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FIELD OF THE INVENTION

The present iﬁventlon is related 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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woul d be f uribbtol d?%lréaﬁhﬂmbiﬁt microbe and the subsequent 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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Addi ti onal objects, advantages, and features of the present invention wll
becone appar®HdWrusBbte foll owi ng description and appended clains, taken

in conjunction Wiglket hes AGERUTRARYIINGrHINgVWhB GBnvE&RlonEl BRARRIE LRI OFor THE
DRAW NGS 5 The various advant ages of the present invention wll
becone- appar ¥Mthesiringhd -2.SKi 19t VijrﬁthPf%‘zﬁ‘F% A readi ng the fol | owi ng
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drawings in which: Figure 1 is an illustration showi ng the structures of
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A bicengineered synthesis scheme for the production of 1,2,3,4-'

- 20 tetrahydroxybenzene from a carbon source is 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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e
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to 1,2,3,4-tetrah dro:qybenzene an aci d-catal yzed dehydrati on.
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al ternative enmbodi ment, a reconbinant m crobe catal yzes the conversion of
a carbon souiEca’9 Myoingsig!k illgwed lydsafatigs afimissinpgitolwpio ejosization 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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gl ycerol, ginue:mecedaadlwhm uhatgenmreelDatreise(:engmantjmotbﬂ)x@rlefataldm theyo/zn t he
Krebs cy ei t her e I nat| on, nt,
'the car gbn Yo fiis Ee'sPlggeéfﬁc? E?ac: urf ‘?)L‘r']be'l'gnboda REN ' r&agbgggﬁeﬁgaﬁf@ggdc%

m crobe i s enproyeds Iannéﬂu&al!y&ﬁbdmﬁ‘ﬁﬁy)dﬂcr@betthet prEsentindsitek mehydrogemasa

I T R e

pl asm d car rynmgnﬁhnd)mwr @aaens. risear;trefanddarrﬁ:@dmwmahel sesend micrEFIbQISIG\I 01
gene encodes -inositok hosphat nt h o
45V 18% Bv?rﬁ :F mos%ol tﬁ 6nsyaﬁ§ ?no‘é’g%é: M%SD%’[?E& 3t tae ’enrlfgo di ment .

gl ucose- 6- ph ate erre
the 35 | N&L inges b@dﬁd&tom ﬁamehaambyltsm cerevi si ae. O/er expr essi on of

myo-inositol- | 23 Se nb 200 phosphat e. synt.has |ncreas
carbon flow into %‘"e ot 'E’%q’imﬁaﬁ J%C?rnl max{:ggo i C(‘mnrﬁnsescpl egl s
capabl e of cgmner&amgagylugmewa)f gym,» ingesidndl a sbmt gemrt hfslertembmdlesrermd t he

nyo-i nasi tol rodugeggaz the first ﬁCOI’TbI r_llantto Q ﬁat Surl ans\éer ﬂ to
myo- 2-i nosos e FERE 1EHCOPAPS "HEIBRY rln cpré)bg 5 cyan et fier be a
r econbi nant mrﬁfe&begmdms@ mﬁﬁwphbfeytfﬂﬁmhhbsﬂg)l ighoopieate A thigc mwbkaniagt thei cr obe
conprises_a pl carrying the io ert The i n ert
encodes t£He g‘?{; ?refﬂi‘%d'%'iot © ’E@ﬂ]ﬂi’s&aieﬂg%é"a ?anfmagg" t'rﬁgﬁecC)ner si on
of nyo-i nosi Qéﬂonﬁle SB/0-13cusaROBed fA Leedat bme‘]frytheﬂlheglowtﬁa igenmirassAlts i s
inserted di rect,luy into the genone of I] reconbi nant . m cr oIbe. .(ﬂ efergb_l Y,
the i0lG medium and plasmid aintenance follows from expression of plasmid-localize

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



10 gene is isolated fromBacillus subtilis. In a preferred enbodlnent t he
second mcrobe is a naturally occurring m crobe that egg %% ﬁtbﬁ
dehydrogenase activity. Exanples of such m crobes incl Tt ot
limted to, Bacillus subtilis and d uconobacter oxydans. In a preferred
enbodi nent, the second mcrobe is G oxydans, which converts nyo-inositol
to nyo-2-inosose wthout |oss of the myo-2- 15 inosose product to further

catabol i sm  |do&uliRb® freth @JtdpHRadi THRRdport &1em £ 6RERbINGSH the pSMtliAsnt RAD S €S
plasm d pADLl: 88A carrying an 1NO gene insert and a serA gene insert. As

described apeiwelasehis YniEely igdneol gieptthahBiaeicrahs Sord &Pt SPtabolitto@hat e
synt hase whi g.;:GOMVELhRe& 1{6?9]?, plgsrﬁlla%%gﬁﬁaﬁaé@ aBH Ay, '}Qﬂrﬁ;@hoéa‘i@zﬂ%pg‘@t e,

t hus |ncrea5|ngthe 20 car bon oW I nto o-inositol pathway. Due to a
mut ati on in geresenceding mgermipe inpsital m@mors@tﬁja%dfvhféh haveg depmeloned,

bi osynt hegi s, QLQUER 1y ﬁc@bﬁglhfﬁlﬁéssegﬁgt%;ﬁ%m 88 e GirdBd . NHRARKCE.

fol | ows from ? pressi on | oca SerA. The serA’insert thus
al | ows ni crobt all, Jy Bkt Grdm 216515%6 (5 QA sMeddistan G. o Jt.iGnalieshih g8t e

m crobes con;ﬂl B n%ﬁ%emfgﬁﬂ[?% fi d?%seha@n%ﬂmqﬁrq RHoitBY - gﬁés waq Qpes.

in an altern conbi nan conpriSes a plasmd
carryi ng an ire@culpenwbichniseottg ncamamxt@bgbmnEns@r,tcvenwéﬁsmssrcwegsnedﬂwert

s, descr | bed RO Baah s MllipRBRobORSLL, NCaRPSORb ol pilpludiRusace

whi ch catal yzes T nver 0sose
preferr ecIOSOEem:lm:hnmmng | Ipiaspiuasarr\dn@bem thar!NDésgetnhen@enmd 1eoiG jor

i nosi tol nong ase. ot _wi,shi t heor
hydr ol ysi s o'lng'rarr;/%ogfqﬁhsﬁ?o? f% 'no%topnwn?phospﬂgtagg(?gﬁgggym 9%05? giregcé'n occur
in the cyt osmlyoeﬂ-mpemsqol askhe Irﬁyca2{tl}dsop¢ asan ctheph@sphanwgemymbr ol.9 Zes-

nyo-i nosi tol S asmdloc nd iolG will lead to -
nmyo- 2- i nososg%rsa{ﬁ‘ﬁgﬁgg nzeﬂgrl p'?nag?nd Cag"’h"ze bésrgl('ggtl vity would result 35
in periplasmc prindaobtten ehbogimennosie oécommhmtl lfomallold&iasgmdsrd)gmate
eXpFESSI?

ept enber i zed th sm Transport of
o i nostBol STFgPITer R frriind f AR Ree el A 4R ot 5 i
gi ven t hat t@mﬁ; ink&rt.0Dhis de@snisiodntaaicaibelis zepaivieost qomsntmglgiudﬁsea:omwez for
periplasmc hat ase ctl d- | oca izati on g enes_.encadi ng
mammal i an i n% Q?‘f% #%?185 8@?) F’égg’%%ﬁ% REQBOWaH £ one?jmggsese%lﬁserﬂ' ed,
and successfphDy.28pcasdegan mvdr g@mnhsermmul:aielgen@le&enabtie sebl gdrig ingRrE.
eta[., J. B| | . em . 265: 5946 990 |och m J.
S84t 740" { 1965P0RE (B8R s eRETLRRL] PRS- of | R LTy ;8BRS
nyo- i nos'lzool dWthﬂs;pmaBa, ate demlibed lire Spritth Ekamplet laambAnedspaedwboldntie in
E. coil, cytp

: I f
nmonophosphat %%Vg edenEde gg{tg %%V‘% lh%mfambaél %?glt&fg%oqgﬁ'on ?A%’&) 12301

Parklawn Drive, Rockville, Maryland 20582, under the terms of the Budapest
Treaty, and accorded the ATCC designation numbers 207153 and 207154,
respectively. The deposit will be maintained in the ATCC debository, 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



10 E. coil conprising a plasmd carrying both the INO 1 gene insert and the
i 01G gene insert and the gene for inositol nonophosphatgs an convert
glucose directly to nyo-2-inosose. The myo-2-inosose cﬁ%’?&f“%%’@%verted
to |l ,2,3,4- tetrahydroxybenzene by an aci d-catal yzed dehydration. In

anot her enbodi nent, the reconbinant E. ceil, designated JWI1, 15
conprises a plasmd carrying an INO 1 gerie insert, an 1|blG gene insert,
and a serA gahéh i ReB! tundERoS LECUR QAL 4] CF. o 2”30 f rting
gl ucose to nyo- 2- inosousne. n a pr g@erregzenbggﬁﬁ%nt? t% r@%@nblf%g%tﬁ F.

coi | conpri sé&trgivdsmyéienzesaDVhdanetavishinggtodre baddl by dimeory nB €Y, 8-dikar-WG

gene insert A, i | o f the econbi nant

i crobes. | E. 2855 R mADE Eel sy e pRiE R Ble SpNPER A S L E8LA Bt
Speci fi ¢ Exanpioeginpsasrital] . 2. 2dpstrahydrbyybeanehe. hAvel-telyzel: pasidtediion 6h t he
American Eype_£dl t e cli s k2 rkla I L

Rockvi | | e:g Nér%a&rﬂ&g&g@%ﬁuﬁ%ﬁg‘gsé?{ﬁ@ rr%“%ﬁﬁ Qgehaég%ﬁ)d;anp%wg]}ayqﬁae/g‘? {igheig
accorded t hevikIHSC adedi2yBat-tevrahpdroberesiz207 158 @ndp£0d 15el, ther espieedthlyaldy. The
deposit wl| Lot agn jn the ATCC depository, which is a 25 public
depository, fjg}r%dgt?tboenr ?’gﬂﬁgfiﬁ'ﬁsgﬁéear s, or 5 years after the nost recent
request, or for theildid emiresietdd thet ofic AV@algent, iovhigehey eérdl §erleORgPthe and
will be repl agneeds ifC t]he. Odse,%gp iht becones .%gsgcl Et ed or an-v-i abl E).éduri ng that
period. SanpPEESSCPHEY SAFTST Fehvdrqaeneee dRe QU Ter g Phatash @nd(Rsme-4nd al |
restri ct iionsinospees dehyalnatase ess Ho idshaed diposy tintoi fhle Aecd/egansest. UPabh gr ant
of a patent gn this licatign. 30 Ln t anot her enbodinent, a
ecombinant ECoBiant £ ag/tayid fiof Fpquih RS PR E g omificant amounts of

D- 2, 3- di ket oadre demsinpl, epye-Rrinsddselar OSPENdiketbeb-0adyRepiindsitotoi | conpri ses a
pl asm d carrying - | 1 gene insert, the .io0lG gene insert and the gene
insert encoding %‘E&‘{%gge‘i?!gw‘?cﬁjf&ﬁé%%%‘gé‘eaeéwgF’éﬁ BUHODEFR GIITYEgi d ey
further conput siee trhethgeseofi tikebteskat ivEPSbh Olit MANORH APPhaLASE. that any

Myo- 2-i nggose. dg‘gﬁdr.at- ase, 35 catal yzes the_conversion of mnmyo-2-inosose to
D- 2, 3- di kat oM YUBRYSTHUCT ADEIG MDY Wept eltstP BRfsratyregndinowato thiser go an
aci d- cat al yzsdlled id ey dit i@ be tetrpydyeldd plovied, the nhietdordHEOEXABBZRRARY Wi | e
not w shi ng tf? be b?und by theory, D-2,3-di keto-4- deoxy-epi-inositol is
likel'y the et NROBHIREAOMESIAN ik CRIPAN BAYTSP Y9 8 CHRVEYs FaiiRoB source.

My 0- 2- i NOSOS® rky-2-idosdsd,- daeh draduyEies YO, BZE1Na 0-4A6é dkyCatidl asred niayomBsitAat i on
of 5 D 2,3-dj ket o:4-deoxy-epi-jnosjitol would elimnate step and may | ead
Lo higher yi @I ginasose ets: ThysipisaPyssinctbahmany N h g thgctesia and

aci d- cat 20 y zeastsdety@oad inahe Ghetiy@s 8F HROFOSt ihfentioh] hiereRE&LalSdst hat
the INO | gene, .ioi Gegene serA %ene and the genes encoding inositoal

dehydr ogenasBaY ii5odfYdePado o sahRis S5EPUIRIPYPCHAfl-Putation, and/or genetic

transformation processes with the characteristic and necessary capability of
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



10 i nosose dehydratase, can be inserted directly into the E. coil genone.
Such a reconbinant E. coil would not require a plasmd t r oduce _
significant anounts of nyo-inositol, nyo-2-inosose or 23 Soep?erhjber2003

D- 2, 3-di ket 0- 4-deoxy-epi -inositol. Although E. toll is specifically
described herein as the m-crobe for carrygng out the nethods of the
present invention; it wll. be appreciated that any 15 m croorgani sm such
‘as the commoare piseswell tkedwinnas [oclingeteslt ir ¢helitbrikvomnort aret bibeeviss kdakiiyed i n
the art, may b& SMHRHAKERi0sRSRY he.m croorgani smcan be altered to
effect the desferreg'}%cg%}\?eroglgosgmfg?rgﬁe agré'r bon source to nyo-inositol, carbon
source. tonyo- 2- imasdise endadioents twrropo-trositol produced in the fermentation broth

D 2, 3-di ket 0- 4: Vi~ epi - i nosi t rnyo-inositol, to: - 2-inosose,. etc.).
Thas it e oRbrEIRIER b AR b ind RSP dIREe 68 he b i htare BoMpa Rl i |
work in tlhe iethecdsomf bibhenyerds@nThe isottidnoran Hauc totallisolairgair6WiBe piRY be
devel oped, for exa e, .through sel ection tatiaon, and/or genetic .
transf or mat i 81 QBP%S%iQ%geWF@ﬁSfrhgp%%ﬁ? g’éat"g‘?’??f ?’I@edﬁcaa%%?g’s%g%/bec%lﬁ%(ﬁﬂ ity
of conhverti kglatioe vaens thd feanenation bets ynddpesiehisthemibickibed PERsLMe :
i nvention to. another. Mt hods_forﬁﬁéiggedevekiggrfent are well known to the

skilled pracll HieoifePnd oconyersipnge Biot§nigeon ABY SeeriarzAiesi 3R Wt hods

of the presekrtownteriids@rskilRdsalthé ban. FEOHRE uRfiBion SfathloRYERYEER dad be
contacted with the reconbinant gr, wild-type . mcrobe to forma

b1 6oy oG ORISR (G OFFEIFISE Ghah eI GrAUGr BB SrAre A Pdns 1 o
“pronote the gslomer sitere Ghe t AoSRddRN ERMERRatich tiegrdest rddn SONGAI t ygnt
e.g., nmyo-inositol or 0-2-inosose, In a preferred enbodi nent, the 30

bi oconver si ofIRERTATYNS repigr Hhal HgLatheqnyaiRpsitat Andedredpigtied 8uthbthgbout
37C and a phlidfiordbiaHéthendl. By aPOMnoh-1nitihg ekSmPleehib ifshitohddn 8dV8olated

bi oconversion m thT_ll’e al'so contain other substances necessary to pronote
viability of TPRENATETBERLRR g th FlPang faur stersurlisriétratet trotegraye

nut ri ent 1subsdiBNGRS paRtEinkNEebbikfzatibh eoyRIcEva@BNEHREod LAY RIRBALS JiOfhet he
mai nt enance of viabili E\%thof m croorgani sns are well 35 known and specific

requi r ement sTePPMAHPRLETRI AP HB MHoaBPFitel \FOpFeRIFHINs greatsy Ghan 8fe/taznd

Sept enber 2083cipRafiée Al PoWRsitok HYPWhea8ddiBeH BN HRGhAdBLt hend ihRIRAbMEGR, OF
are otherwise easily deternmned by those skilled in the art. 1n another

enbodi ment , RREPHYE-GARGS WHINelr GaURSIIEH i1 Heferay yerieranndHs st iptthe sesond he
first bi oconmgEsiversion tdmyde2-fioksde.m crobe can be isol ated before being
utilized 5 in the second bi oconversion. The isolation can be a total

i solati ofOto provieie! gueidiodsy ori sRIuettsl9 as? fet iy BydrPbeivesrf e Elahpl e 1.

The i sol ati OfinG@@xcReRE afe B@Bgﬂré\}ided.sm 8hd empeleiit BendtRbdRNL@Liue@ broth
is deproteinized and decol ori zed before use in the second bi oconversion.

Such depr ot eVhe2#t | G driGiraRetperhenagncots whucsbla Tidndlihidsoxvbeazenski | | ed in
the art. Further |RBhé &in8dibfit Ghe b 83 MRtiahQ8iokObe@Re Reonverted to 1,2,3-

trihydroxybenzene by hydrogenation'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 réquired for hydrogenation (e.g.,
pressure, time} are well known to the skilled practitionér.

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

knqwn to quench the hydroéenoiysis catalyst. In a more preferred embodiment, the

aqueous 1,2,3,4-tetrahydroxybenzene solution is comprised of isblated 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



10 obtained by concentration of the deproteinized/ decolorized fernmentation
broth to a vol une where the nyo-inositol concentration %gr%at'er t han 50
g/L. At concentrations greater than 50 glL, the myo-in Rierpber 4093
precipitated out by the addition of nethanol. By way of non-limting
exanpl e, nyo-inositol can be isolated fromthe fernmentation broth by the
followng four steps:' ultrafiltration & remove 15 cell's and pr ot ei ns;

decol ori zati (AR X s i -the. f j on
broth t o gi virsMpBReyshpe; SaAAS Ry o RRRANON Y irkifior] ¢ RERLASS
preci pit ati onf tfe myeatiorosi t ol by the addition of nethanol. The nyo-inositol

preci pitate can be washed, resusp i r,or water, and used in the
second bi oconversion to nyo-2-i nggggfe}:.'é gé%r{/l'eﬂ met hods for converting

1, 2, 3, 4-t et r ahydr oxy Bymtiessts 06 112,2, BT etratividyakybryleen Faomm Gueosl so provi ded.

I n one en‘god'!1 nt. a method is provided wherein"

1,2,3,4-tEtr Eﬁﬁ?‘gs?ybenzene is reduced to 1,2, 3-tri hydroxybenzene. In one

enbodi nent, the 1A2syhthetietroaday (Riqucy lHnzanaowsSbeonekbbeded avhict2 pBevides

tri hydroxybenzene. by hydrogen tign in the presence of a c t[’a.l st f.ol | owed
St ety apipap fpfinf

by acid 25 EAPGNAIEFCHTHBI Y% dRPUPRIZERG VTSRS HOedialy vst
:c S RE/ ﬁl 2C8. THEgemdraLRTitY6T 1BRIraliesd daresnstiaest Wiﬁlftﬁr’::ﬁsecm'hdietsisﬁﬂ&oimﬁlqrie{j ed
or hydrogenation (e.qg., pressure, tinme) are well known tq the ski

b ety 1 oner Oniat-aliBiRitie BHGRRT oY Rae Ry dhBEE oo b ev? BATENYl v o
out in anp aguss bickaleitid eddcaby dboxiheniteRhemDaly, | O/mthdsesaopreles, sed
enbodi nent, the 30 agueous 1,2, 3,4-tetrahydroxybenzene solution will be
free of any ESFBHERUYORNGRR T S LERIEHTEIR-hY ARSI RPY RUADS FefivitmeRt o

more preferr sdnpohesiit BosyhtiRsisaqueous 1, 2, 3, 4-t et rahydr oxybenzene
solution is .conprised of isolated 152, 3,4 tet rah?sqré) Benzene and water. In
order to nore ful Py densd rpariaotmb by et el Pabi's 4% PRI gre®®nt 35

invention, theakel b sghversidd! 8BS payiGecsele-piedsbRatel teakdlyicd B¢ wder séqpd
that the 23 Septenber 2003 -9- following is by %y of .exanpl e onl a}nd is
not i nt ehBedPREsPROVRRTICEASESYSIGH PREING Spl - et C??{(Fé?fﬁ@d{ﬁf'd§é{§é?f1€( (&
EXAVPLE 1 Syphdesi, nNétbhavd®, Bcdedat, reafdy, dismy Derargeod,n\on G plcosm bighs))
Results A synthetic route (Figure 2) has now been i;el ahorated which provides
conveni ent aWdgEsPhgsPhosnclpyuyae ris FREFWRSHRADE HENFie efphosAgay!igspup- D

i nt er medi acygiuchh&egsiiRpRteUthdd Ldd&fodicscliaube toSnPenmarsior at-gebspiam
conci se synthesis of coenzyne =3 4. Wile the shi ki mate pat hway and

pol yketi de bfalyrehdy @vravRsito-ddinopRitpge | gynthase. This enzyme activity, Which

20- results from expression of the Saccharomyces cerevisiae INOT gene {Dean-Johnson,
M. et al., J. Biol. Chem. 264:1274 (1989})) on plasmid pAD1.88A, varied
significantly {0.022, 0.043, ’0.018, and 0.009 gymol/min/mg at 18 h, 30vh, 42 h,
and 54 h, respectively) over the course of the fermentation.

E. -coli JWEF1/pAD1.88A s%/nt'hesrized 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



10 provi ded biocatal ytic access to aromatic chem cals, syntheses of

1,2,3,4- tetrahydroxybenzene 1 and coenzyne Q =3 4 are ui shed by
the recruitment of nyo-inositol biosynthesis. Synthesi g%ﬁeﬁtﬁfg Per9p3t of

E. coil JW11pADl. 88A begins with D-glucose uptake and conversion to

D gl ucose- 67phdsphat e catal yzed by the Eocoy 15 phosphotransferase system
(Postma, A. W et aI ,i 1 n Escherichia c0|? and Sal nonell a, 2nd ed.

Nt dhar 0t 180088 ol noB can ABMoo MRG0 Wlechy Sy H0,15561)

wher e phosphéenolpyruvate 'S € source o ans
group. D Q4 otpseubt mlyosﬁshats&etﬂoezatamdang@esteayam Tz,a?wcr)‘n Frep. 1y 7 ( Ta5) t ol

1- phosphate ,cat e i,nosSi t ate nt hase. .This e
activity, which® %fﬁ/g%‘f e'%’%lbtag% 0(5%0 ‘?aé'g ﬁ#:‘?%? tHhE %WSPWE%@E@E%W si ae
| NOL gene ( Demthdﬂtmsmma mcMitoEIbd&ithe fdemaBionl of nfePrincd64e 1Sin{elD&9Y3 %on

pl asm d pADI . 83A var| e significantly (0.022, 0.043, 0.018, and 0.009
pnol / m n/ ai@jﬁ 0 h, 42 h, and 54 h, respectively) over the course
of the fernentati biasodes ok bedﬁ/ﬁbu{;tﬁ&@bé st L&MBE ﬁﬁ&lbleﬁ‘diﬂ&nﬂéﬁd reactive ,
nyo-i nosi t ol ol.id. bars, 25 3) and.4 -inpsitol-1 -phosphate
(open bars, ‘s‘ﬂrt@%}) C?'W'tﬂ‘s" '(t,'bﬁ‘?ﬂoﬁtéﬂ apptiat Hf)l’? N9 FPEhSUsCEriiEe

under fed- baémhmfaﬂérﬁ’ﬁ%rﬂeﬂ{g aRRhite@NGy BAhMITH Ofi ﬂ%BISOﬂetraﬂV&oxybenzene
nyo-i-nositoi- 1 pho;p?atﬁﬁ‘%uwl ated in the cul ture supernat ant

eucar yot es, #ofsnbleldegiDayi SapiEaisace hgPnf bl Q%S‘P‘f’&alfl s

cat al yzedobys L BEalerUaYﬁ@‘:MdFQ%st ob: 1mnephos that e, it Madbbist &8 thdemtz-al .
Bi ochem J. 284:749 30 (1992). Phosphoester ﬁ%(dml ysi s was fortwtously

catal yzed i niNESOSEINEs reagifve ysiden angiaceyditionsiuit ne perpreyt fognatian ¢f1.2,3.5-

peripl asm ¢’ RhRBPHRLISENZBRET idiNixing Rl S8obRNp RIduBY® 9 8lit®ost For 9 h in
nyo- 2-i nosose, the next step in the conversion of D-glucose into

1,2, 3, 4- tetr%?ﬁf’d?%ylﬁ‘éH%‘é‘ﬁe 0.5 .M HRO.f upder E59%botlipentkt affoldeen 1.2.3.4-

My o- i NoSi toltét,%hy%gly@&zamsq,h S50 b ,epaar bon for growh and metabolism
by 35 m crobes such as Bacillus subtills. Yoshida, K -I. et al., J.

Bacteri ofl® 1troMgederials Anddetbgder 2003 - 10 (1997). nyo-lInositol can also be

oxi di zed by G ucogghast erH oM RcWh Wt reb8%8d B aPEEE Whtliz wect?ommﬁose to
catabolism Posternak, T., Bioch. Prep. 2:57 (1952) Accordi ngly,

i ncubat i on o@h@wakwgﬁ@wrwwz1pfrqifanifa|re@ﬁr&%{"aupﬁrtﬁg)emﬂavtebletelatwe to

synt hesi zedmygsrhAQgirhQetiyiiah® (MBS f HLIB0 Qin)OLitiCDd; 008080 (SEORIR 1) 10
95 % 5 isolated yield. I'nososes have been thought to' be stable under

acidi ¢ condi $ismethyisiviempione-2thacdpsEs Eondl-Pirnm when R Apsraseifie

ar omat i zayi OfthvdrRShihd td18cdtbANGUS ERRD . V8 £ Bo£bhi R 9n§ce@&wgwémﬁat ed .
" by formation of 1,2,3,5-tetrah drox benzene. = Posternak, T.

Oyclitols, HeGHA-'BAGE reseried: ahd SMHZ chhgmicgl ghifigsior "An VMR, 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 (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 il melting point apparatus.

Radial chromatography was carried out with a Harrison Associates
Chromatotron using 1, 2 or 4 mm fayers 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% anisaldehyd'e) followed by heating. Dim'ethylformamide, N-

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



10 S.J. et al., Carbohydr. Res. 76:121 (1979). However, it was observed,
that nyo-2- inosose was reactive under acidic conditions with no apparent
formation of 1,2,3,5- tetrahydroxybenzene. Refluxing G %@%Iﬁ%b%’r ced
nyo- 2-i nosose for 9 h in degassed, aqueous 0.5 . M H2SO4 under argon
cleanly afforded 1,2,3,4- '"tet rahydr oxybi zen e in 66%isolated yield. 15
U Materials And Met hods General 'H NWR Eéctra were recorded on a 300 MHz

spect romet el ChER 68losTRAE! & Blarbla NSRRI il SreeRard adkelmay (o
per nillion) PUFAIVESES " Rt e nal™ [ane pp
with CDCl, as,.ts@enefmmm sbdiugoérzaph@wofier et hymsxanﬁrs)apﬂJ@ﬂ%w‘@er@t@e@ d4
(TSP d = 2 e, 20 sol %EZD

= 2.04 ppr’r)fr n?%dlﬂg‘ "é{bde gﬁ gf%)éeﬁklmf{er aCtMg ﬁdal'"qm%gga(r?%@gré%}g%t g‘;@a
Chem cal shifagrs (Dn@én:l:?sﬁld‘swﬁs D peddiatanere de@bpmﬁd\ﬂgﬁﬂe parts per mlli on)
relative to CDCl 3 = ve to.
and rel ati%e to i WQK&E‘,‘H@%T’% o?sag{%co&:):ﬁ?trat% migrnﬁgrloméﬁé’&%m% = 1.4
ppm in D20 oflﬁﬁ%uﬁaﬁﬁoi&ﬁe@twoazwe:rsesq)eromronedvdmycﬁnSceldMawmdryn@rs (®det h
Carolina (Colunbia, SC). Elenental ses wer o C
M crol ab I nc.regugsddresyre. gaycentiated E&g'ﬁé?ﬁﬁ%"ev%dgjg%ﬂﬁ{:@rpg@% e@ (t?d%%rl

det er mi ned ush@gschvdelin Bgmbol,la.fmbta rkgoml Béncepratia wef T.‘.‘Raduajhased from
chromat ography was carried out with a Harrison soc ‘gsbﬁ’ Com onmat otr n
g9

using 1, 2 orlaBcagkel §9’B§h§5'5f|“§1 | pegc%\éqatigas P9, %tgmugl grison
Merck). g (il"i’tegﬁ‘ells B8 dsHBndin 3y Budh cdvRpslnd WaR thl@ﬁfbdrﬂrcofdeaﬁdmdmg to TSP

chromat ography. "Anal yti cal thin-|ayer chroma utilized
precoat ed pl d¢ s 0610 gpmi ipghegdit NEHH. 'Tfm%'lc?'@)ce?g%ﬂﬂﬁﬁ) é’egﬁ\fgf%ﬂmbl?d AP ) |
TLC pl ates WEﬁrSd%'r&Hfé b#Ely Ycdd B (Sharbrd, M.1anDi Al dEbyrden. s;t:aems((b@ﬂw)bl une:
93% et hanol., 3.5% sul f

uric acid, 1'% acetic and 2. 5% nsa .
fol | oned by - Heyaaanrarisen MERAtRRAA AYE pf?@ﬂéﬁ%‘?‘ﬁgﬂ’%ﬁﬁ%ﬁ’? Py pe'gr(\:etone
were dried andss) 95i8foP Wk pafdna¥ad fdm Bladmadd AE. 2:3/:Seiﬁae§bemiabmomﬁbco
nol ecul ar sieves under Ar. Tetrahydrofuran and diethyl ether were distilled

under nit¥ oddH--from sodi um benzophenone ketyl. n-Hexanes and TMEDA were

distilled from sqgiym wdeim. Amenﬁu.@tswmdm@weére@eéﬂavai ROditillRd edeidnized
nol ecul ar si eves under Ar. Organic sol utions of guct s were dri ﬁd%over

MySO4. 5 For WHeNMFE gaeivm ¢1dd ceptaingd B@@F%épfeaﬁé k BerneaaUPiRG* W ¥ obi al

synt hesi s g@'i@ad‘lq% g} .Ohoadits 1Y @1 ZodtBRSa I, HBO| wg)omsf P@[ 3 goNaenDrat ed
to dryness un

reduced pressure, concentrated to es I\ﬁéjdl Etl onal
tinme from D203t ansdNHaEh (1 Sfed‘f‘%s’ﬁ'r‘m mﬁd'm(kghl‘:af‘ﬂ?tﬁ A ir}oﬁ/ﬁ
concent r a4 O, Bhidinh Eplrailh‘é@s%sﬁ@) %}r mgsdqoqazsg)e&n&mhmﬁs sydréxthloride (0.001
Concentrations were erm ned onpari son of
g). Ampicillin was added {0. 05 a/L) where mdlcated Solutions of M9 salts,
MgS0,, and glucose were autoclaved individually and then mixed. Ampicillin was
sterilized through a 0.22 um membrane. Solid medium was prepared by addition
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



10 integrals corresponding to each conmpound with the integral correspondi ng

to TSP (d = 0.00 ppnm) in the "HNVMR Protein concentra '
determ ned using the Bradford dye-binding procedure (B%%%’F%\i%%lzlgp?.mal.

Bi ochem . ..72: 248 (1979)) by conparison with a standard curve prepared with
bovine serum al bum n. Protein assay sol4yfion was purchased from Bi o- Rad.
E. coil DH5a is available from Gbco 15 BRL. Culture Medium All culture

sol utions wemq&b%&afyembah@efdc&wsplnﬁg,Hadﬁjrqaba@dory\mésﬁ;r NdvB Yardi1ggo( 1£L)
cont ai ned Bacto tryptone ( %é) Bact o yeast extract é %) and Nad (10
g). M sal t scpADHpasshtes)| *ﬁ*ertﬂ‘e sHptesin (o )Pl a%ﬂﬁl—"‘@ﬂ?sfrg wan I\HG’NH)’ @eng) and

NHACH (1 9). dRidy flapml w@%fﬂn%ﬁﬂ@é fkdm GRS BdrsRh, U L @falMBusalday. 3.
contai ning D-glucose (10 g), SO (0.12 %)F and t-hiani ne hydr ochl ori de

(0.001 g). ﬁfﬁﬂaﬂﬂlﬂaﬁlwﬁnwé 'n@ugsng)/f ofheecagnifen sserrcesipciitatads of

M salts, g Ng)%gﬁ’zatﬁﬂdofg)w?oﬁﬁo Whd @'c@l‘ﬂt aed ﬁ‘ﬁ?ﬁﬂ‘l@éHWF@k@é' y.pard af, hegeqd xed.
Arrp|C|II|n was sterilized throu m nenbrane. Solid nmedi um was

prepared by 4819 Ur%%’ffolaff}%* P %Ihﬁmbl Tewsatpiiont & /M amALIs* A uilFedat i on
medi um (1 L) tﬁeOO%&BPQﬁjcdﬁ%gplQé ;§(Zm§teg)(p WA WS r'é%ﬁl(a’celd' by v@btt()'?-%ﬁ@oo(eg 309,

citric acid nono rate and c&ncentr at ed ng
fernentati onemdﬁtuml \ﬂéé‘if:éf‘dj Rigessiontas pHHE250WEY Laalcand; &ae “Qﬁﬁﬁ@ér@t? ﬁtké’d

NHAOH: bef ore I S r eagqggb ately
prior to ini t';g’g{ ﬁ%#ﬁx#%t%rgnug%% t| oﬂ '@%{% lﬁ{csg@tg '%Ag%] ﬁﬁ I\/gSOi4 OdHZ4 g),
and trace030pravider pAB 1id8A.udi ng (NH4) 6( Mo7Q24) - 4H20 (0. 0037 g), ZnSO4 7H20

(0.0029 g), H3BB. {0 Roef m%é prspard by Horbl g})aug(?%%ngglnat%ﬂ%f%%?frrﬁlﬁ%qa

(0.0158 g). D-ducose and aved separ at el e trace
m neral s wer eerzft gemé iitedEt h@foﬂ@ﬁmmam@d@wﬁnbk@@ésatmﬂ of tb‘b Ta®lditt &5 t o

the medium Een h&é\@gﬂm{ﬁ hBQé% %E@gﬁik@}oang%@lwne& ey @%&J@Jf the

constructi on, uri and an SIS O nbr oo
et al., 'l\/bl eauh ar61cl 0989y m@v:Se@mﬁb@SAZODBGaFIEEﬁW pél@blhtﬁ@ﬁ/amnu@iqueml d

Spring I Qratary S Yar - ' ‘Wﬁfcﬁ{ elyed as
t he hos ga'ﬁ’wcﬂtea[ a%mgﬁa'q'\@)yﬂs? 7% f%g@en{'%it? ﬁ%érﬁto ope mer”zaé‘. ng
frame was. armNiTPlsexﬂudfrelegamnh-ﬁlcﬂdec( M.ZBEH]A HorRolegews gdcombivisition (Bhia, KBioL

6. 3320 (1986
facili tgt ed ép‘l%gl {]?’i‘é{ﬁ"or'}ﬂ%r iﬁgl nt ogfﬂlﬁ)IE E!:er%?g %ggﬁrﬁé'g%]}F?QPg%SH
(Furste J. Plocet oaIpLZ1Gérmemtd&BI$9 affbe@sl) JWFd. af ford pADL. 45A
T i pti f
ranscri ption of LN b AT AR DU hbipedetile MESLOSIARSRIDs Lofyar

pronoter (P,,) vvhl TR REs™ vec expressi on :
Di gest i or0of yeBR6RaEs \mqthrefbrtal qtandnywEMdsntbbi@he@bf@tisgnm@se setivity pyeignent

that was SUbE q<g%‘t§nldy cellltﬁ Gspnat%sé %ti\?'ltﬁ@l CseiH:E %vec}fa &ﬁ@teé%ﬁvrﬁ %0 mL of
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



10 provi de pADl. 88A. E. cofi JWH was prepared by honol ogous reconbination
of a non-functional se,rA gene into E cofi RB791(VWB11l

Localization of the 1.9 kb serA fragnent obtained fro 98[%%’5%’)“??{@8081\/%705
(Hamlto.n,-C.Met.al.',J.BacterioL 171:4617 (1989)) provided pLZ1.68A

Li neari zation of pLZ1.68A at the unique-18-BanH site internal to serA

followed by treatnent wth Kl enow fragnent and dNTP's and rel egation
af f or ded plLZzieszxhan 5 bmsinggousmices dittsafilaation S(timatié;ellle.quwed akith a Rpllo

ocus of pLzl RS pEasGiatpplin B s AR M MR of PRk B R

synt hase act |1wft0§ph$tatsvmalasq:)amwftvcﬁhe orn'oaﬁosu:tel-1 uh@spha&()swnylmbecﬂ\as/ waqui red
to quantify AsitQ hos t t| Vv, pver b nd
og?lo%a’f'a asa?c%wou \Erep Cef ?gﬁ LT Y ”r’ JoRes! sac’ 3 gAY

cellular ph wer'e’ Cor1%Et
f er ment at |5on { R hedoept emtrthé agmilyisotutiah DQ@Bed Biis IBCNI20 rai1) 43!023.4, ©l,CB' were

resuspended i L ) sion buffer consisting of Tris-HC1 (20 m

M, pH 7.4, (#llﬁg{@l aﬁfgswaigﬁgr capt oet hanol (fl-Mg, 10 mM),

pheny[ met hyl sul phamo-inasitdi lﬁéfmé}&afcﬂis\/érﬁﬁoyé’d aNg.0 LamdrkEl@Té‘apﬁtcl’ﬁ)/B Braun

Resuspended s were fr

purification cynyrp |"8§Jseguﬁt"‘tﬁ?d‘\‘f\%r8 SES‘%"Q%@ Eﬁr@g%guosﬁatt% CB%E%'E?G&%’

through a Frermdn @pessx &s* 2008 pgssnal GGHpUJteﬁlreqdﬁJl@éﬂaNMS BeRVRIECBYWin
Clarified cellular |ysate

centrifugation at 3

cont ai ni 1B aRREBRT Sl GTESOuR bl 68 glisere ERdneu B B S Y TR Apht

cel ljul ose ?O:\(ﬁ‘ﬁ% ('Ee:ﬁpeﬁéttfg?vréﬁ némt&ﬂ;ﬁ a'{'f’ﬂﬂl?’e(:]lc U v\l‘@&nﬁkmbﬂ%d \M(ttziﬁoms'f eIOH
radi ent o the follao urte urte rs ,

g 4, f1- ME B ‘?Jt’?ﬁ\/p"q %@Yﬂteﬁw%"gﬁa 2EEJT’Z\2 nb}sso“r‘ﬁg Qvepn dPAY s P

consi st ed of mQsurdl u@fng&m&ﬂrerﬁowubh2hhl4Qter(lia@e ykendth fitledQditiBatf f@higA Wi th

NH4C J90 mM), and. 100 nl of Buffer A wth NHAAQ (150 mW Fractions (9 nlL)

were col | ect 8dYBS QnPYISBIH MeMraicep g@amaérﬁ‘a‘"ﬁ’}"éeéjt Pbr§7a girggpturation.

wer e- col hgct gdtiiach @Q?ﬁ\@rﬁd@t\@:ﬂx dRedInSanRlieERGleed3 - 13 less than 5 n
usi ng an Am con UItra iltration Stirred Cell equipped with a PMLO

mermbr ane. Concent F2FBRAMGY oWers §tertsdo by rgyodiedionsed td ipggurelony  of

nyo- i nosi t ol ywk 177D s8RAL @t&ym RAS@9 dcddivrh ntalitiey mrd:msrrﬁ@l:mauremmsr)hat e
synt hase activity was . neasured as previ ously re orted (Mgaud, ME.. et

al., J. Am @R asdd °G pthyegitation w70 mex Ept S Prand ’i’ﬁ’é té%”s?‘&if’%’d%meon
cont ai ned Tr fesmehtatioAWeBdi. TRENTiA glucbb#Edncehitatiol ih, thé’-%}n@]ﬁﬂét(og Rediih.-

nyo-lnosito L Fermentations enployed a 2.0 L working capamti/ . Braun ~MD2
cul ture vessWrs 209/l fihere Hiaged auBinds sversysad £ MainiaiR hlodqvsls A0 Bbwi ol | ed

by a Dell Opftihitn ddbing Bh6R r@ffeh@1alin C ML airBEH A1RAGnAL fetiidg o B8N
MFCS/Wn 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.



10 software. Tenperature, pH and glucose feeding were controlled with PID
control | oops. Tenperature was maintained at 33 C. pH i.Nt al at
7.0 by addition of concentrated HAOH or 2 N H2SO4. D\;ﬁ?’(?%gédﬂ%%y%@ﬁ (
D.O) was neasured using a Mettler-Toledo 12 mmsterilizable 02 sensor

fitted with a Ingold A-type 02 perrreablg menbrane. D.O was naintai ned at
10% air saturation. 15 Antifoam (Sigm 64) was added manual | y as needed.

| nocul ants were stgh@6s BYmindirogrih@oh BrbtiRwed@ken ﬁpbﬁraryteafam starting at
JWF1l pAD1. 88A into 100 nL MD medi um containing anpicillin. The culture was

grown at 37 daht Wsagepyid-Brihiggalocioryisarside (58 MAnyas Rdsed vdiesfathdhiet o

the fernent at.}n%uéfr%aséj ancT Qﬁﬂa\nlﬁaaaflaameuq%enmmﬁnéét soramhrz,gmeat 12h
fermentati on nedi um glL. Three staged nethods were used

mai nt ai n D. O.arideyelyst hthq@wf&% pe%@&wtwtsuvwedaﬁmw%&mﬁﬂﬂ@@mﬁﬁ%ﬂemt@ﬁon Wt h
the airfl ?ﬁ\’bq}roﬁn withl fadr, ﬁefﬁfc?)nﬂllﬁl\fve@ﬁﬁn*elagur%nt 3 zﬁjsoﬁﬁﬂﬁegltt 6abH!

mai nt ai ned” by I ncreasing i npe speed fromits initial set point o 50
rpmto its pri@Sed).nBsiaalimweightdgd.) mobp@;p@dmwnmaaoywerswn mw@qu 10edB f or

b Ll ot R O, FARIARARN Brot0 Tl ekl 0! fBARbC e, CRBRkENt 2

940 rpm the T ow cont ro en mai nt ai ne evel
i ncreasi ng t henaentfdtonsriatell-freemodh 06&ré determined @V|’HSJ\IMRe§etm¢mmwmm0@‘i 1.0

LILpmn overaARnn O dEENa Ly Bellan fba SR AP LIPS LEE iRed: ARk RSt ant

airflowrate S Wer e |nta|ne sat
remai nderi®f syhthasé exctieiny.affheriinabgoreentyetiors ehgu-ivosital aitI@dh glascse g/t

feeding. At the begl nni ggﬁ)f t?hl ) | evel s fell below 10% air -

£
saturation dgg"” %hesrgcél"('jual |yr'1‘:fI Pﬁmf)ucoog'ggl n ?% medium This |asted for

approxi mat el y 50 riihe feghantetigl bmmlsé%@w%)Wmvl)) vaseckmigrugsd st t18000F tier 7 D

control paranete e 0.0 far Ihe ILVE CO rO)
ond 960, 5 (e dunk S TR e S u et e [ Sl S PER R s SRRl prd

to 950%to amommcac&atrm’edm 30, é&ﬁifﬁepbem@ﬂgeﬂ&ﬂﬁ%@@gf@amﬁnmo(r&nnm) of
f erment atjon brot i nt rvals st ar t r opyl
,8-D-t hi-ofg!agl SEYORVA tvﬁogm ns(4 gkﬁg?iear gea%‘ﬁeau rkgt h ﬁ ? et rahze I e?h speed
and airfl ow hatceraeabddNH 0. nike m:!mltne&tutmmg@;olcanddagah Waato KB B]acmmledavery
6 h thereafter ities. wer.e determ ned rrentatlon
5 broth vvlth%‘f@r“bﬁ?@%ﬁpo"ﬁ%v\%gﬁm" a&regys Fne%%n?lﬂ)slga %"q@r £8r8§E HF'%bo  nm
(ODso00). Drywhatimanwefiget papgt.LY he fikered bbateriddvassivaghed wcth\aarasildurmna! 200 -
coefficient of, 0,43 gI L10Ds00 . Fernentation broth was centrifuged to

remove cel | s.™sBf P& concentrations in cell-free broth were deternined by
"H NMR Fmy nent at itoe dotrddided Iﬁlﬂ@td?ﬁl_v)ler\elaﬁ)pﬂmﬁdolatnndﬂsﬁ@madBGdCétiatBsfS)rrﬁor

2zzggnﬂ am’g# nos) é:fnka’é??gfap l‘é}tﬂég"'a}/\/\gi’% ‘ﬁwet é Vt!rfta%luen??approm%ately
2.3 1) was then run through a column of Dowex 50 (H form, 5 em x 20 em) at 4
°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, 1 Hz, T H).

NMR {D,0} 5 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



synthesized in 8. 7%yield (no I/nol) from glucose. The fernentation broth
(950-1200 ) was centrifuged at 18000g for 35 mn a C.and t cells
di scarded. The resulting supernatant was acidified to pES%p@raﬁr@%
concentrated H2S04 and then centrifuged at 18000y for 20 mn to renove 15
precipitated proteins. The clear yellow ggpernatant was neutralized with
concentrated NH4OH. The sol ution was, decolorized with Darco KB-B acti vated

carbon (10 glk)admr aAddt a1 theaditupd WaB ifdubafddrinRnanslt Yhaesdendbdy, dprfl'fbrt ered
through Whatman 2 filter paper.. The filtered material was washed with an

addi tional 2@¢ h gt 36 °9\atTé1‘S G @XTERISCEMHTR MaS PYRSeareiviaddedaions iseerndo a
col um of AGLetfe 4@%@5&,t£.arn@my&m%gw (29. @%ﬁefﬁ? nfhdéh, @%rakm@q%ﬂm 1L

H2O. The entire eluent (approxinately was then run throu a colum
of Dowex 50 eest exgragt (50ghin400 r@lnyhsaﬂech de@nezﬁé RIGE- e&fwwus«mw a120.

The resul i ”%Hﬁ&'t yﬁa]@slaw@@hgﬁ d83111¥t §o8cLLerwerec}9m9@éH 5@&&%&@&9 m. by

boi l'i ng and en concentrate ryness under reduced ressu
resul ting pO\HjErrEM‘SﬂQjPS%WBV%@ermt@tnwm namcqr@:ramt@f??wg MGQHU&‘@Q th h 6

vol umes  of W“’g@&ad aafm Lgaﬁ%oﬁﬁn@}%g ifeQ a £ Y§ 1o {1k 39-h, grx,abﬁgé WRER f&rﬂl gect ed

after a fe ays owed to air dry overnight, dried
under vacuumatscfflyared dwaﬁhetdewcihy\é@@ﬂ'lsalmsrl% teebieed yypakivdsent a-‘n@swhlw

tified tat 6,
quant i1 ed T Bolhifife. 15°G TBOY3! | RLeBES! Won gf -.dgég%§{§8@ o ) J7e
H, - 3. 2810dddbtairr@i afﬁe,rniaum;nlribﬂH)af:ltlaieatNMR”Qm@ agdifisnd, 1248 mph 18B-182 42. 1.
2- | 2 9
g!(;gt er ngﬁso_srgc gplg%f ng(rqsoéaz?tzsgdg; @35/%79 s clydgr‘ljlcs)gﬁgg;ﬁé 52 gn'bl t ol
(1.0 g) andzwda)as‘t’CeNMRaB;O)QGﬂE g)94r3 T6.2v 74. §I| EGJ‘H 7660, mBDMZQd wat er

was. autocl aved. fqr n, an cool Le '
i noculation with ué (%5%% ydmxzy e@%eﬁteenbesmﬂﬁ%g}nlfﬁgyédﬁéga y ﬁfllécék“gl t he
cul ture was rgelbat 20 mh cirlegasietid).5 M ake0, atas 20Quxeganter Ar.24fthr &ih, 8@ C.
This G ydans..cul t ure steri |

sol ut i onqgonfgf’tﬁ?rﬁg‘fv ar?y%ooy\ﬁdgtsr tol %Tg%rya@%’%gg t%”rﬁgﬁ By %Qg'roB ‘{f ﬁatlfrgteﬁl 9),
and ‘yeast exnmamts NaiHQDg)Cormeﬂﬁﬁ)tmn_oﬂuhstreddt@d sot!JénoorlloZQG mWaWes follAff\Jteer

i ncubation i QH ?nuogtslllngd Iﬁ].?!ﬁ extractt]ilopq {é’H‘ for jier na\? ether i)-wer €

removed by c e’t'es ant
concent r at edUpen ZBncfﬂn,traMbﬁldf {0 ganig layadtbe‘cno mbda mrhelpﬁta:ﬂedbtrmd whlchw\&fisned at
-20 C for

and dri ed tofE?'ieg; glchﬁ%& at"i% 0&@‘2’(;&%&”&6&1%’8 9 amﬂ{erpf%-iﬁsgﬁ%g%a ta
second crop. pofvday cAdtitisrosioeeands3300 nat,) t@ B8 filware fAB vodut i filedingf tveshing,
mai ntai ni ng Earqu:fy'irlgt (gfat%gréastultln%:jopregpltate a%rc?ed ac}datlongl 1 ileoé‘g ‘i@%}‘%%p 1%%2
- 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) calcd 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



C "HNWR (D20: d 4.25 (d, J = 10 Hz, 2 H), 3.66 (dd, J =9, 9 Hz), 3.26
(m 2 H. 13C NWR (D20): 6 206.0, 94.3, 76.2, 74.5, 74.1,.74.0 7 .
73.2. 1,2, 3,4-Tetrahydroxybenzene 1. A solution of wo-zz?eﬁ%?fg%@ger(%ogl. 0 g,
61.2 mmol) in 310 nmL of degassed 0.5 M H2S04 was refl uxed under Ar. After
9 h, the 15 solution was cooled to. 4 _Clgr_ld then adjusted to pH 4 by
addi ti on Hof saturated aqueous NaHCO3. Cancentration of the reaction
solution to FRTe fA! LR Gy D@ N BHRHS ducbhR- lshagied 8xty,acf ion for
18 h using t- u?%ﬁl_( %t?%ylﬁ et her e(VS_OB_rrL): Upon con_centsra ion of 'the

organi ¢ | ayetetrahydgyhenzeaept.deivpiieing, dseetdtydughiytaiionssd pretertedmyspgalials hed.

wi th col d hexanes.. d.dr.i.ed . fard 1 (4.7 5480; . wder .
Addi ti on of ng?e' ﬁe?gib%&bﬁl)'&?g’%{t hée%%tfc{] r g"tae%rgW oﬂm[g()dnﬁe?ym? F{at@gr%‘%‘g’%
washi ng, ancespeyiivaly ofiuinbree Sesnd tphempl! pt beibhidregesatidh orf d@dinddtl wiffordedd 1

(1.08 g, 129%. 162 , - 16 ;;S d§- a ; : ' 6. 20
(s 2 B S1abiodiBscon el Beljeat f 145 498800 gene {sfinbSedicilee > 20
CoH6O4: C, 5@Q) ibm Bkgivead8. Found: C, 50.63; H, 4.32. HRVS (FAB) cal cd for
C 6HOM (M+ H): 142. 0268 Found: 142.0268. SPECI FI C EXAMPLE 2

Cheni cal Synflh'é%i’tf"a% }%cg',glg,t%%%etrahydr oxybenzene 1. Results Conversion of
D- gl ucose i-nto 1, Bederit éHr RMRIsmecydaenwzenecbrdesl an tahB@@ dHepped@orsytet.hesi s.
1,2, 3,4-Tetr droxybenzene s historicall een obtained fr

pyrogal | ol G%Igéméca' Pgﬁ ef?’rrlahhgﬁ(sf—'?@tﬂ? arey ep?ﬁ%%lt&{)ipnaéts yerqtrﬂ@gfqg regér? eto
subsequent hitelhal ydiasnahylgininadMe;sigal= 0lo gpmlesthdlDClGas sbined, tdk s&ditwmer

1Y) P22 i T koSSR S0 S 0 ORRF W s B
37:110 (1904)0lvEMe ah@ tbAcetondi(OHB,BOCDAUEE2.08 dphi)visty of-hestbse.( BoaRn, A,
oL 5, bt oSehi L B e o SR TR g 2 S

t et rahydr oxyhgpreeae(id . pde@Woyi alidomgreladivieeat Ciyily Xy at.onpmh}, pretitieet wd

pyrogal | ol- 8 or higher-yjelding, indirect oxidat i,g.for 10
i nter rredi1§cyCPP§PEde,(§ ?éépém@erﬁg}? rﬂﬁf’%ﬁ%'r@ergﬁgegh%ﬁgﬁ 11&%(‘39%[%“ on
of 9 and 11 giéekded ,ONpBOducUspp) MDY eFABIafiss GRbctr® were performed by

m D-gl ucose. 11.

1,2, 3,4-tetrahydroxybenzene, 1 synthesi ze Figure 2) fro e 1
Vit ert ol 5 AN SRR Caroind L AREE, T Bl 6 Aae e oo e B i
spect ronet er py AheficQdlcrabh Ide (NoFcrddd, VR, Syieltihg doliite wearpairicetedted gpart s

per mllion) relative to 10 internal lietrarretha/lsilane (Me4Si, a. = 0.0
ppm with CDWete-detesmingartsing & Meldpm 1 melting point apparatus.”
20 Radial chromatography was carried out with a Harrison Associates

Chromatotron using 1, 2 or 4 mm layers of silica gel 60 PF,q, containing gypsum

{E. Merck). Silica gel 60 {40 - 63 um E. Merck) was used for flash chromatography.
Anatlytical 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'



3-(trimethyl silyl)propionate-2,2,3,3-d4 (TSP, d = 0.0 ppn) when D20 was

the solvent, and to acetone (CHD2COCD3 d 2.04 pprr) W 13C
NVR spectra were -recorded at 75 MHz. Chem cal shifts é%e%m%ggectra

are reported (in parts per mllion) relative to CDCI3 (5 = 77.0 ppm,
relative to 15 CD3COCD3 (d = 29.8 ppm, apd relative to internal CH3OH (d =
49.0 ppm) or internal CH3CN (S = 1.4 pp in D20. FAB nmass spectra were

performed by, Ly, }(lghs(l; Whi9ko 0 (}.gtgrngarfmnh M&Mdfim aHy&@genEﬂuﬁﬂEﬂﬂ al,4-

anal yses were’ perforned by AtTantic Mcrolab Inc. (Norcross, . Melting
poi nts were tribmwie:omdadn@!nﬁl weselutien of il 128 wuditnhmanliein E‘T@H’d@‘i ITH%I"‘E"’ISng

poi nt appar at uf%%ﬂ’{tgw &g O%héqilr%téggtqgm t%e%rlél,_ﬁ.‘qepﬁt {Mb b psdddr il son

Associ at es tron usln mm [ayers of sillica gel 60 PF254
cont ai ni ng gyps wBlutiok. wb’erfd:de)ed Sirbugha Gpéite’ GOd( amcenaiegm Ehe VBYIEYY Witks used

for flash _chr Ofgg%fap[%hmﬂféqgé {) ﬁ'\’l (%@fggrt@qgg GO RRERG L PREBUCE Trfeh

utilized Prelydt 150) 54 (0.25 mm E. Merck or
What man) . TLGasligdregainey &H ahd JHl NMﬂthby abtaieed from PBoiZningsRssal dehyde stain

(by vol ume: 93% e,my,gﬁnﬁz%yggkie%g & Reli . ORCGHER ARIR, (ARhRIm.

ani sal dehyde) foll yl for'mam de, N- | formanilide
and acetone mvezsdsr (Mm&wtﬂrtﬁdnﬁﬂﬁeﬁhmu \Dad & H malinared ﬁmﬂ %c(}loé)rg& eves

under - Ar. Tetrahydrof uran di e ther t rogen
from sodi um B H e ﬁ%%i‘{/jtl a%é’grcéqr%g"ll?/g%lﬂxév\gdeﬁgl st i i rHé from
sodi um unger dé\]@asae@as&t@hednwexr Aelsi reattioh tixuge Wi SybbeTehtly sgrredféy 3¢nder
Ar. Organic solutions of produ wer.e . : hHen of
2, 3-di benzy| G4 24TRNLETRALFD e gen 4ot %{‘ hﬁ?&eﬁyéfm‘%‘gﬁ%.%33%?’88535'5%)
EtOH (7: 0 rrL}1%$|rﬁ¢/lb®H€td2mm lvak@héa B:ﬂeﬂmnet(xé)rdasﬁorgyefmed foamadditiseslat ur e

der H2 (1.0 atm f The sol ut |t te "
and- concent 1 20T M RTBPIFIR RS ITRE b0 WS R SO MR O

23 Sept enber 339&38 Tﬂ\@ flhyatéhba%%n&&@rd‘dbﬂahd tﬂe m@tcmenedv&uauﬁaw@nwieﬁwsose.

Hydr ogenati on of - tri X enol |° n

14. 1 mollp “f‘haﬁf’d-ls(@%@ ﬁ@;g"’ g’%l"}’ fhmﬁ A) E (%%@a:t room
t enperat ure yngan 426 Im, G 5atime. $5)r(dc2 uh.. 9T9eazsoutmt, |60$17 \Maslf—-i Bt2Had2 tHir ough
Celite and concentrated. The resjdy r_i y. S 0{'@; graphy
(MeOH CH2CI 25199 (513 ). 8% f5dli nBl %»ﬁ@ﬁ ?D %1%\%&2 1|§e%t nglrg B

"3C NVR to 110ktainsdsf1mmonye7.a; 1nesoee, 147.2, 8278 bé&.ﬁyﬂ@iy?oé’ﬁz@.n@ 8

Lowe, W et al., Arch. Pharm

m., 0.481 noil and- ?#&?W@&T(%ﬂ%ﬁ%@@"ggé ?rg?l%\}\ggg) adg%gzﬁ’) g ' St(:al (()ﬁ7
of pyrogald ol iheafyBxybenkale BOR)O §,76.200mbl} irdHQAC (&@ndlé,qaﬁsé‘d\l)atﬁbﬁalge&hder
A Th S ' ea%rlngl? aEIndX.?tou/f:?-{ \(l)vasﬁ S?,ug?,s1e1qgenr1]}nlo v%rlerardged 395 tég resulting 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 (CDCly): 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



mn at roomtenperature and then for 24 h at ref |ux-under Ar. A solution
of NaOH (1.6 g) in MeOH (32 nL) was then added and the [on I uxed
for an additional 30 min. After cooling to roomtenperaz[sﬁsfég)ftérglg?rizg@gmere
filtered and washed with acetone. The filtrate was concentrated and the
residue recrystallized fromMOH 15 to a qud 8 (52 g, 83% as an off-white
solid. mp 67 - 68 C "HNWR (CDCI3): 5 7.44-7.19 (m 15 H), 6.85 (dd, J =

9, 9 Hz, 1 = - A o B .
13C NVR (wgéﬁT?e%Yﬁ%(21‘3."3%?%g}?ﬁfela'i%%".z'ﬁ)\"ia?f%ﬁbﬁ] ﬁ’gg.‘ﬁ?dﬁzsg%&g‘ig@’. b?h?)zr 8,
127.6 (2), 1ZXhe3esdfing Provi Bregipithly was fingrel, waphed vgitighexanes (3 x 100 mL)

D benzyl oxy- - i.nQne., |4t | , S .

11 bonay! oxyiBd SRERF GUSRGRE o] MBI Bt o3 s wnitegwater o g,
g, 2.5 mol m@id -FaBE202 NMR CRGI;I1E.19. hitd, )1 Wer7eS Altled=ahtizt héllrzddt ting
sol ution ti at - QRO ra e.far oo ol [ Ut di,l,yut ed
wih o S Gty g HRER IR LAy 1 i s F 2 fLS PO P o o
sat ur at ed aqu&olR NaBICILB ¢ 888.8bribBeh, TFS.Bnd4and C3heehB6 & i1135.8.e628.6ed in

aredoil. Puyrjficati raqj al- C r i

Ft OAc/ hexane, | 2-9 69 i‘x?@)gb‘éf'f@gdgd‘ %ﬁgsli‘%c?.r%ggf}giﬁ%&ff%ﬁ‘&égb‘é@fﬁa@

Ti8a 1 b R S O e Toaet 75 1 Anal . Calod T
1, .2, - 6.1 . . Anal . cd . for

C20H, 60 (Mi“‘r 38&4@(5@64@. -F‘g%‘ﬁa.ﬁj’%z(f"kﬂ‘%g.‘*éo@"sg'

i, i>,34-3gr7i1?)igzyl Oxﬂg)‘%glfﬂi?lgyldxypmnom.dﬂilérﬁts, P. etedl., Akza amﬁ‘glaur@‘lllil_m&dimg

-13: _ i, t) was sl o ed.to.

net hy[ f or nanﬁf%%%’ ﬁi@gt"sﬂ??’ﬁ% 'ﬂﬁhﬁgﬂ@r%o%%%aﬁga%’e%ﬁ'ﬁ‘ﬁ;e?c'%:}%/\ﬂf‘ch

r 'esﬁl t ed lri n_do@ruﬁ?bi)més@gdc?j (_Mﬁb\MﬂUltSQbaié)[dtionﬁf)fEg,@trg)ent\heﬁy&mhﬁzlddmet‘rceat ed

wth a solution-of 1, 2, 3-frlhRenzyl oxybenzene o A9

anhydrous. DIVIfQ%Zﬂ) 2r?l_% myRe §S&'ﬁz§g{ é&”f’ %‘6”%% fﬂ'f"taér% 38hf\§EeﬁgT$%“)sﬂ}r5?91@t

cri mson sol Ui o, WRSeEOME W b B tiFea Rt 28orPaptpaheire 200 24-H.8 The igatiah uves and
then poured into ice wate wWth v i

r (3. L h vigoro stirring fo The
Fosul 1 ndBor upesmEe podlretStent olned M agcvM FeraNas Q50 mido )
ans\df’i nal |y rper ¥qdadusi pREke noa® Mefaed owathf oHJCILQ3( 2948 @1).93%Wviag andrhite
powder. np 73 - 74 C. 'H NWVR (CDCI 3): d 10-11 , L v .57 , .J =9 Hz,
1 H, 7.44 SC?P%t(ﬂ‘iﬂO"féF"Fﬂ‘?d %l.gfgyn(qa‘?W'alctﬁ“@Sﬁzsgfi’eﬂuwyé'?ﬂa"eﬁ? gfgmr‘ﬁf: °5. 16
(s, 2 H, 5 @Rons (3 KL, 0. 1RCaMNVRALCEN] B)ter d 0LBH, Bhe d88tidn wWhSZoBledt4l 1, -
136.9, 136.2, 135 8, 128.6 . 128.3 (2),.128:2,127.5, 124.0,
100, 1, 7.5, sl sigiad waiin N BT o b, Be sempRshin @cunty s mixgire gy
Found: C20/79 dikdted Wittt 91 shiBolldvidd) bycdltad tioh OF tHe2B R/ HalE wittlbenzene
424.1675. Found: 424.1669. 10 2,3, 4-Tr. bggtzoﬁ C%%P%BO' ]’ﬂj—% Kolonits, P. et
al., Acta Chiltnrtthgt)-1Pging #nd coemmjratian SH1oKds CFpoprob2s t87M" °47. g
mol ) and 85%;f\wiRiicpac):ds £ 3% .31 (m, 15 H), 6.65 (d, J = 9 Hz, 1 H), 6.58 (d, J =
9 Hz, 1 H), 5.28 (s, 1 H), 5.12 (s, 2 H), 5.11 (s,-2 H}, 5.04 (s, 2 H). '3C NMR
(CDCLy): 6 146.0, 144.0, 142.0, 139.6, 137.3, 137.1,.136.8, 128.4, 128.3 (2),
25 128.2, 127.9, 127.7, 127.4, 110.4, 109.0, 756.6, 75.3, 71.7. Anal. Calcd for
CpH,.04: 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



600 mmol ) was added dropwi se to a sol ution of

2,3,4-tribenzyl oxybenzal dehyde 10 (9.8 g, 23.1 mmol) i |
over 30 mn at 0 C. After 1 h of stirring at 0 C, the :}g%p?%ﬁb%(égogtlrred

at roomtenperature for 24 h. The 'reaction was 15 subsequently cooled to 4
Cand diluted with 10% (w v) aqueous Na2f§83 (50 nL). The aqueous phase was
washed with CH2Cl 2 (3 x 40 nL). Drying and concentration afforded a brown
oi | whi ch wasighiyslel F@thdtionaf il tohgamabintratofromi 1) fahesWNaldvk af3Qubdequbntl N)

and refluxed: After ion was cool ed._t.0 and aci.di |ed
o 6 N e oot Lo s oo ke £ Rty

H2O (15-nl) tetdQuRd ok diragtickbéizehba lﬁént%DMSerﬂﬁﬁS(ﬁti*Wshhrtbﬁﬁé;ﬁIﬁed (3 X
40 mL). Drying . and concentratl on afforded ]gég() !% %as a brown oil.
1H NVR (DOl $jeing. : g5a. J7 Ogg. Chem- P85 72 § ’(%/”t 515@ nzymed, whiag (¢,
J = 9 Hp 1ykds p@re')s%i 6§ .a dtakiing 5aﬂe¥|a( §nd dubdtanthally 1sHoster tﬂaﬁkyntﬁe% &5, 2
H. 13C NMR (CDCI3): 5 146.0, 144.0, 142.0, 139.6 137 3, 137. 136. 8,

128. 4, 128. 3cperymesd, bampyragefioh galligacid, of yenillin. Sygey L. ppgl oTEf’iﬁé’edm"B 3,

71. 7. Anal . gqgloh f1@980) Budid9Ah, Qal78_f&7?gs Hhn.5c8dm. Teundo o728 I\Zaiver
5.86. HRMS (FAB) calcd for C27H2404 &H‘; Hl): 412.1675. Found: 412. 73

SPECI FI C ExANPeiE=i3 Mgt hagiso/of 8cehdfd-Q From 1, 2, 3, 4- Tetrahydroxybenzene

30 1. -Results Var pglj 9Rs okyhedt sRHEH EsensifRE @Y.ed Jh%mBVéjﬂS:Qc%Wayp;ﬁrQH&Gct iONn
conbined with the ease of netallation and al k | ation of the aronmatic

nucl eus rH@kediractly desived fioneD-glynose maHE gareaipigs Oﬁhéefsﬁfwmﬁe%rﬁgeaveﬂhfrwdé
spectrum of pat ypal yc%wi@a' Hgdrl;xﬁat?gré t %h@mxs%@f&!@@&zeraerda%nmvaédfves

For exanple, pernethylation (Figure 5 leads 35 to tetraneth
whi ch under ggblgrcfgémm% MStsmaatth@maamumewfpb%ft phagaorEIMY 21t3ched 2g a

Sept enber 208§nze;kg nu'a eSSl E@bétﬂ%a?fo Fﬁ(e@@@%{\@fn@ﬁ&[g [rORBLL

farnesyl ati on seq ent reaction wth ) 2Ce( 6 affords
coenzynme Q _egzye- q’&tﬁbﬂ@(bdwdmwtwnt rw‘étsleslsbﬁ d@@énQVW@ afg geguired to

tetr ahydﬁexyt}%g;s%n% ahd rggggae@sé@ 4 %Q:%t{lmt BeobfieoPBOsLESE 9L Bhnzdrgel nan,

E. et al synthesis of coenzyne Qwhich
uses p- cresohmdsuaa%tmetﬂzwgenﬁt epvwlga%ﬂm g0t sAhderepidEinglss h oY eqompgigon,

th f l (0] e e ures
Sper L o WfREREHTE 28 g ol U By P Rl g Rhed@ bbb 1 g

Ann. Chem 76@3/1@!9 qre9me} anfapecid-cayalyesd dghydragienfor ﬂhszfy ﬁ@{bonmdlasio'qugn)
Onl'y_one. oxygen, At idled BE ML ERy Qorifed Rl R EarBBh WRY:RIgBH S bms! &1 010

directly deri from D-glucos e remal ning oxygen atons are derived
from Q2 20i aglengsare- The aingtted Iof dthex pteseiorisvention hir exyibesiz epkes! 2.3 .4-

pyrogal I ol %%hydroxybenzen_e 1 isthus a useful example 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,, & = 2.04 ppm} with dsacetone. 'C 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



phl orogl uci no possess the maxi nrum nunber of..oxygen atons attached to a
benzene nucl eus by the shikimate pathway or poI yketi de hi nt hesi |n lieu
of enzyme-catal yzed hydroxyl ation. At |east a dozen enz?ﬁﬁeyé rgbe;r Pred to
15 , disassenbl e and reassenble the carbon atons of D-glucose into the
benzene nucl eus of coenzyne Q pyrogall obkg,- and phl orogl uci nols. By
conparison, synthesis of 1,2,3,4-tetrahydroxybenzene 1 via nyo-inositol

i nt er medi acy Uremni;ltyesf Sauth\Cdroiura (élnmyrrtéa;. Sid %m@@ﬁﬂa@%iﬁlswz@d pgefhgrdedat i on

for all six carpgn aII four to r rom
the carbon ard ﬁ r?)'li'rgl tr}(i:%)sem'ltL% Er@n% F%LX%O%%CI?%‘SE%%{

i nvention forwe‘ryraieEEﬁ"msedo{lsﬂg 3 I\Beléﬂ'-emf:etl rraéiynt] omipbepgaAtIsl i s-t hus a useful
exanpl e of enzynme and atom (Trost n &

P.T., WIIianson, RT"G@' EEmatagiIntivy: Wzﬁevﬁa%ed ough ,tthrm 'tféég) @Q%og%aﬁ%sw in
or gam C syt @ﬁbr&atdﬂroﬁd@buﬁg N2 tod 4hainngyers sif gilich |geiaa® P§§51; avetgining degsant ur e
fromprewous bi ocat al tlc tic als,from D

gl ucose. fadigreicy) it %%F'%é%ﬁ@dégeg‘réﬂ\g ek lng%spec FRr B9t raé%Srded
on a 300 kahmﬂ?er clmamo@adphs‘;hrrtcmﬂmd pchbMRd$)p&eidif&ua>la@er@D0rted

O ot et TStk Famttof Whegpriie g mieh LATE VALY bR S =
3-(trimet hyl i bbrk:)faéme%ﬁh%ﬁvamaessﬂ% &h SR, 3.5% Bulfurfepiyd, WieacdR0acihs t he

sol vent, and to acetone (CHD2000D3, 6 = etone 13C NWR
spectra K e anécch-8e aisatdehygel f‘t'fﬁé’ﬁidcil‘/ srl‘ﬁpag'fqé fo:Dhm&t Hale, aﬁare

r epor ted (in r;?@tﬁ?ﬁorﬁ?&fmlﬂ'e' AiOBetbRe Aldr¥ Qirfe@ 4ldChDrddl over7gctﬁlal:)¢tf’r)_mdé eduht ive
to ppm, and_relative to intern 58—49 ppm
or 35 i nter naﬁOfé}lIS@\?"E‘(® undgr Ar.phefyahyqrafpeen EI‘l‘ﬂl‘:‘s t§'5él‘f’teFea Jlled PPt or med

by 23 Sept enbet, 2A08mZRdki ¥ek2hhinde IRAYL - @am{ebmad(mmeae d8@)led
El enental ana yses were performed by Atlantic M crgloab %Norcross

GA) . Mel ti ng fsan sediumeynden A gRd stared oxpiectivared Hate ﬁﬂﬂ‘élac &5 7igves YWAE Tenp
LT el ting p%rntoﬁgﬁﬁr@ﬁd{ﬁms@%r@duc@@mﬂﬁ% GP&VM@B@ carried out with a
Harri son Associ at es Chromatotron usin mn Za}/e};s of %E 5%2 gel
60 PF254 cont ai ni ﬂgz@‘ﬁgﬁﬂﬁmfﬂw%?@@)"e Ilsbfﬁe é'l 36 rangasom i r ck)
was used for (f agh wrsemhag&famwa 4Amhy&rbsz enle%en 1 aaar gcheonwmgaa@hy
(TLO) utlllzed pr ecoat ed \hi?ates of silica ck

or \hat man) . dimethyl alease yf-8 k. 3PP Ml 'BF?Q'M%} m%ﬁvaslﬂgaﬁ%%%é%%% st ain

(by vol une: %"h& Lalils soRiteoat WaloH (42 @:E)‘ (ﬂﬁer 20%inGetddin asthplerdfurandfidr 5%
ani sal dehyde) | owed by heating. D net or mam de, N neztohyéf or n| lid

and acet oHe v%heth?rl’leéw%{hwaﬁtdd\ﬂ@é %W%Hzgdépﬁ?ht‘%&rﬂ FHptehp for 12

The resulting precipitate was filtered, washed with H,0, and then recrystallized

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-Buliin 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,



nmol ecul ar sieves under Ar. Tetrahydrofuran and diethyl ether were distilled
under nitrogen from sodi um benzophenone Kketyl.. n- He e?’%”fﬁ F%QA wer e
distilled O -- from sodiumunder Ar and stored over activated T

nol ecul ar sieves under 15 Ar. Organic solutions of products were dried
over MSH. 7,2, 3,4-Tetranet hoxybenzen2112. Syper, L. et al., Tetrahedron
36: 123 (1980). A soI ution of 1,2, 3,4- tetrah&idroxybenzene §8 ,

mol ). and  divitthyffoglif 3 as e cleanail £3.61, 83%396H MM (CRCE: 01845 s Pji ﬁ@@added
dropwi se to u S t ( ) es, ty. room
t enper at ur e. ?%\f:f}ég:al'\%ﬁ& %% ts‘?lgceE ‘rge%g?l%fr{g\/\wg?ﬂga 1@3% 39 I-?Z%Ql]ﬂdb@}

cool ed to -2@ 1@d. 0r1469h14$tﬁa T48sl 120g. pP8E. f -t e0. 31\/&9 §.i99.8r &9.7. vvashed

wi th H20, and'the rec tallize om hexanes_tq af,f 8 69%

as col orl ess needf & tec{’%s‘g’f"zy@%%. ;%Hmﬁ{ﬁﬁ'z%ﬁglgl) o ?r% é@er%sségs%?_ 3.90
(s, 6 H i's. 821987). Gn-BliLi (1 FCIVHNRS rlQlGD@ia§)add&ﬂ dropWise oter3s 35 Mmideedioddd.al,

56. 3. Ana H 404 60. 59; 4, H,
7.07. 2.3, 4, SO0 et ok s 6%“#%""%‘”3%6 “ﬂo 11251 'ﬁ%"F Hiryena 48 3;16 123
(1980). To ansgl uBIrﬁmot)fthexafﬁe 42. 2ertnt_)aa‘e0h?ﬂyimdaizéme Tis ydlldwv gpred@itemol )

and TMEDA (6 anes

nd, T a
under "Ar, CBD'i_ai’"’“q ﬁeaﬁ&?ﬁﬁ’a)‘tﬂe g’aﬁ/ﬁ S%" rT(1Iy)oCau"de{adlad féﬁ%) giij O P Ots[lggegver a
éobm n peri OdvnﬂgﬂHBQd-hhﬂ ag\ga?merqmsm)r hﬂm\fe@rb\sadm:m af Cacq l@ntﬁé‘i gAl .4
ubsequent to ro se_adarLtign ov.er
peri og t1% f@ﬁ%@lg%”ﬂﬁé’"% fqr d"'l"oartog_&”"%% ’g @Lutﬁmf f%a‘ﬁas 'felqgﬁeaggt}enched
by addi ti ﬁn ofs aﬁUﬁwssMh ofaﬁaeheemhgbﬂ(c@m .789 g, Thendly ighnkand @yek) waas .
sequenti a washed wit concentrate wat er ri an
concent rat | SABTMEN@dErDAHFCS Iy B GESod o HiraER 7 tas LA PESKT of TRt he.
residue by flsasdequBROBRIOIVAAIMG t4 hemnmpdaemamﬁdﬂ@ewedley Jaddaan of
Sept enber 2003 -21 . v/v) to afford oW@é ﬂ% /% h
(CDOI 3): 6 6sawrted ail“?ﬁus ‘&”é%“?é“”sana)et o ‘§ f"‘(’ Hijg the’ grganis b E3*“"*14)
3.79 (s, 13 Hwitr: c%acér&ratad Fth oﬁcvl}&v&(mﬂ B)rie uﬁhsl48llcﬂmedl4ﬁr QI;ylﬂQLSarEi
140.7, 125.7, 108.2, 61.0 9, 15. 7, Protect Zyme
14. Kei nan, EOnggntgtion. J"’udl@aﬂﬂeheﬁnth%ze%% byg radiggghro ‘Eﬁiﬁ‘i’ g 6N o 9
) was addeghidkQRW B&PYAHOACLD: 1valr}Qt¢fdr@edi 19 28 a Sadrwiti(o3efg, 572%8 "

a5 Wit BSetk Afadie il siad o TR b s M e T2
reaction mXgyre mas. ich(%n 33y, Qrc%h a1 n,@ under7As, $en, Beemsna HAlj maqel with
THE (4 nL) and ether C%%l 61 ovgveq t%y g{?ﬁlhqg‘ ge%%l 33#5%1410
mrol ). Afd%r Gkl-r ritnly Fbl‘ Inicn14f-80 18 7tfhd r 4 | ¢ 8
reduced to 1292, 125.4, 124.3, 124.1, 122.8, 61.1, 60.6, 39.7, 26.7, 26.5, 25.7, 25.8,
17.6, 16.2, 18.9, 11.7.
Coenzyme Q, 4. Keinan, E. et al., J. Org. Chem. 52:3872 {1987}. A
suspension maintained at0 °C resulting from addmon of pyridine-2, 6 -dicarboxylate
26 (0.125 ¢, 0.75 mmol) to a solution of protected coenzyme Q, 14 in CH, CN (1.4
mL) and water (0.6 mL) at O °C was reacted witha O o solution of (NH},Ce(NOC,);
(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



-78 C, and a solution of farnesyl bromde (0.285 g, 1 mmot) in hexane (2
m.} was dropw se added over a 30 mn period. Further h at
-78 C and subsequent slow warm ng to room tenperature \%vg's(‘é%pg%}?% %8
addition of saturated aqueous NH4Cl ( 10 mL) and ether (20 ni). V\ashl ng

t he organi c phase 15 with concentrated NedGH, water, and brine was foll owed
by drying and -concentration. Purlfl cation of the residue by radial

chr onat ogr aphy). 1-2%fm 3tHi te8ess3 HheRambYIR{€agk): g 18447/ VB3 fidhdded! %Qas a

ﬁil),eag %l | (0%3:% Qaﬁ‘%? sﬂsé\'Wéﬁz@q 3).; 5 §28. 8131? 80131({_?)3937 Hg 73269%

3 T3 (Y 2810353, 965163, AP.0.11 28 (5ﬁwmt@amcalcﬁ3@rmw3@@www i3
147.8. 147.6 4 134.9, 131.2, 129.2, 125.4. 124.3,
124.1 122. 8385%4597 %Lé"d6398%3§4§16 7. 26.5. 257, 256  17.6, 16.2 15.9
11.7. Coedzyme (B 4. Keinan, E eSPECIFIC EXAGIRLE £hem 52:3872 (1987). A

suspension Tai i ned SO MORRH Wb [LAMEET SPctrohe, ;o o
prot ect ed coenzyndy@32-inbsose OHFON Afiio- ufhosrtc)l (B d/Livatndm ¢Bin6sindl)1 -pitosph&ewas

crooN (0.4 g8 Tl S dge oy ELaR el hRe R O o Ry TRl ol

After -40 m NgRicoSe Ghdetrrfedmeamtfiem‘iemaﬂom/aomt&tiortsoasrdnsmibécanrmeaﬁmrEaampda

PhL S Y 30 oo B T 15 USRS DS PP A

organic phasesaeheé@:rdn’menat Thnt2nt nathed4 arad pnwa hj £8hpy8 hadndéb4 h. The

h (t t hi ck h 1 ffqrd 4 (0.053
AR AT LR G
5.05 (dd, JcﬂaVyzea delrydrhtibl) ,as4e94riedidin Shesifig, Exﬁnﬁﬂe 11 H, 3.99 (s, 3 H)

3.98 (s, 3 3
05 00150 Us s b Pl b2 g Surtigh Tua f ubles BBt o dgld undés By ' ©
1.58 (s, 13;|'|bmn3c36} cNMR’o{ GXB, 3pd sdrAl 181 Tencd 8B, Byo-ihdditd.1-gibdpRate sﬁrﬁﬂ:asfb,

138.8,137.6.135.2 13} 124.3,123.8,118.8,61.1,39.7, 26 ﬁ

17.6, 16.3, 38dvas gloged guyieot RGeSt G A ER 4P wz:&y mgﬁ%%s"?h%
Found: 386. Zéﬁ;'locédSREﬁHeEb@ EX%/haEmA vyhtibred sulChf BYyoH2- sutasase By A Si ngI e
M crobe Mo-2-inosose (1 gllL), - | [ glL), and nyo inositol-|I
-phosphate (3.1 g/L) were synt heméPEé@&ﬁbkgh%k%JV\FllpADz 28A in 9.6%

(nmol I nol ) yield fromogbmmeomaes 4t1%dralhaamhymafzmtratnngaaemd| tions, as

descr | bogorn Spechil GiaLe 10 & o 1% NBHTHS AL abaRdh Rl 6"

25. 3,

was freeze-thaw degassed three times under Ar. This solution was then added via

cannula under Arto a 250 mL Parr bottle containing 1 ,2,3,4—tetrahydrokybenzene

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

then éeé]ed with a septum. The resulting red/brown solution was hydrogenéted

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



added each tinme) at 7 h, 12 h, 18 h, 24 h, 30 h, 36 h, 42 h, 48 h, and 54
h. The nmnyo-2-inosose can then be converted to 1,2, 3, 4-tetyrahydro nzene
by aci d- catal yzed dehydrati on as described in Specificé%éﬁ%g bﬁé%ggasnid
pAD2. 28A carries INO/ under Prat pronoter control, iolG under Pra, 15.
pronoter control, ‘lacf, and serA |INO V gocodes nyo-inositol-1 -phosphate
synt hase and was cl oned out of Saccharonyces cerevisiae. |Inositol
dehydrogenasg i-sq,&naRdeskidy e Gt sbsompdiivity wRsviahoned aunsofthat
Baci |l us subtilis. SPECI FI C EXAMPLE 5 Conversion O ) .

1, 2, 3, 4- Tet r earicds osfyanaes e meoditicatipna gand oRrFEeNE §a (e Brrdgotherdni wihet 0. 4 g
of NaOH (10 I i e roaeSRiolMce

ti mes -under %%%ﬁ¥ﬁfzéﬁgkﬁfgghpaégSghgﬁgggggﬁvéﬁgﬁ;g%ﬁﬁﬁw%ﬁunde?%Ar tg a 250
nL Parr botttleincont ai ni ng 1, 2, 3, 4-t et rahydr oxybenzene (1.42 g, 10 nmol)
and 5% RhfA1203 (Qy ' | al ed
wth a seétunl Thg"%%Eﬁ%??%ghggﬁ¥%ﬁSﬁﬁﬁggﬁhﬁﬁgﬁg%gg%ﬁ§§$§§§ﬁ§$é§§3%§ﬁnder
50 psi. H2 using a Parr Hydrogenator. After 12 h, the solution was filtered
through Celite(c) and the catalyst rinsed with 10 nL H2O. -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

t hat -had been degassed by aeration with Ar for 20 m nutes. The sol ution
was heated to reflux under Ar for 30 1 2h, cooled to roomtenperature, and
then extracted with Et20 (4 x 50 nmL). The conbined organic |ayers were
dried over MyS®4, filtered and concentrated to a brown oil. Kugel - Rohr
distillation of the oil under vacuum (1 nmHg) at 90 C afforded 0.56 ¢
pyrogal lol (4.44 mol, 44%vyield) as a white, crystalline solid. The

f oregoi ng di scussi on di scl oses and describes nerely exenplary 35 :
enbodi nents of the present invention. One skilled in the art. will readily
recogni ze 23 Septenber 2003 -23- from such discussion, and fromthe '
acconpanyi ng drawi ngs and clains, that various changes, nodifications and
vari ati ons can be nmade therein without departing fromthe spirit and scope
of the invention as defined in the followwng <clains. 5 All references
cited herein are incorporated 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-tetrahydroxybenzene, conprising: a) incubating, in the presence of
a carbon source, a first mcrobe conprising a :



reconmbi nant DNA encodi ng nyo-inositol -1-phosphate synthase and a second

m crobe conprising a DNA encodi ng i nositol dehydrogena rod

nyo- 2-i nosose; and b) converting the myo-2-inosose to s éepté) berlﬁ%%3

1,2, 3,4-tetrahydroxybenzene by acid catalyzed dehydration. 2. The nethod
of claim1l wherein the first m crob®e %‘brrbrises an |INO gene. 3. The nethod
of claim2 wherein the INO gene conprises a Saccharonyces cerevisiae

| NO  geneWHAT FheLAMIESHISSf clai m 3 wherein the | NO gene conprises pAD 1.
88A. 5. The nethod of claim| wherein the first mcrobe is an Escherichia
col . 6.1.Phmetmt iadyofhesik af i3, eembidrok ytenkseheosmgribigg:col i is

JWF1/ pADL. 88A a) Tncublting i the gradéndel cliaatbonlisiit,h filRemsRENChnPriibe IS a

G uconobaetibifay TS encdllingl oINS -Bhosphat @}r?thm%hﬁ'a@eéd?ﬁ vlcHhgnobact er
oxydans | oufGlagbAINALnodNEy mmqieﬁpdl{agaiageéo &L; otf'?no%ggeog%m crobe

conprises ar Hmelgﬁlgg
nmet hod Ofca&ll)% F FTel %h 52‘255%@‘%0& to¥ ogcé(%]ase
conprises a ‘BacilTus subtilis iol G gene. 11. The mnet hod of claim 1l wherein

the carb our | uc met hod for nt hesi s of

1, 2,3, 4-t lT?l &éﬁr@’r‘l‘? hgf‘&‘&r’?@‘?F%gfﬂﬁ?m%c‘?‘ﬂw?ﬁéﬁ’i‘ﬁ&gylgﬁ“ft he presence of

a carbon source m crobe conprising reconbi nant DNA encoding: i)

nyo- i-nosi dhe meﬁms'l it Zsyyharpiadiac /Al geno comipised a Stcchietoyiceyenase; t her eby
pr oduci ngergyiiae iNGYsgese; and b) converting the myo-2-inosose to

1, 2, 3, 4-tetrahydroxybenzene by acid catal yzed dehydration. 13. The net hod
of cl ai m4l ThehetieidrofichemByohdraiashd VG! fenedafppided gABYRBAAase conprises an

I NO gene. 14. The nethod of claim 13 wherein the INO gene conprises a

- Sacchar ory/ 88 meARKIY ichiRa wiNGbin IR Brst &1%:-01?@@ afr%sb;?é#m%ia &igi m 14 wherein the
| NOL gene conprises pAD2.28A. 16. The nethod of clal m 12 wherein the

o OO0, AR nieB R 3 kdin (B RBBLENDShy £ PR A g4 T The Tt hod of

claim 12 wherein encod I 'NOSI nase Abonprl ses a

Baci | | us tilis ne, 18. The nethod of claim 12 wherein the carbon
sour ce chn’BLB? E’«?g'o I"E&gé‘g% Tei, the SeCHMEES ?%i&fﬁcoo{“’#@ﬁ‘ﬁfn%yﬂé’f‘ﬁ- DNA
encodi ng 0-inosito {;I - phosphat e _ ]

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.



. synthase. 20. The m crobe of claim 19 wherein the reconbi nant DNA encodi ng
a nyo-inositol- 1-phosphate synthase conprises an | NO 21 T

m crobe of claim20 wherein the INO gene conprises a S%ggi%ﬁt?fﬁ?%re{b%e’

cerevisiae INO gene. 22. The mcrobe of claim 21 wherein the INO gene

conprises pAD .88A. 23. The m crobe-o%5ctaim 19 which is an Escherichia

coll. 24. The mcrobe of claim23 wherein the Escherichia coli is

JWFI / pADIL788ke med®d of hlaimil ivdizecin thedDNiAnent8difig inidsdol debmyrogsiasg a

reconbi nanpbbes eBeolbisnabrilinadlzteohe.dehydr ogenase. 26. The m crobe of claim

25 further conprising wherein the reconbi nant DNA encodi ng inositol

dehydr oggRatRe fefdtict 8Rird 1Batickditi the Gl sobifecicOmprisd®Bucodd. A fernmentation
conposition conprising a first mcrobe which conprises a reconbi nant DNA

encodi ng - ital - L. 3 1 1 conpri si ng
a DNA en e ﬂlfelpoygs??t 8}15@2%33%%%%%?@%%& & %??rrego(rgl{t@t Fhﬁésg’g%sosi tion of
claim 27 erein the first mcrobe conprises an |INO gene. 29. The
fernmentatjon conposition of c|laim28 wherein | NO.. gene conprises a
Sacchar or%})cﬁée el afjclaim {&)VL?)‘SW&.EG ERyompHant ‘é&e#e?ﬁcaﬁngﬁ X8 on of

cl ai m 29 lyphosehate sdhasepmpaEsss apdNpYiss8e pl asnid pAD 1.88A. 31. The
fermentation conposition of claim27 wherein the first mcrobe is an

Escher.i cRilaThomicro32of cldim 2¢ wheremtthe INGA! gompessiprisona Shcabliadmmcasl wherein t he
Escher i cleeeevisdle INGY geh®F1/ pAD | . 88A. 33. The fernentation conposition of
claim 27 wherein the second mcrobe is @ uconobacter oxydans. 34. The

f er ment abpOThe RGOS dfi RimOE 1 whérein tBS IMDE kehdcdnRiset paDI@BACt er oxydans is
ATCC 621. 23 Septenber 2003 - 26 35. The fernentation conposition of claim

27 wher eizgé’ﬁfﬂ@m%Gl?é‘&éﬂig%@bﬁhigﬁ?M ES®Srignikh 86801 nant. DNA encodi ng

i nositol ydr ogenase. ernmentation conposition of claim35

wher ei n e .encodi ng inpsjtol . dehydrogenase i Baci | | us

subt 111 ZoT Gisase o stm AP hirtin s Ereir 28Rt s P RAIE AR o7 1 ur't her

conpri si 2#3 | ucose. 38. A fernmentation, conpositjon conprising a mcrobe
r

whi ch co hemigrabepfifilaignt9 turther comprising a recombinant DNA encoding
inositol dehydrogenase.

p—

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.



DNA encodi ng nyo-inositol -I-phosphate synthase and inositol dehydrogenase.

39. The fernentation conposition claim38 wherein the r I nant
encodi ng nyo-inositol-I-phosphate synthase conpri ses a%%ﬁ%en?%ﬁgblé4o.

The fernmentation conposition of claim39 wherein the INJ gene conprises
an Saccharomnmyces cerevisiae INOL ene. 41. The fernentati on conposition of
claim40 wherein the INO gene conprise$ -plasmd pAD2.28 . 42. The
fermentation conposition of claim38 wherein the mcrobe is an Escherichia .
coli. 4335Thee feempmnticrt ¢ampastimpadicldimr? 7o fwheran thes2cerdangirobet he DNA encodi ng
I nosi t ol conghydraogesmbiearcdliAiceesdiag Bositdlldehyduptnake.s | ol G gene. 44. The
fermentation conposition of claim38 further conprising glucose.

36. The fermentation composition of claim 35 wherein the DNA encoding inositol

dehydrogenase comprises a Bacillus subtilis iolG gene.

37. The fermentation composition of claim 27 further comprising glucose.

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

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 wherein 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.



