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FIELD OF THE INVENTION

The present iﬁvention is relatea to the production of 1,2,3,4-
‘tetrahydroxybenzene and more speciﬁcally,. to _methods of producing 1,2,3’,'4—
tetrahydroxybenzene from the bicconversion of a carbon source.

15 BACKGROUND OF THE INVENTION

Polyhydroxy benzenes and quinones possessing the oxygenation pattern of
1,‘2,3,4-tetrahydroxybenzene 1 (Figure - 1) often display biological ,at.:tivity.
Aurantiogliocladin 2 and fumigatin 3 (Figure 1) are antibiotics. Vischer, E.B., .
Chem. Soc. 815 (1853); Baker, W. et al., J. Chem. Soc. 820 {1953).; Baker, W. et

20 al., J. Chem. Soc. 670 (194i].. Coenzyme Q,.,, 4 (Figure 1} is an es.sential-

antioxidant in hdmans protecting. low density lipoproteins from atherosclerosis-

K related oxidative modification. I‘ngol'd K.U. et al.,, PNAS {USA} 90:45 {1993);

Stocker, R. et al. PNAS(USA) 88: 1646{1991) Stelnberg D., Crrculat;on 84: 1420

{(1991). Dillapiole 5 (Figure 1) is a pyrethrin synergist and is responsible for’ the

25 sedative effect of Perilla frutescens Ieaves; Honda, G. et al., Chem. Pharm. Bull.
36:31_53 {1988); Tomar, 8._8.. et al,, Agric. Biol. Cherh. 50:2115 {19886).

The current method of preparing 1,2,3,4-tetrahydvroxybenzene uses
pyrogallof as the synthetic starting material. Pyrogallol is converted to
'aminbpyrogéllol using a four-step synthesis. Aminopyrogallo! is then hydrolyzed to

30 give 1,2,3,4-tétrahydroxybenzene. Conversion of -pyrogallo! to 1,2,3.4-
tetrahydroxybenzene requires the use of such reagents as phosgene, solvents such
as p\)ridine and xylene, and has a nitroaromatic as a synthetic intermediafe.

' It would also be desirable to provide an improved method for producing

derivatives of 1,2,3,4-tetrahydroxybenzene. Particularly, it would be desirable to
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incorporgbed by reference. SP ?@I(EF wgrﬁ g@ f IS invention was
sponsored i n par e [ i'enc - an . .
D part by the Nat éﬁ@l‘iii&é SHEJINENT I arant No. CHE963368
The CGovernnment ne& brvAgieesdedi Ryhthghiks stherhdfiefor1thd nueaddtdn. of 1,2,3,4-
tetrahydroxybenzenre from a ._c_,arbqn_ source is provided. In one emboqirﬁent, the
bioconversion methods of the preséht invention comprise the steps of micrabe-
catalyzed conversion of a carbon source to myo-2-inosose followed by acid-
15 catalyzed dehydration of myo-2-inosose to produce 1,2,3,4-tetrahydroxybenzene.
As shown in the synthesis scheme of Figure 2, the microbe-catalyzed Conversion_
step of the present invention requires four enzymes. In one embodiment, the
microbe-catalyzed conversion comprises the conversion of a carbon source to myo-
inositol by a r_ecombiriant microbe and the subseqdent conversion of myo-inositol
- 20 to myo-2-inosose catalyzed by a second microbe. [In another embodiment, the
- recombinant microbe is Escherichia coli designed to cause the conversion of
" glucose-6-phaosphate to myo-inositol- 1-phosphate. Inyetanother embodiment, the
conversion of myo-inositol to mye-2-inosose is catalyzed by the microbe
Gluconpbaétér oxydans. Acid-cétalyzed dehydration of the resulting myo-2-inosose
25 vyields 1,2,3,4-tetrahydroxybenzene.
The biocatalytic synthesis of 1 ,2,3,4—tetrahydroxyben’zene provided herein
is enviconmentally benign, economically attractive, and utilizes abundant renewable
sources as a starting material.
‘ The present invention also relates to a microbe comprising a recombinant DNA
30 encoding myo-inositol-1-phosphate synthase and a recombinant DNA encoding inositol

dehydrogenase.
The present invention further relates to a fermentation composition comprising the

microbe described above.
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(Figure 1) often display biological acti§ity. Aur antiogliocladin 2 and
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using-a four-ste nt is. Amno ogal ol is then hydrolyzed to 30 give
1,2.3, 4-t ot r SYER Y Bch e e EINIERPBIFEBF pyr ogal | ol 1o 1,2, 3, 4-

t et rahydygxybenzepgufees i 4 eshdriicufitiating Ued biveaginaéred aynfiakgamemessil vent s
such as pyridine and xyl ene, and has a_nitroaromnat |y§ﬁas a synthetic
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woul d be desirable to 23 Septenber 2003 -2 10 provide a nmethod for .
produci ng 1, "HAYWegBF oxybenzene (pyrogallol). It would also be desirable

if such a method MF{“% £@sh sehdrhaticCinistAithg e coyeshtional synthaN@istisdvhe for
materials, Currently, 1,2,3-trihydroxybenzene is obtained by thernal
decar box ¥ at PEwhesizing 1143 AstatephviligneRasrenga?® ¢ acid is isol ated from
natural sources gyl §5s @dddhefidtis iRatiag ah QYRBesi@nekbhehRy R AoRvéding N
limted supply. It would thus be desirable to provide an inproved nethod

for produci nl2.3:A2egahviraryberveneoks bapAE At woul d al so be desirable if

such a nmethod Was mosditeh DESCRBTIO NSO NYHEPREPERSED evEGDMENTSTEt erial s. |t
woul d be further desirable if the method enp]l oyed non-toxi c conpounds and

was envi ronment al fy PisenpigaeresUsNRRTSIOF ST NPENTICON 245080 AT ndet-dd
synt hesi g SCReABydRkybdiRe M OGbEt & QRrRfn Lodcd, @provided herein. Methods of

prdducing 1,2,3.4-tetrahydroxybenzene from a carbon source based on the
synthesis scheme are also provided. In ene embodiment, a method is provided'
wherein the carbon source is converted to myo-inositol by a recombinant microbe, |
the myo-inositollis further converted to niyo-2—inosose by a _second microbe,

25 foliowed by acid-catalyzed dehydratic;n of myo-2-inosose to 'pi‘oduce 1,2.3,4-
tetréhydroxybenz‘ene.

Novel methods are also provided for the production of derivatives of 1,2,3,4-
tetrahydgoxybenzene', ‘particularly 1,2,3-trihydroxybenzene {pyrogaliol}. In one
embodiment 1,2,3-trihydroxybenzene is produced by reduction of 1,2,3,4-

30 tetréhydroxyber_llzene. In a preferred embodiment, the reduction is achieved by
catalytic hydrogenatioh of 1,2,3,4-tetrahydroxybenzene fo'[lowed by acid catalyzed
hydrolysis to yield 1,2,3-trihydroxybenzene. In a more preferred embodiment, the
hydrogenation is catalyzed by Rh/Al,O;. These methods take advantage of
inexpensive and abundant carbon sources as starting materials to produce 1,2,3,4-

35 tetrahydroxybenzene which can then be converted to 1,2,3-trihydroxybenzene.
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wel ght. ~ source to myo-inositol, followed by isolation of myo-inositol, e.g., deionization and

20 decolorization of the fermentation broth and precipitation by the addition of an
organic s.olvent.‘ Tﬁe isolated myo-inositol is then converted to myo-inositol to myo-
2-inosose followed by isolation of the myo-2-inosose, e.g., precipitation of the myo-
2-inosose from the culture broth. The fed-batch fermentor process and the
precipitation methods are also known to those skilled in the art.

25 As used herein, the phrase "carbon source" is meant to include biomass-
derived carbon sources lincluding, but not limited to, xylose, arabinose, glyceral,
gl_uqose and the intermediates {e.g.,-dicarboxyli-c acids} in the Krebs cycle, either
alone or in combination. In a preferred embodiment, the carbon source is glucose.

7 In one embodiment, é recombinant E. coli microbe is employed in the

30 methods of the present invention. In a preferred embodiment, the E. coli comprises
a non-functional serA locus. This recombinant £. cof, designated, JWF1, may
further comprise a plasmid carrying an NOT gene insert and a serA gené insert.
The INOT gene encodes myo-inositol-1-phosphate synthase which converts
glucose-6-phosphate to myo-inositol-1-phosphate. In a preferred embodiment, the

35 /NOT gene is from Saccharomyces cerevisiae. Overexpression of myo-inositol-1-
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medium and plasmid maintenance follows from expression of plasmid-localized -
serA. The serA insert thus allows microbial growth in minimal salts medium,
distinguishing the microbes containing the plasmid from non-plasmid containing
25 microbes.

In an alternative embodiment, the recombinant £. coli comprises a plasmid
carrying an /INO7 gene insert, an jo/G gene insert and a serA gene insert. As
described above, the jolG gene insert encodes inositol dehydrogenase which
catalyzes the conversion of myo-inositol to myo-2-inosose. In a preferred

30 embﬁdiment, the plasmid also carries the gene insert for in_o,sitol monaphosphatase.
While not wishing to be bound by theory, hydrolysis of myo-inositol-1-phosphate
to produce myo-inositol can occur in the cytosol or periplasm. If a cytoplasmic
phosphatase hydrolyzes myo-inositol-1-phosphate, plasmid-localized /NO 7 and iolG
will lead to myo-2-inosose synthesis. Periplasmic phosphatase activity would result

35 in periplasmic production of myo-inositol while inositol dehydrogenase expression
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converte nosose by a sec Thi s~ second mcr 5 can
ei t her 25 ‘%Brﬁi?sr?aﬁ?s'm cr%ﬁé”go?" Fﬂ}ea' "Lilrt oacnclﬁrr Ay 'r’ﬁgert obe. ai‘?A :
r econmbi nant g&:@’:ﬁbﬂtﬂih‘pl’reﬁﬂﬁbiaarplrﬁ[smbd maa;ra}oleng‘doheentmb@hgmse tDnﬁ@FZ—. The
iolG gene insert ef code% enz%{me i NQSi to(l)m maétdt;t_ogg (agr%br 1 cI

catal yzes t hEEEnvEr 3PEHEF ﬁ%m 0t B T n5LhSETPIT A v el y,

the iolG genﬂADE%’ﬁt cardying asAIQ egerakiineet, lay :alﬁtgend: meegend e gérecinsert.
econbinant BLCLARe. o Fch bl RiSb I °GhE LR PLR BRI |1 s
occurri ngom swehgpAIaRsax }arceasSdnbasnd sbecﬂﬁdnﬁdasmgleaasmd actaswed:wveiﬁmnpl es
o ueh, M 1 R ek iey R0 ARl R0 v ROGLYR HEEL 230170
oxydans, Wwhi R&rkROnV e%its, Rpokuilng Faqlantd 02082, 2urideo 308 aemng lod ithe | Rasiapedt t he
myo-2- 15 ingsose product Lo furfher cataballsm e 207153 and 207154,
respectively. The deposit will be maintained in the ATCC deposntory, which is a
25 public depository, for a period of 30 years, or 5 years after the most recent request,
“or for the effective life of a patent, whichever is longer, and will be replaced if the
deposit becomes depleted or non-viable during that period. Samples of the deposit
will become available to the public and all restrictions imposed on access 1o the
deposit will be removed upon grant of a patent on this application.
30 *In yet another embodiment, a recombinant E. cofi is empioyed to convert
glucose to D-2,3-diketo-4-deoxy-epi-inositol. Such a recombinant £. colf comprises
a p[asrﬁid carrying the /NO7 gene insert, the /o/G gene insert and the gene insert
encoding for the enzyme, myo-2-inosose dehydratase. The plasmid may further
comprise the gene insert for inositol monophosphatase. Myo-2-incsose dehydratase

35 catalyzes the conversion of myo-2-inosase to D-2,3-diketo-4-deoxy-epi-inositol



In a preferred enbodi ment, the reconbinant E. coli conprises plasmd

pADL. 88A carrying an 1NO gene insert and a serA gene i ?éf;([' descri bed
above, the INO | gene insert encodes nyo-inositol -1-phog§ Rleraber4093e

whi ch converts gl ucose-6-phosphate to nmyo-inositol-I-phosphate, thus
increasing the 20 carbon flow into the myo-inositol pathway. Due to a
mutation in the E. coli genomc serA locus required for L-serine

bi osynt hesi s,y 1HEP WA rhrmeﬂjolnabn_s lcros-cat \ %&md@ﬂgdrg{i%ﬁgitg nﬁbﬂt enanes.

foll ows from expression of plasm d-localized serA serA' 1 nseft ‘thus

al | ows mi cr obta@hvgrowbrndener Whiteholswishingnsdharhpunddbg tthegui 818, Brgikehe4-

m cr obes contyal,Ni.RgY;: : ] - - i - al.nj 25 m.cropes.
" an ol tor nay YA BRI TR tpe FATIOR AR T SEN Slaafh s8Rl Bl o
carryi ng an PNoiZ-esesd s 3, daetrabidio gdreezénts e Atidasatalyz et nrdngeizetiorser t .
As descrizbed ahc tihe. 1.01.G: i nsert es _j.nhosi t ol dehydr nase
whi ch caF al %z%gcqﬂﬁeéoc?o%?/dé(yse%%%g?mrr‘f/vg(-alldn%'{s?riﬂﬁ %ﬁ% (s){e %Q‘éﬂaﬁ{gs%‘}s/g‘? R% €3
preferred 30yesodif ndri. 3,4 tetrapldroryhknabsn sarciregaretie tgethe iatkierdtallodd

i nositol non hat . AMhile not wishing to be bound by theory, ‘
hydrolysis o %g?%ogf?’gf’-zlm?%%s&phate to produce nyo-inositol can occur
in the cytosol orlitpeilik asmrecibfedathay tiop NS Migene plodE plat ase.ahysHeobnr ase
nyo-inositol -1-phosphate, pl i.d-1ocalized.]l | and jolG w |l lead to
o 21 nosos B TRBIR sl T BrasB Sae, d5thicehenaditephiipShtitte raka 95

i n peri pliasninoseeeodetotdramsaf canybe iinzesiet alirently ligtoi thesi.t &/ gaton. ogRBRSE =
expression 23 Septe 2003 -6 is localized,in the cytoplasm Transport of
o nosi tol FEPORTEREE. REF1BW ot T RS B PP S R SR AL cor |
gi ven that tiys-imisttohbeyalddsoseet o at-23odikete-4ieoxyi-a@sndsabl. To correct for
periplasm c phosp as ctinvity, plasnid-]ocgalization of enes encodi ng -
manmal i an i nosi to‘F%ﬁ%Lf?gbﬁocé’({H%?%?g%aahg]ﬁ?Frﬁﬁg ebeéréﬁsém%ﬁéﬂ?g%f‘géﬁ‘ﬂéﬁ‘@ed,
and successfaltl yheexpsttssefi theEpraseht inwdtibd, e viBsbe alplpracid¥e@Mihat Rk

etal ., J,l Bi ol . Chem -2655594[16 %199%%' MAllister, G et al., Biochem J.
284: 749 '} 19E39OTIBERAED 8 et MupLivPeR FESA IBENG HrEtuis APk npyn to those

myo- i nosi t ol sklitepila siph attemag be BRigRG ke pwhided the miibloorgdhrARhn HRlRBRIIthe in
E. coil, cyt%EI asHié e>C<epressi on of the cDNA encodi n% i nosi t ol
monophosphat HEE 1 THE ESSITES ORI erfbt CHBODPOYLE AR THO ! At gegrbog gpyree.
conpri si ng atophas Riitbsoas rosringh 0tde thine2, BNk ko g dyhsidosabd AftincbilG gene

insert and the gepe for inositol nonophosphatase can convert gl ucose
directly to toﬁ?’%"-‘%’-’?%&%‘s@?‘ T t ”W‘Sﬁﬁg‘ﬁ?ﬁf@o@@t RARY Bper OBé"”@brWéFec”éé“tjo I

, 2, 3, 4- 2@t rahyty eNyRenziante byetAbda6f theC@badntaeekriohy Bw@in Afbrodrjamsat her
enbodi nment, the recombhi nant. E. coil|, designated, JW1, _ 15 conprises a
plasnid carrYfhdea e%‘%' d(é’ﬁéaxi'“"ﬁ‘gl?rtt,hf%ﬂ PHPES Y rrautatioar @ndigqgepeier A
gene insert .trd¥fGniRioAMpiodastes TWRAOMR LifareARANIE oAl SURUEAY | BkhaBliicQ3e toO
yo- 2- . ' converting one constitqent of the synthesis scheme of the present invention to
another. Methods for such development are well kn6Wn to the skilled practitioner.
25 . In order to carry out the bioconversion methods of the present invention, a
solution.containing a carbon source is contacted with the recombinant or wild-type
microbe.to form a biocanversion mixture which is maintained under appropfiate
conditions to promote the conversion of the carbon source to the desired
constituent, e.g., myo-inosital or myo-2-inosose. iIn a preferred embodiment, the
30 bioconversion mikture is rnaintained at a temperature of about 30°C to about 37°C
- and a pH of about 6.5 to about 7.5. It is preferred that the bioconversion mixture
also. contain othér substances necessary to promote viability of the microbes such
as mineral sé[ts, butfers, cafactors, nutrient substances and the like, The more
general requirements for the maintenénce of viability of microorganisms are well

35 known and specific requirements for maintaining the viability of specific organisms



inosose. In a preferred enbodi ment, the reconbinant F. coil conprises

pl asm d pAD2. 28A carrying an INO 1 gene insert, an V\G T)E_el ns b and a
s erA gene insert. Exanples of these reconbi nant m crol$d %O 3
JWF1/ pADL. 88A and 20 JW i pAD2.28A , are described in SpeC| fic Exanples 1
and 4, respectively, and -have been depesgted with the American Type
Culture Collection ( ATCC), 12301 Park[awn Drive, Rockville, Maryl and
20582, under areelspeywal kgpwinhes Bt@dalplested r ¢t Yiteraude, awrcaredethetviiee ARSI,

desi gnati on 7 respectively. The deposit will be
mai nt ai ned |ﬁgﬁﬁ¥"}?@ té‘e{é‘ﬁc')gﬂ eg? ?r(t:h iIs a 25 public depository, for a
peri od of 30 yearmarmth&?eynﬂmdsnafttﬂmmm:nmsm prediered rmﬂmfesmentamn groth t he
effectlvellf f ve S be .repl aced, if
The” deposi t ChuEdHRIR kit RN Bl R80PIt nefe S Rsiigices o
t he degosﬁt m/\thlelsebetrbhlecmréuaml é‘hétnotd’te;nmﬂnlhet:a anat igdlatigrest groGtié PO
i nposed on access to d .upon grant of a patent on
this applicafT8Ame%E! ?-.S‘flse‘i“%gﬁdﬂ %%ch' é%’fﬁff’ ﬁovﬁg' C@?Hf’rﬂ)‘?aﬁ‘aﬁﬁo fe a pytipl j s
enpl oyed to :semw.entwhegé uereanmaEamzbandnmépaowrdmwculdﬁ@&d b@dore sch a .
reconbi nant E. co g)gprl ses asmd carr% tEt?gl_ht $ -1 NO.1 gene |nsert
the i01G geWetqen%eng' ‘tf°f‘H%f5t5>é‘n Spgfy dpprotelp gn¢ decelpdzatioryare well
myo- 2-i nososmdmydnmsesmueahe thé ardr mrtRY plitfitdtRh ofCOENHJSRoLE GANR
i nsert fgb i nosi t hosg’hat age M/o- 2-i l?sose dehydrat ase 35 catal yzes
S

the conv |8[?1t35'l’c”8rﬂ)’6’° HEEEaeLtithe deprowinirsdideplorgad frmastationdepiiie 223
“Sept ember 200dumé Whegd thanmyBdssHo! afbndehBatiat ab ygre@lter HERY S0 a§A 0N A
yield 1,2, 3,4- tetrahydroxybenzene. VWiile not wi shing.to be bound by

theory, D-2, RUSREPEY 9r§askhanR0 QIHOQ%’BYOT'?SItP'Ié‘é’iWetprﬁ%"’P'“t‘%t* ophRetheedi at e

in the acid- é’(&hﬂér}’éﬁﬂet@l@ﬁ&leml\z@é\/ S nonheitiRg leROHPREMB-inositol can be isolated
1, 2,3, 4- tetrah dro ébenzene Aci d-catalyzed aronati zation -of 5

D- 2, 3-di ketor mastatqroRiotty Py eri faifor g qrasEers HigfilHAbomER reamoNg t o

hi gher yigl d&f!@fanli froteifis i AbEABYANRNYBE R0 eaScHRERA’ 86ndddtflbn of the
aci d- cat al yzﬁeFd dehydration of nyo-2-inosose. It wll be appreciated that

the I NO | gmeqpigtien beofl tos%‘f%agef?emaﬂapftq?ecew@e ghesaithay PAoL: eor

dehydr ogenasgrecipit@sért Qif APHXUIASP I BRE a8BBORT ofMiEtRanol0 TROSARRINositol
dehydr at ase, can_be Inﬁﬂ erted directly into the E. coil genone. Such a

reconbi nant EECPBRIE GABREX FHEEdy EgtFreadsd i Bt Rt sakiuEedin gk $9ceant

anounts of  #&oiveATdd & myBYRindsbfOSOse or
D- 2, 3-di ket 0- 4- deoxy-epi -inositol. Although E. toll is specificall ﬁé%

descri bedd her ei n Nevel Haethogds ofps Faverting: yi-AG 4Seiraldeoxybenisas &1 t

present i nvedihi@diybdnz¥hd lare BBo FPHFiGL] . 21 Hnd BAtbodIMYenl Da mé'%ﬁ@@f%b@%sucr‘
as the common types cited in the literature and known to those skilled in

the art, mayVB¥eEnplodédetphuliPudieneene if ehbergihi v tdhvdsevirneaned t o
effect the desiradoR@BvebSiidht (Bed,2 3BTRS EEn-ERe THRNLERS] {0, 2,5¢ar bon

sour Ce trihydroxybenzene by hydrogenatton in the presence of a catalyst followed by acid
25 catalyzed hydrolysis. In a preferred embodiment, the catalyst is Rh/Al,0,. The
amount of catalyst required and the conditions required for hydrogenation (e.g.,
pressure, time} are well known to the skilled practitioner.
l_n another embodiment, the hydrogenation reaction is carried out in an
aqueous 1,2,3,4-tetrahydroxybenzene solution. In a preferred embodiment, the
30 aqueous 1,2,3,4-tetrahydroxybenzene solution will be free of any compounds
knewn to quench the hydroéenoiysis catalyst. In a more preferred embodiment, the
aqueous 1,2,3,4-tetrahydroxybenzene solution is comprised of iselated 1,2,3,4-
tetrahydroxybenzene and water.

In order to more fully demonstrate the advantages arising from the present

35 invention, the following examples are set forth. [t is to be understood that the



t onyo- 2-i nosose, carbon source to D 2, 3-di ket 0- 4- deoxy-epi -i nositol,
rnyo-inositol to nyo-2-inosose, etc.). Thus it is envis d . that many
types of fungi, bacteria and 20 yeasts will work in the%ﬁ%‘i@g 2
present invention. Such mcroorganisns nay be devel oped, for exanple,

t hrough sel ection, nutation, and/or genetsic transformation processes with
the characteristic and necessary capabil'ity of converting one constituent
of the synthesi.s: f I vent i ) for
such devel opraiseiF AUTARY ol SRrRIEaRpan BRI Ry ARRRAR ol PER: | O,
to carry out of tte bovemtwonver si on net hods of the present invention, a

sol uti-on. containing a carbon Souﬁfnﬁcﬁcﬁﬁﬁ tEe{:I with the reconbi nant or
wild-type mcrobe to forma bioconversi on mxture which is maintained
under appropriate c@yhtiidstnOf iR, prdTetzhyidexybemeae Firam Gliicedre car bon
source to thgngesiI ed constituent, e.g., nyo-inositol or nyo-2-inosose. In
a preferrgd 88'Went, the 30 bioconversion mixture is maintained at a
tenmperature of abautydf&lio rabeuiFigire 2)amt aopHadn abbotatéd Sviich gboddes?. 5.

It is preferred that the bi oc?’gv rsiqn m'x&ure al.so contqi{} ﬁether.

subst ances nEXBEHHN LGS Brint & VTHRNYAIXVBENZEAR VIR By RES QUL ™5 9 Y ner al
sal ts, | buf f erge g@rﬁﬁr&ﬁ%tmtxsof thlstrbir@nd deﬁﬂcﬁl’iﬁtl&fﬂﬂﬁﬁ/ agnfhdimyrtﬂeeis oflaeermyrr
general require s. for e nmai ntenance, of viability of. mi croorgani sns are
Bl 35 knowheertl Wpie fia kDAt FERNRAY 674 BIVIRE RS RESEHev6 FABRPPY o
speci fi c10r gpfivided By eiaice2)G3 albnadte @hemicsts, | syntiewesasf doearent ed
inthe literature, or are otherw se easily det(;:rm' ne%ay tHose skilled in
the art. |n EERWEOURBFEFehind £eR02KP6- G PIoTIs rBtRled Pyi the fersuitment

f er ment at i ongPfPbhinodtiol biyhitesis. bi oconversion with the first mcrobe can
be isol ated .before being utilized 5 in the seconB bé ocgnv_er si_t?.n. The
i sol ati on can be AYPHEEF of guodpPHW! Py EpfdAR! BOPd -2y Be9 D Yiithdl-alyeose
descri bed i nySpREI bhd foraeRlich lto Prfudcsel@bhaiphern akfig-dae bg B t4 kol

i sol ation where the fernentation broth is deproteinized and d%c | ori zed
before udd ithwéogféeﬁﬁw%iSde@ﬁv@Pgﬁ%.P-‘gu%wd@&%s{’%fc [2.HagR ~aepnela.

decol ori zati pRq 3HE NWEharkNOND. tOalt, e A%l Wedhingtdevar 1, p.Fur4derogs)):
purification of the rrgo-i nositol can be 10 obtained Qy c%e’a;gréati.on of
the depr ot ei WNZERIRSEBPHRAIREHYFE iFE AW GO HPB HIRNEGTES PHPERRE UREPW- t e
nyo- i nosi t ol GRRBSEBLAHRIshRitel Shell BALGHod N PcRBLiO Lto Myo-iIS@NGE Nt-pRispRAS
greater than 50 glL, the nyo-inositol can be precipitated out by the

addi tion of fHelaAdIbY Byodssitel 1 mbashate tRE SR anplie engyBe i 3eb¥itY oWhisin be

i sol at edgof r QI oMEHPRALRI® S Q:RabihytBEcdrolibiBniNTD §8rDS4eP&inson,
ultrafiltration to renove 15 cell d proteins; d?col aori zation by

activat ed chhfcefapl: conlieht FaeTo SQ&’T?P% (198PhetR AFBHILPOPH-BER gl aieds

nyo-i nosi t ol gigaRESAYY & bR, olal e.01d1aind5®.00b Limaitin/niy a€i Bint &bi N 0f,
nyo-i nosi t ol @rgcﬁ the addition of methanol. The nyo-inositol precipitate can
be washed, r@aali§pdndesrachveiyt P¥r 1BF cREEsErol BAJCTIERYR- t he second -

E. cofi JWF1/pAD1.88A synthesized 21 g/l. myo-inositol (solid bars, Figure

25 3}and 4 g/L myo-inositol-1-phosphate {open bars, Figure 3} in 11% combined yield

' (mol/mol) frbm D-glucose under fed-batch fermentor conditions. Both myo-inositol

and - myo-inositol-1-phosphate accumulated in the culture supernatant. In

eucaryotes, hydrolysis of myo-inositol-1-phosphate to myo-inositol is catalyzed by

the enzyme inositol monophosphatase. McAllister, G. et al., Biochem. J. 284:749

30 (1992). Phosphoester hydrolysis was- fortuitousiy' catalyzed in £ cofi
JWE1/pAD1 88A by unidentified cytosolic or periplasmic phosphatase activity.

Oxidation of myo-inositol to myo-2-inosose, the next step inthe conversion

of D-glucose into 1,2,3,4-tetrahydroxybenzene 1, is the first catabolic step when

myo-inosito! is used as a sole source of carbon for growth and metabolism by

35 microbes such as Bacillus subtilis. Yoshida, K.-l. et al., J. Bacteriol. 179:4591



bi oconversion to myo-2-inosose. 20 Novel nethods for converting
1,2,3,4-tetrahydroxybenzene to 1, 2,3- trihydroxybenzene %%e ?Iso provi ded.
In one enbodinment, a nethod is provided wherein eptember 2003

1, 2, 3, 4-tetrahydroxybenzene is reduced to 1, 2,3-tri hydroxybenzene. In one
enbodi nent, the 1,2,3,4-tetrahydroxybenz§9e is converted to 1, 2, 3-
trihydroxybenzene by hydrogenation in th presence of a catalyst fol | owed

by acid 25 I tal yst
|Z Rh/ Al 2C8. ?ﬁ] n]{;{ X% 8‘%? a f/)sbte r}’rx gdqz%idr %ﬁ%,{i%@? oongg%'?so‘ﬁ' ?Léta?ﬁsr gd

f or hydrogenaf pmdu(:tamgo ;2-poeswuoeatdtiotie). Kostewedk, Tk riiovh. tRoed. 25 B kid8 0d
practitioner. t her enbodl e enatl n_reacti.on i.s carried
out in an a ﬁggrusngiy'ﬁn%”bfﬂf)gt fﬁ%‘%(’?b%ﬁ(ggﬁgqé%m:t IR CoprRingng, migtePeed
enbodi nent , Eh&heﬁﬁbmymnﬂal [Bd 8o thetfeinalondif empub2niense sihéehicon iy, be
free of any coppo knomn to quench the hydrogenolysis catalyst. In a
nore pref E&I’%ﬁg f the aqueous 1, 2, 3, 4-tetrahydroxybenzene

solution is conpr ir&edse&fhalvsabatﬁduéht&o%e4tab1ﬁdrﬂihyﬁkrlml§)¢bﬁdiﬁ6ﬁ€arﬁ\da&m}eer In
order to nore fuI I% denonstrate the advant %es arlsm fromthe present 35

i nvention, t HEAFAFEWFHG LR Nt sererted aspmatizations resyiing fogesysicaetiv fod

that the 23 Sapinatibey b%@@doannét@alewfagnat&rbwfmm 9f5-RXARPHRXxPMr¥eald IS
not i-ntended_as a 2 g 7a on _on the scope _of_the.invention. SPECIFIC )
EXAMPLE 1 SyReffegi fre S vslitpist Holde: Yo SARdHansits o Coap & (LR Anayal,

Resul ts Aosygthet AlC dppérat.Ral8:120 (HasoN ey barp, iehabebsdresk Wit et ps-ovi des
conveni ent access to 1,2, 3,4-tetrahydroxybenzene via nmyo-inositol

i nt er medi acyNoSaYeVEIsaFaYe Ysder FQ‘?’CSP“Q'H?"S‘; ‘f"tS'iBf‘%aP%a'ﬂ'étrfBH@@tr'cﬁt%fd By %

conci se_synt iRgh§didkySARBAYTReARTS 6. o Wikh&pidarcsdiHidatico 23k epy raRd
pol yketi de bi osynthesis have traditionally 8 provi ded biocatal ytic access

to aromati c- Y9ARFFEh| SaueHRt HE8ed o502 ”Bdﬂ’ W%‘f’f aflgeiyxyiierdeend 4. 3atd

coenzynme Q t&aﬁy@roey@grﬁgh@g,uegb@gomed tiag.recruitnent of nyo-inositol
bi osynt heS| S. %/nt hesis of nyo-inositol by E. coil JW11pADl. 88A begi ns

wi th D gifficole Maiprialg &nddfle®8Rver si on to D- gl ucose- 67phdsphate catal yzed by

the E. coy 15 phgsphal r ansii@rasRcay S ePostitn A Mo %Hﬁlspe.stmneter
Escherichia coil and Sal nonel l'a, 2nd ed., Neidhardt, F.C Eds

ASM Washi ngtmicelshifts fon'H NMF specsmeyp rem@%(*@ﬁagﬁmﬁalhsw u%ttve tos t he

source of thﬁtérﬁma{r%@ﬁqnmﬁwhererla gr@@ﬂapnww% @measﬁsmeﬁgt@wd.ﬁrnen
undergoes cyclization to myo-inositol gﬂgs hat e t al

myo- i nosi t ol 34trigesRysilieraiignatedel. 3this = &P irAntlyw was the
20 solvent, and to acetone {CHD,COCD,, 6§ = 2.04 ppm) with d,-acetone. *C NMR

spectra were recorded at 756 MHz. Chemical shifts for '*C NMR spectra are
reported (in parts per million) relative to CDC’I; {6 = 77.0 ppm}, relative to.
'CD,COCD, {8 = 29.8 ppm), and relative to internal CH,0H (5 = 49.0 ppm} or.
internal CH;CN (6 = 1.4 ppm) in D,0. FAB mass spectra were pefforfned by

25 University of South Carofina (Columbia, SC). Elemental analyses were performed-
by Atlantic Microlab Inc. (Morcross, GA). Melting points were uncorrected and:

were determined using a MeI-Terﬁp fl melting point apparatus.

Radial chromatography was carried out with a Harrison Associates
Chromatotron using 1, 2 or 4 mm layers of silica ge! 60 PF,;, containing gypsum

30 (E. Merck). Silica gel 60 (40 - 63 um E. Merck} was used for flash chromatography.
Analytical thin-layer chromatography (TLC) utilized precoated plates of silica gel 60

" F-254 {0.25 mm, E. Merck or Whatman). TLC plates were Visualized'by tmmersion

in anisaldehyde stain (by Voiume: 93% ethanol, 3.5 % sulfuric acid, 1% acetic acid

and 2.5% anisaldehyde) followed by heating. Dimethylformamide, N-

35 methylformanilide and acetone were dried and stored over activated Linde 4A



20- results from expression of the Saccharomyces cerevisiae |INOL gene
(Dean-Johnson, M et al., J. Biol. Chem 264:1274 (1989 on plasmd

pADI . 88A, varied significantly (0.022, 0.043, 0.018, ark® eERI®OPHMABN n/ nmy
at 18 h, 30 h, 42 h, and 54 h, respectively) over the course of the
fernmentation. E. coil JWI1 /pAD 1. 88A syl?t1 hesi zed 21 g/L myo-inositol
(solid bars, Figure 25 3) and 4 g/L nyo- i nositol -1 -phosphate (open bars,
e 3 0 edsCablatHau £ dreddiobtRlzh dgrrdoan@ygémep@ermmredmaeﬂoatch
f er ment or corﬁ?ﬁ’ myo-i nosi t oi - 1- phosphat e
accunul at ed m‘tnﬁgw fmmhtsudmnsupennlaﬂrmme keltvi redexangstaad TMELRA avaye distilbgd
myo-inositol - hos ha & to i nosi t.ol

i nosi t ol m)n(f H'Ena I@Eﬂp‘lﬁgqtred VE aCt&VE%dCL%%é %éﬁ’g%pé/ﬂaggélfgﬁé
(1992). PhOSmOHSﬂg@ﬁchtmhyﬁf$rMﬂﬁ:t§ arcreidticliovgr Mg@®al yzed in E. cols
JWF1/ pADl 88A by ed.c tos lic or

activity. ® Oxidati Bﬁq'mw?{f&’am{ PES S?'Hterﬁ/ocgp ﬂr%%%%sméj?mgmérggﬁ %’?réeps S h the
conver si on 0fofbhy@)-n68ER ahd infyol2-hodode, tselutwhy dvarx pherenereedlto drgnessentier st

catabolic step when nyo-inositol sed as a sqle [ r or
growth and meEE@RETRERTIHE CSBC‘?WW‘%FL&&]@U%% %{‘faggglolnﬁlst%sﬁrgép l{)¥&aa @ r{
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1,2,3,5-tetrahyugy Q&M@&n%@%urchagﬁ forplio-Rad. Ahe/OHAd it avsijabHolradarGibay: San
Franci sco, m\péﬁ (1965); Angyal, 10 S.J. et al., Carbohydr. Res. 76:121

(1979). it was observed t hat nyo-2- inosose was reactive under

aci dic condi tions Mifhe BadRRaREBLIthRISBRIioPS v@érebr&)a&‘&m distilled, de:omzed
t et rahydr oxybenzene. Refluxing G _oxydans-p I‘OdUCﬁ(g rrﬁ 2-i nosose %r )9 hin
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GeneraL 'H N spectra were recorded on a 300
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shifts for- I-QJINN’FJ ypleet Faghr M9 apsipddmetiHTpat 4 cﬁﬁggﬁ%fjlrﬁ? ) of é‘f‘ﬂsf"{%ca
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acetone. 13C M&/§o4 and glucose were autoclaved individually and then mixed. Ampicillin was

sterilized through a 0.22 um membrane. Solid medium was prepared by addition

of

of 1.5% (w/v) Difco dgar to medium.
25 Fermentation medium (1 L) contained K,HPO, (7.5 g), ammonium- :ron(lll)
citrate (0.3 g), citric acid monohydrate {2.1 g), and concentrated H,5S0, (1.2 mL).
The fermentation medium was adjusted to pH 7.0 by addition of concentrated
NH,OH before autoclaving. The following supplements were added immediately
prior to initiation of the fermentation: D-glucose {20 g), MgSQ, {0.24 g}, and trace
30 minerals including (NH,)5(Mo,0,,)-4H,0 (0.0037 g), ZnSO,7H,0 {0.0029 g}, H,BO,
(0.0247 g), CuS0O,5H,0 (0.0025 g}, and MnCl,;4H,0 {0.0158 g). 'D-Gtucose and
MQSO4 were autoclaved separately while trace minerals were st_erilized through
0.22 ym membranes prior to addition to the medium.
Genetic Manipulations. Standard procedures were used for the construction,

35 purification, and analysis of plasmid DNA. Sambrook, J. et al., Molecular Cloning



spectra were recorded at 75 MHz. Chemical shifts for 13C NVR spectra are

reported (ire parts per mllion) relative to CDCI3 (6 =,4% %@'{? | ative
to. CD3COCD3 (6 = 29.8 ppn), and relative to internal éélﬁﬁ%t rzzobg.o

ppm or. -internal CH3CN (6 = 1.4 ppn) in D20 . FAB mass spectra were
performed by 25 University of South Caro{jpa (Col unbia, SC). El enental
anal yses were perforned by Atlantic Mcrolab Inc. (Norcross, GA). Mlting

poi nts were WYGHbFA6keManisd; CMW@r%rnﬂ@ﬁ—%?tﬁﬂﬂl@doﬂé&r?g’réssl\/ﬂ‘lleﬂ_ ¥ak tivsgrl £i ng
poi nt apparatus. Radial chromato was carried out with_ a rr| son
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used for flash chromatograp ¥> Anal ytical thin-Ilayer. chromatography (TLC)
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4A 23 Septe 11- "nol ecul ar "si ®ves under Ar. Tetrahydrofuran and
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over activat A nol ecul ar £son Ar. Organl c sol utions of
pr oduct s 1ger ﬁrodrldeeglAB\?e?rBANgSOfl 5 For '"H NWR quantitation' of solute

concentrations du 'an i FVET QR le %Véatme?dn%oéogéusw&rﬁmwg;f a%ﬂ.f nctional

myo- 2-i nosose, I'ons wer e concent'r at 0 dryness un duce
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Lancaster Synf'ﬂem s 1In |on wer e determ ned by conparison of 10
integrals Cont‘r'espiir?dﬁrsa@%)oprealdhd @bﬁ]‘b@i&m Winedrizatien iohpbgit HBAcol thedpbmgi ng to

B Ry
Bi ochem .. 72dR%8' s(abﬁ?@l)ag;atudayafwmm&bﬁim lt{hrrlalogtﬂafr]@&pdlwive (@h@plﬁr@d V\,i th
£ cor | DrBact < ar e rRiel Brged TAUBH B MR B AR R T
sol utions weroeuproépazed’ilﬁnmdm 67PN edfordiei dviFied water. LB medium (1 L)
0 WD sal te (1 Ledneadkdcp Ry puohet St Gpal orepuion 8Fellibe ) (20
NHACI (129). IyLVBta‘IWIaB meduined dioumma fifyl ynyo dmssitet- E@phofphhite. syfitheBe siglivity 00er
coren” o0 CWRHERTR R anlBiR St Rt Daaea IR
MD salts, fermentation broth by centrifugation at 20009' for 6 min at 4 °C. Cells were
' resuspended in 10 mL of resuspension buffer consisting of TrissHCI (20 mM), pH
7.4, NH,Ci {10 mM), 2-mercaptoethanol (B—ME, 10 mb), phenylmethylsulphonyl
28 fluoride fPMSF, 2 mM), and EDTA {1 mM). Resuspended cells were frozen at -80
°C for up to 4 days until purification was carried out. ‘
Thawed cells were lysed by two passages through a Frenrch press at 2000
psi. Cellular debris was removed by centrifu'gatidn at 30000g for 30 min at 4 °C.
Clarified cellular lysate containing approximately 200 mg of protein was loaded onto
30 a DEAE cellulose column {5 x 25 cm) at 4 °C. The column was eluted with a step
gradient of.NH4CI in the following buffer {Buffer A): Tris'HCI (20 mM), pH 7.4, §-
ME (10 mM}, PMSF {1 mM), and EDTA {1 mM}. The step gradient consisted of 20
ml of Buffer A with NH,Cl (‘lb mM]}, 45 mb of Buffer A with NH,CI {30 mM)}, and
100 mL of Buffer A with NH4CI (150 mM). Fractions (9 mL} were collected

35 throughout the étep gradient. Fractions 10-18 werecollected and concentrated to



MyS™, and gl ucose were autoclaved individually and then mxed. Anpicillin
was sterilized through a 0.22 Nm nenbrane. Solid nediu [e by
addition of 1.5% (wWv) Difco agar to Medium 25 Ferm%é@%&éﬁn%%ﬂ@% (1L
contai ned K2ZHPO4 (7.5 g), ammoniumiron(lll) citrate (0.3 g), citric acid
nonohydrate (2.1 g), and concentrated H28$4 (1.2 nlL). The fernentation

medi um was adjusted to pH 7.0 by addition of concentrated NHAOH before
aut ocl avi ng. |epaghém bl mlausiggsampphes iiigalignton Sdedd iGelrediumpet ywitpa iPM1Q o

initiation of_ r 1.00; , A .24 ). a trace
30 mnerals f‘??f:’ﬂh’ﬁ’é{‘%g %%?ﬁ%@%% mglg%o%éqd%f%? ?0 ﬁggﬂeﬁ%ht’ﬂ&g‘ozg
g), H3BO3 (0-M4phalk sy@h8adiRe. [0e H025nap)tpl-brpbodvihGle2syhZBe @0OINGH58ay) .
D- d ucose an aut ocl av separ at el il e trace m neral re
Steri |1 zed T ARSI % b iali' BRsRLR RURERAL A S alct o RS R Tl e
Ceneti c Mani ptdHh exsapt BratrtidapskayrsoteidurcestaisrdeTisldd! (20rmbhepHEBIBS INHYCE | on,
35 purificatigon nd LS pl asm d DNA. Sanbrook, J. et al.,
Mol ecul ar d %fr%)af@d?eﬁ gorgf%é?ﬁEOOS -12 A Laboratory Manual, Cold Spring
Har bor Labor at or y nefassitdXe Feadritafor38&hplofed anb il Wbikig cqRikite @. Bsadrhe
was. anpl 111 obH2 Syl MESeR. Vefiiesahere supsEd sy . Brop ios o SEapled 320
(1986)) usi ng DIAGBLtigiae G4s i IMBEOperksi chmipatr Gauldped Wity Be Beam Macshviat ed 5
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] t tor- : [ J " Di ti D2625 wi t
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l'i gated i nt ondelgurSwikingid MeQfer16iddo 42AninGterilik @10 109 kb Akor Bl B84 an FRgoid - '
cof i JWFl was prepared by honol ogous reconbi nati on_of a non-functional

se, rA gene i fit¥PE. OcBeTegBliromerPIans. | Bepr yvas rprigfainet bl Ot afrnetyratony ser A
fragment 1gbt Ahfifnt (§nAEREE i 1BV MTly as needed. _
(Hamlto.n,-C.Met.al_ ',J.BacterioL 171:4617 (1989)) provided pLZ1l. 68A

Li neari zation of [egYgtsn Wers hatatiad oy IBt’%&I#!P“sictfe 9 ntiBgiRal cofRYs e?fA

fol l owed by twneaysremt.seialedt epaw fib agiith cenGinistNARpiIBNATRELQAAE VAR
afforded pLZl.71 A ., Honol ogous reconbination (Ohta, K et al., ApP-L
Environ. M cPGBIbAt S57:@a4thagiption)at#5Q e s £idiy H6R-FanséaTshid theer A
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synt hase acti vi tq\{/). Partial purification of cellular _ 20 | )(sate was required
to quant PPy Wps20si t6req stagebasinds wyRriad & BRntaints Colriels alddgreBund
cel lul ar phosfbakRaeiuAfRy ievbh yemgﬁ_tdrsmwemﬁtrpmbIaﬂﬂb%tfammﬁpsemggnéf 0.06
fermentation broth by centrifugation at 2000y for 6 mn at 4 . Cells'"were
L/L/min, D. O. concentration was maintained by increasing impeller speed from its
initial set poi'nt of 50 rpm to its preset maximum of 940 rpm. Approximately 7 h
was required for the impeller speed to increase to 940 rpm. With the impeller
. 25 constant at 940 rpm, the mass flow controller then maintained D.O. levels by
increasing the airflow rate from 0.06 L/L/min to its presét maximum of 1.0 L/L/min
over approximately 1.5 h. At constant impeller speed and constant airflow rate,
D.0. levels were maintained at 10% saturation for the remainder of the
fermentation by oxygen sensor-controlled glucose feeding. Atthe beginning of this
30 stage, D. O.levels fell below 10% air saturation due to residual initial glucose in the
medium. This lasted for approximately 50 min before glucose (60% w/v} feeding - ‘
started. The PID control parameters were set to 0.0 {off) for the derivative control .

{rp) and 999.9 s {minimum contro! action)} for integral control {r}. X, was set to

950% to achieve a K, of 0.1.



resuspended in 10 nL of resuspension buffer consisting of Tris-HCL (20 m

M, pH 7.4, NH4C (10 mM, 2-nercaptoethanol (fl-M, 1 '
pheny[ et hyl sul phonyl 25 fluoride (PIVISF, 2 nM, and E%.P%TWQQOOS
Resuspended cells were frozen at -80 OC for up to 4 days until
purification was carried out. Thawed cel kg were |ysed by two passages
through a French press at 2000 psi. Cellular debris was renmpved by

centrifugation at SNQEDEMAL) Fleidhtdorforbth wekd @KEH bEE hcs@dewah@gtahmg%f: e
cont ai ni ng approxi mately 200ngof protein was | oaded onto 30 a
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D. O was nuai ribacerachtad NEQZHHI KhsabhtnM|m decﬂo&iorAﬂdn&mlaraa(r& YBeB 20uatevhs

added. manual | naocl arte Ln duct i of .a
single col on;?%g?on @M‘ﬁqﬂb% hé%' a?\'%a%mfﬁ%osrp Weancdsc'fmuéthc%nﬁfaﬁﬁereg&mugh
anpicillin. '[/Iul&atmdntmfnaen/m:er gTbafiltered ITateriativids wgshieat with aatadﬂﬁ@na!piﬁ(f or 15
h and then tr Ierred to the fernentation vessel. The initial glucose
concent rati o7 A Yi#&t er nent ati on medi um 20 was 20 glL. Three staged

net hods vy e used 1111@ creibivieal fittrbre®. wére\eabsezﬁto eieémmnrofs@tﬁ mmuaoestanmfrormg each
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initial set 8B Hlt wak tiéh fypnthtalightascqhirgs @f Duseaxniin{Hof fddd0 Srqmmx 28ppnioati 4at el y
7h °C and eluted with 500 mL H,0. The resulting solution (approximately 2.8 L) was
concentrated to 200 mL by boiling _a'nd then concentrated to dryness under reduced
25 p-ressure.' The resuiting powder was dissolved in a minimatl volume of H,0, diluted
with 6 volumes of MeOH, énd stored at 4 °C to crystallize. Crystals were-collected
aftera few days, washed with MeOH, allowed to air dry overnight, and dried uhder
vacuum to yield white crystals (78 % recovery based on inositol quantified in crude
fermentation broth}. 'H NMR (D,0} § 4.06 (dd, J=3, 3 Hz, 1 H), 3.61 {dd, /=10,
30 9 Hz, 2 H), 3.53 (ddd, J=10, 3, 1 Hz, 2 H}, 3.28 (ddd, /=9, 9, T Hz, 1 H).
NMR {D,0) d 45.3, 43.4, 432 42.1.
myo-2-Inosose. Angyal, S.J. et al. Carbohydr. Res. 76:121 (1979}
Posternak; T., Biochern. Prep. 2:57 {1952). A solution containing sorbitol {1.0 g}
and yeast extract (0.05 g} in 10 mL distilled, deionized water was_autoclaved for

35 25 min and cooled to room temperature. After inoculation with Gluconobacter



was required for the inpeller speed to increase to 940 rpm Wth the

i npel ler 25 constant at 940 rpm the nass flow controll hen mai i ned
D.O levels by increasing the airflowrate from 0. 06 L%E/éﬂ Eeng% r'#@gpreset
maxi mumof 1.0 L/L/mn over approximately 1.5 h. At constant inpeller
speed and constant airflowrate, D O |e¢ygels were maintained at 10%
saturation for the remminder of the fernentation' by oxygen

sensor - cont r ghl@thsghreesez f aRMuMire Masth@bbed iRRhRELe] shilies 28006 tHE%or D. 0.
| evel s fell below 10% air_saturation due to residual initial glucose in the
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feeding stagigfb soT%rPéthQiﬁmgrrﬁifo—%Emtl 81(Pg, V. ?nﬁﬁ&l) s fithl (@lfg), r the
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precipit tei NS The aJ, ow s t ) rali th
concentr R“‘-'ﬁ eooéeo ﬁ fﬁorﬁ: %/a(is{hen ;‘“:PdllJ orggé%ﬁvf\téﬁ aﬁgﬁ% Cﬁ@-aéﬁg%:e\tg: vat ed
carbon (10 gbm)ecﬁJerNadrIGDg\M (Idrncagtrataxtn mfnthatreﬁﬁlonrsmwlnd taubSanfuent Foflofredt er ed

iroudh Nl e BRSPS F R S0 D AR R ML 2
col um of AG_HJpnBcbﬁ@s&t@ttﬁnfa@thﬁorg&nﬁtﬂy}érﬂﬂlthr)\l_aaprécnﬁitaﬁedoehe,ct\sdlcwwah 1L
of Dovex. 50 [1Eredy B M b BEeY ey et Pois REd R Ao, U
The resubbi ngowdbautﬁdmtic(racpfpfeﬁxmmﬂebwla 18 thefitwares folboveskint filatied, Wesm'ﬁm n1_ by
D RS NR g e RO BRaP R
: - 164 °C. 'H NMR (d,-acetone): 6 7.24 (s, 4 H), 6.20 {s, 2 H}. '>C NMR (d,-
acetone) 4 139.7, 134.7, 106.2, Anal. Caled for C;HO,: C, 80.71; H, 4.23.
' Found C, 50.63; H, 4. 32 HRMS (FAB) caled for CGH 0, (M+H*): 142.0266.
26 Found: 142.0268.
SPECIFIC EXAMPLE 2
Chemical Syn_thesié Of 1,2,3.4-Tetrahydroxybenzene
. Results .
Conversion of D-glucose into 1,2,3,4-tetrahydroxybenzene 1is a three step
30 synthesis. 1,2,3,4-Tetrahydroxybenzene 1 has historically been obtained from
pyrogallol 6 by a longer route (Figure 4) involving synthesis and subsequent -
hydrolysis of aminopyrogallol 7. Leston, G., In Kirk-Othmer Encyclopedia of
Chequal Technology: Fourth Ed., Kroschwitz, J.I. et al. Ed., Wiley: New York, Vol.
19, p. 778 (1996); Einhorn, A. et al.; Ber. 37:110 {1904). Due to the tedious
35 nature of this synthesis {Einhorn, A. et al., Ber. 37:110 {1904}}, two alternaté



Wth 6 volunmes of MeCH, and stored at 4 Cto crystallize. Crystals were
collected after a few days, washed with MeOH, allowed t ir dg}/ _
overnight, and dried under vacuumto yield white crystdl™s ?pfg’n orr@ggvery
based on inositol quantified in crude fernentation broth). 'H NVR (D20)5
4.06 (dd, J= 3, 3 Hz, 1 H, 3.61 (dd, J=,10, 30 9 Hz, 2 H), 3.53 (ddd, J=

10, 3, 1 Hz, 2 H),-3.28 (ddd, J=9, 9. 1 . 1 H. 13C NWR (D20) b 45 3,
43. 4, 43.2, fands ({ffygf_lajr@ 4&“%‘P§G‘dev€1‘89¥@' to §béﬂn eéutﬁéntlccgﬁ Pmédfyf 183,4./6: 121

(1979); Posternak i ochern. Pre uti on. cont'ai ni ng
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(d6- acebgne): d ka&all.chictAatograpfif. avasAﬂaﬂrledCaththwinra Ced6d AGsobiftedl; H,
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{E. Merck). Silica gel 60 {40 - 63 um E. Merck) was used for flash chromatography.
Analytical thin-layer chromatography (TLC} utilized precoated plates of silica gel 60
F-254 {0.25 mm, E. Merck or Whatman). TLC plates were visualized by immersion

25 in anisaldehyde stain (by volume: 93% ethanol, 3.5% sulfuric acid, 1% acetic acid
and 2.5% anisaldehyde} followed by heating. Dimethylformamide, N-
rﬁethylformani!ide and acetone were driéd and stor_ed over activated Linde 4A
molecular sieves under Ar. Tetrahydrofufan and diethyl ether were distilled under
nitrogen from sodium benzophenone ketyl. n-Hexanes and TMEDA were distilled

30 from sodium under Ar and stored over activated Linde 4R molecular sieves under
Ar. Or-ganic solutions of products were dried over MgS0,.

Hydrogenation of 2,3-dibenzyloxy-1,4-benzoquinone 9. A solution of 9
(0.18 g, 0.56 mmol) in EtOH (7.0 mL) was stirred with 10 % Pd on C {0.050 g} at
__room temperature under H, (1.0 atm) for 3 h. The solution was filtered through

35 Celite ® and concentrated to afford a tan sofid {0.079 g, 99%) which was iden‘tical'



Chemi cal Synthesis O 1,2, 3, 4-Tetrahydroxybenzene 1. Results Conversion of
D-glucose into 1,2, 3, 4- tetrahydroxybenzene 1lis athree hesi s.
1,2,3,4- Tetrahydroxybenzene 1 has historically been obt algn e%tefr&lg%%%

pyr ogal lol 6 by a 'longer route (Figure 4) involving synthesis and
subsequent  hydrol ysis of am nopyrogallol;7. Leston, G, In Kirk-Q hmner
Encycl opedi a of Chenical Technol ogy: Folurth Ed. Kroschvm'tz J.I. et al.

Ed., Wley: ki R to ¥nth J £k %-mo@béﬁ”‘oHﬂdro@en@ﬁorﬁbf 2,33er .
37: 110 (1904y: \g%t oCt e 1?%3] ousn 5 nature of this s%nt esis (Ei nhorn A

et al., Bet. t@#niyioxypheod))1. Awolutivn of AA(% 813 13ebt'@?ﬁi P E59037109 /L) M3t es
(Figure 4) érﬁ%cgwétﬁl‘l%/ecll’d Sh 895 %'%l aqgggrﬁqghﬁen%%urmltﬁ@epﬁ th..8 .abmfHor 2 h.
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wer e -recorded at 75 MHz. Chem c i f r orted
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utilized pregoatg£d 3.8t £28.0f 13718] ca7@ei2),6(27.5; RBA2( 0225, r’rﬁv E75MrkSor

What man). TLC pl ates were vi s zed sion 25_i al de stain
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ani sal dehygle)fal-| Rweskiynd 8aping, 5. Dinimbhyl HOANHSD de), Kyrei@thid.BB3iondM | i de
and acet One Vr\ﬁrl;lgl) gL:ﬁ %C(i) /?rll-IdOSt(?r?,eg(;j, 1O1V rmr%%})lv}l/grte% dlétl:i %98 tlélléb‘resultlng solution
stirred at room temperature for 18 h. The solution was dilutgd with 50 mL CH,Cl,
and the organic layer subsequeﬁtly washed with H,0, saturated aqueous NaHCO;
and brine. Drying and concentration resuited in a red oil. Purification by radial
" 25 chromatography (2mm thickness, EtOAc/hexane, 1:19, v/v) afforded 9 as ared oil.
'H NMR (CDCl,): 6 7.36-7.32 .-(m, 10 H), 6.58 (s, 2 H), 5.20 {s, 4 H}. >°C NMR
(CDCL,): 4 184.1, 145.2, 136.1, 134.6 128.5, 128.4, 128.1, 75.1. Anal. Calcd
for C,oH60,: C. 74.99; H, 5.03. Found: C, 75.04; H, 5.06. HRMS (FAB] calcd
for CyoH;604 (M 4+ H¥): 320. 1049. Found: 320.1059.
30 - 2,34- Trlbenzylaxybenzaldehyde 70. Kolonits, P. et al., Acta Chim. Hung
113:367 (1983). POCI, (155 ml, 1.66 mol) was slowly added to -
methylformanilide (175 mL, 1.4 mot) at room temperature under Ar which resuited
in formation of a yellow solid. After 2 h, the solid was treated with a solution of

1,2,3-tribenzyloxybenzene 8 {20 g, 51 mmol) in anhydrous DMF (40 mlL} and

35 heated to 60 °C. After 3 h, the-resulting crimson solution was cooled to room
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5 7.44-7.19 (‘%8 954 ,m%g’gﬁ‘ (%lddy&n {poim ,0‘9’”%?{?8'1‘ 0 g é‘%“'{ d,n %’é?gzaw, 2
Ii%,7 05. 0i2g S 40 QCiJéﬂéheBréaQt%r( @rashtitkd al B&oMIVENHEREL3) for 2412 T8¢ rd@Biod, wds37. 8,

75,0, 7016, sUascopppinoneRy 4 G BUAIRMENLOY. (T dnedi ResPgpOmd: 3. 2o
tribenzyl oxyhpezeqe:ddis( ghésed wis Quasned ) with HEACI,((30x A0) mLK3FeFENY #nd 0. 82
01 2,2 R S0 0 L Bl A oSS e et b
with 50 M~ ®AEe (3G, DIeNPEGRRIfixk@y iftes UDSATUEN solutias had coblel thi20, -
T A I G P
Et QAc/ hexane dildéed JvittvA)O (18rhOrEIRSvé Bexarde@itn Of the aqubbNIRab e ihenzerte '
7184 114553 wpigbint) *adind ohd Goseniiaton atipist 11 19,05 okl 2 SRR For
C20H, 60 (M +yhlmir (8B81,1:049.45F0nBd: (m326. 10565 (d, S = 9 Hz, 1 H), 6.68 (d, J =
9 Hz, 1 H), 5.28 (s, 1 H), 5.12 (5, 2 H), 5.11 (s,-2 H}, 5.04 (s, 2 H). '*C NMR
(CDCL): § 146.0, 144.0, 1'42:0, 139.6, 137.3, 137.1,136.8, 128.4, 128.3 (2),
26 128.2, 127.9, 127.7, 127.4, 110.4, 109.0, 75.6, 7A5.3‘, 71.7. Anal. Calcd for
C,H,0,: C,78.62; H,5.87. Found: C,78.71; H, 5.86. HRMS (FAB) calcd for
Cp7H,0, (M + H*): 412.1676. Found: 412.1673.
o SPECIFIC EXAMPLE 3
Synthesis Of Coenzyme Q From 1,2,3,4-Tetrahydroxybenzene
30 1.  Results . .
Variations in strategies émployed for hydroxy! protection combined with the
ease of metallation and alkylation of the aromatic nucleus makes 1_ a versatile
intermediate for the synthesis of a wide spectrum of naturally-occurring 1,2,3,4-
tetrahydroxybenzene derivatives. For example, permethylation {Figure 5} of 1leads

35 totetramethyl 12 which undergoes facile lithiation and methylation affording 13 in



30 2, 3,4-Tri benzyl oxybenzal dehyd 10. Kolonits, P. et at., Acta Chim Hung.
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mmol ) -and. 85% f or 6hR( 8% Bx{g?A Bom 1n6&92ng§:ﬁb)%y\@55hﬁ@lﬂﬁﬂa gétﬂp)@ysﬁ'oﬂlﬂ:ta:s
solution of 2,3,4-tribenzyloxybenzal dehyde mol ) in CH2Cl 2
(50 L) dPer dertiyiderixed drom Dﬂq‘@ﬁeﬂhemm@ﬂmwn@%@m@ f@e dFH\éeCf a®t®Pon was
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412. 167520Foghdosel 12Thé 7@ et SRECK Fihe EDQ&M“LFE\@“S?N ffésﬁw@ﬁw@oehz #3.9 From
1,2,3,4-Tetr %%%838&96&6%9@ 1 i§'QI1LjIS'a lﬁ%?l“lekgmple of enzyme and atom (Trost, B.M.,

In Green Chemistry, Anastas, P.T., Williamson, T.C. Eds., Oxford: New York, Chap.

6 (1998)) economy in organic synthesis in addition to being a significant strategic
" departure from previous biocatalytic syntheses of aromatic chemicals from D-
25 glucose.

L. . Materials And Methods
General. 'H NMR spectra were recaorded on a 300 MHz spectrometer.
Chemical shifts for 'H NMR spectra are reported (in parts per million) relative to
internal tetramethylisilane {Me,Si, § = 0.0 ppm} with CDCI; as solvent, to sodium
30 3—{trimethvlsi!yl)probionate—Z,2,3,3-d4 (TSP, § = 0.0 ppm} when D,0 was the
solvent, and to acetone {CHD,COCD,, 8 = 2.04 ppm} with dsacetone. '3C NMR
spectra; were recorded at 75 MHz. Chemical shifts for *C NMR spectra are
reported (in parts per million) relative to CDCl; {6 = 77.0 ppm}, relative to
CD,COCD, {6 = 29.8 ppm), and relative to internal CH;OH {d = 48.0 ppm) or
35 internal CH,CN (§ = 1.4 ppm} in D,0. FAB mass spectra were performed by
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ppm when D20regstfifg RUiMENE waNHidBd AGaLIRLWIEHIZN AEEheR recidsQftizpPm)
with ds acetone. 13C NVR o 1
from hexanes to afford 12 {8.12 g, 69%) as colorless needles. mp 84 -85 °C. 'H
NMR (CDCly): 6 6;58 (s, 2 H), 3.90 (s, 6 H) 3.82 (s, 6 H). "*C NMR (CDCl;): é
147;7, 143.3, 106.3,'61.-'1,15'6.3. Anal. Calcd for C,oH,,0,: C, 60.89; H, 7.12.
25 Found: C, 60.44; H, 7.07. '
2,3,4,5-Tetramethoxytoluene 13. Syper, L. et al., Tetrahedron 36:123
(1980). To a solution of 1,2,3,4-tetramethoxybenzene 12 (4.0 g, 20.2 mmot) and
TMEDA (6 mi, 38.0 mmol) in hexanes (44 ml} and THF {80 mL) at 0 °C under Ar,
n-Bulli in hexane (1.6 M, 25.6 mmol) was added dropwise over a 10 min period and
30 the reaction stirred for 30 min at O °C under Ar. Subsequent to dropwise addition
‘of CH,4l (20 mL, 160 mmol} over an 8 min period, the reaction was stirred for 3 h
. at 0 °C under Ar and then quenched by addition of aqueous NH,C! and ether (20
mL). The organic layer was sequentially washed with concentrated NH,0OH, water,
and brine. Drying and concentration of the organic layer was followed by

35 purification of the residue by flash chromatography (hexanes, hexanes/EtOAc, 19:1,



spectra were recorded at 75 -MHz. Chemical shifts for "C NVR spectra are
reported (in parts per mllion) relative to CDCI3 (d = . ] ative
to CD3COCD3 (d = 29.8 ppm), and relative to internal Céé(%p?%qg:erz@%é ppm
or 35 internal CH3CN ((5 = 1.4 ppm in D20. FAB nmass spectra were perfornmed

by 23 Septenber 2003 -20 University of Sduth Carolina (Colunbia, SC).

El enental anal yses were perforned by Atlant1i ¢ Mcrolab Inc. (Norcross,
GA). Mel ti ngvpoitnefforkidaanctser eitted gafid %)ner ANR{ERP LS 43ind & ME3 Tenp
Il nmelting poj t i al r t ni hth a
Harri son Assg%;ga}?ggp%?scﬁﬁ%}hg’?&?t‘r@bﬁgﬂ'sgzg (g% gmcﬁ%zﬁﬁﬁgyg@%kgqi?}ba gel
60 PF254 contsai4t.0g14§9s udb.3, B.A0NVEr tR5.7, $0BiL H1gel 68@. AP .-5%8. pm7/E. Mer ck)

was used for flash chr t ogr aphy, n | cal t.hin-la hy
(TLC) utilized prZ’E"o‘Sf‘%gﬁ ‘b"legf’éseo?s 7s‘|ﬁ| %%Mgnélaéﬁ%thglli 5?‘?%08}3‘%-9%"20%'%r ck
or What mam) . (T4£7)plaBeki e &1,\0.8 wall)i wes aliyed droprdsoonvern o lanhwapeadietyidea st ai n
(by vol une: 93%.et hanol,, 3.5% sulfuric aci 9% acet | i 5%
ani sal dehydeFoHFPT &?@d%y‘%%&%‘?%b?“ﬁ@%?%fﬁ Q}%ﬁrﬁ%dg,mﬁoﬂ%&gh@“ﬁ?%gggé i d
and acet one wdl,el.drimedl)ancheshos ¢2l20me) anlt § @ ander Wirndehist 4ellaw | peecibitatesi eves
under Ar. Tetrahydrofuran and dieth et her e~distil,l r nitrogen
from sodi um ©AB '2915??8%8" TRERYS W.asryﬁb?—'ﬂaitérﬁ%dsg‘gé]d %AA\/'\S?%&S?"E?WTI léeél 0 --
from sodi um yageTHANS aild ot Gtied (@Y enLatdliovaddelsly hilditen 4R CuENelOU1 26 gsil éves
under 15 Ar. Organic solutio of progduct re dried qver .
795, 4 76k miEvRoAyBErERG fora0 Bt nger K Ere et wad Gaesro
8_1980%- | A SF]I:‘F@ bgﬂ?rgi;a %olﬁi{&' gffggdgsqmyﬂlﬁd@({gbmﬁg,g‘inﬁgtﬁn4hegand§(9 miiveds) . and

i methyl sulfate., : , 0. .not) in _Et . a SJropw se
foTan B 5° M dertiss sErdOrEne S0 REORCIIhD FLeLUGEUSE T 1 Tpt s Bpre ST ©°
t enper at ur e.. sAhdeRuenQlov Mvarkliy 1€a6bMmOfrMRSatdird wiad fotioiedHRP 4daA) oL and
cooled to -20 C for X2 h. The result.i n%] péeci' §i tajt Q/X was IHtered hw%shed
with H20, andeiureisdaguequs MiiiGl] dQ mbh s siRTAAE Mo MFs I PP e Bee 699y

as col or liess \needofsentrdle@INH, B8, Gvatdtl aMMRA(EDGIR) follavdl 38 (dsyin@ 4fd, - 3. 90

(s, 6 H 3.82 (s, 6 H. 13C NVR “(CDCI'3 3,61 1,
c\2e8™44; H,

, . 2. NIVE r) d b147'c§él %%3.3 qu_i
56.3. Anal . caneantrgen. cRoffiortien ef e rgidug by, radal Csmaiogian
7.07. 2,3, 4, nidetdsal Rotdrerydabusn , vh3 aiRy®ar 14 s aedleatloil (0TS @lsade i H36: 123
ind TNEDA { SR (CBBLD AER O i dincedy B k) G e eo o D
under Ar, n{Bubiy) bmoexane, clod1 M1 @ SHIM 7 )is vas) atldeds ds epw $e (sver a -
LR S IR SRR R AL P S T BT
period, the reacsipys.was2gld, noadi frr2.8, B1.1, 60.6, 39.7, 26.7, 26.5, 256.7, 25.6,
17.6, 16.2, 15,9, 11.7.
Coenzyme Q, 4. Keinan, E. et al., J. Org. Chem. 52:3872 {1987}. A
suspension maintained at0 °Cresulting _fr_bm addition of pyridine-2,6-dicarboxylate
26 (0.125 g, 0.75 mmol) to a solution of protected co_enzy-me Q, 14.in CHSCN {1.4
mL) and water (0.6 mL} at O °C was reacted witha O aC solution of (NH,),Ce(NO,),
(0.411 g, 0.75 mmol} in CH,CN (0.4 mL) and water {0.4 th) added dropwise over
a 10 min period. After 40 min at O °C, the reaction was warmed to room
temperature and stirred for 20 min. Water {10 mL} was added to the reaction
30 mixture and the resulting solution extracted with CH,Cl, {3x 100 mL}. The
combined organic phases were dried, concentrated, and purified by radial
chron;natography {1 mm thickness, hexane/EtQAc, 19:1, v/v} to afford 4 (0.053 g,
46%) as an orange oil. 'H NMR (CDCl,): 6 5.07 (dd, J = 7, 7 Hz, 1 H}, 5.05 (dd,
J = 7,7 Hz, 1 H), 4.94 (dd, J = 7, 7 Hz, 1 H}, 3.99 (s, 3 H}, 3.98 (s, 3 H), 3.18
35 (d,J = 6.8 Hz, 2H), 2.08-1.91 (m, 8 H}, 2.01 (é, 3H), 1.74 (s, 3 H}, 1.67 (s, 3



at 0 C under Ar and then quenched by addition of aqueous NH4Cl and et her

(20 ). The organic | ayer was sequentially washed wt n §
NHAOH, water, and brine. Drying and concentration of t%g(‘%e:bgegrﬂilg%a#o? er was

foll owed by 35 purification of the residue by flash chronat ography
(hexanes, hexanes/Et OAc, 19:1, 23 SeptenB2r 2003 -21 v/ v) to afford 13 as
a clear oiI(36% 3Q 'HNI\/R CDCl 3) . 6645§KX H, 3.93 {s, 3 H,
3.8.7 (s, 3 1899, 3&1). B.58)(s, 3HYD"CAIMB (EPClp & 8%»5’ f§3+% 14438 MYR2,

(CDCl 3) 4,9 & 13384@ 7. é4153532 11§P37124%5153 81938?8 6@11 %9 7‘502697 @045

55.9, 15. 7 rof €cted coenzyme 03 14.° Kei nan, E.
52:3872 5 (2687)25.3. BuL6. (qaes nelom DQWLWR%(FMMIQ%@\&%4QVW+&WS i N

period to a I neQf a1 tetranet hoxytol uene 13 (0.212 g, 1 nmol)
and TVEDA (03§% %ﬂp Fgind: %63 hexane (2.2 n) at 0 C under Ar. This

yel | ow pr &ci pitate- containing reéé‘EClﬂﬁlEK%ﬂ\&Rl& 4as then stirred at 0 C
under Ar for 30 mn, dil T n 1 m); followed
éyg?lges:sl 4%8|:Elnﬁ)§?§g‘k¥ ?\egm {ertﬁfcrc{b]e

by addition of CuCN(Oi irring for 30 mn at O
C under Ar, the tMprmezwixtasbee {lag/L), educiedsitad (18 g&.) @ndameb- mnosuodlm-pimspbéte

f | b (,0. 285 dded
eSO OB 5403 b B A4 R PBB0 2 h LB, AR R
sl ow war m ngglieos® onddreapenathuieanmavitatibo bbalidehsbas cmd:dnlbecbrn Spfecifiedixamateed

HA Cl 10 .nL d et he Washi 15 th
cancent r dPeq e ierBtonciad or Sdoh it ol ) P o 00%e >
- ﬁpnﬁent r at Laﬂded:’eﬁéﬁ&mat atomhpi?hhes]rc‘r?%duaddy 36ati.|4a1 rphsonmltmgnagg%ne( 2 mm
t hi ckniess, hexan c V) a cl.ear, o . ,
S7oprr | NRVPCRERsSo® 528 e epbnr ek S 23 Bl fubugiipidsnb difdad )
?gé Ed, % ;B:Ztaiylzléd d2h{firatidn b4 deScribkdHh,SpeclB-ExaBibld . 8 H), 1. g? 554 g H) ,
. s,
144.6, 135.0, 134'5% Sﬂ%ﬁggz%@éafﬁesw H'QFFD%@@""ZL%% i""‘%'f‘f’i-zoé; UrET £ie 60. 6,

39.7, 264%, B@n&teﬁcﬁm?ro! anl‘ﬁ and $dr40, INDA .sAcodds. Byo-ihbsitol- 1GsRRElyATe s@hése
Kei nan, E. et c% %n 52:3872 (1987). Al su ec?zl n mai nt ai ned
R0 & coul L PR oL HoRGR St Seslgratacs. &2 Bvarea: BORTT BB et eL o5 ¢

0.75 mol ) t endodeal bit tHanoes iopuet@atcgd:v@@aaaymeu@f Bciiius SN (1.4 nl) and
water (0.6 nL) at 0 C was reacted }Svhé Kg 8#\@’13 éltl on of (NH4)2Ce(NO3)s
(0.411 g, 0.75 mml) in CHBCN(Oﬁ R r’ (0.4 nL) added dropw se
over a 10 m n per.i oGoniérsh @1101 )2, 3 4t etRihGdroklpiBerizeéne To My reg@flomar ned to room
t enperature and stirred for %\a 125_8”? s _added to th action
30 nixturd and thé %Oégtﬂ“tfr‘%*‘- Séfam SN b e 020 THE-RL)
The conbi ne%a@ﬁ@%ﬂé-&eﬁrfﬂ@ﬁ@@sswlﬂﬁeéElhﬁ@,unﬂétﬂ.ﬁzleﬁitﬁsaicﬁlﬁhorﬂnds fHeni ddded viay
radi al chromatography (1 nmthi ckness, hexane/Et Oé\(;o, ]h viv) to afford
4 (0.053 g, cannula under Ar to a 250 mL Parr bottle containing 1 4- tetra lydrox enzene

{1.42 g, 10 mmol} and 5% Rh/Al,O; {0.25 g}, which had been flushed with Ar and

then sealed with a septum. The resulting red/brown solution was hydrogenated

25 under 50 psi. H; using a Parr Hydrogenator. After 12 R, the solution was filtered

through Celite® and the catalyst rinsed with 10 mL HZO.I The resulting dark brown

solution was adjusted to pH = 6.0 with 10% HCi and then concentrated to a

brown oil. The oil was dissolved in 50 mL 0.5 M H,S0O, that had been degassed

by aeration with Ar for 20 minutes. The solution was heated to reflux under Ar for

30 12 h, cooled to room temperature, and then extracted \_Nith Et,O (4 x 50 mL). The

combined organic layers were dried over MgSO,, filtered and concentrated to a

brown oil. Kugel-Rohr distillation of the oil under vacuum (1 mm Hg} at 90 °C

afforded 0.56 g pyrogallol {4.44 mmol, 44% yield) as a white, crystalline solid.

The foregoing discussion discloses and describes merely exemplary

35 embodiments of the present invention. One skilled in the art will readily recognize



46% as an orange oil. "H NWR (CDCI 3): 3 5.07 (dd J = 7 7 Hz, , 5.05

(dd, J =7, 7 Hz, 1 H, 4.94 (dd, J = 7, 7 Hz, 3.98
(s, 3 H, 3.18 35 (d, J = 6.8 Hz, 2 H), 2.08- 191 (m 8 e(pgé'ﬁ’ief%be’
1.74 (s, 3 H), 1.67 (s, 3 23 Septerrber 2003 -22- H), 1.59 (s, 1. 58

(s, 3 H; 13C NMR(CDCI3): J-1 84.7, 359 144. 3, 144.2, 141 6
138.8,137.6.135.2,131. 3,124. 3,123. 8,118 61.1,39.7,26.7,26.4, 25.7, 25.3,
17.6, 16.3, ﬁg rOsuchl d3cuddtvp éerAﬁbWPﬂ{é:gcéd?ﬁpWﬂ%lﬁb@'%hh claigx0 .tR457.
Found: 386. 2461 5 SPECI FI C EXAMPLE 4{§gnthe3|s O Myo-2-]1 nosose By A Single
M crobe Myovaidugoshansges.l repdifjcatiops - ano yptiations1 gamy|be) ma&ﬁdth% i WHBeYtol - |

- phosphat e i 28R foloWiry0
(-mol | nol ) yiéﬁﬁﬁ?@%h%nW@ﬁgg@ﬁphﬁgg;&ﬁg8ngfgﬁ&?g¥ﬂ§f§§ﬁﬁgﬁ conJ:tloﬁg as
descri bed inclgpeci fic Exanple 10 1 . The fernmentation ran for- 54 h with :
incremental additi@p..of . t h, 18
h 24 h 80 h, 36@?“2%“%%%&‘&?"“ N3 fopReftd %%%eéén:gﬁ)gggg‘éﬁyc%ﬁ fen. be
converted to 1, 2, 3, 4-tetrahydroxybenzene by aci d- catal yzed dehydration as
described in Specific Exanple 1. Plasm d pAD2. 28A carries INO/ under Prat
pronoter control, iolG under Pra, 15. pronoter control, lacf, and serA

I NO V encodes nyo-inositol -1 -phosphate synthase and was cl oned out of
Saccharomnmyces cerevi siae. |Inositol dehydrogenase is encoded by the WG

| ocus,. which was cloned out of Bacillus subtilis. SPECI FI C EXAMPLE 5
Conver si on Of 1, 2, 3, 4- Tet r ahydr oxybenzene To Pyrogallol 20 A solution
consisting of 0.4 g of NaOH (10 nmmol ) dissaolved in 10 nL H20 was
freeze-thaw degassed three tines under Ar. This solution was then added via
cannul a under Ar to a 250 nL Parr bottle containing

1, 2,3, 4-tetrahydroxybenzene (1.42 g, 10 mmol) and 5% Rh/ A12G3 (0. 25 g),

whi ch had been flushed with Ar and then sealed with a septum The
resulting red/brown solution was hydrogenated 25 under 50 psi. H2 using a
Parr Hydrogenator. After 12 h, the solution was filtered through Celite(c)
and the catalyst rinsed with 10 nL H20O The resulting dark brown solution
was adjusted to pH = 6.0 with 10% HCl . and then concentrated to a brown
oil. The oil was dissolved in 50 rnL 0.5 M H2SO4 that had been degassed by
aeration with Ar for 20 mnutes. The solution was heated to reflux under Ar
for 30 1 2h, cooled to roomtenperature, and then extracted wwth Et20 (4 x
50 nmL). The conbined organic layers were dried over M\ySO, filtered and
concentrated to a brown oil. Kugel-Rohr distillation of the oil under
vacuum (1 mm Hg) at 90 C afforded 0.56 g pyrogallol (4.44 mol, 44%yield)
as a white, crystalllne solid.



The foregoing di scussion discloses and describes nerely exenplary 35
enbodi nents of the present invention. One skilled in th t . wl dily
recogni ze 23 Septenber 2003 -23- from such discussion, :?rﬁ$§p}%ﬁlp f?r@%%
acconpanyi ng drawi ngs and clains, that various changes, nodifications and
variati ons can be nmde therein without? departing fromthe spirit and scope
of the invention as defined in the followwng clains. 5 All references
cited herWHARICLABMERLEat ed by reference as if fully set forth. 23

Sept enber 2003 -- 24 WHAT IS CLAIMED IS: 1 A nethod for synthesis of

1, 2, 3, 4- tlet/ mhthdd donydyethzeinef 1 2B tatahndioxgenkzenepduhpringng: i n t he presence of
a carbon sour g indbhtings in thit pfRbRcGIARRILONRGuRe,  REOMKrOR SorkBifw 0di Ng
nyo- i Nosire@mbinAN TAPA Bhe ek R aRsANd] ﬁh&%ﬁ@c@gwﬁh%qgﬁasem%éfdﬁg a DNA
encodi ng doRfpeistr@la lﬂﬁﬁ)@‘i{lﬁ&ﬂﬁ ARBitd AR AYPGR U Drodidd f—m(ﬁgga g converting

the myo- 2- Inosoq%s&%cgndgbﬁgi ztgfogééaxqu?aza mQ &k pyF & yzed

dehydratl aim1 Whérein | rs m cro e conprises
Cg&r?Z%dg e rret hod of claim2 wherein the INC] gene conprises a

Saccharo ev, 4., The nmethod of c¢claim3 wherein the

| NOI gen?lg‘gﬁﬁ}ﬁﬁ? Hﬁ%ﬁ“el W%ﬂ“%%?””i'ﬂ’éc T FRIBPIETS &R VA BSUherein the first
m crobe is an Escherichia coll. 6. The nethod of claimb5 wherein the
Escheri ch¥ Zhe giefhodof sigm 2ymimrcigghe INO! gene qempises oSaachaiomytessher ei n t he
second niceravtsérd [/ G@naconobact er oxydans. 8. The nethod of claim7
wherein the G uconobacter oxydans is ATCC 621. 9. The nmethod of claiml
wher ei n t4h&hs ewtnd afickinBewkaeinths B0 Ageraonprdesp ADNAgAencodi ng i nosi t ol
dehydrogenase.. 10. The nmethod of claim| wherein the DNA encodi ng inositol

- dehydr 0geNaHe meARARTIcESH lam%@éahluh@ﬁrsmb&bﬁémmﬁ&&%m&l The met hod of

claim1 wherein the carbon source conprises glucose. A et hod for
Syt hest %, the ho ot clhSANMLRUOEAAENSN, SOTN AT DarRledioubat Lho, 10 the
presence 0 carbon “source Xy ng r conb DNA _

encodi ng | tol -I sphat e as. i nosj tol
dehydr oggn;é%%ﬁ}?élro 6 lrBr 0 ?‘Héﬁ’fﬁf’ OrEP% &EFS‘@ @Hﬁo’ﬁf’a@ﬁfn‘?/’@’fiﬁ‘%g t he
nyo-2-inosgse to 1, 2, 3, 4-tetrahydroxybenzene by acid catal yzed

8. The method of claim 7 wherein the Gluconobacter oxydans is ATCC 621.

9. The method of claim 1 wherein the second microbe comprises a recombinant DNA
encoding inositol dehydrogenase..

10. The method of claim 1 wherein the DNA encoding inositol dehydrogenase
comprises a Bacillus subtilis iolG gene.

11. The method of claim 1 wherein the carbon source comprises glucose.

12. A method for synthesis of 1,2,3,4-tetrahydroxybenzene, comprising:
a) incubating, in the presence of a carbon source, a microbe comprising recombinant
DNA encoding:

1} myo-inositol-1-phosphate synthase; and

i1) inositol dehydrogenasc;
thereby producing myo-2-inosose; and
b) converting the myo-2-inosose to 1,2,3,4-tetrahydroxybenzene by acid catalyzed
dehydration.

13. The method of claim 12 wherein the myo-inositol-1-phosphate synthase comprises
an INO/ gene.

14. The method of claim 13 wherein the /NO! gene comprises a Saccharomyces
cerevisiae INOI gene.

15. The method of claim 14 wherein the INO! gene comprises pAD2.28A.

16. The method of claim 12 wherein the microbe is an Escherichia coli.



. dehydration. 13. The nethod of claim 12 wherein the nyo-inositol- |

- phosphat e synt hase conprises an INO gene. 14. The netho f clajm.13
wherein the INO gene conprises a Saccharonyces cerevi #ageq?ﬂ@ﬁer?@?é 15.

The met hod of claim 14 wherein the I NOL gene conprises pAD2. 28A. 16. The
met hod of claim 12 wherein the m crobeZ2bs-an Escherichia coli. 23 Septenber
2003 -- 25 - 17. The nmethod of claim 12 wherein the DNA encodi ng inositol
dehydr ogdia¥he methogof skhen d2Bderdin te: BNAt éncoding obGitglafebydrbg8endftie net hod of
cl ai m 12 colmprietsn Bhellmanbofis RdGrees:.conpri ses gl ucose. 19. A m crobe
conprising a reconbi nant DNA encodi ng myo-inosito [-I -phosphate synthase.

20. The ngCTRORcMod & dlalih 12 wikedig e &a%nfs@ﬁ&%bﬂx?ﬂ&es%c@@.com ng a
nyo-i nositol - 1-phosphate synthase conprises an NO gene. 21. The m crobe

of cl ai m;30 ' : [ I evi si ae
NG gend AR R R DR R TR R Rl e

pADI . 88A. . The mcrobe of claim19 which is an Escherichia coll. 24.
The m crqohe._of claim wherejn the Escherichja coli js JWI/pAD .88A.  25.
The ni cr%e’f ?ﬂk&q@?qﬁf@%ﬁwbﬂ% Fchwﬁgmat ehsPARg R anesldi ng

i nosi t ol ldewyplaseemdiase copprises@n Ve @s8s-of claim 25 further conprising
wherein the reconbi nant DNA encodi ng i nositol dehydrogenase conprises a
Baci | -|.us 21siht midrebe ofl dzige(bwhargin the IN@ ingenctongmiscoaposittiamyceonpri si ng a
first m cectréiadViNEN gemapri ses a reconbi nant DNA encodi ng

nyo-inosi tol -1 -phosphate synthase and a second m crobe conprising a DNA
encodi ng 22NPRd mMrotedRUEiMUENE&eindBe INDE pbi®d doRiprRts PADG®IPOSI tion of claim
27 wherein the first mcrobe conprises an |INO gene. 29. The fernentation

conposi tiﬁ“Tﬁ%“%@'%,i%@%%%ﬁ{,‘?‘?hﬁ% ENGLgepe.gompri ses a  Saccharonyces

cerevisiae ernmentation conposition of claim?29 wherein

the INO ge conpri ses. . smd pAD.1.,88A . 31, .T r.pen ion

conposi t Pt 51 B St SRHOEE Frrone dpiin WE EAD R R er  chi a col i
32. The .fernentatjon canposition of claim31 wherein. the Escherichia coli
is J\/\Fl/QQAB‘GF mggsebe of claim 19 further comprising a recombinant DNA encoding

inositol dehydrogenase.

26. The microbe of claim 25 further comprising wherein the recombinant DNA
encoding inositol dehydrogenase comprises a Bacillus subtilis iolG gene.

27. A fermentation composition comprising a first microbe which comprises a
recombinant DNA encoding myo-inositol-1-phosphate synthase and a second microbe
comprising a DNA encoding inositol dehydrogenase.

28. The fermentation composition of claim 27 wherein the first microbe comprises an
INO! gene.

29. The fermentation composition of claim 28 wherein the [NO! gene comprises a
Saccharomyces cerevisiae INOI gene.

30. The fermentation composition of claim 29 wherein the INO/ gene comprises
plasmid pAD1.88A.

31. The fermentation composition of claim 27 wherein the first microbe 1s an
Escherichia coli.

32. The fermentation composition of claim 31 wherein the Escherichia coli is
JWE1/pADI1.88A.

33. The fermentation composition of claim 27 wherein the second microbe is
Gluconobacter oxydans.

34. The fermentation composition of claim 33 wherein the Gluconobacter oxydans 1s
ATCC 621.



33. The fernmentation conposition of claim27 wherein the second m crobe is
A uconobacter oxydans. 34. The fernentation conpositionggksclal %%9ﬁherein
t he @ uconobacter oxydans is ATCC 621. 23 Septenber 20 Pignkar e
fermentation conposition of claim27 wherein the second mcrobe conprises
a reconbi nant DNA encodi ng i nositol dehydrogenase. 36. The fernmentation
conposition of claim 35 wherein the DNRénrcodi ng i nositol dehydrogenase
conprises a Bacillus subtilis iol G gene. 37. The fernentation conposition
of cl ai m337Thafermentabeonpmimisipngifgbone.’ Jtherein fleerseeertdanicosbeconposi ti on
conpri Si mgmarisgscr obanbinatiDNAprodas inostardehydrogenabNA encodi ng
myo-inositol -1-phosphate synthase and i nositol dehydrogenase. 39. The

f er ment aBcOThe LARGRAidPEHEPRILHNIT QS Whdrlf tﬁ@pwbéﬂ%a&mgmltsmodl ng

nyo- i NoSigRdrbedS RN ResSY BLAARE aRIR ib/88%n8N | NO  gene. 40. The
fermentation conp05|t|on of claim 39 wherein the [INO gene conprises an

Sacchar ooRs. ARLEHLALAG NGRS o7 AN, m%g;&%g 'foggrPositi on of

cl ai m 40 "wher el corrprl ses 42. The
ferment at,ion conposjtion of .cl ai m 38 wher, el e.mcrobe is Escheri chi a
coli. 43; STﬁJeW@%WPé‘Ef"BHS‘ BWD%P‘E‘?‘BW‘BPC@ %1?” REOMPEEE KQRFIBNA encodi ng
i nosi t ol DR yepdinmeraeinasiaiplpaewhatesypinpepaddngsitol dbylieensgene. 44. The

fermentation conposition of claim38 further conprising glucose.
39. The fermentation composttion claim 38 wherein the recombinant DNA encoding

myo-inositol-1-phosphate synthase comprises an INO! gene.

40. The fermentation composition of claim 39 wherein the INO/ gene comprises an
Saccharomyces cerevisiae INOI gene.

41. The fermentation composition of claim 40 wherein the INO/! gene comprises
plasmid pAD2.28A.

42. The fermentation composition of claim 38 wherem the microbe is an Escherichia
coli.

43. The fermentation composition of claim 42 wherein the DNA encoding inositol
dehydrogenase comprises a Bacillus subtilis iolG gene.

44. The fermentation composition of claim 38 further comprising glucose.





