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Abstract -- Reaction of acetaldehyde with Ihe trianion of 4,Ci-dimethyi~onane-3,5,7-ttione followed by 
acidi~~t~~n yielded a st~r~~isome~~c rnjxt~r~ of slegobin~~~, the pheromone of S~~~o~~~~ ~ff~~~~~~~ L. 
Acylation of the dianion derived from 4-met~~lhep~ane-3,~-d~o~e with a mixed anhydride prepared from 
12.R. 3S)-3hydroxy-2-methyibutanoic acid or its enantiomer led to (25,3R, ?RS)- or (2R. 3s. ?RS)- 
stegobinone. The natural pheromone possesses (2S, 3R)-stetwchemistry. 

Stegobinone [2,~-dihydr~-2,3,~-trjmetbyl-~-( l- 
methyl-2-oxobutyl)-4H-pyran-4-one] I is the sex 
pheromone produced by the female drugstore beetle 
(Steg&um paniceum L.).‘*’ Its unusual dihydro-y- 
pyrone structure with three chiral centers is 
particularly attractive as a target of our continuing 
synthetic studies on chiral insect pheromones, since 
nothing is known concerning its stereochemistry 
except that the two ric-Me groups are in c*is 
relationship.* Herein we describe a synthesis of a 
mixture of two di~stereomeri~ r~eemates with the plain 
structure i and also a synthesis of (2s. 3R, 7RS3- and 
(ZR, 3S, 7RS)-stegobinone. The latter work enabled us 
to assign the absolute stereochemistry at C-2 and C-3 
of the natural stegobinone to be 2S, 3R. 

A plausible biogenetic precursor of stegobinone 1 is 
a triketa alcohol 2. We therefore planned and realized 
a biomimeti~ synthesis so as to ~Qn~rrn the proposed 
plain structure of stegobinone, basing on the recent 
progress in the chemistry of di- and trianions.3-6 The 
usefulness of dianion chemistry in pheromone 
synthesis was already shown by us in the case of 
~bal~ogran=’ The known diketone 3’ was converted to 
a dianion with 2.6 eq of lithium diisopro~yIamide 
(LDA) and the dianion was acylated with a mixed 
anhydride prepared from propionic acid and methyl 
chloroformate. The resulting triketone 4 in the mixture 
was then treated with further 2.2 eq of LDA without 
j~~l~ti~n, and the generated trianion was q~e~~bed 
with a~etaIdehyde to give the precursor 2 of the 
pheromone. This was treated with dil HCI to effect 
cyclization. The product was purified by chromato- 
graphy to give the pheromone ( rf: j-1 in 5.6 “/;, yield as a 
diastereomeric mixture of two racemates. The IMIIS- 

tPheromone Synthesis-XXXVIII. This work was 
presented by K, M. at the First lnternatlonal Conference on 
New Aspecks of Organic Chemistry HI Kyoto, Japan. on 
December 6. 1979. Part XXXVJI, K. Mori and M, Sasaki, 
~~r~~~~~~~~z 36, 2197 (t98~~. 

isomer [ f j-1 ’ was afso obtained in 5.8 y; yield as a 
diastereomeric mixture. The configurational assign- 
ment af the two c&Me groups of (-t_ )-I and (f j-1’ 
was made possible by inspection of their ‘H-NMR 

we to the proton at C-2 of (2 l-1 was 
observed at b4.46 as 1 H dq (J = 7 and 3 Hz), while 
that of ( I j-1’ was observed at 64.02 as I H dq (J = I4 
and 7 Hz). The small J-value (3 Hz) indicated the 2,3- 
cis stereochemistry of (+ )-1. The IR, UV, NMR and 
mass spectral data of (&-)-I were identical with the 
publ~sbed data of the natural pheromone.’ Bioassay of 
our ( Ifr )-I on drugstore beetle was carried out by Prof. 
W. E. Burkholdcr. Its threshold response level for 
males was 10-4~g. So the synthetic (+)-I was 
somewhat less active than the natural pheromone 
whose threshold level was 3 x 10- 7pg. The above 
biomimetic synthesis thus confirmed the propcrtsed 
plain structure I of stegobinon~.* S~multa~eowsly but 
independently, Hassner YI ul. published quite a simiiar 
synthesis.” 

Our subsequent task was a chiral synthesis of 
optically active stegobinone so as to establish the 
absolute stereochemistry of the natural pheromone 
and at the same time to clarify the st~reocbemistry- 
pheromone activity relationship. The above described 
biomimetic synthesis was inadequate for that purpose 
due to the difficulty in executing asymmetric aldol 
condensation (4 + 2) in addition to the possible 
eq~i~ib~tion at the chiral centers fx to the CO gmups. 
Since the stereo-~ontroI at C-f ofthe side chain seemed 
particularly difficult, we decided to start our synthesis 
from tartaric acid enantiomers so as to determine the 
absolute stereochemistry of the dihydro-;-pyrone ring, 

L-( + )-Tartaric acid 5 was converted into (2S, 3S)- 
2~3-ep~xybutane 6 as described pre~i~~s~y*’ ’ Lithium 
diphe~y~~uprat~ cleaved the epoxy ring with complete 
Walden inversion to give a chiral alcohol (2X 3S)-la, 
[r 1;” -t- 7.41 (ether) in 81 ‘:,,, yield. It was shown to be 
virtually optically pure on the basis of the NMR and 
glc analyses of its IS)-( - )-r-methoxy-cr-trifluoro- 
methyiph~nyla~~~jc acid [ MTPA} ester.12 After 
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0 0 0 OH 

(2S,3R,7RS)-l_ L 

protecting the OH group as an acetate (7b), the a THP ether (&I) and the ester group was saponified to 
benzene ring was destroyed by ozonolysis. The 
ozonide was oxidized with H,O, and the resulting acid 

give an acid &. This was treated with methyl 
chloroformate to give a mixed anhydride (2R, 3S)sf. 

(2R, 3S)-8a was esteritied with CH,N, to give a Me Acylation of the dianion derived from Cmethyl- 
ester 8b. Treatment of the acetoxy ester 8b with heptane-3,5-dione 3 with the anhydride 8f was 
MeOH-HCI yielded a hydroxy ester (ZR, 3S)-&, 
[r];‘-14.1 (MeOH). whose optical purity was shown 

followed by acid treatment to give a complex mixture 

to k 98 :‘;, by the glc analysis of its (S)-( - )-MTPA 
containing the desired product. This was purified by 
column chromatography, preparative tic and 

ester. The optical rotation of the highly purified (2S, 
3R)-8e. obtained by resolution, was reported to be 

preparative gIc to give pure (2s. 3R, 7RS)-stegobinone 

[IX];’ + 14.32 (MeOH). ’ 3 This value is in good 
1, [a Jr-129’ f 4” (CHCI,), in 2.2 % yield from & Ils 

accord with ours. The OH group was then protected as 
IR, NMR and mass spectral properties coincided with 
that of the natural pheromone. In the same manner, 

0 
OH ,. .* 4 0 - 

Pi 

C02H 

$ 

_= -*** 
H .* 

OH 

HO + H.” 
0 

CO2H 

(2R,3R)-5 (2S,3S)-6 (2S,3S)- z R =H 

I2R,3S)-E& R=Ac, R’=H 

,b AC, 
Me (2R,3S)-3 

2 H, Me 

I! THP, Me 

2 THP, H 

&3R,7RS)-l_ 



The pheromone of the drugstore beetle 711 

CO2H 
HO 

1 
OH 

C02H 

(2S,3S)- 5 DR,3R)-~ (2R,3S,7RS)- 1 

0 0 1. 

unnatural D-( -)-tartaric acid was converted to (2R, 
3R)-alcohol 7a, [a]f: - 7.21 (ether), which was 
virtually optically pure as determined by the MTPA 
ester method. The key eryrhro-hydroxy ester (2S, 3R)- 
kc, [a]:’ + 14.0 (MeOH), was of 98 ‘& optical purity. 
Subsequent transformation yielded (ZR, 3S, 7RS)- 
stegobinone 1, [ali + 121 &- 3 (CHCI,), in 1.6’;0 
yield from &. Hoffmann and Ladner recently reported 
a synthesis of 657” optically pure (2R, 3S, 7RS)- 
stegobinone I with [aID value of 79.8 .I4 Our products 
1 with [z], value of 121 - 129 ’ are therefore highly 
optically pure at C-2 and C-3 in accord with the 98 y/; 
optical purity of the starting material &. This retention 
of configuration at C-2 supports the cyclization 
mechanism involving intermediates A and B. If the 
cyclization were to take place cia an r,(l-unsaturated 
triketone mono-enol C as proposed by Ansell ef ~1.” 
complete racemization would result. It therefore seems 
that the hemiacetal formation from A to B is followed 
by dehydration to stegobinone 1. 

The CD spectral data of (2S, 3R, 7RS)- and (2R, 3S, 
7RS)-stegobinones are shown in Table I. Hoffmann’s 
CD data as well as those of the natural pheromone are 
also listed. The negative extrema due to the enone n 
+ X* chromophore in the 350 nm region indicate that 
the stereochemistry at C-2 and C-3 of natural 

stegobinone is same as that of our (2S, 3R, 7RS)- 
isomer. The CD spectrum of the natural pheromone, 
however, differs considerably from those of our (2S, 
3R, 7RS)-1 in the 260 to 280nm region. As suggested 
by Hoffmann and Ladner, I4 this is probably due to the 
compensation of the expected exciton couplets in the 
synthetic 1: 1 mixture of C-7 epimers, whereas natural 
stegobinone seems to be stereochemically homo- 
geneous at C-7. 

In conclusion our chiral synthesis allowed the 
assignment of the absolute configuration of the natural 
stegobinone to be 2S, 3R. The configuration at C-7 
remains to be determined, The biological activity of 
our (2S, 3R, 7RS)- and (2R, 3S, 7RS)-stegobinone is 
under investigation by Prof. W. E. Burkholder, 
University of Wisconsin. 

EXPERIMENTAL 

All b.ps were uncorrected. IR spectra refer to filmsand were 
determined on a Jasco IRA-1 spectrometer. NMR spectra 
were recorded as Ccl, solns at 60MHz with TMS as an 
internal standard on a Hitachi R-24A spectrometer unless 
otherwise stated. Optical rotations were measured on a Jasco 
DIP-4 polarimeter. Glc analyses were performed on a Yanaco 
G 80 and G 180 gas chromatographs. 

Table I. CD spectral data of natural and synthetic stegobinone measured in n-hexane 

Natural stegobinone' (25, 3& 7Rg-. (ZR, 35 7Fg-A 

l * 
ours Hoffmann's 

X360nm As-O.42 A359nm -0.63 +0.70 X358.8nm AC+O.49 

345 -0.87 343.5 -1.39 +1.50 343.4 +I..03 

332 -1.39 +1.55 331.8 +1.06 

285 -13.0 283.5 +0.11 -0.19 284.4 -0.23 

260 +9.1 260 +1.05 260.8 +0.69 

* Measured after two weeks' storage as a 0.05% (w/v) soln. 
l t Measured inunediately after purification as a 0.035% (w/v) soln. 
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A diastereomeric mixture oj’ (+ t2,3-dihydro-2,3,5-trimethyl- 

6-( I-methyl-2-oxobutyl)-4H-pyran4one ( f )-I 

A soln of LDA in THF was prepared by adding n-BuLi 
(1.4 N in n-hexane, 37.1 ml) to a soln of i-Pr,NH (7 ml) in dry 
THF (4Oml) at -60 with stirring under Ar. After 1Omin 
HMPA (20 ml) and Cmethylheptane-3.5-dione 3 (2.84 g) in 
dry THF (2ml) were added and the mixture was stirred at 
- 70 - - 30 for 1 hr. A soln of EtCO,CO,Me (2.904g) in 
THF (2ml) was added to the stirred soln at -40 . The 
mixture was stirred for 1.5 hr at -40 _ - 30 . An LDA soln 
[prepd. from l.4N-n-BuLi in n-hexane (31.4ml). i-Pr,NH 
(3 ml) and THF (IOml)] was added to the mixture and it was 
stirred at - 40 _ -30 for 30 min. Then MeCHO (968mg, 
1.24ml) was added and the stirring was continued for 30 min 
at -40~ -30 ‘. The mixture was poured into IO’:; 
HCI-MeCN (1: 1.200 ml), stirred for I7 hr at room temp. and 
extracted with n-hexane. The extract was washed with 
NaHCO, soln and brine, dried (MgSO,) and concentrated rn 
UJCUO. The residue was chromatographed over silica gel. 
Elution with n-hexane _ n-hexane-ether (8:2) gave crude ( 
( t_ )-I and ( f )-I I. These were separately purified by 
preparative tic to give ( + )-I (252 mg. 5.61;) and ( & )-1’ 
(258 mg. 5.8 t:“). These were further purified by distillation. 
The c&isomer ( + )-I boiled at 120 _ I35 (bath temp)/4mm. 
nk’ 1.4849; \I,,,.~ (film) 2970 (m), 2920 (m). 2860 (m). 1723 (vs), 
166O(vs), 1605(v~),1450(m),1385(s),1363(m). 1340(s).1215 
(m),1145(s).1120(m),1090(m),1050(m),1015(w),1000(w), 
96O(w).910(w),705(w)cm-‘;S(6OMHz,CDCI,)1.05(3H, 
d, J = 7Hz), 1.06 (3 H, t, J = 7Hz), 1.30 (6H, d, J = 7Hz), 
1.79 (3H, s), 2.1 5 2.7 [3H, m, 2.48 (2H, q, J = ~Hz)], 3.67 
(lH,q,J =7Hz),4.441(lH,dq.J =7and3Hz);i.,,(EtOH) 
273nm (c 10,900); MS: m/e 224 (M’ =C,:HH,OO). The 
tram-isomer (*)-I’ boiled at 122 _ 138’ (bath temp)/4mm, 
+ 1.4804; I’,,,_ (film) 2970 (m). 2925 (m), 2870 (m), 1725 (s). 
1665 (s), 1615 (s), 1455 (m), 1385 (s), I360 (s), 1343 (m), 1290 
(w), 1260 (w), 1195 (s), I175 (m), 1150 (s), 1080 (m). 1070 (m), 
1045(m),10I2(m),990(w),958(m),915(w),860(w),850(w). 
805 (w), 780 (w) cn- ‘; S (6OMH& CDCI,) 1.05 (3H, t, 
J = 7 Hz), 1.10 (3 H.d, J = 7Hz). I.31 (3 H.d, J = 7 Hz), 1.38 
(3H,d. J =7Hz). 1.79 (3H, s), 2.0 5 2.7 [3H, 2.45 (2H.q. 
J = 7 Hz)], 3.62 (I H, q, J = 7 Hz), 4.02 (1 H, dq, J = 14 and 
7 Hz); i.,,, (EtOH)273nm (c 10.800); MS: mle224.1 (12X), 
169.1 (8’:,,,). 168.1 (94’:;). 167.1 (8?;,), 153.0 (4%), 139.0 
(IO:,,), 125.0 (4’1;,), 124.0 (22’:,,;), 114.0 (4”/,), 113.0 (527,). 
112.0 (12’:;). Ill.0 (4:;). 110.0 (6’1,;). 109.0 (14’:;,). 107.0 
(4 ‘:,,), 57.0 ( 100 ‘&). 

3- Phenyihutun-2-o/ 7a 
(a) (2s. 3S)-(+ )-Isomer. A soln of PhLi in ether was 

prepared from PhBr (27.2g) and Li (4.5g) in dry ether 
(2OOml) under Ar. The filtered soln was added dropwise at 
0 _ 10 to a suspension of Cul (10.6g) in dry ether (SOml) 
with stirring. The mixture was stirred for I hr at 0’. A soln of 
(2s. 3St6 (64Omg) in dry ether (2ml) was added to the 
Ph,CuLi soln at 0 .. 3 under ice-salt cooling. The mixture 
was stirred for 1 hr at -5 - 0 and then for 13 hr at 5 . 
Subsequently it was poured into cold NH,CI aq.. filtered to 
remove solid ppt. and extracted with ether. Theether soln was 
washed with brine, dried (K,CO,) and concentrated in cacuo. 
The residual oil (4.42 g) was chromatographed over silica gel 
(Merck Kieselgel 60. 6tJg). Elution with n-hexane-ether 
(20: I z 5: I lgave 7s. Thiswasdistilled togrve 1.08g (8I.2’:,,) 
of pure 7a. b.p. 82-84 ;7mm. IIF 1.5162; [r];’ + 7.41 
(c = 1.85, ether); Y,,, + 3340 (br), 3070 (w), 3050 (w). 3010 
(m), 2960 W, 2920 (ml, 2880 (m), 1600 (m), 1580 (w), 1495 (s). 
1455(s),1415(w),1375(m).1310(br.w),1250(br.w),1200(w). 
~~85(w~.1150~m),1110(m),1085(s),1045(m).1025(w).1010 
(s), 995 (m), 970 (m), 910 (s), 775 (w). 760 (s). 740 (w), 705 (9) 
cm - ’ ; (5 I.01 (3 H. d, J = 6 Hz), 1.30 (3 H. d. J = 7 Hz), 1.63 
(1 H,br.s),2.33 5 2.90(1 H,m),3.50 4- 4.03(1 H,m),7.20(5H, 
s); MS: m/e 150 (M* 1. 135, 132, 10X91.77; GLC (Column, 
Thermon 1000, 30 m x 0.3 mm. at 120”; Carrier gas, N,. 
4Omljmin): Rt 17.1 min (100%). (Found: C, 79.39; H, 9.41. 
CI,H,,O requires: C. 79.96; H, 9.39%). 

(b) (2R. 3R)-( - )-lhomrr. This was prepared from (2R. 3R)- 

6 (1.8Og) in 80.S:~ yield (3.02g), b.p. 98 w 102 ;I3 mm. II:’ 
1.5168; [a];’ - 7.21 (c = 2.03, ether). 
Acetic ester 7b Q/ 3-pheny/hlcta,l-2-o/ 

(a) (ZS, 3S)-isomer, Ac,O (IO ml) was added to a soln of7a 
(4.18g) in C,H,N (20ml) and the mixture was stlrred for 
l4hr at room temp. Then it was poured into ice-water and 
extracted with ether. The ether extract was washed with 
CuSO, soln. water and brine. dried (MgSO,) and 
concentrated in CUL’UO. The residue was distilled to give 5.22g 
(97.6’:~) of 7b. b.p. 86 5 91 i6mm. II;’ 1.4878; I’,,,_ 1730 (s). 
1595 (w), 1575 (w), 1370 (s). 1240 (5). 1020 (sh), 1010 (sl. 700 
(s)cm~‘;cil.O0(3H,d,J =6Hz).1.26(3H.d.J =7Hz).l.99 
(3H.s),2.50- 3.08(IH.m).4.71 - 5.31 (I H,m).7.19(5H. 
s). (Found: C, 74.69; H, 8.33.C, ,H,,O, requircc: C, 74.97: H, 
8.3Y “/,). 

(b) (2R, 3R)-Isomer. This was prepared from (2R, 3R)-7a 
(2.15g) in 99.3 ‘tn yield (2.738). b.p. 82 4 86 ;‘5 mm; !I;’ 

I .4876. 

Methyl 3-ocetoxy-2-methylbutyrute 8b 
(a) (2R, 3S)-Isomer. Ozone was bubbled into a soln of (2s. 

3Sj-7b(5.l7g)in AcOH (30ml)with stirring at room temp for 
24hr. Then 35’;/, H,O, (20ml) was added and the mixture 
was stirred for 14hr at room temp. The excess H,O, was 
destroyed by the addition ofa small amount of Pt blaqk. After 
4 hr stirring, Pt was filtered off and the filtrate was 
concentrated in L’UCUO to give crude &I. This was treated with 
ethereal CH,N,. The ether soln was washed with water and 
brine, dried (MgSO,) and concentrated. The residue was 
chromatographed over silica gel (Kieselgel 60,60 g). Elution 
with pentane-ether (20: I _ 5: 1) gave 8b. This was distilled to 
give 2.47 g (52.7 7;) of puregb, b.p. 71 -- 75 /7 mm, &” 1.4180; 
~,,2980(m),294O(m),2870(w).284O(w), 1740(s). 1460(m). 
1435 (m), 1370 (m), 1315 (m), 1260 (sh). 1250 (sh). 1240 Is), 
1200 (m), 1170 (w), I I35 (w). 1125 (w), 1080 (m). 1030 (m), 
l020(sh),990(sh),970(w),940(m),880(m),850(m),815(w), 
760 (m), 700 (m); 6 I.13 (3H, d, J = 7Hz), I.20 (3 H. d, 
J = 6Hz). 1.99 (3H. s), 2.26 4 2.88 (I H, m). 3.65 (3H, s). 
4.78 z 5.36 (I H, m). (Found: C, 54.71: H. 7.90. C,H,,O, 
requires: C, 55.15; H, &lo;,;). 

(b) (2S, 3R)-Isomer. This was prepared from (2R. 3R)-7b 
(2.72g) in 56.59; yield (1.398), b.p. 74 h 76 /9mm; nk’.’ 
1.4171. 

Methyl 3-hydroxy-2-methylhutyrute 8c 

(a) (ZR, 3S)-fsomer. A sat soln of HCI gas in MeOH (Sml) 
was added to a soln of (2R, 3S)-8b (2.36g) in MeOH (10ml). 
The mixture was stirred for 5 hr at room temp. Then it was 
neutralized with NaHCO, aq and concentrated irk L’UWO to 
remove MeOH. The residue was extracted with ether. The 
ether soln was washed with water and brine. dried (MgSO,) 
and concentrated in cacuo. The residue was distilled to give 
1.25 g (69.8 Y;,) of 8c. b.p. 73 5 77 /I2 mm, II:,’ 1.4230; 
[a];’ - 14.1 (c = 1.90. MeOH); I*,,,_ 3400 (m), 2940 (m), 
2860(m). 1730(s). 1710(s), 1450(m). 1430(m), 1405(w). 1370 
(m).1350(m),1305(w),1265(m).1200(s),II70(s).1150(sh). 
II05 (sh). 1080 (s). 1060 (ml. 1030 (ml. 990 (m). 970 (WI. 905 
(m).850(m).825~w).750(w)cm-‘:&l.l4(3H,d.J =6Hz), 
I.18 (3H, d, J = 7Hz), 2.10 4 2.X5 [ZH. m. 2.56 (I H, s)]. 
3.56 s 4.18 (1 H. m). 3.69 (3 H, s); GLC (Column. Thcrmon- 
1000. 30m x 0.3mm at X0 ; Carrier gas. N,. 50ml;min): Rt 
12.2 min (100’:;). (Found: C, 54.29: H. 9.14. C,H,,O, 
requires: C, 54.51; H. Y.15”,,). 

(b) (2s. 3Rklsomer. This was prepared from (2X 3R)-8b 
(650mg) in 61.5’1, yield (303mg). b.p. X0-95 (bath 
temp.)/15mm. ftu ” 1.4232; [z]:’ + 14.0 (c = 1.45. MeOH). 

Methyl 2-methyl-3-tetrahydropyranyloxyhutyrute 8d 

(a) (2R. 3S)-isomer. Dlhydropyran (458 mg) and p-TsOH 
(Wmg) were added to a soln of (ZR, 3S)-Sc (480mg) in dry 
ether (5mI) and the mixture was stirred for 18 hr at room 
temp. Then it was washed with sat NaHCO, aq, dried 
(K,CO,) and concentrated in L’UUIO to give X93mg 
(quantitatlve)of&l, vmaX 2930 (s), 2860 (m). I740 (s). 1205 (s). 
II80 (ml. 1160 (m). 1125 (s). 1075 Is). 1030 (5). 1020 (s). 980 
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(m), 970 (s) cm-‘. This was employed for the next step 
without further purification. 

(b) (ZS, 3R)-Isomer. This was prepared from (2s. 3R)-8c 
(303mg) in quantitative yield (810mg). 

2-Merh~l-3-tetruhydrop~run~lox~but~ric acid Se 
(a) (ZR, 3S)-lsomrr. A soln of KOH (61 I mg)in water (Sml) 

was added to a soln of (2R. 3S)-&I (893 mg) in MeOH (5 ml). 
The mixture was stirred for 16 hr at room temp and then 
concentrated in L’UCUO to remove MeOH. NaCl was added to 
the residue and the mixture was extracted with ether to 
remove neutral impurities. Then the aq layer was acidified to 
pH 4 ~c S with AcOH and thoroughly extracted with ether. 
The ether soln was dried (Na,SO,)and concentrated in vucuo 

to give 687mg of crude 8e, vrnul _ 2940 (s). -2610 (m), 1710 
(vs), 1290 (s), 1270 (s), l2SO (s), 1135 (s), 1120 (s), 1075 (s), 
1020 (s) cm-‘. This was employed for the next step without 
further purification. 

(b) (2S, 3Rtlsomer. This was prepared from (2s. 3R)-8d 
(81 Omg) yielding 592 mg of crude &. 

2-Merhci-3-rerrul~~drop~ru~I~,/~~.~~huf~rlc merhylcarbonic 

anhydride 8f 
(a) (ZR, 3S)-fsomer. A soln of ClCO,Me (413mg) in dry 

ether (5 ml) was added to a soln of (2R. 3S)-Se (687 mg) in dry 
ether (20ml). To this soln was added Et,N (S15mg) in dry 
ether (10 ml) with stirring at - 6 h - 4 (ice-salt bath). After 
the addition, the mixture was stirred for 2 hr at - 8 _ -5 . 
The ppt (Et ,NHCI) was filtered off. The filtrate was washed 
with water and brine, dried (Na,SO,) and concentrated in 
~‘ucuo to give XX 1 mg ofcrude L. \‘,,,._ 2960 (m). 2850 (m), 1820 
(vs), 1770 (s), 1255 (s), II40 (s), 1080 (s). 1030 (s), 1020 (s), 
1010 (s). 990 (s) cm- ‘. This was used for the next step without 
further punficatibn. 

(b) (2s. 3R)-Isomer. This was prepared from (2S, 3R)-& 
(592mg) yielding 584 mg of crude 8f. 

(25’. 3R. 7RS)-( -- )-Srrgohinone I 
A soln of LDA was prepared from n-BuLi (1.62 N in 

hexane. 8.48 ml) and i-Pr,NH (1.5 ml) in THF (5 ml) at - 60 
with stirring under Ar. After stirring for 15 min, HMPA 
(5.4 ml) was added dropwise and the temp was raised to - 25” 
to make a homogeneous soln. Then the mixture was cooled to 
- 60 and a soln of 3 (780mg) In dry THF (2 ml) was added 
dropwise. The mixture was stirred for IS min to ensure the 
dianion formation. Then a soln of (2R, 3S)-Bf (881 mg) in dry 
THF (2ml) was added and the mixture was stirred at 
- 60 % - 5 for 4 hr. Subsequently it was poured into lOu/:, 
HCL-MeCN (1: 1. SOml), stirred for 14 hr at room temp and 
extracted with ether. The ether soln was washed with 
NaHCO, aq and brme, dried (MgSO,) and concentrated in 
turuo to give I .82 g of an oil. This was chromatographed over 
silica gel (Merck Kieselgel 60, ZOg, n-hexane-ether = 40: 
I - 2: 1). The fraction containing 1 was further purified by 
preparative tic (Kieselgel60, F,,,, double development with 
n-hexane-ether = 4: 3: R, 0.32) to give SS mg (6.8 “, yield) of 
I with 90’1;, purity as checked by glc. The final purification 
was carried out by glc (Column 5 :‘;, PEG 20 M, 2 m x 6 mm 
at 200 : Carrier gas. N,. 0.5 kglcm’: Rt 8.8min) yielding 
IX mg (2.2”, from &) of pure 1. [a]&” - 129” +_ 4” (c = 0.22, 
CHCI,); b*m,, 2970 (m). 2930 (m), 2870 (m), 1725 (s), 1665 (s), 
1610(s),1460(sh),1455(m~.1415(w).1385(s),1365(m),1345 
(s),1305(w).1290(w).1265(w). 124S(w),l2lS(m),1185(w1 
1170 (m), I I45 (s), 1120 (m). 1095 (ml. 1070 (sh), 1050 (m), 
1015(m).1000(m),955(m).910(w).860(w).835(w),805(w). 
780 (w). 760 (w). 710 (m) cm- ‘; 6 (100 MHz, CDCI,) 1.07 
(3H, d. J = 7Hr), 1.09 (3H, t, J = 7Hz). 1.31 (3H, d, 
J = 6 Hz). 1.32 (3 H. d. J = 6Hz), 1.80 (3 H, s), 2.26 s 2.67 
(3 H, m), 3.65 (1 H. q. J = 7 Hz), 4.42 (1 H, m); MS: m/e 224. 
1428 (M ’ .C,,H2,0, requires: 224. 14121, 168. 139. 124, 113, 
1l2.111,1O9,97.57;glc(Column,5’~,OV-l7,2m x 4mmat 
161 . Carrier gas, N,. 28ml;min): Rt 10.4min (z96’,‘<,). 

(2R, 3s. 7RS)-( + )-Stegohi,tonr I 
This was prepared from (ZS, 3R)-gf (582 mg) yielding 41 mg 

(8.09,, yield) 0192”,, pure I. which was further purified by glc 

to give 8mg (1.67;) of pure 1, [a]:‘+ 121 * 3 (c = 0.20, 
CHCI,). We could not isolate the truns-isomer 1’ in pure state 
even after GLC purification. A trace amount of a three- 
component mixture containing I’ was obtained which could 
not be separated. 

Determination of rhe optical purity of’ 7a 
(a) (2S, 3S)Jsomer. (2S, 3S)-7a was converted to its MTPA 

ester in the usual manner. The ester (48mg) and Eu (rod), 
(I5 mg) were dissolved in Ccl, (0.2ml) and submitted to the 
NMR measurement: 6 4.40 (OMe, 3 H. s). Glc analyses with 
four different columns (3 O/b SE-30.5 ‘;b PEG 20 M, S “/;, OV-17 
and Thermon 1ooO) proved the homogeneity of the ester. The 
optical purity was virtually 100% 

(b) (2R, 3R)-isomer. The MTPA ester of (2R, 3R)-7a 
(48 mg) and Eu (fod), (I 5 mg) were dissolved in Ccl, (0.2 ml) 
and submitted to the NMR measurement: 6 4.1 I (OMe, 3 H. 
s). Glc analyses with four different columns (3 7; SE-30, 5 y,, 
PEG 20M. Sp& OV-17 and Thermon 1000) proved the 
homogeneity of the ester. The optical purity was virtually 
1000/l. 

Determination of’ rhe optic01 purity oj‘ 8c 

(a) (2R. 3S)-Isomer. (2R, 3S)-8c was converted to its MTPA 
ester in the usual manner. It was proved to be pure by NMR 
measurement. The ester (31 mg) and Eu(fod), (33 mg) were 
dissolved in Ccl, (0.2ml) and submitted to the analysis: S 
5.65 (OMe. 3 H. s). However, by glc I Y:, contamination ofthe 
ester derived from (2s. 3R )-& could be detected. Glc (Column. 
Thermon 1000, 30m x 0.3 mm at 172’; Carrier gas, N,, 
4Oml/min): Rt 21.2 min (99 7;): 21.8 min (1 “/,). The optical 
purity was therefore 98 y,,. 

(b)(2S,3R)-lsomer.TheMTPAesterof(2S,3R)-&(42mg) 
and Eu(fod), (48mg) were dissolved in Ccl., (0.2 ml) and 
submitted to the NMR analysis: S 5.18 (OMe, 3 H, s). By glc, 
the optical purity was shown to be 98%. The analytical 
condition was as described for the (2R, 3S)-isomer: Rt 
20.9 min ( 1 ‘&), 21.9 min (99 “/I). 
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