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Chemistry of 0-Alkyl Selenoesters. Reaction with Triethylphosphine 

By Per-Egil Hansen,t Department of Chemistry, University of Oslo, Oslo 3, Norway 

The reactions between triethylphosphine and a number of aliphatic and aromatic selenoesters under oxygen-free 
conditions have been investigated. The purple intermediate formed in the reaction with the aliphatic selenoesters 
was quenched with atmospheric oxygen and gave the corresponding esters, whereas quenching with methyl iodide 
gave the corresponding 1 -alkoxy-1 -iodoalkyltriethylphosphonium iodides (1 3)-(16). The 1 -alkoxy-1 -iodo- 
alkyltriethylphosphonium iodides gave the 1 -alkoxyalkyltriethylphosphonium iodides (1 7)-(20) upon treatment 
wi th methanol, and treatment wi th benzaldehyde at -70 "C gave R-alkoxyalkyl phenyl ketones (22)-(25). The 
reaction between the selenobenzoates and triethylphosphine gave a-dialkoxy-stilbenes and -dibenzyls. When 
the reaction was carried out in cyclohexene 7-alkoxy-7-phenylbicyclo [4.1 .O] heptanes were formed. The presence 
of benzaldehyde in the reaction mixture led to or-alkoxystilbenes. An explanation for these different reactions is 
presented. 

ONLY a few reactions involving 0-alkyl selenoesters have t tie reduction was carricd out i n  ethanolic sodium 
been investigated. The transformation of aliphatic borotiydride-triethvlptiospliine tlic corresponding ethers 
0-alkyl selenoesters into selenoamides using primary (3) wcre formed. During this investigation it was 
alkylamidomagnesium bromides or secondary ainines is a established that thc 0-alkyl selenoesters reacted with 
known reacti0n.l In contrast to certain esters 2-4 and trietliylphosphine, but the products were not character- . -  

Aliplzntic Sdcnoestcvs. --When the selenoesters (4)- -- 

(7), dissolved in benzene, were treated with triethyl- 
phosphine at  50 "C in the presence of atmospheric 

:11 (2) ( 3 )  

S-alkyl thioesters,5 the 0-alkyl selenoesters reacted with oxygen, i t  was possible to isolate, after 5 h, triethyl- 
methylenetripheny!phosphorane and gave the cor- phosphinc selenide and the corresponding esters (8)- 
responding vinyl ethers (1) .6 The reaction of aliphatic (1 1).  Duplication of this experiment under anaerobic 
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0-alkyl selenoesters in strongly basic media and their 
behaviour towards reducing agents such as sodium 
borohydride and Iianey nickel have also been investi- 
gated.6 It was established that if the reduction was 
carried out in ethanolic sodium borohydride, the bis- 
(alkoxyalkyl) diselenides (2) were formed. If, however, 

t Present address: Nyegaard and Co., A/S, P.O. Box 4220 
Torshov, Oslo 4, Norway. 

conditions resulted, however, in a deep purple solution, 
which upon exposure to atmospheric oxygen decolourised 
rapidly, and from which tricthylphospliine selenide and 
the corresponding esters (8)-(11) could be isolated. 
The purple solution was stable if oxygen was rigorously 
excluded; i t  could be stm-ed for several days, and heat- 
ing at 110 "C in a sealed tube for several hours resulted in 
no visible change; and the two above-mentioned pro- 
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cliirtb could again bc isolated after exposure to atiiio- 
spheric oxygm. Similar results wcre obtained wlicn tlic 
reaction was performed in cycloheuanc and trictliyl- 
phosphine, or wlien b::nzalclcliycle, m-ctonc, bznzylcli- 
nicthvlsilaiie, or trietliyl orthoformate was added prior 

rnctliaiiol gave the ~)liosplionium ioclitles (17) - (20) as 
tlie only products. Treatment of a 1iictli;tnol solution 
of tlic l-io~lonlkylplios~~Iloliium iodides (13)-(  16) witli 
aqueous potassium ioclidc-starch solution Iirodiiced a n  
intense hluc solutioii, thus indicating the 1)rcscncc of 

to exposure to atmosplieric oxygen. Addition of 

r 
inethyl iodinc. In another cxperirnent the 1 -iotlo;ilk~~l~,lic~s- 

+ I -  
PEt3 
1 

R'-CH  OR^ 
(17) R' = R2 = M e  
(16) R' = Me, R 2 =  Et  
(19) R' = R ' ,  ~ 2 =  Me 
(20) R' = ~ e ,  Pr' 

(21) 
I 
F t 3  

(13) R' = R 2  = Me 
(14) R ' =  Me, R2 = Et 
(1  5) R' = Pr', R2 = Me 
(16) R '=Me,  R 2 =  Pr' 

L PhCHO 
OR2 R' R' 0 OH 

I Hydrolysis II 1 
R 2 0 ~ = ! 0 R Z  -- R-C-CH-R R'-CHC-Ph + 

II 
0 

(22) R' = R 2 = M e  (30) R = Me 

(23) R' = Me, R 2 =  Et (27)  R '=  Me, R * =  Et (31) R = Pr' 

(24) R' = Pr', R 2 =  Me 

( 2 5 )  R' = Me, R2= Pr' 

(26) R ' =  R 2 = M e  

(28) R' = Pr', H 2 =  Me 

(29) R' = Me, R 2  = Pr' 

iodide rcsultctl, Iiowcver, 111 lapi(1 (1ct'c )Ioi~risat~oi~, and 
from the reaction iiiixture the phosplionium iotlides 
(1 7)-(20) and climetliyl svlenide could be isolatctl 
(Sclicine 1). Evaporation of cx o f  trivt 1 ~ylpliospliine 
prior to addition of mcthyl ioclitlc produretl a cc)mpound 
wliicli gave a tliffcrent lIL I1.m.r. spcc.trum Froin those of 
tlic: corresponding pliosphonium iotlitlcs (I  7)- (20). I t  
would tlicrefore aplxar that tlic phos~~hoi~iuni iodides 

plioniuiii iodides ( 1  3) ( ] t i )  WCI'(' suspciidctl i n  tetra- 
hytlrofuran at - 70 "C, i n  wliicli they slowly clissolvcd 
pro(1ucing a red solution. A4(ldition o f  benzaldchydc 
then resulted in tlic formation of tlie I -alkoxyalkyl 
plienyl kctoncs (22) - (25)  and trictliyl~~lios~~liin:: (Sc.licme 
2). Trace amounts of a third procluc-t could also be 
tlctected by lli n.111 .r. spectroscopy, wliicli suggested 
tliat these volatilc fl-ac-tions wcre the lJ2-tlialkosy- 

(17)--(20) were produced from the ini tially forniecl pro- 
ducts during the work-up procedure. Bascd oil the 
following experimcn ts, tliesc procliicts werc assigned the 
1-iodoalkylpliosphonium iodide structures (13) -( 16), 
which are very labile compounds antl could riot be 
isolated in the pure state. The lH 1i.iii.r. spectra of 
these compounds at  -50 "C suggested that tlicse 
molecules have a similar structure to the stable phos- 
plioniurn iodides (17)-(2O). Tlie main difference was 
the absence of the mcthine proton at  8 5.0. A solution 
of the l-iodoalkylplios~)l~oniuin iodides (13)-( 16) in 
methanol rapidly turned brown, atid evaporation of the 

1,2-di~ll;yletIiylc.ncs (26) - (29). 'T1x:s;C prwlucts Iiytlro- 
lyscd to tlie corrcspontling acetoins (30) a n t l  ( 3 2 )  (luring 
the purification proccclure, i .c. on thr silica gel plates. 

Wittig-type ylids geiicratcd from l-alkoxyalkyl- 
tri~~heiiylliliosplionium iodides are known to rcact with 
beiizaldcliyde in a similar ~nanncr .~** 'rlic intermediacy 
of tlic ylid (21) i n  tlic reaction between tlic I-iotloalLy1- 
pliosplioniuiii iodides (13)-(16) and methanol or 
benzalclehycle seems tliereforc to be a reasonable assump- 
tion. The ylid (21) can be forined by attack of the iodide 
ion on the phosplionium iodide5 (see Sclieine 2). 

The 31P n.m.r. spectra (Table 1) of the purple intcr- 
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PhC-OR 

(32) R = M e  
(33)  R = E t  
( 3 4 )  R = Pri 

Et3P II 
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( 3 8 )  R = M e  (41) 
( 3 9 )  R = E t  
(40) R = Pri 

-k (38)- (4O)+Et3P=Se * m:: c yclo hex en e 

ir i~liatcs shows that only one type of phosphorus atom 
is present. The chemical shift of these phosphorus 
atoins are almost identical to those of the phosphonium 
iodides (17)-(2O), thus indicating that the phosphorus 
atoins in tlie purple intermediates and the pliosphoiiium 
ioclidcs ( L7)-(20) are in siinilar electronic environments. 
This eliminates the phosyhoranc (21) as a possible 
structure for the purple intermcdiatc, since in this case 

ation of triethylphosphine selenide and the corresponding 
benzoates (35)-(37). The reaction in the absence of 
oxygcn gave a colourless solution, from which triethyl- 
phospliine selenide and the stilbcnes (38)-(40) could be 
isolated after exposure to atmospheric oxygen. The 
dibenzyl (41) was only formed for R = Pri. The cis : 
trans ratio for the stilbenes was detcrmined chromato- 
graphically; i t  could also be determined from the lH 

0 
02 II 7, PhC-OR + Et3P=Se 

(35) R = Me 
(36) R = Et 
(37) R =  Pr 

benzene 
1-W P h ( RO)C = C (0 R ) P h + Et ,P=Se 

the signal currcspontfing to the pliospliorus atom in 
triethylphospliine selenide (8 63.28) would have been 
dctected. The e.s.r, spectra of the purple intermediates 
also gave negative results, i.e. no radicals were present. 
The e.s.r. spcctra. were recordcd in such a way that both 
singlet and triplet raclicals would have been dctected. 

TABLE 2 
l h t a  for reactions of selenobenzoates with 

tr iethylphosphine 

n.ni.r. spectra, by integration of the a-alkoxy-proton 
signals (Table 2). Similar results were obtained when 
the reaction was carried out in solvents such as toluene, 
tetrahydrofuran, and triethylphosphine. 

The product composition changed when the reaction 
was performed in cycIohexene. The major products 
were thc two epimers of the norcaranes (42)-(44) and 
triethylphosphine selenide, in addition to a small 
amount of the stilbenes (38)-(40). The dibenzyl (41) 
was not formed under these conditions. The two nor- 

Total 'I'otal carane epimers were identified by their lH n.m.r. spectra 
ratio * (o/o) ratio * (%) and their hydrolysis product, cycloliexyl phenyl ketone. 

The ratio between the two epimers was determined by 
lH n.m.r. spectroscopy, based on the integration of the 
protons a to the oxygen atom (Table 3). It has been 
shown that the shielding effect of thc cyclopropyl ring 
can only affect the a-alkoxy-protons in the e x ~ - e p i r n e r , ~ ~ l ~  

A~omnt ic  SeZenoestevs.-The selenobenzoates (32)- in which the alkoxy-group is anti with respect to  the 
(34) appeared to be more reactive towards triethyl- cyclohexyl ring. The high-field resonance is therefore 
phosphine than the aliphatic selenoesters. The re- assigned to the exo-epimer. 
action with triethylphosphine was completed in 4 h at  When the reaction with triethylphosphine in benzene 
room temperature, both in the presence and absence of was performed in the presence of benzaldehyde (1 
oxygen. As was the case with the aliphatic selenoesters, equiv.) the a-alkoxy-stilbenes (45)-(47) and triethyl- 
the presence of atmospheric oxygen resulted in the form- phosphine selenide were formed ; neither the stilbenes 

a s  . lvans yield mcso : f. yield 

1< - Mc (35)  48 : 62 (45 : 55)  
R = Et (36) 37 : G R  (40 : 60) 
13 = Pri (37) 0 :  100 (0 :  100) 57 49 : 51 23 

87  not formed 
82 not formed 

( 5 2  : 48) 

* Ratio determined by IH n.m.r. in parentheses. 
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(38)-(40) nor the dibenzyl (41) were formed under these 
conditions. The cis : trans ratio of the a-alkoxy- 
stilbenes (45)-(47) was determined both from the 
1H n.m.r. spectra l1 and chromatographically. The 
reactions of the selenobenzoates are summarised in 
Scheme 3. 

These experiments point to a mechanism in which 
both a carbene and a Wittig-type ylid are involved. 
The 3lP n.m.r. spectra of the reaction between the 
selenobenzoates and triethylphosphine at  40 "C showed 

(Scheme 4). a-Alkoxy-ylids are known to be \-cry 
reactive c o m p ~ u n d s . ~ ~ ~  In the absence of a suitable 
reactant these ylids will fragment into a-alkoxy- 
carbenes and trisubstituted phosphines.* Formation 
of the stilbenes (38)-(40) may be due either to a reaction 
between the ylids (49) and the selenobenzoates (a Wittig 
reaction 6), or between the a-alkoxy-carbenes (50) and 
the ylids (49).* If the Wittig reaction is responsible for 
the Eormation of the stilbenes (%--(do), i t  appeared 
unreasonable that only one Wittig product was formed 

T A B L E  3 
Data of products from the reactions of selenobenzoates (38)-( 40) with triethylphosphine in cyclohexene 

Norcorane 

Analvsis (O/, I Yield of 
\ 'rota1 Found (Req&id, 

1H n.m.r.6 exo : evido yield of r----- Hydrolysis P h C  (OR)=C (OR) 1'11 
material exo eHdo ratio norcorane C I? product (21) 
Starting 

(38) R = Me c 2.94 (OMe) 3.11 (OMe) 6 0 :  40 73 83.35 8.8 253 mg (92%) 15 
(83.12) (8.97) 

(83.28) (9.32) 

(83.42) (9.63) 

(39) R = Et 3.09 (OCH,) 3.39 (OCH,) 5 4 :  46 79 83.5 9.15 267 mg (91%) 12 

(40) R = Pri 3.31 (OCH) 3.64 (OCH) 6 8 :  32 83 83.3 9.45 289 mg (93%)) 6 

a I n  addition the spectra showed a complex aromatic pattern at 8 7.7-6.7 and a broad niultiplet a t  6 2.3-  0.4; the spectra were 
1). 33. Ledlie and 1'. A .  Nelson, Tctralirdrouc recorded in CDC1, with SiMe, as internal standard. 

Letters. 1969, 1175. 
b Cyclohexyl phenyl kctone. 

four different phosphorus signals, two of which dis- 
appeared as time progressed (Table 4). The remaining 
signals were unequivocallynassigned to triethylphosphine 
(6  0) and triethylphosphine selenide (6 63.28) on the basis 

TABLI.: 4 
31P N.m.r. data for the reaction of the selenobenzoates 

Ph-C-OR with triethylphosphine * 
II 
Se 

&I 
-l h c 

After 90 min 
K = Me 0, 54.12, 0, 63.28 

57.19, 63.28 
R = Et 0, 54.37, 0. 63.35 

57.82, 63.35 
R = Pri 0, 16.40, 0, 16.40, 

54.81, 56.82, 63.12 
63.12 

* In p.p.m. downfield from triethylphosphine. 

After 240 niin 

of blank runs. In  the case of the isopropyl seleno- 
benzoate (34) a fifth phosphorus signal at 6 16.4 was 
detected, which could not be assigned to any of the 
isolated phosphorus-containing compounds. Upon 
exposure to air this signal disappeared and a new signal 
appeared at  6 69.83. It therefore seems that the reaction 
starts with a nucleophilic attack by triethylphosphine 
on the selenocarbonyl carbon atom. Both seleno- 
carbonyl and thiocarbonyl esters are known to undergo 
attack at  the carbonyl carbon atom by certain nucleo- 
p h i l e ~ . ~ ~ ~ ~ , ~ ~  The resulting tetrahedral intermediate 
(48) has a tendency to  expel selenium, since the carbon 
atom bonded to selenium can delocalise a negative 
charge into the phenyl group by resonance-stabilisation. 
The tetrahedral intermediate (48) can therefore fragment 
by ejecting the selenium atom giving the ylid (49) 

when benzaldehyde (1 equiv.) as a competing reactant 
was added. Highly reactive \Vittig ylids react very 
quickly with the selenobenzoates a t  room temper- 
ature,"14 and consequently both tlie mono- and tlie di- 
alkoxy-stilbenes should have been formed when btnz- 
aldehyde was added. The logical conclusion is that 
the selenobenzoates are already completely transformed 
into the tetrahedral intermediates (48) by the time the 
ylids (49) are formed in the reaction mixture. Therefore 
the reaction between tlie ylids (49) and the a-alkoxy- 
carbenes (50) must be responsible for the formation of 
the stilbenes (38)-(40). 

Formation of the bibenzyl (41) can also be explained 
by a reaction of the a-alkoxy-carbene (50). The bi- 
benzyl is only formed when R = Pri; this is probably 

1 
(32) R=Me 
(33) R = Et 
( 3 4 )  R = P t '  

( 4  8) 
(49) 

/ -Et3P 

J 
products Phc-OR 

( 5 0 )  
SCHEME 4 

due to steric hindrance caused by the isopropyl group, 
which will make the attack of the a-alkoxy-carbene a t  
the ylid more difficult, and hence any other reaction 
pathways for the a-alkoxy-carbene will be enhanced. 
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Hylrocarbon formation in the desulphurisatioii of 
thioltetones by trialkylphosphiiics lias been explained 
by the interniecliacy of a carbene, which in tiirii abstracts 
a hydrogen radical from the trinlkylphosphine and 
dimerises.15 This mechanism in this reaction would 
create a trialkyl~~liospliine radical such as (51), which 

MedhPEtt ,-I 
(51) 

MeCHPEt 

(52) 
0 
II 

Etz-P- CHMe 
I S p  69.83, 

0 

(53) 
S C H E M E  5 

could react further either by dinierisatioii or by eliniinat- 
ing H' (Scheme 5). In both cases a trisubstituted 
phosphine is formed, which niight be the unknown 
phosI.'liorus-containing compound in the reaction when 
the bibeiizyl (41) is formed. Unfortunately i t  was not 
possible to isolate this conipound in a pure state, but 

\ (53) 

O R 2  L 
I OR2 

I R ' -C- iO 
R'-C=O + E ~ ~ P = O  f-- I + Et,P=Se 

P'O 
Et3 

R' = Ph 
R 2 =  alkyt 

SCHEME 6 

oiily as a mixture with tricthylphosphine selenide. 
Based on the 32P ant1 lH n.m.r. spectra of this mixture 
the diIner (52) sccms to be a reasona1)le candidate. The 
two time-dependent phosphorus signals are tentatively 
assigned to the a-alkoxy-ylid (49) (6 57.20) and the 
tetrahedral intcrinediate (48) (6 54.10). 

Formation of the benzoates (35)-(37) when the 

reaction was performed in the presence of atmosplreric 
oxygcn can b2 explained by the ability of molecular 
oxygen to add to a dipolar molecule, e.g. (48), creating 
a cyclic intermediate (53), which can fragmttnt to the 
esters (35)---(37) with the aid of a second nioleciile of 
trietliylphosphine (Scheme 6). 

EXPERIMENTAL 

M.p.s were cleterminetl with a Reichert hot-stage 
apparatus. I .r. spectra were recorded with a Perkin-Elmer 
257 spectrometer arid U.V. spectra with a Unicam S1' 800 
spectrometer. lI-I N.1ii.r. spectra were determined with a 
Varian T60 instrument for solutions in CDCl,, with tetra- 
tnetliylsilane as internal standard. 13C N.1n.r. spectra were 
determined with a JEOL FX-60 iiistrurnent a t  15.4 MHz 
for solutions in CDCI, with tetrainethylsilane as internal 
standard. 3 l P  N.ni.r. spectra were determined with a 
Varian X 1,- 100 instrument at 40.5 MHz for solutions in 
CDCl, with tricthylphosphine as internal standard. Mass 
spectra were recorded witli an A.E . I .  MSD instrument. 
G.1.c. was performed on a. Hewlett-I'sckard 5700A instru- 
ment, using a 20%, SE-52 on Chrorn W column. 1're- 
parative t.1.c. used 20 x 20 cni plates coated with 2 nini of 
n'lerck silica gel 60 PF-254, and activated in an oven a t  
120 *C for 2 11. ' Light petroleum ' refers to the fraction of 
b.p. 40-50 "C, and ' petroleuni ' to the fraction of b.p. 
60-80 "C. 1;lorisil (100-200 mesh) was dried in 71acuo 
a t  130 "C for 24 h prior to use. All reactions involving 
triethylp1ios~)liine were conducted untlcr os ygen-free condi- 
tions unlcss otlierwi.se stated. 

Preparation of ScZenoesfcrs.-Tlic selenoesters (4), (7) ,  and 
(36)-(37) were prepared as prevjously l6 

0-Ethyl selenoacetate (6) and 0-methyl selenoisobutyrate 
( G )  were prepared from N-zcetyl- and N-isobutyryl- 
piperidine, respectively, using tlie standard procedure.0 0- 
Ethyl selenoacctate ( 5 ) ,  b.p. 127-120 "C a t  767 mmHg, was 
a yellow oil (82%); v,, ,~~~. (film) 2 985n1, 1 455111, 1 385n1, 
1315111, 1245s, 3 205s, I 016ni, 1090111, and 1015m ct1i-l; 
A,,,, (EtC)H) 272 and 443 nm (E 7 200 and 50) ; 6 4.60 (2 13, 
q, j 7.0 Hz), 2.36 ( 3  11, s), and 1.45 (3  H, t, J 7.0 Hz) ;  
m/e  1.52 ( I l l t ) ,  124, 107, and 43 (Vountl: C, 32.65; 13, 5.40. 
C,H,OSe requires C, 31.80; H, 5.34'x)). O-Metliyl selcnn- 
isohutyrate ( G ) ,  b.p. 5 8 - 4 9  "C a t  35 mniHg, wits a yellow 
oil (797(0) ; v~,~:,,. (film) 3 OlOw, 2 985w, 1 46OI11, I 365m, 
1 335 m, 1 216s, I 200s, I 1551~1, and I 060111 cni 1 ;  A,ll:ly. 
(EtOH) 271 and 443 nni (c 7 300 and 50);  6 4.18 (3 H, s) ,  
2.99 ( 1  13, scpt, J 6.5 Hz), and 1.38 (8 H, d ,  J 6.5 H z ) ;  
m / e  166 ( A l t ) ,  135, and 59 (Foiincl: c', 36.3;  11, 6 .25 .  
C,II,,OSc requires C, 36.37; II,  6.100&). 

Reaclion (v tlie rl liJdiatic Selenoestcrs (4)-( 7) zozth T y i -  
etliylplmspl~inc in the I'vcsence of fl fnios/dicvic Oxygen.--Tlie 
sclcnocster (2 nimol) in beiizene ( 5  1111) was heated a t  50 "C 
for 5 11 with trietliylylios€)liine (0.994 8 ,  8 inmol), the purple 
mixture was then exposed to the atiiiosphei-e until the 
colour had disappeared, and inethyl ioditle (6 ml) was then 
added. The mixture was filtered, tlie residue was washed 
with light petroleurn (10 ml), and evaporation of the 
combined solutions in vaczto and trapping of the distillate 
at liquid-nitrogen temperature gave a solution froin which 
the esters (8)- ( 1  I )  were identified (preparative and corn- 
parative g.1.c. analysis with au tlientic sa~nples) . Chromato- 
graphy uf the non-volatile residue on aluniina (grade 111) 
gave triethylphosphinc selenide, eluted with petroleum- 
ethyl acetate (10 : 1) ; yield froni 0-methyl selenoacetate 
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(4) 3% m g  (93yo); from O-ethyl selenoacetxte ( 5 )  458 nrg 
(91 TI) ; from O-methyl selenoisobutyrate (G) 374 iiig 
(!t5",)) ; and iroiri O-isopropyl selenoacctate (7) 3 6 f j  mg 
(03%), in each case identical with an authentic specimen. 

Henctioiz of the Aliphatic Selenoesters (4)-(7) 7alitJ~ Tr i -  
etliylphosphine and Adethyl Ioilide.--'l'he selenocstcr (2  
nimol) in benzene (10 1111) was heated a t  50 "C f o r  5 11 \vil l i  
triethylpliospliine (0.994 g, 8 rnniol). 12cnzcwe and tri- 
ethylphospliine were then evaporated in L ' C I C M O ,  ant1 the 
purple reaction mixture was cooled in ice-water. Acltlition 
o f  an oxygcn-free solution of  methyl iodide (1 nil) i n  tetrn- 
hydrofuran (15 nil) gave a colour-less suspension. After 15 
min, 1 equiv. of sodium iotlitlc wts  ;Lcitled antl tlie rcaction 
mixture was evaporatctl in u(~czio ancl tlie c1istill;ile was 
trapped ; k t  liquid-nitrogen temperature. This gave a 
tetrahydrofuran solution containing dimethyl seleiiirle 
[isolated as trinietliylselei7oiiiuiii iodide, 111 .p. 143-144 "C 
(Iit.,l7 n1.p. 150-151 "C)]. Clironiatography of the residue 
[ 1-alkoxy-1 -iodoall~yltrietliylplios~~lioiiiiiiii iodides ( 1  3) - 
(16)l on alumina. (grade 111) (eluant niethmol) gave tlic 
I-alkox-yalkyltrietl~ylpliosphoniuni iodides ( 1 7)-- (20) ; 0- 
methyl selenoacetate (4) gave ( 1-met~~oxyethyl)trictliyl- 
phosphoniuni iodide (17) (651 mg, !I1 ?&) ; O-ethyl seleno- 
acetate (5) gave ( 1-ethoxyethyl) triethylphosphoniutii iodide 
(18) (557 mg, 88%) ; O-methyl selenoisobutyrate (6) gave 
(1  -niethoxy-2-rnethylpropyl) trietliylphosplioninni iodide 
(19) (489 mg, 74'x)) ; and O-isoproyyl sclcnoacet,ttc (7) 
gave [ 1-( l-nietliyletlioxy)ethyl] trietliylpliosplio~iiui~~ ioditle 
(20) (543 mg, 82%) ; conipouiids (17)-(2O) nw-c identical 
with independently prepared specinieris. Triiiieth yl- 
seleiionium iodide was isolated in yields ranging froni 59 to 
71%. 

Preparat ion  of l-Chloronlkyl A IJzyl L;tlievs.--1-Cliloro- 1 - 
niethoxyethane, l-cbloro- l-etlioxyethane, and I-cliloro- 1- 
( l-methy1ethoxy)etliane were prepared according to the 
general procedure by Grummit et al. ,la and l-chloro- 1- 
methoxy-%methylpropane was prepared according to 
Kwart and S i 1 ~ e r . l ~  

Prefxcvation of ( l-A Ikoxyalfzyl) tr ie tJzyl~hospJLoniui~~ Iodides 
(17)-(2O) .-To a stirred solution of the 1 -chloro;tll<yl 
alkyl ether (50 nimol) in benzene (30 nil) u-as adcletl tri- 
ethylphospliine (6.9 g, 50 nimol), in benzene (10 ml) a t  
0 "C, and after 2 h the precipitated salt was collected and 
redissolved in acetone (50 nil). Addition of sodium iodide 
( 1  equiv.) in acetone (10 inl) gavc, after filtration, evapor- 
ation, and drying in vncuo, the ( I  -alkosyalkyl) triethyl- 
phosplioniuiii iotlidcs ( 1 7)-(20) ; ( l -~~ze t?zo~yet~ /y l ) tv~~~J~yZ-  
phosphoniiiwz iodide (17) (1 1.09 g, 73%) had 1ii.p. 78-80 "C 
(decoinp.) (Found: C, 35.4; H, 7.5. (',H,,IOP requires C, 
35.54 ; H, 7.290/) ; ( l -e thoxycthyl)  tvietliy2~Jiosphoniul.n 
iodide (18) (11.00 g ,  69%) had 11i.p. 93-95 "C (decomp.) 
(Found: C 37.5; H, 7.85. CloH24TOI' requires C, 37.75; 
H, 7.60%) ; (1-1~zethon.y-2-~netl~yl~~ro~yZ)tviethyl~l1os~Jiosziunz 
iodide (19) (12.30 g,  74%) had m.p. 77-79 "C (tleconip.) 
(Found: C, 39, 65; H, 8.01. CllH,,IOP requires C, 39.77; 
H, 7.89%) ; and [1-~1-metliyletJioxy)etJayl]t~zethyl~~~os~~zo~z- 
iunz iodide (20) (14.20 g, 86%)) had m.p. 70 "C (decomp.) 
(Found: C, 39.65; H ,  8.0. CllH2,10P requires C, 
39.77; H, 7.897(1). The lH r1.m.r. data of these compounds 
are given in Table 1. 

React ion of tire (1  - 4  Zlzoxy- 1-iodoaZlzyl)tvietJzyI~hos~Iloniu~~ 
Iodides  ( 1  3)-(16) with Methano2.-The crude (l-alkoxy-l- 
iodoalkyl) trietliylpliospl-ionium iodide (1 mniol) was dis- 
solved in methanol (25 nil) and stirred a t  room temperature 
for 30 Inin, sodium iodide (1 equiv.) was then added and the 

niisture was evaporated. Cl~rciniatoffr,i~)liy of the r e d u e  
on alumina (grade 111) (eliiant metlimol) gave the (1- 
alkosyall~yl) trietliyl~~liosphoniulu iodides ( 1  3)-( 16). The 
l I I  11.111.r. spectra of tlie crude prodncts showed that no 
chemical ti-ansforiiiation had taken place {luring the chro- 
matograph ic ( 1 -Mctlioxy- 1 -io(loc th yl) tri- 
etliylpliosphoiiiuiii iodide ( 1 3 )  gave ( 1 -nicthosyctliyl)- 
triethylpliosphoiiii~iii iotlitle (17) (206 mg, tis',!,;,) ; (1- 
ctliosy- 1 -iodoetlij~l) trietliylpliosplit,niu~ii iodide ( 14) gave 
(1 -etlioxyctliyl) trietliyl~~liosplioniurii iodide (1 8) (242 mg, 
7f;(;[,) ; ( l-iiiethosy- l-iotlo-Y-~i~ethylprop~.l) triethylphos- 
plioiiiiim iotlide (15) gave (L-metliosy-2-~iicthj~lpropyl)- 
tr-ictliyl~~liospllonium iotlicle ( I  9) (336 nig, 71(){,) ; and [I-(  1- 
nietliylet1iouy)- I - iodoet l i~~l ] t r ic t l iy lp l i~~s~~l i~niu i i i  iotlitle ( 16) 
gave [ 1 -met li~-lethoxy)etliyl] triet h\.Ipliosplioniuiii iodide 
( 2 0 )  (272 nig, 83cl/b) ; all were iclenticsl \$ it11 iiiclependently 
prqxirecl speciinens. 

Reactzo?z of the (1-4 llzyl- 1-iodonlli-yZ)tvietJi~tZ~Iaos~honiu 
lod i$cs ( I  3)--( l(j) zuitli Be?.zzaldehyde. - A  suspension of 
crude ( 1 -alkosy- l-iotloallsyl) tl-ietliylpliosplioniuni iodide (2 
mniol) iii tetraliydrofuran (20 nil) \\'its stirred under an 
atrnosplierc of argon a t  - T O  "C foi- 1 11. The resulting red 
liotnogeneous solution was then treated with benzaldehyde 
(212 ing, 2 mmol) a t  - 7 0  "C, and after 15 niin methyl 
iodide (1  nil) was actdctl. to the cold reaction mixture, and 
the solvent was evaporated il.7 uaczio. The oily residue was 
cli.;tilled a t  100 'C and 0.01 niinIIg antl  the distillate "as 
tritppeci at liq'iitl-nitroaeii tcinpernture. Wlis left r2 

residue Iron1 which trietliyl~iietl~ylpliospli~~nii~~ii iodide was 
isolated. The distillate was subjected to preparative t.1.c. ; 
elution with petrolei~iii-ctietliyl ether (4 : 1) gave the 
ketones (22)-(25) as tlie less polar band and tlie acetoins 
(30) and (31) as tlie niore polar band. (I-Methoxy-1- 
iocloethyl) triethylpliosplioniuni iodide (1 3) gave I-phenyl- 
2-methoxypropan-l-one (22) (242 mg, 74%) as a colourless 
oil, itlentifiecl by comparison with published data,8 the 
acetoin (30) (14 mg, 1 G % ) ,  icleiitical with an authentic 
specimen, aiid triethylmethylphosplio~iiuiii iodide (343 mg, 
66%), 1ii.p. 298-301 "C (lit.,'O m.p .  300-302 "C). ( 1 -  
Ethoxy- 1 -iodoethyl) triethylpliosplioriium iodide (14 ) gave 
l-pheizyl-Y-Etl~oxypro~un-l-one 21 (23 ) (236 mg, 720,/,) as 
a colourless oil; 6 8.01--7.14 (5 H, In), 4.84 (1 H, q, J 6.5 
IIz),  3.47 (2 H, q, 7.0 Hz),  1.45 (3  H, d ,  J 6.5 Hz), and 
1.18 (3 H, t, J 7.0 Hz); vnliLY. (film) I G!)Fis, 1 680s, 1 GO5s, 
1 2 2 h ,  1 130s, antl GR5s cni-1; inle  178 ( A f k ) ,  163, 150, 105, 
77, and 51 (Found: C, 74.0; H, 8.0. C,,H,,O, requires C, 
74.13; H, 7.92fx)  : the acetoin (30) (18 ing, 20'x)  : :~nd 
triethylmethylpliosplioniuiii iodide (374 mg, 72%). ( I -  
Methoxy- l-ioclo-2-m eth ylpropyl) triethylpliosphonium 
iodide (15) gave l-pJienyZ-2-~etl~o,~~~-~-iizetl iyZbz~tan- l -one  
(24) (261 nig, 6804)) as a colourlcss oil; S 8.12-G.99 (5 11, 
ni), 4.68 (1 H, d,  J 7.0 IIz), 3.31 (3 1-1, s ) ,  2.73 ( 1  H, m), and 
1.07 (G H, cl, J 7.0 Hz); vIIIRY. (film) 1 CiSOs, 1 CilSs, 1 235s, 
1 135s, and 685s c1n-l; wz/e 192 ( M + ) ,  177, 150, 149, 105, 
77, and 51 (Found: C, 74.8; 13, 8.45. C1,H1,02 requires 
C, 74.96; €3, 8.390;,), 4-hydroxy-2,5-diethylhexan-3- 
one (23) (37 nig, Zf;:L), identified by comparison with 
published data,22 and triethylmethylphosphonium iodide 
(332 mg, 640/,). [l-( 1-Met1iylethoxy)-l-iocloethyl]triethyl- 
phosplioniurn iodide ( 16) gave l -pJzeqd-2-(  1-nzethylethoxy)- 
@O~Upz-3-0?%? (25) (295 mg, 77%) as a colourless oil; 6 8.06- 
7.10 (5 H, ni), 4.83 (1 H, q, J 7.0 Hz), 3.63 (1 H, sept, J 
7.0 IIz), 1.41 (3  H, cl, J 7.0 Hz), and 1.13 (6 H, d, J 7.0 
Hz); v y. (film) 1 6S5s, 1 68Os, 1 610s, 1 230s, 1 130s, ancl 
690s cni-l; m / e  192 (Ad+), 177, 162, 105, 77, and 51  (Found: 

purification. 
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C, 74.85; H ,  8.5. C1,H,,O, requires C, 74.96; H, 8,3!)7(,) : 
the acetoin (30) ( 1  5 nig, 170,1) : antl trietliylnietliylphos- 
phoniuin iodide (421 m g ,  81(%,). 

Reaction of the Selenoben wates (32) --(34) with TritdJi-yL- 
filiosphine in the Presence of Atmosphcvic Oxygcn.--'I'he 
selenobenzoate ( 1  iiiinol) was treated with trictliylI>liosphiiie 
(0.497 g ,  4 mmol) in benzene (10 ml) for 4 h at room teniper- 
ature. hlethyl iodide ( A  nil) was then added, the mixture 
was filtered, and the resiclue was washed with light petrol- 
eum. Evaporation of the combined solutions and cliro- 
niatography of the residue on alumina (grade I IT) [elution 
with petroleuin-ethyl acetate ( I  0 : 1)  I gave the benzoates 
(35) - (3 7) and tri e t h y lpliospli iiie sele 11 itle, iden tical wit 11 
authentic samples. U-hfetliyl selenobenzoate (32) gave 
methyl benzoate (35) ( I  23 nig, 91 :h) ; O-ctliyl seleno- 
benzoate (33) ga\'c ethyl benzoate (36) (133 mg, 890/:,); 
arid O-isopropyl selenobenzoate (34) gave isopi-opyl ben- 
zoate (37) (158 nig, 93%). l'rictliylpliosyhiiie selenide was 
isolated in yields ranging from 87 to Myo. 

Renctiolz of the Selenohenzoates (32)-( 34) witli 'f'rietliyl- 
pliosphine z n  the ,4 hence of Oxygeia. -1lie selenobenzoate 
(2 mmol) in benzene (15 nil) was treatetl with triethyl- 
pliosphine (0.994 g, 8 nimol) for 4 h a t  room temperature. 
Evaporation of tlie reaction mixture it% V ~ C U O  a t  80 "C left 
a residue u Iiich was chroma tographed on ;L tlehydratetl 
l%risiI column. Elution with ~ e t i - ~ ~ l e ~ i i i i - ~ l i ~ t l i y l  ether 
(95 : 1 )  gave two h t c  tions. '1.1~ firbt fraction, ~ 0 1 1  taining 
1 I ie t 11 y 1 pliospli i ne selei 1 icl e ,  t 1 ie tetraxu bs t i tu t et 1 ell1 a 1 3  e (4 I ) 
(uhen present), antl the pliosphine ositle (63 ) ,  was subjcctetl 
to p r e p r a  t ive t . I .  c . E l  11 t ion w i t h pet role1 I m -t 1 ie t h y 1 ether 
(50 : 1) gave the clisubstituted etlime (41) (wlien prescnt) 
a s  the more polar bantl and trictliylplios~lii~ic selrnide antl 
tlic pliospliinc oxide (53) as the less polar band. Separation 
of tlie tliastereoisomeric ethane mixture w a s  performed on ;L 
neutral alumina. (grade I) colunin (elution with benzene). 
Evapor;ttion of the second fraction in Z I ~ Z C U O  gave ;I cis-trans 
mixture o f  the stilbenes ( 3 8 )  --(40). Separation of the 
cis- and frans-isomers was accomplishecl using a neutral 
aluiiiiiia (grade IT I) column [elution with benzene-hcsane 
( 1  : 3 ) ] .  O-Methyl selenobenzoate (32) gave cis-a,u-dimeth- 
oxystilbene (38) (100 ing, 42%), from methanol, ii1.p. 
124-1 25 "C (lit.,23 n1.p. 123 "C), identified by comparison 
with published trans-a,a-dii7ictliosystilbene (38) 
(108 mg, 45%), from methanol, m.p. 87-88 "C (lit. ,23 
m .p. 88 "C), iclentihcd by comp:~-isoii with published data,2:] 
and trietliylpliospliiie scleiiicle (369 ~ n g ,  930/;',). O-Ethyl 
selenobenzoate ( 3 3 )  gave cis-cr,a-diet/Lon.ystilhenc (39) (81 
mg, 300/,), from methanol, 11i.p. 73-74 "C; S 7.02-6.91 
(10 €1, ni),  3.(54 (4 H, q,  J 6.5 l lz),  an t l  0.97 (6 1€, t, J 6.5 
132); vlnsty. (Nujol) 1 260s, 1 125s, 1 Ocils, 780s, ant1 700s 
c1n-l; rn/e 268 (Af'), 253, 211, 194, 165, 120, 105, and 77 
(Found: C, 80.75; €1, 7.45. C1,H,,,02 requires C, 80.56; 
H, 7.51 %,) : trans-a,u-clirthoxysfilbene (39) (138 ing, 51(%), 
from methanol, 1n.p. 52-53 OC; S 7.11-6.83 (10 H, in), 
3.39 (4 H, q, J 6.6 Hz), and 1.05 (6 H, t ,  J 6 .5  I i z ) ;  vlllrLX, 
(Nujolf  1 260s, 1 126s, 1 OGFis, 775s, and 695s cm-'; in/e 
268 ( M i ) ,  253, 211, 194, 165, 120, 105, antl 77  (Found: C, 
80.8; H, 7.55. C,,I3,,0, requires C, 80.56; H, 7.510/,): 
and trietliylphosphine selenide (352 rng, S!,tyo). 0-Isopropyl 
selenobenzoa te (34) gave t r a n s - a , u - i l i - i s o p ~ @ p o ~ ~ J s t i l ~ ~ ~ e  
(40) (168 mg, 57%,), from methanol, ni.p. 93-94 OC; S 
7.09-6.87 ( I0  13, m), 3.75 (2 H, sept, J 6.0 Hz), and 1.10 
(12 H, d,  J 6.0 IHz); v,,,,. (Nujol) I 245s, 1 135s, 1 045s, 
785s, and 690s cni-l; nz/e 296 (M'),  281, 225, 194, 165, 
120, 105, and 77 (Found: C, 81.25; H, 8.3. C201-12402 

requires C, 81.04; H, 8. ItiO/,) : meso-cc,ct-di-isopropoxybibenzyl 
(41) (68 nig, ll(;L), from methanol, 1ii.p. 82-84 "C (lit.,24 
m.p. 83.0-83.5 "C), identified by comparison with pub- 
lished data:  24 DL-a,CC-di-is(~propo.Yybibeiizyl (41) (71 mg, 
12%), from methanol, 1ii.p. 34-36 "C (lit.,25 1n.p. 35- 
37 ('C) , identified by comparison with published data : 24 

and trieth ylphospliine selenide (372 nig, 94 yo). 
Reaction of the Selenobenzoates (32)-( 34 ) with Triethyl- 

phosflliine in Cyclohexene. The selenobenzoate (2 mmol) 
was treated wi tli triethylpliosphine in cyclohexene ( 15 ml) 
as describctl in the preceding section. Chromatography 
of the residue on a dchydrated Plorisil column, eluting with 
petroleun-diethyl ether (20 : l ) ,  gave triethylphosphine 
selenitlc, a cis-tmns mixture of the stilbenes (38)--(40), 
and an exo-endo mixture of the norcaranes (42)-(44). 
The results are shown in Table 3. Triethylphosphine 
selenide was isolated in yields ranging from 86 t o  94%. 

Hydrolysis of the Norcnranes (42)-(44) .--The norcarane 
( 1  nimol) was dissolved in etlianol ( I0  ml) and 2w aqueous 
sulpliuric acid (1 ml) was added. After 30 min at room 
temperature water (10 nil) was added, and the reaction 
mixture was neutralised with sodium hydrogencarbonate. 
Extraction with dichloromethane and evaporation gave a 
residue which was chromatographed on alumina (grade 111). 
Elution with petrolcum-diethy1 ether (10 : 1) gave phenyl 
c*yclohesyl ketone, identical with an authentic specimen. 
'Ylic results are shown in Table 3 .  

Reaction of the Selenohenzoutes (32)--- (34) wzth Triethyl- 
/dLosp/iine in the Presence of Benzdl~~elLyde.--The seleno- 
benzoate ( 2  mmol) was treated with triethylphosphine in 
the presence of beiizaldehyde (212 mg, 2 mmol) as in the 
preceding sec tion. Evaporation of the reaction mixture 
in 7mc740 a t  80 "C left a residue which was chromatographed 
on a dehydrated Florisil column. Elution with petroleum- 
diethyl ether (95 : 1) yielded triethylphosdhine selenide and 
a cis-trans mixture of the stilbenes (45)-(47). Separation 
of the cis-trans mixture was accomplishecl on an  alumina 
(grade 111) column [elution with benzcne-hexane (1 : 5)] .  
O-Methyl selenobenzoate (32) gave trans-a-methoxystilbene 
(46) (172 nig, 41%), from peiitane, 1n.p. 47-49 "C (lit.,* 
m.p. 48-50 "C), identified by comparison with published 
data;  * cis-cc-nietlioxystilbelie (45) (185 mg, 44y0), as a 
colourless oil, identified by comparison with published 
data;  and triethylpliosphine selenide (352 rng, 89%). 
O-Eth yl selenobenzoate (33) gave trans-a-ethoxystilbene 
(46) 26 (174 nig, 3!)%) as a colourless oil; S 7.03-7.40 (10 H, 
m), 6.03 ( 1  H, s ) ,  3.76 (2 H, q ,  J 6.5 Hz), and 1.24 (3  H, t ,  
J 6.5 Hz);  v , , ~ ~ ~ ~ .  (film) 1 685s, 1 630s, 1 590s, 1 215s, and 
1 055s cn-l;  iiz/e 224 ( M ' ) ,  209, 196, 180, 179, 165, 152, 
and 105 (ITound: C, 85.5; H,  7.25. C,,H160 requires C, 
85.68; H, 7.19%) : cis-a-ctlfoxystzlbene (46) 26 (193 mg, 
4376) as a colourless oil; 8 7.05-7.75 (5  H, m), 6.95 (5 H, 
s ) ,  5.75 (1 H, s), 3.81 (2 H, q, J 6.5 Hz), and 1.27 ( 3  H, t ,  
J 6.5 Hz);  v,,,,. (iilni) 1 68Os, 1 640s, 1 605s, 1 205s, and 
1060s cm-'; wz/e 224 ( M I ) ,  209, 196, 180, 179, 165, 152, 
and 105 (Found: C, 85.55; H, 7.3. Cl,H1,O requires C, 
85.68; 1-1, 7.19%) : and triethylphosphine selenide (360 
mg, 9 1 yo). O-Tsopropyl selenobenzoate (34) gave trans-cc- 
isopvopoxystilbene (47) (176 mg, 37%) as a colourless oil; 
8 7.10-7.45 (10 H, m) ,  6.15 ( 1  H, s), 3.92 (1 H, sept, J 7.5 
Hz), arid 1.15 (6  H, d, J 7.5 Hz);  v,,,,. (film) 1 675s, 1 635s, 
1 605s, 1 225s,  and 1 045s cni-l; wz/e 238 (Mf), 223, 182, 
180, 179, 165, 152, and 105 (Found: C, 85.5; H, 7.75. 
C,,H,,O requires C, 85.67; H, 7.61'i/o) : cis-a-isopropoxy- 
stilbene (47) 27 (214 mg, 45%) as a colourless oil; 6 7.01- 
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7.70 ( 5  H, m), 6.90 ( 5  H, s ) ,  5.93 (1  H, s ) ,  4.02 (1  H, sept, 
J 7.5 Hz), and 1.20 (6 H, d, J 7.5 Hz); vIllax. (film) 1 670s, 
1625s,  1595s,  1215s,  and 1040s cn1-l; m/e 238 (AT+),  
223, 182, 180, 179, 165, 152, and 105 (Found: C, 85.4; 
H, 7.8. C,,H,,O requires C, 85.67; H, 7.61%): and tri- 
ethylphosphine selenide (321 mg, 81 :&). 

The author wishes to express his thanks to Professor 
D. H. R. Barton for many valuable suggestions and his 
encouragement throughout the course of this work. 

[8/2209 Received, 28th Decciizbev, 19781 
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