
Te~rroludronVol.42.No.21,~.5901 lo 5904, 1986 
PnntcdinGrca~ B&am. 

oo4@4Xo/ss S3.oof.00 
Q 1986Pergamon JoumalsL~I. 

SYNTHESIS OF BOTH ME ENtWTIOKRS OF 7-ETHYL-5-METHYL-6.&DIDXA- 

BICYCLO~3.2.1loCT-3-ENE. THE HIS nsMllus (IWSE WSE) fWEKMM+ 

KKNJI MOFU* and YOUNG-BAE SEU 

lkp?bment of Agricultural Cbermstry, The Unlverslty of 'lbkyo, 
Yayol l-l-l, Bunkyo-ku, Tokyo 113, Japan 

(Received in Japan 5 Augusr 1986) 

Abstract -- Both the enantxmers of the @vxomone of the male mOuse Mus musculus, 
~-7-ethyl-5-methyl-6,8+uxab~yclo[3.2.lloct-3-ene, were synthesized from the 
-tlomers of tartax acA 

In 1984 Novotny and his coworkers isolated a volatile pheromone from urine of the male 

mouse of the species Mus musculus. 1,2 When this compound was combined with another 

uniquely male mouse compound, 2-set-butyl-4,5_dihydrothiazole, _ the mixture was an aggrega- 

tion-promoting principle of the adult male mouse.'r2 The structure of the pheromone was 

shown to be ~-?-ethyl-5-methyl-6,8-dioxabicyclo[3.2.lloct-3-ene 1, and confirmed by a 

synthesis of its racemate.' Incidentally, (iI-1 had al ready been synthesized in 1977 by 

Chaguin et al. as an intermediate for the synthesis of the racemate of exo-brevicomin 2, a -- - 
bark beetle pheromone.3 Three additional syntheses of (iI-1 were reported since 1984.4-6 

Herein we report a synthesis of both the enantiomers of the mouse pheromone 1.' The 

starting materials were the enantiomers of tartaric acid 3 which had been used as early as 

in 1974 for the first synthesis of the enantiomers of exo-brevicomin 2. 8 - 
Our synthesis as shown in the Scheme employed an alkene 5 as an intermediate. The 

alkene 5 was prepared from a tosylate 4, and used in our latest synthesis of exo- - 
brevicomin 2.' The tosylate 4, in turn, was prepared from (2&3R)-(+)-tartaric acid 3." 

The Wacker oxidation" of 5 with PdC12-CuC12 in DMF in the presence of NaHC03 gave 6 in 84 

% yield. When 1,2_dimethoxyethane was used as the solvent in this reaction in the absence 

of NaHCU 3, E-brevicomin 2 was the product. So as to ensure the good yield of 6 without 

formation of 2 as the by-product, the presence of NaHC03 was necessary even with DMF as 

the solvent. The ketone 6 was then converted, by treatment with Me3SiC1 and Et3N in hot 

DMF l2 into a mixture of silyl enol ethers 7 and 8, I the former having been the major 

product. Addition of the mixture of 7 and 8 to PhSeCl and C5H5N in CH2C1213 yielded a 

mixture of 9 and 10. This was purified by Si02 chromatography to give pure phenylseleno 

ketone 9 in 70 % yield from 6. Treatment of 9 with p-TsOH.in wet ether gave 11 in 96 % 

yield as a stereoisomeric mixture at C-4. Finally oxidation of 11 with m-chloroperbenzoic 

acid (MCPBA) in CH2C12 gave (1~3,5&7S)-l, [ali +91.5' (CHC13), in 48 % yield.4 The 

t Pheromone Synthesis -- %. Part 95, K. twori and Ii, Kisida, lw.r.ah&rcm in pess. Ihe experimental part of this work 
was taken fmm the forthaming doctoral dissertation of Y.-B. S. 
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overall yield of (lS,SlX,7S)-1 from 5 was 27 % in five steps. Similarly, (lR,5&7R)-l', 

Lag -90.s” (cHCIJ), was synthesized from (2S,3S)-tartaric acid 2' via 11'. The overall - 
yield of 1' from 5' was 21 % in five steps. The IR, 'H NMR and mass spectra of 1 and 1' 

were in accord with the reported data.'v315 In the course of the syntheses (5-l and 5' 

+l'), there was no step which might have caused racemization. The enantiomeric purity 

of 1 and 1’ was therefore thought to be -100 % e.e. Our E-brevicomin enantiomers, which 

were also synthesized from 5 and S', were of 99.8 % e-e.' 

In summary, both the enantiomers of the mouse pheromone were synthesized. Their 

biological activity will be studied in due course. 



Synthesis of both the enantiomers of the house mouse pheromone 5903 

AllhP were uncorrected. IR spectra were measur& as films on a Ja80 IRA-102 spxtrometer. 1H NMR spectra were 

recorded with THS as an internal standard at60 MHz cna Hitaciai R-24A 8 pectmneteroratQ00NHzalaJDO&JNNFx-400 

spectrometer. 13cNNR spectra were recorded withwas a" interrral standard at25 MHz on a JDXJNN FX-100 spectrometer. 
Optical rotatiansweremeasur~onaJascoO~140polarimeter.(RD spectra were measuredonaJaacoJ-ZOC spectropolarime- 

ter. Mass speara were recorded on a JRX. Lx-303 spectrometer at 70 ev. F\lji Gel BW-820 NH was used for SiO2 column 

dtogr&Y. 

4-Ethyl-2,2dimethyl-5-(4-oxopsratyl)-l,3-dioxolane 6. (a) (rlS,$_)-Isomer: wC12 (60 * pxity, 050 g, 1.7 mmol), 0X12 

(1.68 g, 12.5 mmol) a& m3 VU0 q) were addd to d vigorcusly stirred sol" of 4 (I.76 g, 8.9 mmol) in OHF (50 ml) at 

r-corn temp After 24 h, 48 h ard 72 h (at intervals of 24 h) additional same amants of WC12 (050 g), CUZl2 cl.68 9) and 
NaHZ.33 (0.53 g) were added 3 times. l?az stirring was continued for 2U h at room temp 'Be mixture was parred into sat 

W4Cl aq and extracted with ether. ?he ether sol" was washed with sat -3 aq, water and brine, dried (MgsO4) and 

mncentrated in va(luo to give 1.93 g of cnde oiL mis was pxifid by SiO2 chromatography followed by distillation to -- 
give 1.60 g (84 0) of 6, b.p.89-92'/5 Torrr "d3 1.4304; [alb9 -22.9' (c-1.5, CHC13); urnax 1720 (s), 1370 (s), 1240 (6). 

1170 (s), 1105 (s) cm-', 6 (CC14) 0.95 (3H. t, J=7 Hz) , 1.27 (6H. s), 1.3-1.9 (6H. m), 2.02 (3H. s), 2.15-2.55 (ZH, m), 

3.2-3.6 (2H. bra); (Found: C, 66.70; H, 10.06. Calc for C12HZ203: C, 67.25; H, 10.35 0). (b) (4&55)-Isomer: I" the 

same manner as described above, 5' (1.94 g, 7.0 mmol) gave 1.71 g (81 %) of 6', b.p.. 84-86'/3.5 Torrr "J4 1.4310; [cxI~~ 

+22.50 (c=l.O, cHC13). me IR and 1~ NNR spesctra of 6' were identioal with those of 6. 

4-~yl-2,2~imethyl-5-~4-trimethylsilyloxy-3-pentenyl~-l,3-dioxolane 7 contaminated with a small amount of 8. (a) ----------- 
(rlS.SS)-Isomer: ti a soln of He3SiCl G5ml. 12 mmol) and Et3N (3.3 ml, 24mmol) in 15 ml of DHF was added 087 9 (4.0 mmol) 

of 6 at 45" and the mixture was heated under reflux. After 24 h HegSiCl (l.5 ml) and !Zt3N (3.3 mUwere added l?w?n after 
48 h same amounts of MejSiCl (1.5 ml) ard Et3N (3.3 ml) were added and the refluxing and stirring were continued for 12 h. 

After cmling, the mixture was diluted with E-pe"tane ard washed with cold sat -3 aq (x 2). ?he organic layer was 

washed rapidly with cold lN-IX1 aq and cold Naq aq, dried tMgZXl4) and concentrated in va- to give l.45 g of crude -- 
mixture of silyl ether 7 ard terminal olefin silyl ether S. 'Ihis was employed directly in the next step A" araalytical 

sample was obtained by Sip, chromatcgrqhy and distillation. &p 93-102'/4 'burr dl 1.4374; [a161 -36.1° (cz1.l. mp); 

vmax 1680 (ml, 1265 cm), 1255 (~1, llS0 (m), 1105 (m) cm-l; 6 (@X4) 0.18 (9H. S), 0.97 (3H. t, J=7 Hz), 1.36 (6H, s), 1.73 

(3H. s), 1.25-2.4 (6H, m), 3.58 (2H. bra), 3.9-4.6 (1H. m). (Found: C, 62.44; H, 10.28. Calc for C15H3003Si: C, 62.88~ 

H, 10.56%). (b) (4$5!)-Isomer: In the same manner as discribed above, 1.50 g (7.0 mmol) of 6' gave 2.10 g of crude 

mixture of silyl ethers 7' and 8'. lhis was employed dxrectly in the next step 

4-Ethyl-2,2dimethyl-5-~4-oxo-3-~henylselenopentyl~-1,3dioxolane 9. (a) f4~,5S)-Isomer: PhSeCl (0.96 g, 5 mmol) was 

dissolved in 70 ml of CH2C12 under Af and cooled to 0". TO that sol" was added 0.40 g (5 mmol) of pyridine. After 

stirrlng for 30 min. 155 g of the crude mixture of 7 and E in Oi2C12 (IO mi) was added and the mixture was sLirred for 2 h 

at 50. 'Ihen the mixture was diluted with cH2C12 and washed with sat Cu.934 aq, water, sat NakKO3 aq and brine, dried 

(HgS04) and concentrated in va- to give 1.8 g of crude oil. This was plrifled by Si02 (500 g) duomatcqra~y. Elution 

with benzene-ether gave a small amount (160 mg) of 10 and 1.05 g (70 0 from 6) of pm 9.r I$~ 152561 lc11~~ +26.5' (c=l.3. 

CHC13)r urnax 1705 (5). 1580 ("1, 1440 (m), 1380 cm), 1370 (ml, 1240 cm), 1170 (m), 1105 cm), 740 (s), 695 (ml cm-l; b 

(CC14) 0.93 (3~, t, 5-7 Hz), 1.28 (6H. ~1, 1.1-2.1 (6H. ml, 2.20 OH, s), 3.1-3.8 (3H. m), 7.0-7.6 (5H, ml. (Found: C, 
58.51; H, 7.12. Calc for ClSH2603Se: C, 58.53; H, 7.11 0). (b) (4R_.5!)-Isomer: In the same manner as discribed above, 

2.10 g of the mixture of silyl ethers, 6' and 7'. gave 390 mg of 10' and 1.59 g (62 $ from 6') of pxe 9'. d35 1.5251; 

[ala3e5 +15.8' (~1.3, CHCl3)rAlthcqh the [al, value of 9' is xxxnsistent with that of 9, this was thaqht to be due to 
the difference in the lsomeric ratio at C-3. Btnrd: C, 5851; H, 7.17. Calc for Cl8H2603S.z: C, 5853; H, 7.11 0). Ihe 
IR and 1~ NNR spectra of 9 were almost identical with those of P 

excr7-Ethyl-5-methyl-4-~~ylseleno6.8dilo~32~l~ne 11. (a) (1&4Rs.~7~)-Isomer: p-'lKH HP (380 mq) and 
2-3 drops of water were added to a stirred soIn of 9 (790 mg, 214 mm011 in ether (8 ml) at - temp After stirring for 

3 h, the mixture was diluted with ether. 'I& ether sol" was washed with sat N&KD3 aq, water and brine, dried (WgS34) arxl 

concentrated in ~a- to give 637 mg (96 0) of 11. "a3 1.5540; tolls3 -86.8' (~1.6, cHc13); umax 1580 (ml, 1380 (m), 1235 

cm), 1185 (ml, 1170 (s), 1025 (~1, 995 cm), 965 (s), 870 (ml, 855 (s), 740 (~1, 690 (m) cm-18 6 (CCl4) 0.89 (3H. t, J=7 

HZ), 1.63 and 1.51 (total 3H. each 61, 1.1-2.5 (6H, ml, 3.05 (1H. m), 3.6-3.9 (1H. m), 4.0 (1H. br.s), 7.0-7.3 (3H. ml, 

7.3-7.7 (2H. m). (Found: C, 57.58; Ii, 6.53. Calc for C15H2002Se: C, 57.88~ H, 6.49 a). (b) (lR,4~,5~,7R)-Isomer: In 

the same m-r as discrihed a!xve. 1.37 g (3.71 mmol) of 9' gave 1.15 g (99%) of ll', "64 1.5554; r&~ -90 (c=LS, 

CHCl3). (Found: C, 57.99; H, 6.51. Calc for C15H2002Se: C, 57.88, H, 6.49 0). The IR and ‘H NMR spectra of 11' were 
almost identical with those of ll. 

exo-7-Ethyl-5-methyl-6,8dioxabiqclo[3.2.llcct-3-ene 1. (a) (1?,5&72)-Isomer: Ib a sol" of 11 (610 mg, 1.96 mmol) in 15 
ml of dry a-12C12 was slowly added 445 mg (80 B plrity, 2.06 mmol) of HBSA at 20'. After stirring for 3 h at this temp. 

the mixture was washed with 10 0 Na2SJ3 aq, sat N&G33 aq (x 2) and brine, dried (HgS34) and concentrated under atm mess. 
?he residue was pxified by SiO2 chromatcqrafiy and distillation to give 145 mg (48 b) of 1, hp 90-920/52 mrr; "84 
1.4472; 1111i4 +91.5O (c=l.O, Owll3)r ORD &0.02, fi-penta"e, 25°C) ["16M) +250, [aID +250, Irrl~ +275, Ialqg, +330, la1400 

+400, [a1350 +520, lalj20 +7CKJ, la13~ +820, (012~ +1ooO, [a1260 +12601 vmax Xl60 ("1, 2980 cm), 2950 (m), 1640 (w), 1460 

("1, 1425 (ml, 1395 (m), 1380 (ml, 1345 (w), 1315 (w), 1255 (s), 1200 (s), 1185 cm), 1150 cm), 1130 cm), 1115 (ml, 1090 
(ml, 1065 cm), 1045 (~1, 1025 cm), 1019 (5). 1005 (ml, 965 (s), 925 (w), 905 (9). 885 ("1, 860 (~1, 845 (ml, 775 cm), 760 
(w), 710 cm) cm-l , 6 (400 "HZ, CDC13) 0.94 (3H, t, J=7.5 Hz), 1.53 (3H, s), 1.55-1.65 (2H. m), 1.85 (1H. dddd, J=17.9, 4.2, 
1.8, 1.1 Hz), 2.65 (IH, dddd, J=l7.9, 4.2, 2.3, 2.3 Hz), 3.79 (1H. td, J-6.3, 1.8 Hz), 4.24 (1H. dddd, Jc4.2, 1.8, 1.8, 1.1 
Hz), 5.71 (1H. dddd, J-9.5, 4.2, 2.3, 1.8 Hz), 5.82 (lti, ddd, J-9.5, 2.3, I.8 HZ); 13C NMR 6 (CDc13) 9.78, 22.08, 27.49, 

32.07, 77.10, 81.97, 102.49, 124.28, 132.03~ C&Z (Column, 5 s FFAP, 2 m x 4 mm at 10D-2CO"(+2.50/min~~ Carrier gas, N2, 
LO kg/cm2): Rt 9.2 min (100 a)); (Fax& m/z 15d.0915. Calc for C&402: 154.0994). MS: m/f 155 (M++l, 2 a), 154 CM+, 
17 \I, 125 (40 t), 112 (21 a), 111 (100 0). 97 (25 t), 96 (38 %), 95 (50 a), 94 (19 t), 93 (15 8). 87 I12 \I, 85 (34 B), 83 

(57 9). 81 (32 0). 79 (12 a), 71 (15 a), 69 121 9). 68 (23 8). 67 (18 *), 57 (71 t), 55 (19 a), 53 (15 t). (b) (1&52,7R)- 
1s0m.X: In the same m-r as discribed akove, 280 mg (a90 mmol) of 11' gave 58 mg (42 $1 of 1'. hp 75-%0'/20 mrr; 
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d4 1.4465; [ala4 -90.5' b-0.95, CXCl3); CRD (c¶.02, c-pentene, 25V) [ala -380, talD -370, IalKx) -400, Ial45o -450, 
[ala -500, [al350 -675, [al320 -825, 101~ -990, [aI= -1260, IaIm -17551 Allkqh the [a11, values real from the 
&cvecRD measurements were very large (*250, -380),Vlesewarethollghttobeduetotheaxperimentalernvaoeusedbythe 
irdecpate a-acy of the ORD mechina (tc (Column, 5 % FFAP, 2 m x 4 mm at 100-2C0°(+2.50/min)~ Carrier gae, N2, 1.0 

kg/cm2): St 9.2 min (100 a); @and: m/z 154.0954. talc for ~1~02: 154.0994). the IR and 1~ NMR, 1% NXR and m888 -- 
spectra of 1' were identical with those of 1. 
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