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Abstract: Kinetic resolution of racemic l-cyano-l-methylalkyl and alkenyl 
acetates has been achieved on incubation with Pichia mist IAM 4682, which -- 
hydrolyzed selectively the (RI-enantianer, leaving behind the (S)-enantianer 
intact. The chiral l-cyano-lmethyl-5-hexenyl acetate thus obtained was con- 
verted to (S)-(-)-frontalin via unsaturated diol. 

The enzymatic kinetic resolution of cyanohydrin acetates is unique because 

hydrolyzed cyanohydrin can be easily converted to starting ketone simply by cont- 

rolling the pH of the medium. ') Thus, in principle, one mole of chiral cyanohydrin 

acetate can be obtained from one mole of racemate without any tedious racemization 

process. This reaction provides a convenient tool for the synthesis of optically 

active compounds. Although some methods have been disclosed for the preparation of 

chiral aldehyde cyanohydrins including biochemical, 2, catalytic3) and diastereo- 

selective reactions,l) relatively few reports have been demonstrated so far on the 

synthesis of ketone cyanohydrins. 5) As these canpounds are considered to be useful 

in organic synthesis, we tried to obtain them via microbial kinetic resolution of 

the corresponding acetates. 

We have already reported that esterases of Candida trooicalis6) and bacillus 

coasulans7) are effective to the enantioselective hydrolysis of a number of cyano- 

hydrin carboxylates. Thus, we first tested these strains to the kinetic resolution 

of l-cyano-I-methyldecyl acetate (4d) as the representative substrate. Unfortu- 
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Table 1. Microbial Hydrolysis of Ketone Cyanohydrin Acetate& 

R Cult (day) Recovery (%) [ccl,(+ e.e. (8) 

C2H5 0.5 25 0 

C3H7 0.5 28 -15.0 (1.32, 26) >9@ 

'SH13 2 38 -19.7 (1.28, 22) >9S 

C9H1 9 2 39 -16.7 (1.50, 29) >95c 

(CH3)2CH 0.5 35 +3.9 (0.56, 24) 9s 

(CH3)2CHCH2 0.5 28 -10.8 (1.07, 23) 90s 

CH2=CH(CH2)3 2 32 -24.5 >99d 

clncubation was carried out at 30°C with substrate concentration of 0.3% 

to the medium. 
&he concentration (c) and the temperature are shown in the parentheses. 
SDetermined by 'H-NMR (90 MHz) in the presence of Ru(tfC)3. 
ketermined by 'H-NMR (400 MHz) in the presence of Eu(tfc)3. 
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nately, although hydrolysis reaction did proceed, the enantioselectivity was poor. 

Then, more profitable microorganisms and enzymes were screened among our type cul- 

tures and it was found that Pichia miso IAM 4682 had the highest enantioselectivity 

in the hydrolysis of (i)-4d. A sterilized nutrient medium was inoculated with P 2 
& and shaken for two days at 30°C. To the suspension of grown cells of the 

yeast, racemic acetate 4 was added and incubated for a period specified in the 

Table 1. 

Incubation of (*)-4d with grown cells of P. miso for 2 days afforded (S)-4d in -- 
34% yield and 2-undecanone (Id). The ketone Id is considered to be originated from 

the decomposition of the primary hydrolysis product, cyanohydrin 2d. The enantio- 

merit excess of (S)-4d, [cr]%' -16.7O (c 1.49, C6H6), was confirmed to be over 95% 

by 'H NMR spectrum measured in the presence of Ru(tfc)3.t 

To clarify the scope of the present enantioselective hydrolysis, a number of 

substrates were subjected to the microbial reaction. As shown in Table 1, the 

enzyme system of P. miso distinguished the configuration of various l-cyano-l- -- 
methylalkyl acetates. Although the difference in bulkiness of methyl and ethyl 

could not be recognized by the enzyme, n-propyl group can be said to be large 

enough to be distinguished from a methyl group (4b). The reaction of 4e was a 

marked contrast compared with the results of 4b and 4f. Chain branching on the 

carbon adjacent to the asymmetric center caused the loss of enantioselectivity 

(4e), although the reaction proceeded smoothly. On the other hand insertion of a 

methylene group between the branched carbon and asymmetric carbon brought about the 

regeneration of stereoselectivity (4f). 

The absolute configurations of the recovered acetates were estimated as 

follows. Optically active 1-cyano-1-methylbutyl acetate (4b) was heated under 

reflux overnight in cont. hydrochloric acid. Extraction with diethyl ether and 

purification with preparative TLC on silica gel afforded optically active 2- 

hydroxy-2-methylpentanoic acid (5) in ca. 40% yield, which exhibited the [a]$5 

+9.53O (c 2.12, CHCl,). As the specific rotation of (R)-2-hydroxy-2-methylbutanoic 

acid has been reported to be [ali -8.5' (c 3, C!HC13),8) the absolute configuration 

AcO FN x HO g02H 
3 ConcHcl 

w x p 
C3H7 CH3 W7 CH3 

4b 5 
schema2 

of 5 was suggested to be S. In addition, comparison of 'H NMR signals due to 

acetyl group of optically active 4b, c, d, f with those of racemic ccanpounds in the 

+Eu(tfc)3: Tris[3-trifluoromethylhydroxymethylene)-(-)-camphoratoleuropium (III). 
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presence of Eu(tfcl3, it is concluded that the signal in the higher field always 

disappeared in the spectra of chiral acetates. This fact strongly suggests that 

the configurations of these optically active acetates are identical. Only in the 

case of 4e, which has an opposite optical rotation to other acetates, the signal in 

the higher field was the stronger of the two due to acetyls of 2 enantiomers. 

Thus, the absolute configuration of recovered acetate 4b, c, d, f were estimated to 

be S. 

Finally, it is interesting if the oyanohydrin ester with a terminal double 

bond (4g) can be resolved in gocd yield because chiral 4g is considered to be a 

useful starting material for the physiologically active frontalin (6), as shown in 

retrosynthetic scheme 3. 

2 

’ 6 
w-7 w-%I 

schema3 

Frontalin (6) is a component of the aggregation pheromone of females of the 

southern pine bark beetle, Dendroctonus frontalis and of males of western pine bark 

beetle, Dendroctonus breviccmis.') It is well established that only (12,5R) isomer 

is physiologically active. "1 A number of syntheses of natural frontalin have been 

reported, based on enantioselective reactions, 11) starting from naturally occurring 

chiral precursors, 12) including optical resolution, 13) and by the aid of a micro- 

organism.14) Although frontalin contains two asymmetric carbons, only the (1s) 

center needs to, be considered since the correct configuration at C-5 is dictated by 

the chirality of this carbon center during the formation of the acetal ring. 

Accordingly the synthesis of natural frontalin can be replaced by the synthesis of 

(S)-ketcdiol 7. Because the asymmetric diol moiety would be derived from cyano- 

hydrin group and the partial structure of methyl ketone can be constructed from 

terminal olefin, the key step of the present synthesis is enzymatic resolution of 

1-cyano-I-methyl-5-hexenyl acetate (4g). The substrate 4g was prepared from 6- 

hexen-2-one (lg)15) via reaction with trimethylsilyl cyanide, 16) followed by de- 

silylation with acidic methanol and acetylation of generated free hydroxyl group. 

The ketone lg was readily obtained from 5-pentanol17' via bromination, 181, Gring- 

nard reaction with acetaldehyde and chromic oxidation. 191 

To the suspension of grown cells of P. miso, racemic acetate 4g was added and 

incubated for two days. Extraction of the broth and purification afforded @I-4g 

of [ul;6 -24.5' (c 1.63, C6H6) in a yield of 32%, accompanied by the formation of 
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ketone lg. The enantiomeric excess of recovered optically active 4g was determined 

to be over 99% based on 'Ii NMR obtained in the presence of a chiral NMR shif; rea- 

gent tEu(tfc)31. In this stage, the absolute configuration was estimated to be S 

in analogy with other compounds obtained by the same enzymatic hydrolysis. 

scheme4 

Thus, obtaining necessary chiral synthon in hand , next essential step is the 
conversion of the cyano group to the hydroxymethyl group without any loss of the 

optical purity. Reduction of (S)-4g with diisobutylaluminum hydride or lithium 

aluminum hydride suffered from partial elimination of hydrogen cyanide, and gave 

the desired product in poor yields. Then, we planned to reduce the cyano group 

after derivation to carboxylate. In this case, acidic hydrolysis could not be 

employed because the substrate has a double bond which is sensitive to acidic con- 

ditions. To carry out the hydrolysis of cyano group under basic conditions, the 

protecting group of the hydroxyl was replaced from acetyl to tetrahydropyranyl. 

Deacetylation was successfully achieved by refluxing 4g in ethanol in the presence 

of catalytic amount of p-toluenesulfonic acid. Hydrolysis of 8 with potassium 

hydroxide in aqueous ethanol followed by methylation and reduction with lithium 

aluminum hydride gave the desired olefinic diol 10 in 36% yield from 4g. The final 

step is the oxidation of the terminal double bond to the methyl ketone. Oxidation 

with palladium (II) chloride and molecular oxygen was rather troublesome in isola- 

tion of the product, because it is volatile. Accordingly we employed a sequence of 

oxymercuration-demercuration and oxidation of the resulting E-alcohol. Mercuric 

acetate was reacted after acetonide formation of diol group. Demercuration via 

ordinary process and oxidation of the resulting alcohol afforded protected ketone. 

As frontalin is volatile, deacetalization was carried out in pentane and concentra- 

ted hydrochloric acid. Frontalin thus obtained exhibited [cr]g6 -50.4O (c 1.19, 

Et201 indicating that it is the physiologically active natural (S)-enantiomer. 

Although this value is a little lower compared to the highest value [cr]g3 -54.4“ (c 

1.33, Et201 reported by Ohrui and Emoto,5) the enantio excess of 6 thus obtained 

was confirmed to be over 99% by 400 MHz 'H NMR analysis in the presence of chiral 

NMR shift reagent Eu(hfcj3.+ 

'Eu(hfcj3: Tris[3-heptafluoropropylhydroxymethylene)-(+)-camphoratoleuropium (III) 
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EXPERIMENTAL! 

eOilingpointS are uncorrected. Optical rotations were recorded on a JASO DIP-360 Digitalpolarimster. IR 
spectra- secarded in neat on a JASCDA-202 S ~ter,unleSsotherwise stated. 1IihMRSpectrawere 
mSasuredcmJEr&Jrw-Gx400 (4cclMFiS),JNM-Fx 90A (9OMHS) andvarianR4-390 (9OMHS) r?4RSpSctMneterusi.ng 
tetrametbylsilane as the internal standard. Mass spectra were obt&xd on a Hitachi M-80 spectmneter. TLC was 
performed on Merck Kieselgel 60 Fzs4 Art 5715 for analytical and Wake Gel B-5F for lpeFarative scale. ColUrm 
ntcgra&y wan effected using silica gel 60 KO7+m (70-230 mesh) of Katayanm Kagaku Co. 
l-Cyano-l-msthylprqyl acetate (40). To b soln of Na$T205 (27 g, 0.14 mol) in mater (70 ml1 was added dropvise 2- 
ixtancme (la, log, 0.14 mol) stirring in an ice-w&erbath. Water is added to dissolve the'resulting precipita- 

tes and was M a soln of KCN (25 g, 0.39 mol) in water (60 ml) stirring at 5OC. After the addition was can- 
plete, the pHof the zeactionmixturewas adjusted to5.Owith cow HCl, extractedwithCTi2Cl2 (1OOml x 41,dried 

overNa2SD4 and concentratedinvacuo. Ihe trace of water was rexwed as an azeotropic mixture with benzene. The -- 
resulting crude cyan&q&in was dissolved in a mixture of pyridine (50 ml) and AC20 (20 ml), and the soln was 
stirredwernightatrcantemp. The reactionmixturewas pxred intoa mixture of ice and 2N HCl, extractedwith 
Et& (100 ml x 4). Tl-~e organic layer was washedwithwater, satNaHCO3 soln, brine and dried over N+904. Eva: 
poration of the solvent, followed by distillation in vacua gave 4s as a 'zolorless oil (76%). -- B-p. 78-81°C/20 
mX-ig, ymax 2980, 2950, 1750, 1460, 1370, 1230, 1160, 1010, 945, 855 an-l; 6 (@X4) 1.06 (t, 3H, J-7.2 Hz), 1.66 
(8, 3H). 2.03 (s, 3I-l). 1.80-2.15 (m, 2H); &!3 Cm/z , rel intensity) 142 t16 @l+l)+l, 112 (7), 99 (5). 98 (51, 82 
(131, 81 (17), 71 (10). 70 (12). 59 (8). 56 (lo), 43 (100). 

The following cyanohydrinacetates wereprepwed accordingtothe same procedure. 
l-cyano-lmethylbutyl acetate (4b). B-p. 71-73'=C/4 mwg, unmx 2960, 2880, 1750, 1460, 1370, 1230, 1160, 1125, 

1110, 960, 930, 840 ~II-~&~P) 0.98 (t, 3H, J-6.8 Hz.), 1.68 (s, 3H). l-33-2.10 (m, 4H), 2.03 (8, 3H); @E (m/z, 
rel intensity) 156 [42, (M+l)+l, 129 (71, 112 (111, 96 (8). 95 (201, 94 (191, 71 (131, 68 (16). 43 (100). 
l-Cyano-l-metbylheptyl acetate (4c). B.p. 94+9'C/3 mnHg, wrax 2950, 1750, 1460, 1370, 1225, 1170, 1130, 1065, 
1045, 1010, 945, 720 an~UX14) 0.89 (t, 3H. J-6.8 Hz), 1.11-1.59 (m, 8H). 1.67 (s, 3.H). 2.03 (s, 3H). 2.31 
(t, 2H. J=7 Hz); !49 (m/S, rel intensity) 198 LlOO (M+l)+l, 171 (33). 152 (26). 138 (34). 129 (26), 95 (601, 83 
(21), 68 (15). 55 (15,;43 (96). 
lCy-1,2-dimethylplacetate (4ee). B-p. 61-64'?/2.3 mnHg, - 2960, 1750, 1460, 1370, 1230, 1150, 1130, 
1070, 1040, 1010, 945 an-1~ 6 (Ccl41 1.07 (dd, 6H. J=3.0, 6.5 Hz), 1.64 (s, 3H), 2.04 (6, 3H). 1.96-2.36 (m, 1H); 
MS (m/z, rel intensity) 156 [15, (M+l)+l, 129 (lo), 113 (53). 96 (251, 95 (41). 71 (79), 43 (100). 
1-q-&l-methyldecylacetate (4d). To a suspension of Zn12 (100 mg) in dry Ci2Cl2 (6 ml) were added 2-urxlecanone 

(2.50 g, 14.7 mrol) and 'I!~~IX (2.10 ml, 16.7 nmol), and tbe mixture was heated under reflux for 3 hr. 'Ibe solvent 
was removed in vacua. -- me residue was dissolved in Ac$ (1 ml) and kept stirring for 6 hr after the addition of 

FeC13 (360 ny, 2.2 mnol).20) ?he resulting mixture was extracted with hexane and the organic layer was washed 
sequentially with water, sat NaHCO3 soln, brine, and dried over Nafl4. After evapxation of the solvent, the 

residue was pvified by column chrmutcqra~y cm silica gel (hexane-EtQAois:l) to give 4d (2.6 g, 75%) as a color- 
less oil, omax 2910, 2840, 1750, 1450, 1360, 1225, 1165, 1120 cn-1; 6 (CC141 0.98 (t, 3H, J-6.8 Hz), 1.10-1.60 (m, 
16H). 1.73 (s, 3H), 2.08 (s, 3H); NS Cm/z, rel intensity) 240 [4, (M+l)+l, i96 (17), 150 (12). 136 (181, 109 (21). 

95 (301, 83 (22). 43 (100). 
l_Cyxw-l?nethyl-5-hexenyl acetate (4). To a soln of 6-hqten-2-one (UJ, b.p. 146-149'C. 10 g, 89 nmul) and Zn12 
(400 rg, 1.3 nnwl) in dry CH$12 (50 ml) was added lM9CN (14 ml, 110 nmol) stirring under AC. After stirring 
under reflw for 10 min. the solvent and excess lMSCN were evaporated in vacua. 'IRe residue was dissolved in MeOH 
(100 ml) and heated under reflux with a catalytic amdlnt of pyridinium tosylate for 6 hr. MsOH was evaporated &I 
vacua and the residual oil was dissolved in a mixture of C5H5N (40 ml) and AC20 (30 ml) cooling in an ice-water 

bath. After the addition of a catalytic amount of 4-(N,N-dimethylamino)pyridine. the mixture was kept stirring 

overnight at man temp. 'Then, tbe contents of the flask&S v&l into a mixture of ice and 360 ml of 2N HCl, 
and extracted with EtOAc (100 ml x 5). The curbined organic layer was washed with sat NaHCO3 soln and brine, 

dried over Na2s04, and concentrated in Vacua. The residue was purified by flash colunm chramtography on silica 
gel (hexane-EtQAc=15:1) to give 4g (10.2 g, 63% fran lg) as a colorless oil, ymax 3090, 2925, 1750, 1640, 1440, 
1370, 1230, 1180, 1110, 1030, 910 an-l; 6 @X14) 1.45-2.25 (m, 6H). 2.01 (8, 3H). 2.36 (8, 3H). 4.89-5.12 (m, 2H), 

5.51-5.98 (m, 1H). MS (m/z, se1 intensity) 182 [100, (M+l)+l, 164 (15). 155 (14). 138 (12), 122 (48), 121 (191, 

120 (17). 113 (36). lll?l;,, 106 (17), 95 (32), 94 (17). 54 (561, 43 (81). 
l-c!yano-1.3-dimsthylbutyl acetate (4f). In the Same renner as described for 4g, 4f was prepared fran If (82%), 
- 2940, 2880, 1755, 1470, 1370, 1270, 1200, 1160, 1060, 1045, 1010, 945 an-', 6 (CC14) 1.01 (d, 6H, J=5.4 Hz). 
1.70 (s, 3H), 2.05 (s, 3H), 1.50-2.12 (m, 3H); MS (m/z, rel intensity) 170 [23, (N+l)+l, 127 (25), 126 (361, 113 
(40), 112 (19), 109 (24). 108 (26). 94 (63), 82 (25), 71 (19). 68 (20). 43 (100). 
Incubation of (f)-cyarnhydrin acetates (4) with Pichia miso: General procedure. Picbiamiso IAN4682 WAS gr_ in ----- -7 
50 ml of a sterilized medium consisted Of glucose (1%). yeast extract (0.5%), peptone (0.7%) and K2HP04 (0.5%) for 
2 days at 3ooc. The pi of the medium was initially adjusted to 7.2. (f)-l-C!yano-l-alkyl or alkenyl acetate (4, 
0.15 ml) was added to the suspension of grown cells, and the incubation was continued for periods SpeCified in 
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Table 1. nIebroulwasextractsdwithiROAc('5omlx3). lW cc&in& organic layer was dried over Na2604. Ihe 

solvent was evaporated in vaN0 to result a mixture of (y-4 and the correspzndingkebnel. ?hemixhx e was -- 
pvifisd by silica gel flash cWanatogra~y (haxane-maAcls:l) to afford pue (y-4. IS, 'H NMR and msss spectra 

wereidenticalwiththoseofrac0nicocmpaud. TheeMntiomericexoess*~detenninedbasedcY1~HhM(spectrum 

obtained in the presence of 0.5-0.6 equivalent of WtfcI3: Two signals due to acetyl group were obeerv& for 

racsinic4-spondingtitwo-ti-s,as mxmasrissd belar. The sole or strcnger signals for optically 

active ones are underlined. Ihe equivalents of added shift reagent is shwn in the psrentheses. la: 2.53, 2.57 

(0.5)~ 4b: 2,51, &5_5 (0.5); 4 2.24, 2.28 (0.5); 4d: 2.57, 2.65 (0.6); Q: 2.52, 2.59 (0.5); 4f: 2.40, 2.47 

(0.6); 4: 2.079, 2.159 (0.6). 

(S)-2-Hydroxy-2~thylpsntanoic acid (5). A mixture of (-)-lb (199 q, 1.29 -1) and - HCl (4 ml) was heated 

at 100°C for 24 hr. After the additionof WH4)2sO4, the reaction mixture was extracted with Et20 and dried over 

Na2S04. The solvent. was renuved in vacua and the residue was purified by preparative TIC (h-e-acetone=l:l) on -- 
silica gel to afford 5 as a colorless oil (21mg, 13%), toIs6 +9.53' (c 2.12, @X13); vnax 3450, 2960, 1710. 1450. 

1230, 1150, 1050 an-l; 6 KXC13) 0.89 (t, 31i, J=6.6 Hz), 1.42 (s, 3H). 1.35-1.84 (m, 4H), 6.87 tbs. 2H). 

(S)-l-C!yarwl~thyl-5-hexeno 1 tetrahydropysanyl ether (8). A soln of 4 (1.13 g, 6.23 nmwl) and catalytic anuunt 

of E_'rscm in EXOH (25ml) was heated tier reflex overnight. Then the reactionmixture was concentrated invacuo. 

The residual oil was filtered thrwgb silica gel to give crude 1-cyano-l-methyl-5-hexeno 1 (652 mg). vmax 3450, 

2990, 2950, 2880, 1640, 1455, 1380, 1125, 910 an-l; 6 (CC14) 1.16-1.84 (m, 4H), 1.19 (s, 3H), 1.94-2.25 (m, 2H), 

3.95 (bs, lH), 4.85-5.07 (m, 2H). 5.52-5.97 (m, 1H). lhis crude al-1 was used to the next reaction without 

further purification. 

A catalytic amxnt of E_TsoH was added to a soln of crude cyanchydrin (652 nq) and dihydropyran (5 ml) in 

CH2C12 (25 ml) with stirring in an ice-cooled bath. me stirring was oontinued for 5 hr at roam temp. The reac- 

tion was quenched by the addition of lN NaOH soln at O'C. Themixturewas extra&&with CH2C12 (1Oml x 4). and 

the canbined organic layer was washed with brine, dried over Na2SO4 and concentra@d in vacua. The residual oil 

was pxified by flash calm chrana~cgraphy (hexane-EtQ%c=lO:l) to give 8 (913 mg, 66% fran 4). vmax 2940, 2870. 
1730, 1640, 1450, 1440, 1375, 1200, 1125, 1070, 1020, 965, 910 ax-'; 6 (cC14) 1.24-2.29 (m, 12.H). 1.51 (s, 1.5H). 

1.55 (s, 1.5H). 3.34-3.63 (m, 1H). 3.67-3.99 (m, 1H). 4.86-5.07 (m, 3H), 5.18-6.06 (m, W; MS (m/z, rel intensi- 

ty) 138 (3.51, 122 (42). 101 (17), 95 (26). 85 (100). 84 (14). 67 (13). 56 (17). 55 (17). 43 (20). 

(S)-Methyl 2-methyl-2-hydroxy-6-heptenoate (9). To a soln of 8 (913 mg, 4.09 mml) in EtCEl (20 ml) was added an 

aq soln of KCH (20 ml), ad themixture was he#zd under reflux for 40 hr. Then, the pof the solnwasadjusted 

to 1 by adding 2N HCl at O'C and the eoln was kept stirring for 10 min. The mixture was extracted with Et20 (10 

ml x 6) after the addition of (NH4)2sO4. Thecanbinedorganiclayer was washed with brine, dried over Na2sO4 and 

concentrated in vacua. The residue was dissolved in Et20 (2 ml) and treated with an excess amount of CH2N2. The -- 
solvent was evaporated in vacua and the resulting oil was purified by flash colunm chranatography on silica gel -- 
(h-e-EtOAc=20:1) to give 9 [434 mg, 62% based on (g)-Sl as a colorless oil. 
3600. 2940, 2860, 2220, 1740, 1580, 1555, 1365 cm-'; 6 (Cc141 1.12-1.73 (m, 

[a1h5 +16" (c 1.2, CHC13); wnax 
4H). 1.30 (s, 3H). 1.89-2.12 (m, 2H), 

2.89 (bs, 1H). 3.71 (s, 3!i), 4.80-5.02 (m, 2H). 5.4s5.93 (m, 1~); KS (m/z, rel intensity): 155 cl), 154 (3.2), 

113 (71), 104 (25). 103 (121, 95 (50). 94 (16). 71 (17). 58 (121, 55 (31,. 54 (34). 43 (100). 41 (22), 39 (17). 

(S)-2-Methyl-6-heptene-1,2-dial (10). To a soln of 9 (20 mg, 0.12 -1) in dry TWF (0.5 ml) was added LiAlH4 (10 

mg, 0.26 mnol) stirring in an ice-water bath, and the soln was kept stirring for 1 hr at roan twp. The reaction 

was quenched by dilution with Et20 followed by the addition of Na2SO4.H20 at O°C. The mixture was filtered tb- 

rough a pad of Celite, and the filtrate was concentrated in vacua. -- The residual oil was pxified by flash column 

chranatcgraphy on silica gel (hexane-EtOAc-NeOH~O:30:1) to give 10 (14.7 mg, 88%) as a colorless oil. [a@ - 
2.6" (c 1.4, CHC13), vmax 3390, 2940, 1640, 1460, 1375. 1130, 1045, 905 an-l; 6 (CC14): 1.06 (s, 3F-l). 1.11-1.69 

(m, 4H). 1.89-2.21 (m, 2H). 2.97 (bs, 2H). 3.29 (6, ZH), 4.83-5.04 (m, ZH), 5.51-5.96 (m, 1H); NS Cm/z, rel inten- 

sity) 113 (81, 95 (6), 75 (14). 59 (17). 57 (13). 55 (16). 45 (17). 43 (100). 41 (23). 39 (18). 

(S)-Frontalin (6). A soln of 10 (167 mg, 1.16 mm11 and 2.2-dimethoxypropane (240 mg, 2.31 mm11 in dry ace-e 

(2 ml) was stirred for 10 min at roan temp. The mixture was concentrated in vacua and extracted with EX20 (10 ml -- 
x 4) after the addition of sat NaHOI3 soln. The combined organic layer was washed with brine, dried over Na2904 

and concentrated in vacua to give crude (~)-2lnethyl-6-heptene-l,2-zliol acetonide (187 9). vmax 2980, 2940, -- 
2860, 1640, 1450, 1370, 1245, 1210, 1055, 910 cm-l; 6 @X4) 1.08-1.66 (m, 4H). 1.16 (S, 3H), 1.26 (s, 6H). 

1.85-2.20 (m, 2H). 3.52 (d, 1H. J=7.2 HZ), 3.63 (d, 1H. J=7.2 Hz), 4.81-5.02 (m, 2H). 5.49-5.96 (m, 1H). This 

acetonide was subjected to the next step without further plrification. 

To a soln of Hg(OAc12 (330 mg, 1.03 ml) in water (1 ml) was added THF (1 ml) stirring at rcan temp. When 

the soln turned yellow, crude acetonide obtained above (187 ~1 was added dropuise, and the stirring was continued 

for 10 min. Then, 3N Nash soln (1 ml) and 0.5M soln of NaEi4 in 3N NaOH soln (1 ml) ware sequentially addsd. The 

mixture was filtered through a pad of Celite, the filtrate being extracted with Et20 (10 ml x 5). The canbined 

organic layer was concentrated in vacua to give crude 1,2~isopropylidene-2-methylheptane-l,2,6-triol (202 mg), 

which was subjected to the next step without further plrificaticn. - 3400, 2950, 2920, 2860, 1450, 1365, 1240, 

1200, 1110, 1055, 840, 800 an-l; 6 (CC14) 0.85-1.77 (m, 7H), 1.11 (d, 3H, 5~5.4 HZ), 1.18 (s, 3H). 1.27 (s, 6H). 
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3.53 (d, 1H. J4.1 Hz), 3.65 (d, lH, J-8.1 Hz), 3.42-3.89 (m, Xi). 

!basuspansicnofpyridiniumchl arochrcmate21) (45Omg) andpwderedHolecular Sieves 3A (35Ong) in CH2Cl2 

(3ml)wasaddeddropwiseasolnofcrudeacatonide almhol (202 mg) in ai2cl2 (llnl) stirring in an icewater 

bath. Then, Flcrisil (1.75 g) and dry Et20 (20 ml) was added to the reaction mixture. 'Ihe mixture w filtered 
thraqh &ads of Celite and Florisil, and the filtrate was ccmcentrated in vacua to give crude (~b6,7_O_iso~~l- 

idene-6,7-d~~thyl-2+eptanone (189mg),whichwas subjected to the next stepwithout further puifica- 

ticm. vmax 2980, 2930, 2860, 1710, 1450, 1370, 1240, 1210, 1110, 1050, 980, 900, 860, 800 Cm-Q 6 wl4) 

1.07-1.84 (m, 4H), 1.19 (8, 3H). 1.27 (6, 6H), 2.01 (8, 3H). 2.36 (t, 2H. JE5.9 Hs), 3.54 (d, 1H. .7=8.1 Hz), 3.65 

(d, 1H. J=8.1 Hz). 

lbasolnofcruieketonecbtainedabove (189mg) in&entane (lml) wasadded1Odropof ZiHCl, andthe 

soln was kept stirring forlhr at room terp. Ihen, ths readion mixture was extracted with pzntane after the 

addition of a -11 amfxnt of N&l. Ihe ambined organic layer was washed with sat Nat#X3 soln and dried over 

NwO4- The solvent was removed under atmospheric pressure and the residual oil was px-ified by distillation 

using Kqelmhl apatus tc yield Q)-frmtalin (6) (80 mu, 480 fran l0). B.p. 1C0°C/105 nwZig. [ala6 -50.4' (c 

1.19, Et20); " 0x14 soln) 2980, 2940, 2880, 1450, 1390, 1380, 1260, 1240, 1200, 1170, 1120, 1060, 1030, 930, 890, 

865, 845 cxn-l# 6 (CDC13) 1.34 (8, 3H). 1.44 (6, 3H), 1.26-2.02 (m, 6H), 3.45 (d, Ui, 54.3 HZ), 3.92 (d, lH, J-6.3 

Hz); MS (m/z, rel intensity) 144 [ll, 04+2)+1, 143 [lC0, (M+l)+l, 142 (46, t@dc,, 125 (34). 114 (12), 112 (26), 100 

(57), 72 <61), 71 (21). 43 (64). 
The enanti-ic excess of the resulting (~bfrcntalin was determined by 'H m using Ebl(hfc)g. Measuranent 

of 'H NhR of racemic frontalin in the presence of 1 equivalent of the chiral shift reagent resulted in the sepera- 

tion of the signal due to C(lbethylgroup into 6 2.70 and 2.77 ppn. (XI the other hand, only the signal in the 
lower field was observed in the spectrum of optically active one. ltlus,the~cductcanhscGncludeitobeenan- 

tianericallypxewithin the error of 4OObSis hMR. 
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