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Abstract - Optically pure (-)-periplanone-B, a sex pheromone component of the 
American cockoach (Periplaneta americana), was synthesized from (g)-3-cyclohex- 

ene-1 -carboxylic acid in 18 steps. About 300 mg of the crystalline pheromone 

was obtained in 11% overall yield. 

periplanone-B 1,' the female-produced sex pheromone of the American cockroach, has been 

synthesized as the racemate by four research groups2 since Still's first synthesis2a based 

on ingenious stereocontrol in medium-ring systems. The chiral synthesis of (-1-1 has also 

been a~hieved.~ However, the previous synthesis required as many as 28 steps from ( + I -  

dihydrolimonene, resulting in only 0.5% overall yield.3 This result prompted us to plan 

an alternative and more efficient synthesis of ( - ) - I .  

Our synthetic plan is shown in Fig. 1. We adopted a ten-membered ring enone 2 as our 

synthetic intermediate so as to make our synthesis stereoselective with respect to C-2,3- 

epoxidation. This enone 2(R=T8DPS) was shown, in Takahashi's synthesis of (*)-I, to give 

the desired 2.3-8-epoxide exclusively when treated with ~-BUOOK.~~ In order to obtain 2 

by his intramolecular alkylation route, more than 15 steps were required.2d We therefore 

chose the anionic? oxy-Cope rearrangement4 of 3 for the simpler construction of 2.2a,2b,2c 

Preparation of 3 from 5 was successfully achieved in three steps by using organoselenium 

chemistry5 as described later. 

pig. 1. Retrosynthetic analysis of (-)-periplanone-B 

# Dedicated to Professor Sir Derek Barton on the occasion of his 70th birthday. 



Forthe preparation of the monosubstituted cyclohexenone 5 with (S)-configuration, our 

synthesis began with the iodolactonization of 6,6 lalg3 -99' (CHCl3), to give 7 (Fig. 21. 

'H Nmr(400MHz) analysis of the resulting iodolactone 7 in the presence of Pirkle's chiral 

solvating agent7 snowed the iodolactone to be optically pure. Treatment of 7 with DBU 

followed by LAH reduction gave a diol 9 via 8. selective oxidation of 9 with Mn02 gave 

5a, of which OH group was then protected as an ethoxyethyl ether 5b. Each of these 

reactions proceeded almost quantitatively, so 5b was obtained in 86% overall yield from 6. 

a) K13, NaHC03aq., CH2C12: b) DBU, benzene; C) LAH, THF; d) Hn02, CHCl3; 
e) ethyl vinyl ether, PPTS, CH2C12. 

Pig. 2. Preparation of 5 

The conversion of 5b into 4(R=EE) was pivotal in our synthesis, because (2)-geometry of 

the double bond on the side chain of 3 was essential for the construction of 2 oxy- 

Cope p a t h ~ a y . ~ , ~ ~ , ~ ~  we tried a two-step procedure without protection of the enone sys- 

tem. This method was originally developed by ~owalski' and cliveg independently (Fig. 3). 

As expected from the usual preference for the Cram-selective addition of organometallics 

to a-selen~aldehydes'~ and the subsequent stereospecific anti-elimination of 8-hydroxy- 

selenidell, condition A gave the --isomer 4b(JB, y=16 Hz) lob predominantly. Sur- 

prisingly, the ratio of 4a(JB,y=10 Hz) to 4b reversed by changing the reaction condition 

from A into B. Furthermore, when the temperature of the reaction mixture in THF was 

raised rapidly from -78-C to -15'C during about 3 min (condition C), the aldolls) lob 

leading to 4b decomposed. Consequently, 4a was obtained in 93% selectivity. By the 

combination of condition C and careful chromatographic purification of lOa, pure 4a could 

be obtained in 51% isolated yield from 5b. At present, these results seem to be ascriba- 

ble merely to the solvent and thermal instability of lob, judging from some additional 

experiments. Detailed discussion will be described in a full paper. 

The disubstituted cyclohexenone 4a thus obtained was subjected to the reaction with vinyl- 

lithium in ether2a to give 3, which produced 2 on treatment with KH in DME'~ in 64% yield 

(Fig. 4 ) .  The ten-membered ring enone 2 was converted to 12b (mp 124.5-1 2S°C) 12a 
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Fig. 3. Wo-step conversion of 5b into 4.3 

A i) LDA, TMSC1; ii) MeLi, ZnC12, 11, ether, -78'C 

C LDA, 11, THF, -78'C, 20 rnin then -15'C, 3 min 

a) vinyllithiurn, ether (86%); b) KH, 18-crown-6, DME (74%); c )  KH, &-BuCOH, THF; 
d) PPTS, EtOH (74%); e) (2-N02)PhSeCN, n-Bu3P, THF (99%); fl  H202, THF ( 9 0 % ) ;  91 
LiN(TMS)2, Moo5.HMPA.Py, THF, (86%); h) TBSC1, imidazole, DMF; il Me3SI, ;-BuLi, 
THF; j) 2-Bu4NF, THF 173%); k) PDC, DMF (92%). 
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Pig. 4. Synthesis of (-1-periplanone-B 

a) The relative stereachemistry between C-a and C-0 was not determined. 
b) Merck Kieselqel 60, Art. 5715; phexane/ether(2:5). 
c )  Glc ratios are sham in parentheses. 

B LDA, 11, THF, -78'C, 20 min 55(60) 30140) 



by epoxidation and deprotection. 'H Nmrl400MHz) analysis supported that 12b was diaster- 

eomerically pure in accord with Takahashi's result.2d Selenylation of 12b to 12c followed 

by oxidative elimimtion of PhSeOH gave 13a, mp 49.5-50S°C. a-~ydroxylation~,~~ of the 

ketone 13a yielded 13b, me 116-11 g°C. According to the previous synthesis3, 13b was 

treated successively with TBSC1, dimethylsulfonium methylide and Bu4NF to give periplanol- 

B 14b [mp 115-116.S0C; [algl -468' 1ether)ll5 via 13c and 14a. Finally oxidation of l4b 

gave I-)-periplanone-B I-)-1, mp 55.5-57.5"; [ulA1 -552' ln-hexar~e)llit.~~ mp 57.0-57.5': 

[a]g6 -553'). Its ir and 'H nmr spectra were identical with those of an authentic 

sample.3b The present 18-step synthesis of I-)-periplanone-8 was accomplished in 11% 

overall yield to give about 300 mg of (-)-I. This is the highest yield that ever has been 

reported. 
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