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The sex pheromone of the Douglas fir tussock moth Orgyia 
pseudotsugata (McDunnough) has recently been identified 
as (2)-6-heneicosen-ll-one (5): which is unusual in that most 
lepidopterous sex pheromones thus far identified are monoene 
or diene fatty alcohols or acetates of C12 or C14 chain lengths3 
The structure and stereochemistry of 5 have been corrobo- 
rated by unambiguous total ~ynthes is .~  The Douglas fir tus- 
sock moth is a severe defoliator of fir forests in western North 
America; consequently, considerable interest attends the use 
of the sex pheromone for purposes of bioassay and population 
control. Since traps baited with synthetic 5 have been shown 
to be highly attractive to males in field tests: we have explored 
an alternate synthesis of 5 which is presented in the scheme 
below. 

The high stereoselectivity and chemical yield anticipated 
for the reduction of an acetylenic bond to the corresponding 
2 olefin suggested 6-heneicosyn-11-one (4) as the primary 
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synthetic goal.5 The 21-carbon chain with the requisite 1,5 
relationship between the ketone and acetylene functions in 
4 was introduced in one step by the Eschenmoser cleavage6 
of the epoxy ketone 3 in 71% yield. The synthesis of the epoxy 
ketone 3 was achieved in two steps from the enol ether 17 as 
shown in the scheme. 

To complete the synthesis, the acetylenic bond of 4 was 
semihydrogenated over Lindlar catalyst poisoned with 5 equiv 
of pyridine to give the 2 olefin 5 in 97% yield (6090 overall from 
1). The MS, ir, and NMR spectra of synthetic 6 were in com- 
plete accord with the published data for the natural phero- 
mone. 

Experimental Section 
Infrared spectra were recorded with a Perkin-Elmer 457 spec- 

trometer as -5% solutions in CC14; NMR spectra were obtained with 
a Varian HA-100 instrument in C c 4  solution using MerSi as an in- 
ternal standard. Mass spectra were obtained on a Du Pont 29-491B 
spectrometer. All yields are based on pure, isolated products. 
2-n-Pentyl-3-n-decylcyclohex-2-en-l-one (2). A solution of 

n-decylmagnesium bromide was prepared from 1.77 g (8.00 mmol) 
of n-decyl bromide and 0.19 g (8.25 g-atoms) of Mg in 35 ml of ether. 
To the magnetically stirred Grignard reagent was added dropwise 1.00 
g (5.10 mmol) of 2-n-pentyl-3-methoxycyclohex-2-en-l-one (1) in 5.0 
ml of ether a t  0 "C. After addition was complete, the mixture was 
stirred a t  0 "C for 30 min and a t  ambient temperature for 3 h. The 
reaction mixture was poured into 15 ml of iced 1 N HCl and the ether 
layer separated, washed with 2 X 10 ml of saturated NaHC03, dried 
over MgSO4, and concentrated in vacuo to a pale yellow oil. Kugelrohr 
distillation afforded 1.40 g (93%) of pure 2 as a colorless oil which 
crystallized on refrigeration: bp 125 "C (bath, 0.18 mm); ir (Cc4) 1665, 
1618 cm-l; NMR (CC14) 6 2.1-2.4 (m, 6 H), 1.8-2.1 (m, 2 H), 1.1-1.8 
(m, 24 H), 0.8-1.1 (overlapping distorted triplets, 6 H); mass spectrum 
(70 eV) mle 306 (60, M+), 165 [loo, (M - CloH21).+]; uv (95% EtOH) 
245 nm (e 17 200). 
2-n-Pentyl-3-n-decyl-2,3-epoxycyclohexan-l-one (3). To a 

solution of 0.590 g (1.93 mmol) of enone 2 in 14 ml of MeOH was added 
1.00 ml(ll.6 mmol) of 30% HzOz and 0.15 ml of 6 N NaOH. The re- 
action mixture was allowed to stir a t  ambient temperature for 24 h 
after which the MeOH solution was diluted with 35 ml of HzO and 
extracted with 2 X 15 ml of ether. The combined ether layers were 
washed with 2 X 10 ml of HzO, dried over MgS04, and concentrated 
in vacuo to a colorless oil which was distilled via Kugelrohr to afford 
0.588 g (95%) of the epoxy ketone 3: bp 120 OC (bath, 0.15 mm); ir 
(cc14) 1710 cm-l; NMR (CC14) 6 1.8-2.2 (m, 2 H),  1.1-1.8 (m, 30 H), 
0.9 (overlapping distorted triplets, 6 H). 

6-Heneicosyn-11-one (4).4 To a magnetically stirred solution of 
0.588 g (1.83 mmol) of the epoxy ketone 3 in 4.0 ml of CHzClz and 2.0 
ml of HOAc a t  0 OC was added 0.340 g (1.83 mmol) of p-toluenesul- 
fonylhydrazide in one portion. After stirring a t  0 "C for 3 h followed 
by 3 h a t  ambient temperature, the mixture was poured into 10 ml of 
water and extracted with 3 X 10 ml of hexane. The combined hexane 
layers were washed with 3 X 5 ml of water followed by 5 ml of satu- 
rated NaHC03. The mixture was dried over MgS04 and concentrated 
in vacuo to give 0.512 g of a pale yellow oil which consisted of two 
products by TLC on silica gel (CHC13 eluent, phosphomolybdic acid 
development). The major component, the desired acetylenic ketone 
4 (Rf  0.61, was separated from a single major contaminant of un- 
identified structure (R f  0.5) by column chromatography on 15 g of 
silica gel packed in hexane. The desired product was eluted with 5% 
ether in hexane to give 0.396 g (71%) of 4 as a colorless oil after dis- 
tillation via Kugelrohr [bp 125 OC (bath) a t  0.35 mm]. The product 
crystallized on standing: mp 26-27 "C; ir (CC14) 1718 cm-'; NMR 
(cc14) 6 2.00-2.20 (m, 4 H), 1.1-1.8 (m, 24 H), 0.8-1.1 (overlapping 
distorted triplets, 6 H); mass spectrum (70 eV) mle 306 (100, M.+), 
169 [74 (M - CioHi71'+], 165 [20, (M - C~oHzi).+], 122 [42, 

(2) -6-Heneicosen-l l -one (5). A solution of 0.361 g (1.18 mmol) 
of the acetylene 4 in 5 ml of MeOH containing 100 p1 of pyridine was 
stirred under a slight positive pressure of Hp over 35 mg of 5% P d  on 
BaS04. The progress of the reduction was followed by TLC on silica 
gel (5% ether in hexane as eluent, phosphomolybdic acid develop- 
ment). When the reaction was complete (-1 h) the catalyst was re- 
moved by filtration and the product (0.353 g, 97%) isolated via Ku- 
gelrohr distillation as a colorless oil which crystallized on refrigeration: 
bp 118 "C (bath, 0.4 mm); ir (CC14) 1718 cm-l; NMR (cc14) 6 5.1-5.5 
(m, 2 H), 2.3 (t, 4 H), 1.8-2.2 (m, 4 H), 1.1-1.8 (m, 24 H), 0.8-1.1 
(overlapping distorted triplets, 6 H); mass spectrum (70 eV) mle 308 

( C ~ H ~ I C ~ ! - C H = C H Z ) * + ] .  
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(5, M a + ) ,  167 (23, CloH1gCEO*+), 124 [IOO, ( C ~ H ~ I C H =  
CHCH=CHz-)*+). 
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We wish to report that catalytic hydrogenation of unsatu- 
rated oxyphosphoranes such as 1 leads directly to high yields 
of phosphate and monoketone. Cycloadducts are obtained 
conveniently from diketones and phosphites.' Since diketones 

0 0  

are, in turn, available from simple monoketones, the reaction 
sequence shown above represents a potential solution of a 
difficult synthetic problem, that of ketone transposition. The 
procedure also offers an alternative to standard procedures 
for converting acyloin condensation products to monoke- 
tones. 

Uptake of hydrogen and yields of ketone are essentially 
quantitative in this reaction. Where both electronic and steric 
factors are contributing (example IC) high selectivity toward 
a single product is shown. In example Id where much lower 
discrimination would be expected, only a slight preference for 
reduction at  the less hindered site is found. 

This reaction appears to have little precedence in the lit- 
erature. Indeed, we initiated the study with the intention of 
designing a method for producing stereochemically pure 

0 
I1 

I1 

la (Rl = & = CHd -+ CH3C-CH2CHJ 
0 

1b (R, = F& 
IC (Ri = C(,H;; R2 = CH,) 

C&) - C,H$-CHzC6Hi 

0 0 
I1 II - C,HjCH,CCHi (100%); CGH~C-CH~CH, (0%) 

0 0 
Id (R, = CH,; F& = C,Hi) 

II I1 - CHSCCHZCH2CHj (-40%) + CH3CH2CCH2CH1 (-60%) 

erythro 1,2-diols. Alternate syntheses of the cyclic saturated 
oxyphosphoranes3 expected from la confirmed that these 
compounds were stable a t  room temperature, and, further, 
could be recovered unchanged after prolonged treatment 
under catalytic hydrogenation conditions. Therefore the 
saturated compound evidently does not intervene in the 
process to produce ketone. In earlier work it had been dem- 
onstrated by Denney4 et  al. that these cyclic saturated com- 
pounds decompose (above 100 O C )  and generally yield epox- 
ides as predominant products. 

Several mechanistic rationalizations of this reaction which 
do not involve double bond hydrogenation may be envisaged, 
but they are highly speculative at  this time. A simple possi- 
bility involves hydrogenolysis of the vinyl carbon-oxygen 

n-u 

- (RO)$PO + O< 

bond, followed by the 1,5 hydrogen shift shown above. Such 
hydrogenolysis is documented for vinyl6 and phenyl6 phos- 
phates, and provides precedence for the present proposal. 

Experimental Section 
Diketones. All diketones were available from Aldrich Chemical Co. 

and were purified by distillation or crystallization. Selenium dioxide 
oxidation of propiophenone was also employed to obtain l-phenyl- 
1,2-propanedione in 60% yield.7 

Trimethyl phosphite was distilled before each use. 
Cyclic unsaturated oxyphosphoranes (la-d) were prepared by 

mixing molar equivalents of trimethyl phosphite and diketone at  room 
temperature as described by Ramirez and Desai.' These products were 
distilled or crystallized before use: la, bp 36 OC (0.5 mm); lb,  mp 
48-50 "C; IC, bp 116-119 OC (0.9 mm); Id, bp 85-88 O (10 mm). 

Hydrogenations were accomplished a t  1 atm Hz over reduced 
PtOz. Cyclohexane, ethyl acetate, or benzene, 5-10% in oxyphos- 
phorane, were used as solvents. The samples typically absorb 1 molar 
equiv of Hz within 2-6 h,8 a t  which time Hz uptake had slowed sub- 
stantially. Hydrogenation was terminated a t  this point. The reaction 
mixtures were filtered to remove catalyst. In the case of la NMR 
examination showed only 2-butanone and trimethyl phosphate from 
la;  Id  showed 2- and 3-pentanone plus trimethyl phosphate. These 
products and product ratios were further quantified by VPC analysis. 
The yields were quantitative with no other products detectable. 
Similar analyses were performed for the products from l b  and IC. The 
products could also be isolated by column chromatography over silica 
gel with ether eluent. 

Saturated oxyphosphoranes were prepared from both meso- and 
dl-2,d-butanediol by exchange of these diols with pentaethoxyphos- 
phorane. These procedures are described by Denney and Jones3 
These saturated compounds could be recovered unchanged after 
prolonged exposure to H*/Pt in ethyl acetate or cyclohexane. 
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