CHEMISTRY LETTERS, pp. 61-64, 1978. Published by the Chemical Society of Japan

SynTHESIS OF OPTIcALLY AcTivE ComMoN PRECURSOR OF SEX PHEROMONE OF PINE SAWFLIES:
AN APPLICATION OF ENANTIOFACE-DIFFERENTIATING HYDROGENATION WITH MoDIFIED NICKEL

Akira TAI, Motomasa IMAIDA, Toshihiko ODA, and Hiroshi WATANABE
Division of Organic Chemistry, Institute for Protein Research, Osaka University
Yamada~Kami, Suita, Osaka 565

Synthesis of optically active 3,7-dimethylpentadecan-2-ol (1), a common precursor
of sex pheromone of pine sawflies, was carried out. (+)-(2S,35)-, (~)-(2R,3R)-,

and (})-(2R*, 35*)-1 were prepared from (+)-(2R,3S)-, (-)-(2S,3R)-, and (%)-(2R*, 35%)-
3-hydroxy-2-methylbutyric acid, respectively under the conservation of their stereochemistry.
Enantioface-differentiating (asymmetric) hydrogenation of methyl 2-methyl-3-oxobutyrate

over tartaric acid-modified nickel catalyst gave methyl 3-hydroxy-2-methylbutyrate in high
diastereomer and enantiomer excess, enabling us to obtain the optically active starting
materials in high yields.

The sex pheromones of several species of pine sawflies have a common alcohol moiety,

3, 7-dimethylpentadecan-2-ol (1). Neodiprion lecontei and sertifer use the acetate of 1 as the
major component of their pheromone, Diprion gimilis uses the propionate of 1. The investigation
on the natural pheromone has revealed that, while the choice of acid is the primary factor

for the discrimination, subtle chemical specificity based on the stereochemical difference in
alcohol moiety exsists at the level of the genus.l)The synthesis of optically active 1 is quite
important for the ultimate identification of the pheromone.z)

As a preliminary step of the complete stereospecific synthesis, (+)-(2R,3R)-, (-)-(28,35)-,
and (})-(2R*, 35%)-1 were prepared. The synthetic process and the relation of the configuration
in each step are shown in Scheme 1.

The key step of the Cs unit synthesis is an enantioface-differentiating hydrogenation
of 2 over nickel catalyst modified with optically active substances (MNi). Insofaras we
examined, tartaric acid-MNi was the best catalyst for the preparation of optically active
erythro—3.u) The MNi catalyst was easily obtained by soaking the reduced nickel powder prepared
by the hydrogenolysis of nickel carbonate, for 1 h at 85°C in 1% tartaric acid solution of
which pH was adjusted to 4.1 with sodium hydroxide. Hydrogenation of 2 over MNi under 100 kg/cm?
of hydrogen pressure at 100°C gave 3a in 90% yield. The ratio of erythro- and threo-BaS)in the

3)

product is shown in Scheme 1.

After saponification of 3a with aqueous sodium hydroxide, the resulting acid was
converted to cyclohexylammonium salt. Three successive recrystallizations from ethanol gave
erythro-3-hydroxy-2-methylbutyric acid as a cyclohexylammonium salt in 55-62% yield based on
3a. After the removal of cyclohexylamine by ion exchange resin, the acid liberated was converted
to sodium salt (4a) in 95% yield. (-)-Erythro-4a ([a]é°—&.u (c 10, H,0), optical purity 56%)
and (+)-erythro-4a ([a]é°+ﬂ.7 (c 10, H,0), optical purity 60%) were obtained from the hydrogenation
product with (2R, 3R)-tartaric acid-MNi and (25, 3S)-tartaric acid-MNi, respectively. The optical
purity of 60% resulted in great advantage for the further optical resolution of 4a. The bases
and solvent used for the optical resolution are shown in Scheme 1. Three recrystallizations in



1978

Chemistry Letters,

62

SHO=* (2HD)~H)~* (°HD OH
HO-*(®HD) _ ( v/ \

1=(%S¢ “x¥2)=(F) €HD EHO @eeDemDeneH
\ /m
H HO
[ 14
Ho (CHO)HE CHolg oM (8% Nv (+88 88
S8 ‘s
L-(52°58)=(=) €HD m-..olo./...m ( . ) (52 “yz)
mmo\ €HO (42°48) (Mg “58)
14/7H (2 °l
H / \m - mmoLANmov.mw-umo.moumo.mw.mwnmmo -— |l + !
L= (a0 “42)~(+) mmOIBANmOvlmwlm ( mmoulutoloﬂnom EQ@Z\+$ (T €HO fHO O-dHL
€HO mmo\ HD 21 .
3tun “'y + 3tun 79
Lt 0233/TIre (2 ot fagq (2 6 TeRU/ H (2 8
mﬁmumoﬁomw;mmemmo - pmmmoN%mw:Nmovmmo -— mooommomwﬁwmovmmo - EHOIGHO* (¥HD ) *HYy
£HO Je3U/d°ud (T €HO 0%9d/"HIVTT (T €HD SWOBN/® (*HO000)®HD (T
¢l
3tun “5)
(+¥8 “x43) (£S5 “x43) (588 “x3) (+¥€ “%¥8)=(3)
(8¢°uzg) (52°58) (5¢°Yzg) (s¢ ug)-(-)
(42 °58) (4¢ ‘4g) (42 °9%) (42 °58)=(+)
L 9 g qag
omo.mw-mw-mmo - mommo.mwumn_v-mmo - mmoooo.m,\_v-mm_v-mmo -— mmoooo.moumwlmmo
1
fHD O~dHL “TO°HD/_F0IDTD, Ihd fHO O-dHL 034/ "HIVT'T ‘HO O-dHL  H/dHQ €HO HO
ozayz~(3) _ 02y SUOJ90Y~HOSN, MNTPOS GG /Sh HOOV U3TM TN POTITPOWL)
oayq Aao~(+) SUO380Y /SUTPTUTNY oayqAao—(+) HO3d/umTucuIreTAXsyoToL)  Ge2/G) TNW-PTO® OTIRIIBI~(5¢S)
oayg fro—(-) HO3d/Aututny oayy fiae— (=) HO3d umTuoumreTAXaUoTok)  22/g. TNH-DPTO® OTJIBIIBI-(4°Y)
qUSATOS/ +w SS80XS UT JOWOTJURUE JUATOS / +x 02dY3 /0ayqhaa 3sf1e3ed
N ap +X_000-H .mmammo via 37 +x.ooo.mm-mm-mmo pia e¢ 2
r4 € € ut
QU (¢ SNOCOH- =10 ) H ENOCO-H)~H)~SHO - o H *HO000=H)-H)—“HD) ——22 T €H3000H)005Hy
H (T *H) H uotanrosad TeoT3do €HD HO SJISUWOISYSETP JO UoTRIRdag €Hd HO 9s£Te980 TN/°H €HO
+ —
31un 9y

10-z-urd3pejuadAylawLq-/¢¢ 40 9IN0Y JLIBYIUAS | Swayds



Chemistry Letters, 1978

both cases gave optically pure productsé) The removal of the base on treatment sodium
hydroxide gave erythro-4b. (-)-Erythro-4b, 58% yield based on 4a, mp 174°C, [a]é°—7.80°
(¢ 10, H,0) and (+)-erythro-4b, 62% yield based on 4a, mp 174°C, [a]B°+7.82°(c 10, H.0)
were obtained from the quinine and quinidine salt, respectively.

The hydrogenation of 2 over unmodified nickel catalyst in the presence of a small
amount of acetic acid gave threo-3a in excess, which was then converted to sodium salt.
Four successive recrystallizations from methanol-acetone gave pure (¥)-threo-4b, mp 218°,
in 37% yield based on 3a.

The esterification of 4b with diazomethane gave 3b in an average yield of 95%. (-)-
Erythro-4b was converted to (+)-erythro-3b and (+)-erythro-4b to (-)-erythro-3b. (+)-erythro-
3b: bp 75°C/15mmHg, [a]6°+11.35° (neat), GLC(NPGS-5%/Chromosorb-W, 100°C), single peak at
14 min, NMR(CDCls, TMS), 6=1.18 (3H, d, J=6.4 Hz), 1.19 (3H, d, J=7.0 HZ), 2.46 (1H, broad
signal), 2.51 (1H, m), 3.70 (3H, s), and 4.06 (1H, m), IR(neat), 3550, 2990, 2960, 1730,
1200, 1085, and 1030 em 2. (=)-erythro-3b: [oc]]23°-11.39° (neat). Bp, retention time of GLC,
and NMR and IR spectra were identical with those of (+)-isomer. (%)-threo-3b: bp, 75°C/15mHg,
GLC, single peak at 13 min, NMR(CDCl,, TMS), 6=1.18 (3H, 4, J=7.2 Hz), 1.22 (3H, 4, J=6.3 Hz),
1.93 (1H, broad signal), 2.47 (1H, m), 3.71 (3H, s), and 3.82 (1H, m), IR(neat), 3550, 2990,
2960, 1730, 1200, 1110, and 1040 em L.

The configuration at C-2 of (+)-erythro-3b was correlated to (+)-(S)-methyl 2-methyl-

butyrate as follows .7)
Ph PO +~CH 5T I CHs H./Raney Ni QHS
(+)-erythro-3b ——————— e CH s~CH-CH-COOCH 5 (+)=(8) CH s~CHo—~CH—-COOCH 5
Vg0
2
The configuration at C-3 of (+t)-erythro-3b was assigned to R by Horeau’s method’). The

configuration of each isomer of 3b is listed in Scheme 19).

The reaction of 3b with dihydropyran gave 5, which was then reduced to 6 with LiAlH,.

An average yield from 3b to 6 was 80%. (2R,3R)-6: bp 105°C/3.5mHg, Found: C, 63.58; H, 10.94,
Caled: C,63.79; H, 10.71. (25,35)-6: Found: C, 63.60; H, 10.82. (2R*,35*)-6: Found: C, 64.00;
H, 10.91.

The oxidation of 6 to 7 was carried out with pyridinium chlorochromate in dry methylene
chloride at 5°C'°) The crude 7 isolated from the reaction mixture by Florisil colum at 0°C
was used in the next step immediately after the work up.

Nonanal was used as a starting material of C,» unit synthesis. The treatment with PBr; -of
2-hydroxydecane obtained by the reaction of nonanal and CH,MgBr gave 8, bp 110-115°C/20mmHg.

Elongation of the carbon chain of 8 with dimethyl malonate and following decarboxylation
gave 9, bp 131/1.3mmtg. The reduction of 9 with LiAlH, and subsequent bromination with PBrs
gave 10, bp 95-6°C/ImHg, Found: C, 57.62; H, 10.46; Caled: C, 57.90; H, 10.00, NMR(CCl,, TMS),
§=0.90 and 0.91 (6H, overlappedd and t, CHs at C-10 and C-3), 1.25 (14H, envelope, -(CHz)--),
1.75, (3H, envelope, -CH,—CH.Br and -CH-), and 3.75 (2H, t, -CHBr).

Phosphonium salt of 10 was obtained by heating an equimolar mixture of 10 and PhsP at
180°C for 30 h and subsequent crystallization in dry ether. The addition of Buli into a

suspension of the phosphonium salt in ether gave red solution of 11.

The coupling of 7 and 11 carried out at10°Cgave 12 in 40 to 45% yield based on 7. The
epimerization at C-2 of 7 was minimized by gradual addition of 7 to the slightly excess amount
of 11 with gigorous stirring. The concomitant epimer in the product was the order of a few

11
per cent.
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The removal of THP from 12, and the hydrogenation of the resulting alcohol over Adams Pt
catalyst at room temperature under atmospheric pressure of hydrogen gave 1 in an average yield
of 86% based on 12. (+)-(2R,3R)-1: bp 108°C/0.05mmHg, Found: C, 79.11; H, 14.47, Calecd for
CpHs60: C, 79.61; H, 14.15, NMR(CCly, TMS) 8=0.89 (9H, envelope which could be resolved into
two d and one t by the addition of EuDPM, CH;- at C-3, C-7, and terminal), 1.08 (3H, d, J=7 Hz,
CH3-CH(OH)-), 1.22 (22H, envelope, -(cg)n- and -CH- at C-3 and C-7), 3.55 (1H, m, -CH(OH)-), IR
(neat), 3370, 1465, 1380, and 1100 cmj1 [a]§° + 7.94° (neat). GLC(NPGS-5%/Chromosorb W, 180°C)
indicated 99% purity, retention time 8.3 min, with 1% unidentified impurity, retention time 7.0
min. NMR taken in the presence of shift reagent (EuDPM and EuHFMC) showed the presence of ca.
3% of epimer, (2R,35)-1, in the optically pure (2R,3R)-1. (-)-(25,35)-1: All physical and
analytical data were identical with those of (+)-1 except for optical rotation, [a]é°— 8.02°
(neat). (¥)-(2R*,35%*)-1: GLC indicated 99% chemical purity. NMR taken in the presence of
EuDPM showed the presence of ca. 3% of epimer. NMR (CCl,, TMS) showed signals, 6=0.89(9H, envelope
which could be resolved into two d and one t by the addition of EuDPM, CH3;- at C-3, C-7 and
terminal), 1.06 (3H, 4, J=6 Hz, CH;-CH(OH)-), 1.22 (22H, envelope), 3.56 (1H, m, -CH(CH)-).
Retention time in GLC and IR spectra were identical with those of erythro-isomer.

Bioasseys of acetate and propionate of 1 are now progressing.
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