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The Apicophilicity of the Phenylseleno Group in Five-co-ordinate Phos- 
p horanes 

By Matthew P. Johnson and Stuart Trippett," Department of Chemistry, The University, Leicester LE1 7 R H  

The variable-temperature n.m.r. spectra of spirophosphoranes containing a P-phenylseleno group show that in these 
systems phenylseleno, phenylthio, and phenoxy groups possess similar apicophilicities. In the case of a spiro- 
phosphorane containing a benzoxathiaphosphole ring there is  no evidence for the presence in solution of an isomer 
with apical sulphur, i.e. there is here a substantial difference in apicophilicity between oxygen and sulphur which is  
not apparent with phenoxy and phenylthio groups. 

THE first five-co-ordinate selenophosphorane (1) was 
reported by Burger; surprisingly the structure, as 
established by X-ray analysis, consisted of a distorted 
trigonal bipyramid with equatorial selenium and apical 
carbon bearing two trifluoromethyl groups. Comparison 
with structures (2) and (3),3 in which apical oxygen is 

apicophilic than phenoxy or phenylthio. The two 
signals in the 19F n.m.r. spectrum of (7) similarly 
coalesced at  185 & 5 "C (Av 130 Hz in l-bromonaph- 
thalene), and the free energy of activation for the 
pseudorotation (7) w (10) is therefore 22.1 rfr 0.3 kcal 
mol-1. The value for the corresponding phenyl- 
tliiophosphorane is 22.3 kcal mol-l; the phenoxy- 

preferred over similar carbon, suggests that selenium is 
less apicophilic than oxygen, or by e x t e n s i ~ n , ~  sulphur. 
We have made a number of five-co-ordinate phosphor- 
anes containing a P-phenylseleno group in order to 
investigate this point. 

Reaction of the chloropliosplionite (4) with lithium 
plienyl selenide gave the selenophosphite (5 ) ,  which 
could not be distilled. From it were prepared the 
crystalline phosphoranes (6)-(8) (Scheme). 

At room temperature the l H  n.m.r. spectrum of (6) in 
1-bromonaphthalene showed two methyl signals of 
equal intensity; these coalesced reversibly at  115 & 2 "C 
as the pseudorotation (6) + (9) became rapid on the 
n.m.r. time-scale; the free energy of activation for this 
process is therefore 21.1 rfr 0.1 kcal mol-1.t Comparison 
with the values4 of 20.5 and 20.7 kcal mol-l for the 
corresponding pseudorotations of the analogous phenoxy 
and phenylthio phosphoranes, respectively, suggests that 
in  this system the phenylseleno group is slightly less 

t 1 cal I= 4.184 J. 

(8 1 
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phosphorane showed adventitious equivalence of the 
trifluorometliyl groups. In this system phenylseleno 
and phenylthio groups therefore have similar apico- 
philicities. The phosphorane (8) decomposed before 
coalescence of the two methyl signals in its proton n.m.r. 
spectrum, 

These results are surprising in view of the structure of 
the selenophosphorane (1). However, the structure of 
(3), with apical oxygen and equatorial sulphur, is also 
noteworthy in view of the similar apicophilicities of 
ethoxy and ethylthio groups,5 and the possibility arises 
that placing heteroatoms in rings changes their relative 
apicophilicities. That this can be the case was shown by 
a study of the trans-phosphorane (12) formed by the 
addition of 3-benzylidenepentane-2,4-dione to the thio- 
phosphite (1 1) .  If, by analogy with phenoxy and phenyl- 
t h i ~ , ~  the oxygen and sulphur atoms in this trans- 
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phosphorane have similar apicophilicities, then it 
should exist in solution as the isomers (12) and (14), 
having oxygen or sulphur apical, respectively. These 
isomers can interconvert by the pseudorotation process 
shown, which should have a free energy of activation of 
about 15 kcal mol-l, whereas interconversion of trans- (12) 

Me 
Me q0 I 

0- P,-SePh 
/ '. 

F.p7 

0- P - SePh 
F3c 

and cis- (13) isomers, wliicli requires placing the benzoxa- 
thiaphosphole ring diequatorial, is slow at room tempera- 
ture even on a normal kinetic time-scale. 

The isomers (12) and (13) were prepared as a mixture 
(3 : 1) and the trans-isomer (12) was obtained pure by 
careful crystallisation. X-Ray analysis showed it to 
be a slightly distorted trigonal bipyramid with equatorial 
sulphur and the trans configuration as shown in (12). In 
solution at room temperature it is slowly converted into 
the 3 : 1 equilibrium mixture as shown by 31P n.m.r. 
spectroscopy. 

Ph C H = C (COW), 
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When the pure isomer (12) was dissolved in dichloro- 
methane at -70 O C ,  the 31P n.m.r. spectrum of the solu- 
tion at this temperature showed only one doublet ( J P ~  4.4 
Hz), due to (12). On brief warming to room tempera- 
ture and recooling to -70 "C the same 31P n.m.r. spec- 
trum was observed. Repetition of this process eventu- 
ally led to the appearance of a new doublet due to the 
cis-isomer (13), but no other new signals. The pseudo- 
rotation (12) + (14) is slow on the n.m.r. time-scale a t  

Me 

I t  

(14) 

Ar = C,H, F-p 

-70 "C but rapid on the kinetic time-scale a t  room 
temperature; the lack of any signals ascribable to (14) in 
the above sequence shows that the equilibrium between 
(12) and (14) is overwhelmingly on the side of (12), i.e. 
in this phosphorane oxygen is at least 2 kcal mol-l more 
apicophilic than sulphur. 

The origin of this change in the relative apicophilicities 
of oxygen and sulphur when they are both constrained 
in a ring is not known; it could be related to changes in 
hybridisation or to the restriction of lone-pair orienta- 
tions. 

At low temperatures one of the two signals in the I9F 
n.m.r. spectrum of the spirophosphorane (7) splits into 
two equal signals (T, -55 1 O C ,  AV 208 Hz; AG* 10.0 
6 0.1 kcal mol-l); this is probably associated with 
slowing of rotation round the equatorial P-Se bond. A 
similar phenomenon has been observed previously with 
the corresponding phen ylt hiophosphorane .* The 31P 
n.m.r. spectra of compounds containing a P-Se bond 
show satellite peaks due to 31P-77Se spin-spin coupling 
from the 7.5% natural abundance of "Se. The Jpse 
value for the selenophosphite (5)  was 342 Hz, whereas for 
the five-co-ordinate phosphoranes it ranged from 459 to 
620 Hz; as with other electropositive elements attached 
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to phospliorus there is therefore a tendency for this 
single bond coupling to increase with the s-character of 
the phosphorus ~ r b i t a l . ~  

EXPERIMENTAL 

N.m.r. spectra (311' and 191;) tverc recorded for solutions in 
CH,C1, unless otherwise stated : positive chemical shifts are 
to  low field of the standards 85% H3€-'04 and C6H,CF3, 
respectively. Free energies of activation a t  tlie coalescence 
temperatures were calculated using the Gutowsliy-Holm 
equation. Light petroleum refers to the fraction having 
b.p. 60-80 "C. 

4',4',5', 5'-TetranzetJiyl-l'-~Iienylsele1zo- 1,3,2-benzodaoxa- 
phosphole-2-spiro-2'- ( l', 3', 2'-dion.a~J~os~I~olalz) (6) .-Lithium 
triethylhydridoborate [ 1~ in tetraliydrofuran (THF)] was 
slowly added to a stirred solution of tliplienyl diselenide 
(1.56 g) in T H F  (15 ml) until the bright yellow colour 
disappeared. 2-Chloro-4,4,5,5-tetranietliyl- 1,3,2-dioxa- 
phospholan (1.82 g) was then added and the solution set 
aside a t  room temperature for 3 h. Tlie resulting 4,4,5,5- 
tetramethyl-Z-phenylseleno- 1,3,2-diosaphospholan, Sp 228.1 
( J p s e  342 Hz), was used without isolation. 

N-Chlorodi-isopropylamine (1.4 g) in ether (20 ml) W;LS 

added slowly with stirring to  the above phospliolan and 
cstechol (1.1 g) in ether (20 ml) a t  -78 "C and the niixturc 
set aside a t  room temperature for 24 h. Filtration and 
evaporation then gave the phospJiovnne ((j) ,  n1.p. (from light 
petroleum) 124 "C; SIT 1.20 (6  H, s ) ,  1.30 (6  H,  s ) ,  6.6 (4 H, br, 
s), 7.05 ( 3  H, m), and 7.45 (2 H,  111); Sp -20.4 (Found: C, 
52.7; H ,  5.15; P, 6.95. C,,H,,O,PSc requires C, 52.55; 
H, 5.15; P, 7.55%). 

fEuorornethyl-l,4,6,9-tetraoxa-5-pl~os~I~asjbivo[4,4]~zonane (7) .- 
The 2-phenylselenophospholan (6) (from 0.98 g of 2-chloro- 
phospholan) was dissolved in ether (15 ml) and an excess 
of hexafluoroacetone was condensed into the stirred solution 
at -78 "C. The solution was then allowed to reflux under a 
solid C0,-acetone condenser for 3 h. Evaporation then 
gave the phosphorane (7), m.p. (from light petroleum) 102- 
103°C; 8H1.05(6H,s),1.25(6H,s),7.1-7.8(5H,m); 8~ 
(in l-bromonaphthalene) -1.6:(6 F, m) and -2.8 (6 F, m); 
SP -22.0 (Jpse  620 Hz) (Found: C, 34.2; H, 2.7; P, 5.05. 
C,,H,,F,,O,PSe requires C, 34.05; H, 2.7; P, 4.85%). 

2,2,3,3-Tetranzet~~~~l-5-pIienylseleno-7,7,8,8-tetvakistv~- 

2,2,3,3,7,7,8,8-Octa~etl~yl-Fi-pIie~~ylsele?zo- 1,4,6,9-tetranxa- 
5-PJ~ospJ~aspiro[4,4]nol.zauze (8) .-N-Chlorodi-isopropylarnine 
(1.46 g) in ether (15 ml) was added slowly to the 2-phenyl- 
selenopliospholan (7) (from 1.97 g of 2-cliloropliospholan) 
and pinacol (1.27 g)  in ether (20 nil) a t  -78 "C and the 
mixture set aside a t  room temperature for 48 11. Filtration 
antl evaporation then gave the phosphorane (8), m.p. (from 
light petroleum) 112-113 "C; SH 1.05 (12 H, s ) ,  1.25 (12 H ,  
s), 7.15 (3  H, m), and 7.65 (2 H, rn); Sp - 30.3 ( J P s e  459 Hz) 
(Found: C, 51.75; H, 7.0; P, 7.25. Cl,H,904PSe requires 
C, 51.55; H,  6.95; P, 7.4",b). 

4'-A cetyl-r-P- (p-$uovop?ienon.y) -5'-methyl- t-3'-plienyl- 1,3,2- 
bemoxath ia fi Jz os fi Ii ole - 2-sp i Y o - 2'- A4- 1 ' ,2'-oxaph osph ole ne ( 1 2) . 
-A solution of 2-~-Auoroplienoxy-l,3,2-benzoxathiaphos- 
phole (0.5 g) and 3-bcnzylidenepentane-2,4-dione (0.34 g) 
in diclilorometliane (10 nil) was set aside a t  room tempera- 
ture for 3 weelis. Evaporation and crystallisation from 
dichloromethane-light petroleum gave tlie tvans-phosphor- 
ane (12), m.p. 125-129 "C; Sp 13.5; SIJ -53.8; SH 2.0 (3 H, 
s), 2.25 ( 3  €3, s ) ,  4.65 (1 H, d, J 24 Hz),  antl 6.4-7.45 (13 H, 
m) . Satisfactory elemental analyses could not be obtained 
for this extremely hygroscopic compound. 
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