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Synthesis of optically active 2-ethyl-I,6-dioxaspiro[4.4lnonane (chalcogran) 1603

in 39.4% yield, [ali,2+ 16.W (neat). Similarly (S)
(-)-I,2-Epoxybutane " (l.Og), [a]~-13.7° (ether), was
prepared from L-(+j-o-amino-n-butyric acid 2' via 3c'
and treated with the dianion of 8 to give, after sub
sequent manipulation, a diastereomeric mixture of lC
and 10 [(2S, 5RS)-ehalcogran, 651 mg] in 30.1% yield,
[a]g -15.92° (neat).

The asymmetry at C-2 of 3b (R) or 3b' (S) was
retained in the present synthesis. The hydroxy esters 3b
and 3b' were converted to the corresponding (S)-( - )
MTPAt esters" 3d (R) and 3d' (S) and their NMR
spectra were measured in the presence or absence of
Eu(fodh.* With or without Eu(fodh, the diastereomers
3d and 3d' differed from each other in their NMR spec
tra. No sign of cross contamination was detectable. The
optical purities of both 3b and3b' weretherefore thought
to be very high (>98%) and the enantiomeric purities at
C-2 of our (2R, 5RS)- and (2S, 5RS)-chalcograns 1 were
assumed to be in the samerange (>98%).

The diastereomeric composition of our chalcograns
was determined by glc using a PEG-20M Golay column.
The (2R)-mixture consisted of 40.1% of the minor (R,
50.0 min) and 59.9% of the major (R, 52.7 min) .isomers,
while the (2S)-mixture was of 41.3% of the minor and
58.7% of the majorisomers. Since the natural pheromone
itself was a diastereomeric mixture, no attempt was
made to separate our mixture. At the time when our
workwasalmost completed," Silverstein etal. published
a synthesis of (2R, 5RS)-chalcogran.14 It should also be
added that they enabled the assignment of the (2R,5R)
or (2S, 5S)-stereochemistry to the majorisomers.

The biological evaluation of our (2R, 5RS)-ehalcogran
(IA+18) and its (2S, 5RS)-isomer (IC+10) will be
carried outandpublished induecoursebyProf.1. P. Vite
University of Freiburg.

EXPERIMENTAL

All b.ps were uncorrected. IR spectra refer to films and were
determined on a Jasco IRA-I spectrometer. NMR spectra were
recorded at 60MHz with TMS as an internal standard on a
Hitachi R-24A spectrometer unless otherwise specified. Optical
rotations were measured on a Jasco DIP-4 polarimeter. GLC
analyses were performed on a Yanaco G 80gas chromatograph.
Methyl (R)-(+)-2-hydroxybutanoate 3b. (R)-(-)-a-Amino-n
butyricacid,[al~ - 20.80 ± 0.3° (c = 2.00, 20% HCI), (2,25g)was
dissolved in N H2SO. (360 ml). A solnof NaN~ (25g) in water
(100 ml) was added to the stirred and ice-salt-cooled soln of 2
during 3hr. The mixture was left to stand overnight, neutralized
to pH 6 by adding solid NaHCOl, and concentrated in vacuo to
ca. 50ml. The residue was acidified to pH 3 with 40% HlPO.,
and extracted withTHF (ca.400 ml). The THF soln was washed
with brine, dried (MgSO.) and concentrated in vacuo. The resi
dual38 was dissolved in ether and treated with CH2N2 in ether.
The ether solnwasconcentrated underatm pressureemploying a
Vigreux fractionating column. The residue was distilled to give
18.0 g (63%) of 3b, b.p. 73-75°/33 mm, no21 1.4155 [al~ + 5.12°
(neat); Vmax 3440 (s),2960 (s),2880 (m), 1740 (s), 1440 (s), 1210 (s),
1130 (s), 1060 (s), 1000 (s), 900 (w), 840 (w), 800 (m), 760 (w)
cm": I) 0.93 (3H,t, J = 7Hz), -1.70 (2H,m),2.96 (lH, br, -OH),
3.76 (3H, s), 4.03 (lH, q, J = 7 Hz). (Found: C, 50.57; H, 8.48.
CsHIOOl requires: C, 50.83; H, 8.53%).

Methyl (S)-( - )-2-hydroxybutanoate 3b'. This was prepared
from (S)-(+)-a-amino-n-butyric acid, [al~+20.97±0.17° (c =
2.10, 20% HCI), (2', 20g) in the samemanner as described above

ta-Methoxy-a-triftuoromethylphenylacetic acid.
:j:Tris - (6,6,7,7,8,8,8 - heptaftuoro - 2,2 - dimethyl - 3,5 

octanedionato) - europium (III).

for 3b to give 14.5 g (63%) of 3b',b.p. 63-64°/28 mm, no20 1.4167;
[a)~ - 4.98° (neat). The IR and NMR spectrawere identical with
those of 3b.

Methyl (R)-( + )-2-tetrahydropyranyloxybutanoate 3e. p-TsOH
(0.2 g) was added to a soln of 3b (18.0 g) and dihydropyran
(17.3 g) in dry ether (50ml)andthe mixture was left to stand for
I hr)at roomtemp.The solowaswashed with dil K2COl aq,dried
(K2COl) and concentrated in vacuo. The residue was distilled in
vacuo to give 28.6 g (93%) of 3e, b.p. 78-83°/3 mm, no21 1.4402,
[al~ + 77.1° (c = 3.385, ether); Vmax 2920 (s), 2860 (m), 1745 (s),
1430 (m), 1380 (m), 1340 (m), 1290 (m), 1260 (m), 1195 (s), 1120
(s), 1100 (m), 1070 (m), 1060 (m), 1020 (s), 1000 (m),960(m), 900
(m),860(m), 810(w)cm": s 0.91 (1.2 H, t, J=7Hz), 0.98 (1.8H, t,
J = 7 Hz), -1.63 (8H,br, m), - 3.5 (2H,br, m),3.66 (3H,s), 4.13
(lH, t, J = 7 Hz), 4.61 (lH, br. s). (Found: C, 59.11; H, 8.90.
CIOH I80. requires: C, 59.38; H, 8.97%).

Methyl (S)-( - )-2-tetrahydropyranyloxybutanoate 3e'. Thiswas
prepared from 3b' (23 g) in the same manner as described above
for 3e to give34.0g(86%) of 3e', b.p. 72-78°/1.6mm, noll 1.4402,
[al~ -76.SO (c = 2.047, ether). The IR and NMR spectra were
identical with those of 3e.

(R)-Butane-I,2-diol 2-tetrahydropyranyl ether 4a. A soln of 3e
(28.5 g) in dry ether (100 ml) wasaddeddropwise to a stirredand
ice-cooled suspension of LAH (5.3 g) in dry ether (200 ml). The
mixture was stirred for 3hr and.left to stand overnight at room
temp. Water(5ml), 10% NaOHaq (5ml) and water (15 ml) were
addedsuccessively to the ice-cooled and stirredmixture and the
stirring was continued for 2hr. Then the mixture was diluted
withTHF (250 ml)and filtered. The filter cake was washed three
timeswithTHF. The organic soln was concentrated in vacuo to
give26g of crude 4a, Vmax - 3400 (s), 2940 (s), 2870 (s), 1140 (s),
1080 (s), 1030 (s) cm", This was employed for the next step
without further purification.

(S)-Butane-I,2-diol 2-tetrahydropyranyl ether 4a'. This was
prepared from 3e' (34g) in the same manner as described above
for 4a to give 24g of crude 48'. The IR spectrum was identical
withthat of 4a.

(R)-{+)-Hutane-I,2-diol 4b. p-TsOH (O.5g) was added to a soln
of 4a (26g) in MeOH (250 ml) and the solnwasstirredandheated
at 45° for 2hr. Then K2COl powder was added to neutralize
p-TsOH. The soln was concentrated in vacuo. The residue was
distilled to give7.0g (50% from 3e)of 4b,b.p, 9O-95°/6mm, no21

1.4320, [al~ + 12.4° (c = 2.12, EtOH); Vmax - 3320 (s), 2950 (s),
2900 (s), 2850 (s), 1450 (s), 1120 (s), 1050 (s),980 (s), 900 (m), 850
(m)cm"; l) 0.93 (3H, t, J = 7Hz), -1.2 to -1.8 (2H, m), - 3.1 to
- 3.8(3H,m),4.50 (2H,br. s, 2-0H). (Found: C, 53.54; H, 10.92.
C.HIO~ requires: C, 53.31; H, 11.19%).

(S)-(-)-Butane-I,2-diol 4b'. Thiswasprepared from48'(23 g)in
the samemanner as described abovefor 4b to give8.0g (57%) of
4b', b.p. 72-Soo/1.2mm, noB 1.4327, [al~-12.87° (c = 2.51,
EtOH). The IR and NMRspectrawere identical with thoseof 4b.

(R)-I-Bromo-2-acetoxybutane 5 contaminated with 6.30%HBr
in AcOH (35g)was addeddropwise to a stirred and ice-cooled 4b
(7.0 g) at 0-5°. The mixture was stirred for 15 min at 0-10° and
then warmed at 30-50° for 2hr. Thenit waspouredinto ice-water
and extracted with n-hexane. The n-hexane soln was washed
with water, NaHCOl aq and brine, dried (MgSO.) and concen
trated in vacuo. The residue wasdistilled to give 10.0 g (66%) of 5
(+6), b.p. 85-S6°/25 mm, no21 1.4476, [al~ +21.0° (c = 2.001,
ether); Vmax 2950 (s), 2910 (m), 2850 (m), 1740 (s), 1450 (m), 1420
(m), 1370 (s), 1240 (s), 1190 (m), 1040 (m), 1020 (s), 960'(m) cm":
I) 0.95 (3H, t, J = 7 Hz), 1.68 (ZH, q, J = 7 Hz), 2.06 (3H, s), 3.44
(ZH, d, J = 6 Hz, -CthBr), 4.22 (weaksignal, CthOAc), 4.90 (lH,
t, J=6Hz); GLC (Column, 5% FFAP I.5mx2mm at 1000;
Carriergas N20.8kg/cm2): R, 11.1 min(92%, 5), 11.4 min(8%, 6).
(Found: C, 36.67; H, 5.65. C6H ll02Br requires: C, 36.34; H,
5.68%).

(S)-I-Bromo-2-acetoxybutane 5' contaminated with 6'. This
was prepared from 4b' (8.0 g) in the similar manneras described
above for 5, except that the initial reaction period at 0-5° was
extended to I hr to give 13.0 g (80%) of 5' (+6'), b.p, 85
92°/26 mm, no2l 1.4484, [alB'- 21.2° (c = 3.543, ether). The IR,
NMRand GLC data were identical with those of 5 (+6).

(±)-I-Bromo-2-acetoxybutane !5 + !5' contaminated with 6
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