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Abstract++(+)-Sulcatol (1) and its antipode (1’) were synthesized from (R)-(-)-glutamic acid (t), and its antipode 
(27, respectively. This established the absolute configurations of both enantiomers of sulcatol and afforded key 
materials to study the relationship between pheromone activity and chirality. 

Sulcatol is the population aggregation pheromone pro- 
duced by males of Gnathotrichus sulcatus, an economi- 
cally important ambrosia beetle on the Pacific coast of 
North America. About 0.5 mg of the pheromone was 
isolated from the boring dust of this timber pest and 
identified as a 65/35 mixture of the (S)-(t) and (RH-) 
enantiomers of bmethyl-5-hepten-2-oI (1 and I’, respec- 
tively).’ It is possible that only one enantiomer has 
biological activity in view of our recent results on (t)- and 
(-ettF;y;brevicomin, the pheromone of western pine 

Herkin we describe the synthesis of both (R)- and 
@)-forms of optically pure sulcatol. This enabled us to 
know the sign of the optical rotation of each enantiomer 
and provided enough materials to compare the biological 
activity of the enantiomers. It should be emphasized that 
optically pure enantiomers are required for the bioassay 
in order to obtain meaningful data. 

The synthesis of optically active sulcatol can be. 
envisaged in the following two manners. One is the 
conventional resolution of (?)-sulcatol. The other is to use 
an optically active compound of established absolute 
configuration as the starting material. The latter seemed 
preferable for the purpose of synthesizing sulcatol with 
known absolute stereochemistry. Optically active prop- 
ylene oxide seemed to be a good starting material in 
combination with an isoprenyl synthon. However, com- 
pletely optically pure propylene oxide was not easily 
accessible because all the intermediates and propylene 
oxide itself is oily and difficult to purify.’ So we decided to 
employ readily available (R)-(-)- and (S)-(t)-glutamic 
acids (2) as starting materials and converted them to (S)- 
(+)- and (R)-(-)-sulcatols as described below. 

(R)-(-)-y-Hydroxymethyl-y-butyrolactone (C) was 
synthesized from (R)-(-)-glutamic acid (2) as described’ 
via a crystalline lactonic acid (3). Tosylation of the 
hydroxy lactone (4a) yielded a crystalline tosylate (4b). 
This was repeatedly recrystallized to ensure the highest 
optical purity. The pure 4b was heated with LiI in acetone 
to give an iodide (5). Hydrogenolysis of 5 with Raney 
nickel W-7 in EtOH in the presence of CaCO, yielded, 
after chromatographic purification and distillation, (S)- 
(-)-y-methylbutyrolactone (6). Both (R)- and (S)- 
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enantiomers of this lactone (6) are recorded in the 
literature.69 However, their optical purities are obscure. 
Our lactone (6) is optically pure, since it has later yielded 
optically pure sulcatol (1). Reduction of the lactone (6) 
with i-BuzAlH afforded a lactol(7). This was treated with 
isopropylidene triphenyl phosphorane in DMSO to give 
(S)-(t)-sulcatol (l), which was shown to be dextrorotat- 
ory: [a]~~ t 14.4” (EtOH). The same sequence of 
operations starting from (i)-(t)-glutamic acid afforded 
(R)-(-)-sulcatol (l’), [a]~ - 14.5” (EtOH). The NMR 
data of our sulcatol was in good accord with the published 
data of the natural product. 

The optical purity of our products was checked by the 
MTPA (a -methoxy-a -trifluoromethylphenylacetic acid) 
ester method developed by Mosher et aI.‘““’ (R)-(-)- and 
(S)-(t)-Sulcatols were ester&d with the acyl chloride 
derived from (S)-(-)-MTPA. The NMR spectra of the 
resulting (R, S)- and (S, S)-sulcatol MTPA esters (8’ and 
8, respectively) were measured at 100MHz. The reso- 
nance for the Me group on the carbinyl carbon of the (R, 
S)ester is centered at lower field position (8 1.35, d, 
J = 6 Hz) than the signal of the corresponding Me group in 
the (S, S)-ester (8 1.24, d, J = 6 Hz). This is in accord with 
the reported correlation of configuration and NMR 
chemical shift for diastereomeric MTPA esters.” No 
evidence of cross-contamination of the diastereomers was 
observable in the NMR spectra, which confirmed the high 
optical purity of our products. 

In conclusion the optically active forms of sulcatol 
were synthesized to study the relationship between 
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absolute stereqchemistry and pheromone activity. The 
biological work is in progress by Prof. J. H. Borden and 
will be published elsewhere in due course. 

EXPERIMENTAL 

All b.ps and m.ps were uncorrected. IR spectra refer to films for 
oils and to nujol mulls for solids and were determined on a Jasco 
IRA-I 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-4 pohvimeter. GLC analyses were performed on a 
Yanaco G 8Ogas chromatograph. 

(R)~-or-Tosyloxymelhyl-y-bu?yrolactone (4b). Powdered p- 
TsCl(30 g) was added in one portion to an ice-cooled and stirred 
soln of 4n (14.2 g) in dry C,H,N (80 ml). The mixture was stirred 
for 2 hr at O-lo”, poured into icedil. HCI and extracted with 
EtOAc. The EtOAc soln was washed with dil. HCI and NaCI soln, 
dried (MgSO.) and concentrated in uacuo. The crystalline residue 
was recrystallized (four times) from EtOAc-ether to give 16*Og 
(48%) of pure 4b, prisms, m.p. 85-86”; [a]o”-46*3” (c = 1.33, 
CHCI,); Y-, 1778 (s), 1600 (m), 1375 (s), 1300 (m), 1190 (s). 1180 
(s), 1070 (m), loo0 (m), 985 (s), 940 (m), 925 (m), 830 (m), 820 (m), 
795 (m), 680 (m) cm-‘; 8 (CDCI,) - 1.1-2.7 (4 H, m), 2.45 (3 H, 
s), 4. I8 (2 H, d,. J = 4 Hz), 4.70 (I H. m), 7.42 (2 H, d. J = 10 Hz), 
7.85 (2H. d. J= IOHz). (Found: C. 53.33: H. 5.14. C,,H,.O,S 
req&es_,‘53*32; H, 5.25%.) 

._ 

(S)-(+)-y-Tosyloxymetkyl-y-butyrolactone (4b’). In a similar 
manner, (S)-(+)-la’ afforded (S)-(+)#, m.p. 84-85”; [alo”+ 
46.2” (c = 1.63. CHCI,). 

(R)-y-Jodomethyl-y-bulyrolactone (5). LiI (30g) was added to 
a soln of 4b (16.Og) in acetone (208 ml) and the mixture was stirred 
and heated under reflux for 9 hr. Acetone was removed in uacuo. 
The residue was dissolved in water and extracted with EtOAc. 
The EtOAc soln was washed with Na&O, aq and NaCl aq. dried 
(MgSO,) and concentrated in uacuo to give 13.0 g (quantitative) of 
5, Y,.. 1780 (s), 1340 (m). 1210 (m), 1160 (s). 1010 (m). 980 (m), 905 
(m). 870 (w). 805 (w), 790 (w) cm-‘. This was employed for the 
next step without further purification. 

(Sty-lodomefhyl-y-butyrolacrone (5’). Similarly, (S)-(+)-Qb 
(18.6g) yielded 5’ (12.5 g, LX!%). 

(S1_(-)_v-Melhvl-v-butvmloctone (6). Raney Ni W-7 (30~) and 
powbered’CaC0; (5 g) were added to a soln of 5 (13.0 g) m 99% 
EtOH (I80 ml) and the mixture was stirred for 30 min at room 
temp. Then the mixture was filtered. The filtrate was concentrated 
in Vacua and the residue was chromatographed over silica gel 
(Merck Art 7734 KieselgelO*O5-@2 mm, 50 g, I6 X 3.5 cm) in light 
petroleum. Elution with ether-light petroleum (1:2-l : 1) gave 6. 
This was distilled to give 3.6 g (49.3%) of pure 6, b.p. 1 lo”139 mm; 
n,” 1.4305; [a]g*‘- 29.6” (c = 1.29, CH,Cb); Y, 1785 (vs), 1460 
(m), 1430 (w), 1395 (m), 1350 (m), 1310 (w), 1290 (w), 1230 (m), 
1205 (s), 1180 (vs), 1125 (m), 1100 (m), 1060 (m), loo0 (ml, 940 (91, 
900 (m), 830 (w), 805, (w)cm-‘; 8 (CCL) I.37 (3 H, d, J = 7 Hz), 
-2.O--2.6 (4 H), 4.58 (1 H, q, J = 7 Hz). (Found: C, 5948; H, 
8.10: C,Hs02 requires: C, 59.98; H. 8.05%). 

(R)-(+)y-Methyl-y-bufyrolaclone (6’). Similarly, (S)-5’ gave 
(R)-(+W. b.p. lOSo/ mm; nDz3 1.4299; [ajo”+ 30.1” (c =0.85, 
CHXh). 

(S)-y-Methyl-y-bufyrolactol (7). i-Bu,AIH (25% in n-hexane, 
28 ml) was added dropwise to a stirred and cooled soln of 6 (3.4 g) 
in dry THF (50 ml) during I5 min at -6O- -55” under NI. The 
soln was stirred for 40 min at -60”. The reaction was quenched by 
the addition of sat NH,CI aq (IO ml) at -60”. Then the acetone-dry 
ice bath was removed and the mixture was diluted with ether 
(ISOml) at room temp. After several min the mixture became 
gelatinous [AI(OH The mixture was dried (MgSO.), filtered and 
concentrated in racuo to give 2.5 g (73%) of 7, Y, 3400 (s), 2900 
(s), 1460 (m), 1390 (m), 1360 (w), 1300 (w), 1200 (m), 1125 (m), 1080 
(s), 1005 (s), 960 (m), 890 (m), 840 (w), 805 (w) cm-‘. This was 
employed for the next step without further purification. 

(R)-y-Melhyl-y-butyrolactol (7’). Similarly, (R>(+)4’ gave 
(R)-7’. 

(S)-(+)-6-Me~hyl-S-hepten-2-ol (sulcatol, I). To a soln of 
NaCH2SOMe (from 3.4~ of 50% NaH) in DMSO (lOOmI) was 
added -triphenylisopropy!phosphonium bromide (28 g) under N, 
with ice-cooling and stirring. The mixture was stirred for 5 min to 

yield a deep red soln of the Wittig reagent. A soln of 7 (2.5 g) in dry 
THF (20 ml) was added dropwise to the stirred soln. The mixture 
was stirred for I.5 hr at room temp., poured into ice-water and 
extracted with n-hexane. The extract was washed with 60% 
MeOH aq (5ml), water and sat NaCl aq, dried (MgSO.) and 
concentrated in uacuo. The residue was chromatographed over 
neutral alumina (Woelm. activity grade II. 40 g, 8.5 x 2.5 cm) in 
light petroleum. Elution with light pctroleumzther (4: I) gave I. 
This was distilled to give 0.6 g (20%) of pure 1, b.p. 91”/34 mm; 
nDu 14463; [ah,*‘+ 14.4” (c = 0998, EtOH); Y,, 3350 (s), 3ooO 
(s), 2950 (s), 2880 (s), 1455 (m), 1385 (m), 1360 (w). 1340 (w). 1315 
(w). 1260 (w). 1230 (w), II80 (w), I I35 (m), IO80 (m), 1030 (w), 995 
(w). 955 (w), 940 (w), 910 (w), 860 (w), 830 (w), 750 (w) cm-‘; 8 
(BXlMHz, CCL) I.14 (3 H, d, J = 6Hz), -1.2-1.5 (2 H. m), I.61 
(3 H, s), 168 (3 H, s). -188--2.25 (2 H), 290 (1 H, s, -GH). 3.72 
(I H, q, J=6Hz), 5.12 (I H, 1, J=6Hz); 8 (@lMHz, CCL) 1.15 
(3H, d, J=6Hz), -1.3--1.7 (2H), I.62 (3H, s), 1.69 (3H, s), 
-18--2~3(2H),3~18(1H,s,-GH).3~75(1H,q,J=6Hz),5~17 
(1 H, 1, J = 6 Hz); MS (70eV): m/e 41.0413 (C,H,, 59%). 42.0495 
(C&t, 50%), 43.0201 (C&O, 5%), 45.0378 (C,H,O. 45%) 
53.0401 (C,H,, 31%) 55.0565 (C.H,, 36%). 56.0632 (C.H, 98%) 
59.0514 (C,H,O, 63%). 67.0549 (C,H,, 45%), 68.0632 (C,Ho 36%), 
698713 (&He, 31%) 79.0568 (C& 22%), 81.0721 (C&H, 36%). 
95.0874 (C,H,,, l@l%, base peak), 105.0335 (C,H,O, 22%). 
I lo.1104 (CaH,,, 3l%), 113.0976 (C,H,,O, 36%), 128.1232 
(C.H,,O, 9%, M’); GLC (Column, 5% LAC-2R446.1.5 m x 3 mm 
id. at loo”, Carrier gas, N2, I.Okg/cm*): Rt 3~7min (%*5% purity). 
Found: C. 74.73; H, 12.33. CIH,sO requires: C, 7494; H, 12.58%). 

(R)_(-)bMethyl-5-hepten-2-01 (sulcatol, 1’). In the same. 
manner as described above, (R)-7’ gave (R)-(-)-sulcatol (l’), b.p. 
89”/32mm: nna 14463; lalnP -14.5” (c =0*74. EtOH): GLC . _- 
(Column, 5% LAC-2R-446, I .5 m x 3 mm‘id. at loo”, Carrier gas, 
N,, I.0 kg/cm’): Rt 3*7min (97% purity). Both enantiomers of 
sulcatol were odoriferous to human nose and smelled like geraniol 
with almost no difference in the odor as tested by the noses of the 
author and his students, Miss N. Mizumachi, Messen M. Uchida, 
1. Takemoto and Y. Tachibana. 

(S)-(t)-Sulcarol (S)-(-)-MTPA ester (8). This was prepared 
from (SF(+)-sulcatol (1) and (S)-(->MTPA-CI by the standard 
procedure.” 8 (60 MHz, CCL) 1.23 (3 H, d, J = 6 Hz), 156 (3 H, s), 
168 (3 H, s). 3.54 (3 H, s, -GMe); 6 (100 MHz, CCL) 1.24 (3 H, d, 
J = 6 Hz), I.58 (3 H, s), I.69 (3 H, s), 3.55 (3 H, s, -GMe); GLC 
(Column, 5% LAC-2R-446, I .5 m x 3 mm i.d. at 170“. Carrier Gas, 
N,. I.0 k&m?: Rt II.6 min. 

(R)-(-)k&ol (S)-(-)-MTPA esfer (8’). This showed the 
followinn arooerties: 8 (60 MHz. CCL) 1.34 (3 H. d. J = 6Hz). 140 
(3 H, s),i& i3 H, s), 3.57 (3 H, s, -GMe); 8‘(106MHz, CCC) 1.35 
(3 H, d, J = 6Hz). 1.51 (3 H, s), I66 (3 H, s), 3.58 (3 H, s, -GMe); 
GLC (Column, 5% LAC-2R-446, I.5 m x 3 mm i.d. at 170”, Carrier 
gas, N1, I .O kg/cm’): Rt I I .5 min. 

Acknowledgemenfs-I thank Prof. M. Matsui, the Dean, Faculty 
of Agriculture of this University, for encouragements. My thanks 
are due to Prof. J. H. Borden, Simon Fraser University, for 
arousing my interest in the sulcatol problem. Drs. Y. Komachiya 
and I. Ncda of Ajinomoto Co., Inc., Kawasaki, kindly gave me 
(S)-(t)-and(R)-(-~glutamicacids. IalsothankDr. K. Aizawaand 
hisassc&tes,thisDepartment,forMSfmdelemcntaIanalyses. 

RJ?IERENC!ES 

‘K. I. Byrne, A. A. Swigar, R. M. Silverstein, J. H. Borden and E. 
Stokkink, J. Insect Ph;siol. 20, 1895 (1974). 

‘K. Mori, Tetrahedron 30,4223 (1974). 
‘K. Mori, Ibid 31, 1381 (1975). 
‘P. A. Levene and A. Walti. 1. Biol. Chem. 68. 415 (1926). 
‘C. Egucbi and A. Kakuta,. Bull. Chem. Sot.. lap& 47, 1704 
(1974). 

6P. A. Levene, H. L. Haher and A. Walti, 1. Biol. Chem. 72,591 
(1927). 

‘P. A. Levene and H. L. Hailer, Ibid. 77, 555 (1928). 
OK. Takeda and H. Minato, Tetrahedron Letters (22). 33 (1960). 
‘r. Reschke, Ibid. 3435 (1%9). 
‘“J. A. Dale, D. L. Dull and H. S. Masher, J. Org. Chem. y, 2543 

(1%9). 
“J. A. Dale and H. S. Mosher, 1. Am. C/rem. Sot. 95,512 (1973). 


