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Abstract 

The ?,1.6-Iri-inopropylphenyl substitvent was placed on tJx pkwpho~s of a phosphole IO reduce the pyramidal ckaacter. That Us 
was accomplished was revcoled by single crysral X-ray ditkwrion analysis: with respccr IO Ihe plane of C,-P-C, in 
Ihe ipso carbon of the benzene ring was deflecred by only 58.0e. whereas the cktlection is 66.9” in the uncmw& 
This proves that the concep of reducing the pynmidal character (with the gwl of increasing the electmn delocalizadon) tkcugh 
crowding can be realized. In the crystal the IWO rings are in orthogonal planes_ hut this reMion is not retained in solution: NMR 5 
show that the two edges of the benzene ring, as well as tix ?,64sopmpyl groups. a-e &mica!. 

Krwordr: Phoaphole: Single cry~t.4 X-ray analysis: Sterewmcture: LMocalizatiao: Ammaticity: Bird-index 

1. Introduction 

Theoretical calculations [I] have suggested that as 
the phosphorus atom in a phosphole approaches pla- 
narity from its normal pyramidal state, the extent of 
delocalization of the lone pair into the P system should 
increase. We are engaged in a program to test this idea 
experimentally, and to this end we first synthesized a 
phosphole [I-(2,4-di-rerr-butyl-6-methylphenyl)-3- 
merhylphosphole 11 with a large, sterically demanding 
substituent on phosphorus that might interact with the 
phosphole ring and cause partial flattening of the phos- 
phorus atom [2]. This phosphole 1 proved to be a solid, 
but crystals suitable ior X-ray diffraction analysis, which 
would have provided contirmation of the flattening as 
well as delocalization through changes in bond lengths, 

could not be obtained. However, the pbotoelec&on spec- 
trum of phosphole 1 provided an imiication that there 

stiment that did give crystals amenable to stmctw 
determination by X-ray diffraction amipis. This has 
allowed us to obtain direct experimental contilnation 
that a large P-substihtent can indeed cause partial flat- 
tening of the pbosphoms atom. Our experimental results 
are presented in this paper. 
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2. Results and discttssion 

The synthesis of phosphole 2 was accomplished by 

the same sequence of reactions [L( used in ottt previous 
work 121 (Scheme I). All reactions proceeded smoothly 
in good yield. Phosphole 2 was obtained analytically 
pcre by column chromatography and recrystallization 
from acetone. The 3’ P NMR shift of 2 (6, = - 8.6) was 
somewhat upfield of that for the uncrowded I-phenyl- 

phosphole (6, = 7.8 [4]): the upfield shifting may arise 
from steric interactions of the y-related orrho isopropyl 
carbons. Increased electron delocalization is predicted 
from theoretical calculations to cause deshielding [l], 

although no experimental verification of this prediction 
is yet possible. The value for 2 should also be compared 

with that for phosphole 1 (6, = 1.8). As additional 
crowded phospholes become available, the competing 
effects of stetic crowding and increased electron delo- 
calization should become more understandable. 

Phosphole 2 was also characterized by mass spec- 

tromehy. As is typical of phospholes, the molecular ion 
was the base peak in the specmtm. 

In our earlier studies of phosphole 1, it was deduced 
from the “C NMR spectrum that the Z,Cdi-rerr-butyl- 
6-metbylphenyl ring was fixed in a plane orthogonal to 
the phosphole ring, as shown in strucmre 1A. The 
sterically controlled “P-“C two-bond and three-bond 

coupling constants were signiticantly larger for carbons 

Table I 
“C NMR data for pharphole 2 in CDCI, solution 

Me 

8 J, (Hr) 

C2 128.1 - 
C, 143.3 I6.0 
C, 136.1 14.4 
C< 135.2 _ 
C,-Me 18.8 
C; 156.8 
c: 121.6 
ci 
Cz-CH(CH,)> 
C;-CH(CH;)> 
CZ~CH,W, 
C:-CHMe. 

151.5 
24.9 
23.8 
31.5 
34.3 

3.6 
I‘l.1 
5.5 

_ 
_ 

16.” 
_ 

of the substituent held closer to the lone pair on phos- 
phorus. The barrier to rotation (or to pyramidal inver- 
sion, which would have the same effect) was substan- 
tial. since the spectrum was unchanged at 100°C. A 
feature of the ’ H NMR spectrum supported this confor- 
rational assignment: a five-bond coupling constant for 

P to the methyls of the 2-fert-butyl group could be 
detected (2 Hz), as would only occur if this group were 
in close proximity to the lone pair. 

Table ? 
‘H NMR data for phosphole 2 in CDCI, solution 

6 J,, (Hz) ‘JBH (Hz) ‘_I,,, (Hz) 

C,-H 6.60 m 38.8 
C,-H 6.84 ddd 17.” 7.0 I.0 
C,-H 7.05 ddd 35.8 7.” 2.3 
C,mCH, 2.23 d 51 
C:-H 6.99 d 3.2 
C:-CHWH,), 1.24’ d 
C:-CHKH,), 1.15” d 

7.0 
6.9 

C’:-CHMe2 3.11 m 6.7 
C;-CIIMcx 2.86 sepre, 6.9 

’ May be reversed. 



C(4) 
C(5) 
c(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
C(II) 
C(I2) 
C(l3) 
C(l4) 
am 
C(l6) 
C(l7) 
C(l8) 
cc191 
C(20) 
C(21) 

0.4351(2) 
0.2951(7) 
0.443%7) 
0.664X7) 
0.6841(7) 
0.390(l) 
0.2948(6) 
0.216647) 
0.09817) 
0.0581(7) 
0.1381(7) 
0.2551(6) 
0.2478(S) 
0.023(l) 
0.366X1) 

-0.07lM7) 
-0.304m 
wl632w 
0.3349(7) 
0.1401w 
OSt72f8) 

? 
0.16567(5) 
0.1298(21 
O.hXiW~ 
O.G972(2) 
0.1248(2) 
0.0721(2) 
0.1482(2) 
0.19%x?) 
0.1842(2) 
0.1283(2) 
0.0825(2) 
0.090%2) 
0.2589(2) 
0.2857(2) 
0.2936(23 
0.1175(2) 
0.1444(3) 
0.139ix2) 
0.0372W 
O.tKm2) 
O.cm52f2) 

0.67507(X) 
0.57wo) 
0.5226X3) 
0.5754(3) 
0.6648(3) 
0.4210(3) 
0.7855(3) 
0.8392(3) 
0.9205(3) 
0.9521(3) 
0.8995(31 
0.817c(3) 
0.8llM3) 
1).7743(5) 
0.8958(4) 
1.0412(3) 
I.O2%x4) 
1.13&1(3) 
0.764X3) 
0.7307(3) 
0.8313(3) 

k 
1.82(2) 
2.1')(9) 
2.oM8) 
2.14w 
2.1X9) 
3.4(l) 
1.55(7) 
1X1(8) 
1.93(S) 
l&m) 
1.82(S) 
1.63(B) 
2.33(9) 
4.912) 
4.1(l) 
2.04(9) 
3.4(l) 
2.53flO) 
1.82(S) 
2.66(10) 
2.9lll 

In the new phosphole 2. the “C chemical shifts and 
“C-” P coupling constants would be expected to differ 
for the carbons on the two edges of the benzene ring if 
the steric crowding prevented rotation around the C-P 
bond. However, the spectrum contained only one signal 
for the orrho ring carbons, as well as for the 2,6_isopro- 
pyl groups (Table I). This can only mean that the 
crowding is not severe enough to prevent rotation around 
the P-C bond (or inversion of the phosphorus pyramid). 

The ‘H NMR spectrum (Table 2) of phosphole 2 
provided confirmation of this conclusion; the 2- and 
6-isopmpyl groups were identical. Funhermore, there 
was no observable four-bond coupling of phosphorus to 
C,.-H, that is not fixed in proximity to the lone pair. 

We have employed the PM3 semi-empirical molecu- 
lar orbital method within the Mopac 93 program (Fujitsu 
Ltd.) to gain an understanding of the failure of the 
isopropyl groups to prevent the rotation (or inversion) at 
phosphorus. The PM3 method is particularly well suited 
to computation of phosphoms-containing systems [51. 

TabIs 
Bond ten@br(~)md mgles~(') forphosphole> 2 and 8 

AfMnS 2 8 161 

P,-C2 
P,-Cs 
P,-c'- 
E:;c'1 
11 

C,-C, 

c,-P,-C" 
c,-P,-c. * 
C.-P.-C, 

1.782(4) 1.786(5) 
1.778(4) 1.7tm4) 
1.83X6) 1.858(4) 
1.3-%X6) 1.343(61 
1.436(6) ,.43X(6) 
1.366(6) l.343(7) 

IO9.6(2) 106.1(2) 
tl3.7(2) IOSH2) 
9l.l(?) 90.7(2) 

Using three different starting geometries for both the 
isopropyl groups, we calculated the geometry optimized 
energy surface for the rotation of the phosph& ring 
about the aryl ring in each case. This would give us 
information regarding the energy differences behveen a 
substantial number of confomxxs along the phosphole 
ring rotation pathway. 

In one case we used the conformer with the methine 
protons of both the isopropyl groups closest to the 
phospbole ring GA). Comparison of all the beats of 
formation showed this to be the most stable form, with 
a heat of formation of 42.Okcalmo-‘. Rotation of tbc 
phosphole ring about the aryl ring caused the energy to 
increase to a maximum of 45.9 kcal mo- ’ at the co+ 
former in which the phosphole ring is midway between 
the geometry shown in 2A and that where the 
ring is rotated by 1800 (2B). As will be seen 
section, the calculated low-energy conformation (ZA) is 
that adopted in the crystalline form of 2. as 
determined by X-ray analysis. 

In the second case, one of the isopropyl groups in 2A 
(em) was rotated by 180”. so that the two methyl 
groups were closer to the pbospbole ring (20. This 
increased the beat of formation to 48.3 kcalmol-‘. As 
in the previous case. the ring-ring torsion energy sur- 
face was studied compmionally. An energy maximum 
(54.8kcalmK’) occurred when the le ring 
was midway between the starting geometry and the 
conformer where the pmbospboie ring ws rotated by 
180” UD). 

In the third case, both isqmpyl gmops in 2A were 
rotated by 180” u) that the methyl group+ were close to 
the pbosphole ring. This resulted in an energy nuface 
with much higher heats of formation (56% 
61.2kcalmol-‘1. It can reasonably be assumed that 2 



Fig. I. Crystal rtnrt”re of phospholr 2. 

Table 5 
“C NMR data for dime! 10 in CECI, solution 

6 Jqc oh) Jhc (Hz) 
C? 130.7 91.9 
C, 157.1 23.9 9.1 
=;a 51.9 13.1 13.1 
C, 52.6 64.5 
C, 135.8 12.2 

C, 
A 

C7 48.0 60.0 
CT, 43.5 74.8 12.8 
C,-CH, b 18.9 16.7 
C,-CH,’ 19.3 
c; 127.7 97.9 
c; 127.7 97.9 
C’ r 2 152.8 9.5 
q. Cb. c; = d 

c;. c;. c;. c; 
C’ c 
c: r 

151.4 

o,tko-CHWH,)l 150.8 23.4 
pore-CFXCH,), 25.3 
otiku-CHMe, 31.7 
!X,a-CHM.% 33.9 

Table 6 
“C NMR for Dielr-Alder cycloaddua II in CKI, soluri~n 

s J, (Hz) 
Cl 51.1 63.2 
C, 140.7 11.4 
C, 1219 10.5 
C, 48.3 63.6 
c< 1 43.5 11.8 
c, ‘8 44.8 IS.4 

C* D 
175.7 14.4 

C, 
D 

175.5 13.6 
C,-CH, 19.1 - 

c; 120.9 94.1 
c’ c 
(=tz d 

153.1 10.4 

Ci 
122.4 9.7 
152.6 2.1 

C’ d 
c! L 121.4 10.2 
6 151.9 9.8 

C.-CH(CH,),.C;-CHKH,), 
Cj-CH(CH,12 

23.5 
26.1 

c’z-~~~e2.c~-~~~~, 32.3 6.1 
C,-CHMQ 34. I 
C; 131.7 
C” u $ r 126.4 

C; 
129.1 
128.7 

will not seek to adopt any of these energetically unfa- 
vorable conformations. 

From the second case, we see that the energy differ- 
ence between the low energy and high energy conform- 
ers is 6.6kcalmol-I. If it is assumed that As” is the 
same for both conformers, then the differences in heats 
of formation for 2A -t 2B and 2C + 2D are approxima- 
tions of the free energy of activation for rotation. If the 
barrier to rotation has not been severely underestimated, 
it is small enough to allow the rotation to occur under 
the experimental temperatures used in the NMR studies. 
This supports our observations, which are consistent 
with just such a rotation. 

X-ray diffraction analysis of a single crystal of phos- 
phole 2 was performed at - 150°C. The molecular 



Scheme 2. Ar aa in Scheme I 

structure that was established is shown in Fig. I, while 
the positional parameters are listed in Table 3. It is seen 
that the phosphole ring and the benzene ring lie in 
orthogonal planes, just as deduced for phosphole I in 
solution from NMR spcctmscopic studies. In this COD 
formation, the two edges of the benzene ring, as well as 
the 2.6~isopropyl groups, we non-equivalent, and if this 
conformation were retained in solution, these carbons 
would have different chemical shifts and coupling con- 
stants. As noted in the preceding section, this is not the 
case, indicating that the energy barrier to rotation around 
the P-C bond, or the pyramidal inversion barrier, is not 
as high as in phosphole 1. Nevertheless. substantial 
stetic crowding is present, and the desired flattening 
effect on the phosphorus pyramid is clearly evident. 
This is revealed by a comparison of appmpriate geomet- 
ric propenies with those of I-benzylphosphole (8) [6], 
as an example of a relatively uncrowded phosphole. 

In one view, the deflection of the ipso carbon K,) 
of the benzene ring from the plane established by 
C,-P-C, of the phosphole ring is a measure of tbe 

flattening. The angle of deflection in be112 is 
66.9”. but in pbospbolc 2 this angle is to 
58.0”. The calculated angle using tbe PM3 semi-em- 
pirical program is a got unreasonable value of 62.80. 
Another indication of tbc distortion at 
from an analysis of the teat-squares 
selected groups of atoms. We define 
ing P$-C&,-C5 (mean standard deviation for 2 
0.006 A; 0.058 A for 8). and plane 2 as incb+ng C,- 
C,-C,;C, (mean standard deviation 0.0022A for t: 
0.0017 A for 8). F exocyclic carbon on P lies be 
plaoe 0I by 1.617A for 
1.456A for 2. Tbe planari 
defined by the defle$m o 
deflection is 0.2764 and for 8. 0.237A. indicating 
reduced planarity in tbc more crowded 2. This feature 
was also revealed by the larger interplanar angle mea- 
sured between plane I and plane 2 for 2 (759”) than for 
benzylpbosphole (8) (4.92”). 

A comparison of selected bond lettgtbr and 
angles in the two phospboles (2 and 8) is pmvided in 
Table 4. It is seen that there is only a slight difference 
in lengths for P to the ring carbons. Tbe emcyclic P-C 
bond is. however. signilicantly shorter in 2 than in 
benzylphosphole 8, which can largely be atttibttted to 
the sp’ hybridization at carbon in the former, at&i sp3 in 
the latter. There is no signiticant difference in the 
C,-C, single bond length, which indicates littIe differ- 
ence in the elecuoo d&xaliition of tbc two corn--” 

Table 7 
‘H NMR data for dimer 10 and Dielr-Alder fyclmdduct It in CDCI, ~lution 

10 6 (mult.. J (Hz). integd 

who-CHtC Ha), 1.20-t .28 tm. 24H) . 
jwsCHtC H,), 

C,-Me 
C,-Me 
CHlbk, 

C,-H 
C,-H 
ACH 

’ Total intensity 2H. 

1.34-139(m. IZH) 

1.61 (s.3H) 
2.M) (s.3H) 
2.86 (m, 2H) 
3.34 kpt. J = 6.6. 2H) 
3.62 kpl. J = 6.6. 2H) 
6.17 (d. J = 12.4) ’ 
6.23 td. J = 23.9) = 
6.99-7.08 (m. 4H) 

Cl-H 

C,-H 

tt 

1.24 td. I = 6.9.6W 
1.28 td, J = 6.6,6Hb 
1.33 (d J = 6.6.3H) 
1.42 (d. J = 6.6,3H) 
1.67 ts. 3H) 
- 
2.88 tqepr J = 6.8. t Et) 
3.Mtsqx. J=6.5. IH) 
3.52 tseept. J = 6.3. IED 
5.84 (d. J = 6.6. 1H) 
- 
7.02-7.48 tm, 7H) 



M’ 632(51) 489 (51) 
M-Me“ 617 (3) 474 c.0 
M-12.4.6.pi-‘PrC,H,Pol-+ 382(18)” 239 (18) ” 
M ~I~.~.R~-‘P~C,H,PO-M~J~- 367(14) 

& ‘+ r) ‘+ 317 (loo) 317 (62) 

317-H-* 316(75) 316(28) 
2.%6-ni-‘PrC,H,FQ‘* 250 (8) 25O(IW) c 
LFO-Me“ 235 (9) 235 (69) 

92(61)” 

’ 381(25):” 24OW):’ 25lW):” PhN+H. 

oounds (2 and 8). The C,-C, and C.-C. double bonds 
A> 

in 2 do have an averaged length tha; is slightly longer 
(0.01 A,, than the averawd value for benzvlohosohole 
(8). but this is not too s&nificant. 

*. . 

To have an exact indicator of aromaticity, the Bird- 
index 171 of phosphole 2 was also calculated. Phosphole 
2 exhibited a Bird-index of 40.4, which is somewhat 
bigger than the value of 35.3 reported for benzylphosp- 
hole 8 [7]. 

We conclude that the steric crowding in 2 causes 
some flattening at phosphors, but the electron delocal- 
ization is increased only to a slight extent. 

2.3. Synthesis and spectral characterization of the dimer 
and a 3iels-Alder adduct of the wide of phosphole 2 

To complete the characterization of phosphole 2, its 
conversion to the oxide 9 was performed by the action 
of hydrogen peroxide (Scheme 2). Phosphole oxide 9 
could only be observed as a transient species by “P 
NMR spectroscopy when the oxidation was performed 
at about O’C; it had a shift of SD = 49.2, but rapidly 
formed the Die&-Alder dimer 10, as is characteristic of 
phosphole oxides. 

The phosphole oxide was also generated by the 
dcbydrobromination of dibromophospholane oxide 6 
@theme 3). In this case the oxide was trapped upon 
formation with N-phcnylmaleimide, giving the Diels- 
Alder adduct 11. 

The phosphanorbomene derivatives 10 and 11 were 
characterized by “C NMR (Tables 5 and 6). ‘H NMR 
(Table 7) and mass spectral (Table 8) data. The spectral 
features are consistent with those reported for related 

dime=, and show no special effects from the steric 
crowding at phophoms. 

3. Experimental details 

FT “P NMR spectra were recorded with an IBM 
NR-80 spectrometer using 85% H,PO, as external stan- 
dard with CDCI, as solvent. ‘H NMR and ‘“C NMR 
spectra were recorded with Broker DRX 5M) and IBM 
NR-80 instruments respectively, with Me,Si as internal 
standard. The coupling constants are given in hertz. 
Mass spectra were obtained on an MS 25-RFA spec- 
trometer at 70eV. 

3.1. 3-~etfiy/-I-~2,4,6-rri-isopropylpheny/~3-phospho~e 
I-oxide (5) 

A solution of 0.183 mol of 2,4.6-tri-isopro- 
pylpbenylmagnesium bromide in THF (prepared from 
4.4 g (0.183 mol) of magnesium and 5 1.8 g (0.183 mol) 
of I-bromo-2.4,6-hi-isopropylbenzene ’ in 140ml of 
dry THF was added dropwise to 21.9 g (0.163 mol) of 
I-chloro-3-methyl-3-phospholene (3) [lo] in 140ml of 
THF at 0°C with stirring under a nitrogen atmosphere. 
After the addition, the cooling bath was removed and 
the contents of the flask were stirred for 2h. The 

Il-Bromo-2.4.6-tri-i~~p,~pyl~~~~”~ ws prepared from 1.3.5.ti- 
ibopmpyl-banme by the procedure used for the bmminadon of 
1.3-di-rm-butyl-5-n,~,by,~~~~“~ [S]. Yield 7RC: b.p. 85-90°C 
(0.15 mmHg) (lit. 191 98-IW”C (0.4OmmHg)). 



solvent was evaporated and the residue extracted with 
4 X 50ml of n-hexane. The solvent of the combined 
extracts was evaporated to give 47.7 g (97%) of phos- 
phine 4 (“P NMR (CDCI,): 6 -37.1. MS m/z (rel. 
int.): 302 CM+, 100). 287 (77). 43 (SO)). 

The phosphine 4 obtained in the previous reaction 
was dissolved in 180ml of ch!nrofonn and slowly treated 
with 20.8g (0.183mol) of 30% hydrogen peroxide at 
0°C with intensive stirring. After a I h reaction time. 
the mixture was washed with 4 X 6Oml of water. The 
organic phase was dried (MgSOJ and the solvent evap- 
orated to give 52.7g (91%) of oxide 5. “P NMR 
KDCl,): S 60.2. ‘H NMR (CDCI,): 6 1.07-1.35 (m, 
18H. CH(CH,)I), 1.82 (s, 3H, C,-Me), 2.70-3.55 (m, 
7H, CH2, CH). 5.57 (d, ‘J(P,H)=29.9, IH, CH=), 
7.05 (s. 2H. ArH). MS m/z (rel. int.): 318 (M’, 100). 
303 (681.43 (25). HRMS ,+I&,= 318.2081. C,,,H,,OP 
Calc.: 318.2113. 

3.2. 3,4-Dibrolno-3-methyl-I -f2.4.6 wi-isopropylphen- 
yl)phospholane I-oxide (6) 

The solution of 2.5 ml (O.oJ9 mol) bromine in 50 ml 
of chloroform was added dropwise to 15.5 g (0.049 mol) 
of phospholene oxide 3 in lOOmI of chloroform at 0°C. 
After the addition, the contents of the flask were stirred 
at mom temperature for 1.5 h. The crude product ob- 
tained after evaporation of the solvent was purified by 
column chromatography (silica gel. 3% methanol in 
chloroform) to give 19.68 (84%) of 6 consisting of two 
diastereomers. P NMR (CDCI,): 47.4 (81%) and 48.9 
(19%). 13C NMR (CDCI,) for the major isomers: 6 
30.3 (5=3.8, C,-CH,), 42.8 (5=60.9, C,), 49.0 
(5=61.2, C,), 57.4(./=6.6, C,), 66.7(J=8.3, C,); 
for the mino~isomer: S 31.7 CC,-CH,), 43.7 (J = 61 8. 
C,), 47.6 (5=63.2, C?), 58.6 (5=6.7, C,), 65.1 
(J = 6.3, C,): common signals: S 23.3 CC’,- 
CH(CH,),), 24.5 CC’,-CH(CH,),), 32.7 (J= 5.1. 
C2-CHMe2). 33.8 (C;-CHMe& 122.2 (J= 11.6. C;), 
151.5 (J= 11.7, C;,. 152.7 (C;). ‘H NMR (CDCI,): S 
1.22-1.37(m. 18H,CH(CH1)& 1.92(s,0.57H. C,-Me 
for the minor isomer). 2.20 (s, 2.438. C,-Me for the 
major isomer), 7.10 (s, 2H. ArH). MS m/z (xl. int.): 
476 (M+, < 0.5). 397 (551, 317 (100). 43 (38). C&MS: 
477 (M + H). 

3.3. 3-Me~hyl-I-~2.4.6-fri-isopropylphen~~lJphospho~e (2) 

The solution of lO.Og (0.0209mol) of dibromo com- 
pound 6 in 50ml of dry benzene was added to the 
mixture of 5.6ml (0.0690mo1) of pytidine, 2.3ml 
(0.0230 mol) of uichlorosilane and 50 ml of benzene in 
a nitrogen atmosphere. After a period of 5 h of retlux, 
the insoluble materials were removed by filtration. The 
solvent of the filtrate was removed in vacuum and the 
crude product so obtained purified by column chro- 

matography (silica gel, 3% metbanol in chloroform) to 
afford 5.3g (61%) of 2: mp. 70-72°C (acetone). “P 
NMR (CDCI,): -8.6. “C NMR, Table I. ‘H NMR, 
Table 2. MS at/: (rel. int.): 300 (Mt. 100). 285 (8@). 
I89 (21). 43 (64). Anal. Found: C, 79.51: H. 9.30. 
Cl,,HLUP Calc.: C, 79.94; H, 9.75%. 

3.4. Dimer 10 of phosphole oxide 9 

The solution of 2.4g iO.00SOmol) of pbos b 2 in 
20ml of chloroform was slowly treated 1.02g 
(O.OCBOmolf of 30% hydrogen peroxide at 0°C with 
intensive stirring. After a I h reaction period, the mix- 
ture was washed with 3 X IOml of water. The organic 
phase was dried (MgSO,) and the solvent evaporated to 
give a crude pmdua that was purified by column 
chromatography (silica gel, 3% metban in cb~~f~m). 
The yield of dimer 10 was 1.9g (75%); m.p. 232-234°C 
(acetone/n-pentane 4~1). “P NMR KJEI,): 6 56.4 
and 80.1 (./(P,P) = 38.1). “C NMR, Table 5. ‘H NMR, 
Table 7. MS, Table 8. Anal. Found: C, 75.61: H, 8.92. 
C H 0 P Calc.: C, 75.92. H, 9.24%. M IS 2 2 

Oxidatioa of a small sample of pbos 2 in 
CDCI, with one drop of 70% ren-butylperoxidc at 
around 0°C resulted in the appexmce of an irttemtedi- 
ate signal for phosphok oxide 9 at S = 49.2 ppm. Si- 
multaneously with the disappearance of this signal, tlx 
shifts of the dimer 10 developed. After 1 h there was no 
9 in the mixture. 

3.5. N-Phenylmaleimide odducr II with phosphole ox- 
ide 9 

A mixture of 1.2g (0.0025l mol) of dibromo com- 
pound 6, 0.44g (0.00254mol) of N-pbenylmalebnide., 

D,, (gem-‘) I.072 
p km-‘) 12.19 
Win. trdnsmission factw O.% 
stall *lx u-2* 



0.7 ml (O.CtOSOZ mol) of triethylamine and 25 ml of bea- 
zeae was stirred at reflux for 8 h. 

Tbe precipitated salt was filtered off and the solvent 
of the filuate evaporated. The crude pmduct so obtained 
was purified by column chmmatography (silica gel, 3% 
methanol in chloroform) to afford 0.9g (73%) of 11; 
m.p. 272-274°C (acetone). “‘P NMR (CDCI,): S 83.X. 
“C NMR, Table 6. ‘H NMR, Table 7. MS, Table 8. 
Anal. Found: C. 73.22: H. 7.08. Ca,H,,NO,P Calc.: C. 
73.60: H. 7.41%. 

Crystal data and other experimental details are bum- 
mar&d in Table 9. A needle-shaped crystal of approxi- 
mate dimensions I.00 X 0.40 X 0.30 mm’ was selected 
and mounted. Data were collected on a Rigaku AFC6S 
diffmctometer. at - 140.0 “C, using gpphite-monochm 
mated Cu Ko radiation (A = 1.5418 A). The diffracted 
intensities were corrected fcr Lorentz. polarization and 
secondary extinction (coefficient 3.021 x 10mh). The 
stmctare was solved by direct methods and reftned with 
fall-matrix techniques. All non-hydrogen atoms were 
refined anisotropically. Hydrogens we? generated based 
upon geometic evidence (C-H 0.95 A). The final dif- 
ference Fou$er synthesis presen$zd maximal residuals 
of l.l3e- A-’ and -0.73e- A-‘. The calculations 
were performed with the help of the teXsan package 
[II]. Full lists of atomic coordinates, bond lengths, 
angles and thermal parameters have been deposited at 
the Cambridge Crystallographic Data Centre. 
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