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Abstmct The optreally acnve cyclohexenol denvahves k-d, and IOa-c are synthesrsed from (-)-6, which IS obtarned by 

enrymattc ester hydrolysu of racemtc 8 Attempts towards the syntheas of the t- skeleton are described 

A number of natural products contam structural units related to 4-hydroxy-3-methyl-2-cyclohexenone 

6 Some examples are tax01 (l)‘, Junceelloides (2)2, pouostde (3)3, chapmolm (4)4 and a recently isolated 

monocyclic mpterpen from Compostrae species (5)5 An efficient synthems of both enanttomers of 6 would 

therefore be desirable 
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We now report a short route to (+) and (-)-6 vlu enzymahc asymmemc hydrolys& of the correspondmg 

racenuc acetate 8 (Scheme 1) Our attempts to use (-)-6 for the synthesis of taxane related denvahves7 

(Scheme 2 and 3) are also reported 

RESULTS AND DISCUSSION 

Epoxulatlon of 3-methyl-3-cyclohexenone (7, Scheme 2), with peracenc acid followed by methyl- 

amme promoted lsomenzatlon of the mtermtiate epoxlde gave the allyhc alcohol 6,* which was acetylated 

to gwe 8 1117 1 % overall yield from 7. Several enzymes were then screened (0 3 M aqueous Tns-buffer at pH 

7 5 and 20°C) for the hydrolysis of 8 (Table I) While a number of enzymes gave racenuc material? SIX of 

them (Enmes l-6) gave an optically active product, although with modest enantlomenc excess (ee) 

10a X-THP 9a X - THP (94%) 09 
lob X - TSDMS 9b X - TSDMS (92%) 
1Oc X = TSDPS 9c X - TSDPS (95%) 

9d X - Bzl (40%) 

Scheme 1 a CH3C03H, b Et3N, ’ (Ac)~O, Et(&‘r)2N, 

d PLE, e Na2C03, MeOH, f DHP, H+ or TBDMSCI, 

umdazol or TBDPSCI, umdazol or BzlBr, Ag20, 

g CH2=CHMgBr, CuBr SMe2, TMSCl, TMEDA 

lo- 

CD 

I 0 

200 225 250 275 300 

1 (nm) 

Fig 1 CD and UV spectra of the p- 

mtrobenzoate of (-)-6. 

The major stereolsomer of the resultmg alcohol had (R)-configuranon m all cases except for the use of 

rabbit hver esterase (RLE) (entry 5) It 1s well documented that different additives or the use of mixed 

solvents may influence the reaction rate and the enanuoselecnvny of the enzymes lo-l4 The effect of the 

addition of some organic solvents on the reacnons catalyzed by pig liver esterase (PLE) and RLE are shown 

m Enmes 7-13 These enzymes were chosen as they most rapldly gave the highest ee’s of 6 The addmon of 

t-BuOH and dnsopropyl ether to the reaction nuxture contaunng RLE caused a dramatic decrease m reaction 

rate while for PLE the reaction rate was essennally unaffected However, the enannoselectlvlty decreased 
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from about 60 to 40 % ee. In the PLB-catalyzed reaction the addmon of 8 % DMSO mcreased the ee (Entry 

12). whde a decrease was observed 111 the RLE-catalyzed reaction (Entry 9) The best nsult (90% ee) vvlth 

PLE was obtamed m 25 % DMSO @my 13) As reporkd earher, dtfferent PLE preparatmns may show 

different degrees of select~ty 13.14 Thus, when performmg the hydrolysis in 25% DMSO usmg PLE from 

dlffexent sources (Pluka, Boehrmger-Mannham, and several batches from Sigma) the ee of (+)-6 ranged 

from 75 to 90 96. 

Table 1 Enzymatic Hydrolysis of 8 to Give 6 9 

entry enzymea addmve conversmn (%)b reaction hme ee (%)“of 6 confu of 6 

1 hf.W~lhlS ,l18Wd 
2 2212 EC 

3 Arthmbacter sp f 

4 Acetylcolme estemseg 

5 Rabbtt hver esteta& 

6 hg hver esteraseg 

I Rabbtt hver esterasc 

8 Rabbtt bver esterase 

9 Rabbit hver esteraX 

10 hg hver esterase 

11 Ptg hver esterase 

12 Ptg hver estetase 

13 Ptg hver esterase 

14 Pig hver esterase 

__ 

__ 

__ 

__ 

__ 

8% (W20 

8% t-BuOH 

8% DMSO 

8% (tPr)20 

8% t-BuOH 

8% DMSO 

25% DMSO 

25% DMSO 

49 

45 

45 

40 

40 

48 

h __ 

h __ 

41 

45 

45 

41 

45 

62 

%h 

35h 

2 week 

72h 

24h 

2h 

__ 

__ __ 

30h 37 

2h 42 

2h 45 

2h 76 

10h 90 

30h 99’ 

34 

34 

54 

60 

66 

63 

a) Ltpase. unless othw~se noted. b) The reacttons were momtoted by GC c) The enanttomenc excess was determmed 

from ‘H NMR spectra of the esters of (-)-menthyloxyacettc actd m presence of Eu(fod)3 d) Fluke e) R(lhm 

f) Sumttomo Chemtcal Co g) Sigma. h) Very slow reaction I) The absolute configuratton and the % ee refers to that of 

the alcohol obtamed from hydrolysis of the remammg acetate 

In cases with low selecnvlty It 1s possible to obtam the remammg enannomer m high ee by mcreastng 

the degree of conversion I5 Hence, hydrolysis of the acetate remauung at 62 46 conversion by the use of PLE 

(Entry 14), gave (-)-6 m 32% yield with >99% ee I6 Enzyme catalyzed ester hydrolysis usmg Arthrobacter 

hpase has recently been applied to compounds structurally smular to 8, e g the acetate of 4-hydroxy-3- 

methyl-2-(2-propynyl)-2-cyclopentenone (HMPC) *‘N The hydrolysis of this acetate 1s very stereospeclfic 

and gves (+)-HMPC m 99 4% ee As seen in entry 3 the use of 8 as substrate results m a very slow reactlon 
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yieldmg (+)-a m only 54% ee This low selecttvtty 1s consrstent wrtb the model of the enzyme-substrate 

brndmg site presented by Mitsuda et al Accordmg to the model the substrate should carry a hpophhc side 

arm at C-2 to grve the highest enanhoselecttvtty. a structural feature that 8 is lackmg 

The absolute configuratton of (-)-6 was detenmned by the exciton chtrahty method lp2t The CD- 

spectrum of its p-mtrobenzoate (Frg. 1) shows a large negatrve Cotton-effect (%c -14 5) in the region of 

the p-mtrobenzoate x - x* transmon (253 nm, E 13100) mdtcatmg that tbe compound has the (S)- 

configuratron. Further support for thrs is obtamed by comparmg the expenmental and the calculated CD- 

spectrum The negattve Cotton-effect at 250 nm is reproduced m the calculated spectrums although the 

amplitude 1s lower than m the experimental curve 

Selecuve protection of alcohol (-)-6 as the benzyl ether 9d without affecang the ketone proved to be an 

arduous task Both basic and acrdic reactron condiuons gave by-products formed vra enolisatton and ammatt- 

muon The best results were obtamed using Ag20 / BzlBr in DMF 24 Benzyl ether 9d was then formed m 30 

- 40 % yield in a rather capricious reactton However, the THP, TBDMS (t-butykltmethylsilyl), and TBDPS 

(t-butyhhphenylsilyl) derivatives 9a-c could be obtamed 111 good yields, usmg standard procedures 

The cyclohexauol nng of all the prevtously mentroned natural products (l-5) carries a tertrary center 

next to the alcohol group Thus, it is necessary to attach at C-3 of 6 a carbon cham or a groupmg that could 

be transformed mto various structures The vinyl moiety would be one such an alternauve We therfore ex- 

amined the posnhhty of copper mediated coqugate &tion of vmylmagnesrum brormde and found that the 

reagent formed from CuBr SMe, (1 equv), vmylmagnesn.tm bromide (2 equv), (TMEDA) (2 equtv) and 

(TMSCl) (2 5 equiv) gave the silyl enol ethers lOa-c m hrgh yields Z (Scheme 1) The expected anu-addtnon 

relative to the oxygen substituent at C(y) was supported by NOESY experiments. 

In cotquctron wnh a prolect directed towards the synthesis of taxanes we envisaged that silyl enol 

ethers lOa-c would be useful for the attachment of suitable A-nng umts In this respect the results of Kende 

et al ,% who used a Lewis acid promoted coupling of an acetal and a silyl enol ether m a syntheses of a race- 

nut taxane skeleton, seemed encouraging Thus, when silyl enol ether 1Oc was treated wrth l,l- 

dtethoxyethane/SnC14 or 2-cyclohexyl- 1,3-dloxane/TiCl4 at -75’C, smooth reactions occurred to give mamly 

the axial couplmg products 11 and 12, respecnvely (Scheme 2) 

OTSDPS 

-0 O 

wl 

SnCI, TICI., 
OTMS HO-0 0 

lla 10 12 

Scheme 2 

The conliguratton at C-2 m these denvattves 1s opposrte to that of the correspondmg positron in the 

taxanes (C-3 m the taxane numbenng system), but may be changed later m the syntheses We therefore turned 



Optically active cyclohexenol denvaaves 
5887 

to the synthesis of A-nng acetall m order to attempt the aldol-type couplmg ~th 1Oc Acetall was 

synthensed from the known aldehyde lp by the followmg sequence (Scheme 3) Treatment of aldehyde 13 

with 1,2-b~s([mmethylsilylloxy) ethane and a catalync amount of trnnethylsllyl tnfla# resulted m acetal- 

tzation together with lactomzanon and cleavage of the TBDMS ether Compound 14 was then obtamed m 85 

% yield by reprotaon of the hydroxyl group 

13 (R - H) 14 

Scheme 3 a (~?vISOCX$~ TMSOTf b TEtDMSOTf, ~,~-Lu~I&IE 

Unfortunately, no reaction was observed when acetall and sllyl enol ether 1Oc were treated with ex- 

cess SnC14, TlCl4 or BF3 OEt2, not even at elevated temperature for several days Equally unsuccessful was 

the attempted aldol reacuon of the metal enolates obtamed by treatmg sllyl enol ether 10a with MeLl 

(alternatlvely followed by ZnC12 to give the ZnCl-enolate or MgC12 to @ve the MgCl-enolate) with aldehyde 

~~(R=LI~~TMS)*~ 

EXPERIMENTAL. 

All liquid chromatography separanons were performed usmg Merck SlO, 60 (0 040-O 063 mm) slhca 

gel TLC analyses were done on Merck SIO, 60 F2% precoated alummum sheets and the spots were 

visualized with UV light or by chamng with 5 % molybdatophosphonc actd m ethanol NMR-spectra were 

recorded at 23OC with a Vanan XL-300 spectrometer operatmg at 300 MHz proton frequency (software 

version 6 2) using CDC$ as solvent and CHCl, as Internal standard (6 7 26 ppm as compared to TMS) 

Optical rotahons were measured with a Perkm-Elmer 141 polanmeter Mass spectra were recorded on a 

Fmmgan 4021 spectrometer (electron impact mode) and a Jeol JMS-SX 102 for the high resoluuon mass 

spectra CD spectra were recorded on a Jasco J-41A spectropolanmeter and UV spectra were obtnned with a 

Vanan Carry 2290 Spectrophotometer GC analyses were camed out on a Vanan 3700 gas chromatograph 

equipped wth a RSL-300 capllhuy column at 130°C Vmyhnagnesmm bromde m THF was purchased from 

Alfa Ventron Magnesium sulfate was used as drymg reagent for organic extracts 

4-Hydroxy-3-methyl-2-cyclohexenone (6) Peracetic acld’O (10 0 mL, 1 M, 10 0 mmol) saturated with 

NaOAc, was added dropwrse over 30 mm to a stmed suspension of Na2C03 (10 0 g, 94 3 mmol) and 

731(0 87 g, 7 9 mmol) m CH2C12 (125 mL) After 120 mm of addmonal shrnng, the reacuon tmxture was 

washed with saturated aqueous NaHC03 and dned Tnethylamme (2 2 mL, 16 mmol) was added and the 





Optuzally acnve cyclohexenol denvatrves 
5889 

(4S)-3-Methyl-4-[(tetrahydropyranyl)oxyl-2-cyclobexenone @a). Compound 9a was prepared from 

(-)-a (0 50 g, 4 0 mmol), DHP (0 60 mL. 6 6 mmol) and pyndmuun tosylate (0 10 0 40 mmol) m CH2C12 g, 

(20 mL) 33 Chromatography (heptane-EtOAc. 5 1) gave 9a (0 78 g, 94%) as a clear orl [cz],~~ - 36 3O (c 

OSl,CDCl+ 1HNMR6583,589(2m,1H,2-H),475-482(m.1H,THP),424,439(2m,1H,4-H), 

3 57,3 92 (2 m, 2 H. THP), 2 50-2 63 (m, 1 H, 6-I-I), 2 09-2 40 (m, 3 H, 5-H, 6-H), 198,2 08 (2 3 m, H, 

CH$. 150-l 90 (m, 6 H, THP) Anal Calcd for C12H1803 C, 68 55, H, 8 63 Found C, 68 39, H, 8 72 

EIMS m/e 210 (M!) 

(S)-4-[(t-Butyldimethylsilyl)oxy]-3-methyl-2-cyclohexenone (9b). Compound 9b was prepared from 

(-)-a (0 10 g, 0 79 mmol). TBDMSCl(09 20 g, 1 3 mmol) and rmrdaxol(0 17 g, 2 5 mmol) m DMF (1 0 

rnL) 34 Chromatography (heptane-EtOAc. 10 1) gave 9b (92%) as an or1 [cz],.,~~ - 32 1” (c 1 16, CDC$) ‘H 

NMR 6 5 82, (q, 1 H, 2-H), 4 35 (dd, 1 H, 2-H), 2 50-2 60 (m. 1 H, 6-H), 2 25-2 37 (m, 1 H, 6-I-I), 2 1 l-2 22 

(m, 1 H, 5-H), 191-2 05 (m. 1 H, 5-H), 1.98 (m, 3 H, CH3). 0 92 (s, 9 H, t-Bu), 0 13 (2 s, 6 H, SrMe3) Anal 

Calcd for Ct3&0,Sr C, 64 94, H, 10 06 Found C, 64 58, H, 10 29 EIMS m/e 183 (M”- t-Bu) 

(S)-4-[(t-Butyldiphenylsilyl)oxyl-3-methyl-2-cyclohexenone (SC). Compound 9c was prepared from 

(-)-6 (0 10 g, 0 79 mmol), TBDPSCl(0 23 mL, 1 5 mmol), urudaxol(0 20 g, 3 0 mmol) m DMF (10 mL) 34 

Chromatography (heptane-EtOAc, 10 1) gave 9c (95%) [a]o25 + 4 7’ (c 103, CDCI,) ‘H NMR 8 7 73, 

7 48 (2m, 10 H, phenyl), 5 80 (m, 1 H, 2-H), 4 35 (m, 1 H, 4-H), 2 45-2 56 (m, 1 H. 6-H), 187-2 17 (m, 3 H, 

5-H, 6-H), 1 95 (m. 3H, CH3), 109 (s, 9 H, t-Bu) Anal Calcd for C,~,O,SI C, 75 78, H, 7 74 Found C, 

75 7, H, 8 0 EIMS m/e 307 (I& - t-Bu) 

4-I(Benzyl)oxyl-3-methyl-2-cyclohexenone (9d). Compound 9d was prepared from 6 (0 10 g, 0 79 

mmol), BzlBr (0 50 g, 2 9 mmol)) and Ag20 (10 g, 4 3 mmol) m DMF (3 mL) 24 Chromatography (heptane- 

EtOAc, 5 1) gave 9d (3040%) ‘H NMR 6 7 28-7 40 (m, 5 H, phenyl), 5 87 (s, 1 H, 2-H), 4 65 (dd, 2 H, 

m2C6Hs), 4 07 (m, 1 H, 4-H), 2 55-2 65 (m, 1 H, 6-H), 2 21-2 36 (m, 2H, 5-H, 6-H), 2 04-2 17 (m, 2 H, 5- 

H), 2 02 (m, 3 H, CHs) Anal Calcd for C!,4H,eO$ir C, 77 75, H, 7 46 Found C, 77 8, H, 7 4 

(3S,4S)-3-Methyl-4-[(tetrahydropyranyl)oxyl-l-[(trimethylsilyl)oxy]-3-vinylcyclohexene (10a). 

Vutylmagnesmm bronude (192 mL of a 10 M solutron in THF, 192 mmol) was added dropwrse dunng 20 

mm to CuBr SMe, (196 mg, 0 960 mmol) m THF (4 mL) at -75’C under mtrogen The nuxture was surred 

at -75’C for 20 mm Then TMEDA (0 28 mL, 19 mmol) was added, followed by TMSCI (0 30 mL, 2 4 

mmol) and a soluuon of 9a (0 10 g, 0 48 mmol) in THF (0 5 mL) The reactton nuxture was snrred at -75OC 

for 180 mm whereafter the coohng bath was allowed to warm slowly to room temperature After sumng for 

16 h, the reactron nuxture was drluted wrth hexane, washed successrvely with water and saturated aqueous 

NaHC03, dned and concentrated under reduced pressure to give crude 10a (0 150 g, 100%) A small amount 
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(25,3S, 4S)-4-[(t-butyldiphenylsilyl)oxy]-2-(l~th~yethy~)-3-Methyl-3-~yl cyclohexanone (lla) 

and (2R, 35, 4S)_4-[(t-butyldip~ny~iiyl)o~J-2-(l~thoxyethyl)-~Methyl-~~nyl~~ohexanone (llb). 

S&l4 (0 12 mL of a 1.0 M sohmon in CH2Cl2.0.12 mmol) was added drop~se to a soluhon of compound 

1Oc (56 mg, 0.12 mmol) and 1.1~dlethoxyethane (16 pL. 0.12 mmol) m CH2C12 (10 mL) at -7S“C under n1- 

trogen After stm-mg for 90 mm, the reachon rmxture was &luted ~nth &ethyl ether and washed with 

saturated aqueous NaHC03 The orgamc phase was dned and concentrated at reduced pressure Chromatog- 

raphy of the residue (heptane-EtOAc, 10 1) gave lla (39 mg. 71 %) and llb (8 mg, 14 96) 

lla ‘H NMR 6 7 72,7 38 (2 m, 10 H, phenyl), 5 76 (dd, 1 H, vmyl). 4 99 (dd, 1 H, vinyl), 4 93 (dd, 1 

H, vmyl). 3 78 (dd, 1 H, 4-H). 3.58-3 66 (m. 1 H), 3 47-3 57 (m. 1 H), 3 20-3 30 (m, 1 H), 2 95 (dd, 1 H, 2- 

H), 2 54-2 64 (m, 1 H, 6-H& 2 05-2 14 (m, 1 H, 6-H), 172-l 91 (m, 2 H, 5-H), 1.24 (s, 3 H, CH+, 1 18 (d, 3 

H, CH+, 1 11 (t. 3 H, CH& 1 10 (s, 9 H, t-Bu) 

lib* ‘H NMR 6 7 80,7 42 (2 m, 10 H. phenyl), 5 69 (dd, 1 H, vmyl), 4 98 (dd, l!H, vmyl), 4 96 (dd, 1 

H, vmyl), 3 87 (dd, 1 H, 4-H). 3 65-3 74 (m, 1 H), 3 43-3 55 (111, 1 H), 3 17-3 27 (m, 1 H), 2 47 (d, 1 H. 2-H), 

2 02-2 22 (m, 2 H. 6-H), 173-l 84 (m. 2 H, 5-H). 1 14 (s, 3 H, CH& l.W.1 16 (m, 6 H, 2 CH+, 103 (s, 9 

H, t-W Anal Calcd for ~~H4003S~ C, 74 95, H, 8 68 Found. C, 74 58, H. 8 60 CIMS m/e 464 (W) 

(2S, 3S, 4S)-4-[(t-butyldiphenylsilyl)oxy~-2-(cyclohexyl-[(3-hydrxypropyl)oxy] methyl)3- 

Methyl-3-vinylcyclohexanone (12). T1C14 (82 p.L of a 10 M solution 1n CH2C12, 82 pool) was added 

dropw1se to a solution of compound 1Oc (38 mg, 82 pmol) and 2-cyclohexyl-1.3~dloxane (14 mg, 82 pmol) 

1n CH2Cl2 (10 mL) at -75°C under nitrogen After stunng for 60 mm, the reacnon mixture was &luted with 

dlethyl ether and washed with saturated aqueous NaHC03 The organic phase was dned and concentrated at 

reduced pressure Chromatography of the residue (hexane-EtOAc, 5 1) gave 12 (28 mg, 60 8) ‘H NMR 6 

7 70,7 41 (2 m, 10 H, phenyl), 5 71 (dd, 1 H, vinyl), 4 93 (dd, 1 H, vmyl), 4 83 (dd, 1 H, vmyl), 3 85 (dd, 1 

H, 4-H), 3 54-3 79 (m, 5 H), 3 34 (d, 1 H, 2-H), 2 61-2 72 (m, 1 H, 6-H), 1 10-2 35 (m, 17 H), 127 (s, 3 H, 

CH& 1 16 (s, 9 H, t-Bu) Anal Calcd for C35H5004S1 C, 74 68, H, 8 95 Found C, 74 34, H, 9 38 CIMS 

m/e 563 (M++ H) 

(lS, 3S, SS)-1-(it-Butyldimethylsilylloxy)-S-(1, 3-d1oxa-2-cyclopentyl)-2-methylene-4, rl-dimethyl- 

3,5-cyclohexanecarbolactone (14) Brs([mmethyls1lyl]oxy)ethane (22 pL,, 88 pmol) and a solution of com- 

pound 13 (R = H)n (30 mg, 8 1 pmol) in CH2Cl2 (0 5 mL) was added successively to a soluuon of mmeth- 

yls1lylmflate (1 6 pL, 9 pmol) in CH2Cl2 (3 mL) at -75°C under nitrogen The xeacnon rmxture was stu-red 

at -75OC for 300 mm, whereafter the cooling bath was allowed to warm slowly to room temperature After 

sturmg for 48 h, the reaction rmxture was diluted with &ethyl ether and washed with saturated aqueous 

NaHC03. The organic phase was dncd and concentrated Short column flash chromatography of the residue 

(hexane-EtOAc, 1 1) gave (lS, 3S, 5S)-5-(1,3-&oxa-2-cyclopentyl)-l-hydroxy-2-methylene-4, 4-dlmethyl- 

3,5-cyclohexanecarbolactone (18 mg, 87 8) ‘H NMR 6 5 32 (d, 1 H, methylene), 5 05 (d, 1 H, methylene), 

5 03 (s, 1 H, acetal), 4 43 (m, 1 H, 3-H), 3 87-4 03 (m, 4 H, acetal), 2 85 (s, 1 H, 5-H), 2 64 (dd, 1 H, 2-H), 





Optically acuve cyclohexenol denvanves 
5893 

REFERENCES AND NOTES 

1 

2 

3 

4 

5. 

6 

10 

11 

12 

13 

14 

15 

16 

17 Mtsuda, S , Nabeshlma, S , Hlrohara, H Appf Mtcrobrol Btotechnol 1989,34, in press 

18 mtsuda, S , Umemura, T , I-hrohara, H Appl Mtcroblol Bwtechnol 1988,29,3 10 

19 Harada, N , Nakanuhi, K Act Chem Res 1972,5,257 

Waru, M.C , Taylor, M L , Wall, M E , Coggon, P , McPha& A T J Am Chem Sot 1971,93, 
2325 

Shin, J., Park, M , Fen&, W Tetrahedron 1989,45,1633. 

Ksebatt, M B , Schmttz, F J , Gunasekara, S P J Org Chem 1988,53,3917 

Vargas, D , Urbatsch, L E , Fischer, N H Phytochemutry, 1988,27,1413 

Barrero, A F , Alvarez-Manzaneda R , E J , Alvarez-Manzaneda R , R Tetrahedron Lett 1989, 
30,335l 

For leadmg references to enzymes m organic synthesis see Jones, J B Tetrahedron 1986,42,3351, 

‘Enzymes In Organrc Synthesis ‘, Cuba Foundation Symposium 111, Porter, R , Clark, S , eds , 

Pltman, London, 1985 

Synthesis of compounds sun&u to 10 but lackmg the oxygen functlonahty at C-4 has been reported 

Shlbuya, H , TSUJII, S , Yamamoto, Y , Mmra, H , Qtagawa, I Chem Pharm Bull 1984,32,3417 

The synthesis of racermc 6 was reported wlthout detads by Ruden, R A , Litterer, W E 

Tetrahedron L.ett 1975,2043 

The followmg enzymes were also tested but gave only racermc products Porcine pancrease (Sigma), 

Candlda cyhndracea (Srgma), Pseudomonasjluorescens (Fluka), Rhrzopus delemar (Fluka), 

Rhzzopus mveus (Fluka), ikiucorjavanicus (Fluka), Pemcrlhun roqueforti (Fluka), Candrda 

hpolytrca (Fluka), 2212 E (Rohm), Rhlzopus arrhtzus (Fluka) 

BJorkhng, F , BoutelJe, J , Gatenbeck, S , Huh, K , Nonn, T , Szmuhk, P Btoorganrc Chemistry 

1986,14,176 

BJorkhng, F , BoutelJe, J , HJalmarsson, M : Hult, K , Norm, T J C S Chem Comm 1987, 1041 

C&anti, G , Banfi, L , Nansano, E Tetrahedron L.ett 1989,30,2697 

Guant~, G , Ban& L , Nansano, E , Rlva, R , Thea, S TetrahedronLett 1986,27,4639 

Lam, L K P , Hm, R A H F, Jones, J B J Org Chem 1986,51,2047 

For a quantitative treatment of blochemlcal kmenc resolution, see Chen, C -S , FuJunoto. Y , 

Gudaukas, G , Slh, C J J Amer Chem Sot 1982,104,7294 

(S)-4-Hydroxy-2-cyclohexenone, structurally smular to (-)-6, was recently synthesized via two 

routes Audla, J E , Bouvert, L , Patten, A D , Vdlalobos, A , Damshefsky, S J J Org Chem 

1989,54,3738, Carreno, M C , Ruano, J L G , Gamdo, M , Rmz, M P , Solladle, G Tetrahedron 

Lett 1990,31,6653 



M.PouandT FREJD 

20 

21. 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Koreeda, M , Harada. N , Nakamshl, K .I Amer Chem Sot 1974,96,266. 

Harada, N , Nakamshl, K * Cwcular D~chrorc Spectroscopy - Exctton Couphng In Orgamc 

Stereochemrstry ’ Uruverslty Science Books, Mll Valley, Cahfomla. 1983 

Mnumum energy conformahons of the p-mtrobenzoate of (-)-6 were calulated with the MM2(85) 

program: Burkert, U ; Alhnger, N. L Molecular Mechantcs, Amencan Chermcal Society, 

Washmgton D. C , U S A ,1982 The program 1s avalable through QCPE, Department of 

Chermstry, In&ana Umversity. Bloommgton, Inha 47405, U S A, for acadenx users, and 

through Molecular Design Ltd ,2132 Farallon drive, San Lea&o, Cahforma 94577, U S A, for 

non-academx users 

Gmmon, C , Gonbeau, D , Pfister-Gmllouzo. G Tetrahedron 1973,29,3399 Bayley, P M ; 

Nielsen, E B , Schelhnan, J A J Phys Chem 1%9,73,228 Fbzzo, V , Schelhnan, J A 

Btopolymers 1973,23,435 

Kuhn, R., Low, I, Tnschman, H Chem Ber 1957,203 

A reagent composluon mcludmg HMPA instead of TMEDA was used by: Lm. J., Ntido, M M , 

Clark, G J Org Chem 1987,52,3745 For other smular reagents for coqugate addmon of the 

vmyl group see Hongucht, Y , Matsuzawa, S , Nakamura, E , Kuwajnna, I Tetrahedron Lett 1986, 

27,4025, Johnson, C R , Marren, T J Tetrahedron Lett 1987,28,27 

Kende, A. S , Johnson, S , Sanfihppo. P , Hodges, J. D , Jungheun, L N J Am Chem Sot 1986, 
108,3513 

Pettersson, L Ph D Thesis, Lund Umverstty, Sweden, 1989 

Tsunoda, T , Suzula, M , Noyon. R Tetrahedron lett 1980.21,1357 

For a rewlev on aldolreactions see: Mtiyama, T Org React 1982, Vol28,203-331 

Fmdley, T W , Swem, D , Scanlan, J T J Amer Chem Sot 1945,67,412 

Rubottom, G M , Gruber. J M J Org Chem 1977,42,1051 

Hassner, A , Alexanlan, V Tetrahedron L.ett 1978.4475 

Mgashlta, N , Yoshlkoshi, A, Gneco, P A J Org Chem 1977,42,3772 

Corey, E J , Venkateswarlu, A J Amer Chem Sot 1972,94,6190 


