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Abstract: The present report describes syntheses of the eight possible stereoisomers 
of 3,7-dirnethyl-2-pent01 1, and the carrcsponding acetates. The latter are 
components of the sex phmmtmc of the Neodiptin, Diptin ad Gifpiniu genera 
(Diptinidae)~ Synthetic intermed&s were prepamd ftom either chiral starting ma- 
terials or by asymmetric syntheses. The stercochcmical compositions of the 
isomeric diprionols were determined by using capillary gas chromatography on tan- 
dem column systems, some with chiral phase coatings. 

The pine sawfly Neodiprion sem$w (Geoffky, Diprionidae) is a Rest on Swts pine in the northern parts of Eu- 

rope, Asia and North America.’ A possible method fop controlling and monitoring populations of this species 

could be to utilize synthetic pheromone blends. For several years we have been studying both a synthetic approach 

to, and biological activities of potential cornportentS of, the sex pheromone of this inzct.*‘* Olfactory communi- 

cation in the diprionid sawflies was first noted by Coppel and coworkers, who, in 1960, reported that virgin fe- 

males of Diprion similis (Hartig) strongly attract conspecific malesP They subsequently isolated and identified 

diprionol 1 (3,7-dimtthyl-2-pentadccanol) from virgin females of three species of sawflies.lO*ll Based on the 

NMR-spectrum, the configurations of the carbons in the 2- and 3-positions of the isolated diprionol isomer were 

established as (2R*,3R+)-1 (also called erythro-1) . Field tests and electmphysiologicaI experiments have shown 

that males of several Neod@rion species are strongly attracted to the acetate of I, whereas some species of this 

genus, and the genus Diprion, prefer the propionak6*’ *-23 Of the eight possible stereoisomers of dipxionol 1, the 
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esters of one etythro-isomer SSS-1 are the preferred attractants for many ZVeodiprion species. 13-15.17.13 However, 

for some species of this genus, and for Diprion similis and Gilpiniafnrrerorum, one rhreo-isomer, SRR-lAc(or 

Pr) has been found to be the attractant, either alone or in combination with other stereoisomers, especially SSS- 

lAc(or Pr).16m2* An intriguing composition-activity relationship has been found for Neodiprion sertifir. Males 

of this species are attracted to SSS-1Ac. Moreover, it has been found that, at concentrations below 0.3 %, the 

compound SRR-1Ac synergixes the attraction of compound SSS-lAc, whereas at concentrations above 3 % it 

completely inhibits the attraction.6*‘7L’~ Whether other stereoisomers also can act as synergists or inhibitors is 

not yet established. 

Stereoisomers other than the 2S,3S,7S- and 2S.3R.7R-diprionyl esters have also been reported as attractants in 

various other diprionid species. 16J923 It has been suggested that species specificity in diprionid sawflies is 

based on different combinations of the isomers of dlprionyl acetate and/or the propionate.6’“*‘420 The eight 

stereoisomers. in the form of either propionate or acetate, can be combined in 65 535 ways, not including varia- 

tions in concentration. There are approximately 85 species of diprlonid sawflies known today, so there is ample 

room for species specificity, which is expected to be based on unique combinations of two or more stereoisomers 

or esters in well defined proportions. 

Several syntheses describing the preparation of racemic forms of diprionol have been reported.‘225-33 However, 

it is evident from the facts discussed above, that diprionyl esters of high stemoisomeric purities and of known com- 

positions ate needed, if reliable results am to be obtained from biological tests with the diprionid sawflies. Several 

research groups have synthesized a few stereoisomers of diprionol and its esters, singly or as mixtures, and with 

CH, CH3 

scheme 8: Li. EbO -200. b: 1) Et20, -80’. 2) H20. C: N2Hd. KOH. +lW - +210“. d: Acylation of 1. 
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varying de- of optical ~urity.~*‘~~~ The total synthesis of the principal active component in the pheromone 

of the pine sawflies, the acetate of the eryfhto-isomer (2!%3S,7S)-diprionol (S!S1) was chxibcd some yars ago 

by, among othcn, some of the authors of the present paper.3 Compound Sss-1 was obtained in a highly pure form 

in the 2- and 3-positions (rtimntcnt less than 0.05 %).4* However, inthc7-position amixtureof8646S and 

14 96 R was obtained, and this lower purity was, at the time, considered of little importance for the attraction of Ne- 

odiprion species.13*14 The NXUUC of this mat&al was used for field tests and elcctrophysiological studitx6 
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As pointed out above, when studying the response of Ntxxiipriion serr#er males to individual diprionyl acetate 

stereoisomers, lAc, even slight contamination by another stereoisomer, especially a three-isomer, may have se- 

rious consequences. Therefore, it is very important to have complete stercochemical control over all the synthetic 

intermediates used in the preparation of the diprionol isomers. To achieve this, both highly stereospecific synthetic 

transformations and efficient analytical techniques axe needed. The present investigation is an extension of our 

earlier work in this afrta and includes descriptions of the syntheses of each of the eight stmoisomcrs of diprionol 

1 and the gas chromatographic methods used for establishing their purities. 

Our approach to the synthesis of the eight diprionol isomers is shown in m (d, ref. 3). It is based on four 

chiral starting materials: the two enanti- of I-lithie2-rnethyldcca, obtained from the bromide enantiomers 

R-2 and S-2; and the ck-lactone enantiomers SS-3 and RR-3. From these, the four 2,3-eryrhru-isomers of 1 arc 

accessibk. It should be noted that the chiral centers in the precursors are located in positions which do not take 

part in the transformations leading to the formation of the four isomers of erychrudiprionol. Therefore, if the is* 

merit purities of the precursors are known, the ison&c purities of the products should also be known. 

A synthetic approach such as the one we used to acquire the two cis-lactonc enantiomcrs 3 (scheme_4 &, below) 

cannot be used to obtain the enantiomcrs of the corresponding aonr-lxtone. -fore, our method is not suited 

for direa preparation of the four rhreo-isomers of diprionol1~ 

However, the Mitsunobu reaction,42 which is known to proceed with complete inversion, provides a tool for 

stcrcosptcific preparation of the fke04somcrs from the erytiuo-isomers (schcmc). The analytical results 
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described below confkm that inversion was also complete in our experiments. Utilizing the synthetic procedures 

described above, all eight isomers of dip&no1 were prepared (Schtmc. 

The cis-lactone enantiomers were derived from the enantiomers of trans-epoxybutane RR-5 and SS-5, which 

were prepared from the enantiomers of 2,3-butanediol -4). The (2S,3S)-butanediol was obtained from 

commercial L-(+)-tamric acid3 and usually contained 0.05-0.5 % of the meso-dial, as determined by capillary gas 

chromatography. The concentration of the meso-form in the (2&3S)-epoxide obtained fkom such a sample was al- 
43 ways unchanged. No detectable amount of the (2R,3R)-epoxide was present, as judged from complexation 

-- 

S,S- or R,R- S,Ss- or R,R- 3S,4S- or 3R,4R- 

truns cis 

5 3 

&Jim& a,b: prcpluedaccording torcf?c: Na+ -CH(COOCH~,CH~OH,b*. d: KOH.CH-JOH/H~,AX.~:H~O+.~: pyridinc.Ax. 

capillary gas chromatography. Transformation to the lactone, as descrkk3 gave SS-3 containing no more than 

the expected amount of rra-Mont, considering the content of meso-epoxide in the starting epoxide (capillary 

GIL!). It is not likely that both centers in the epoxide should simultanu~sly invert ConQuration during the reac- 

tion. Therefore, the optical purity of the lactone should be the same as that of the epoxide. Furthermox~ the ab- 

sence of detectable amounts of the enantiomcr RR-3 in SS-3 was confkmcd by GLC-analysis of the amide 

fomcd when the latter was allowed to react with (S)-(+l-phenyl-l-ethylamine. ‘Ike (2R,3R)-epoxide RR-5 was 

obtained either from ~-(-)-tar&c acid or from commerci ally available (2R,3R)-butanediol. The RR-5 obtained 

from commercial diol contaiued around 2 % mesocpoxide and ~1 % (2$,3S)-epoxide, whereas material obtained 
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S-4 

scheme. Syntkis of the enantiomas of I-bxncKhWhyldaxnc 2. 0: LDA, THF, -80”. b: n-iodactam, -95”. 
c: 4M H$SO4, AA. d: crya fan xuonc with R-2-p&nyM~yiamiuc. e: LDA (2 as), ‘IHF -80”. fi (RI = nayI): 
MCI, -100”. g: 4M HCI (as). dioxaw (l:l), hx. h (R* = mUhy1): o-iockmtanc, -100”. i: ays& from axtom with 
S-2-phenylc~hylaminc. j: LiAllQ, &O. k: H@+. 1: T&l, ppidinc m: LiBr, acam, AX 

from tartaric acid was comparatively purer. Transformation to the (R,R)-lactone also gave a product which con- 

tained no more than the expected amount of rrans-lactonc. Analysis of the (S)-(-)-l-phcnylethylamide derivative 

showed that the lactone RR-3 contained less than 0.3 96 SS-3. 

Repeated chromatography on silica gel removed the small amount of nanr-lactone present in the enantiomers of 

cis-lactone 3, furnishing very pure lactoncs (SS-3 usually contained less than 0.05 96 puns-lactone and RR-3 

usually less than 0.4 96 Pans-lactone). 

The enantiomers of 1-bromo-2-methyldce 2 were obtained from the tosylates derived from the enantiomers 

of 2-methyI- ldecanol. which were produced by lithium aluminiumhydride xeduction of the corresponding 2- 

methyldecanoic acids (cf., below), according to our prrtviously used m~thod.~ Alternative methods for the asym- 

metric synthesis of the enantiomers of 2-methyl-ldecanol have been descxibed.47*48 The optical purities were 

determined by the NMR-spectra of the MTPA-esters of the alcohols, as described by some of us for various 2- 

methyl-l-akanols.3~~~ Since the methyl group is isolated from the reacting center, no change in optical purity 

should take place when proceeding from the alcohol to diprionol 1. 

The enantiomers of acid 4 were obtained by carrying out asymmetric synthesis (Schcmc. ‘Ike acid S-4 (60-75 

% ee) was prepared using either a chiral oxazoline or a prolinol daivative as chiral auxiliary, as previously has 
&., de&h,&s.u,4s.49 Th e enantiomer R4 (8(r87 % et) was obtained using the latter chiral auxiliary. 

Enhancement of the optical purity of either enanti~ of acid 4 was achieved by crystallization with the 

appropriate enantiomer of I-phenyl- l-cthylamine (6, ref. 44). Thus, samples of both, with optical purities over 

95 % ee, were obtained. 
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S-tmrrochmlcel compwltbnh%. 
w’mw 
amm RRS SRS RRR SRR SSR RSR 

>97.5 cO.05~ <0.05’) cO.05~ 0’) 0’) =2.+‘) 0’1 

Rss <o.o5Q >97.4 4.052) 041 0’) 0’) 0’1 -2.5') 

RRS 4.2”) &la’) >97.6 Co.1 2)1’ 12.09 0’) a” 0” 

SRS 4 42)‘13) _$j 2’) 4 4213) w97.0 0’) Q.0’1 0’) 0’1 
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-1 .55’ 0’1 0’) cO.Ols) 0” ..1).F AM.3 wO.lW) 

RSR 0’) ml ,511 0” 0” c0.s 0” cO.fl .9&l 

1) As isopropyl carbamatc rkrivativcs on three columns in series, CP-M-88, 
Carbowax (BP) and CP-XE-60-(S)-Vaiinc-(20_ phcnylcthylamide. 

2) On tan&n GC, Carhowax (BP) and CP-Sil-88. 
3) A3 benmaW on two CP-Sil-88 in series. 
4) Not &tccted ~0.01% 
5) Cakulakd from the related starting or product isomer from the Mitsamobu restian (Schtmtz).. 

Rnure (a) Separation of diasrenomeri c erythrolrhreo- diprionols on tandem GLC. carbowax (BP) (25 m, 0.26 mm I.D. df0.4 pm) 
and CP-Sil-88,2.5 m, 026 mm I.D. dy 021 pm). conditions: isothermal at 120°C for 5 min and then programmed to 160” at a rate of S’/ 
min. carrier gas Nz (10 psi), p= 12.3 cm/s). 

(bc) Enantiomex separation of rhte0 (h) and etyrhro (c) diprionols 89 isopqyl a&&mute derivatives on a CP-XE-6O-(S)-Valine-(S)- 
2-phenykthylamidc column (30 m, 0.23 mm I.D. dp 0.24 m). Conditions: isolhcnnal at 130” for 5 min and then programmed to 19oO at 
2*/min, carrier gas N2 (15 psi). crp 145 cm/s. 

(d) Enantiomer separation of 2&3R,7Rdiprionol as isopropyl carbamate derivative Columns: CP-Sil-88 (25 m, 025 mm I.D. dF 
0.21 w) and DB-Wax (BP) (30 m, 0.25 mm 1-D. dy 0.25) -ted to the &ii c&mn CP-XE&O-(S)-Valinc-(S)-2- 
phenykthylamkle (50 m, 0.23 mm I.D. dp 0.12 pm) wilh an universal Quick-seal splitter device. Conditions: isothermal at 130’ for 10 
min and progmrnmed to 19OT at a rate of 2”/min. carrier gas N2 (24.5 psi). 

(e) Scpamticm of the eight skrcoisonurs of diprionol as benzoatcs on tan&m columns. CP-Sil-88 (30 m, 0.15 mm I.D. df= 0.24 pm) 
and CP-U-88 (25 m, 0.26 mm I.D. dfl.21 pm). Conditions: isothcxmal at 14O*C. canicr gas Np (24.5 psi) 
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Purity of the various diprionols and their esters was detmmincd by capillary gas chromatography. The thrw/ 

eryrhro-ratios were detcImined by chromatography on two tandem coupled columns [first Carbowax (BD) and 

then Silar 88; see fig la]. The four r&u-isomers of diprionol weaz sqamted as isopropyl carbamates on a chiral 

column, CP-XE-60-(S)-valine-(S)-2phenylethylamide (see fig.lb).50 The i&c purity of the 7-positions of 

the three-isomers of diprionol could thus, for the first timt, be assessed analytically. This system also separated 

RRR-1 and RRS-1 from SSR- and SSS-1 as carbamatcs (see fig.lc). Unfortunately, when using this system, the 

erythro-isomers and some of the three-isomers gave overlapping peaks. However, separation could be improved 

by first separating the three- and erythro-isomers on a tandem system [first Silar 88 and then Carbowax (BD)] and 

then allowing them to pass through the CR-XE-@I-(S)-vahne-(S)-2-phenylethylamide column; analytical results 

for the natural inhibitor SRR-1 obtained on this three cohunn system are shown in fig. 16 As a complement to 

the chiraI column analysis, the four diastereon~ric racemates of the benzoates 1Bz were separated on a Silar 88 

system (see fig. le), which allowed assessmcnt of the purity in 7-position of the erythro-compounds, The com- 

bined analytical results are presented in Table 1, 

Experimental 

Moisture- and oxygen-sensitive reactions were carried out under argon. ‘H NMR spectra were recorded as CDCl, 

solutions, with TMS as internal standard. The standard GLC anaIyses were carried out using a 25 m x 0.32,mm 

I.D. capillary column coated with cross-linked SE-54, dt= 0.52 pm; carrier gas N,. Kiselgel60,230-400 mesh, 

was used for MPLC using hexane, withWan increasing concentration of ethyl acetate as eluent. Boiling points are 

uncorrected and given as air bath temperatures in a bulb to bulb (Kugelrohr) apparatus. 

Preparation of the immeric 3.7~dimethyl-2-pellradecmyl amam (Diprimyl acetates, 1Ac). All eight stew 

isomers of 3,7dimethyl-2-pentadecanyl acetate were obtained from the corresponding 3,7-dimethyl-2- 

pcntadecanol, using a previously described n~thod.~ Spectroscopic and physical data are summarized in Table 2. 

(2&3S,7S)-3,7-Dim.edsy1-2-pemdecam1 (Diprimwl, SSS-1). This compound was prepared from (3S,4S) -(-)-cis- 

dimethyl-(y)-butyrolactone (SS-3) and (S)-l-bromo-2methyldeca (S-2), as previously descrikd3 (2R,33R,7S)-, 

(2R,3R,7R)-, (2S,3S,7R)-3,7-dimethyl-2-pentadecmol were obtaimd in a similar manner, starting from the appm- 

priate combinations of RR-3 or SS3 and S-2 or R-2. Spectroscopic and physical data are presented in Table 3. 

(2R,3S,7S)-3,7-Dimethyl-2-pentu&canyl benware (RSS-1Bz). (2S,3&7S )-3,7-Diiethyl-2-pentadecanol (SSS-1) 

(1.09 g, 4.3 mmol), triphenylphosphine (2.37 g, 9.2 mmol), benzoic acid (1.06 g, 8.7 mmol) and 25 ml dry THF 

were stirred at - lO*C under argon. Diethyl azodicarboxylate (156 g, 9.0 nunol) was added (1 min). The solution was 

stirred 2h and stored over night at +p C, after which it was quenched with MeOH and poured into hexane. The 

hexane layer was separated from the solid, and the solid was then trituratc~I with boiling hexane. The combintd or- 

ganic extracts were concentrated, leaving a residue (2 g), which was chromatogxaphed and distilled (bulb to bulb, 

bath temp. 21O“C/0.37 mm) to give MS-1Bz (1.09 g, 3.01 mmol, 70 %). Reparation of (2SJR,7R)-, (2R,3S,7R)-, 

and (2SJR,7S)-3,7-dimethyL-2-penmdecmyl benwate proceeded in the same manner, starting from (2R,3R,7R)-, 

(2S,3S,7R)- and (2R,3R,7S)diprionol+ respectively. Spcctrosu@c and physical data are shown in Table 4. 
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+7.6 (c l.z)ltj7+6.97 (c 1.4) 
Ik”+6.3 (c 4.10) 

+7.1 (c 0.8) liis+6.08 (neat] 

-6.7 (c 1.4) 11%.16 (neat) 

+8.2 (c 1.4) rit.=+s.39 (c 4.9) 

-8.3 (c 1.4) 

1 A407 

1.4409 

1.4411 

1.4411 

60.83 (3l-k d, J- 6.3 Hz), 0.87 (3H. t, J- 6.3 Hz), 
0.86 (3H. d, J- 6.7 Hz), 1.15 (3H, d, J- 6.4 Hz). 
125 (21H, broad), 1.56-1.72 (1H. m), 
2.02 (3H, s), 4.82 (lH, q of d, J- 4.8 and 8.4I-l~) 

aa (855)-l AC 

60.83(3H .dJ- 6.3 Hz), 0.86 (3H, d, J = 6.6 Hz), 
0.87 (3H, t, J- 62 Hz), 1.12 (3H, d,J- 6.4 Hz). 
125 (21H. hoed). 1.80-1.78 (1H .m), 202 
(3H, s), 4.80 (1 H,q of d,J I 5.5 mnd 6.4 Hz) 

OI (F&s)-1 Au 

1.4410 

1.4406 

1.4410 

60.83(3H, d,J-6.2H.z). 0.87(3Hf.J16,3Hz), 
0.66 (3H, d,J-6.6 Hz), 1.15 (3H, d. J- 6.4 Hz), 
1.25 (21H, broad). 1.56-1.72 (lH, m), 2.02 
(3H, s), 4.82 (1H. q of d, J- 4.9 and 6.4 Hz) 

as (RRS)-fAc 

6 0.63(3H,d, J-6.3Hz).0.86(3H,d, Jr6_48Hz), 
0.67 (3H. t. J- 6.4 Hz), 1.12 (3H, d, J-6.4 
1.25 (21H broad), 1.60-1.76 (1H. m). 

Hz), 

2.02(3H, s), 4.7Q(lH,qofd, J-5.4antf-6.4Ht) 

as (sRs)-1Ac 

(ZR,3S,7S)-3,7-Dimethyl-2-pentudecu?wZ @W-l). (2R,3S,7S)-3,7-Dimethyl-2-~ntadecanyl knzoate (RSS-1Bz) 

(0.32 g, 0.88 mmol) was s&cd with dry diethyl ether (7 ml) at room temperature and under argon. Lithium alumi- 

niumhydride (4 ml, 3 M in diethyl ether) was added. After stirring (2h), the solution was carefully acidified with 2 

M HCl and extracted with hexane. The organic layer was washed with NaHCO+at.), dried (MgS04) and the sol- 

vent was evaporated off to give an oil (0.28 g), which was chromatographcd and distilled (bulb to bulb, bath temp. 

130 ‘c/o. 12 mm) to give RSS-l(O.21 g 0.82 mmol, 93 %). Preparation of (2R,3S,7R)-, (2SdR,7S)- and (2&3R,7R)- 

3,7-dimethyl-2-pentudecunol was carried out in the same manner, starting from the (2R,3S,7R)-, (2S,3R,7S)- and 

(2S,3R,7R)-bcnzoate, rcspcctively. Spectroscopic and physical data are shown in Table 3. 

(3S,4S)-(-)-cis-Dimethyl-(~-blcryrolaccone (SS-3). This compound was synthesized from (2S,3S)-(+)-tartaric acid 

according to the method of Bystim et aL3 The synthesis yielded SS-3 (5.7 g), which was shown to contain less 

then 0.07 46 trans-isomers by GLC. [a]=, -S4.8° fo.3’ (neat) Fit.3: -54.9’ (neat)]. n20D= 1.4376 fo.ooO2. The 

tH NMR spectrum (200 MHz) was identical to that found in the literature.3 

(3R,4R)-(+)-cis-Dimethyl-(y)-butyroluctone (RR-3) This was synthesized from commercially available (2R,3R) - 

(+)-butane-2,3diol viu (2R,3R)-qoxybutane, in the same manner as that described for lactone SS-3 .3 The epox- 

ide was of > 99 8 cc and usually contained <2 % meso-epoxide by GLC (qT , below). The lactone RR-3 was made in 

two batches A and B. A contained less then 0.4 % truns-isomers by GLC and was used to prepare RRR-1 and the 

RRS-1 sample used for the preparation of SF&l. [a]25D+55.30 M.3’ (neat). n20D= 1.4374fo.0002. Batch B con- 

tained less then 0.06 % tranr-isomers by GLC, and was obtained from the fist by flash chromatography (silica gel 

gradient elution with hexanekthyl acetate) and used for the preparation of RRS-1. [a]25D+52.60k0.3 (neat). n20D= 

1.4372 fo.0002. ‘H NMR spectra of A and B (200 MHz) were identical with that of the (3S,4S)-lactone (SS-3). 
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.99.9 -11.60 lks’ 
wt.= 

-10.4 (c 3.7, hexane) 1.4512 6 0.65 (3H ,d. J I 6.3 k), 0.67 (3H. t, J - 6.5 Hz) 
-9.66 liLa 0.69 d, J= 6.5 1.15 d, J- 6.4 Hz), -11.5 

(c 
0.79. 

hexane) 
1.21 (3H, 1.26 Hz), (3H, 

(lH, a), (22H, kped), 
3.71 (lH,qofd.J~4.0and-6.4Hz) 

A6.0 

>99.3 

>99.9 

+l 1 SO IIt.= +9.72 1.4513 

+13.04 m.= +lO.77 1.4513 

-13.05 tit.= -11.10 1.4513 

= o-1 

m ww-1 

60.84(3H,d,J-6.3Ht),0.88(3H,tJ-6.4~), 
0.69 (3&l, d, J- 6.6 Hz), 1.15 (3H. d. J- 6.4 Hz), 
1.26 (22H ,bn&), 1.31 (1 H, s), 
3.70(1 H. q ol d, J -4.0 and - 6.4 Hz) 

RSS B99.9 -15.50 1.4513 60.65 (3H, d, J I 5.5 Hz), 0.87 (3H. d, Jr 62 Hz), 
0.66 (3H ,t, J-5.4 Hz). 1.12 (3H, d. J-6.3 Hz), 
1.26 (22H, broad), 1.31 (1H ,s), 
3.66 (lH, q of d,J-5.2 and - 6.3 Hz) 

SRR W99.0 +15.11 tks7+16.03(c52, twane) 1.4512 
tka +14.9 (c 3.33, howarn) 

as (Rss)-1 

RSR 

w99.7 

w99.4 

+16.07 ks7 +16.36 (c 3.5, hexane) 1.4512 a8 (RsR)-1 

-16.33 1.4512 60_64(3H,d, J-5.8Hz),0.87(3H,d, J-6.4l-h). 
0.66 (3H, t, J= 5.9 Hz), 1.12 (3H. d, J= 6.3 Hz), 
1.26 (22H , brad). 1.32 (1 H, s) 
3.66 (lH, q of d. A5.1 and - 6.3 Hz) 

(S,S)- md (RP)-3,4-oimethyr4-hydroxrbrctyrict~i~-~~o~b~~c I -phenyiethyfmide. The (S)-(-)- 1-phcnylethylamine recovmd af- 

ter five recrystallization of the acid R4 (d, below) was further recrystallised as the acid salt of G(+)-tartaric acid 

(d, ref. 51). The free amine thus obtained was optically pure [uJz,,0.60 (neat). (Lit: [aJz~ -4O.6* (neat))5’ 

This amine (SO mg) was mixed with the lactone Ss-3 (20 mg) and heated in a sealed tube under Ar for 24 h at 

14@. The resulting oil was dissolved in ether. The solution was shaken with dilute hydrochloric acid to remove 

excess amine, dried and concentrated to give a colourless, viscous syrup. *H NMR (6OMHz, CDC$): 6 0.85 (3H, 

RSS B99.8 -29.3 fo.l (neat) 
-30.3 fo.5 (c 0.2, hexane) 

1.4630 60.64 (3H, d, J- 6.3 Hz) 0.88 (3H. J- 6.3 Hz), t, 
0_97(3H,d, J-6.8Hz), l-05-1.54(24H, broad), 
1.751.92(1H.m),5.06(1H.qofd, J-5.4and 
=6,3Hz). 7.40-7.55 (3H ,m), 8.02-8.07 (ZH,m) 

SRR 

RSR 

SRS 

>97 

B99.4 

r98 

+28.6 fo.5 (c 0.3, haxane) 1.4832 

-27.7 iO.5 (c 0.3, hexane) 1 A624 

+282 M.1 (Mel) 1.4850 

as (R!ss)-162 

as (sRS)-162 

60.64 (3H ,d, J= 62 Hz), 0.88 (3H. J- 6.2 Hz). t, 
0.97(3H,d, J-&6Hz), l-06-1.50(24H,m).1.75- 
1.93 (lH, m), 5.07 (3H, q of d. J-5.3 and - 6.4 
Hz), 7.33-7.54 (3H, m), 6.01-6.08 (%I, m) 
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d), 1.10 (3H. d), 1.42 (3H, d) 1.8-2.8 [4H (reduced to 3H on shaking with DzO)] 3.3-3.8 (U-I, m) 4.8-5.2 (lH, m) 

5.8 (lH,broad) 7.15 (5H, s). When subjected to the same conditions, the lactone RR-3 gave similar results. The 

amide from racemic lactone 3 gave rise to two GLC peaks (iso 20@‘, ret+ time 16.2 min and 16.9 min. Crossl. 

SW, d, =0.52pm, I.D. 0.32 mm, 25 m, carrier gas Nz’ 1.7 ml/min). The amide from lactone SS-3 gave rise to a 

single peak at ret. time 16.2 min and was thus optically pure. The amide from the lactonc tnantiomer RR-3 gave rise 

to two peaks in the ratio 0.3 / 99.7 and was thus of 99.4 96 ee. After the present work was completed, a gas chro 

matographic method for the simultaneous separation of all four stereoisomers of the lactone 3 was publishcd.52 

(S)-l-Promo-2-merhylc~.(S-2). This was synthesized according to the method of BysWm et al? from (S)-(-)- 

2-methyldecan-l-ok (S)-1-Bromo-2-methyldecant was made in two batches A and B. A was shown to be at least 

98 % pure by GLC and should be of >97 % ee (i.e. the same 46 ee as that of starting alcohol batch used) . 

[aJ25D+0.36c kO.03’ (neat), PD, 1.4577 fo.ooO2. This batch was used to prepare (2R,3R,7S)dimethyl-2- 

pcntadecanol (RRS-1). According to GLC the batch B was 98 % pure of >95 % ec (i.e. the % ee of the alcohol 

batch used) and was used for the preparation of SSS-1. [a]‘D +0.27 fo.03’ (neat). naoD= 1.4580 fo.ooO2. The ‘H 

NMR spectrum (60 MHz) was identical with that described in the literature.3 

(RI-I-Bromo-2-methykdecune (R-2). This was prepamd according to the literature3 from (R)-(+)-2-methyl-l- 

decanol and gave R-2 of s7 % cc (the same 8 ee as that of starting alcohol batch used) and shown to be chemi- 

cally pure by GLC. [a]25,,-0.310 fo.03’ (neat). nmD= 1.4574 fo.ooO2. The ‘H NMR spectrum (60 MHz) was 

identical with that described in the literature.3 

(S)-(-)-2-Methyl-l-decanol. This was prepared fi-om (S)-Zmethyldecanoic acid (S-4) using a methcxi previously de- 

s~ribed.~ (S)-2-Methyl-ldecanol was made in two batches A and B. Batch A (4.40 g) was ~99.8 96 chemically 

pure by GLC and of M 96 ec @dging from the ‘H NMR spectrum (200 MHZ) of its ester with (-)-MTPA]? 

[a]25,-9.640 fo.03’ (neat) [Lit.47 (R-ale) +lO.@ (c 4 CH$I.,$]. nmD= 1.4389 kMKKl2. Batch A was used in the 

preparation of (2R,3R,7S)-methyl-2-pentadecanol, RRS-1. Batch B, used for the pmparation of SSS-1, was at least 

99.9 % pure by GLC and of Z95 46 cc uudg-ing from ‘H NMR-spectrum (20 MHz) of the ester from (+)-MTPA-Cl 

and (S)-methyldecan-l-011, [a]mD-9.540 fo.03’ (neat). nmD= 1.4391 fo.ooO2. The ‘H NMR spectrum (60 MHz) 

was identical with that described in the literature.3 

(R)-(+)-2-Methyl-l-decanof. This was prepared from (R)-2methyldecanoic acid (R-4) using the previously de- 

scribed methods3 (R)-2-Methyldecan-l-o1 7.7 g was at least 99.9 % pure by GLC and of 2 97 96 ee uudging from 

the ‘H NMR spectrum (200 h0Iz) of its ester with (+)MTPA]. [a]25r,+9.880 fo.03’ (neat). n20D= 1.4392 

fo.ooO2. The ‘H NMR spectrum (60 MHZ) was identical with that described in the literature.3 

(S)-2-Methyldecanoic acid (S4). This was synthesized as descrikd,M and crystallized with (R)-(+)-l-phen- 

ylethyhmine. (S)-2-Methyldecanoic acid S-4 was made in two batches A and B. A was pure (GLC). [aJ251.,+15.20 

lto.3’ (neat), corresponding to approximately 98 % ee [Lit.:3 +15.5’(neat)]. “20D= 1.4373 fo.ooO2 and the other 

batch B was pure by GLC [a]w ,+14.W fo.03’ (neat), corresponding to approximately 94 % et PD= 1.4371 

fo.WO2. ‘H NMR (200 MHz) : 6 0.88 (3H, t, J=6.4 Hz), 1.18 (3H, d, J=6.9 Hz), 1.27 (12H, broad), 1.38-1.54 

(lH, m), 1.58-1.89(1H, m), 2.37-2.58 (lH, m), 11.50 (lH, s). 
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(I?)-244erhyi&c~i acid (R-4). This was synthesized as dcscrikd by Guoqiang et aLU and further purified by 

crystallization with (S)-(-)-a-phenylethylamine as described44 The (R)-2-mcthy&canoic acid obta&l was pure 

judging by GLC. [a]25,- lS.@ fo.03O (neat), responding to approximately 100 96 ee nmD= 1.4365 iO.0002. 

The ‘H NMR-specaum (200 MHz) was identical with that for (S)-2-methylduxnoic acid (6, above). 

Formarion of derivatives for CapiIkiuy Gus Chromatography. The isopropyl carbamates of the diprionol isomers 

were prepared from diprionol(500 ng) dissolved in dichloromethane (100 fl). Isopropyl isocyanate (30 fil) was 

added, and the mixture heated (1 h, 10%). The solvent was evaporated by purging with dry nitrogen, The resi- 

due was dissolved dichloromethane (200 fl). Aliquots from his solution (1 p.l) were injected?3 The benzoates of 

diprionol isomers were prepared, in dry pyridine (1 ml), from diprionol(l0 mg) and benzoyl chloxide (5 drops). 

After heating to the boiling point, methanol (5 drops) was added, the pyridine was evaporated off, and the residue 

chromatographed. The benzoate obtained after evaporation of the solvent was dissolved in dichloromethane (5ng/ 

pi) and analyzed. 

Analysis of diprionyl derivazives using Capillary Gas Chromatography. Gas chromatographic analyses were per- 

formed on a Hewlett Packard 5880 gas chromatograph, equipped with a FlD detector and a N/P detector. The 

separation of diastercomeric eryrlvolrlueodiprionols was performed without derivatization, using tandem col- 

umns. Carbowax column [(BP), 25 m ,0.25 mm I.D., dt=0.4pm] and CP-Sil-88 column 125 m, 0.26 mm I.D., 

d+.21 pm] were joined together with a Quick-seal column connector. For enantiomeric separation of the eight 

isopropyl car&mate derivatives, three columns were connected in series. Fit a CP-Sil-88 column [25 m, 0.26 

mm I.D., dt.=0.21 pm] was coupled to a DB-Wax column [(BP), 30 m, 0.25 mm I.D., d+.25prn] with a Quick- 

seal column connector. This tandem system was then coupled to a chiral CP-XE-60-(S)-Va.line-(S)-Zphenylethyl- 

amideSO [50 m, 0.23 mm I.D., dfl.12 pm (Chrompack)], with a universal Quick-seal splitter device (Chrom- 

pack). This Y-shaped glass splitter makes it possible to increase the gas pressure so as to obtain a correct gas flow 

through the last column. The diprionyl benzoates were analyzed on a tandem system, with a CP-Sil-88 column [30 

m, 0.15 mm I.D., d9.24 pm] connected to another CP-Sil-88 column [25 m, 0.26 mm I.D., d+.21 ~1 with a 

Quick-seal connector. AU rcsu1t.s are summarized in Table 1. 
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