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Summary: Phenylselenrnyl chlurlde reacts 131th cnamlnes at -110" C to give ?-phenylselenoaldehydes, 
and oxldative elimination yields z.,?-unsaturated aldehydes. 

In connection 

efficient and mild 

with a number of synthetic problems currently underway ln our laboratories, an 

process to oxidatlvely transform an aldehyde R-CH2-CH2-CHO to Its corresponding 

ti,B-unsaturated isomer R-CH=CH-CHO was necessary. Yoreover, we required reagents and conditions 

sufflclently selective to distinguish between functional groups III complex molecules. This note 

descrxbes an expeditious method for effecting this oxidation as outllned below.' 

CHO < 

Results of a number of aldehyde substrates chosen to illustrate the process are shown in Table 

I.3 Enamine formation was conveniently accomplished using either of two procedures: (A) piperidine 

(1.1 mmol) was added to the aldehyde (1.0 mmol) in beruenc solution and the mixture was stirred over 
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molecular sieves (3A) (2-5 hr),L or (6) d benzene solution of aldehyde (1.0 mmol) and piperrdine 

(1.1 mmol) was heated at reflux 131th a moisture tr.xp (3-5 hr).' 

Phenylselenenylation occurred almost instantaneously when a solution of phenylselenenyl 

chloride in anhydrous tetrahydrofuran was added over 5 minutes to the crude enamines In THF at 

-110" C (ether-liquid nitrogen bath) under argon.' The nuxture was allowed to warm to -80" C 

over 15 mrnutes, then quenched by addition of water @2 ml) and ether ('~10 ml), and warmed to room 

temperature with contrnued strrrlng for an additional 2-3 hrs to complete the hydrolysis and afford 

the crude N~phenylselcnoaldchydes 111. Isolation by fLltratron chromatography through silica gel - 

gave 75-90% yields of pure J&. 

The formation of a-phenylselenoaldehydes has previously been achreved by formylatlon of c1- 

llthioselenides,i and by direct selenenylation of simple dldehydes. a The latter prowess requires 

stlrrlng startrng aldehyde with phenylselenenyl chloride at room temperature for prolonged periods, 

and rn our cases, led to unacceptable mrxtures of products resulting from competing reactivity of 

olefinic residues. The sulfenylatlon of dldehyde enolates at low temperature has been reported;' 

however, adaptation of these conditions for reaction with phenylselenenyl chloride generally gave 

poorer yields of III. Likewise, anions derived from the corresponding imInes also led to mixtures. - 

Notably enol acetates and ethers have been recognized as excellent substrates for selenenyl reagents 

(RSe-X), hut investigators have concentrated their efforts on utllrzing ketone precursors.l"'l 

Finally, oxrdative elimination to the desired a,@-unsaturated products JJ' was accomplished in 

the usual manner using either meta-chloroperbenzaic acid (method A) or sodium periodate (method B) 

giving overall yields of 5040%. The crude selenldes z were, in practice, carried forward 

wIthout purification. Oxidation wLth buffered solutrons of hydrogen peroxide led to mixtures of 

TV and the correspondrng a,p-unsaturated carhoxyllc acids. Leuerally the procedure 1s more success- 
h 

ful with a-dlsubstituted aldehydes, and, =n fact, simple cases such as n-heptdnal formed the inter- 

mediate selenlde m in good yield, but attempted oxidations in buffered media repeatedly led to 

considerable decomposition, apparently resulting from the ease of avarlable self-condensation reac- 

tions. 

The selenoaldehydes JI& are also excellent precursors to ii-hydroxy selenldes which are conven- 

iently transformed into vinyl selenides, epoxldes, olefins, and allylic alcohols. 
12 

For example, 

the optIcally active aldehyde L was directly reduced 131th lithium tri-t-hutoxyaluminum hydride _ 

(1.1 equivalent, -78" C, 1 hr) in tetrahydrofuran (99.4%), and oxidative elimination with sodium 
. 

perlodate (2 equivalents, methanolrc aqueous THF at 25' C) gave only &-I&#@-allylic alcohol V,T 

after chromatography on silica (76.8%).!' The overall result allowed selective introduction of the 

carbon double bond while avoiding possible epimerlzatlon of the chiral methyl substltuent. 



TABLE I 

Starting 
Aldehyde 

Enamine 
Method 
(Yield) 

Selenlde 
JIJ 

Oxidation 
Method 

Product 
Aldehyde 

Overall 
Yielda 

rHo A (99%) 

A (91%) 

psycho A (99%) 

3 

(v’ 
HO 

CHO B (97%) B 

cc-I5 CHO 

94% 

80% 

82% 

A 

B (99%) B 

B 

B (99%) A 

B (93%) 74% A 

0’ 
CHO 

I 

CHO 

HO 

(68%) 

(67%) 

(50%) 

(8O%)C 

(76%)d 

(a) Isolated yields after silxa gel chromatography to remove diphenyl diselenxde and 

highly polar by-products. 
(b) Ratio of E:Z-isomers is 1:1.5. 
(c) The crude l-cyclododecenecarboxaldehyde shows E:Z ratio of 1:2, and purification 

by chromatography results in complete isomerization to the E-isomer. (NMR indicates 
chemical shifts of 6 9.37 and 6.50 and 6 10.17 and 6.61 for -CHO and vinylic -H for 
E- and Z-isomers, respectively, in CDCl, solution.) 

- - 

(d) Crude cyclododecatrienecarboxaldehyde gave E- and Z-isomers in 1:2 ratlo (NMR (CDC13)). 
6 9.40 and 10.03 for -ClJJ, respectively) for E and Z-compounds, and chromatography 
resulted m a 1:l mixture. 
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'L‘lie referee's comments arcL Included to underscore the importance of our methodology: "U ) R- 
LhSaturnted aldehvdes are extremrlv useful synthetic substrates and there presently exist 
relatlvelv few rne;h~~is for performing the reported conversion of aldchydes to a,:-unsaturated 
nldehudes. Tn fact, nest j,s-unsaturated aldehydes drv s:nthesized trla condensation reactvons 
of one sort or another. Since the requisite starting aidehydes are normally readily available, 
this prvseili- ~nei+udoiog~ makes aiie~sih!e i,>-iii;saturatcd aldchydrs that would Ibe dl ffir77lt to _t_._-_-- 

prepare by other methods. Furthermore, the mpthod is extremely nuld as compared to the various 
cundenyation rlethods." 

In each case purlflt(: products were characterized by inrrared, nuclear magnetic resonance, and 
mass spectral analysts, the results of whlill were fully in accord with nsslgned structures. 
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