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Abstract—((2R, SRS)- sad (28, SRS)-2-Ethyl-1,6-dioxaspiro{4.€)nonsscs (chalcograns) were systhesized in a simple
manner by applying the recent techaique of dissioo chemistry.

Recently Francke et al. isolated a diastereomeric mixture
(1:1) of an interesting spiro-ketal named chalcogran 1 as

principal aggregation pheromone of
ferstecher”™,

of a racemic mixture of the two pairs of diastereomers of
1.! Nothing is known about the absolute configuration at
C-2 of the natural pheromone. Our results on othes ketal
phberomones such as ao-btevbomin” and ﬁmﬁn"‘
strongly

tiomer was biologically active. We therefore attempted
the synthesis of optically active chalcogran with fixed
stereochemistry at C-2, and obtained the two pairs of
optically active diastercomers, 1A (2R, 5R) + 1B (2R, 5S)
and 1C (28, SR)+1D (25, 5S) as descrived below. The
key step in the present synthesis was the alkylation of
the dianion of a-acetyl-y-butyrolactone 8 with (R)-1,2-
epoxybutane 7 or its antipode 7.

*Pheromone Synthesis XOXIX. Part XXVIII, K. Mori and S.
Tnmch, Tetrahedroa 35, T-J 1201 (1979).

*Research Fellow om leave from Sumitomo Chemical Co.,
Pesticide Division.

‘Research Fellow on leave from Otsoks Pharmacestical Co.,
Tokmshima Factory.

“Rescarch Feflow o8 leave from Teikoku Cheasical Industry
Co. '
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1A (2R, 5R)

D{ - )-a-Amino-a-butyric acid 2 was coaverted to the
(R)-epoxide 7 as follows. Treatment of 2 with NaNO-dil
H,SO, gave 3a with retention of configuration at C-2.*’
This was isolated as the Me ester 3 after CH,N; treat-
ment. The corresponding tetrahydropyranyl (THP) ether
3¢ was prepared in the usual manner. Tlnmndueed
with LAH to give an alcobol 4a, whose
(MecOH-p-TsOH) gave (z(+)-l.2-hmnetbol o,
(@)} +12.4° (BtOH) [t {a)E + 12.4° (BtOH)] in 0%
overall yield from 3. In one occasion L - }-a-amino--
butyric acid 2 was treated with NaNOAcOH® to
give (S)-)-2-acetoxy-butancic acid, [a])D -38.0"
(cther), which was reduced to 4 with LAH.
The overall yield of @' from 2, however, was
lower than that of 4 from 2 via 3c. This was due to the
very high solubility of 4 in water which caused a loss
during the work-up of the LAH reduction of the acetoxy
acid. We therefore adopted the multi-step (3a—+3— 3¢
4a -+ &) procodure.

Coaversion of 4 to the chiral epoxide 7 was carried
out according to the general method of Golding et al. for
the preparation of chiral epoxides.'® Thus 4 was treated
with HBr-AcOH to give a mixture of 5 and 6 (92% $ and
8% 6 as determined by gic). This was beated with KOH
(a;h:;t)n to give (R +)-12-epoxybutane 7, (a]p +13.6°

The alkylation of the dianion of 8 generated by NaH
and n-BuLi'' was first studied with (£ )-1,2-epoxybutane
and yielded an oil in 45% yield. This was thought to be

.
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(2)-11A (or (2)-11B) oa the basis of the following: (1) 11B) but to proceed to the next stage of the alkaline
Its MS (M* = 182) and clemental analysis supported the  hydrolysis and decarboxylation to obtain 1 directly after
molecular formula CioHii0. (2) The IR spectrum  acidification of the reaction mixture. Thus the reactioa of

revealed the presence of C=0 (1745cm™’) and C=C (2 )-1,2-epoxybutane with the dianion of § geaerated by

(1675 cm™") groups. (3) Its NMR spectrum was in good NaH and o-BuLi in THR-HMPA gave 9 which

accord with the structure 11A (or 118). This Iactooe 11A(or  hydrolyzed and decarboxylated with Ba(

11B) was presumably derived from 9 via 10. We were able  Acidification of the resction mixture with

to obtain crude 9, ya, 3640(-OH), 1750 (lactome C=0),and  yielded crude 1. This was puri
1715 (ketose C=0), as a minor product of the reaction. The  and distilled to give (2RS, SRS)-1 i

compounds 9, 10 and 11A (or 11b) were thought to be in  spectral 3

-hydrolysis followed by bese trestment of 11A (or 11B) Whea

afforded a racemic mixture of the two pairs of dias- NaH-n-Buli, the yield of 1 decreased slightly (19%). We

tercomers of chalcogran 1 in 47% isolated yield. therefore used NaH-a-BuLi for the preparation of optic
In order to increase the yield of the final product 1, we  ally

decided not to isolate the intermediate lactooe 11A (or (720 mg) yielded (2R, SRS)-chaicograa (1A + 1B, 615 mg)

+ *d? /Y\)Lé? — A8
H  OH
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Synthesis of optically active 2-ethyl-1,6-dioxaspiro[4.4Jnonane (chalcogran)

in 39.4% vyield, [al®+16.74° (neat). Similarly (S)-
(-)-1,2-Epoxybutane 7' (1.0g), [a]5 — 13.7° (ether), was
prepared from L-(+)-a-amino-n-butyric acid 2' via 3¢
and treated with the dianion of 8 to give, after sub-
sequent manipulation, a diastereomeric mixture of 1C
and 1D [(2S, SRS)-chalcogran, 651 mg) in 30.1% vyield,
[«}E - 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)-(—)-
MTPA? esters'? 3d (R) and 3d’ (S) and their NMR
spectra were measured in the presence or absence of
Eu(fod)s.f With or without Eu(fod)s, 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 and 3b’ were therefore thought
to be very high (>98%) and the enantiomeric purities at
C-2 of our (2R, 5RS)- and (2, 5RS)-chalcograns 1 were
assumed to be in the same range (> 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 major isomers. Since the natural pheromone
itself was a diastereomeric mixture, no attempt was
made to separate our mixture. At the time when our
work was almost completed,' Silverstein et al. published
a synthesis of (2R, SRS)-chalcogran. It should also be
added that they enabled the assignment of the (2R, 5R)-
or (25, 55)-stereochemistry to the major isomers.

The biological evaluation of our (2R, SRS)-chalcogran
(1A+1B) and its (2S, SRS)-isomer (1C+1D) will be
carried out and published in due course by Prof. J. P. Vité
University of Freiburg.

EXPERIMENTAL

All b.ps were uncorrected. IR spectra refer to films and were
determined on a Jasco IRA-1 spectrometer. NMR spectra were
recorded at 60 MHz 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 80 gas chromatograph.
Methyl (R)-(+)-2-hydroxybutanoate 3b. (R){-)-a-Amino-n-
butyric acid, [«]% —20.80+0.3° (¢ = 2.00, 20% HC), (2, 25 g) was
dissolved in N H,SO, (360 ml). A soln of NaNO, (25 g) in water
(100 ml) was added to the stirred and ice-salt-cooled soln of 2
during 3 hr. The mixture was left to stand overnight, neutralized
to pH 6 by adding solid NaHCO;, and concentrated in vacuo to
ca. S0ml. The residue was acidified to pH 3 with 40% H,PO,,
and extracted with THF (ca. 400 ml). The THF soln was washed
with brine, dried (MgSO,) and concentrated in vacuo. The resi-
dual 3a was dissolved in ether and treated with CH;N; in ether.
The ether soln was concentrated under atm pressure employing a
Vigreux fractionating column. The residue was distilled to give
18.0 g (63%) of 3b, b.p. 73-75°/33 mm, np”' 1.4155 [a}E +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™'; 5 0.93 BH, t, J =7 Hz), ~1.70 (2H, m), 2.96 (1H, br, -OH),
3.76 (3H, s), 4.03 (1H, q, J =7 Hz). (Found: C, 50.57; H, 8.48.
CsH 1005 requires: C, 50.83; H, 8.53%).

Methyl (S)-(—)-2-hydroxybutanoate 3b'. This was prepared
from (S)-(+)-a-amino-n-butyric acid, [e]¥+20.97+0.17° (c =
2.10, 20% HCY), (2, 20 g) in the same manner as described above

ta-Methoxy-a-trifluoromethylphenylacetic acid.
iTris - (6,6,7,7,8,8,8 - heptafluoro - 2,2 - dimethyl - 3,5 -
octanedionato) - europium (III).
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for 3b to give 14.5 g (63%) of 3V, b.p. 63-64°/28 mm, np® 1.4167;
[a}F — 4.98° (neat). The IR and NMR spectra were identical with
those of 3b.

Methyl (R)-(+)-2-tetrahydropyranyloxybutanoate 3c. p-TsOH
(0.2g) was added to a soln of 3b (18.0g) and dihydropyran
(17.3 g) in dry ether (50 ml) and the mixture was left to stand for
1 hr) at room temp. The soln was washed with dil K,CO; aq, dried
(K2CO5) and concentrated in vacuo. The residue was distilled in
vacuo to give 28.6 g (93%) of 3¢, b.p. 78-83°/3 mm, np?' 1.4402,
[a]¥ +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™'; 5 0.91 (1.2 H, ¢, J=7Hz), 0.98 (1.8H, t,
J=17Hz), ~1.63 (8H, br, m), ~3.5 (2H, br, m), 3.66 (3H, s), 4.13
(1H, t, J=7Hz), 4.61 (1H, br. s). (Found: C, 59.11; H, 8.90.
C10H1304 requires: C, 5938, H, 897%)

Methyl (S) —)-2-tetrahydropyranyloxybutanoate 3c'. This was
prepared from 3b' (23 g) in the same manner as described above
for 3¢ to give 34.0 g (86%) of 3¢, b.p. 72-78°/1.6 mm, np? 1.4402,
[a]B-76.8° (c =2.047, ether). The IR and NMR spectra were
identical with those of 3c.

(R)-Butane-1,2-diol 2-tetrahydropyranyl ether 4a. A soln of 3¢
(28.5 g) in dry ether (100 ml) was added dropwise to a stirred and
ice-cooled suspension of LAH (5.3g) in dry ether (200 ml). The
mixture was stirred for 3 hr and left to stand overnight at room
temp. Water (5 ml), 10% NaOH aq (5 ml) and water (15 ml) were
added successively to the ice-cooled and stirred mixture and the
stirring was continued for 2hr. Then the mixture was diluted
with THF (250 ml) and filtered. The filter cake was washed three
times with THF. The organic soln was concentrated in vacuo to
give 26 g of crude 4a, vmax ~ 3400 (s), 2940 (5), 2870 (s), 1140 (s),
1080 (s), 1030 (s) cm™'. This was employed for the next step
without further purification.

(S)-Butane-1,2-diol 2-tetrahydropyranyl ether 4a’. This was
prepared from 3¢’ (34 g) in the same manner as described above
for 4a to give 24 g of crude 4a’. The IR spectrum was identical
with that of 4a.

(R)4+)-Butane-1,2-diol 4b. p-TsOH (0.5g) was added to a soln
of 4a (26 g) in MeOH (250 ml) and the soln was stirred and heated
at 45° for 2hr. Then K,CO; powder was added to neutralize
p-TsOH. The soln was concentrated in vacuo. The residue was
distilled to give 7.0g (50% from 3¢) of 4b, b.p. 90-95°/6 mm, np”'
1.4320, [a]¥ + 12.4° (¢ =2.12, EtOH); vmax ~ 3320 (5), 2950 (s),
2900 (s), 2850 (s), 1450 (s), 1120 (s), 1050 (s), 980 (s), 900 (m), 850
(m)cm™; 6 0.93 3H, t, ) =7Hz), ~1.2 to ~1.8 2H, m), ~3.1 to
~ 3.8 (3H, m), 4.50 (2H, br. s, 2-OH). (Found: C, 53.54; H, 10.92.
CH,00; requires: C, 53.31; H, 11.19%).

(S)-(-)-Butane-1,2-diol 4b’. This was prepared from4a’ (23 g) in
the same manner as described above for 4b to give 8.0 g (57%) of
4, bp. 72-80°%1.2mm, np® 14327, [«]B-12.87° (c =251,
EtOH). The IR and NMR spectra were identical with those of 4b.

(R)-1-Bromo-2-acetoxybutane § contaminated with 6. 30% HBr
in AcOH (35 g) was added dropwise to a stirred and ice-cooled 4b
(7.0g) at 0-5°. The mixture was stirred for 15 min at 0-10° and
then warmed at 30-50° for 2 hr. Then it was poured into ice-water
and extracted with n-hexane. The n-hexane soln was washed
with water, NaHCOs aq and brine, dried (MgSO,) and concen-
trated in vacuo. The residue was distilled to give 10.0 g (66%) of 5
(+6), b.p. 85-86°/2S mm, np®' 1.4476, [a]4 +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™";
6 0.95 (3H, t, J=7Hz), 1.68 2H, q, ] =7 Hz), 2.06 (3H, s), 3.44
(2H, d, ) = 6 Hz, ~CH,Br), 4.22 (weak signal, CH,OAc), 4.90 (1H,
t, J=6Hz); GLC (Column, 5% FFAP 1.5mx2mm at 100°
Carrier gas N, 0.8 kg/cm?): R, 11.1 min (92%, 5), 11.4 min (8%, 6).
(Found: C, 36.67; H, 5.65. C¢H;0,Br requires: C, 36.34; H,
5.68%).

(S)-1-Bromo-2-acetoxybutane 5' contaminated with 6. This
was prepared from 4b’ (8.0 g) in the similar manner as described
above for 5, except that the initial reaction period at 0-5° was
extended to lhr to give 13.0g (80%) of § (+6'), b.p. 85-
92°26 mm, np®® 1.4484, [a]5 —21.2° (c =3.543, ether). The IR,
NMR and GLC data were identical with those of 5 (+6).

(2)-1-Bromo-2-acetoxybutane $5+15' contaminated with 6
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ond 6. This was prepared in the same manner as described
above for §, starting from 50g of (2)-4b to give 81 g (75%) of
(2)85[+(2)6], bp. 85-88°/2S mm, a b’ 1.4485. The spectral data
were identical with those of § (+6).

(R){+)-1,2-Epoxybutane 7. The acetoxy broamide (5+6, 10g)
was added dropwise to a stirred and heated sotm of KOH (12p) ia
water (20 ml) during 15 min at 100°. The epoxide 7 was steam-
distiBed as it was formed. The distillate was dried over KOH
pellets and was distilled to give 1.232g (33%) of 7, b.p. 61-63°,
ap® 1.3868, (@)l +13.6° (c = 1.135, ether); raas 3080 (m), 2980
(s), 2940 (s), 2890 (m), 1470 (m), 1280 (m), 900 (s), 530 (s), 800 (m)
@' 8098 (3H, 1, J=THz), ~12510 ~1.00 OH, m, 1.2, 1.82,
1.51, 1.58, 1.66), 2.20 ~ 2.40 (3H, m). MS: m/e T2 (M* = C;H0).

(S - )»-1,2-Epoxybutane 7. This was prepared in the same
m-uuduabednbonfu‘?,mfrwuo;d!(ﬂ')
10 give 1.6g (3%) of T, b.p. 62-63°, ap” 1.3822, (a)B - 137'
(c =148, M)mmﬂmdfmw
those of 7.

(2)1,2-Epoxybutane 17+47. This was prepared from (£)-$
(80 g) to give 15.08 (51%) of (2)-cpoxide, b.p. 63-65", ™ 1.3829.
The IR and NMR spectra were idestical with those of 7.

Alkylation of the dianion derived from § to yield 11. A soln of
8 (134g) in dry THF (3ml) and HMPA (1 ml) was added
dropwise under Ar to a stirred and cooled (0-10") suspensioa of
NaH (50%, 0.55g) in dry THF (15 mi). The mixture was stirred
for 10 min at room teap. and then cooled to —10 to —15°. o-BuLi
(154N ip s-hexane, 7.2ml) was added dropwise. The mixture
was gradually warmed t0 room temp. (15-20min) and then
cooled again t0 0°. A soln of (£)-7 (0.72g) in dry THF 2 mi) was
added dropwise to the stirred soin and the stirring was continued
for 1 hr at 0° and 1 br at room temp. Then the mixture was cooled
to - 20° and quenched with coac. HQl (2.5 ml). The organic layer
mmmdmdtheMnmmhedmaha(IOnlxn

graphed over silicic acid (Merck C-60, 30 g) in n-bexane. Elutioo
with n-hexane-ether (10:1) gave (2)-11 (0.82g, 45%), bp. 134-
136"/1 mm, Ap”' 1.5139, e, 2980 (m), 2940 (m), 2880 (m), 1743
(vv), 1675 (v3), 1460 (m), 1380 (m), 1360 (m), 1290 (m), 1260 (s),
1230 (m), 1190 (s), 1080 (s), 1030 (vs), 935 (m), 850 (m), 760 (m)
cm™'; 8 1.00 OH, t, J=THz), 1.64 (2H. q, J=7Hz), 16~25
ZH, m), 2.55~13.6 (4H, m), 421 2QH, t, J = THz), ~4.5 (I1H, m);
MS: mfe 182 (M*); gic (Column, 5% FFAP 1Smx2mm at
120 ~ 240°, temp. gradient 16*/min; Carrier gas, N; | kg/em®): R
6.7min (Found: C, 65.72; H, 7.88. CH,/0; requires: C, 65.92;
H, 7.74%). Purther elution with n-bexane—ether (10: 1) gave 0.45 g
(229%) of an o, ¥aa. 3440 (s), 1750 (3), 1715 (m), 1210 (s), 1160 (s),
1120 (m), 1020 (s), 940 (m) cm ', which was presumably crude 9.
This oil exhibited an identical retention time as thet of 11 wpon

(=11 10 (ZRS. SRS)-2-ethyi-1 6-diox-

Thea #t was neutralized with sat NayCO, sola to pH 7-8.
Ba(OH)-8HAO (630 mg) and 99% EtOH (S ml) was added to the
mxtmud'lmhatedunduremxtazls Aﬁucoolu.

g
®
't

give 120 ng (47% isolated yield: 70% yield
(2RS, SRS)1, b.p. ~170". The spectral properties were idestical
with those of s sample directly obtained from 7 and § without
isotation of 11 (vide infra).

(2RS, SRS)-2-Ethyi-1,6-dioxaspiro[4.4}nonane (chelcogran) 1
(a) NaH-o-BuLi as the bases. A soln of 8 (2.7g) m dry THF
(6 ml) and dry HMPA (2 ml) was added dropwise under Ar to a
cooled (0-10") and stirred suspension of NaH (50%, 1.1g) in dry
THF (25 ml). After stirring for 10 min at room temp, the mixture
was cooled to —10 to —15°. n-BuLi (1.52N ia n-hexane, 14.4 md)

K. Mo et ol

agaia to 0°. A solm of (£)-7 (1.44¢) in dry THF (S ml) was
dropwise and the mixture was stirred at 0° for 1 he and at
temp. for 1br. Sebeequeatly it was cooled to -20° and
resction was queached with water (10ml). The mixture
extracted with ether (SOmI). The ether soln was washed
water (3ol x2). The combined aqueous soln was
tralized to pH 8-8.5 with N HQL. Ba(OH), 8H,0 (7T4g) and
EtOH (10mi) was added to the aq soin and the mixture was
hested wader refiux for 16br. After cooling, the mixture was
covered with ether (50 ml) aad acidified with coac HCl to pH 1-2.

added
room

the
was
with
Dev-
9%

gave 1 which was distifled to give 950 mg (30.4%) of pure (2RS,
SRS)1, b.p. 170-174°, ao™ 1.4428; veus 2960 (3), 2920 (sh), 2870
(s), 1460 (m), 1440 (w), 1380 (w), 1343 (m), 1295 (w), 1245 (w),
1210 (w), 1175 (m), 1155 (m), 1115 (m), 1080 (m), 1060 (m), 1045
(s), 1015 (s), 1000 (sh), 950 (m), 925 (m), 915 (m), 860 (am), §30 (W),
780 (w) cm™'; 8 (100 MH2) 0.90 (OH, t,J = 7 Hz), 1.14-1.66 (~ 3H,
o), 1.66-2.20 (~7H, m), 3.56~4.02 CH, m); MS: m/e 27.0234
(C3H,, 44%), 29.0405 (C;Hs, 66%), 41.0440 (C;Hs, 679%), 42.0514
(C3H,, 46%), 43.0228 (C,H,0, £2%), 55.0554 (C.H,, 45%), 56.0271
(CHO, 60%), 57.0357 (C,H, O, 60%), 69.0706 (CsH,y, 40%)
85.0287 (CHJ O, 92%), 870035 (C.H/O) 100%, base peak),
970646 (CH,O, T8%), 98072 (CHwO, %), 1270753
(CyH110:, M*-C3Hs, 100%, base peak), 156.1133 (CoHi0: = M°,
5.9%); gic (Columa, 5% FFAP 1.Smx2mm at 0 ~ 200°, temp.
gradient 16°/min; Carrier gas, N,, | kgicaa®): R, 1.9 mién (1, 98.5 ~
99%) impurity at 2.2 min (0.9%).

(®) LiNPr;' as the base. 5-BuLi (1.54N ia n-hexane, 15 ml) was
added to a stirred aad cooled (—10°) sols of i-Pr;NH (2.424¢) in
dry THF (2Sml) under Ar. HMPA (2ml) was added to the
LiNPr;' sola. Thea a sols of 8 (1.280g) in THF (1 ml) was added
to the stired asd ice-cooled mixtere at (. The mixture was
stirred for ! hr at 0-5° and for 2 hr at room tesmp. Subsequeatly it
was acidified with 10% HQ (18 ml) to pH 4 and extracted with
ether (15mi % 3). The ether soln was washed with brise, dried
(MgSO, aad coucentrated. The residwe (2.1 g) was dissolved in
99% EtOH (Sml) and mixed with Ba(OH):-8H/O (5.0g) and
water (20 ml). The mixture was heated under reflux for 16 hr
under Ny EtOH was removed in secwo. The residue was covered
with ether (30 ml) and acidiied with cooc HQl (7 mi). The ether
layer was seperated and the aq layer was extracted with ether
(30 mi X 2). The combined ether soln was washed with 5% K/CO;
aq and brine, dried (MgSO,-K;00;) and concentrated under atm
press. The residue (0.82g) was over Woelm
peutral alumina (activity grade 11, S g) in n-pestane. Elution with
D-pentane vc(ZRs.SRS)-l.Thismmtoo’wmu
(19%) of pure 1, ap™'? 1.4431. The IR, NMR and MS data were
ideatical with those of the sampie prepared by the NaH-a-BuLi
method. Gic (column, 5% FFAP, 1.Smx2mm at 70°; Cammier
g Ny, lkgicm®): R, SSmin (99.1%), impurity at R, 6.8 min
(0.9%). (Found: C, 68.42; H, 1022. C,H,O; requires: C, 65.18;
H, 10.34%). This was 00 volatile to give a comrect clemental

smalysis.

(2R, SRS)-2-Ethyl-| 6-dioxaspiro|4.4}aonene (cheicogran)
1A+ 1B A soln of 8 (1.408 g) in THF (2 ml) was added dropwise
to a stirred and icecooled suspensioa of NaH (50%, 0.55g) in
THF (1S ml) wader Ar. The mixture was stirred for 10 min at
room temp. HMPA (1 ml) was added to the mixture and it was
cooled 10 —10 to —15°. »-BuLi (1.54N in n-hexane, 7.46 mi) was
added dropwise. In the course of 15-20 mis, the temp. was raised
to room lemp. (0 complete the peseration of the dianion. Thea
the mixture was cooled to 0°. A sola of (R)-7 (0.72g) in THF
(2ml) was added dropwise to the stived mixture. The stirring
was continved for 1 br at 0* and for 1 br at room temp. Subsequent
treatments as described for (RS, SRS)-1 gave 615 mg (39.4%) of
1A+1B, b.p, 176-182°, a2 14426, [a]E +16.74" (meat); gk
(Column, 5% FFAP 1Smx2mm at 70-200°, temp. gradient
16°/min; Carrier gas, N, 1 kgicm®: R, 2.1 mim (single peak); gic
(Column, PEG-20M SOmx025mm at 60°; Carrier gas, Ny,
1.2 kgiem’): R, 50.0 min (40.1%, (2R, 5S5)-1B), 507 min (59.9%,



Synthesis of optically active 2-cthyl-1,6-dioxaspiro{4.4}nosane (chalcogran)

(2R, SR)-1A). The IR, NMR aad mass spectral data were iden-
tical with those of (2RS, SRS)-1.

(2S, SRS)-2-Ethyi-16-dioxaspiro[4.4}aonene  (chaicogran)
1C+1D. A soln of 8 (1.954g) in THF (2 ml) and HMPA (1.5 ml)
was added to a stired asd ice-cooled suspension of
NaH (50%, 0.766 g) ia THF (25 mal) under Ar. The mixture was
stirred for 10 min at room temp. and thea cooled to 10 to —15°.
2-BuLi (1.54N in a-bexane, 10.4 mi) was added dropwise and the
mixture was warmed (o room temp in the course of 20 min. Then
it was cooled again to 0°. A soln of (S)-? (1.00g) in THF () ml)
was added dropwise and the mixture was stirred for 30 mim at 0°
and 1.5 hr at room temp. Subsequent treatments as described for
(2RS, SRS)1 gave 651 mg (30.1%) of 1C+1D, bp. 155-170°
(main fraction bodled at 163-164"), ap® 1.4436, [a)B - 1592
(neat); gic (Column, 5% FFAP 1.5m x2mm at 70°; Carrier gas,
N;, 1.0kg/cm?): R, 5.2 min (98.6%), 6.2 min (1.4%); gic (Cotuma,
PEG-20 M, 50 m x 0.25 mm at 60°; Casrier gas, Ny, 1.2kg/em?): R
48.7 min (41.3% (2S, SR)-10), 51.0 min (58.7%, (25, 5S)-1D). The
IR, NMR and mass spectral data were identical with those of
(2RS, SRS)1.

Determination of optical purities of methyl 2-hydroxybutanoate
emantiomers by the MTPA-cster method

The MTPA esters 3 and 3&' were prepared in the coo-
veational manser from 3 and W and (S - -MTPA-C

(a) NMR measurements of 3. § (60 MHz, CCL) 0.99 (3H. t,
J=7Hz), 1.92 (2H, seemingly quintet, J = THz), 3.49 GH, s,
CFy-COCHy), 3.64 (3H, s, -COLCHy), 500 (1H, t, J=THz),
~7.15 10 ~7.7 (S H, m). 8 (60 MHz, 58 mg 3d + 50 mg En(fod), in
0.4ml CCL) 141 GH, t, J = 7Hz), 2.70 (2H, scemingly quimtet,
J=7THz), 446 (3H, s, -COCH,), 4.57 (3H, s, CF,-C-OCH)),
6.46 OH, t, J=THz), ~75Hz), ~1.5 to ~7.8 (3H, m), ~8.3 to
~8.7(QH, m).

() NMR measurements of M. 8 (60 MHz, CCL) 0.88 (3H, t,
J=7Hz), 1.86 (2H, seemingly quintet, J = 7 Hz), 3.58 (3H, s,
CFy-C-OCH;), 3.70 (H, s, -COCHy), 498 (1H, t, ] =TH2),
~7.15 to ~7.7 (SH, m). 8 (60 MHz, 58 mg M + 50 mg Eu(fod), in
0.4m CClY 1.67 (3H. t, ] = THz), 240 (2H, seemingly quistet,
J = THz), 4.10 3H, s, -COLCH)), 4.76(3H, s, CFy-C-OCH,), 6.05
(IH, t, J=THz), ~73 t0 ~7.6 3H, m), ~8.3 to ~8.6 2H, m).

(<) NMR measurements of $34+ 3. 8 (60 MHz, CCL) 0.58
(L.SH, t, J=7Hz), 1.00 (1.5H, t, J =7 Hz), ~1.9 2H, m), 3.50
(1.5H, 3), 3.9 (1.5H, ), 3.68 (1.5H, s, -COCH»), 3.7T2 (15H, 3,
-COLCH,), 500 (I1H, t, J=7Hz), ~72 to ~7.7 (SH, m). &

1605

(60 MHz, S8 mg (434 + §3d) + 50 mg Eulfod), in 0.4 ml CCL) ~1.4
(3H. m), ~ 2.76 (2H, m), 4.34 (15H, s, -COLCH,), 4.63 (1.5H, 3,
-CO,CHy. 5.14(3H, s, CFi-C-OCH,), 640 (1.5H, 1, ) = TH2),6.0
(154, t, J=7Hz), ~75 t0 ~7.8 3H, m), ~8.6 10 ~9.0 2H, m).

()Gic anelysis of $3d + 3¢, Column, 5% FFAP, 1.5m x2mm
at 100-220", temp. gradiest 4'/min; Carrier gas, Ny, 0.8 kg/cm’: R,
2.2 and 21.0min.
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