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Abetract—(R){—)-Ipsdienol 1" and its antipode I were synthesized from (R){(+)-glyceraldehyde acetonide and

(R)}-{(+)-malic acid, respectively. m«n&mmsmmdmemmnym(ﬂ-mA
newsynMof(R)-(«l»)—meaolz'nduumpodetmahodescrﬂ)ed.ulﬂepondesmsbonwbeuefnl

intermediates for the synthesis of these chiral alcohols.

The pheromone in the frass of male Ips paraconfusus
Lanier boring in ponderosa pine attracts both males and
females. Three terpene alcohols were identified as the
principal ts of the attractants: (+)-ipsdienol 1,
(-)-psenol 2 and (+)-cis-verbenol 3.'* The absolute
configurations of two of these pheromone components
have been rigorously determined. Thus starting from a
chiral epoxide 4, (S)-(—)-npsenoll'wusyntheuudm
an a-methylene-y-lactone 5.7 Starting from (—)-a-pinene

€', optically pure (18, 4S, 5S)-pm-2-en-4-ol [(S)-cis-ver- -

beml]:!’wusynthuwed They were shown to be
biologically active enantiomers, while their antipodes
were inactive.’* In this paper we report the synthesis of
(R)(~)-ipsdienol 1" and its enantiomer 1', establishing
the hitherto unknown absolute configuration of the
patural and dextrorotatory pheromone to be § (1.
Alﬁ:ou;htheremmysynthesesof(:)—xpsdwml“
noneofthemnsapphcahletothepremuonof
optically active ipsdienol of known absolute configura-
tion. The present synthesis of (R)-(—)-ipsdienol was
based on our previous synthesis of ipsenol, employing a
chiral epoxide 11 and an a-methylene-y-lactone 13 as
kcyimemetﬁam.lnconu-astwhhtheipunolsynthesis
which started from an amino acid (leucine),® the starting
material in this case was a sugar derivative, (R)-(+)-
glyceraldehyde acetonide 7 which was readily obtainable
from D-mannitol.’ The Wittig reaction between 7 and
isopropylidene triphenyiphosphorane yiclded an olefin 8.
The oxymercuration-demercuration of 8 with Hg(OAc),
and NaBH," gave an alcobol 9. The acetonide protecting
group was removed to give a triol 10a as a crude oil. This
was treated with 1 eq of TsCl to yield a monotosylate
lﬂ:.W‘nhoutfunherpuriﬁcation.thismmctedwith
KOH aq soln to give the chiral epoxide 11, [a]5 - 13.7°
{CHCl,). Hereafter we followed our route for the syn-
thesis of ipsenol cnantiomers® with an additional step to
reintroduce the trisubstituted double bond (14— 13).
Diethyl malonate was alkylated with the epoxide 11 and
the resulting hydroxy ester was hydrolyzed and lac-
tonized to an a-carboxy-y-lactone 12. This was treated

tPheromone Synthesis XXIV. Part XXTII, K. Mori, T. Suguro
and M. Uchida, Tetrchedron 34, 3119 (1978).

“Attempts to prepare B from 1 or § failed.

*This was kindly given to us by Dr. T. Nishioks of Sumitomo
Chemical Co.
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wnhCHanqsolnandBthHtogweana—meﬂlylene-
yactone 13, [a]5 — 32.6° (EtOH). The methylene

was protected by the Michael addition of CJH,SeH.™
The resulting seleno compound 14 was dehydrated with
POClL to give an olefinic lactone 15 after chromato-
graphic purification over SiDr~AgNO,." Reduction of 15
with i-BusAIH gave a lactol 16. This was converted by
the Wittig reaction with methylene triphenyiphosphorane
to (R)-ipsdienol 1°, {3 - 5.0° (MeOH), with concomi-
tant removal of the protecting group by a retro-Michael
rucuon.ltsspectnlmemes(IR.NMRandMS)m
identical with those of the natural or racemic ips-
dwnol"‘"mopnwrotauonofthemmultptdnno
was reported to be: [a]+10°£0.9° (MeOH).">'" Al
though our synthetic (R)-(~)-ipsdienol 1° was therefore
of rather low optical purity, the present synthesis unam-
biguously established the S-configuration of the natural

‘and dextrorotatory ipsdienoi 1'. It should be noted that

this absolute stereochemistry 1’ is the opposite of that of
the natural ipsencl 2.

The unsatisfactory optical purity of our synthetic 1
was due to the partial racemization in the course of the
malti-step synthesis. The Wittig reaction employed in the
conversion of 7 to 8 scemed to be responsible for the
racemization. We therefore tnred our attention to the
preparation of chiral epoxide 11’ by other routes. The
two newly developed alternate routes to 11’ employed
chn'alhctonesa'and&nmtemcdm

A chioro alcohol 17,* ‘readily obtainable from chloral
and isobutene, was heated with KOH aq soln to give a
mixture of 18 and 19. The latter was lactonized to give a
racemic lactone 20. The optical resolution of 20 was
successfully carried out with (+)-a-phenyl-8-(p-
tolyl)ethyhmmeutheresolvmgmmwpvea(ﬂ-
lactone 20/, (2] +23.9° (MeOH). The high optical purity
(>95%) of 20 was confirmed by converting it to the
corresponding (S)H~)-a-methoxy-a-trifivoromethyl-
phenylacetic acid (MTPA) ester (20, R=
PhCCF5{(OMe)CO instead of H).™ It showed a sharp
3H-singlet (-OMe) in:its NMR spectrum while the
mAmd&mmmﬁMedamof
singlets due to -OMe's of. the. diastercomers. The ab-
solute configuration of (+)-20 was assigned to be R by
the ORD measurement: it showed a negative plain curve,
while (S){+)-pantolactone tv showed a positive plain
curve. The optically pure (R)-hydroxy-lactone 20 was
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converted to the corresponding tetrahydropyranyl (THP)  unsatisfactory considering the fact that the optical purity
ether 22 and reduced with LAH to yield a diol 23. This ofllmn:helowusbownbyinevenmdeonvaﬁon
was hydrolyzed to (R)-triol 10a’ and converted to (R)- to (R)(—)-ipsdienol with [a])& ~ 5.0 (the [a]o value of
(+)-epoxide 11, [a]3 +21.6° (CHCL), via 160". Although  the natural ipsdienol was +10.0). The epoxide 11’ was

the optical purity of 11’ was better than that of the ‘converted to (S)-(+)-a-methylenc-y-lactone 13, [a]D +
(S)-enantiomer 11 ({a}5-13.7° (CHCL)), it was still 58.2° (EtOH). The low over-all yiel of the lactone 1¥
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from the resolved intermediate 20, in addition to the failure
to retain the high optical purity of 2¢', made us abandon
this approach.®

Another route to the optically active epoxide 11’ star-
ted from (R)}{+)-malic acid 24a. Dimethyl malate 24
was converted to the corresponding THP ether 28. LAH

“Later it was found that the a-tetrahydropyranyloxy lactone 22
racemized very easily upon standing. It should be noted that the
attempied synthesis of 11’ from v by the removal of the protecting
goup and base treatment invariably afforded a tetrahydrofuran
derivative vi as the major product. The only successful route to 11
was therefore the preparation of the monotosylate 186’ from the
triol 10e’ followed by the base treatment of 100",

H ,OH H
RO,C
240 R=H 23
24D R:= Me

4o

27 28
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reduction of 28 afforded & diol 26a. Removal of the THP
protecting group gave a triol 26b. The glycol s was
protected by acetonide formation yielding 27.7 This was
oxidized with pyridinium chlorochromate to an aldehyde
28. Further oxidstion of 28 with Jones CrO, followed by
hydrolysis and Iactonization yielded (R)-(«b-)-p-hydmxy-

2%. The corresponding THP ether 29%
was trested with MeMgl to give the diol 23. This was
eonveﬂedtothetmllh’mdthewetothekeychml
epoxide 1¥, [a12+ 19.7° (CHCLy).

For the synthesis of (S){+)-ipsdienol from the epoxide
11, we adopted the method recently developed by Kondo
¢t al™ They synthesized (+)-ipsenol 2 by the reaction of
{£)-cpoxide 4 with 2(1,3-butadienyl)magnesium chlorile

JOTHP
X/CO;R —— Mooz(:)&/cozh“ —_— m\>\/\ —ey

28a R:=THp
280 R:=H
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290 RaH
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30.® Prior to employing the precious epoxide 11' to
complete the ipsdienol synthesis, we prepared optically
pure enantiomers of ipsenol by this method in order to
secure sufficient amount of the pheromone enantiomers
requested by entomologists. The reactions between 30
and the (S)-epoxide 4 or its enantiomer 4° gave (S)-
ipsenol 2 or its (R)-enantiomer 2’, whose [alp value
proved its high optical purity (Experimental). The yield
increased a little when Cul was added to the THF soin of
3lbeforetheaddmonoftheeponde Thunewsynthem
of lgsenol enantiomers was shorter than the previous

Inordertocompletethelpsdlenolsymhws,thechml
epoxide 11' was reacted with 38 in the presence of
Cul to give 31a. The corresponding monoacetate 31b was
dehydrated with POCl, to give a mixture of 32 and 33a.
ThismreducedwithLiAlH‘toaﬂordamixnn'eof
(S)(+)-ipsdienol 1' and its double bond isomer 33b.
Formnate!y these two were separab prexaml
TLC to give pure (S)-(+)-1psd1enol 1, [alp+119°
(MeOH).

After the publication of our preliminary communi-
cation,” Ohloff and Giersch reported a synthesis of
optically active ipsdienol from verbenone.*' They repor-
ted the [a]p value of (R)-{-)-ipsdienol 1* (91% optical
purity) to be —12° and the (S){(+)-enantiomer 1' to be
+11.1° (80% optical purity). This means that the optically
pure ipsdienol should show the [a]o value of 13.2-13.9°.
Our synthetic ipsdienol enantiomers were therefore of
38% (for R) and 90% (for S) optical purity, respectively.

EXPERIMENTAL

All b.ps and m.ps were uncorrected. IR spectra refer to fims
unless otherwise specified and were determined oa a Jasco IRA-1
spectrometer. NMR spectra were recorded as CCl, solns at
60 MHz with TMS as an internal standard on a Hitachi R-24A

rotations were measured on a Jasco DIP4

spectrometer. Optical
pohmGLCnIIymmperfonudonaYaneoGw

gas chromatograph.
(S)-4-Al¢thylnu-3-a¢-l.2-dbl acetonide 8. To a soln of
NaCH,SOMe (from 16.0g of 50% NaH) in DMSO (400 ml) was
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sdded tripheaylisopropyiphosphonium iodide (150g) under N,
with ice-cooling and stirring. The mixture was stirred for 10 min
at room temp. to yield a deep red soln of the Wittig reagent. A
soln of 7 (30 g) in ether (30 mi) was added dropwise at 15-30° to
the stirred soln and the mixture was left to stand 2 days at room
temp. Then it was poured into ice-water and extracted with ether.
The ether extract was washed with water and brine, dried
(KCOs) and concentrated. The residue was triturated with o-
hexane and filtered to remove triphenylphosphine oxide. The
filtrate was concentrated in pacso. The residue was distilied to
give 16.6g (46%) of 8, b.p. 72-75°/20 mm, »¥ 1.43%4; [«]F - 16.7°
(€ =298, CiHy); ¥max 2980 (3), 2940 (s), 2860 (m), 1680 (w), 1455
(m), 1385 (s), 1380 (s), 1300 (w), 1250 (s), 1230 (s), 1160 (s), 1060
(vs), 1025 (m), 980 (w), 910 (w), 870 (m) cm™"; 8 1.26 (6H, s), 1.68
(6H, br. 3), 3.34 (1H, dd, J; = J; = THz), 3.90 (1H, dd, J, = THz,
J;=6Hz), 4.62 (1H, dt, ], =6Hz, J,=8Hz), 5.12 (1H, br. d).
(Found: C, 69.44; H, 10.19. C,H,,0; requires: C, 69.19; H,
10.32%).

(SH(+)4-Methylpentane-12,4-triol acetonide 9. To a suspen-
sion of Hg (OAc), (102.5g) in THF (320 ml) and water (320 ml)
was added 8 (50 g) and the mixture was stirred for 20 min at room
temp to yield a clear yellow soln. Then NaOH soin (38 g in 320 ml
of water) followed with NaBH~NaOH soln (6.1 g of NaBH, and
383 of NaOH in 320 m] of water) were added to the mixture.
After stirring for 30 min at room temp., the mixture was saturated
with NaCl and extracted with ether. The ether soin was washed
with brine, dried (K;CO,) and concentrated is vacno. The residue
was distilled to give 49.5g (88%) of 9, b.p. 75-TP*/Tmm, af
1.4344; [a]B +10.6° (c = 2.87, acetone); Vuax 3440 (m), 2980 (s),
2940 (s), 1460 (w), 1385 (s), 1380 (s), 1255 (s), 1220 (s), 1160 (s),
1105 (m), 1060 (vs), 830 (m) cm™*; 8 1.16 (3H, 8), 1.18 (3H, s), 1.30
(3H, 3), 1.36 3H, ), 1.5-1.8 (2H, m), 2.74 (1H, s), 3.44 (IH, t,
J=7Hz), 3.9-4.5 (2H, m), (Found: C, 61.79; H, 10.26. C4H;s0,
requires; C, 62.04; H, 10.41%).

(S)4-Methyipentane-12,4-triol 10a. A soln of 9 (30g) in 95%
EtOH (25 mi) and N-HCI (75 ml) was stirred and beated at 60-70°
for 30 min and then neutralized with conc aq NH, soln. The soin
was concentrated in vacko. The residue was triturated with
EtOH and filtered to remove NH.CL The filtrate was concentrated
in vacwo, triturated with CHCl; and filtered. The filtrate was
concentrated in oacwo, triturated with EtOAc and filtered. The
filtrate was conceatrated in vacso to give 21 g (849%) of crude 10a as
a dark o, »,,, 3320(vs), 2980 (), 2940 (s), 2880 (sh), 1470 (m), 1410
(m), 1390 (s), 1375 (s), 1220 (m), 1155 (s), 1075 (s), 1030 (s), 905 (m),
850 (m) cm™'. This was employed for the mext step without further
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(S)-4-Methylpentane-12 A-triol 1-tosylate 10b. Powdered p-
TsCl (31.5g) was added to a stirred and ice-cooled soln of 18a
(21g) in dry C;HN (150 mi). After 14hr at room temp., the
mixture was poured imto ice-dil HCI and extracted with BtOAc.
The EtOAc soin was washed with dil HC], CuSO, soln and brine,
dried (MgSO0,) and conceatrated in vacno to give 21 g (48%) of
crude 100, v.., 3360 (m), 2970 (m), 2920 (m), 1600 (m), 1450 (m),
1365 (s), 1190 (s), 1180 (s), 1100 (m), 980 (m), 900 (m), 830 (m),
810 (m) cm™'. This was employed for the next step without
further purification.

(SH{~)-1,2-Oxido-4-methylpentan-4-ol 11. The tosylate (10,

21 g) was stirred with KOH aq sols (10g in 50 mi of water) for
1 br. The mixture was saturated with NaCl and extracted with
ether. The ether sola was washed with brine, dried (K,COy) and
concentrated in vacso. The residue was distilled to give 3.8
(47%) of 11, b.p. 78-80°/10 mm, nE 1.4368; [ - 13.7° (c = 1.9,
CHCly); ¥ax 3380 (3), 2960 (3), 2910 (m), 2840 (m, sh.), 1380 (m),
1360 (m), 1160 (m), 1130 (m), 1040 (m) ecm™'; 8 1.25 (6H, s3),
1.45-1.95 (2H, m), 240 (1H, q, J =3 H2), 2.68 (IH, q, J= 5 Hz)
2.8-3.2 (1H, m), 2.95 (1H, br. s, -OH). (Found: C, 61.43; H, 10.25,
CeH 1,0, requires: C, 62.04; H, 10.41%).

(4R)-2-Carboxy-4,6-dihydroxy-6-methylheptanoic acid 1-4
lactore 12. Diethyl malonate (16 g) was added to a soln of NasOEt
(prepared from 2.1g of Na) in dry EtOH (65 mi). A soln of 11
(3.6p) in dry EtOH (10 ml) was added dropwise to 2 stirred soln
of NaCH (CO,Et);. The mixture was stirred and heated under
reflux for 2 hr and left to stand overnight at room temp. Then a
soln of KOH (9g) in water (60 ml) was added and the mixture
was stirred and heated under refux for 1 hr to effect hydrolysis.
The mixture was conceatrated i vecwo to remove EtOH, diluted
with water and extracted with ether to remove neutral impurities.
The aq. Iayer was acidified with ice-dit H,SO, and extracted with
EtOAc. The EtOAc extract was washed with brine, dried
(MgSO,) and concentrated in vacwo to give ca. 5g of crude 12,
Vimax ~ 3400, ~3200, ~2600, 1780-1700, 1250, 1150 cm ™. This was
employed for the next reaction without further purification.

“(RH-)F2-Nethylene-4 5-dF ydroxy-6-methylheptanoic acid T-
4 lactone 13. The crude 12 (ca. 5 g) was mixed with 37% CH,O
»q soln (30 mi) and Et;NH (6 mi) and heated at 80-90° for 30 min.
The EtOAc soln was washed with dil HCl and brine, dried
(Mgsoonndoommudhum The residue was distilled to
give 1.7g (32%) of 13, b.p. 130-132"/1.2 mm, »E 1.4754; [a]E -
32.6° (¢ = 1.25, BtOH); raa: 3420 (m), 2980 (m), 2950 (sh), 1770
(vs), 1670 (w), 1295 (s), 1260 (m), 1200 (m), 1130 (s), 1040 (m), 990
(m), 940 (m), cm™*; 8 (CDClLy) 1.32 (6H, s), 1.8-2.0 (2H, 1), 2.4-34
(2H, m), 4.28 (1H, -OH), 4.65-5.10 (1H, m), 5.70 (1H, t, ] = 3 H2),
628 (1H, ¢, J=3 Hz). (Found: C, 63.22; H, 8.00. C,H;0,
requires: C, 63.51; H, 8.29%).

(4R) - 2 - Phenylsclenomethyl - 46 - dikydroxy - 6 - methyl -
hqmokaddl-dlaaonl‘ Ndlh(o.ig)maddedpot-
tionwise to am icecooled and stimed suspension of
CeH,SeSeCH; (1.95) in 95% BtOH (30 ml) under N;. The mix-
ture was stirred for 30 min to yield a clear soln. Thea a sola of 13
(1.7g) in 95% EtOH (1Smi) was added to the above sols of
CeHSeNa and the mixture was stirred for 2 hr under N,. Thea it
was poured into 0.1 N HCI (200 m{) and extracted with ether. The
ether soin was washed with water and brine, dried (MgSO,) and
concentrated to give 2.4g of crude 14. This was chromato-
graphed over Maltinckrodt AR 100 mesh silicic acid (30g, 8.5 x
35cm) in n-bexane. Elution with a-hexane-ether (3:2~1:1)
gave 2.3 g (71%) of pure 14, ve: 3450 (m), 3080 (w), 2990 (s), 2950
(s), 2880 (m), 1775 (vs), 1580 (m), 1490 (s), 1445 (3), 1370 (s), 1300
(m), 1190 (vs), 1150 (s), 1025 (m), 750 (s), 700 (s) cm~*; 8 (CDCL)
1.26 (6H, s), 1.70~1.90 (2H, m), 2.2-3.6 (SH, m), 4.4-4.9 (1H, m),
72-1.7 (5H, m).

(4R) - 2 - Phenyiscienomethyl - 4 - hydroxy - 6 - methylhept - § -
enoic acid 14 lactone 18. POCL (1.5mi) was added to an
ice-cooled and stirred soin of 14 (2.1g) in dry CsH,N (10mi)
and the mixture was left to stand overnight at room temp. Then it
was poured iato ice-dil HCl and the mixtare was extracted with
- ether. The ether soln was washed with dil HCI and brine, dried
(MgSO,) and conceatrated in sacwo to give 2.0g of crude 18.
This was chromatographed over SiOr-AgNO; (1.8 g of AgNO, in
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3.6 ml of water was added to 18¢ of MaRinckrodt AR 100 mesh
sificic acid) th a-hexane. Elution with a-bexane-CJHg (1:1) gave
843 mg (42%) of pure 1S, ra., 3080 (w), 2980 (w), 2930 (m), 2860
(w), 1770 (vs), 1680 (w), 1620 (w), 1580 (m), 1480 (s), 1440 (m),
1385 (w), 1330 (m), 1290 (w), 1195 (s), 1180 (s), 1080 (w), 1020 (m),
1000 (w), 580 (), 910 (w), 840 (w), 740 (m), 650 (m) cm™*; &8 1.66
(3H,d,]=2Hz), 1.70(3H, d, ] = 2 Hz), 1.9-3.6 (SH, m), 4.80 (1H,
m), 5.10 (1H, m), 7.2-7.7 (SH, m). Further elution with C;Hg gave
a double-bond isomer of 1S with a termimal methylene

group.

(4R) - 2 - Phenylselenomethyl - 4 - kydroxy - 6 - methylhept - 5 -
enal 1-4 lactol 16. i-BumAlH (25% in n-hexane, 4ml) was
added dropwise to a stirred and cooled soln of 15 (0.8g) in dry
THF (10ml) at —5S to —60° under N;. The soln was stirred for
1h at —60°". The reaction was queached by the addition of sat
NH(Cl aq sola (5 mi) at — 60°. The mixture was diluted with ether
and water with shaking. After 30 min the mixture was filtered
through Celite 545 to remove AKOH),. The solid was washed
with ether. The combined cther sols was washed with brine,
dried (MgSO,) and concentrated in vacno to give 746 mg (93%)
of 16, vae: 3380 (s), 3060 (W), 2970 (s), 2930 (vs), 2850 (s), 1680
(w), 1630 (w), 1580 (m), 1480 (s), 1440 (s), 1380 (m), 1270 (w), 1210
(w), 1120 (m), 1060 (s), 1020 (vs), 740 (s), 700 (s) c;m™"; 8 1.68 (3H,
s), 1.73 (3H, 3), 2.0-26 (3H, m), 2.7-3.2 (2H, m), 445 (I1H, m),
4.6-5.1 (1H, m), 5.1-5.6 (2H, m), 7.2-7.8 (SH, m). This was
employed for the next reaction without further purification.

®-(-)- Ipw(ﬁ methylene - 2- mm-u-aa-
4 - ol) 1". Triphenyimethylphosphonium bromide (3.5g) was
added to a soln of NaCH,SOMe (from 0.4g of 50% NaH) in
DMSO (15 mi) under N, with stirring at room temp. The mixture
was stiered for 10min to yield an orange soln of the Wittig
reageat. A sols of 16 (0.7 g) in THF (7 ml) was added dropwise to
the stirred soin. The mixture turned red. This soln was stisred for
2hr under N; at room temp. Then it was poured into water and
extracted with ether. The ether soln was washed with water and
brine, dried (MgSO,) and conceatrated in vacxo. The residue was
chromatographod over Woelm ncutral alumina (activity grade
11, 108, 11.2% 1.5 cm) in n-bexane. After elution with n-hexane to
remove b impurities, 1” was cluted with n-hexane-
ether (3:1). The chromatographically pure 1° (215 mg, 61%) was
distilled to give 12 mg (35%) of pure 1°, b.p. (bath temp.)
80-90"/7 mm, n}1.4893; [a)B-5.0° (c=0.558, MeOH); vuu,
3320 (s), 3080 (m), 2970 (s), 2850 (sh), 1800 (w), 1670 (w), 1630
(w), 1595 (vs), 1450 (s), 1380 (m), 1320 (w), 1290 (w), 1260 (w),
1210 (w), 1160 (w), 1110 (w), 1030 (sh), 1020 (s), 990 (vs), 960 (w),
895 (va), 870 (w), 840 (m) cm™"; 8 (CDCl;, 100 MHz) 1.66 (3H, 3),
1L.71(3H, 9), 237 2H, d, = THz), ~ 3.5 (1H, -OH), 4.45 (1H, dt,
J;=THz, J, =6 Hz), 4.90-5.40 (SH, m, 5.00, 5.04, 5.10, 5.20, 5.30,
5.38), 6.34 (IH, dd, J,=16Hz, J,=10Hz); MS (WeV): m/e
41.0321 (C;Hs, 72%), 51.0225 (C.H,, 22%), 53.0389 (CH,, 22%),
55.0555 (CH,, 18%), 65.0405 (C,H;, 16%), 67.0558 (CH,, 18%),
77.0376 (CHs, 30%), 79.0549 (CH,, 100%), 81.0684 (CH,, 16%),
85.0637 (C;Hy0, 90%). 91.0543 (C,;H,, 74%), 92.0596 (C,H,, 26%),
93.0687 (C;Hy, 36%), 105.0684 (C;H,, 24%), 115.0535 (CoH,,
10%), 119.0852 (C,H,,, 40%), 121.1034 (CoH,;, 24%), 134.1118
(CyeH1e, M*-H,0, 18%); GLC (Column 5% LAC 2R-446, 1.5 m x
3mm id. at 110°, Carrier gas, N,, 1.0kg/em?): R, 8.0 min (92%
purity) with minor peaks at 2.7, 4.1, 5.7, 8.5 and 10.0 min. (Foynd:
C, 78.35; H, 10.41. CyoH (O requires: C, 78.89; H, 10.59%).

(2)-4-Methyl-2 A-dikydroxypentanoic acid 1 -+ 4 lactone 29. The
trichloroalcobol (17, 220g) was added to a vigorously stirred
KOH aq sola (220g in 1540 mi). At the end of the initial exo-
for 20 hr. After cooling, the soin was acidified to pH 2 with 10%
HCl and extracted four times with CH,ClL; to remove 18. The aq
Iayer was concentrated in vacuo and the residual semi-solid was
thorowghly extracted with ether and CH;Cl,. The organic soin was
conceatrated in vacwo. The residuc was dissolved in conc HC1
(60 mi) and stirred and heated at 60-65° for 3.5 hr. Then it was
nevtralived with K,CO; aq soln, saturated with NaCl and extrac-
ted with CH,Cl,. The extract was dried (MgSO,) and concen-
trated in sacwo. The residue was distilled to give 20.3 g (14%) of
2, bp. 90-93°N.7mm, v, 3400, 170cm’, This was im-
medintely employed for the optical resolution,
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RH(+)4-Maskyl-2 A-dikydroxypentancic acid 1-+4 lactons
2. The racemic Inctone 20 (54g) was mixed with 4N NaOH

from acetone to give l&lOsM)ofpmzl.
mp. 1387 [«]f +85.2° (c =051, MeOH); ruue (Nujol} 3400

3400 (s), 2970 (m), 2940 (m), 2880 (m), 1770 (vs), 1380 (m), 1315
(s), 1280 (m), 1205 (s}, 1160 (s), 1110 (s), 1035 (w), 1000 (m), 350
(m), 920 (m), 300 (m), 700 (m) cm™'; 8 1.42 3H, »), 1S4 B3H, 9),
208 (iH, q, J1=10Hz, J,=14Hz), 256 (1H, q, J;~10Hz,
Jy= 14 He), 382 (1H, b}, 4.72 (1H, t, I=10Hz); MS: w/e 130
(M*); ORD: (¢ = 0.106%, MeOH), [#Lse 0* [#l2ye— 1350° ¢f ORD
of (S)}(+)pantolactome {c =0.062%, MoOH): [$le+420",
[@lose + 3570°. .

(RY(+) WS~} MTPA ater was in the wwal
manser: § 1.40 (3H, »), 148 (3H, 1), 212 (IH, q, J,=10Hz,
Jy=14Hz), 254 (IH, q, };=10Hs, I, =14Hz), 348 OH, »,
-OMe), 5.70 (1R, t, J = 10H2), ~7.3-~7.7 (SH, m). (*)-284S)-
(—)-MTPA ester was also preparod in the usual manner: § 348
(1.5H, s, -OMe) and 3.60 (1.5 H, 5, OMe).

(R)y(+)4-Mahyl-2A-dikydroxypenionoic acid 1-+4 lactone
THP ether 20. p-ToOH (500 m¢g) was added to a soln of W,
(478;)ndihm0.9|)mddrym«o‘n.mdxm
was stirred st room temp. Then # was washed with
NaHCO; aq soln and brine, dried (MgSO,) and coacentrated in
sacwo to give 7.92 g (quactitative) of 22, af 1.4633; [a)E +63.9°
{c =052, MoOH); »ypx 2960 (3), 1780 (vs), 1280 (m), 1210 (m),
1165 (s), 1140 (s), 1120 (s), 1100 (s), 1080 (m), 1040 (s), 1020 (m),
1005 (m), 965 (m), 950 (m), 930 (m), 915 (m), 870 (m) cm~’. This
was employed for the next step without further purification.

RY(+)4-Methyipentane-12A-triol 2-THP ether 23. A sobs of
22 (9¢) in dry ether (10 mi) was added to a stirred suspension of
LAH (1.7 g) in dry ether (40 mI) at 0-10°. The mixture was stiered
for 30 min at room temp. and then heated under reflux for 1he,
Then the exceas LAH was destroyed by the addition of EtOAc
(5 mi). Subseguent addition of water (1.7 ml), 4N NaOH (1.7 ml)
and water (Smi) to the stirred and ice-coolod mixture was fol-

lowed by 1 br's stirring at roocs temp. Thea the mixture was filtered

and the fikker cake was thoroughly washed with ether. The
combined ether soln was washed with brine, dried (MgSOJ) and
concentrated in vacwo to give 8.1g (quastitative) of 13, aF
1.4659; [a]B+34.6° (c = 0.532, MeOH); aux 3400 (3), 2960 (s),
2890 (m), 1080 (s), 1030 (s) cm™*.

R}(+)12-Oxido-4-methyipentan-4-ol 11. Removal of the
THP protecting group of 23 with p-TeOH in MeOH gave 100’
which was converted to 11° with [a]5 +21.6° (CHCY,) in the same
masner as describod for 11 The spectral properties were iden-
unlvi&thoood(S)—ﬂ.

(S) - (+) 2 - Mathylene - 45 - dikydroxy - 6 MW

acid 1-+4 lactone 17. mmmed
described for the preparation of 13. After w

K. Moxi o ol

purification over Malliackrodt AR 100 silicic acid, 11.0mg of
13, [alB + 58.2° (c=0.11, EtOH), was obtsined. The spectral
properties were ideatical with those of (R)-(-)-13.

Dimethyl +)-malste Mb. (R)-(+)Malic acld (M, 1503,
Aldrich, [alf+ 249" (¢ =56, CH,N) was dissolved in 3%
HCHMoOH prepared by sdding 50 mi of acetyl chioride to 11 of
m.mnhmmwmdwmsmm
thea concentratod in wacwo. The residue was distifled to
m;duum-us‘ns-mmnmmﬁu
distillation flask was dissolved in 3% HCIMeOH (300ml) and
processed as above. Distiflation afforded additional 30.1 § of 346
raising the total yield to 90%, al 14366, [a]F +9.1° (¢ =22,
EtOH); mpgy ~ 3480 (m), 1750(s), 1290 (s), 1235 (s), 1180 (), 1115(s),
1050 (m), 1000 (m) cm™*; 8 2.68 (2H, d, J = S Hz), 3.60 (3H, 9), 3.6
(3H, 5), 3.78 (1H, s, -OH), 437 (1H, t, } = SHz).

Dimethyl (R){+)-malate THF ether 28.
and p-TeOH (0.35) were added to & sole of 24b (162¢) in dry
ethnr(lal).mwhmhfttomdnmuhumm
washed with NayCOs aq soln and beine, dried (K, COy) and
concentrated in vacso. The residuc was distillod in the
of a small amount of K,CO, to give 2265 (92%) of 28, b,
112-114°0.55 mem, & 1.4513; [a]F + 483" (c = 20, FiOH); runs
1755 (s), 1300 {m), 1280 (m), 1215 (s), 1180 (s), 1138 (s), 1105 (n),
1080 (m), 1040 (s}, 1030 (m), 1000 (m), 980 (m), 875 (m) cm™!
§~13-~2.0 (6H), 2.63 (2H, dd, ], =6Hz, I, =3 Hg), ~3.2-~
39 (2H), 350 (3H, 9), 364 (OH, ), 439 (1H, &, ), =6 He, ], =
12 Hz), 469 (1H, br).

(R)-Butane-1,24-triol 2-THP cther 2a. A soln of 28 (25 ) in
dry ether (200 mi) was added dropwise to 2 stirred and ice-cooled
suspeasion of LAH (52g) in dry ether (1.5]). The mixtare was
left to stand oversight at room temp. sod then heated uader
roflux for 1 hr. After cooling, water (52 mil), 15% NaOH aq soln

filter cake was washed with THF (300 mix4). The combined
organic soln was dried (K,CO,) and coaceatrated in secmo to
give 160 g (92%) of crude Xe, r,, ~ 3380, (s), 1140 (s), 1120 (s},
1075 (s), 1025 (s) cm™'. This was eoployed for the mext step
wkholtluﬁumm

(R)(+)-Butane-124-triol M. p-TsOH (1g) wm added t0 a
md&(l@ﬂlmn(ll)“ﬁﬂmm

81g O1%) of 26h, bp. 140-143°09mm, ¥
14714; (el +22.5° (c =23, EtOH); ruax 3320 (3), 1060 (s),
ca™'; 8 (100 MHz) 2.10 2H, m), 391 (2H, d, J =6 Hz), 4.11 (2H,
t, I =6 Hz), 430 (1H, m), 6.00 (3H, s, -OH). (Found: C, 45.57; H,
9.63. CH 05 requires: C, 45.27; H, 9.50%).
(R)(—)-Butane-124-triol 1,2-acetonide 27. p-ToOH (0.5 g) was
addedbawhdﬂ(&ll)-m(lﬂ.).m‘ohmm
to stand overnight at room temp. and then neotralived with
NaHCO,. After stiring for 20 mis, the mixture was Sitered and
the fitrate was concentrated in sucno. The residue was distilled
to give 864 (77%) of 27, b.p. 108°/20 mm, A 1.4404; [2] B -
3P (c =36, EOH); rauc 3400 (s), 3000 (s), 2950 (), 2885 (s),
1390 (s), 1380 (s), 1230 (s), 1165 (s), 1060 (vs), 560 (m) cv™*; &
1.24 (3H, 1), 1.30 (3H, 1), 1.72 (2H, g, J=6Ha), 3.03 (1H, hr.
~OH), 32-43 (SH, m). (Found: C, 5%.35; H, 97. C,H,0,
requires: C, 57.51; H, 9.65%).
(R)-3,4-Dikydroxybutanal acetonide 28. A sola of 27 (146g) in
CHLCL (20 ml) was added in ong portion to a stitred suspeasion
of CrOy-CsHN-HC (32.3 ), NaDAc (246 g) and Celite (309) in
CH,ChL (200ml) and the mixtwre was stirred for 2he at room
temp. The dark mixture was diluted with dry ether (200 ml) and
fikered through a Florisil coluean. The columa was washed with
cther (S0 mi x 3) and the organic soln was concentrated s swcao
to give 11.2 g of 28. The reaction was repoatod 6 times and 85.5g
of 27 yielded 66 g of crude 28. This was distilled to give 37.1g of
28, b.p. 100-110°/48 mm. Some rtarting material (27, 10.7g, bp.
90-120°/20 mm) was recovered. The residue in the distilistion

“finsk (154 5) was thought to be s dimeric ester. This was reduced

with LAH to give 12.9g of 27 after distlistion. Thos recovered
27 (23.65) was oxidized to give 11.5 3 of 38 after distillation. The
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Wyﬂdd!m&?phmmbmx&u
(46%) of pure 18, b.p. IN’ISSM s} 1.43%0; Optical rotation

could not be determined owing to & rapid change in [a)p value;
Vuax 3000 (), 2740 (w), 1735 (OX 1390(:). 1380 (s), 1225 (s), 1163
{s), 1670 (s, be) cm™; 8 127 (3H, 9), 1.32 (3H, 3), 260 QH, m),
J41(IH, dd, J,=8Hz, L=6Hz), 397 (1H, dd, J;=8Hyz, I1»
6 Hx), 431 (1H, m), 9680 (1H, t, J = 2 Hz). (Found: C, 57.66; H,
843, C;H 05 requires: C, 58.31; H, 8.39%).

{R){+)-34-Dihydroxybutancic acid 1-+4 lactone 2%a. Jomes
CrOs (85 mi) was added dropwise to a stirred and well-cooled
(Dry Ice-acetone) soln of 28 (38.9g) in acctome (500 mi) at 0-5°.
After the addition, the mixture was stirred at 5-10° for 10 min.
MeOH was added to the cooled and stirred mixture to destroy
excess CrQy. Water (200 ml) was added to dissolve solid. The
sols was concestrated in vacso to remove acetone and MeOH.
The residue was acidiied with 50% H,80, (10ml) and the
mixture was stirred for 1 be. Then it was coatinoously extracted
with EtOAc for 5 days. The BtOAc soln was dried (MgS0,) and
conceatrated in paceo. The residue was distilled to give 2185
(79%) of 29, b.p. 103-105°04 mm, x5 1.4553; [a]B+ T1. 3 (c =
2.0, BtOH); v 3430 (m), 1780 (s}, 11850 (s), 1090 {m), 1050 (m),
1020 (w), 995 (m), 9N (m) cn™"; & 245 (IH, dd, J,=18Hz,
L= 25Hz), 268 (1H, dd, J, = 18Hzx, J,=35Hz), 4.06 (1H, br,
~OH), 4.2-4.8 (3H). (Found: C, 46.34; H, $.95. CH0, requires:
C, 41.06; H, 5.92%).

(R)-34-Dik acid 1-+4 lactone THP ether 2%,
Didydropyran (19g) and p-TeOH (0.1 g) were added to a soln of
2% (203) in dry ether (600 mi) and the soln was stirred avernight
st room temp. Then it was washed with Na,CO;aq soln and
brine, dried (K,COy) and conceatrated is sacwo to give 3133
{85.5%) of 29, v 1785 (vs), 1165 (s), 1130 (), 1075 (), 1030 (s),
1020 (s), 985 (s) cm™". This was employed for the next step
without farther purification.

{Ry-4-Methylpentane-1,24-triol 2-THP ether 33. A Grigaard
reagent was prepared from Mel (100g) and Mg (164 ) in dry
ether (270 mi). This was added dropwise to s sola of 290 (31 9 in
dry ether (1.21) with stirring and cooling st ~20* during 3 hr. The
mixtore was stirred at -20* for an additiooal hr after the ad-
dition. Then it was left to stand overnight at room temp. The
reaction was quenched by the addition of sat NH.Claq soln at
«20* with stirring. The mixture was filtered through Celite and
the ether layer was separated. The ag soln was extracted with
EtOAc. The combined organic soln was dried (K CO5) and
mﬂhmmm%ﬁ!(ﬁ?ﬁ)dmar‘.m
{s), 1130 {3), 1070 (s), 1020 (3) cm~". This was directly employed
for the next step.

(RM(+)4-Methylpentane-1,2 4-triol 18’ A soln of 23 24.6p)
in 95% EtOH (25 ml) and N HCI (75 ml) was stirred and beated at
§0-2" for 1hr. Subsequest work-up as described for 10 gave
18.2g of crude 10a’ which still partially retained the THP protec-
ting group. This was dissolved in p-TeOH-MeOH (0.2g in
500 m) and stieved for 1br at room temp. The mixture was
seutralized with NaHCO,, filtered and concentrated in sacwe to
give 168 g of crude 18e'. This was over sitick:
acid (100 ). Elution with EtOAc and EtOAc~-MeOH (10:1) gave
2.05g of pure 10’ and 15g of impure 10’. The latter was
pwledbym-nvamwmeonofmlh‘ raising the
total yield of 199’ to 2.45g (16%), a2 14607; [a]D +17.7° (c =
23, mmmmmmwmmtdm
NMR:NCDC!;)I.I&(SH,:).1.23(33,:).11-2.0(2!!),3&7(2!{.
br), 400 (1H, br), 429 (2H, br, -OH), 423 (IH, br., -OH).
(Found: C, 5247; H, 1043. CH, Oy requires: C, 53.71; H,
10.52%).

(R)y-4-Methylpentane-124-triol 1-tosylate 10W. This was pre-
pared in the same manner as described for 106 except that the
reaction time was 1hr at ~20°. Thus 10’ (245 g) viclded 100
{4.5 g, 85.5%). The IR spectrum was identical with that of 100,

R{+)1,2-Qxido-4-methylpentan-4-0l 11'. Methagolic KOH
(1.42g in 30 mi) was added dropwise at — 3" to a stirred soln of
100 (4.5 g) in MeOH (50 mi). The mixture was stirved for § e at
10”. Thea it was concentrated ix oacwo below 30°. The residue
was dissolved in water, the aq soln was suturstod with NaCl aad
{KyCO,) and concentrated ix vacwo to yield 1.5g of crude 11"

99

This was distilled o give 300 mg (16.5%) of 11", b.p. (bath tesp.)
90'/20mm, af 14350; [a]¥+19.7 (c=20, CHCL); GLC
{Columa 5% LAC IR-446, 1.5 m X 3 mm i.d. at 110°; Cagrier gas Ny,
1.0kg/ca®): R 7.3 min. > 87% purity (Found: C, 60.85; H, 10.49,
CH 120, requires: C, 62.04; H, 10.41%). No ferther purification was
sttempted due to the scarcity of the material. The IR and NMR
spectra were identical with those of 11.

(S)-)-Ipsenol  (6-methylens-2-methyloct-1-end-ol} 2, The
Grignard reageat 3 was prepared from chloroprese (23.5 g) and
Mg (7.3 g) in dry THF (100 mi). The resction was initiated by add-
ing a trace of I, and ZaCl, (2.5 g). The mixture was stirred and
heated under reflux for 2br. A soln of & (4.5g) in dry THF
{50 mf) was added to the ice-cooled and stirred soln of 3. The
mixtore was stirred at 0-5° for 2 hz and at room temp. overnight.
Then sat NHCl aq soln was gradually added to the stirred and
ice-cooled mixture. The mixtore was fiitered and the filtrate was
extracted with ether. The ether soln was washed with brine, dried
(3igSO, and concemtrated is vacwo 10 give 7.8 g of an oil. This
was chromatograpbed over Woeim neotral alumina (grade II,
300g) in s-hexame. Elmtion with s-hexame-other (10:1~2:1)
gave 355 of 2. This was distilled to give 2.2 3 (32%) of pure 2,
b.p. 86-88°/1S mm, aF14667; [a]P - IB4® (c =23, BtOH) (it}
~16.5* (c = 1.47, BOH); lit?-17.520.7 (¢ = 1, EtOH)); GLC
{Columa: 5% LAC 2R-446 1.5mx 3 mm id. at 120" Carrier gas,
N, 10kg/cm’): R, S.6min (>98% purity). The IR and NMR
spectra were ideatical with those reported

Ry-(+)-Ipsencl (s-mmzmm-v-am . The
Grignard reagent 3 was prepared from chioroprese (3.3 ) and
Mg (1.6g) in dry THF (40 mi). The reaction was started at 60° by
adding 2 trace of I; and ZaCl, (100 mg). The mixture was stirred
at 60" for 1 hr and then cooled to room temp. Cul (300 mg) was
added to the Gri reagest and it was cooled to —50°. To the
stirred soln of 38, a soln of &' (1.6g) in dry THF (15ml) was
added dropwise at - S0°. The mixture was stirred for 30 min at
—50" and overnight at room temp. The reaction was quenched by
the addition of sat NH,Claq soln usder ice-cooling. The mixture
was fitered through Celite and the fiitrate was extracted with
ether. The ether soln was washed with brine, deied (MgSO,) and
mmwdhnmmp\'e}ngofmr This was distitled

1.3y (50%) of pure 2", b.p.ﬁ&-%'ﬂlm,nglmz

[a] ! +17.2° (¢ = 2.0, EtOH) (lit.} [a)F + 17.3° (¢ = 1.58, RtOH));

GLC (Column 5% LAC 2R-446 1.5 m % 3 mm id. at 110°; Carrier

o, N, wx;tmn.mmpmmxmwdm
were identical with those of 2.

{S)-6-Methylene-2-methyloct-T-sne- 2 4-dial 31a. The Grignard
reagent 30 was prepared from chioroprene (1.8 g), Mg (520 mg), I»
{trace) and ZaCly (S0 mg) in dry THF (15 mi). After the addition
of Cul (100 mg) at room temp., the Grigmard soln was cooled with
stirring. Then a soln of 11 (300 mg) in dry THF (5 mi) was added
dropwise to the stirred soin of 3 at ~30". The mixture was
stirred for 1br at ~50* and overnight at room temp. Then the
reaction was quenched with sat NH{Clag soln and filtered
throngh Celite. The fitrate was extracted with EtOAc. The
BtOAc soln was washed with brine, dried (MgSO,) and concen-
trated in sacwo to give 625 mg of crude 3la, v, 3360 (s), 3100
{m), 2980 (s), 2940 (1), 1600 (m), 1390 (3), 1370 (s), 1160 (s), 990
(s), 900 (s) con™. This was employed for the next step without
further purification.

(S)6-Methylene-2-methyloct-7-ene-24-dlol  4-acetate  31b.
AcO (0.9 ml) was added to a solo of 31a (629 mg) in dry CHN
(Bnl)ndmelﬁxtugtmutmmﬁovaﬂtgtmmm.

max 3450 (m), 3100 (w), 2980 {m), 2930 (m),
(ll). 1250 (s), 1160 (m), 1025 (m), 990 (m),
900 (m) cm~'. This was further purified by preparative TLC
{Merck alamina 5726) to give 240 my (43.8% from 117 of 31b.
m#mmnmmm,mnn
added to Mwm&vC;BsN Qlﬂ}m

ether sola was wazhed with dil HC1, water, NaHCO,nqnnhnd
brine, dried (MgS0,) and concestrated to give 210 mg of & crude
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oil. This was purified by proparative TLC (Merck alumina 5726)
to give 136 mg (62%) of a mixture of 32 and 33a, 7., 3080 (w),
2980 (m), 2920 (m), 1740 (s), 1650 (w), 1595 (m), 1440 (m), 1375
(m), 1245 (s), 1020 (m), 900 (m) cm~!; GLC (Column: 5% LAC
IR-446 1.5m x3mm id. at 110°; Carrier gas, N l.otdm’)
9.1 min (4%, 33a), 9.7 min (56%), 33) R, of 32
co-injection with an autheatic racemic sample.
(S)H(+)-Ipsdienol 1' and its isomer
added to a soln of 32 and 33a (136 mg)
mixture was stirred for 10 min at room temp. Then water
added to destroy the excess LAH. The mixture was filtered
conceatrated in vecxo to give 120 mg
purified by preparative TLC (Merck alumisa $726; n-hexano-
CeH¢ 1:2). Pure 1' (26 mg) was obtained from the zone with
smalier R, value (0.09-0.30), xf 1.4873; [alf! +11.9°£1.5° (c =
0.26, MeOH); GLC (Column: 5% LAC 2R-446 1.Sm x3 mm id.;
Carrier gas, N 1 kglcmr™): R 4.8 min (2.5%, 39%), 6.2 min (97.5%, 1),
The IR and NMR spectra were identical with those of 1”. The zooe
with R, 0.36-0.45 gave 339, (18 ng), vae, 3440 (m), 3100 (w), 2950
(m), 1650 (w), 1600 (s), 1450 (m), 1385 (m), 1070 (m), 1030 (m),
1000 (m), 900 (vs), 860 (w) cm™*; 8 1.75 (3H, 5), 2.0-2.5 (4H, m), 3.80
(IH, m), 46-54 (TH, m), 633 (iH, dd, J,=18Hz, J,=
10Hz).

a,

Acknowiedgements—We thaak Emeritus Professor M. Matsui of
this Department for eacouragements. We are grateful to
Ajinomoto Co. and Kyowa Hakko Kogyo Co. for their gifts of
L-malic acid. We also thank Dr. K. Aizaws and his associates for
MS and elemental analyses.

REFERENCES
IR, M. Silverstein, J. O. Rodia and D. L. Wood, Science 154, 509
(1966).
3R. M. Silverstein, J. O. Rodin, D. L. Wood and L. E. Browse,
Tetrahedron 22, 1929 (1966).

K. Mowi et al.

’(ll.”l:;.m. Tetrahedron Letters 2187 (1975); Tetrakedron 32, 1101
‘ﬁlm.wmummmaﬂq
’Ipeenct: *J. P. Vité, R. Hedden and K. Mori, Natarwiss. 63, 43
:};7"6)):'C M. Harring and K. Mori, Z. angew. Entomol. 83, 327
‘cis-Verbenol: *J. P. Vité, D. Klimetzek, G. Loskast, R. Hed-
den and K. Mori, Natwrwiss. 63, 582 (1976); *S. Krawielitzki, D.
Kiimetzek, A. Bakke, J. P. Vité and K. Mori, Z Angew.

Mori, Tetrahedron Letters 1609 (1976).
b o A. Reece, J. O. Rodin, R. G. Brownlee, W. G. Duncan and R.

bt 8 A.lhbllldﬂ S. Mosher, J. Am. Chem. Soc. 95, 512 (1973).
"Forthelyuhemol(S)mdﬂne H. Hayashi, K.
Nakanishi, C. Brandon and J. Marmwur, J. Am. Ckem. Soc. 98,
8749 (1973).

K. Koado, S. Dobashi and M. Matsumoto, Chem. Letters 1077
(19%6).

3G. Oblof and W. Giersch, Helv. Chim. Acta 68, 1496 (1977). =



