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Abstract—All of the four energetically possible stereoisomers{(2R,SR,7R)-, (2R,5S5.7S), (2S,5R.TR) and
(25.55.7S) isomers] of 7-ethyl-2-methyl-1.6-dioxaspiro{4.5}decane were synthesized starting from cthyl
(S)lactate and dimethyl (S)-malate or methyl (R)-f-hydroxy-valerate employing dianion alkylation as

the key-step.

Spiroacctals have been isolated by Francke et al. as
pheromones of several insect species.'? As a part of
our continuing efforts to synthesize optically active
pheromones,’ we accomplished the syntheses of opti-
cally active forms of 2-ethyl-1,6-dioxaspiro{4.4]non-
ane (chalcogran A)*, 2.8-dimethyl-1,7-dioxaspiro-
[5.5]lundecane B* and 2-methyl-1,7-dioxaspiro{5.6)
dodecane C*. All of our previous syntheses employed
dianion alkylation as the key-step. Herein we report
a chiral synthesis of all of the four energetically
possible stercoisomers of 7-cthyl-2-methyl-1,6-
dioxaspiro{4.5}decane 1, again employing dianion
alkylation as the key-step.

The two diastereomers of the spiroacetal 1 were
first found in the pentane extracts of workers of
Paravespula vulgaris L. and serve as constituents of
their antiaggregative pheromones.” The two di-
astercomcers of 1 were also found in the complex
volatile secretion from the mandibular glands of
Andrena haemorrhoa F.* Up 1o now nothing is known
about the absolute configuration of the natural di-
astereomers of 1. We therefore planned a chiral
_ synthesis of 1 so as to obtain the optically active
stereoisomers in quantities sufficient for field tests.

A number of syntheses of 1,6-dioxaspiro[4.5]
decane were reported cither as racemates™'’ or as
optically active forms.'*'* There appeared no report,
however, concerning the synthesis of optically active
1,6-dioxaspiro{4,S}decane with two alkyl substituents
such as 1, although Seebach er al.'* and Schurig e/
al.” prepared the spiroacetals with only one alkyl
substituent. Retrosynthetic analysis of 1 as shown in
Fig. 1 demands the prparation of the two chiral
building blocks 4 and S§. Alkylation of the dianion
denived from 4 gives 3, which leads to 1 via 2.

The synthesis of both the enantiomers of
x-acetyl-y-valerolactone 4 is shown in Fig. 2. The
starting material was ethyl (S)-(— )-lactate 6a, whose

¢+ Pheromone Synthesis—65. Part 64, K. Mon and M. Kat-
surada, Liebigs Ann. Chem. 157 (1984). The expenmental
pant of this work was taken from the M. Sc. thesis of M.
Ikunaka (March, 1984).

optical purity was determined as 94.3%, by analyz-
ing the diastereomeric ratio of the correspond-
ing  (S)-a-methoxy-a-triffuoromethylphenylacetate
(MTPA ester) 6b'¢ by capillary GLC. Protection of
the OH group in 6a as the cthoxyethyl (EE) ether
gave 6¢, which was converted to (S)- — )-propylene
oxide 7, [2]3 — 13.1° (neat) [lit."" [a]), — 12.5° (neat)],
in 58.8% overall yield by the method of Seuring and
Seebach.'” (R)-(+ )-Propylene oxide 7, [z} + 12.9°
(ncat) [lit." [«]Z + 13.0° (neat)], was also prepared
from 6a in 43.7%, overall yield according to Hills and
Ronald."* Basing on their analysis of 7 by complex-
ation GLC, Schurig et al. calculated the [a]p, value of
optically pure 7 to be (@) + 14.6° (neat)." The optical
purity of our enantiomers of 7 was therefore estimated
to be 89 ~ 90% suggesting the occurrence of the slight
partial racemization during the preparation. Addition
of 7 10 methyl acetoacetate was effected in the presence
of NaOMe in MeOH to give, after two weeks, 4 in 44
~ 46% yield, [a)¥ + 14.2° (EtOH). The overall yicld
of (R)4 from ($)6a was 19.2% (4 steps), while that
of (S)4 was 27.0% (6 steps).

Another building block § was synthesized by two
dificrent methods. At first we prepared both the
enantiomers of § from (S){—)malic acid 8a as
shown in Fig. 3. The optical purity of 8b was
confirmed as 100%, by companng the 400 MHz
'H-NMR spectrum of its (S)-MTPA ester 8¢ with
that of the (§)-MTPA ester of dimethyl (R)-malate.
The EE ether 8d derived from 8b was reduced with
LAH to give 9a. Treatment of 9a with BF, Et,0®
yiclded 10a. Acylation of 10a gave 10b, which was
heated with AcOH aq to give 9b. Conversion of 9
to the epoxide (S)12a was effected by Golding's
general method of epoxide formation,” which was
known to result in the retention of configuration at
C-2. Treatment of 9b with HBr-AcOH gave a mixture
of two acetoxy bromides. whose major component
was 11. It then yielded (S)-12a, [a)} — 30.6° (CH,C1,).
when treated with K,CO,. The antipodal epoxide
(R)-12a, [a]¥ +29.5° (CH,Cly) [lit.? [af) +23.42°
(CH,Cl,)], was synthesized from 9e according to
Boger and Panek¥ with a slight modification of
cmploying an EE protective group instead of
-methyl-1-methoxyethyl group. This modification
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Fig. 3. Synthesis of the cnantiomers of 3-tetrahydropyranyloxypentyl iodide.
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enabled us to obtain (R)-12a in 89.9%, overall yicld
from 8b via 9%, 94 and 9¢, while in the case of Boger
and Panck? the overall yield was 40 ~ 45%.

Protection of the OH group in (5)-12a as a t-bu-
tyldimethylsilyl (TBDMS) ether”’ gave (S)-12b, which
was treated with MeMgBr in the presence of CuBr**
to effect the regioselective cleavage of the epoxy ring
giving (R)-13a with retention of the configuration at
C-3. Protection of the OH group in (R)-13a as a THP
ether by treatment with dihydropyran in the presence
of Amberlyst-15 in n-hexane?® gave (R)-13b. This was
mixed with (n-Bu)yNF to remove the TBDMS group.
Tosylation of the resulting (R)-13c yielded (R)-134,
which was treated with Nal 1o give (R)-S. The overall
yield of (R)-§ from (S)(—)-malic acid 8a was 13.2%
in 14 steps. In the same manner (R)-12a was converted
10 (S)5 in 37.7% overall yield (14 steps) via (R)-12b
and (S)-3a-b.

To check the optical punity of §, we first tried to
determine the optical purity of 12a. Boger and Panek
reported that their (R)-12a with [z} +23.42°
(CH,Cl,) was of 98 + 2%, c.c. by measuring the
'H-NMR spectrum of the corresponding epoxy
iodide in the presence of tns [3-(tnfluoro-
methylhydroxymethylene)-d-camphorato] europium
(I1I1) {Eu(1fc),).2 We reexamined their procedure by
converting our (R)-12a, [a]} + 29.5° (CH,Cl,), and
(S)-12a, [a]3 — 30.6° (CH,Cl,), to the corresponding
iodides. Upon addition of Eu(tfc),, those signals due
to CH,0- and CHO- protons suffered the down-field
shifts. However, these appeared as multiplets and
became broader when the amount of Eu(tfc), was
increased to observe satisfactory down-field shift.
This NMR method was therefore thought to be
inadequatc. We next attempted to determine the
optical purity of 13a. In the conventional manner,'®
13a was converted to the corresponding (R)-MTPA
ester 13e. However, the HPLC analysis of 13e re-
sulted in no clean separation of the diastereomers.
Then the TBDMS protective group in 13e was re-
moved by treatment with AcOH aq and the resulting
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13 was analyzed by HPLC. Fortunately in this case,
the diastereomers were separable and the optical
purity of (R)-13a and that of (S)-13a were estimated
to be > 999 and 939, respectively. The optical purity
of (R)-S and that of (S)-8 were therefore thought to
be >99% and 939, respectively.

The second and simpler synthesis of § was carried
out as shown in Fig. 4. After the completion of the
synthesis of (R)- and (S)-5 from (S)-( — )-malic acid,
we had the opportunity to obtain methyl
(R)(—)fB-hydroxyvalerate 14a, which was prepared
by microbial ﬂ-hydroxilation of valeric acid by Can-
dida rugosa 1FO 0750.% Although the optical purity
of (R)-14a kindly given to us by Dr. Hasegawa was
ca 84%,, 1t could be enhanced to 1009, by re-
crystallizing the corresponding 3,5-dinitrobenzoate
1447 Hydrolysis of the purified 14b with KOH gave
(R)-14a, whose optical punty was confirmed to be
100%, by the HPLC analysis of the MTPA ester 144.
Conversion of (R)-14a to (R)-8 was straightforward.
Protection of the OH group in 14a as the THP ether
gave 14c, which was reduced with LAH to give
(R)13c. The corresponding tosylate 13d gave (R)-S
when treated with Nal.

For the preparation of (S)-5, the configuration at
C-3 in 13c must be inverted. Benzylation of (R)-13¢
to 13g was followed by acid hydrolysis to give
(R)-13, [2]} + 8.88° (CHCI,). This was submitted to
the Walden inversion under the Mitsunobu condi-
tion.” Thus (R)13s was treated with Ph,P,
3.5-dinitrobenzoic acid and EtO,CN=NCO,Et in
THF to give (S)13, m.p. 58.8 ~ 59°. The use of
3,5-dinitrobenzoic acid instead of benzoic acid in the
original procedure® is very effective, because
3,5dinitrobenzoates. of akohols are usually crys-
talline and can be purified by recrystallization. Hy-
drolysis of (S)-13i with KOH gave (S)-13,
[2])® — 9.08(CHCI,). The corresponding THP cther
<5)-13g was hydrogenolyzed over Pd-C to give
(S)-13¢, which was converted to (S)-5 via (5)-13d.
The overall yield of (R)-5 from (R)-14a (84% c.c.)
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Fig. 4. An alternative synthesis of the enantiomers of 8.
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Fig. 5. Synthesis of the stereoisomers of 7-ethyl-2-methyl-1,6-dioxaspiro{4.S)decane.

was 39% in 6 steps, while that of (S)-5 was 199 in

12 steps. The optical purity of (R)-5 and that of (S)-5
prepared from (R)-14a were thought to be 1009,

refiecting the optical purity of the purified (R)-14a. It

is evident that methyl (R)-(—J)-f8-hydroxyvalerate

14a is a better starting material for the synthesis of
(R)-S8. Ulilization of 14a in the synthesis of ser-
ricornin (cigarctte beetle pheromone) will be reported

scparately.’ o

Having secured the starting materials 4 and 8, we

proceeded to the connection of these two building

blocks by dianion alkylation® as shown in Fig. 5. The

dianion of (R)-4 was prepared by treating (R)-4 with

NaH followed by n-Buli in THF-HMPA. Its al-

kylation with (R)-S gave (4R,5' R)-3, which was hy-

drolyzed with KOH to give (2R9R)-2. This was

trcated with dil HCl to give (2R,5R,7R)1,

[} + 78.4° (n-pentane), in 42.6% overall yield from

(R)-4. Because the optical purity of the lactone (R)-4
was only 89 ~ 90°%,, our sample of (2R,5R,7R)-1 was

contaminated with a small amount (4 ~ 5%) of
(2S,5R,7R)1. It should be noted that only

(2R,5R,7R)-1 was generated upon acetalization with-

out the formation of any detectable amount of
(2R,5S8.7R)-1. We and others already reported the
analogous observation in the cases of other spi-
roacetals.**® This is due to two reasons: (i) the Et

group prefers the eq orientation; and (i) the diaxial-

like position of O at the spiro center is the more stable

one owing to the anomeric effect.>¢** In the same

manner, (R)}4 and (S)-5 yielded (2R,55.,75)-1,

fa}? —97.5° (n-pentane), (S)>4 and (R)S gave

(2S.5R,7R)-1, [a}¥ + 102° (n-pentane), and (S)4 and

(S)-5 afforded (2S5.58,75)-1, [«})-76.1" (n-

pentane).

In conclusion, we synthesized all of the four ener-
getically possible stereoisomers of 1 with three chiral

centers. Dianion alkylation was again proved to be a
very cffective method to synthesize spiroacetals. Bio-
assay of these stereoisomers of 1 is now in progress
in cooperation with Dr. W. Francke, the result of
which  will hopefully clarify the absolute
configuration of the natural pheromones.

EXPERIMENTAL

All b.ps and m.ps were uncorrected. IR spectra were mea-
sured as film or as Nujol mull on a Jasco A-102 spectrometer.
NMR spectra were recorded at 60 MHz with TMS as an |
internal standard on a Hitachi R-24A spectrometer unless
otherwise stated. Optical rotations were measured on a Jasco
DIP-140 automatic polarimeter. HPLC analyses were per-
formed on a Shimadzu LC-2 chromatograph. GLC analyses
were performed on a Hitachi 163 or on a Jeolco JGC-20K
or on a Hewlett-Packard S840A gas chromatograph.

Determination of the optical purity of (S)-6a. Commer-
cially available (S)-6a (Kanto Kagaku Co., 99.94%, chemical
purity as checked by GLC.), [x]3* — 10.9° (neat, d** 1.02),
was converted to (S)-MTPA ester 68,'* which was analyzed
by GLC (Column, PEG 20M, 50m x 0.28 mm at 70 ~ 220°
(+3/min), Carricr gas, He, 1.0kg/cm’); R, 53.00 min
(97.17%,). 53 min 44 sec (2.83%,). The optical punty of (S)-6a
was therefore 94.39,.

(S)(—)-propylene oxide 7. This was prepared by the
method  of Seuring and Scebach', bp. 34~ 38"
(21 — 13.1° (neat, d 0.827) [lit." (2}, — 12.5° (neat)]; &
(CDCly) 1.30 3H, d, J=5.0Hz), 2.30~2.50 (IH, m),
2.60 ~ 2.86 (1H, m); 2.88 ~ 3.15 (1H, m).

(R} +)-Propylene oxide 7. This was prepared by the
method of Hills and Ronald,” b.p. 34°; [x]3 + 12.9° (neat,
d?’ 0.823 [lin" (2] + 13.0° (neat)).

(4SH  )2-Acetyl-4-pentanolide 4. AcCH,CO,Mc (83.7 g)
was added to a stirred soln of NaOMe (from 16.9 g of Na)
in McOH (290 ml) at 46 ~ 49°. To this was added dropwise
(S)-7 (41.9 g) with stirring at 0° under Ar. The mixture was
stirred for two weeks at room temp. During this period the
mixture became white yellow paste and then turned to a
deep red clear soln. It was then neutralized with AcOH
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(48 ml) and H,0 (100 ml). The mixture was concentrated in
vacuo. The residue was extracted with ether. The ether soln
was washed with brine, dried (Na,SO,) and concentrated in
vacwo. The residue was distilled to give 47.0g (46%,) of
(45)4. bp. 81~85/3mm; nf 14459; [a)F —14.2°
(c = 3.15, EtOH); v, 1765 (s), 1722 (s), 1655 (m), 1180 (s),
1160 (s), 955 (s) em '; 6 (CC1) 1.43 (3H. d. J =6Hz), 2.34
and 2.37 (each s, total 3H), 1.65 ~ 3.00 (2H. m), 3.48 ~ 3.90
(1H, m), 4.35~4.90 (1H, m), GLC (Column, 5%, FFAP,
2m x 4 mm at 150"; Carrier gas, N,, 0.8 kg/cm?): R, 9.9 min
(97.3%,): MS: m/z 142 (M *). (Found: C, 58.63; H, 7.14. Calc
for C,H,,0y: C, 59.14; H, 7.09%,.)

(4R)( +)-2- Acetyl-4-pentanolide 4. In the same manner as
described above, (R)-7 (35.2g) gave (4R)-4 (37.8g, 449,),
bp. 83~85/3mm. nZ 1.4459; [a])F +142° (c =3.24,
EtOH), GLC (Column, 5%, FFAP, 2m x 4mm at 150°;
Carnier gas, N,, 0.8 kg/am®): R, 9.5min (97.3%); MS: m/z
142 (M ). (Found: C, 58.10; H, 7.07. Calc for C,H 0, C.
59.14; H, 7.09%,.) The IR and NMR spectra of (4R )4 were
identical with those of (45)4.

Dimethyl (S} —)-malate 8. Commercially availabic
(SH(-—)malic acid 8s, m.p. 105, [«]}}) —28.2" (c = 5.57.
C,H,N). . was used as the starting matenal. AcCl (100 ml)
was slowly added to ice-salt-cooled MeOH (1330 ml). To
this was added (S )-8a (200 g) and the mixture was stirred for
2 days. It was then concentrated in vacuo. The residue was
distilled to give 202.1 g (74°%) of 8, b.p. 88 ~ 91"/ 3 mm; n}}
1.4330; [(x}}; — 7.10° (ncat, d3* 1.21) [lit.® [a)} —7.57
(ncat)).

Determination of the optical purity of (S)-8b. (S»-MTPA
esters of (+)-8d and (S)H ~ )-8 were prepared as usual. '*
NMR of (§-MTPA ester of ( 1 )-8 § (400 MHz, CDCl,)
355 and 363 (OCH, of MTPA), 357 and 3.70
(CH(OH)YCO,CH,). 3.76 and 3.80 (-CH,CO,CH,). NMR of
8¢: 6 (400 MHz, CDCl,) 3.57 (3H, s). 3.63 (3H. s), 3.80 3H,
s). This proved the optical purity of (S)-8b to be 100%.
HPLC analysis of (S)MTPA ester of (1 )-8 (Column,
Partisil 5, 25 cm x 4.6 mm; Eluent, n-hexane-THF = 40: |;
25 kg/em?): R, 164.0min, 171.1 min. HPLC analysis of 8¢
(under the same condition): R, 164.0 min. This also proved
the optical punty of (5)-8b to be 1007,

Dimethy! (S)-malate EE ether 84. CF,CO,H (0.2 ml) was
added dropwise to a stirred and cooled soln of 8% (10.25 g)
mn ethyl vinyl cther (100ml) at —10°. The mixture was
stirred for 2 days at room temp. The stirning was continued
for further 2 hr after the addition of Na,(CO, (0.2 g). The
mixture was filtered and the filtrate was concentrated in
racuo to give 8d (14.3 g, quanutative), v, 1750 (s), 1170 (s)
cm . This was employed in the next step without further
punfication.

(S)-1.2.4-Butanetriol 2-EE ether 9a. This was prepared
from 84 (16.8 g) according to Ref. 14 yielding 10.9 g (97.3%,
from 8b) of 9, v, 3400 (s), 1125(s). 1092 (s), 1050 (s) cm '

(S)-1.2.4-Butanetriol 1.2-ethylidene acetal 4-acetate 10b. A
soln of BF, Ft,0 in cther (47%; 0.3 ml) was added to a soln
of 9a (71.0g) in dry cther (130 ml). The mixture was stirred
overnight at room temp. It was then diluted with dry C;H,N
(7Sml and dry CH,(l, (220ml). To the cooled and
stirred  mixture  were  added  Ac,O (78ml) and
4NN -dimethylaminopyndine (DMAP, 31.5mg) at
- 5~0". The stirnng was continued overnight at room
temp. This was poured into crushed ice (110g) and conc
HC1 (17.9 ml). The organic layer was separated and the aq
layer was cxtracted with CH,Cl,. The combined organic soln
was washed with sat CuSO,aq. H,0, sat NaHCO,aq and
brine, dned (MgSQO,) and concentrated in vacuo 10 give
78.4 g of a crude oil. A portion of it was distilled to give pure
106, bp. 108~109°/27mm; n} 14329 (2} +19.4°
(¢ = 1.32, CHCL,); v, 1745 (s). 1377 (3). 1245 (s), 1160 (s),
135(¢s)em ', 8(CCl) 1.25 (3H, d, J = SHz), 1.12~1.89
(2H, m), 2.06 (3H, s), 3.32~ 4.31 (5H, m), 4.62 (IH, q.
J -+ 5 H2z). (Found: C, 55.23; H, 8.18. Cak for C,H,,0,: C,
55.16; H. 8.10°,.)

(S)1.2.4-Butanetriol 4-acetate M. A mixture of the crude

100 (102.2 g), AcOH (280 ml) and water (230 ml) was stirred
and heated under reflux for 16 hr. It was then concentrated
in vracuo. The residue was diluted with C,H, and concen-
trated i vacuwo. This was repeated several times to give
77.6 g (98.4%, from 88) of crude 9, v, 3410 (s), 1730 (s).
1370 (s), 1245 (s), 1050 (s) cm~'; & (CDCly) 1.78 (2H, q,
J=6.0Hz), 2.08 (3H, s). 3.20 ~ 3.99 (3H, m), 4.25 (2H. t,
J = THz), 4.69 (2H, s). This was employed in the next step
without further punfication.

(S)-1-Bromo-2.4-butanediol 2.4-diacetate 11. A soln of
HBr in AcOH (30%; 200 ml) was added dropwise over 8 min
to 9b (35.9 g) with stirring and cooling (ice-salt bath). After
the addition, the mixture was stirred for 50 min at room
temp. It was then poured into ice-water, neutralized with
Na,CO, and extracted with cther. The ether soln was dried
(MgS0,) and concentrated in vacuo to give 53.0 g of crude
11, v, 1745(s), 1230 (s), 1045(s)cm '. 6 (CCl) 1.90 ~ 2.46
(2H, m), 1.96 (3H, s), 2.02 (3H, s), 3.39 (2H. d. J = SH2),
399 (2H, t, J — THz), 4.65~5.25 (1H, m). This was em-
ployed in the next step without further punfication.

(S)-1.2-Epoxy -4-butanol (S)-12a. Crude 11 (112g) was
added to a suspension of K,CO, (62 g) in McOH (650 ml)
and THF (650 ml) and the mixturc was stirred overnight
vigorously. It was then concentrated in racuo. The residue
was diluted with CH,Cl, and filtered. The solid was thor-
oughly washed with CH,Cl,. The combined filtrate and
washings were dried (MgSO,) and concentrated in vacuo.
The residue was chromatographed over SiO, (Merck Kie-
scigel 60, 400 g). Elution with cther gave (S)-12a (9.8,
29 8%, from 9) as a pake yellow oil, n¥ 1.4259; [} — 30.6°
(c - 5.10, CH,C1,); v, 3420 (s), 1055 (s) cm '; & (CDCly)
1.25~228 (2H, m), 2.28 ~ 2.62 (1H, dd, J = 2 and 4 Hz),
262~288 (IH, t, J=4Hz), 288~324 (IH, m)
3.32~395 (3H, m). (Found: C, 53.99; H, 9.09. Calc for
CH,0, C, 54.53; H.9.15%.)

(S)-1.2-Epoxy-4-butanol TBDMS ether (S)-120. A soln of
(5)-12a (11.5g) in dry CH,Cl, (50 ml) was added dropwise
over 13min to a soln of TBDMS-C1 (30g) and DMAP
(640 mg) in CH,C1; (150 ml) and Et,N (40 ml) with stirnng
and cooling (ice-salt bath). The stirring was continued over-
night at 4°. The mixture was diluted with ether (250 ml),
washed with H;O. sat NH,Claq and brine. dried (Na,SO,)
and concentrated in vacuo to give 33.9 g of crude 12b. A
portion of it was distilled to give pure ($)-12b, b.p. 64
~ 67°/5 mm: nd 1.4241; [a)B - 12.8° (¢ = 2.11, CHQ1,);
Umas 1255 (), 1105 (s), 835 (s). 775 (s) cm™'; 8 (CCL) 0.04
(6H. s), 0.86 (9H. s). 1.40 ~ 1.85 (2H. m), 2.30 (1H, dd. J
= 2and S Hz). 2.56 (1H. 1. J = 4 Hz), 2.77 ~ 2.99 (IH,
m), 3.65 (2H, 1. J = 6 Hz). (Found: C, 58.90: H. 10.67. Cak
for CoH,,0,Si: C, 59.34; H, 10.98%.)

(R)-1.3-Pentanediol |-TBDMS ether (R)-13a. A soln of
McMgBr in THF was prepared from Mg (8.2g). MeBr
(38.6g) and THF (450 ml). To this was added CuBr (5.0 g)
with stirning at —60 ~ - 55" under Ar. A soln of (S)-12d
(50.5g) in THF (110 ml) was added dropwise to the stirred
and cooled soln of MecMgBr-CuBr at - 40~ --30°. The
stirnng was continued for 2hr at 4°. The mixture was
poured into sat NH,(laq and extracted with ether. The
cther soln was wahsed with brine, dried (MgSO, and
concentrated in vacuo to give 54.0g of crude (R)-13a. A
portion of it was purified by SiO, chromatography and
distilled to give pure (R)-13a, b.p. 78 ~ 86°/6 mm; nj
1.4317; (a}}y + 10.5" (¢ = 1.32, CHCl,); v, 3530 (m), 1275
(s), 1115 (s), 855(s), 800 (s)cm '; & (CCl,) 0.05 (6H, s), 0.88
(9H. 5), 0.70 ~ 1.10 3H. t, J = 6 Hz), 1.14 ~ 1.77 (4H, m),
247 (IH. d. J = 2Hz), 3.77 (2H. t, J = 6 Hz); GLC (Col-
umn, PEG 20M, 2m x4mm at 100 ~ 190" (+4°/min);
Carrier gas, N,, 1.0kg/am’): R, 13.5min (98.5 ~ 99.0%,).
(Found: C, 60.38; H, 11.98. Cak for C,H,0,Si: C, 60.48;
H. 12.00%)

(R)-1,3-Peruanediol 1-TBDMS.3-THP ether (R)»13b. A
soln of (R)-13a (68.6g) and dihydropyran (43 ml) in n-
hexane (63 ml) was added dropwise 1o a stirred and cooled
(icc-salt bath) suspension of Amberlyst-15 (7.86g) in n-
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hexane (63 ml). The mixture was stirred at 4° for S hr. It was
then filtered through a pad of Celite. The filtrate was
concentrated in vacuo to give 110.0 g of crude (R)-13b as a
pale yellow 0il, U, 1255 (s), 1120 (s), 1075 (s), 1030 (s).
1020 (s), 830 (s), 770 (s) cm™'; & (CCL) 0.02 (6H., s), 0.81
(9H, s), 0.62 ~ 1.00 (3H, m), 1.00 ~ 1.99 (10H, m), 3.00
~ 3.81 (5H. m), 4.39 (1H, s). This was employed in the next
step without further punfication.

(R)-1,3-Pentanediol 3-THP ether (R)-13¢. A soln of
(R)13d (50.9 g) in dry THF (150 ml) was added dropwise
10 a stirred soln of (n-Bu),NF (1.32.3 g) in dry THF (400 ml)
at room temp. The stirring was continued overnight at room
temp. The mixture was then concentrated in vacuo. The
residuc was diluted with H,0 and extracted with CH,C(1,.
The CH,Cl, soln was dried over MgSO,-Na,CO,. The
residual red-brown oil (61.6 g) was chromatographed over
SiO; (Merck Kieselgel 60, 450g). Elution with n-
hexane-Et,0 (4:1) gave (R)-13¢ (22.1 g. 80%, from (S)-12a).
A portion of it was distilled in vacuo over K,CO, to give
pure (R)}13c, bp. 120~122°/3mm; [a}}*-319°
(c = 1.03, CHCY,); vo,, 3520 (m), 1075 (s), 1023 (s)cm ", &
(CDC1,) 0.89 and 0.93 (total 3H, each t, J=7 Hz),
1.14 ~2.35 (11H, m), 2.95 ~ 4.33 (5H. m), 4.60 (1H, br. s);
MS: mjz 188 (M*), 187 (M* —1).

(R)-1,3-Penianediol 3-THP ether 1-tosylate (R)}-13d. A
soln of (R)13c (149g) in CH,Ql, (23 ml) was added
dropwise to a stirred and cooled soln of TsCl (19.6 g) and
CHN (25ml) in CH,Cl, (78ml) at —15~ —10". The
mixture was stirred overnight at 4°. The excess TsCl was
destroyed by the addition of H,O (10 ml). The mixture was
poured into ice-dil HCl and extracted with CH,Cl;. The
CH,Q), soln was washed with sat CuSO,aq, H,0, sat
NaHCO,aq and brine, dried (MgSO,) and concentrated in
racuo to give 31.5g (quantitative) of crude (R)-13, v,
1600 (m), 1360 (s), 1188 (s), 1175(s), 1035 (s) em '; 8 (CCl)
0.80 and 0.82 (total 3H, each t, J = 7Hz), 1.05 ~ 2.10 (10H,
m), 2.42 (3H, s), 3.05 ~ 3.82 (3H, m), 4.03 (2H, q, ] = TH2),
427~4.63 (IH), 7.26 2H, d, J=8Hz), 7.71 (2H, d,
J =8 Hz).

(R)-1-lodo-3-pentanol THP ether (R)-S. K,CO, (3.28 g)
and Nal (47.4 g) were added to a soln of (R)-134 (31.5g) in
acetone (385 ml) with stirring and ice-cooling. The mixture
was stirred for 2 days at room temp. It was then concen-
trated in vacuo. The residue was diluted with H,0 and
extracted with cther. The ether extract was washed with
Na,S,0,aq and bnine, dnied (MgSO,) and concentrated in
racuo. The residuc was chromatographed over Si0, (Merck
Kieselgel 60, 400 g). Elution with n-hexane-cther (8:1) gave
(R)-5(17.9 g, 80%, from (R)-13¢), vo,, 1130 (s), 107s), 1033
(s), 1020 (s), 95 (s) cm~'; 6 (CC1,) 0.88 and 0.93 (total 3H,
cacht,J =7Hz). 1.08 ~ 2.38 (10H, m), 3.00 ~ 4.15 (SH, m),
4.40 ~ 4.78 (1H). This was unstable and used immediately
after the preparation.

(S)-1.2,4-Butanetriol |1, 4-diacetate 2-EE ether %¢. Ac,O
(37 ml) and DMAP (17.5 mg) were added to a stirred and
wxe-cooled soln of 9a (21.6 g) and C,HN (37 ml) in CH,C,
(194 ml). The mixture was stirred overnight at room temp.
It was then poured into ice-dil HCl and extracted with
CH,Cl,. The CH,Cl, soln was washed with sat CuSO,aq,
H,0, sat NaHCO,aq and brine, dried (MgSO,) and concen-
trated in vacwo to give 30.7 g (quantitative) of crude 9¢, v,
1730 (s). 1230 (s) cm '; 6 (CDDC1,) 0.80 ~ 1.32 (6H, m), 1.95
(3H, ), 1.97 (3H, s), 1.42 ~ 2.40 (2H, m), 3.15 ~ 4.35 (6H,
m), 4.45 ~ 490 (1H, m). This was employed in the next step
without further punfication.

(S)-1,2.4-Butanetriol 1 4-diacetate 9. Conc HCl (0.5 ml)
was added to a stirred soln of 9¢ (51.8 g) in THF (100 ml)
and H,O (200 ml). The stirring was continued overnight at
room temp. The mixture was concentrated in vacuo. The
residue was ncutralized with NaHCO, (1.6g), saturated
with NaCl and extracted with CH,Cl,. The CH,Cl, soln was
dried (MgSO,) and concentrated in vacuo to give 37.6g
(quantitative) of crude 94, v, 3460 (m), 1740 (s), 1240 (s),
1050 (s) cm~'; 6 (CDCl,y) 1.53 ~ 1.98 (2H, m). 2.05 (3H, s),
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2.09 (3H, s), 2.75 (1H, br. 5), 3.50 ~ 4.56 (SH, m). This was
employed in the next step without further punification.

(S)-1.2,4-Butanetriol |.4-diacetate 2-mesylate 9e. MsCl
(28 ml) was added dropwise to a stirred and cooled soin of
9b (42.6 g) and E4,N (57 ml) in CHCl; (426 ml) at
— 15~ 0. The mixture was stirred for | hr at —15°. It was
then poured into icedil HCl, and extracted with CH,Q),.
The CH,Cl, soln was washed with dil HC), sat NaHCO,aq
and H,0, dried (MgSO,) and concentrated in vacuo to give
59.3 g of crude 9e. This was chromatographed over SiO,
(Merck Kieselgel 60, 1.2 kg). Elution with ether gave 52.5g
(quantitative from 9a) of %e, v, 1235 (s), 1075 (s), 1055 (s),
923 (s)em~". 8§ (CC1) 1.70 ~ 2.08 (2H, m), 2.01 (3H, s), 2.05
(3H, s). 298 (3H. s), 3.90~4.30 (4H,m), 4.65~ 5.05
(1H, m). This was immediately used in the next step.

(R)-1,2-Epoxy-4-butanol (R)-12a. K,CO, (59.6 g) was ad-
ded 10 a soln of 9e (52.5g) in MeOH (666 ml) and THF
(666 ml). The suspension was stirred overnight vigorously.
It was then concentrated in vacuo. The residue was diluted
with CH,Q1, and filtered. The solid was washed thoroughly
with CH,Cl,. The combined filtrate and washings were dried
{(MgSO,) and concentrated in vacuo. The residue was chro-
matographed over SiO, (Merck Kieseigel 60, 670 §), Elution
with ether gave (R)-12a (1598 924%), ng 1.4286;
(2]F + 29.5° (¢ = 5.01, CH,Cl,). The IR and NMR specira
were identical with those of (S)-12a.

(R)1.2-Epoxy-4-butanol TBDMS ether (R)-12b. In the
same manner as described for the prepn of (S)-12b, (R)-12a
was converted 10 (R)-12b, b.p. 63 ~ 65°/4 mm; n{} 1.4241;
[l + 12.5° (¢ = 2.11, CHQYy). (Found: C, 59.07; H, 10.92.
Calc for C\oH;,0,Si: C, 59.34; H, 10.98%.) The IR and NMR
spectra were identical with those of (S)-12b.

(S)-1.3-Pentanediol 1-TBDMS ether (S)-13a. In the same
manner as described for the prepn of (R)-13a, (R)-12b was
converted to (S)13a, b.p. 86~92/Tmm; n} 1.4316;
[2}f — 9.3 (¢ = 1.32, CHCl,). (Found: C, 59.91; H, 11.89.
Calc for C, H,0,Si: C, 60.48; H, 12.00%,.) The IR and
NMR spectra were identical with those of (R)-13a.

(S)-1,3-Pentanediol \-TBDMS ether 3-THP ether (S)-13%.
In the same manner as described for the prepn of (R)-13»,
(S)-13a was converted to (S)-13b, whose spectral data were
identical with those of (R)-13b.

(S)-1,3-Pentanediol 3-THP ether (S)-13¢. In the same
manner as described for the prepn of (R)-13c, (S)-13» was
converted to (S)13c in 71°/ overall yield from (R)-12a. A
portion of it was distilled to give pure (S)13¢c, b.p.
105 ~ 110°/6 mm,; [2)3 * + 16.2° (¢ = 1.10, CHCl,); MS: m/z
188 (M *), 187 (M* -- 1), 85 (basc peak). The spectral data
were identical with those of (R)-13¢c.

(S)-1,3-Pentanediol 3-THP ether |-10sylate (S)-134. In the
same manner as described for the prepn of (R)-134, (S)-13¢
was converted to (S)-13d, whose spectral data were identical
with those of (R)-13d.

(S)-1-lodo-3-pentanol THP ether (S)-S. In the same man-
ner as described for the prepn of (R)-S. (S)-13d was
converted to (S)-S in 80%; yicld form (S)-13¢.

Determination of the optical purity of 13a

(a) Prepn of 1,3-pentanediol 3{R)-MTPA ester \-TBDMS
ether 13e. (R)-13a (43.7mg) and (+)-MTPA Cl (52 pul)
yielded 81.4 mg of (R)-13¢ in the usual manner.'® Similarly,
84.8 mg of (S)13e was obtained.

(b) Prepn of 13-pentanediol 3(R)}-MTPA ester 1M.
(R)-13¢ (81.4mg) was dissolved in a mixture of AcOH
(0.72 ml), THF (0.24 ml) and H,0 (0.24 ml) and the soln was
stirred overnight at room temp. It was then neutralized with
sat NaHCO,aq and extracted with CH,Cl,. The CH,(7, soln
was washed with H,0, sat NaHCO,aq and bnne, dried
(MgSO,) and concentrated in vacuo. The residue was
purified by prep TLC [Merck Kieselgel G developed with
ether-n-hexane (3:1)) to give 53.1 mg (83.6%, from (R)-13a)
of (R)-13f as an oil, § (CDCly) 0.93 3H, t. J = TH2), 1.27
(1H, s). 1.45 ~ 2.08 (4H, m), 3.58 (3H, s), 3.20~ 3.72 (2H.
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m). 5.71 (1H, quint, J = 6 Hz), 7.15 ~ 7.80 (SH, m). Simi-
larly, 39.5 mg (62.2%, from (S)-13a] of (S )13 was obtained.

(¢) MPLC analysis of 1M, (Column, Partisil S,
25cm x 4.6 mm; Eluent. n-hexane THF (10:1); Press,
30 kg/cm?): R, 135.2min [(S)-134]) and 143.6 min [(R)-1M].
The diastereomeric ratio of (R)-13 was 0: 100, while that of
(S)>1XM was 96.5; 3.5. The optical purity of (R)-13a was
therefore >99% and that of (S)-13a was 93%.

Methyl (R)-3(3',5-dinitrobenzoyloxy )pentancate 148.
Optically impure 142 [17.0 g; (2B} — 31.6°(c = 1.11, CHQly);
nd* 1.4216) was treated with DCC (32.3 g), DMAP (1.3g)
and 3,5-dinitrobenzoic acid (41.2g) in CH,Cl, (258 ml).
Subsequent work-up as reported in Ref. 27 gave crude 140
(40.7g. 97°.). This was fractionally recrystallized from
n-hexane—cther (7:3) to give 20.6 g (51° recovery) of pure
146 as pale yellow needles, mp. 65.5~66.0°
(2} —9.50 £ 0.05° (¢ =2.18, CHCl,). The spectral data
were identical with those reported in Ref. 27 (Found: C,
47.98. H, 4.33. N, 8.54. Cak for C,,H, O;N,: C, 47.85; H,
4.33: N, 8.59%)

Methyl (R)-3-hydroxypentanoate 14a. N KOH (69 ml)
was added dropwise over |11 min to a stirmed and cooled
(ice-salt bath) soln of pure 14 (20.6 g) in THF-MeOH (1:1,
252 ml). The soln turned deep-red. The stirnng was con-
tinued for SO min at — 10 ~ —15°. The mixture was diluted
with sat NaHCO,aq (194 ml). The white solid was filtered
off and the filtrate was extracted with CH,Cl,. The CH,Cl,
soln was dried (Na,SO,) and concentrated in vacuo. The
residuc was distilled to give 7.5g (90°%) of pure 14a, b.p.
75~80.872lmm; n} 14224, [a}) - 378 (c = 1.30,
CHCl,); GLC (Column, PEG 20M, 2m x4 mm at 83°;
Carrier gas, N,, | kgzam?): R, 14.4 min (99.1%). The spectral
data were identical with those reported before.?” The optical
punty of l14a was proved to be 100%, by analyzing 14d by
HPL.C as reported in Ref. 27.

Methyl (R)-3-tetrahydropyranyloxypentanoate 14c. PPTS
(1.4 g) was added 10 a stirred soln of optically pure 14a (7.50
g) and dihydropyran (7.7 ml) in dry CH,C1, (75 mi). The
stirring was continued for 3 hr at room temp. The mixture
was diluted with ether, washed with sat NaHCO, aq and
bnine, dned (MgSO,-Na,CO,) and concentrated in vacuo.
The residue was distilled in the presence of a trace amount
of K,CO, to give 11.8 g (96%) of l4¢c, b.p. 101 ~ 102°/7
mm: nf) 1.4426; [a)F* — 11.8° (c = 1.17, CHCL); Ve, 1747
(s), 1025 (s) cm™'; 8 (CCL) 0.88 and 0.92 (total 3H, each 1,
J = 7Hz) 1.15S ~ 1.95(8H. m), 2.10 ~ 2.60 (2H. m), 3.55
(3H,s), 3.10 ~ 4.10 (3H. m), 4.53 (1H, br. s): GLC (Column,
PEG 20M, 2 m X 4 mm at 140°; Carnier gas, N,, 0.8 kg/
cm?): R, 10.3 min (89.7%), 6.0 min (7.4'%), 7.1 min (2.2%).
(Found: C, 61.26; H, 9.22. Cak for C,;HxO.: C. 61.09. H,
9.32%.)

(R)-1.3-Pentanediol 3-THP ether (R)-13¢. A soln of l4¢
(11.5 g) in dry ether (40 ml) was added dropwise to a stirred
and cooled (icc-salt bath) suspension of LAH (4.0 g) in cther
(122 ml) at —8 ~ —6". The mixture was stirred overnight at
room temp. Excess LAH was destroyed by successive addi-
tion of H,O (4 ml), 10°, NaOHaq (4 m]) and H,0 (12ml)
to the stirred and ice-cooled mixture. Then THF (90 ml) was
added to the mixture and the stirring was continued for
further 1 hr. The mixture was filtered by suction. The
filter-cake was washed thoroughly with THF. The combined
filtrate and washings were dned (MgSO,-K ;,CO,) and con-
centrated in racuo. The residue was distilled in the presence
of a trace amount of K,CO, to give 10.1 g (quantitative) of
(R)—l‘lt b.p. 85 ~ 103/4 mm. A portion of it was redistilled

?ve an analytical sample, b.p. 102°/4 mm: n}} 1.4544;
[a] 14.8° (¢ = 1.14, CHQY,). (Found: C, 63.40; H, 10.75.
Calc for C\cH»Oy: C, 63.79; H. 10.71%.) The spectral data
were identical with those described earlier in this paper. This
was converted to (R)-1- nod(>3-pcnunol THP ether (R)-5 as
descnibed carlier in this paper.

(R)-1.3-Pentanediol |-benzyl,3-THP ether 13g. A soin of
(R)13c (10.1 g) in dry THF (47 ml) was added dropwise to
a stirred suspension of NaH (509, 4.2 g) in dry THF (76 ml)

at room temp. The mixture was stirred and heated under
reflux for | hr. A soln of PhCH,Cl (8.6 ml) in dry THF
(25ml) was added dropwise to the stirred mixture under
reflux. The stirnng was continued for 3.5 hr at reflux temp.
The mixture was then poured into ice-water and concen-
trated in vacuwo to remove THF. The residue was saturated
with NaCl and extracted with ether. The cther soln was
wahsed with HyO, sat NaHCO;aq and brine, dned
(MgS0 K ,CO,) and concentrated in vacuo. The residual
yellow oil (19.9 g) was chromatographed over SiO, (Merck
Kiesclgel 60, 150g). Elution with n-hexane—EtOAc
(30:1—10:1-5:1) gave 16.4 g of an oil. This was distilled
in the presence of a trace amount of K,CO, to give 14.0g
(94%,) of 13g. b.p. 115 ~ 127°/0.25S mm. A portion of it was
redistilled 1o give an analytical sample, b.p. 121 ~ 123°/0.25
mm; 0} 1.4939; {a]p’ — 19.2° (c = 1.59. CHCY); vpe, 1120
(s). 1080 (s), 1030 (s), 1000 (s) cm™'; § (CClL,) 0.84 and 0.90
(total 3H, cach 1. J = 7 Hz), 1.13 ~ 1.97 (10H. m), 3.05
~3.99 (SH, m), 4.37 (2H, s), 4.35 ~ 4.68 (1H, br), 7.18
(5H. s). GLC (Column, PEG 20M, 2 m X 4 mm at 180°;
Carmier gas, N,, 1.2 kg/cm?®): R, 17.5 min (98.8%). (Found:
C. 73.26: H. 9.29. Calc for C;-H;40y: C, 73.34; H, 9.41%,).

(R)-1.3-Pentanediol 1-benzy! ether (R)}-13. p-TsOH-H,0
(300 mg) was added to a stirred soln of 13g (14.0g) in
MeOH (200 ml). The stirring was continued overnight at
room temp. The soln was neutralized with NaHCO, (2.0 g)
and concentrated in vacuo. The residue was diluted with
cther and filtered. The filtrate was dried (MgSO,) and
concentrated in vacuo. The residue was purified by SiO,
chromatography (Merck Kieselgel 60, 300 g). Elution with
n-hexane-EtOAc (30:1—+10:1-+5:1) gave 9.0g of an oil.
This wad distilled to give 88g (90%,) of 13, b.p.
101 ~ 107°/3 mm. A portion of it was redistilled to give an
analytical sample, b.p. 106 ~107°/3mm; n}} 1.5001;
(x}2 + 8.88° (c = 1.07, CHCl,); v, 3485 (m), 1100 (s), 740
(s). 700 (s)em ' 6(CC1Y0.87 (3H, 1, J =6Hz), 1.10~ 1.84
(4H.m), 2.38 (1H,s), 3.51 (2H, t, J=6Hz), 3.30~ 3.80
(1H.m), 4.38 (2H, s), 7.16 (5H, s). GLC (Column, PEG
20M. 2m x 4mm at 166°; Carrier gas, N,, 1.2kg/cm?): R,
10.1 min (99.7%); MS: m/z 194 (M*), 176 (M* — 18), 91
(PhCH,").

(S)-1,3-Pentanediol |-benzy! ether 3{3'S -dinitroYbenzoate
13. (R)-13% (8.8g). Ph,P (23.7g) and 3.5dinitrobenzoic
aad (19.1 g) were dmolved in dry THF (197 ml). To this
soln was added a soln of EtO,CN=NCO,Et (13.9ml) in dry
THF (70 ml) with stirnng and cooling (ice-salt bath). After
the addition, the mixture was stirred overnight at room
temp. It was then concentrated in vacuo. The residue was
chromatographed over SiO, (Merck Kicselgel 60, 700 g).
Elution with CH, -EtOAc (30: 1) gave crude 13, which was
rechromatographed over SiOy(Merck Kieselgel 60, 700 g).
Elution with n-hexane-EtOAc (30:1-+25:1—+20:1) gave
17.6 g of 13 as crystals. A portion of it was recrystallized
from cther-n-hexane (1:5) to give pure 13 as yellow rods,
m.p. 58.8 ~ 59.0°; [a}F + 22.7" (c = 091, CHQY,); v, 1730
(s). 1640 (m), 1605 (w), 1545 (s), 1350 (s), 1290 (s), 1175 (s).
730 (s). 720 (s) cm '; 8 (CCl) 0.99 (3H, t, J = THz).
1.40 ~ 2.23 (4H, m), 3.53 (2H, 1, J = 6 H2), 4.27 (2H, ), 5.27
(1H, 1, J = 6 Hz), 7.0]1 (5H, s), 8.84 (2H. d. ] = 2 Hz2), 8.95
(1H, d, J = 2Hz2). (Found: C, 59.19; H, 5.33; N, 7.22. Cak
for C 4HxO,Ny: C, 58.76; H, 5.19: N, 7.21%,.)

(S)-1.3-Pentanediol |-benzyl ether (S)-13b. N-KOHaq
(80 ml) was added dropwise over 20 min to a stirred and
cooled (ice-salt bath) soln of 13§ (17.6 g) in THF-99°, EtOH
(1:1, 184 ml). The color of the soln turned red immediately
and then changed to dark red and finally to dark violet. The
stirning was continued for 1 hr under ice-salt cooling. Then
sat NaHCO, aq (140 ml) was added to the soln and the white
precipitate were removed by filtration. The filtrate was
concentrated in vacuo to remove THF. The residue was
extracted with CH,Q1,. The CH,Cl, soln was dried (MgSO,)
and concentrated in vacuo. The residue was distilled to give
8.2 [94°% from (R)-134) of (S)-138, b.p. 108 ~ 116°/4 mm.
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A portion of it was redistilled to give an analytical sample,
b.p. 114~ [15°/4mm; n} 1.4999; (2} — 9.08° (c = 0.76,
CHCly); GLC (Column, PEG 20M, 2m x 4 mm at 169°;
Carrier gas, N,, 1.0 kg/am?): R, 13.6min (98.8%)). The IR,
NMR and MS data of (5)-13b were identical with those of
(R>1%.

(S)-1.3-Peruanediol 1-benzyl, 3-THP ether (S)»-13g. PPTS
(1.1 g) was added to a stirred soin of (S)-13h (8.2 g) and
dihydropyran (5.8 ml) in dry CH,Cl; (56 ml). After stirring
for 4 hr at room temp., the mixture was diluted with ether,
washed with sat NaHCO, aq and brine, dnied (MgSO,-KCO;)
and concentrated in vacuo. The residue was distilled in the
presence of a small amount of K CO, to give 12.0 g (quan-
titative) of (S)-13g, b.p. 90 ~ 131°/0.35 mm. A portion of
it was redistilled to give an analytical sample, b.p. 130°/0.35
mm; nf 1.4934; [a]f + 19.7° (¢ = 1.96, CHCl,): MS:
m/z 278 (M*), 91 (PhCH;"). GLC (Column, PEG 20M.2 m
X 4 mm at 185°; Carrier gas, N;, 1.0 kg/cm?): R, 23.6 min
(97.5%). Its IR and NMR spectra were identical with those
of (R)13g.

(S)-1.3-Pentanediol 3-THP ether (S)-13. 10°, Pd-C
(5.2g) and NaHCO, (960 mg) were added to a soln of
(5)13g (12.0 g) in 99%, EtOH (194 ml) and the mixture was
shaken under H; (atm press) with occasional beating at
40 ~ 50°. After 24 hr, (S)-13g disappeared as checked by
TLC. The catalyst was removed by filtration and the filtrate
was concentrated i vacuo to give 8.4 g of an oil. This was
chromatographed over SiO, (Merck Kieselgel 60, 250 g).
Elution with n-hexane-EtOAc (15:1—5:1) gave 7.4 g of an
oil. This was distilled in the presence of a trace amount of
K,CO, to give 7.1 g (90%,) of (S)13¢, b.p. 87 ~ 102°/3 mm.
A portion of it was redistilled to give an analytical sample,
b.p. 10173 mm, nd 1.4514; [a]} + 27.0° (c = 1.10, CHCl,);
GLC (Column, PEG 20M, 2m x 4 mm at 162°, Carrier gas,
N,;. 09kgicm?): R, 7.8 min (56.3%). 10.3min (42.0%).
(Found: C, 63.27; H, 10.80. Calc for C,(H»xO,: C, 63.79; H
10.71%.) Its IR and NMR spectra were identical with
those of a sample prepared from (S)-malic acid. (S)13¢
was converted into (S35 via (§)13d in 61.4'% overall
yield.

(4R,5'S)-2-(5'-Hydroxy-1'-oxoheptyl)»-4-pentanolide THP
ether 3. A soln of (R)4 (2.79g) in dry THF (6 ml) was
added dropwisc 10 a suspension of NaH (50°%, 1.13 g) in dry
THF (9ml) and dry HMPA (15ml) with stirming and
cooling (ice-salt bath) at — 12 ~ 0° under Ar. The reaction
temp was raised gradually to 25 ~ 28° and kept at 25 ~ 28°
for 10 min. A soln of n-BuLi in n-hexane (1.5 N, 15ml) was
added dropwisc to the stirred and cooled mixture at
— 15 ~ 0°. The reaction temp was again raised gradually to
23° and kept at 23° for 10 min to complete the formation of
the dianion. To this red-orange soln was added dropwise a
soln of (S)-8 (3.9g) in dry THF (5ml) with stimng and
cooling at — 15 ~ -- 4°, At the end of the addition, the color
of the soln turned from red to orange. The stirmng was
continued for 30 min at — 15 ~ —4°. Then the reaction
temp was raised gradually to room temp and the stirring was
continued for 3 hr. The mixture was ncutralized by addition
of 30% AcOH aq under cooling. It was then diluted with H;O
and extracted with C.H,. The C,H, soln was washed with
H;O and brine, dried (Na,;SO,) and concentrated in vacuo
to give 6 g of an oil. This was chromatographed over SiO;
(Merck Kieselgel 60, 120 g). Elution with ether gave 3.7 g
(90%) of (4R,5'S)3, ¥me: 1765 (s), 1720 (s), 1650 (w), 1175
(s). 1120 (s), 1075 (s), 1030 (s), 1025 (s), 995 (s) cm™"; &
(€DAY,) 0.65 ~ 1.10 (3H, m), 1.10 ~ 2.05 (15H, m), 2.05
~ 300 (4H, m), 3.15 ~ 4.20 (4H, m), 4.39 ~ 4.88 (2H.
br. s). This. was employed in the next step without further
purification. In the same manner, (4R,5" R)-3 (45,5 S>3 and
(4S.5' R)-3 were prepared. Their IR and NMR spectra were
almost identical with those of (4.R.5" S)-3.

(2R.95)-2.9-Dihydroxyundecan-S-one 9-THP ether 2. A
soln of KOH (1.7 g) in H,0 (17 ml) was added to a soln of
(4R.5'S)3 (3.7 g) in McOH (50 m!) under Ar. The soln was
stirred and heated under reflux overnight. It was then
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concentrated i vacuo. The residue was saturated with NaCl
and extracted with ether. The ether soln was dned (Na;SO,)
and concentrated in vacwo to give 2.8 g (82%) of (2R.35)-2,
Vaas 3430 (s). 1710 (s), 1130 (s), 1075 (s). 1020 (s). 995 (s)
cm ' 8§ (CDCl,) 0.84 and 0.92 (total 3H, each t, J = 7Hz),
1.16 3H, d, J = 6Hz), 1.30 ~ 2.20 (14H, m), 2.20 ~ 2.85
(SH, m), 3.18 ~4.20 (4H, m), 4.64 (1H, br. s). This was
employed in the next step without further purification. In
the same manner, (2R,9R)-2, (25,95)-2 and (25,9R)-2 were
prepared. Their IR and NMR spectn were similar to those
of (2R95)-2.

(2R,58,78)-7- l:lhyl-Z-mﬂhyl-l.6-dwxasplro[4.5]dtcw 1.
2N-HCl (3 ml) was added to (2R.95)-2 (2.8 g) under ice-
cooling with stirring at 0 ~ 5°. The reaction temp was raised
gradually to room temp and the stirring was continued
overnight. Then the soln was made alkaline by the addition
of 2.5N NaOH (3.2ml). It was then extracted with n-
pentane. The pentanc soln was washed with brine, dried
(MgSO,) and concentrated under atm press. The residue
was chromatographed over SiO, (Kieselgel 60, 70 g). Elut-
ion with n-pentane ether (12:1) gave an oil, which was
distilled in the presence of a small amount of K,CO, to give
826 mg (46%) of (2R,55,75)1, b.p. 107 ~ 109°/47 mm.
This was redistilled to give 500 mg of pure (2R,55,75)-1, b.p.

04 ~ 108°/49 mm: n}) 1.4421; [a)¥ - 97.5° (¢ = 1.18, n-
PENLANE); o, 2960 (8), 2945 (s), 2880 (s), 1460 (s), 1440 (s),
1375 (s), 1365 (m). 1355 (sh), 1330 (w), 1315 (m), 1295 (w),
1275 (m), 1265 (m), 1225 (s). 1162 (s), 1115 (s), 1095 (s),
1070 (s), 1060 (s), 1040 (sh), 1025 (s), 1010 (s). 975 (s). 940
(s), 910 (m), 895 (m), 875 (s), 865 (s). 840 (w), 815 (m), 790
(w) 745 (w)cm™'; 8 (CoDs) 0.92 (3H. . J = 7 Hz), 1.25 (3H,
d,J = 6 Hz), 1.33 ~ 2.37 (12H, m), 3.50 ~ 4.47 (2H, m).
’C.NMR $é (25 MHz in C,D,) 10.4, 20.9, 23.5, 29.8, 31.3,
32.4, 34.2, 39.8, 71.2, 76.6, 105.9 (lit.” for the racemate: &
10.4,21.0,23.5,29.9, 31.4,32.4, 34.4,39.3,71.4,76.7, 106.1),
GLC (Column 5“% PEG 20M, 2 m X 4 mm at 100°; Carner
gas. N;, 0.6 kg/em?®): R, 3.9 min [4%, (2 5,55,75)-1] 4.6 min
(924%); MS (JEOL DX-300, EI, 70eV): m/z 184.1475 (M*)
Calc for C, H,yO,: 184.1464.

(2R.5R.7R) - 7 - Ethyl-2-methyl-1,6-dioxaspiro(4.S)decane
1. In the same manner as described above, (2R,9R)-2 (7.0g)
yiclded 3.01 g [67% from (4R.5'R}311) of 2R.SR,7R)-1, b.p.
105 ~ 107°/40 mm; n}' 1.4424; [a)b' + 78.4° (¢ = 1.26, n-
pentane); v, 2960 (s). 2945 (s). 2880 (s), 1460 (s), 1440 (s),
1380 (s), 1365 (m), 1350 (m), 1305 (m), 1275 (m), 1260 (w),
1225 (s). 1163 (s). 1115 (s), 1090 (sh), 1075 (s), 1040 (sh),
1025 (s). 1010 (s), 975 (s), 940 (s), 910 (w), 890 (m), 875 (s).
865 (s), 840 (w), 800 (w), 745 (w) cm ';  (C,D,) 0.91 (3H,
t.J=7Hz), 1.15 3H, d, J = 6 Hz), 1.25~ 2.35 (12H, m),
3.40~3.96 (IH, m), 396~4.45 (1H, m); "C-NMR §
(25 MHz, C,D,) 10.2, 20.9, 21.4, 29.6, 31.0. 31.9, 34.2, 38.4,
71.5, 73.6, 106.1 (Lit.* for the racemate: 6 10.2, 20.9, 21.5,
29.7, 31.0, 32.0, 34.3, 38.5, 71.6, 73.8, 106.1); GLC (Column,
LAC, 2m x 4mm at 100°; Carner gas, N,, 0.8 kgicm?): R,
5.95min (95.7%). 7.3min (3.2%,, (2R,5R.TR)-1). MS: m/z
184.1465 (M *); Calc for C,|H,0O;: 184.1464.

(2S,5S.7S)-7-Ethyl-2-methyl-1,6-divoxaspiro(4.5S)decane 1.
In the same manncr as descnibed abdve (25,95)-2 (3.5g)
yiclded 962 mg (42.8% from (45,5'5)-3] of (25.55,7S5)1, b.p.
118 ~ 122;73 mm; n} 1.4424; [2}) —76.1° (¢ = 1.27, n-
pemane) GLC (Column 5% PEG 20M, 2m x 4 mm at 96°;
Carrier gas, N,, 0.8 kg,'cm’) R 9.4 min (96%), 11.4 min [3/,.
(2R.5S.1S)1), MS: m/: 184.1454 (M*); Cak for C|H 4O,
184.1464. Its IR, 'H-NMR and "C-NMR spectral data were
identical with those of (2R,5R,7TR)-1.

(2S.5R,7R)-Ethyl-2-methyl-1,6-dioxaspiro(4.S)decane 1.
In the same manner as described above (25,9R)-2 (12.3g)
yiekded 6158  (78%) of (2SSRIR}1,  bp.
107 ~ 110”38 mm; n¥ 1.4424; (2}5 +102° (c = 1.17, n-
pentane); GLC (Column, LAC, 2m x 4 mm at 110°; Carrier
gas. N, 08kgicm’): R, 3.6min [4.3%, (2R.SR,TR)}1),
45min (94.9%). MS. m/: 184.1484 (M*), Calc for
C,,HyO;: 184.1464. Its IR, 'H-NMR and "C-NMR spectra
were identical with those of (2R,55,7S5)-1.
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