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A TRANSKETOLASE-BASED SYNTHESIS OF (+)-exo-BREVICOMIN
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Abstract The natural ly occurring beetle pheromone (+)-cxo-brevicomin was synthesized by a strategy
combining chemical and enzymatic steps. The commercial ly avai lable enzyme transketolase (EC 2.2.1.I)
catalyzed the condensation of B-hydroxypyruvic acid ancl 2-hydroxybutyraldehyde to furnish the central
intermediate in the sequence, optically active hydroxyketone 5. A short sequence converted ketose 5 to protected
aldose 8. Wittig extension of the aldehyde followed by hydrogenation and ketal hydrolysis generated the title
compound.

Transketolase (TK) (EC2.2.1.1) is a readily available enzyme that catalyzes the transfer of a two-carbon

ketol unit from a ketose to an aldose.l In vivo, as part of the pentose cycle, TK reversibly transfers the CI-CZ

ketol unit  from D-xylulose-5-phosphate to D-ribose-5-phosphate and generates D-sedoheptulose-7-phosphate

and D-glyceraldehyde-3-phosphate. Thiamine pyrophosphate tTPP) and magnesium(II) are co-factors for this

process. Srere eral.  demonsrrated that B-hydroxypvruvic lrcid (HPA, l)  is a substrate forTK and wil l  donate a

ketol moiety.2 The decarboxylat ion of B-hydroxypynrvate and subsequent loss of carbon dioxide from the

reaction mixture render the overal l  condensation reaction ineversible (Eq. 1). The result of the TK-catalyzed

condensation of HPA and 2-hydroxy aldehydes is a vicinal diol possessing the D-threo configuration. TK is

stereospecif ic: i t  accepts only the D-enantiomer of 2-h1,f lroxy aldehydes (aldoses), and produces the threo

isomer of the product with high diastereoselectivi ty.- l  These characterist ics make transketolase useful for the

preparation of chiral synthons.

New C-C Bond

The pheromone (+)-exo-brevicomin+ 1C; (Scheme l) provides a simple target with which to test the

synthetic utility of transketolase, since its vicinal diol rnoiety is in the D-threo configuration andcan be obtained

from a stereoselective, TK-catalyzed transfornration. We envisioned tr ihydroxy ketone 5 as the central
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intermediate in a synthetic strategy wherein compound 5 is synthesized directly from 2-h-v"droxy buty'raldehyde

(6) by a stereoselective ketol transfer process catalyzed by TK.

Ho-r

- ,,H
D-threo{t"'l-o?Me g D-threo{ to-f_o* ----> *l_"- (scheme 1)
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In this letter, we describe a total synthesis of (+)-cro-brevicomin that utilizes transketolase from baker's

yeast as the sole source of enantioselectivity (Scheme 2). We used racemic 2-hydroxy butyraldehyde as the

start ing material,  taking advantage of the abi l i ty of transketolase to effect a kinetic resolut ion of racemic

substrates. We prepared 6 direct ly by ozonolysis of commercial ly avai lable (Aldrich) DL 3-hvdroxr'-1-butene

(O3,  CH2C12;Zn,  HOAc) .  A idehyde 6 is  a  good subst ra t "  for  t ransketo lase (V6l \ 'g l rccra ld . .h id . .  =  0 . -11) .5
' f reatment  

o f  6  (10-40 mmol)  and HPA (1.2  equi r ' . ,  Srgnt l r )  rv i th  t ranske to lase ( i0-2-5 Ut  and the requi red

cofactors magnesium(Il)  chloride (3.0 mM) and TPP t0. l  m\1, Srgma.t ar pI{ 7.5 effected the smooth

conversion of 6 to hydroxy ketone 5 in 45Vo yield (909i, of theoretical yieid).6'7 Without pH conrrol,  the

medium became more basic as the reaction progressed. We nraintained the pH at 7.5 using a pH controller and
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0.1 M HCl. Compound 5 was isolated by continuous extraction of the reaction mixture with ethyl acetate and

was purified by silica gel chromatography (l5%o MeOH in ethyl acetate). Selective protection of the secondary

hydroxyl goups was accomplished by zinc iodide mediated ketalization of 5 in anhydrous acetone to afford

acetonide 7 in 86Vo yield.S We converted hydroxyketone 7 to its corresponding diastereomeric esters using R

andSMosher 'sac idandfoundtheenant iomer icexcess of  T ,andhencetheent i resequence, tobegreater than

95Vo.9 Having successfully blocked the vicinal diol moiety, we were now ready to excise C-1 converting

hydroxy ketone 7 to aldehyde 8.

We accomplished the conversion of 7 to 8 in two operations without purification of intermediates. The

carbonyl moiety of 7 was reduced with NaBH4 to the corresponding 1,2-diol. Oxidative cleavage of the diol

with NaIO4 in buffered (pH 7 phosphate buffer) aqueous acetone gave the desired aldehyde 8. The remaining

carbons required for (+)-exo-brevicomin were added in a single step via Wittig reagent 9.10 Addition of a THF

solution of aldehyde 8, used directly from NalO4 cleavage without purification, to the freshly prepared solution

of 9 resulted in the formation of the corresponding Z-alkene (60Vo yield from 7). Hydrogenation (1 atm H2,

hexanes, 20 min) of the alkene over Pearlman's catalyst furnished the saturated compound l0 in ca. 857o

yield. l l  In their synthesis of (+)-exo-brevicomin, Kotsuki et al.hadprepared 10.12 Analyt ical data obtained

for 10 were compared with publ ished data and unambiguously establ ished the identi ty of our sample. We

converted this material to (+)-exo-brevicomin by mild acid catalyzed transketalization with p-toluenesulfonic

acid in dichloromethane, fol lowing the procedure of Kotsuki et a\.12 We confirmed the identi ty of the

enzymatical ly-obtained sample of (+)-exo-brevicomin by lH NMR, 13C NMR, and GCAIRMS.13

In summary, we have demonsffated the synthetic ut i l i ty of the enzyme transketolase (EC 2.2.1.1) in the

enantiospecific synthesis of (+)-exo-brevicomin. Starting from racemic 2-hydroxy butyraldehyde the synthesis

of the title compound utilized the capacity of TK to effect a kinetic resolution of the DL mixture to dictate the

enantiospecificity of the entire sequence. We are currently engaged in further studies concerning the use of

transketolase in synthesis.
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Standard ketalization conditions gave unsatisfactory results. For example, catalytic p-toluene sulfonic
acid (TsOH) in anhydrous acetone with anhydrous copper sulfate as desiccant led to incomplete reaction
and several side products. Catalytic TsOH in 2,2-dimethoxy propme afforded the dimethyl ketal of
acetonide 7 as the major product.

Mosher's acid: cr-methoxy-o-trifluoromethylphenylacetic acid. At 300 MHz in CDCI3, the lH NMR

spectra for the diastereomeric R and S Mosher's esters of 7 gave readily distinguished ABo resonances
for the C(1) methylene moieties: R-Mosher's esrer of 7;5.16 ppm ABq (Jab = 18.33 Hz, Lv = 100.83
Hz). S-Mosher's ester of 7; 5.t1 pprn ABq (Jn5 = 17 .9l Hz, Av = 95.64 Hz). For prepararion of the

esters .  see:  Dale ,  J .  A. ;  Dul i ,  D.  L . ;  Mosher ,  I -1 .  s .  / .  org .  Chem.34,  (1969) ,2543.

Phosphorane 9 was prepared from methyl vinyl ketone as describe by Stowell and Keith (Stowell, J. C.
and Keith, D. R. Synrftesis,1979,132). Treatment of the phosphonium bromide precursor in hexanes
with butyllithium furnished 9.

Pearlman's catalyst: Palladium hydroxide on carbon. See P. N. Rylander, "Catalytic Hydrogenation
over Plat inum Metals," Academic Press, New york, Ny, 1967, p. 464.
H. Kotsuki,  I .  Kadota, and M. Ochi, Tetrahedron Lett. ,30 (1989) 3999. [cr]20o +15.84 (c,0.80,

CHCI3)  l i t  [c r ] l7p +16.8 (c ,0 .80,  CHCI3) .
lH- and 13C NMR spectral data of (+)-exo-brevicomin obtained from the transketolase-based strategy
were compaired to published data (see reference 4). GCAIRMS for C9H1602 expected 156.0115, found
r56.tt46.
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