloxide, ethanol, and geetons, the percentage of
ethancl and acetone ineregsing with the age of the culture
smployed., The experiments were repested msny times but no
other investigators have recorded similar results,.

As measured on the Warburg espparatus by Cozie (38), D-
mannose in the presence of A. xyllnum cesuses a substantial
uptake of oxygen. Presumasbly Demannonic acid is formed.

Data on L-rhawnose are inconclusive. With A. xylinum
Bamning (2) found oxidetion of the aldose to proceed to such
an extent that an aprreciable amount of oxalice acld could be
isolated, Vissertt Hooft (106) showed seid production from
Lerhamnose by the action of A. suboxydans but attempted no
isolation of product. However, Dunning, Fulmer, and Under~
kofler (l,1) falled to produce oxidation of this compound in
the presence of varying amounts of sorbitel with 4. suboxydans.

Three derivatives of aldoses whose stereochemiecal con~-

figurations might lead one to predict oxidation by elther
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Acetobacter according to 'Bertrandts rule!, have been reported

unattecked by such orgenisms. Henn, Tilden, end Hudson (52)
falled to obtain any reducing compound by growlng A. suboxydans

in the presence of D-mannose diethyl mercaptal. Identical
negative results have been published by Iselin (58) concerning
D=glucose diethyl mercaptal and De-glucose dimethyl acetal.

The latter compounds do not inhibit the organism's enzyme
system. This fact was ascerteined by Iselin (58) by demon-
strating thet A, suboxydens cen oxidize meso-lnositol in the
presence of elther the D-glucose dlethyl mercaptal or dimethyl
acetal. It has become fairly obvlous that Acetobacter action

is defined by the substrate involved and that no rule ias
universally applicable.

5. Oxidation of aldonic acids.

The fact that the oxidation of Deglucose by either A,
xylinum or A. suboxydans proceeds beyond the formation of D=
gluconie scid to yield the S-ketogluconie aeid has long been
recognized. Bertrand (20), using A. xylinum, was able to
isolate the erystalline caleium salt of this keto-acid. With
the same organism Bernhauer and Schon (6) produced up to 65
per cent of the S~keto acid from s s8lightly alkasline five per
eent solution of D-gluccse containing calcium cerbonate.

It 1s interesting to note regarding the transformation of
the aldose to the S-keto acld that the aldose is preferentislly
oxidized to the acid. Further oxldatlion of the aldonic acld
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not attacked by A, xylinuwm nor are the D-a,0-galacctonie and
D~_~galsheptonic aclds oxidized by A. suboxydans according to
Hann, Tilden, and Hudson (52).

6+ Oxidation of ketoses.

Investigationa concerning the susceptibility of the
ketoses to the action of either A, xylinum or A. suboxydans
have been coneerned only with noting the presence or absence
of growth of the organisms on medla containing suech compounds.

Fructose has been shown by Benning (2 ), Vissert't Hooft
{106), Hermann and Neuschul (5l ), snd Cozie (38) to promote
good growth of 5__& xylinum. Hermann and Neusebul (5l) could
1solate no definite oxidation products but Benning (2)
obtained a definite amount of oxalie éaid after subjecting
fructose to A, xylinum.

Cozie (38) end Visser't Hooft (106) heve demonstrated a
good growth of A. glinam on a medium containing dihydroxy-
scetone. A. Xxylinum also gz*@ws well on medla containing ery~
thrulose or sorbose sccording to Visgertt Hooft {106). On
substrates with any one of the four mentioned ketoses (fruetose,
dihydroxyscetone, erythrulose, sorbose) present, Vissert't Hooft
(106) reported a negligible growth of A. suboxydens. These

data sre a further indication of the grester oxidizing
intensity of A. xylinum compared to A. suboxydans.

s
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Be Oxidation of Other Orgsnle Compounds

1, Oxidation of sliphatie monohydroxy aleohols.

a. Oxidation of primery slcohols te acids. Cozie (38)

reported the absence of oxygen uptake on the Warburg apparatus
by As xylinum in the presence of methyl alcohel. Visser'tt
Hooft {106) obtalned a very small amount of formic acid when
he cultlvated A. suboxydsns on a medlum containing two per
cent methyl alcohol,

As a characteristic of A. xzylinum Brown (27) noted the
complete oxlidation of ethyl aleochol through acetle acid to
carbon dloxide and water. Such action has been substantiated
by Bertrand (8, 20) and Cozic {38).

On a2 medium containlng two per cent ethyl aleohol A.

suboxydens gives quantitative converslon to acetic acid

according to Visser't Hooft (100).

n=-Fropyl alcohol yilelds l2 per cent and 75 per cent pro=-
pionic acid when oxidized, respectively, by A. xylinum and
A. suboxydans. These data are recorded by Hermenn and
Neuschul (5L) for A. xzylinum and Visser't Hooft (1006} for A.
suboxydansg. |

Visser't Hooft (106) isolated the corresponding butyrie
acid in 60 per cent yield after the oxidation of n-butyl
aleohol with 4. suboxydans. While Cozic (38) could show no
appreclable oxygen uptake by A. xylinum in the presence of
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n~butyl sleochol, Banning (2) recorded the production of good
growth by the organiswm under the ssme eonditions.

By the action of A, suboxydans on lsobutyl alcohol

Visser't Hooft (106) was able to isolate up to 55 per sent
isobutyriec acid.

Amyl sleohol does not support the growth of A. xylinum
according to Banning (2) and Cozie (38), nor of A. suboxydans
secording to Visser't Hooft (106).

be. Oxidstion of secondary alcchols to ketones, Over a

period of 1-3 weeks either A. xylinum or A, suboxydans form

'remarkable quantities'! of escstone (identified as the p-nltro-
phenylhydrazone) from a two per cent solution of isopropyl
aleohel. The only recorded evidence of such a transformstion
is that of Visser't Hooft (106).

¢. Oxidation of tertiary aleohols. Visser't Hooft (106)

reported the fallure of A. suboxydans to utilize tert.-butyl

alcohol.
2. Oxldation of glycols.

a. QOxidstion of ethylene glycol. The evidence con~

cerning the oxidatlion of ethylene glycol by elther organism
in question is quite contradietory. The early work of
Bertrand (9, 12, 20) with 4. xylinum indicated an absence of
oxidation. Cozie {(38) could not show any sppreciable upteke
of oxygen in the Warburg apparatus with the sams organism in
the presence of the glycol. However, Banning (2) elaimed
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good growth of A. xylinum in the presence of this compound.
Hore indicative of positive sctlon by both A, xylinum and A,
suboxydans upon ethylene glycol are data given by Visser't

Hooft {106). Over a period of three weeks both organisms pro-
duced substantiel quantities of an acld which was recovered
in 25 per cent yleld and 1dentified as the calecium salt of
glyecollic acid., Visser't Hooft also detected the presence of
a volatile aldehyde, possibly glycolaldehyde. The isolation
of such an sldehyde would be quite suggestive of the path of
oxlidation.

bs Oxidatlon of propylene glyeol to scetol. When Kling

(61, 62) first produced acetol by the oxidation of DL-
rropylene glyeol with A, xylinum he obtained a very poor

vield (10 per eent). After the fermentation his examinstion
showed the residue consisted of some dextrorotary glycol and
unoxidized DI~glycol. The low yields and positive rotation of
residual glycol led Kling to state that A. xylinum prefers the
laevorotary form and, consequently, the mexlmum yileld would
be 50 per cent.

Eventually Visser't Hooft (106) proved suech a eonclusion
erroneous. By oxidizing the Dl-propylene glycol with A.
xylinum and A. suboxydans Visser't Hooft obtained ylelds of
acetol amounting to 66.0 per ecent and 69.5 per cent,
respectively. A

Corroboration of the non-specific asction of A. suboxydans
on the DL-glycol was later given by Butlin and Wince (33).
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Cultured on & medium consisting of 0.5 per cent yeast extract,
0.5 per cent potessium dihydrogen phosphate, 0.5 per cent
glyecerol or glucose, and 5«10 per cent glycol with intense
aeration A, suboxydans produced over & period of three days a
quantitative yield of acetol.

Table VIIX
2s3~Butylene Glycols and Thelr Oxldation Products

CHy CHy
HCOR HCOH
HCOH co
CHy CHy
meso L (+)}
1 | 11
CHy CHy | CHy CHy
HCOH HOCH HCOH HOCH
HOCH . HCOH HOCH co
CH, CHy cH, CH,
L (+) D (-) L () D {-)
DL v v

I1X

e. Oxidation of 2,3-butylene glycol to seetylmethyl-
carbinols. A rather comprehensive evaluation of the suscepti-~
bility of both the racemic and meso diols to A. xylinuw was
reported by Grivsky (50). The oxidation of the mesec glyeol



3k

(I) was found to yield IL=(+)-acetylmethylearbinel (II) quanti~
tatively over 75 days. In approximately the same periocd of
time the racemle glyeol (III) was about 50 per cent oxidized.
With extension of time to more than three months further oxi-
dation occurred. In the case of the Dl- form the acetylmethyl-
ecarbinel formed was identifled as the D»(-) isomer (V). The
residual substances were unoxidized DL~ and Le{+) diel (IV),
Grivsky's results indiecated A, xylinum will oxldize the
2, 3~butylene glycols in a preferential manner. The meso
glycol (I) is attacked on that earbon the hydroxyl group of
vhiech maintains a D= relationship to its adjscent terminal
methyl groupe Of the racemie glyeol {III) the D= component
is primarily oxidized, elthough with this organism (A.
xylinum) the I~ isower is also attacked to a certain extent.
A suboxydens restriects its metlvity towards these diols
even more, the L-dlol being inviolable. Underkofler, Pulmer,
Bantz, and Kooi (100) and Fulmer, Underkofler, and Bantz (48)
have conclusively demonstrated this speecifieity. They have
shown that this baeterium promotes ylelds of 95 per aant'cf
the corresponding scetylmethylearbinols (II and V) from the
mesgo and D-{~) glycols. The L-(+) glycol under the same con-
ditions was oxidized to a very slight extent, sueh oxldation
probably being due to the presence of meso contaminant in the

I~ (+) glycol used.



35

de. Oxidation of 3,li~hexanediocls. He. Van Risseghem (102)

has proved that A. xylinum ettacks the meso and racemic forms
of this glyceol in a mamner quite comparable to that shown by
Grivsky (50) for the 2,3~butylene glyecols.

e. Oxidatlion of other glycels. Xling (63) was unsue~
cessful in produeing oxidation of Gﬁgﬁgésﬁeﬂﬁﬁzﬁﬁ and
G HgCHOHCH,,OH with A. xylinum.

3+ Oxidation of sgelds.

as Aliphatiec monobasie seids. Banmning (2) reported goed
growth of A, xylinum in & medlum containing one per eent

sodiur formate; growth of 2, suboxydans on an agar plate In

the presence of calelum formate Is negligible, according to
Vissertt Hooft (106).

That acetic scld is completely converted te ecarbon
dicxlde and water by #. xylimum has been established by
Brown {27) end Hermann and Neuschul (55). Aecording to
Visser't Hooft {100) A. suboxydans grows very poorly in
liquid medium conteining celeium scetate,

Proplonic acid, in the form of ite sodlum salt, promotes
very little growth of A xylinum according to Bamming (2). A
similar effect was noted by Visser't Hooft (100) for A.

suboxydans in the presence of calelum proplonate. The same

results have been recorded by the sawe investigators for

butyriec acid.
While calcium isobuiyrate will not support the growth of
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yield secording to Iwatsurn (60).
de. Polyhydroxy acids. Bamning (2) reported but little

growth of A. xylinum in the presence of socdium tartrate.

A. suboxydans attacks calcium glycerate, according to
Visser't Hooft (106), but no products were identified.

Vissert't Hooft (106) reported that the caleium salts of
Detarterie, I-tarterie, mucle, and saccharle aeilds all support
the growth of A, suboxydans.

e. Amino acids. Baming (2) reported that A. xylinum
grows only slightly in solutions containing elther glyeclne or
leucine.,

Miyaji (73) bas claimed a slight conversion of D-glutamle
acid to suceinie acid by A. zylinum,
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III. METHODS

A+ General Hethods of Freparing l-Desoxy Suger Alcohols

For the preparation of the l-desoxy sugar alcohols one
has recourse to & number of methods. FPerhaps most suitable
for obtaining small amounts (2-3 grams) of the desired com=
poundgs 1s the hydrogenolysls of wercsptel éaetates with Raney
nickel after the procedure of Wolfrom and Kerabinos (118).
The classieal desoxydation of the terminal primary hydroxyl
group of aldoses ss exemplified by the work of Hann, Ness,
and Hudson (51} can be quite tediocus. Redustion of w-desoxy-
aldoses 1s evidently a repid method for the rreparation of
the l-desoxy aleohols, However, the rarity of the essential
aldoses limits the usefulness of such a method,

Reeently Wolfrom and Brown (117) have developsd the
synthesis of l-desoxy~ketoses by the additlion of dlazomethane
to sldonie acid chlorideas or their esters followed by treat-
went with hydriodie ecid. Similer results have been obtalned
by Wolfrom, Welsblat, Zophy, and Walsbrot {121) using
acycliec sugar esters. Subsequent reductlon of the ketoses
will furnish two diassteresolsomeric l-desoxy alecchols.

Veriocus Orignerd reagents have been shown by Gatzi and
Reichstein (49) and by English and Griswold (42) to add to
acyclic suger derivatives. By the addition of methyl
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magnesium iodide to 2,3:l,5-diacetone~gldehydo~D-arabinose
Gatzi and Relchstein (4j9) obtained in 78 per cent yiﬁld an
osslly separsable mixture of the l-desoxy~D-glueitol and 1~
desoxy~D-mannitol derivatives. Englisk and Griswold (I12)
used an identieal procedure with other Grignerd reasgents but
made no attempt to identify the products as to their cone
figuretion.

Becguse of the availability of certain asldoses the pro-
cedure of Wolfrom and Karabinos (118) involving the hydro-
genolysis of corresponding mercsptel ascebtates was frequently
employed during this 1nvaatiggtiang However, subsequent
developments indicated ﬁhat>p§¥hapﬂ the preferable method
for obtsining l-desoxy aleohols is the additlon of methyl
magnesium iodide to an gldshydo escetate. The ylelds reported
herein for such s resetlion are not satisfactory enocugh to
warrant its use preferentially. However, developmental work
is indiecated before disearding it as a potentially general
reaction for the preparstion cof the l-desoxy compounds.

Bs Hieroblological Precedures

The culture of Acetobacter suboxydans, listed as No. 621,

was secured from the Amerlcan Type Culture Collection. The
stock cultures were carried by subculturing in a 0.5 per cent
yeast extract--5 per cent sorbitol medium using 10 ml. of
medium in each 50 ml, Erlenmeyer flask. Before inoculetion
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into wedia eontaining msterial to be tested the basteris were
actlvated by transferring every twenty-four hours for three
days on the same medium. All media were sterilized in the
autoclave st fifteen pounds steam pressure for fifteen
minutes. In all cases culbures were Incubsted at the opbimum
temperature of 28° ¢,

The compounds to be tested for aectlon by A. suboxydens
were usually employed in concentrations of 100 nge. per 100 nml.
of wmedium. Ten ml, of medium in each 50 ml. Erlemmeyer flask
were used in all cases and all medis, except where otherwise
noted, contained 0.5 per cent yeast extract.

For inoculstion into flasks containing compounds to be
tested the ecells of an sective (tweniy-four hour) culturs of
the organlism were centrifuged, washed twlece with sterile
isotonic salt solutlon, snd finslly suspended iIn 10 ml. of
sterile saline solution. The Inoeculum for each flask con-
taining 10 ml. of medlum consisted of 1 ml. of the latter
suspension.

After periods of incubation at 28° C. of five and ten
deys 1 ml. samples were removed from the flasks end the
presence of reducing substances was tested for by the Under-
kofler, Guymon, Raymen, and Pulmer modification (101} of the
Shaffer-Somogyi suger titration method {95). In the case of
ten day analyses all test media were made up to 10 ml. to re-

place loss by evaporation before removing sub-samples for

testing.
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When the presence of s reducing compound was indicated by
analysis, a positive oxidative actlion towards the compound
originelly in the medium was tentetively assigned to A
suboxydsns. 4 wmore conclusive proof of such action would be
the isolation and ideniification of such reducing compounds.
With such g consideratlion in nind these experiments must be
designated as preliminary in scope for the svallability of the
compounds tested nade thelr guantities s0 small that no attenpt
was nade at any lsolation of produsts.
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IV. EXPERIMENTAL RESULTS

&+ Yreparation of l-Descxy Suger Alcohols

1. By the hydrogenolysis of mercapltal scetates with Raney
<m¢k33~i

s« Preparation of l-desoxy~I~arabitol (IL-lyxomethylitol).

To a solutlon of 12 g. of I~srabinose diethyl mercaptal tetra-
scetate, prepared according to Wolfrom and Newlin (119), in
500 ml. of 70% ethanol were added 150 g. of Raney nisksl,
prepared after the procedure of Favlie and Adkins (79). The
mixture was refluxed for six hours. After the removal of heat
the niekel was sllowed to settle and then the supernatant
liquor was decanted. The nickel residue was refluxed wlth
five successive 150 ml. pertions of absolute ethanol and the
conbined extraets were concentrated to dryness under vacuum
at the water pump. The residue was bolled with 20 ml. of
absolute ethanol, filtersd hot, and the filtrate allowed to
cool. The erystalline produet which readily formed was re-
erystallized from sbsolute ethanol to a sonsbant meltling point
of 115° C. and /7o 73" -26.37 * 2.00° (CHC1;) (1, 25 e, 1.29).

The yield of the l-desoxy-L~arsbitol tetrsacetate was Le3 ge

(502}«
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Anal. Caletd. for 313H2008 :+ €, 51.313 H, 6.58.
Cy 51.37; H, 6.57.
A solution of 1 g. of l~desoxy~L-arabitol tetrsacetate in

Found

-

15 ml. of absolute methanol was refluxed for 15 minutes in the
presence of 0.01 ml. of 0.5N¥ barium methylate. After cooling,
erhydrous ether was added dropwise to the clesr solution until
erystals started to form on the sides of the reaction flask.
Refrigeration for 2l hours gave & product melting at 129-131°
Cs HRepested recrystallization from absolute methanol~asbsolute
ether mixture gave no change 1ln melting point. The l-dezoxy~
I-arabitol so obtained had e specifie rotation éﬁL?'gﬁ ~1.16
£2.00° (H,0) (1, 2; ¢, 1.02). The yield of the pure compound
was 0.2 g. (Sh2).

Anal. Caletd. for ESEiZGh : €, hlL.12; B, 8.82.

Found : €, hlLi.02; H, 8.92.

b. Yreparation of l-descxy-Dearabltol (D-lyxomethylitol).
In a manner similar to that given above for the enantlomorph,

2435 g« (27%) of the l-desoxy-D-arabitol tetrascetate were
obtained from 12 g. of D-arablnose diethyl mercaptal tetra-
scetate. The latter compound was prepared according Lo the
method of Wolfrom, Welsblat, Zophy, and Waisbrot (121). The
physical constants were m. p. 115-116° C.; [§L7%P +27430
t2.00° (CHC13) (1, 23 ¢, 1.00).

Anal. Cele'd. for Cy3Hy00g @ O 51.31; H, 0.58.

Found t C, 51.59; H, 6.77»
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Hydrolysis of the tetramcetate (1.5 g.) was effected by
refluxing an absolute methanol solutien (15 ml.) in the
presence of 0,01 ml. of 0.5N barium methylate for 15 minutes.
Addition of anhydrous ether to the cooled reasction mixture
gave 0.60 g (90%) of the l-desoxy-D-zrabitol of m.p. 131-132°
C. and /3727 +2.46 £ 2.00° (E,0) (1, 2: ¢, 1.01). Purther
recrystallizations from absolute methanolesbsolute ether mix-
ture did not change the above constants.

Anale. Caletd. for GSHKQQR s+ ©C, hhi.12; H, 8.82.

Found : €, l1.25; H, 9.21.
¢. Yreparation of l-desoxy~D-galactlitol (I~fucitol). By

the same genersl procedure l-desoxy-D-galactitel was prepared
from the D-galactose dlethyl mercaptal pentaacetate of Wolfrom
(115) in an overall yield of 417 (1.36 g. of desoxy alcohol
from 10 g. mercaptal ecebtate)s The physicel constants of
Bepe 155-156° ¢. and Zﬁi7%ﬂ +3.00 £ 2,00° {sat'd. borax soln.)
{1, 2; ¢, 1.00) compared favorsbly with those recorded for I~
fueitol by Vototek and Fobmésil (109). These are me.p. 153-154°
Ce and [ajgg +l1+7 (borax) f(c, 3).

d. Freparation of l-desoxy-D-glucitol (IL-gulomethylitol).

In the sare wmenner 12 g. of D-glucose diethyl mercaptal penta-
acetate, prepsred sccording to Wolfrom (115), yielded 1.32 g
(33%) 1-desoxy-D-glucitol of me.p. 134° C. and ZT&_7§8 +2410
f.2,00° (HQQ) {1, 2; ¢, 1.00})s The recorded constants for
this compound ere given by Miller and Reichstein (75) as
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mepe 131-132° C. and /70 720 $3.95 % 1.5° (H,0).

e. Ireparation of l-desoxy-D-mennitol (D-mennomethylitol,
D-rhamnitol)s. The l-desoxy-D-mernitol was obtained from D-
mannose diethyl mercaptal pentascetate, prepared acecording te
Firie (81), by en identicel method in 36% yield {0.60 g.
desoxy aleochol from 5 g. ﬁ@raaptal acetate). The product
melted at 120-121° C. and had an;£?§m7§§ ~10.0 ¥ 2.00° (H,0)
(1, 2; e, 1.00). A m.pe of 123° C. and an /& 7 -12.} (Hy0)
have been reported for this compound by Votoéek, Valentin, and
Rac (110).

2. By the addition of methyl megnesium fodide to sldehyde
compounds.

as Prepsration of l-desoxy-I~glucitol (D-gulomethylitol)
and l-desoxy~Il-mennitol (L-mannomethylitol, I~rhammitol).
After the procedure of English and Griswold (4 2), 5 g« of 2,3:
h,§~diaaatane~alde§zﬁag§p&rahinmse were prepared from 17 g. of

2,3:lj,5~d1ncetone-Learabinose diethyl mercaptal (297 yield).

A solution of 5 g. (0.02 mole) of 2,3:L,5-dlacetone~
aldehydo-L-arabinose in 50 ml. of anhydrous ether was added
dropwise during ten minutes to sn excess (0.0l mole) of methyl
magnesium iodide (prepared from 0.95 g. etoms of magnesium and
5.96 g« or 0.02 mole of methyl lodide) in 150 ml. of
anhydrous ether. After refluxing the solution for half an hour,
the complex was hydrolyzed by pourlng into 300 ml. of an ice

cold saturanted ammonlum chloride solution. The ethereal layer
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was separated and the agueous layer extracted five times with
75 ml, portions of ether. After drying the corbined extracts -
over anhydrous sodium sulfate and flltering, the solvent was
removed by eveporation and Lj.2 g. {78.5%) of light yellow
sirup resulted. The crude sirup was dissolved in 10 ml. of
8kelly A4 end refrigerated for one month. No erystalline
product was obtalned in this manner. The Skelly A solution
was then lumersed in a dry ice-acetone bath and, with the sid
of seratehing with a gless vod, erystals were obtsined. This
product was filtered lmmediately after removal from the
freezing mixture snd washed with equally cool Skelly A. At
this point the solid produet was easily erystallizeble at
room tem@sraturgﬁfram‘Skaliy As The melting point remained
constant at 62-6L° C.; [a Jga 0 £ 2,00° (meoH) (1, 2; e,
1.00). Gatzi and Relchstein (49) give for the 3,l115,6-
diacetone~l-desoxy-D~manmnitol, the enantiomorph of the product
obtained above, a m.p. 66.5-67° C. anﬁ,[ji;7%9 +1.,0 % 1.5°
(¥e0H) {e, 1.4} The yleld of 3,l;:5,6-discetone-l-desoxy~Ie
mannitol was 1.5 g. (28%).

Anal. Cele'd. for Gy H,,0y : C, 58.54; H, 8.9l

Found : ©, 58.68; ©H, 8.95.

Prom tha‘mathar liguor of the mannitol derivative was
obtained 2,1 g. (39%) of a light yellow sirup ﬁf‘[ﬁ&*7§8 ~1,00
% 2.00° (MeOH) (1,2; ¢, 1.00). This compound was considered |
a8 the 3,}15,6~diacetone-1-desoxy~L-glucitol, Gatzl and
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Reiechstein (L9} give an /[ u 33;9 +3.0 ¥ 2,00° (MeOH) (s, 0.68)
for the enantiomorph.
£nal, Caletd, for clzﬁzgﬁg

«u

¢, 58.54; H, 8'9}%'

Found : €, 58.56; H, 8.97.

The l-desoxy-Il~mannitol (I-rhemnitol, Lemannomethylitol)
was obtained in 74% yield (0.5 g.) by warming 1 g. of the
dlacetone derivative in 15 ml. of 10% aeetic seid at 100° C.
for four hours. The solvent was removed in vacuo, the sirupy
residue dissolved in sbsolute ethanol, and acetone added to
incipient turbldity. After a few hours the l-desoxy-I~
mannitol crystallized, The product melted at 120-121° C. and
had a specifiec rotation of [?x]gg #9.50 ¥ 2,00° z(H,0) (1, 2;
¢, 1.00). Such constants were in sgreement with a zix.p. of
123° C. and /"o 720 +12.h (B,0) glven by Fisoher and Piloty
(43) for the same compound.

| Hydrolysis of the dlastereoisomerie l-desoxy-I~gluecitol
derivative (1.2 g«) in the same manner gave 0.5l g. {(62.5%) of
the 1-desoxy-L-glucitol of m.p. 130-132° C. and /%_720 -2.30
£ 2,00° (H,0) (1, 2; o, 1.01)s The constants recorded by
#iller and Reichsteln {75) for the ensntiomorph are m.p. 131e
132° Co and /7@ 720 43.95 % 1.5° (H,0).
Anal. Cale'd. for czéamag 1 C, 43.37; H, 8.3,

Pound : C, 43.52; H, 8.149.
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be Preparation of l-desoxy-D-idltol (D-idomethyiitol)
and l-desoxy-D-gulitol (Leglucomethylitel, L~epirhammitol,
L-isorhemnitol). The aldehydo-D-xylose tetraacetate used in

this reaction was prepered according to the directions of
Wolfrom, Olin, and Evans (120) in 7h.57 yield (10 g. from
15 ge of Dexylose diethyl mereaptal tetrascetate).

4 solution of 10 g+ (0.031 mole) of aldshydo-D~xylose
tetraacetate in 50 ml, of anhydrous benzene was added with
stirring in a nitrogen atmosphere to 250 ml, of an ethereal
solution of exceas {0.372 mole) of methyl magnesium lodide
{prepared from 9.0 g. atoms of magnesium and 54 g. or 0.38
mole of methyl lodide) over 10 minutes. After completing the
addition the mixture was refluxed for half an hour. The
complex was hydrolyzed by pouring into an ice cold 5% sulfuric
ecid sclution of 500 ml. volume. After removal of ebther and
benzene in an alr stream, the iodlde lon was precipitated by
the addition of silver carbonate. PFllitration was followed by
treatment with hydrogen sulfide to remove excess silver ions.
Following aeration to remove excess hydrogen sulfide an excess
of barium hydroxide was added to the heated solutlon and the
mixture was gently bolled for an hour. The magnesium hydroxide
and barium sulfate were then centrifuged off and excess of
barium lons removed from the supernatant by exactly neutrslizing
with dilute sulfuric acid, Centrifugation of the barium
sulfate was followed by concentration of the filirate to dry-
ness in vacuo to give 5 ge. (96%) of crude sirupy product.
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This eirup was dissolved in 150 wl. of dry pyridine, 75
wle of scetlc anhydride edded, and the solution allowed to
stand at room temperature for three days. After removal of
solvents in vaeuo the residuel sirup was dissolved in 60 ml.
of ether snd extracted five times with 20 nl. portions cf 10%
HC1l, saturated potassium ecerbonste, and water. The ethereal
layer was then drled over anhydrous sodium sulfate. After
filtration, eveporation of ether geve 1.9 ge (16.1%) of a
sirupy mixture of ecetates. The sirup was dissolved in Skelly
4 and the soclution cooled in a dry ice-acetone bath., The _
resul tant gurmy crystsels were [lltered rapidly, washed with
cold Skelly A, and recrystallized several times from Skelly A
at room temperature, The crystalline l-desoxy~D~1ditol penta~
scetate thus obtained amounted to l.1 g« {9.2%), melted at
“100° €. and had a specific rotation, zfé;7§§ +10,5 £ 2,0°
{GE£13} {1,2; ¢, 100}, The constants given by Meyer and
Relchstein (72} for the enantiomorphic compound are m.p. 102-
103% [ 757 -13.1 ¥ 1° (CHC1,).

Anal. Calctd. for glégéaﬁlﬁ : C, 51.06; H, 6.43.

Pound :+ ©, 51.18; H, 6,38,

The l-desoxy-D~iditol pentascetate (800 mg.) was
hydrolyzed by adding to a methanolle solution of the compound
1 ml. of 0.5 barium methylate and allowing the solution to
stand in the refrigerator for 2 hours., The barium was
removed by the addition of anhydrous ether, flltering,
evaporating to dryness, dissolving the residue in absolute
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methanol, snd repeating the process until 200 mg. (56.5%) of a
clear, 1light yellow sirup were obtained. / u _7%8 +1.43 T 2,00°
{HZQ) (1, 23 ¢, 1,00). For the enantiomorph Meyer and
Reichstein (72) reported a sirup of / aj%? -2,6 £ 0,5° (5,0).

Anal. Cale'd. for Cgliy) Oy : C, h3.37; H, 8.43.

Found : C, 43.49; H, 8.50.

The sirupy mother liquors from the l-desoxy-D-iditol
pentaacetate (625 mg.) were hydrolyzed in s similar manner.
The l-desoxy~D-gulitol (200 mg., 79%) obtained es a sirup had
a specific rotation [ 720 +7.21 ¥ 2,00° (H0) (1, 2; c,
1.00). Votobek and Wikiié (108) give an /& _72°0 +9.18° (H0)
for this compound. The smount of material sveilable was too
small to sllow further purification by reans of & solid
derivative.

3. WNiscellansous prepasrations

ae. FPreparation of l-desoxy-Iw-slliitel (D-allomethylitol).
D=Allomethylose (5.2 g+) wes prepered in an overall yisld of

26% from L~rhexmose (20 g.) according to the proscedure of
Levene and Compton (67). Reduction of the aldose to the
desired l~desoxy~Leallitel with sodium amelgam was effected in
asccordance with the directions of Iwedasre (59). The l-desoxy=-
L~allitol thus prepered had a melting point of 60° C. and
['a]g& ~-Bs62 ¥ 2,00° (HRG} (1, 2; o, 1.00). The constants
recorded by Iwadare (59) for this compound are m.p. 62-63° C.
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end [G_720 -11 (Hy0).

be ZEreparation of I-threltol. L-Threose was prepared in
68% yield from 1,3-monobenzylidene-I~arabitol (0.37 g. from
1.1 g.) by the procedure of Steiger and Reichstein (97).
Sodium amalgam reduction of 0.37 ge of I~-threose gave 0.10 g.
(26%) of L-threitol of m.p. 86 .5~87.5° ¢, and ﬁ_]gs =3,50
t2,00° fﬁaﬁ} {1, 23 ¢, 1.00)., The constants recorded for I~
threltol by Bertrand {19) are m.p. 88-89° C,; zfaﬂ7§ -l 6%

(B,0).

Be Action of Acetobacter suboxydsns upon
Compounds Prepared for Testing

1. Action of Acetobacter suboxydans upon l-desoxy suger
&lﬁ@h‘ﬂlﬁ »

The results of the tests for the production of reducing
compounds by the actlon of A. suboxydans upon ten l-desoxy
sugar aleohols prepared for this investigation are recorded in
Table IX. A consideration of the apparent effect of the cone
figuration of this type of compound relative to the suscepti~
bility to the oxidative action of A. suboxydans will be glven
below in the sectlon reserved for discussion.

In order to facllitate the isolatlon of sufficient
material for a further study of the specific compound formed
by the aetion of A, suboxydans upon the l-desoxy-D-galactitol
an attempt was made to inerease the yield of reducing product.
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Table IX

Production of Redueing Compounds by the Aetion of
ge&ﬁabant&r‘snbaggd&us upon Some l~Descxy Sugar Alcohols

| | Tg. redueing compound
Compound Configuration per 100 mg. sloohol

L o 5 ‘3,?;8 21
l-desoxy-~L~arabltol o] - Gﬁgy 050 17.7 25.0
l-desoxy~D-arabitol R— CH, 82.0 85.7  w-
1-desoxy~D-glucitol — | l CHy 60,0 85.2 ==
l-desoxy~D-galactitol ke CHy 6,57 1.3 27.0
l-desoxy-D-mannitol — Il CHy 264 87.5 -
l-desoxy~I~marmitol - CHy no reduction
l-desoxy~I~glueitol L1 :, { 6§3 no reduction
1-desoxy-L-allitols | L | | CHy 1.2 214
1-desoxy~D-gulltols - 1 — CHy 2.40 1.9,
1-desoxy~Dwiditols [ l..CHy == no reduction

#Hedla contained O.5% ya;at @x;vaat pius O.025% sorbibol; ail
other media contained only 0.5% yeast extract.
Dunning, Fulmer, Guymon, and Underkofler (40) showed in their
work on inositol that the production of reducing compound from
inositol eould be substantially Ineressed by supplying A.
suboxydans with small amounts of an avallable carbon source.
The addition of small amounts of sorbitol serves very well in
this capseity. In Table X are recorded data on the effect of
variation of the concentration of sorbitol and l-desoxy-D-
galactitol upon the production of reducing compound by the
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Table X

Effect of Variation of Conecentration of Sorbitol and
l-Desoxy~D~galactitol on the Actlon of Acetobacter

suboxydans on l-~Desoxy-D-galactitol

¥g. sorbltol Wge 1-desoxy-D-galactitol  Hg. reducing come
per 100 nl. per 100 ml. pound per 100 nmg.
z dgy:l@@hﬂl o

25 100 22.5 3.1

25 200 23.2 342

25 300 N— o2

50 100 32.2 hl.1

50 200 26.3 29.J;

50 300 o 15.5

75 100 30.1 h3.0

75 200 18.0 2.8

75 300 - 19.1

action of A, suboxydsns on l-desoxy-D-galactitol. Concentra-

tions of sorbitol ranged from 25 mg. t6 75 mg. in 10 ml. of

wedium econteining 100 ngey 200 mg;; and 300 mg. of l-desoxy-
Dmgalactitol. Optimum analytical ylelds of up to L3 mg. of

redusing compound per 100 mg. of alcohol were obtained with a

one per cent solution of l-desoxy~-Degalactitol in the presence

of the varying amounts of sorbltol used over a period of tem

days.

A further attempt to increase the yields of reducing
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the production of reducling compounds obtained from these sub-
gtrates are glven in Table XII.

Table XIX

Production of Reducing Compounds by the Action of
Acetobacter suboxydans upon I~Threitol end Some
i ¥ercaptals

‘ ' ¥e&. reducing compound
Compounds Configuration per 100 mg. substrate

compound
T days 10 days

Lethreitol —_— ——— 1.05

Fercaptsls

D-xylose | L - CH(SEt), 17.1 17
D=arabinose — [ ﬁﬁfs%)g 23,7 30.3
I=arabinose [ - CH fs&%}a 15.3 17.0
Degalectose I Ll ] CH(SEt), 15.h 17.2
D=glucose Lo CH{(SBt),  =m== 22.2
Demannosse i | 1 : CH(SEt), 17,7 25.l

, N |1 —— - _ ,
¥A1l medis contalned O.b% yeast sxtract and 0.025% sorbitol.
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V. DISCUSSION

Included in the number of six carbon l-desoxy sugar
alcohols that wéra~inwastigated were all those compounds

previously subjected to the actlon of A. suboxydans by other

workerss The results obtained with the l-desoxy alcchols
inveolved (Table IX), namely, l-desoxy-D~-mennitol, l1-desoxy=L=
mannitol, and l-desoxy-D-galactitol, substantiate former
reports. Specilfieally, the production of a prolific amount
of reducing compound by the actlon of A. suboxydans on l-
desoxy-D-marmitol corroborates the findings of Anderson and
Lerdy {1). Siwmilarly, the apparent lmmunity of l-desoxy-I~
mennitel to oxidation by A. suboxydens reported herein is in
zs Pulmer, and Underkofler

agreement with the report of Dumnin
(41)e The production of a reducing compound by the organism
from l~desoxy-D~galactitol is a verification of the same re~
sction by Hamn, Tilden, and Budson (52).

Conecerning the last m&nﬁi@n@d oxldation 1t will be noted
{Table IX) that the smount of reducing compound produced from
the l-desoxy~-D-gslactitol, though definite (27 mg. per 100 ng.
aleohol), was too smell for identifieatlion purposes. Fortilfl-
eation of the medium eonbteining 100 mg. per 10 ml, of medium
with from 25-75 mg. of sorbitol per 10 ml. of medium meterially
incressed the yleld of reducing compound (Table X) (43 mg. per
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100 mg. of alechol). As a further developmental procedure
{Table XI) re-inoculation of media containing 100 mg. of l-
desoxy-D-galeetitol and 25 mg. of sorbitol per 10 ml. of medium
with additional cells of A, suboxydans and sorbitol ralsed the
analytical yield of reducing compound from the l-desoxy-D=-
galactitol to 68 mg. per 100 mg. of alcchel. Such s yield
éhonlﬁ render possible g program directed towards the identi~
fication of the reduecing compound in question.

Of the remaining l-desoxy alechols tested only the l-
desoxy-D~glucitol has been reported as having been subjected
to the action of an Acetobacter. Using A, xylinum, Miller
and Relchstein (76) obtained unsatisfactory ylelds (1 mg. per
100 mg. of aleohol) of ketose from the l-desoxy-D-glueitol.
In Teble IX 1s recorded an mnalytical yleld of 85 mg. of
ketose from 100 mg. of the same alcohol by oxidation with 4,
suboxydaens. These comparative ylelds once more lend emphasis
to the grester rapldity of actlon of A. suboxydans over A.

Two other known l-desoxy alcohols, l-desoxy-D-gulitol
and l-desoxy-l~allitol, have been tested for reaponse to the
oxidative action of A. suboxydans for the first time. As
shown in Teble IX the l-desoxy-D-gulitol spparently rewmains
unattacked by A. suboxydens. Contrarily, l-desoxy-l~allitol
gave a small but definite amount of reducing compound (21.4
mg. from 100 mg. of alecchol}.

Of the newly prepared and characterized l-desoxy sugsr
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aleohols the l-desoxy-D~iditol and l-desoxy-L=glucitol yielded
no signifiecant amsunta of reducing compound while the enantio~
worphie l-desoxy arabitoels both produced reducing compounds
when asted upon by A, suboxydans.

Recaplitulating, the compounds tested that gave the highest
yields of reducing compounds are notable for their euafig&raw
tional similerity. These l-desoxy-alcohols, l~desoxy-D-
arabltol, l-desoxy-D-glucitol, and l-desoxy-Demennitol, all
belong to a D- series and possess a ¢is pair of hydroxyls
adjacent to a primary hydroxyl group. The negligible action
of A, suboxydans upon l-desoxy«l-mammitol, l-desoxy-l-glucltol,

l-desoxy~Dwgulitol, and l-desoxy~-D-iditol might be explained
by the absence in these compounds of one of the hwo mantiannd
annfigﬁratignﬁl sharacteristies. Superfilcially, these rasﬁlts
are in conformation with fBertrandts rulet, |

Of special interest aré the results obtained by the asction
of A, suboxydans on l-desoxy-L~-allitol, l-desoxy-L-arabltol,

and l-desoxy-D-galactitol. The oxidatlon of the l-desoxy-I~
allitol is perhaps not too anomalous. A cautious statement
concerning the oxidative sypecifielty of g;,aﬁba§xdana will
indicate a preference of the organism for a member of & D-
series with the proper configuration. The same might hold
for the l-desoxy~Il~arabitol were 1t not for the faet that this
compound may be considered as deriving from the sams homo-
morphous series as the l-desoxy~D-galsctitol. In view of such
a possible relationship, the reaction of the remsining member
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of such a serles, the l-desoxy-lesltritol, would prove af
definite interest.

Considering ell the l-desoxy sugar aleohols tested, with
the exception of the l-desoxy-D=galactitol, one might

rationalize that A, suboxydans attacks this type of compound
iﬁ aceordance with s loosely applied 'Bertrend's rulet, ”
vﬂbwever, if any rule may be applied to the oxidstion of the
l-desoxy sugar alcohels by A. suboxydens the production af
definite amounts of a reducing compound from l-desoxy-De
galactitol precludes its being the rule of Bertrend or any
present wodification therscf. The necessity for st least a
preliminary ta#ﬁing of the remaining eight l-desoxy aleohols
of the six cerbon seriles is quite evident.

In Teble XII evidence is given for the absence of any
redueing compound prﬁdua@& by A. suboxydans from a medium con-
taining I-threitol. This result in no way suggests the
possible specific sction A. suboxydans hes towerd the tetri-
tols, The enantiomorph must be tested before deciding whether
the organism acts according to *Bertrandfts rule?, necessiteting
two secondary cis hydroxyl grmﬁ@s, or follows the pattern of
glycol oxidation, wherein a secondary hydroxyl needs only be
D- relative to its adjacent bterminal carbon atom.

Apparently no econfigurationsl pattern is determinative
for A. suboxydans oxidation of the mercaptals (Table XII).
Although snslysis showed relstively slight oxidation in 211

cases, definite formstion of redueing compounds was obtained
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with all the mereaptals tested. It is of interest to
relterate that Henn, Tilden, and Hudson (52) failed to detect
any reducing compound when they used Dwmannose dlethyl
mercaptal as a substrate for A, suboxydans, nor did Iselin
(58) using Dwglucose diethyl mercaptal. The age of the
culture may be a possible explanstlieon for sueh a discrepancy.
Butlin {28, 30) and Kluyver and Boezaardt (6l) showed in a
rather conclusive manner, using the Warburg spperatus, that
2l hour end L8 hour cultures of A, suboxydans possess high
encugh oxidizing intensities to produce briefly carbon
dioxide from glucose. Such & power disappears in 3-4 day
eulbtures. Ae mentioned previously, cultures used in this work
were 2l hours old. In the papers of Iselin (58) and Hann,
Tilden, and Hudson (52) the age of the culture Iz not glven.
The possibility of the presence of sorbitol in the wedia used
in these experiments being responsible for the mwoduction of
reducing compounds is rendered negligible by the faet that
Iselin (58) applied the seme technique, Hann, Tilden, and
Hudson (52) used small emounts of glucose in their basal
wedium. This compound might serve the same purpose as the
sorbitol. The only conclusive argument would be the lsclation
and identification of any reducing compounds produced from
the mercaptals. Onoe more further investigatlions are

indicated.
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6. Addition of varying amounts of sorbitel (25, 50, end 75
mge. per 10 ml. of medlum) to medis containing 1, 2, and
3 per cent of l-desoxy~-D~galactitol showed that over a
period of ten days the emount of reducing compound produced
from the l-desoxy-D-galactitol by A. suboxydans could be
definitely increased. A maximum yield of L7 mg. of
reducing compound per 100 mg. of aleohol waes obtained by
utilizing 0.025 mg. of sorbitol and 100 wg. of l-desoxy~
Degalactitol per 10 wl. of medium.

7« Re-inoculation of media containing 0.025 mg. of sorbitol
and 100 mg. of l-desoxy-Dwgalactitol per 10 ml. of medium
with additional b&steri# and sorbitol at five and ten day
periods gave further incrsase (68 mg. per 100 mg. of
alecohol) in snelytical yileld of reducing compoundes

8., Similerly, from the l-desoxy~I~arabitol a maximum yleld
of |5 mg. of reducing compound per 100 mg. of alcohol was
obtained, using re~inocculation and sorbitol.

9, Insufficient evidence was collected to allow any generali-
zation of the oxidative speciflcity of A, suboxydans to-
wards the l-desoxy sugar aleohols.

10. Several werecaptals ylelded minor amounts of reduecing com-
pounds when aseted upon by A. suboxydans. No configurational
specificity wes indicated.

11, The action of A. suboxydans upon I~threitel produced no
detectable amount of reducing compound over a ten day

. ;38?10@0
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