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Abstract - The enannomers of 6,8&oxablcyclo[3 2 lloctane and the alkyl 
subsmuted denvanves, exe- and endo-7-methyl, exe- and endo-5,7&methyl, 
7.7dmethyl. and exo- and endo-7ethyl-5-methyl (exe- and endo-brevlcomm), 
were synthesized stereoselectively with known configumuon by standard synthetic 
methods, or with baker’s yeast, or both The correlaaon between the absolute 
configurauon of the blcychc nngs and the optical rotaaon was estabhshed by 
means of chti complexauon gas chromatography for two molecules for which 
dus correlation was not known previously In all cases, the (1R) enan~omer 
exhibits poahve rotaaon The absolute configurations were established for the 
yeast products which were always produced m high optical punty 

We have recently reported the vlbranonal circular dlchrolsm (VCD) spectra of four exo-7 denvatlves 
of 5-methyl-6,8-&oxablcyclo[3 2 lloctane with the ium of determmmg the absolute configuranon of related 
molecules utlhzmg only certam features m those spectra.’ Whde th1.s may be possible m pnnclple, sufficient 
background mformanon 1s needed mmally which relates the observed signs of the VCD bands with the 

configuration at specific choral centers For the four blcychc ketals dealt with m that paper it was possible to 
make such correlations with certamty smce the absolute configurauon of one of them, namely 

(+)-(lR,5S,7R)-exo-7-ethyl-5-methyl-6,8-~oxablcyclo[3 2 lloctane (Ia m Figure 1, also known as 
(+)-exe-brevlcomm), had already been determmed previously,* and the other three were denved from the 

,*.f&y;<* 

era-brev1wmln endo-brwlcomln fKmtalm 6,gdmxabqclo[3 2 l]octme em-‘l-methyl 

VI&)*&& 

&7-methyl ao-5,7dlmethyl endoJ.7dmthyl 7.7dlmthyl 

Figure 1 Subsmuted denvanves of 6,8-&oxablcyclo[3 2 lloctane with the (R) configuranon at C(l), 
the anhpodes having the (S) configuranon at C( 1) are designated “b” m the text 

same precursor without change m configurauon 1 In order to unravel the VCD spectra of these blcychcs 
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properly, however, it IS necessary to fit understand m detad the spectra of simpler analogs mcludmg the 
unsubstituted parent compound (IV to IX m Figure 1) Although we were able to synthesize the pure 
enantlomers of V, VI, VII, and VIII with selected yeasts, the VCD spectra showed hscrepancles which 
made It uncertam whether the optical rotanons could be rehed upon as the sole mdlcators of the absolute 
configurations We found it necessary. therefore. to synthesize the enannomers of IV to IX m ways which 
left no doubt about the configuration Those syntheses are described below, together with the related 
syntheses using baker’s yeast, and the optical rotation and chnal g c data 

The absolute configurations of Ia and b ((+)-(lR,5S,7R)- and (-)-(lS,SR,7S)-exe-brevtcorn) were 
first deduced by Mon2 startmg from D-(-)- and L-(+)-tartanc acid, respectively Vanous values for the 

Table 1 bterature syntheses of enantiomers of exo- and eti-brevlcomm 

route or chnal precursor no 
steps 

overall 
yield/% ref a [a] D22/ degrees 

(steps) (concentrations m moles/L) 

_(+)-exe-brevlcomm 
R-(-)-glutanuc acid 
R-lsopropyhdeneglyceraldehyde 
6-lodohexopymnoslde 
lsopropyhdene &oxybutymldehyde 
&acetone glucose 
(-)-dlethyltartrate and Sharpless epoxuiahon 
a$-Qalkoxy erythro/threo aldehydes 
pa~-tu+l resolution of an acid intermediate 
(-)-tartanc acid 
(-)-Qethyltartrate and Sharpless epoxldanon 

I-)-exe-brevlcomm 
(+)-dlethyltartrate via Sharpless epoxldanon 
R-rsopropyhdene glyceraldehyde 
R-(-)-dlhydrocarvone 
(+)-&ethyltartrate via Sharpless epoxrdatlon 
a$-Qalkoxy erythro/threo aldehydes 
(+)-&ethyltartrate 
(+)-tartanc acid 
i+)-endo-brevlcomm 
R-lsopropyhdeneglyceraldehyde 
(+)-hethyltartrate via Sharpless epoxldahon 
a$-&alkoxy erythro/threo aldehydes ,. . -. . 

11 

; 
9 

:: 
7 

1: 
7 

7 
7 

; 

i 
14 

; 
7 

(+)-dusopropyltartrate via Sharpless epoxidauon 5 

J-)-endo-brevlcomm 
R-lsopropyhdeneglyceraldehyde 
a,fkkLkoxy erythro/threo aldehydes s 
(-)-dusopropyltartratepyltartrate via Sharpless expoxldauon 5 

35 
49 
54 
14 (6) 

;: 
;; (3) 

3: g, 

z4 
33 (5) 

i!g’ 
10 
02 

ii 
57 (4) 
7 

3 
4 

i 
7 

t 
10 

1: 

12 

1; 

f 
14 
9 

1: 

1:: 

2 

1; 

+64 8 (c 1 
+80 9 

25, CHC13) 
(c 2 18, ether) 

+82 4 (c 1 5, ether) 
+74 Cc 0 7, ether) 
+815 
+59 0 (c 2 5, CHCl,)b 
+70 Cc 2, ether) 
+52 (c 1.2, e&r) 
+84 1 (c 2 2, ether) 
+67 5 (c 1 052, ether) 

-66 5 (c 1 112, ether)c 
-80 3 (c 2 23, ether) 
-60 0 (c 2 57, ether) 
-60 6 (c 2 3, CHCl$’ 
-66 (c 2, ether) 
-67 5 (c 2 15, ether)d 
-80 0 (c 1 6, ether) 

+96 6 (c 0 98, ether) 
+74 6 (c 1 06, ether)c 
+76 7 (c 2, ether) 
+78 8 (c 0 5, ether) 

-93 1 (c 101, ether) 
-74 (c 2 2, ether) 
-75 9 (c 0 717, ether) 

a See Reference secaon m text 
b 95% ee by complexanon gas chromatography 
c 78 5% optical punty 
d 80-86% optical punty 

)ptlcal rotahon have been reported (Table l), with that of Johnston and Oehlschlagers being supported by a 
lreclse deternunanon of an opncal punty of 95% ee by means of choral complexatlon gas chromatography 
The first stereoselecnve synthesis of IIa and b ((+)-(lR,5S,7S)- and (-)-(lS,SR,7R)-e&-brevlcomm) was 
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described by Mon and Sue,” using kmetic resolutron of racenuc I-penten-3-ol by Sharpless epoxldatlon 

with dusopropyl L-(+)- and D-(-)-tar&ate, respectively, and reportmg an esnmated optical punty of 96-97% 

based on the HPLC analyns of the MTPA ester of one of the mterme&ates Lastly, the absolute 

contiguranon of frontahn was estabhshed by MO@ as (+)-(lR,5S) and (-)-(lS,5R) (IIIa and IJIb, 

respectively) by resolution of racermc lactomc acid with qmmne and cmchonme. respectively While the 

opt& punty in this case was not stated quanmahvely, the enanuomers were Judged to be equally opucdly 

pure based on NMR spectra usmg the choral shift reagent Eu(facanQ3 

To confii the absolute configurations of IV to VI and IX by synthenc means, we started with the 

resolunon of the sodmm salt of racem~c 3,4&hydro-2H-pymn-2-carboxyl~c acid (9) with 

dehydroabletylamme @AA),” separanng the enanaomers of the hhydropyran carboxylate with known 

configuration at C(2) of the tiydropyran nng (Scheme 1) Llthmm alummum hydnde reducnon of the ester 

(16) derived from the (-)-(R) salt (13a), or Gngnard reaction at -5oOC to gve the methyl ketone (16a) 

followed by reduction, or Gngnard reacnon at mom temperam, afforded the pnmy (lSa), secondary (not 

shown), or ternary (17a) alcohol, respecnvely, which cychzed redly to the desired blcychc ketals in mdd 

ac&c con&hons 18*19 Cychzanon of these (2R)-dhydropyran alcohols yields consistently the blcychc 

systems with the (R) configuration at C(l), fixmg simultaneously the configuration at C(5) Note that by 

normal convention, C(5) 1s designated as (S) for IVa, Va, and Via, and (R) for IXa The annpodes of these 

four compounds were derived in the same manner starnng with the (+)-(S) enannomer of the sodmm salt 

(13b) 

The enannomers of IV and IX were made m large enough quannnes to obtam the optical rotations 

For V and VI it was sufficient to confirm the retennon times on the chlral g c column which could then be 

correlated with the matenals made by reacnon with yeast (see below) The enantiomers of VII 

((+)-( lR,5S,7R) and (-)-( lS,5R,7S) correspondmg to VIIa and VIIb, respectively) were synthesized’ with 

the procedure of Johnston and Gehlschlagers up to the 7-exe brormde (4a and b), starnng with the ketal of 

commercially available 5chloro-2-pentanone and unhung asymmemc epoxldatlon by the Sharpless method 

(not shown m Scheme l), followed by reacnon with sodmm cyanoborohydnde with retention of 

configuratlon Smce the yeast reaction described below yielded VIIb m very high opncal punty and 

sufficient quantHy to record the optlcal rotatlon, we sunmsed uutlally that the crucial step In the yeast 

reduction must also produce predommantly VIIIa, allowmg us to assign the rotation and the corresponding 

choral g c peak accordmgly This assumption was vetied later by the VCD spectra 2o The optical rotations 

and retention times are hsted m Table 2 

The stereoselechve synthesis of Ib, IIa, Vb, Via, VIIb, and VIIIa was achieved also with baker’s 

yeast (Saccaromyces cerevrslae) usmg the racermc subsntuted dlhydropyrans 21, 26 and 28 as the 

precursors (Scheme 2) The Dds-Alder [4+2] cycloaddmon of methyl vmyl ketone (25) gives 21 in a 

stralghtforward way The correspondmg synthesis of 26 from acrolem (24) and 25 afforded four major 

products They were Identified by g c /ms as acrolem timer (US), methyl vmyl ketone dlmer (21), and the 

two cross-products 26 and 27, m the approximate rabo of 8 1 10 1, respecnvely, for a molar ratio of the 

monomers n24/nzs = 2 5 Compound 27, which was observed during the reaction at higher concentration but 

was not found after the work up, appeared to undergo a Cope reanangement to yield 26 at high 

temperatures 21 The ethyl ketone 28 was prepared from 21 by an estabhshed alkylanon procedure 22 

The formatlon of 5,7-dlsubstltuted dloxablcycIo[3 2 Iloctanes from 2-keto-dlhydropyrans with 
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0 
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0 
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0, 

1 H 1 MeMgll-50’; 
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18 0 

& 

1 NaBH4 

0 
>&+A 

2 pTsOH/PhH 

21 0 22 23 
Scheme 1 

Letters “a” and “b” m combmation urlth roman numerals refer to the enanhomers of the des%nated com- 
pounds, whde arable numbers mdrcate racenuc nuxtures except for 8,13,14,15,16, and 17 
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Table 2 Observed opttcal rotaaons, enanttomenc punnes, and chual column retentton tunes 

1507 

[a],,‘/ 96eeb ret. ttme/mm chtral co1umn= 
cmpd config 

synth Yeast rat (‘) synth yeast synth. yeast 

Ia lR,5S,7R 
Ib lS,5R,7S 
IIa lR.SS.7S 
IVa lR,5S 

rvb lS,5R 

Va lR,5S,7R 
Vb lS,5R,7S 
Via lR,5S,7S 
VIb lS,5R,7R 

VIIa lR,5S,7R 

VIIb lS,5R,7S 
VIEi lR,5S,7S 
VIub lS,5R,7R 
Ma lR,5R 
Mb lS,5S 

+ 603O 
- 605O 

+113 8O 

- 86 8O 

no 

no 

+585“ 
no 

+ 82 lo 
- 69 7O 

89 9 3 47 (4) 
910 4 35 (4) 

100 
90 4 63 (1) 

75d 4 98 (1) 
89 8 0 97 (2) 

- 93 50 99 1 35 (3) 

87 + 10700 99 6 04 (2) 
3 58 (2) 

90 6 4 03 (5) 
904 - 656=’ 98 5 4 22 (5) 

+865O 100 5 1 (4) 
6 1 (4) 

914 0 80 (2) 
76’ 0 93 (2) 

345 4 
4 36 4 

46 

no 

098 

601 

231 

2 83 

076 
no 

1 

2 
141 2 3 

600 2 3 

286 4 4 

5 24 4 

2 
2 

a Condtnons of measurement ven m the Experunental section under the appropnate compound 
b Determmed by churl g c un ess stated otherwise Y 
c Column/con&non 1 NI-Nop / 75O, 16 psi 3 Nt-Nop / 85O, 16 psi 5 Nl-Cpm / 800, 10 PSI 

2 Nl-Nap/ 88,16 pst 
d Based on published opttcal rotaaon of -115“ 

4 Nt-4-pm / 80°, 20 psi 

e Estimated on the basis of (-)-(lS,SR)-6,8dtoxabtcyclo[3 2 lloctane. 

baker’s yeast has been reported very recently.” The reactton app ears to be controlled by a selective 

enzymattc reductton from the Re face of the carhonyl group of either the dhydropyran, as shown in Scheme 

2 for the purpose of demonstration, or of its rmg opened form, as suggested by Ramaswamy and 

0ehlschlager,23 or both These latter authors obtamed nearly racemtc exe-brevlcomm, whereas we found the 

(-)-enanuomer m high optical punty With the exceptton of this detnl, the two mvesttgattons generally 

agree with one another, suggestmg that the configuratton at the new chual center after reduction, 1 e at the 

former carbonyl carbon, 1s always (S) yteldmg mvanably the exo-(lS,SR,7S) and endo-(lR,SS,7S) 

enanttomers upon cychzatlon, dependmg upon the absolute configuration of the dthydropyran ongmally 

Consequently, the stereochemical course for both enanttomers of the racermc precursors 21,26 and 28 must 

be a selective enzymattc hydrogen transfer to the Re face to gve the tsolated optically pure 

dlastereolsomers, agreeing urlth previous observations wltb baker’s yeast and usmg other substrates 21 The 

mtermdate alcohols 29 and 30 or the correspondmg nng opened dertvatlves23 cychze very rapidly to the 

ketals in acl&c solution and m our hands were not observed dunng the course of this reacuon Further, we 

observed that the exo/endo ratios depended on the reaction tune and on the pH of the yeast slurry The 

results presented here were obtained for unbuffered fermentation mixtures after the reduction had proceeded 

for two days The lower yields may be atmbuted to incomplete reaction and/or to bmdegradatton of the 
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24 R,R’ = H 18. R.R’ = H 
25 R.R’ = CH, 21 R.R’ = CH, 

26 R = H, R’= CH, 
27 R=CH3,R’=H 
28: R = CJ$, R’ = C$H5 

(R)-26 R=H, R’ =CH3 
(R)-21: R,R’ = CH, 
(R)-28: R=CH3, R’=C& 

Via: R=H, R’=CH3 
VIIIa: R,R’ = CH3 
Ha: R = CH3. R’ = C2H, 

Scheme 2 

mtermedlates To our knowledge, the formation of the exe- and endo-7-methyl denvatlves by means of 

yeast reducnons has not neen reported before, but seems to follow the same mechanism as for the 

5,7&ubstltuted analogs Incorporatmg 26 mto a suspension of actively fermenting baker’s yeast afforded a 

nuxture of Vb and Via m the ratlo 1 3 with enantiomenc purmes of at least 99% and with a total yield of 

the punfied products of 3 7% 

Companson of the chtral g c retenaon times and the optlcal rotatlon signs with the correspondmg 

data from the chemically prepared compounds allowed us to asslgn the absolute configurations of all the 

products unambiguously except VIII Based on the VCD spectra, opncal rotation, and the choral g c traces 

we beheve that the (+)-enantlomer of VIII, which 1s produced m the reaction with baker’s yeast, has the 

(lR,5S,7S) configuratton (1 e VIIIa) 

EXPERIMENTAL 
Hexamethylphosphonc mamlde (HMPA) was &stilled from calcium hydnde and stored over 3A 

molecular sieves Tetrahydrofuran (THF) was dlstdled from sodmm benzophenone ketyl pnor to use 

Dehydroabletylamme (90+%, Aldrich) was punfied before use 

NMR spectra Bruker AC 200 or Perkm-Elmer R24B (60 MHz) spectrometer Analytical g c 12 

foot SE30 column, Vanan Model 3700 gas chromatograph connected to a Vanan 4290 mtegrator Mass 

spectra VG-7070 coupled to a Shlmadzu 9A g c , lomzatlon potennal70 eV Preparative g c Vanan 90P 

Aerograph, 8 foot carbowax column Complexatlon g c 25 m x 0 25 mm fused slllca OV-1, 0 25 km coated 

with “Chlra-Metal” phase Nl-4-pm or Nl-Nop (CC&CC, FRG), splitter ratlo 1 100 Optical rotations 
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Rudolph Autopol III automatic polanmeter, 1 cm or 1 dm cell. 

Racemrc exo-7-ethyl-5-methyl-6,8-droxabrcyclo[3.2 l]octane (exe-brevrcomm, 2) 
(Z)-No&-ene-2-one ethylene ketal (l)= was epox&zed with m-chloroperbenzmc acid and the 

resultmg epoxy ketal was stm~I with &lute HC104 to @ve, after work up, crude product Punficahon by 
flash chromatography (ether m pentane) gave pure e.xo-brevlconun, b p 79-800/30 mm (ht.z 7oo/20 mm), 
‘H nmr (200 MHz, CDC13) 8 4 14 (broad s, lH), 3 94 (t, lH), 145-2 06 (m, 8H), 143 (s, 3H), 0 95 (t, 3H), 
13C nmr (2OOMHz. CDCl,) 6 108, 81 1,78 3,35.28 6,28,25,17 2,9 7 ppm, ms, m/e (96) molecular ion 

156 (9), major fragments 114 (76), 98 (26), 86 (23). 85 (60), 43 (100) 

E.w-(IR,7S)-7-(bromoethyl)-5-methyl-6,8-&oxab~cyclo[32 lloctane (4a) 
A solu~on of (lR,7R) alcohol (3a) was treated with CBr4 and mphenylphosphme in HMPA * After 

the usual work up the product (4a) was Isolated by &stdlatlon. b p. 76-79VO 1 mm (ht 8 82-85VO 1 mm) 
The NMR spectrum was ldentlcal to the reported one The (-)-exo-(lS,7R) antipode was made as above 
from the correspondmg (lS,7S) alcohol 

Exo-(IRJS,7R)-7-ethyl-5-methyl-6,8-d~oxabqvAo[3.2 Iloctane ((+)-exe-brevrcomm, Ia) 
An ether soluaon of methylhthmm (120 mL, 1 4 M, 0 166 mol) was added dropwlse to punfied 

cuprous l&de m ether (300 mL) under N, The resultmg orange sohmon was then treated with a solution of 
4a (12 8 g, 0 058 mol) m dry HMPA (80 mL) 8 The reaction nuxture was sad under N, for 48 hours and 
then poured mto saturated NH&l solution The ether layer was separated and the aqueous layer was 
extracted mth ether The extracts were combined, washed with water and saturated NaCl, and dned 

(MgSOJ After removmg the solvent by fracnonatlon, the residue was &stilled to gve 3 4 g (54%) of 95% 
pure Ia, b p 67-69%0 mm (ht 3 60-62V15 mm), [a] o” +60 3” (c 2 42, CHCl,) (ht ’ +59 0 f 0 5 (c 2 5, 
CHCl,)), complexanon g c (Nl-4-pm) showed 89 9% ee 

(-)-Exo-brevlconun (lS,5R,7S, Ib) was made in 59% yield from the correspondmg (-)-(lS,SR)-exe 
brormde (4b). b p 67-70%0 mm, [a] Dz -60 8O (c 1 2, CHCl3) (lit * -60 5 f 0 5’ (c 2 3, CHCl,)), chemical 
punty 97%, complexahon g c (Nl-4-pm) showed 91% ee 

Racemlc lJ-dimethyl-6,8-droxabIcyclo[32 Iloctane (jrontahn, 6) 
The reaction of methyl vmyl ketone and methyl methacrylate at 1800 gave a mtxture of methyl vmyl 

ketone timer (21) and ester 5 Attempts to separate the rmxture were unsuccessful The mixture was then 
treated Hrlth sodmm borohydnde to reduce the dlmer The resulting rmxture contnnmg alcohols 7 and ester 
5 was easily separated by flash chromatography (ether in pentane) The pure ester 5 (31 g. 0 183 mole) was 
reduced with LuUI-I~ (8 1 g, 0 213 mol) in ether After the usual work up the crude product was cychzed 
using p-tostc acid m benzene Racenuc frontahn was obtamed m 86% yield, b p 64-65O/37 mm (lit 26 
76-78V50 mm), chenucal punty >97% ‘H nmr (200 MHz, CDCl,) 6 3 92 (d, lH), 3 46 (m, lH), 1 13-2 12 
(m, 6H), 1 45 (s, 3H), 1 35 (s, 3H), 13C nmr (200 MH.z, CDCl,) 6 108,80,74 2,34 6,34,24 7,23, 18 ppm 

(IR,5S)-I,5-Dunethyl-6,8-d~oxabzyclo[3 2 lloctane ((+)-jrontalrn, Illa) 
A nuxture of the (2R) dloxolane 8 (7 6 g, 0 038 mol) m glacial acetlc acid (33 mL) was treated with 
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5% sodmm hypochlonte (53 mL) 27 The reaction nuxture was stuTed at mom temperature overmght and at 
50” for 5 hours It was dduted wtth water and extracted with ether The combined extracts were washed 
successively with 5% NaOH, water, and saturated NaCl After drymg (MgSO4) and removal of the solvent, 
the residue was d~shlled to gve 2 8 g (52 4%) of >98% pure IIIa, b p 67-72O/30-35 mm (lit 27 65-67VO 

mm), [ulDZZ +54 lo (c 4 5, ether) (ht. 27 +50 7” (c 4 6, ether); complexatlon g c (Nl-Nop) showed 95% ee 

(-)-(lS,5R)-Frontahn (IIIb) was made m the same manner 111 51% yield, b p 78-79V45 mm (ht 27 
66-67”/30 mm), [alDZ -55 2O (c 4 7, ether) (hp -52.90 (c 4 7, ether)), complexanon g c (Nl-Nop) showed 
96% ee 

Racemtc 6,8-droxabrcyclo[3.2 l]octane (11) 
Racenuc sodmm 3,4-tiydro-2H-pyran-2-carboxylate (9) was converted to the correspondmg ethyl 

ester (10) m 90% yield l7 LtilI-& reduction of tlus ester and subsequent cychzation gave racerruc 11 III 57% 
yield, m p. 45-47O (ht 27 490). ‘H nmr (2OOMHz. CDCl3 6 5 5 (broad s, lH), 4 49 (m. lH), 3 95 (d, lH), 
3 77 (t, IH), 13-2 05 (m, 6H), 13C nmr (200 MHz, CDCl,) 6 1017,73 4,68 0, 31 1, 28 7, 15 4 ppm, ms, 

m/e (%) molecular ion 114 (18), major fragments 86 (27), 68 (40), 58 (32), 57 (lOO), 41 (25) 

Resolution of racemtc sodtum 3,4-dlhydro-2H-pyran-2-carboxylate (9) 
The resoluoon of racennc 9 with punfied dehydmabletylamme was carned out accordmg to the 

pubhshed procedure l7 The resulung crude salt was recrystalhzed five tunes from methanol to @ve white 
crystals of the (R) salt of DAA, m p 169-170” (ht l7 173-177O), [cz]D22 +ll 7O (c 105, ethanol) (ht t’ +lO 7’ 

(c 1 06 ethanol)) 
Pamally resolved (S) salt was obtamed from concentrahng the mother liquor of above 

recrystalhzatlons followed by two recrystalhzatlons from ether/pentane to gve about 75% ee salt 

(R)-Ethyl-3,4-drhydro-2H-pyran-2-carboxylate (14a) 
A soluhon of the (R) salt of DAA (43 5 g, 0 134 mol) and sodium hydroxide (5 5 g, 0 138 mole) m 

water (100 mL) was shaken vigorously unttl all the crystals dissolved The aqueous layer was separated, 
extracted with ether and concentrated to dryness The resulhng (R) sodmm salt (13a) (19 g, 0 127 mol) was 
heated m DMF (150 mL) at 70-800 and treated with ethyl bronude (38 8 g, 0 205 mole) The reactlon 
nuxture was heated at 70-800 for 3 hours, cooled and added to water The product was Isolated by extraction 
wltb ether Pure (R) ester (14a) was obtamed m 18% yield by flash chromatography (ether/pentane) of the 
crude matenal, [al,22 - 63 4O (c 0 17, ethanol) (lit l7 -69 3O (c 1 53, ethanol)) The NMR was idenhcal to the 
racenuc ester 

The (S) ester (14b) was made m a sun&u way with the exception that methyl iodide was used, 
[aID” +55 6O (c 0 18, ethanol) 

(lR,SS)-6,8-droxablcyclo[3 2 I]octane (IVa) 
A soluaon of (R)-ester 14a (2 3 g, 0 015 mol) m ether was added to an ether solunon of LIAlI$ (0 61 

g, 0 16 mol) After the usual work up and concentrahon, the resulting alcohol (15a) was cycllzed with 
p-toslc acid m benzene Pure IVa was obtamed m 35% yield as a white sohd, [ulDzz +113 8’ (C 0 72, 
n-hexane) (ht l7 +lll 4O (c 0 75, n-hexane)), complexahon g c (Nl-Nop) >90% ee 
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The (lS,SR) antipode (IVb) was made as described above, [alDZ -86 8’ (c 0 72, n-hexane) (lit 29 

-1W (~041, hexane)) 

Racemtc exo- and endo-7-methyl-6,8-dtoxabqnlo[3 2 l]octane (19 and20) 
The reaction of acrolem &mer (18) wtth methyl magnesmm Itide m ether gave, after work up and 

&stdlatlon, a rmxture of three and erythro alcohols, b p 72-7Y/12 mm (lit 30 73-7Y/13 mm) The rmxture 

was cychzed urlth p-tom acid in benzene to 19 and 20, respecuvely Prep g c separated the two isomers to 

a punty of >98% ‘H nmr (200 MHz, CDCl$ em 6 5 55 (broad s, lH), 4 23 (q, lH), 4 03 (broad s, lH), 

140-2 03 (m, 6H). 1 22 (d, 3H), endo 6 5 50 (5 50, broad s, 1H). 4 10-4 21 (m. 2H), 140-2 05 (m, 6H), 137 

(d, 3H), 13C nmr (200 MHz, CDCl3) exe 6 102 5, 78 5, 75, 31, 28 6, 21 5, 16 1, endo 6 101 8, 75 7, 75 1, 

30 3,24 3, 15 8, 13 5 ppm, ms, m/e (%) exe molecular ion 128 (4). major fragments 86 (lo), 68 (9), 58 (1 l), 

43 (100). 41 (16), endo molecularlon 128 (13), major fragments 84 (33), 71 (100). 67 (35), 57 (51), 43 (34) 

(lR,SS,7R)-exo- and (IR, 5S, 7S)-en&-7-methyl-6,8-droxabrcyclo[3 2 lloctane (Va and Via) 
A solution of (R)-ester 14a (1 3 g, 0 0084 mol) m ether (5 nL) was added to a cooled solution (-500) 

of methyl magnesium l&de m ether, made from magnesium (0 41 g, 0 017 mol) and methyl r&de (3 6 g, 

0 025 mol) When the addition was complete the reactIon rmxture was unmedlately quenched with saturated 

NH&l solution The ether layer was separated and the aqueous phase was extracted with ether The 

combined extracts were dned and the solvent was removed fracnonally G c analysis of the residue showed 

the presence of the (R)-ketone 16a (14%), (R)-alcohol 17a (26%), and unreacted (R)-ester 14a (40%) The 

desired ketone 16a was isolated from the nurture by flash chromatography (ethcr/pentane) Reducnon of 

16a with NaBH4 followed by cychzation of the resultmg alcohols with p-toslc acid m benzene gave a 

rmxture of Va and Via Complexanon g c (Nl-Nop) showed 89 8% ee for Va and >87% ee for Via 

Racemlc 7,7-dimethyl-6,8-dtoxablcyclo[3 2 Iloctane (12) 
Racemlc ethyl ester 10 was added at room temperature to excess methyl magnesium lodlde m ether 

The resultmg alcohol was cychzed with p-toslc acid m benzene to gve 12 m 73% yield Fmal punficatlon 

by prep g c gave >98% pure sample ‘H nmr (200 MHz, CDCl,) 6 5 49 (broad s, lH), 3 32 (broad s, lH), 

1 46-2 13 (m, 6H), 1,42 (s, 3H), 1 28 (s, 3H), 13C nmr (2OOMHz, CDCl,) 6 102, 80 4, 76 5, 30 2, 29, 25, 

20 5,15 6 ppm 

(lR,SR)-7,7-Dlmethyl-6,8-dloxabrcyclo[3 2 lloctane (ZXa) 
A solution of (R)-ester 14a (0 70 g, 0 0064 mol) m ether was added at room temperature to an ether 

soluaon of methyl magnesium mdlde, made from magnesium (0 31 g, 0 013 mol) and methyl uxllde (2 73 g, 

0 019 mol) After heating under reflux for 1 hour, the reactlon nuxture was worked up m the usual manner 

and the resultmg (R)-alcohol 17a was cychzed with p-tone acid m benzene Prep g c gave 0 66 g of >98% 

pure Ma, [alD22 +82 lo (c 0 78, CHCI,), complexahon g c (NI-Nop) showed 91% ee 

The (S)-ester (14b) was converted m the same manner to the (lS,5S) anhpcde, [a],22 -69 7“ (c 0 75, 

CHCl,) This rotauon value represents about 75-77% ee optical punty 
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Racemtc exo- and endo-5,7-dunethyl-6,8-dtoxabwzycio[32 l]octane (22 and 23) 
Methyl vmyl ketone was heated at reflux temperature for 6 days31 and the &mer (21) was Isolated by 

dlstl!latton (40% yield), b p 66-69%0 mm, ‘H nrnr (6OMHz, CCld 6 4 24 (broad m, lH), 3 89 (m, lH), 2 0 

(s, 3H), 174 (broad m, 4H), 158 (s, 3H), ms, m/e (%) molecular ton 140 (14). major fragments 97 (76), 
69(15). 43 (lOO), 41 (72). 27 (18) Reducaon of 21 wtth N&Q m methanol gave a nuxture of three and 
erythro alcohols (7) which were cychzed with p-toslc acid m benzene to gve a crude nuxture of 22 and 23, 
respeLuvely, b p 54-60%5 mm (lit 32 48W mm) Rep g c. gave pure (>98%) exo and endo isomers ‘H 
nmr (200 MHz. CDC13) exe 6 4 14 (broad s, 1H). 3 94 (t, lH), 145-2 06 (m. 8H), 1 43 (s, 3H), 1 20 (d, 3H), 
endo 6 4 1 l-4 25 (m, 2H), 150-2 05 (m, 6I-I). 141 (s, 3H), 132 (d, 3H). 13C nmr (200 MHz, CDC13) exo 6 
108,80 1.75 8,35,27 7,25.3,219,17 1, eti 6 107 77 4,75 5,34.3,24 9,23 6.17 3,13 8 ppm, ms, m/e 
(%) exe molecular ton 142 (2). major fragments 100 (30). 72 (la), 71 (33), 55 (12), 43 (lOO), endo 
molecular ton 142 (lo), major fragments 98 (25), 72 (44). 71 (27). 43 (lOO), 41 (23) 

(lR,5S,7R)-exo-5,7-d~methyl-6,8-droxnbrcyclo[3 2 l]octane (VZZu) 
Sodium cyanoborohydnde (3 4 g, 0 054 mol) was added to a soluhon of the (lR,7S)-exe-bromide 4a 

(3 0 g, 0 013 moi) m dry HMPA 33 The reaction rmxture was heated at 105-1100 for 3 days, cooled, and 
added to water The product was extracted with ether and the extracts were washed with water and dned 
(MgSO,) The solvent was removed fractionally and the residue was dlsttlled to give 3 0 g of VIIa, b p 
82-9OY80 mm Prep g c gave a sample of 99% purity, [a]$* +58 5” (c 0 94, CHCl,), complexauon g c 
(Nt-4-pm) showed 90 6% ee 

The (lS,5R,7S) antipode was made as above, chemical punty 98%, 90 4% ee by complexatlon g c 
(Nt-4-pm) 

2-Acetyl-3,4-drhydro-2H-pyran (26) 
Methyl vinyl ketone (30 g, 043 mol) and acrolem (60 g. 1 1 mol), both freshly dlstllled, and 

hydroqumone (1 g) were dispersed in 160 mL of benzene The emulston was heated 111 a 2 L Parr bomb at 

1900 for 2 hours and subsequently concentrated The crude rmxture contained 17 1 g (32%) of 26 and was 
vacuum &shlled to remove the polymers The dlsttllate collected between 28 to 66” (30 mm) was dlshlled 
twice with a spmmng band column (20 cm x 6 mm, R = 1 12) The fraction bolhng at 77-78’ (35 mm) was 

used for the microbial reduction (9 8 g, 18%), punty 97% by g c , ‘H nmr (60 MHz, CDCl,) 6 6 46 (m, lH), 

4 71-4 89 (m, lH), 4 16-4 37 (m, lH), 2 26 (s, 3H), 2 03 (broad, 4H), ms m/e (%) molecular ton 126 (23), 
major fragments 83 (lOO), 55 (69), 43 (54), 29 (28), 27 (21) 

2-PropronyMknethyl-3,4-d~hydro-2H-pyran (28) 
The synthesis was camed out followmg the procedure given by Chaqum et al 22 with 21 g (0 15 mol) 

of 21 The product from the first step was vacuum dlstllled and 22 7 g (68 6%) of mune still contannng 
some startmg matenal were obtained The Imme (14 g, 0 063 mol) was used without further punficatlon for 

the akylatlon with equlmolar amounts of ethyl magnesmm bromide and methyl iodide as described 22 

Dlstlllatlon yielded 4 6 g of a mixture contammg 75% of 28 (36% ydd) and 25% of 21 This mixture was 

used directly m the yeast reduction step IH nmr (60 MHz, CDCl,) 6 4 62-4 45 (m, IH), 4 39-4 16 (m. lH), 
2 63 (q, 2H), 196 (broad, 4H), 179 (s, 3H), 106 (t. 3H), ms (from g c /ms of the product mixture), m/e (%) 
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molecular Ion 154 (23), maJor fragments 97 (90), 69 (27). 43 (100). 41 (88), 27 (50) 

Yeast reducnons (Zb, ZZa, Vb, VZa, VZZb, VZZZa) 
Typically 10 g of racermc precursor (21, 26, or 28) were added to a suspension of acnvely 

fermentmg baker’s yeast (60 g of Flelschmann’s fast nsmg dry yeast) and sucmse (126 g) in deiontzed 
unbuffered water (800 g) open to au. After 20 hours, another 20 g of sucrose were added and the reaction 
was stopped after 46 hours The slurry was Qvlded mto four batches which were cenmfuged The 
supematant from each batch was extracted ~nth &ethyl ether (3x100 mL) Most of the solvent was 
evaporated with a rotavapor and the remng hqmd dned wtth molecular sieves (3 A) This soluuon was 
&stdled mth a small Vigreux column to yield a relanvely small sample contammg a rmxture of exo and 
endo Isomers and ether The separahon and final punficatton were achieved by preparattve g c 

Products 21 gave VIIIa and VIIb m the ratto of 1 18 m the crude mixture, yteldmg after prep g c 

100 and 98 5% ee opncal punty (98 and 100% chemtcally pure), respecnvely, wtth a total yreid of 3 6% 

relative to the precursor, 26 afforded Via and Vb tn the ratro of 3 1 before work up, yreldmg 0 35 and 0 10 g 

(80 and 87% chemrcal punty) of the products, respechvely, correspondmg to a total yreld of 3 7%, another 

punficanon step with prep g c gave 0 15 g of 98 7% pure Via, enanttomenc purmes of both Isomers were 

99% or better, the mrxture of 75% 28 and 25% 21 yrelded after punficatton and tsolatron Ib and Ha m the 

rano 1 12, and VIIb and VIIIa m the rano 1 I 3, with enannomenc purmes of 99, 100, 93, and 99% ee, 

respecnvely Infrared absorphon and mass spectra of all products were rdenhcal to those of the 

correspondmg racemrc compounds 
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