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Abstract: The chiral syntheses of some analogues, 2 - 7, of 3,7-dimethyl-2-pentadecauol, 1 (diprionol), and 
of the conespouding acetates are described Ihe acetate of 1 is the main attractant in the sex pheromoue of 
the Neodiprion genus (Diprionidae). Compounds 2 - 4 were identified as minor components isolated from 
females of Neodip&n s&i@-. Synthetic lutermediates were prepared either from chiral starting materials, 
via asymmetric syntheses, or by baker’s yeast reductions. 

The pine sawfly Neodiprion sertifer, Geoffrey (Diprionidae) is a pest on Scats pine in the northern parts of Eu- 
rope, Asia and North America. A possible method for controlling and monitoring populations of this insect could 
be to utilize mixtures of synthetic pheromone components or analogues thereof. For some years we and others 
have been studying both synthetic approaches to, and biological activities of potential components of the sex 
pheromone of this insect, which uses 3.7~dimethyl-2-pentecyl acetate, lAc (diprionyl acetate) as main attrac- 
tant. ‘-’ The syntheses of the eight possible stereoisomers of 1Ac in high stereochemical purities were recently 
described.g Biological studies both in the field and in the laboratory have established that erythro-(2&3S,7S)- 
diprionyl acetate (SSS-1Ac) (Figure 1) is the main attractant in Neodiprion sertifer whereas one three-isomer, 
SRR-lAc, acts as an inhibitor of the former even at a very low concentration (Z0.5%).‘@12 Another threo- 

isomer, SRS-IAc, can also function as an inhibitor, but a much higher concentration (-50%) is requk.d.12 In re- 
lated genera the three-isomer, SRR-lF’r, has been identified as the attractant for example in Diprion similis. l3 

We have recently isolated some active minor pheromone components after acetylation of extracts from biologi- 
cal material and have suggested the structures 2Ac, 3Ac and 4Ac for these, or less likely other diastereomers, 
by electroantennography (EAG) in parallel with gas chromatography and mass spectrometry (GLC-MS).‘4 
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Figure 1.1: R = H; 1Ac: R = COCH,; lpr: R = Cc)C2~5 
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Figure 2.2-T R = H. 27Ac: R = COCH3. 

Acetylation of the extracts is necessary since the correspondmg inactive alcohols 14 are the compounds isolat- 
ed from body extracts, whereas the active esters are not found in this material. 

We have also demonstrated that in Neodiption sertiifer different receptor cells respond to SSS-1Ac and SRR- 
1Ac.15 How this stereochemical differentiation works is an intriguing problem. In order to clarify the effects of 
such subtle structural variation on the biological activity, it is necessary to have some closely related analogues 
of the active compounds available for biological tests. 

We now report the syntheses of the diprionyl acetate analogues 27 (Figure 2) and the probable identity of com- 
pounds SSS-2. SSS-3 and SSS4 with the minor components recently isolated14 from biological material. 

Except for the analogue 7 (vide infra), we used a synthetic approach similar to that used by us previously.2Pg 
This consisted of the attack of a chiral alkyllithium on a chiral lactone, followed by Huang-Minlon reduction of 
the ketoalcohol produced, to furnish the desired diprionol analogue, which was then acetylated as shown in 
Scheme 1. 

The chiral-2-methyl-1-alkyllithiums were prepared from the corresponding (S)-1-bromo-2-methylalkanes 8, 
which were in turn prepared from the Q-alcohols via standard methods. The ($I-alcohol 10 (n = 2) was ob- 
tained by asymmetric synthesis (see Scheme 2) as has been described previously.2g The Q-alcohol 10 (n = 0) 
was prepared using a method developed by some of us. 16 2-Methyl-3-(5methyl-2-thiophene)propenal, on bak- 
er’s yeast reduction furnished (S)-2-methyl-3-(5-methyl-2-thiophene)propanol in 94% ee. Treatment of this 
product with Raney nickel gave the saturated (s)-alcohol 10 (n = 0) in 87% ee. A slight variation of this meth- 
odte was used for the ureuaration of (S)-alcohols 10 (n = 1 and 3). 2-Methyl-3-(2-thiophene)propenal gave (S)- 

8 
OH 

0 ‘*R2 “cr + CH,(CH&TA - CH,(CH?) 
* R3 

9a: RZ= R3=CH3 8: ;:rb,m 

9b: R’=CH,R,=H 
/ Q 

9c: R2 = H. R3= CH, OR 

Scheme 1. a: Li, Ebo, -20 T. b: 1) Et20. -8oT. 2) H,O. c: N2H4, KOH, +I00 - +210 Oc. d: Ac20. pyridine. 
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n= 1.3 

Q 
I 

Scheme 2. Synbesis of the (b’)-1-bromo-2-methylalkaues 8. a: L.DA, THF, -80 Oc. b: l-kbctaw, -95 “c. E: 
4M H2S04, Ax. d: Cryst from acetom with (R)-2qbenylethylamine. e: LiAlH4, %O. fz H30+. g: TsCl, pyridine. 

h: Liir, acetone, Ax. i: Baker’s yeast, 72 h 33%. j: CH3(CH2)n_lCOCl, SnC14, CH2Clz, 0 “c, 14 90-94%. L: 
NzHb KOH, diethylene glycol 180 “C, 1 b. 210 ‘C, 2h, 87-915. I : Raney nickel /Ha, methanol, 76-77%. 

2-methyl-3-(2-thiophene)propanol in over 98% ee with baker’s yeast reduction. The latter compound was acy- 
lated according to FriedelCrafts and the product was subjected to Huang-Minlon reduction followed by Raney 
nickel treatment to give the desired @)-alcohols 10 (n = 1 and 3) in >93% ee (for experimental details see ref.16). 

As depicted in Scheme 3, the synthetic intermediates for the parts of the diprionol analogues containing the al- 
cohol group, the lactones of type 9, were prepared either from chiral epoxides (9a and 9b) or from a chiral fer- 
mentation product (SC). (3S,4S)-(-)-cis-Dimethyl-ybutyrolactone 9a was prepared from optically pure (2&3s)- 
epoxybutane as described by us,’ and (S)-4-methyl-y-butyrolactone 9b in the same way from commercial (S)- 
epoxypropane of 95% ee. Baker’s yeast fermentation of 2-methyl-3-(2-furyl)propenal gave (n-2-methyl-3-(2- 
ftuyl)propanol, which on ozonisation furnished (S)-3-methyl-y-butyrolactone 9c in 99% ee as described by one 
of us in collaboration with an Italian group.17 
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Scheme 3. a: 1) Na+ -CH(COOCH3)Z, CH30H, Ax. 2) NaHC03 (aqI. b: wet DMSO, Lick AX. 
c: Baker’s yeast. d: 1) Ozone, CH& 2) H202. HCOOH. 
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The analogue 7, lacking the methyl group in position 7, was prepared by treating the lithium cuprate prepared 
from bromododecane, lithium and cuprous iodide with (2&3S)-epoxybutane (Scheme 4. Cf. Mori’s method for 
diprionol synthesis18). 

OR 
CuLi + 

w CH3 

7 CH, 

Scheme 4. a: Et,O, -50 T 

The N-isopropylcarbamates of compounds 2,3 and 4 were prepared and subjected to capillary GLC on a tan- 
dem column including a chiral column of the K&rig type using the method that we described previously.g This 
method cleanly separated the rhreo- from the erythru-isomers. The four individual three-isomers of diprionol 1 
were also separated, whereas only two peaks were obtained from the four erythro-isomers, one from 2S,3S,7S- 
and 2&3S,7R-1, the other from 2R,3R,7S- and 2R.3R.7R-1. In the present work we found that the retention 
times of the N-isopropylcarbamates of the minor components responsible for the EAG-activities observed (after 
acetylation of the natural extract), had the same retention times as the synthetic carbamates. Therefore. the con- 
figuration of the natural components should be 2S,3S-, and neither 2R,3R-, 2S,3R- nor 2R,3S-. The configura- 
tion in the 7-position could in theory be 7R- but this seems less likely, since 2S,3S,7R-1 has neither been iso- 
lated from natural material nor is its acetate active in Neodiprion semyer. Syntheses of all possible pairs of 
2S,3S-isomers of alcohols 2 - 4 am probably needed to confirm the structural assignments. 

We are at present studying the biological activities of the acetates 2 - 7Ac in Neudiption sertifer. The results 
will be discussed in a forthcoming paper. 

Commercially available chemicals were used as received, unless otherwise stated. Dry diethyl ether (LiAlH& 
pyridine (CaI-I2), DMSO (CaH2), and acetone (Na;?CO$ were distilled from the indicated drying agents. Reac- 
tions sensitive to moisture and/or oxygen were carried out under argon. Preparative liquid chromatography was 
performed on straight phase silica gel (Merck 60,230-400 mesh, 0.040 - 0.063 mm, 10 - 5Og/g of mixture) us- 
ing the gradient elution technique described in ref.lg with an increasing concentration of distilled ethyl acetate 
in distilled hexane. Thin layer chromatography (TLC) was performed on silica gel plates (Merck 60, pre-coated 
aluminium foil) using ethyl acetate (20 or 40 8) in hexane as an eluent, and developed by means of ultraviolet 
irradiation and/or by spraying with vanillin in sulfuric acid and heating at 120 T. Unless otherwise stated, 
GLC analyses were carried out using a capillary column (Hewlett-Packard, crosslinked 5% phenylmethylsili- 
cone, SESctype, 22 m x 0.31 mm I.D., d, = 0.52 urn, carrier gas N2 (IO psi), split ratio l/20). Melting and boil- 
ing points are uncorrected and the latter are, unless otherwise stated, given as air bath temperatures (bath 
temp./mmHg) in a bulb to bulb (Bttchi GKR-51) apparatus. Optical rotations were measured either neat in a 1 
cm cell or in solution in a 1 dm cell using a Perkin Elmer 241 polarimeter. Il7 spectra were recorded neat be- 
tween NaCl plates using a Perkin Elmer 782 infrared spectrometer. NMR spectra were recorded with tetra- 
methylsilane as internal standard using either a Jeol PMX6OSI (60MHz ‘H) or a Bruker AM400 (400 MHz ‘H 
and 376 MHz “F) spectrometer. Elemental analyses were carried out by Mikrokemi, Uppsala, Sweden. 

Preparation of the diprionyl acetate analogues 2-7Ac. All six analogues of diprionyl acetate were obtained on 
a 10 mg scale from the corresponding alcohols, using the method described in ref.2 They were analysed by cap- 
illary GLC and were all obtained in >98.5% chemical purity. 

(2S,3S, 7S)-3,7-Dimethyl-2-tridecanol 2. Using the method described below for 5, compound 2 was prepared 
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from (3&4S)-(-)-cis-dimethyl-ybutyrolactone (9a, 0.12 g, 1.1 mmol) ~99.9% ee and Q-1-bromo-2- 
methyloctane (S-8, n = 0, 0.25 g, 1.21 mmol, >87% ee). Bulb to bulb distillation gave the tridecanol2 (0.07 g, 
0.3 mmol, 27%). Anal. calcd for C,,H@ C 78.9%. H:14.1%. Found: C 78.9%. H 14.1%. Physical data are 
presented in Table 1. 

(2S,3S,7S)-3,7-Dimethyl-2-tetradecanol3 and (2$3S.7S)-3,7-dimethyl-2-hexadecarwl 4 were prepared in the 
same way, starting with the same lactone 9a >99.9% ee (0.11 g, 0.96 mmol) and either Q-1-bromo-2- 
methylnonane (S-8, n = 1.0.26 g, 1.2 mmol, >93.8% ee) or (S)-1-bromo-2-methylundecane (S-8, n = 3.0.26 g, 
1.0 mmol. >93.2% ee) respectively. Bulb to bulb distillation gave the tetradecanol3, (0.10 g, 0.40 mmol, 42%), 
(Anal. calcd for Ct6H340: C 79.3%. H 14.1%. Found: C 79.98, H 14.3%) or 0.07 g (0.30 mmol, 31% ) of hex- 
adecanol4 (Anal. calcd for C18H380: C 80.0%, H 14.2%. Found: C 80.4%, H 14.2%), respectively. Physical 
data for the title compounds see Table 1. 

f2S,7S)-7-Methyl-2-pentcanol 5. This compound was prepared from (SJ-(-)-4-methyl-y-butyrolactone (9b, 
95.0% ee) and (S)-1-bromo-2-methyldecane (S-8, n = 2) of >97% ee, using the method previously described for 
diprionol.2Vg The alkyllithium (2.9 mmol) was formed from the bromide S-8 (0.90 g, 3.8 mmol) and lithium 
(0.10 g, 14 mmol, 3% Na, freshly cut under Ar) in dry diethyl ether (10 ml) at -20 ‘C for 2h and then added to 
the lactone (0.26 g, 2.6 mmol) in dry diethyl ether at -80 ‘C. ‘Ihe solution was then stirred for 2 h before it was 
quenched with water. The slurry was allowed to reach ambient temperature, the organic phase was separated 
and the water phase was extracted with diethyl ether. The combined organic phase was washed with brine, 
dried (MgS04) and concentrated in vacua. Flash chromatography of the residue gave the expected ketoalcohol 
(0.32 g, 1.4 mmol, 54% based on the lactone), which was dissolved in diethylene glycol containing KOH (0.34 
g. 6.0 mmol) and hydra&e (0.38 ml, 8.0 mmol) and the mixture was slowly heated to 180 ‘C and maintained 
there for lh, after which it was slowly heated to 210 ‘C and maintained there for 2 h. After cooling, dilution 
with water, and diethyl ether extractions, the pooled organic extract was washed with water and dried (MgSOJ. 
Solvent evaporation gave an oil, which was subjected to flash chromatography followed by bulb to bulb distil- 
lation to give the desired alcohol 5 (0.26 g, 1.1 mmol, 42% based on the lactone). Anal. calcd for Ct6H@z C 
79.3%, H 14.1%. Found: C 79.1%, H 13.9%. For physical and spectral data see Table 1. 

(2S,6S)-2,6-Dimethyl-1-retradecanol 6. This compound was prepared from (.Q-(-)-3-methyl-y-butyrolactone 
(SC) (0.15 g, 1.5 mmol, >98.6% ee, prepared according to ref.l’) and Q-1-bromo-2-methyldecane (S-8, n = 2) 
(0.52 g, 2.2 mmol) ~97% ee using the same procedure as that described above. Yield of the tetradecanol6 0.17 g, 
(0.7 mmol, 47%). Anal. calcd for C,,H& C 79.3%, H 14.1%. Found: C 79.256, H 14.2%. For physical data 
see Table 1. 

(2S,3S)-3-Methyl-2-pemzdecanol7. 1-Bromododecane (2.0 g, 8.0 mmol) and lithium (0.11 g, 16 mmol, 3% 
Na, freshly cut under Ar) in dry diethyl ether (20 ml) was stirred at -20 “C for 2h and then purified cuprous io- 
dide (0.76 g, 4.0 mmol) was added. The mixture was cooled to -50 ‘C and (2S,Js)-epoxybutane (0.29 g, 4.0 
mmol, >99.9% ee, synthesized from (2S,3s)-(+)-tartaric acid as described by Bystrom et al21 was added. After 
stirring for lh the mixture was allowed to reach 0 “C and the reaction was quenched with satd ammonium chlo- 
ride solution. Extraction with diethyl ether, drying (MgSOJ and flash chromatography gave the expected alco- 
hol after bulb to bulb distillation, (0.29 g, 1.2 mmol, 30% based on the epoxide). Anal. calcd for C,,H,O: C 
79.3%. H 14.1%. Found: C 79.29, H 14.1%. For physical data see Table 1. 

(S)-I-Bromo-2-methykmane 8 (n = 0). (S)-2-Methyl-1-octanol was prepared as described in ref.16 The alco- 
hol 10 (n = 0). (0.3g, 2.1 mmol, 87% ee) was dissolved in dry pyridine (5 ml) and stirred at 0 ‘C. p- 
Toluenesulfonyl chloride (0.52 g, 2.7 mmol) was added in one portion and the mixture was stirred overnight at 
0 “C, after which it was poured into ice-water (10 ml, mixed with 6 M HCl, 5 ml). The resulting mixture was 
extracted with diethyl ether, washed (NaHC03, aq satd. and brine), and dried (MgSO& The organic solvent 
was evaporated to give an oil, which was dissolved in dry acetone (2 ml) and then added to a solution of dried 
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Table 1 

soo.1 -14.2 (c t.0) Qwo.07 1 A465 60.84(3H.d,J=5.6 Hz). 0.67(3H,t&6.7 Hz), 
0.86(3H,d,L6.7 Hz), 1.15(3H,d,.M.4 Hz), 
l&Z-1.46(lQH,m),3.70(1H,dofq,L4.2and 
6.4 Hz) 

six-3 >I)%.6 -13.5 (c t .O) 100/0.07 1.4501 60.64(3H,d,J6.5 Hz), 0.87(3H,t,A6.9 Hz), 
0.68(3H,d,M.7 Hz), t.l5(3H,d,A6.4 Hz), 
t.02-1.47(21H,mf, 3.70(1H,d of q&4.2 and 
6.4 Hz) 

SSS-4 a96.5 -12.1 (0 0.8) 130/0.07 1.4520 80.64(3H,d,h6.6 Hz), 0.6a(3H,t,.@,a Hz), 
0.88(3H,d,&6.S Hz), 1.15(3H,d,.k=6.4 Hz), 
l.~-1.46(2~,m), 1.55(lH,b~ s), 
3.7ltlH.d of q&4.2 and 6.4 Hz) 

SS-5 >oe.e +6.7 (c 1‘3) 1 tO/o.07 t .4460 60.E3(3H,t,L6.5 Hz), O.S7(3H, d&6.@ Hz), 
l.t7(3H,d,L6.2 Hz), 1.0~1.60(24H,m), 
3.76(1 H,wxtat,oC.B.l Hz) 

a.QO.2 - 8.0 (c t .2) 140m.3 1.4503 6 0.64(3H,d,k6.5 Hz), 0.86(3H,t,J=6.8 Hz), 
O.Ql@H,d, L6.7 Hz) t.02-1.40(22H,m), 1.55- 
l.BS(lH,m), 3.4l(lH, d of d, klO.5 and 
6.6Hz), 3.5O(lH d of d, 510.5 and 5.6liz) 

ti6.6 -13.2 (c 1.0) 105/0.07 (mp. 3030.5 “C) SO.87 (3H.da.8 Hz), 0.87(3H,t,A6.6 Hz), 
t.f3(3H,d.L6&&). 1.07-1.44(24H,m), 
3.6@( t H, d of q L4.2 and = 6.4 Hz) 

(130 “C) lithium bromide (0.63 g, 7.3 mmol) in dry acetone (5 ml). The mixture was refluxed overnight. After 
dilution with water, extraction with pentane, washing with water, drying (MgSO$, solvent ev~mtion and 
flash c~omato~hy, followed by bulb to bulb distillation (60 W2 mm Hg), the bromide 8 (n = 0) was ob- 
taincd in 70% yield (0.30 g, 1.4 mmol) and 95% chemical purity (contaminant: about 5% of the corresponding 
chloride). The identity of the bromide was checked by 60 MHz ‘H NMR and the bromide was then used with- 
out further characterisation. 

(S)-I-Bromo-2-methylnomme 8 fn = 1) and (S)-I-bromo-2-mthylundecane 8 (n = 3) were prepared in the same 
way, star& with (S)-2-methyl-1-nonanolt6 10 (n = l), (0.25 g, 1.6 mm01 93.8% ee) or (S)-2-methyl-l- 
undecanoli6 10 (n = 3), (0.23 g, 1.24 mmol93.2% ee), respectively. The products were distilled, bulb to bulb 
(70 T/3 mm Hg, 0.27 g, 1.2 mmol, 75%) or (95 T/3 mm Hg, 0.26 g, 1.1 mmol, 89%), respectively. The iden- 
tities of the bromides were checked by 60 MHz ‘H NMR and these were men used without further purification 
or ch~c~~~tion. 

(3$4S)-(-)-cis-l)imethyGycbutyrolactone @a). Sodium (15 g, 0.652 mol) was dissolved in dry methanol (750 
ml), the solution was cooled to 0 *C and distilled dimethyl malonate (76 ml, 0.65 mol) in dry methanol (100 
ml) was added dropwise, after which the solution was refluxed for 0.5 h. (2S,3&epoxybutane, prepared ac- 
cording to literature2~g (8.58 g, 0.119 mol) was dissolved in dry methanol (40 ml) and added to the stirred solu- 
tion of the anion of diiethyl malonate at room temperature, After stirring overnight the mixture was heated at 
50 ‘C for 8h and then refluxed overnight. Quenching with acetic acid (37 ml). was followed by evaporation of 
the solvent to dryness. The residue was taken up in water (200 ml) then extracted with diethyl ether and the sol- 
vent evaporated off to give an oil, which contained the lactone ester and dimethyl malonate. The major portion 
of the dimethyl malonate was fractionally distilled off. The remaining mixture was d~~b~oxyla~d as de- 



Sex pheromone of pine sawflies 3145 

scribed by Krapcho et al. 20 Thus, it was mfluxed for 3.5 h in DMSO I water (96 / 4, v / v, 150 ml) containing 
lithium chloride (24.0 g, 0.560 mol). Dilution with brine, followed by extraction with CH&$, washing with 
brine and drying (MgSO4). furnished an oil which was flash chromatographed and distilled (bulb to bulb 70 
“C/2 mm Hg) to give the lactone 9a (8.15 g, 71.5 mmol. 60%) with >99.9% ee (by GLC as amide, cf below) 
and containing less than 0.04% trans-lactone (by GLC). Spectroscopic and physical data were identical with 
those described.2 

(4S)-(-J-Methyl-ybutyrolactone (9b). This compound was prepared using the method described above for 9a 
but starting from commercial (S)-epoxybutane of ~95.0% ee. This furnished an oil which was flash chromato- 
graged and distilled, (86 OC/llmm Hg);p give the lactone 9b, ~95.0% ee (by GLC as amide, cf below). 
[al -36.8’ fo.1” (c 1.8, CH2C12) [Ltt : -29.6“ (c 1.29 CI-L$l& Lit. 
and &T3: -36.8’ (c 1.44, Cl-l&)]. n2’ 

22 (R)-isomer: +31.4“ (c 1, CH2C12) 
D 1.4376 fo.0002. The ‘H NMR spectrum (60 MHz) was identical 

with that described.21 

(3S)-(-)-Methyl-ybutyrolactone @c).This compound was prepared as described in ref.l7 which furnished the 
lactone 9c with >98.6% ee (by GLC as amide acetate, cf. below). Spectroscopic and physical data were identi- 
cal with those described earlier.16>17*a*25 

Analyses of the enantiomeric excesses of the lactones 9 via their amides formed from (S)-1 -phenylethylamine. 
The ring-opened hydroxyamides were prepared as described in ref.’ from the lactones 9a, 9b and 9c, i.e. the 
lactone (~10 mg) and optically pure Q-1-phenylethylamine (~50 mg) were placed in a test tube, which was 
sealed under vacuum and heated for 24 h at 14O’C. The viscous oil formed was taken up in diethyl ether, 
washed with aqueous hydrochloric acid, and dried (MgS04). The hydroxyamide prepared from lactone 9c was 
esterified using acetic anhydride in pyridine2, ’ III order to enhance the resolution of the diastereomeric peaks 
when analysing as below. The solutions of the hydroxyamides and the acetoxyamide were analysed for enantio- 
merit excess (% ee) by GLC: Column: J 8zW DB-WAX (carbowax 20 M. 30 m x 0.32 mm I.D., d, = 0.25 pm). 
Conditions: Isothermal 200 “C for the hydroxyamides and 210 “C for the acetoxyamide, carrier gas He(15 psi), 
split ratio l/30. 9a-hydroxyamide retention times: SSS(major): 26.65 min.; SRR (minor): 27.69 min. (99.9% 
ee). Bb-hydroxyamide, retention times: SS (major): 26.67 min.; SR (minor): 27.02 min. (95.0% ee). 9c- 
acetoxyamide, retention times: SS (major): 32.92 min.; SR (minor): 33.24 min. (98.6% ee). 
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