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Abstract

An efficient synthesis of the title compouhdn both its enantiomeric forms has been developed starting from
(R)-citronellol. This involved the introduction of the required alkyl chain and the acidic component at the termini
of the starting chiron via judicious derivatization of its bifunctionality to provide the enantiomérslbie other
key features of the synthesis were: (i) use of easily accessible and inexpensive materials/reagents; (ii) operational
simplicity; and (iii) brevity. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

The role of antifungal molecules in disease suppression is of considerable importance and the screen-
ing of mycelial cultures of some biocontrol agents has led to the discovery of a great number of metabo-
lites with antimicrobial activity: In this context, the isolation of several compounds with antibiotic
activity from theSporothrixspecies is revealing. One of the members of the family Siflocculosais
known to be a potential antagorfidP against powdery mildew fungi and thus promises to be an efficient
biocontrol device. Very recently, Hajlaoui et%kuggested the involvement of extracellular diffusible
molecules for the disintegration of the h&tflocculosacytoplasm bySphaerotheca pannos&arlier,
several such organic compounds possessing wide spectrum anti-fungal and anti-bacterial activities were
isolated from the liquid culture oS. flocculosand otheiSporothrixspecies. Very recently, a structurally
similar but new compound viz. 6-methylheptadeEX@noic acid was isolated, which exhibited potent
anti-fungal activity agains€ladosporium cucumerinunntil now, no information is available about its
absolute configuration nor about the dependence of its bioactivity on the stereochemistry. This can be
attributed to its low natural abundance and can be resolved by synthesizing its enantiomers, correlating
their chiroptical data with those of the natural product and carrying out bioassays of the individual
isomers.
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Against the above background, it was imperative to formulate an efficient enantiospecific synthesis of
the antipodes of. Consequently, we developed an enantiospecific route for Bytha(d ©)-I starting
from (R)-citronellol 1 as described below. To the best of our knowledge, so far no synthdsieefbeen
reported in the literature.

2. Results and discussion

Synthesis offf)-1: For this, the alcohol was converte?ito the bromide2 and used for the alkylatidn
of 1-nonyne3 to give the hydrocarboA. Its reaction with 1.0 equiv. afrCPBA (metachloroperbenzoic
acid) at—78°C proceeded regioselectively at the olefinic site furnistin@his, on HlOg cleavage,
gave the aldehydé which was converted to the est@rvia Wittig—-Horner olefination with triethyl
phosphonoacetate. Its alkaline hydrolysis furnished the &cichich, on Na/NH reductiorf in the
presence of a proton donor, directly afforded the desi®@ea¢idl (Scheme 1).
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i) Ph3P.Bry/CH)Cly/pyridine, ii) LiC= C(CHp)6CH3 (3)/THF/HMPA/-78 ©C, iii) m-CPBA/CH;Cly/-78 OC, iv) HsIOg/THF/ether,
v) NaH/(EtO),P(O)CHyCOLEt, vi) Alcoholic KOH, vii) Na/NH3/EtOH/ether, viii) DHP/CHCly/PPTS, ix) O3/CH,Cly; Ph3P/-40 ©C,
x) Ph3P/CBrg/ TEA/CHCl», xi) EtMgBr/THF, xii) n-BuLi/ THF/HMPA/CH3(CH))gBr/-78 ©C, xiii) MeOH/PTS/A, xiv) n-BuLi/
HC=CCO,H (15¥ THF/HMPA/-78 OC.

Scheme 1.

Synthesis of)-1: The same alcohoR)-1 was pyranylatetito 9 which was converted to the ozonide
and subsequently reducd€dwith triphenylphosphine (TPP) to give the aldehyt This, on reaction
with CBr,—TPP! and subsequent treatment with EtMgBr, gave the alkynol derivativéts alkylation
with 1-bromoheptane gavk2, which on acid catalyzed deprotectfoto 13 followed by brominatiof
afforded14. Alkylation of propiolic acid1l5 with 14 furnished the acid 6 which was converted td5-I
as in the case of th&j-antipode.

The spectral data of both the enantiomers wfere commensurate with the repoftelues. For the
estimation of the enantiomeric purity of the starting chirBj{, it was oxidized with PDC (pyridinum
dichromate)/DMF and the resultant acid was subsequently reacted R)#phénylethylamine in the
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presence of DCC (1,3-dicyclohexyl carbodiimide) to give the corresponding diastereomeric amide. Its
GLC analysi$? (3% OV-17 column, 40 ml/min B) revealed its ee to be 94.3%. Since the subsequent
reactions were carried out under non-racemizing conditions and retain the chiral integRjyloftie ee

of both R)- and ©)-I should also be same. This was further confirmed by capillary GLC anaBex

120, 30 mx0.25 mm, split ratio 100:1, temp. prog. 100-200°C @ 4°C/min, 1 ml/min He) of the methyl
esters ofl, the ks being 16.8 and 15.7 mins, respectively, f@)-(and ©)-1. However, due to a lack of
available specific rotation data, the configuration for the natucalld not be established.

3. Experimental

All the boiling points are uncorrected. The IR spectra were scanned as thin films with a Perkin—Elmer
spectrophotometer model 837. Th& NMR spectra were recorded in CDGVith a Bruker AC-200 (200
MHz) instrument. The optical rotations were measured with a Jasco DIP 360 polarimeter. Anhydrous
reactions were carried out under Ar using freshly dried solvents. All the reactions except depyranylation
were carried out using dry solvents (THF, ether and HMPA dried over Na an€igldver ROs). The
organic extracts were dried over anhydrous8l&y.

3.1. R)-Citronellyl bromide2

To a stirred and cooled (0°C) solution of ##(15.74 g, 0.06 mol) in C4Cl, (80 ml) was dropwise
added Bs (10.0 ml, 0.055 mol, 5.5 M in CG). After 0.5 h, a mixture of the alcohoR}-1 (7.8 g, 0.05
mol) and pyridine (4.45 ml, 0.055 mol) in GBI, (20 ml) was added to the resulting white solid and
stirring continued at room temperature for 3 h. Most of the solvent was removed in vacuo and the residue
dissolved in hexane. The hexane extract was passed through a small pad (2 in.) of silica gel and the
eluent concentrated to furnish pu2eYield: 8.75 g (80%); bp: 108-110°C/10 mmHg]b?? —6.27 (c
4.5, CHCB); IR: 1480, 1380 cm?; 1H NMR: § 0.93 (d,J=7 Hz, 3H), 1.0-1.4 (m, 4H), 1.58 (s, 3H), 1.62
(s, 3H), 1.8-2.2 (m, 3H), 3.54 @=7 Hz, 2H), 5.06 (t)=6 Hz, 1H).

3.2. (R)-2,6-Dimethylheptadec-2-en-9-yde

To a stirred and cooled-25°C) solution of3 (2.5 g, 20.16 mmol) in THF (40 ml) was slowly injected
n-BuLi (12.5 ml, 20.06 mmol, 1.6 M in hexane). After 0.5 h, the mixture was cooleda8°C, HMPA
(hexamethylphosphoramide) (5.0 ml) was added and stirring continued for a further 15 min. The bromide
2 (4.0 g, 18.26 mmol) in THF (20 ml) was added and the mixture stirred for 3 h at the same temperature
and for 18 h at room temperature. It was poured into ice-cold water, the organic layer separated and the
aqueous portion was extracted with ether. The combined organic extract was thoroughly washed with
water and brine, and finally dried. The crude product was purified by column chromatography (silica gel,
hexane) to givet. Yield: 3.8 g (80%); x]p?? —1.23 (c 0.9, CHQ); IR: 2210, 1460, 1380 cnt; 1H
NMR: & 0.9 (merged d and t, 6H), 1.29 (br. s, 14H), 1.62 (s, 3H), 1.68 (s, 3H), 1.8-2.2 (m, 7H), 5.06 (t,
J=6 Hz, 1H). Anal. calcd for gH34: C 86.94, H 13.06; found: C 86.78, H 13.22.

3.3. (RS69)-2,6-Dimethyl-2-epoxyheptadec-9-yhie

To a cooled £78°C) and stirred solution @f(1.1 g, 4.2 mmol) in CHCI» (30 ml) was addedrCPBA
(1.6 g, 4.64 mmol, 50%) in portions. After stirring for 3 h at the same temperature, when there was no
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starting material left, the mixture was filtered and the precipitate washed with coldsCH{& combined
organic layer was washed successively with 10% aqueopS®awater, 10% aqueous N& O3, water

and brine, and dried. Removal of the solvent followed by chromatography of the product (silica gel,
0-5% ether:hexane) furnished pueYield: 1.0 g (86%); X]p?? —4.1 (c 1.1, CHQ); IR: 2210, 1480,
1380, 1200, 1120 cit; *H NMR: § 0.9-1.0 (d and t merged, 6H), 1.3 (br. s, 14H), 1.54 (s, 3H), 1.60 (s,
3H), 1.8-2.0 (m, 3H), 2.1-2.3 (m, 4H), 2.62 4.8 Hz, 1H).

3.4. (45)-4-Methylpentadec-7-ynd

To a cooled (0°C) and stirred solution 6f(1.0 g, 3.6 mmol) in THF:HO (2:1, 20 ml) was added
HslO06 (1.23 g, 5.39 mmol). After 3 h, ether was added to the mixture, the organic layer separated and
was worked up as detailed férto give pure6 after isolation and column chromatography (silica gel,
0-10% ether:hexane). Yield: 0.764 g (90%]§%? +5.31 (c 0.78, CHQ); IR: 2715, 2370, 1730 cnt;

IH NMR: § 0.9-1.0 (d and t merged, 6H), 1.32 (br. s, 14H), 1.8-2.1 (m, 5H), 2.2-2.3 (m, 2H), 9.78 (t,
J=1.5 Hz, 1H). Anal. calcd for gH2s0: C 81.29, H 11.94; found: C 81.48, H 12.15.

3.5. Ethyl (R)-6-Methylheptadec-@)-en-9-ynoater?

To a cooled (0°C) and stirred suspension of pentane-washed NaH (0.192 g, 4.0 mmol, 50% suspension
in oil) in THF (20 ml) was added triethyl phosphonoacetate (0.896 g, 4.0 mmol) in THF (10 ml). After
stirring for 0.5 h at the same temperature, compo@ifd.75 g, 3.18 mmol) in THF (10 ml) was added
to the reaction mixture and stirring was continued for 3 h at 0°C and at room temperature for 12 h.
The mixture was poured into ice-cold water, the organic layer separated and the aqueous portion was
extracted with ether. The combined organic extract was washed with water and brine, and dried. Removal
of the solvent followed by column chromatography (silica gel, 0-10% ether:hexane) of the crude product
furnished pure7. Yield: 0.593 g (61%); &]p?? —6.12 (c 2.94, CHG); IR: 1720, 1650, 985 cm'; *H
NMR: § 0.9-1.0 (d and t merged, 6H), 1.16 {6 Hz, 3H), 1.3 (br. s, 14H), 1.9-2.3 (m, 7H), 4.14 (q,

J=7 Hz, 2H), 5.89 (d,J=15.6 Hz, 1H), 6.91 (dt)=15.6, 6 Hz, 1H). Anal. calcd for £gH340,: C 78.38,
H 11.18; found: C 78.68, H 11.06.

3.6. (R)-6-Methylheptadec-@)-en-9-ynoic acid

A mixture of 7 (0.5 g, 1.6 mmol) and alcoholic KOH (2 N, 10 ml) was stirred at room temperature
for 4 h. Most of the solvent was removed in vacuo, the residue extracted with EtOAc, the organic
extract washed with water and brine, and dried. Concentration of the extract and preparative TLC and
chromatography (silica gel, 5% MeOH:CH{bf the product gave pur@ Yield: 0.304 g (67%); k]p?2
—-8.92 (c 1.3, CHGJ); IR: 3700-3500, 1710, 980 crh; IH NMR: § 0.9-1.0 (d and t merged, 6H),
1.3-1.6 (m containing a br. s at1.32, 14H), 1.9-2.3 (m, 7H), 5.90 (#:15.6 Hz, 1H), 6.91 (dt)=15.6,

6 Hz, 1H), 9.7 (br. s, PO exchangeable, 1H). Anal. calcd fordEl3002: C 77.65, H 10.86; found: C
77.88, H11.17.

3.7. (R)-6-Methylheptadec-)-enoic acidl
To a stirred solution o8 (0.28 g, 1.01 mmol) in a mixture of liquid Ng4(20 ml), EtOH (10 ml)

and ether (20 ml) was added Na metal (0.244 g, 10.6 mmol) in pieceZ&C. After 3 h, NH was
allowed to evaporate, and ice-cold water was added to the flask followed by ether. The organic layer was
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separated and discarded, the aqueous portion acidified with aqueous HCI (2 N) and extracted with ether.
The ether layer was washed with water and brine, and dried. Removal of the solvent and preparative
chromatography (silica gel, 5% MeOH:CHEave pure R)-1. Yield: 0.202 g (71%); &]p%* —5.0 (c

0.88, CHC}); IR: 3700-2500, 1720, 980 cmy;, *H NMR: § 0.9-1.0 (d and t merged, 6H), 1.32 (br. s,
19H), 1.9-2.2 (m, 4H), 2.34 (=6 Hz, 2H), 5.3-5.6 (m, 2H), 8.6 (br. s,D exchangeable, 1H). Anal.

calcd for GgH3405: C 76.54, H 12.13; found: C 76.81, H 12.37.

3.8. (R)-1-Tetrahydropyranyloxycitronell®

A mixture of 1 (2.0 g, 12.82 mmol), DHP (1.29 g, 15.36 mmol) and PPTS (pyridinipm
toluenesulphonate) (0.1 g) in GBI, (50 ml) was stirred at room temperature for 12 h. The reaction was
guenched with 10% aqueous NaHg;@e organic layer separated and the aqueous portion was extracted
with CHCIs. The combined organic extract was washed with water and brine, and dried. Removal of
solvent followed by column chromatography of the residue furnished @u¥eld: 2.8 g (91%); ]p22
+1.1 (c 2.0, CHGJ); IR: 1480, 1380, 880, 810 cm; *H NMR: § 0.9 (d,J=7 Hz, 3H), 1.0-1.4 (m, 4H),
1.5-1.7 (m, containing two s @ 1.58 and 1.62, 12H), 1.8-2.2 (m, 3H), 3.6-3.7 (m, 4H), 4.48 (br. s,
0.5H), 4.57 (br. s, 0.5H), 5.06 @=6 Hz, 1H). Anal. calcd for GH2g02: C 74.95, H 11.74; found: C
75.18, H 11.88.

3.9. (&R)-6-Tetrahydropyranyloxy-4-methylhexarid

Ozone was bubbled through a cooled78°C) solution ofd (2.7 g, 11.25 mmol) in ChLCl, (50 ml)
until saturation. The mixture was warmed to 0°C and excess ozone was removed by purging.with N
PhsP (4.43 g, 16.88 mmol) was added to the mixture and stirring was continued for 60 h. Most of the
solvent was removed in vacuo, the residue dissolved in hexane and the hexane solution cooled to 0°C.
The solution was filtered, the precipitated solid was washed with cold hexane and the organic extract was
concentrated. The residue obtained was given the same treatment thrice before purification by column
chromatography (silica gel, 0-15% EtOAc:hexane) to affidddYield: 2.05 g (85%); ]p% +3.4 (c 0.6,
CHCL); IR: 2710, 1720, 880, 810 cmd; *H NMR: § 0.9 (d,J=7 Hz, 3H), 1.4-1.8 (m, 11H), 2.1-2.3 (m,
2H), 3.6-3.8 (M, 4H), 4.51 (br. s, 0.5H), 4.55 (br. s, 0.5H), 9.78<1.5 Hz, 1H).

3.10. (R)-1-Tetrahydropyranyloxy-3-methylhept-6-yhe

To a cooled (0°C) and stirred solution of ##(6.36 g, 24.26 mmol) in C4Cl> (15 ml) was added
CBr4 (4.10 g, 12.39 mmol). The aldehyd@ (2.0 g, 9.35 mmol) in CKCl, (10 ml) was then introduced
into it at such a rate as to maintain the reaction temperatdf&fC. The mixture was again cooled to
0°C and triethylamine (TEA) (1.3 ml, 9.35 mmol) was added. It was stirred at the same temperature for
0.5 h, brought to room temperature and stirred for another hour. The mixture was poured into hexane (50
ml) and passed through a pad of Celite (2 in.), eluting with ether. The organic layer was concentrated in
vacuo, taken up in cold hexane and filtered. The filtrate on concentration gave the crude product which
was used as such for the next step.

To the ice-cooled and stirred solution of the above compound in THF (20 ml) was added EtMgBr
(18.7 mmol) [prepared from EtBr (2.04 g, 18.72 mmol) and Mg (0.545 g, 22.44 mmol) in THF (30 ml)].
The mixture was brought to room temperature and stirred for 12 h. It was poured into water, extracted
with ether and the organic extract was washed with water and brine, and dried. Removal of the solvent
and subsequent column chromatography (silica gel, 0-10% ether:hexand)lgatield: 1.37 g (70%);
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[x]p?? —5.09 (c 0.51, CHG); IR: 3340, 2230, 880, 810 cm; *H NMR: § 0.88 (d,J=7 Hz, 3H),
1.2-1.6 (m, 4H), 1.7-2.1 (m, 10H), 3.55-3.72 (m, 4H), 4.55 (br. s, 0.5H), 4.65 (br. s, 0.5H). Anal. calcd
for C13H220,: C 74.24, H 10.54; found: C 74.14, H 10.68.

3.11. (R)-3-Methyltetradec-6-yn-1-dl3

To a cooled £30°C) and stirred solution df1 (1.3 g, 6.19 mmol) in THF (30 ml) was addeeBuL.i
(4.1 ml, 6.56 mmol, 1.6 M in hexane). After stirring for 0.5 h, HMPA (2 ml) was added followed by
1-bromoheptane (1.33 g, 7.43 mmol) in THF (10 ml). The mixture was stirred at the same temperature
for 4 h and at room temperature overnight. It was poured into water, extracted with ether and the organic
extract was washed with water and brine, and dried. Removal of the solvent and subsequent column
chromatography (silica gel, 0-10% ether:hexane) deeYield: 1.49 g (78%); &]p?? +6.0 (c 1.18,
CHCL); IR: 1470, 1380, 880, 810 cm; 'H NMR: § 0.88 (t,J=7 Hz, 3H), 0.93 (dJ=7 Hz, 3H), 1.32
(br. s, 14H), 1.7-1.9 (m, 7H), 2.0-2.19 (m, 4H), 3.55-3.68 (m, 4H), 4.5 (br. s, 0.5H), 4.55 (br. s, 0.5H).
Anal. calcd for GoH360,: C 77.86, H 11.76; found: C 78.12, H 12.02.

A solution of 12 (1.49 g, 4.84 mmol) and PT$®-{oluenesulphonic acid) (0.05 g) in MeOH (30 ml)
was refluxed for 4 h, at which time there was no starting material left. Most of the solvent was removed
in vacuo, the residue was taken up in ether and the ether layer was washed successively with aqueous
10% NaHCQ, water and brine, and dried. Solvent removal followed by column chromatography of the
product (silica gel, 0-15% EtOAc:hexane) furnisi&dYield: 0.91 g (84%); ]p%? +3.0 (c 0.8, CHQ);
IR: 3440, 1480, 1380 cmt; 'H NMR: § 0.88 (t,J=7 Hz, 3H), 0.95 (d,]J=7 Hz, 3H), 1.29 (br. s, 14H),
1.9-2.2 (m, 5H), 2.84 (br. s,4® exchangeable, 1H), 3.68 §7 Hz, 2H). Anal. calcd for gH2s0: C
80.29, H 12.58; found: C 80.48, H 12.65.

3.12. (R)-1-Bromo-3-methyltetradec-6-yrigl

As described foR, bromination of13 (0.91 g, 4.06 mmol) with PP (1.28 g, 4.88 mmol), Br(0.82
ml, 4.51 mmol, 5.5 M solution in C@) and pyridine (0.36 ml, 4.47 mmol) gaid. Yield: 0.793 g (68%);
[&]p?? +4.62 (c 0.78, CHG); IR: 1480, 1380 cm'; 'H NMR: § 0.93 (d and t merged, 6H), 1.32 (br. s,
14H), 1.8-2.1 (m, 5H), 3.59 (=7 Hz, 2H).

3.13. (R)-6-Methylheptadeca-2,9-diynoic acld

As described fod 2, alkylation of15(0.29 g, 4.14 mmol) witli4 (0.79 g, 2.75 mmol) was carried out
at —78°C usingn-BuLi (5.16 ml, 8.26 mmol, 1.6 M in hexane) as the base in a mixture of THF (10 ml)
and HMPA (10 ml). The product obtained after work-up was purified by column chromatography (silica
gel, 0-5% MeOH:CHG) to give pure R)-16. Yield: 0.456 g (60%); &]p22 +5.3 (c 1.24, CHGJ); IR:
3700-3500, 1720, 1480 cri;, 'H NMR: § 0.9-1.0 (d and t merged, 6H), 1.32 (br. s, 14H), 1.9-2.2 (m,
5H), 2.34 (t,J=6 Hz, 2H), 8.6 (br. s, PO exchangeable, 1H). Anal. calcd fordEl2s0,: C 78.21, H
10.21; found: C 78.48, H 10.39.

3.14. (68)-6-Methylheptadec-®)-enoic acidl

Reduction of16 (0.41 g, 1.45 mmol) with Na metal (0.667 g, 29.0 mol) in a mixture ofsNBO
ml), EtOH (15 ml) and ether (35 ml) gav&)(l after purification by preparative TLC (silica gel, 5%
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MeOH:CHCEB). Yield: 0.289 g (71%); &]p?? +4.8 (c 0.95, CHGJ). The spectral data ofS|-l were
identical with those for its antipode.
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