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A set of para-substituted meta-terphenyl phosphaalkenes of
the form 4-X-2,6-Mes,C¢H,P=C(H)CcH,-4-X' (X = H, MeO
or NMe,; X' = H, CN, or NO,) have been synthesized to al-
low systematic studies of the impact of remote X and X’ sub-
stituents on the phosphaalkene unit. The new compounds
were characterized by 'H and 3'P NMR spectroscopy, UV/
Vis absorption spectroscopy, single X-ray crystal structures
(for four compounds) and by electrochemical studies. The in-
troduction of remote groups (X') on the less hindered phenyl
ring generated more significant effects on the physical prop-

erties of the materials than did substituents (X) on the hin-
dered meta-terphenyl rings. These effects were also explored
by computational methods in order to assess the influence of
substituents on structures and properties. The polarization of
these molecules is less than that produced for analogous al-
kenes, as the phosphaalkenes bear sterically demanding
groups that constrain the systems to adopt conformations that
are less than ideal for maximum n-conjugation of the central
n network

Introduction

Phosphaalkenes (RP=CR’,) represent interesting main-
group analogues of alkenes (R,C=CR’,).['"?1 As such, in
many of the areas for which alkenes are either being used
or studied for technological applications, parallel opportu-
nities often exist for phosphaalkenes. For example, we and
others have been developing conjugated polymers featuring
phosphaalkene functionalities along the main chain.['%-!5]
Another set of materials that has captured much attention
are nonlinear optical (NLO) active materials based upon
alkenes.'®! Many of these promising materials feature al-
kenes are those that are polarized by the simultaneous pres-
ence of both electron-donating (ED) groups and electron-
withdrawing (EW) groups. Like alkenes, phosphaalkenes
are relatively non polar in the absence of strongly polarizing
groups, due to the similar electronegativities of carbon [¢(C)
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= 2.5] and phosphorus [¢(P) = 2.2]. This slight difference,
however, could accomodate contributions from resonance
structures ii and iii.

The effect of introducing polarizing functional groups on
phosphaalkenes has received some preliminary investiga-
tion. For example, Bickelhaupt and colleagues performed a
systematic analysis of the impact of varying remote para-
X'-substituents on (E)-Mes*P=C(H)C4H,-4-X' (Mes* =
2,4,6-1BusCgH, A).I'l They concluded that the Mes*P=CH
group acts as a weak electron donor on substituted benzene
rings, much as with simple alkenes. In another pioneering
study, Yoshifuji and colleagues successfully re-engineered
the bulky Mes* to allow variation of the para-X-substituent
on the bulky aryl group (B). For a series of fluorenylidene-
(aryl)phosphanes, the UV/Vis spectroscopic data suggested
that the X group influenced the phosphorus lone pair ener-
getics significantly more than the energies of the m or *
orbitals.'®! These results can be rationalized by the fact the
very sterically demanding Mes*-type ligands (as illustrated
by A and B) and their ortho-tert-butyl groups cause the
phenyl rings to be nearly orthogonal to the plane best suited
for conjugation to the P=C m-bond. Thus the impact of
remote substituents on the P=C n-bonds in systems such as
B are expected to be diminished compared to those modi-
fied as in A. Yoshifuji and co-workers have also employed
such functionalized ligands to introduce diarylamino
groups into remote position of terphenyl ligands for the
purpose of preparing multi-redox-active diphosphenes
(C).[19,20]

In some cases, directly attaching electron-donating
groups can even reverse the slight polarization of the P=C
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bond to create inversely polarized phosphaalkenes having
very different chemistries.?!]

The addition of remote substituents can have important
consequences for other main group multiply bonded com-
pounds. For example, Power and co-workers have shown
that for certain distannyne analogues (D), a change from X
= H to X = SiMej; can have dramatic effects on Sn—Sn bond
lengths, C—Sn—Sn bond angles, and even the orientation of
the aryl rings with respect to the Ar—-Sn—Sn—Ar torsional
angles.*?!

The goal of our studies was to prepare a set of phos-
phaalkenes with varying degrees of polarization across the
central P=C unit.

A = OOy

For the present study, analogues of the bulky 2.,6-
Mes,CgH; group (E) have been chosen. These terphenyl li-
gands can more readily access coplanar configurations bet-
ter suited for m-conjugation across the whole system than
the Mes*-type ligands. We have previously reported on the
syntheses of both (E)-2,6-Mes,CsHsP=C(H)CsH4-4-X' (E,
X = H; X’ = H, Cl, NO,, OMe, NMe,)"?*! and (E)-4-Br-
2,6-Mes,CsH,P=C(H)C4H,4-4-Br (E, X = X' = Br)P¥ sys-
tems. The latter material was also isolated in its Z-form, as
the product of photoisomerization.l**!
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Results and Discussion

Synthesis of Phosphaalkenes and Functionalized meta-
Terphenyl Groups

Yoshifuji and co-workers demonstrated the utility of di-
halo-substituted 2,6-dimesitylphenyl groups such as 4-1-2,6-
Mes,CgH,l and 4-1-2,6-Tip,CcH,1.I1%2% Our approach to
the present terphenyls starts with the readily prepared re-
lated compound 4-Br-2,6-Mes,CsH,Br (1). Compound 1
can then be easily converted to 4-1-2,6-Mes,CsH,Br (2) as
shown in Scheme 1.

Br  MesMgBr, Mes  7BuLi, Mes
reflux, THF -78 °C
Br- | ———— Br Br I Br
Br
Br 2 4 Mes THF, I, Mes

Scheme 1.

Compound 2 allows for the synthesis of the terphenyl
bearing Me,N (5a) and MeO (5b) substituents, as outlined
in Scheme 2 and Scheme 3. A set of conventional transfor-
mations based on related syntheses were used with good
success.[2327]

Mes O Mes
CH;CONH,, Cul —
| Br N Br
trans-1,2-diaminocyclohexane H
Mes K,CO;, toluene, reflux Mes
2 3
Mes
HCL THF H HCHO, NaBH,,
g N Br
reflux, 15 h H Mes H,804, 0°C, THF
4
Mes Mes
N nBuLi, ~78 °C \
N Br N PCl,
Mes THF, PCl; Mes
5a 6a
Scheme 2.
Mes Cul, KF/A[203 Mes nBuLi, Mes
o-phenanthroline \ -78°C \
I Br ——— O Br O PCl;
Mes  CH;OH/THF Mes  THF, Mes
2 reflux b PCl3 6b
Scheme 3.

From 5a,b the corresponding aryldichlorophosphanes 4-
MezN-2,6-M652C6H2PC12 (63) and 4-CH30-2,6-MCS2C6-
H,PClI, (6b) can be accessed in modest to good yields (30%
and 50 %, respectively). The reduced yields reflect, in part,
the greater difficulty encountered in the purification of
these materials. The 3'P NMR shifts for 6a and 6b located
at 0 = 163.7 and 160.7 ppm are close to the value of
160.1 ppm reported for the unsubstituted analogue 2,6-
MCSzC6H3PC12.
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Zn, PMe;
™ By ’EO?
xﬁmzo—» xr; o — e
i toluene gw—x' % o
~Me;P=0 3 @_\_Qg_
14,15
X X' % Yield 'P NMR (CDCly) 3C NMR (CDCly)
©®) 8 for P=C(H)Ar
7 H H 76 241.9 (240.9%) 180.2 (Jpc = 35.0)
8 H NO, 43 268.4 (265.6%) 176.5 (Joc = 36.4)
9 H CN 46 263.5 177.0 (Jpe = 35.8)
10 MeO CN 67 262.6 176.3 (Jpe = 35.2)
11 MeO NO, 35 267.0 176.2 (Jpc = 36.4)
12 MeO H 47 240.7 180.1 (Jpc =35.2)
13 Me,N H 40 242.5 178.4 (Joc = 35.3)
14 H NO, 75 245.1 178.9 (Joe = 35.6)
15 MeO NO, 71 245.7 178.6 (Jpe = 35.6)

* & value for C4Dg solution.
Scheme 4.

While several routes have been reported for the synthesis
of phosphaalkenes, we have found that for the synthesis of
terphenyl-bearing phosphaalkenes the use of “phospha-
Wittig” reagents of the form 2,6-Mes,CsH;P=PMe; to be
particularly convenient.”?31 These reagents need not be iso-
lated and they can be easily generated by the reduction of
ArPCl, by Zn dust in the presence of PMe;. Subsequent
addition of aldehydes afford the corresponding phos-
phaalkenes in good yields. The phosphaalkenes 7-15 were
prepared in this manner using commercially available alde-
hydes and (E)-4-(4-nitrostyryl)benzaldehyde (Scheme 4).

Examination of the 3'P NMR shift data for 8-15 shows
that the presence of electron-withdrawing groups X' (note
8, 9) leads to significant downfield shifts (ca. 23-25 ppm)
relative to 7. By comparison, a much smaller impact for the
presence of X groups is noted (12, 13) on *'P NMR shifts
(ca. 2 ppm) relative to 7 or to compounds that have non-
hydrogen X' groups. These findings can be rationalized by
the tendency of the much larger aryl group to rotate so
as to minimize unfavorable steric interactions, as in E’ in
Scheme 5. Thus, the ability of the remote substituents X to
electronically communicate with the P=C functional group
via m-conjugation through the aromatic rings are inhibited,
relative to that of the X' units on the less hindered aryl
ring.

Mes Mes Mes

x—<Sp % P X P
ves —Orx — 2y O - O™ o

Mes Mes

E' E E"

Scheme 5.

UVI/Vis Absorption Data
The phosphaalkenes 7-15 vary in color from pale yellow
to reddish orange. The intensity of the color is visibly
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higher for 14 and 15. The UV/Vis absorption spectra of the
phosphaalkenes 7-12 afford an opportunity to assess the
relative impact of X and X' substituents on these phos-
phaalkenes.

Figure 1 shows that electron-withdrawing groups are
more effective at redshifting the n—n* transitions when they
are substituted on the less sterically hindered phenyl ring.
The absorption maxima of the X' = NO, (8) and X' = CN

60000 —
50000
40000

30000

g (M cm”)

20000

— T ' T 7 T % T 1 = 1
300 325 350 375 400 425 450 475 500
Wavelength (nm)

Amax (shoulder) nm log e
7 331 (340) 4.23
8 377 4.21
9 352 4.32
10 351 4.28
11 376 (380) 4.08
12 332 (355) 4.27
14* 402 4.65
15 409 4.66

* Insufficient amount of 13 available for analysis.

Figure 1. UV/Vis absorption spectra of phosphaalkenes in CHCl;.
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(9) are shifted relative to unsubstituted 7 by 46 and 21 nm,
respectively. The introduction of an electron-donating
methoxy group to the bulky meta-terphenyl unit had little
influence on the n—r* transition, largely due to the weak -
delocalization of & electrons from this ligand to the rest of
the molecule. This can be seen by comparing the absorption
maxima for compounds 7 (331 nm) with 12 (332 nm), 9
(352 nm) with 10 (351 nm), and 14 (402 nm) with 15
(409 nm).

X-ray Crystallographic Studies

X-ray quality crystals of 8, 9, 10, and 12 were obtained
from their respective concentrated solutions of ethyl ether
at —35 °C. The ORTEP representations and results of these
structure determinations are shown in Figures 2 and 3, and
the corresponding crystallographic data is given in Tables 1
and 2, respectively.

Figure 2. Single crystal X-ray crystallographic structures of (£)-2,6-
M652C6H3P:C(H)C6H4-4-N02 (8, tOp) and (E)-Z,6-MCSZC6H3-
P=C(H)C¢H4-4-CN (9, bottom) shown at the 50% thermal ellip-
soid level (hydrogen atoms omitted for clarity).

All four structures are similar in that they feature com-
parable C—P-C bond angles ranging from 103.3-105.9°.
The shorter P=C bond length for the structure of 9 is, how-
ever, suspect, for we recently uncovered a tem-
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Figure 3. Single crystal X-ray crystallographic structures of (E)-4-
CH;0-2,6-Mes,C¢H,P=C(H)C¢Hy4-4-CN (10, top) and (E)-4-
CH30-2,6-Mes,CsH,P=C(H)CH; (12, bottom) shown at the 50%
thermal ellipsoid level (hydrogen atoms omitted for clarity).

perature dependent disorder of the phosphorus atoms in
related meta-terphenyl diphosphenes, ArP=PAr, that can re-
sult in anomalously short P-P distances for data sets col-
lected at room temperature.?®! The other P=C bond lengths
vary from 1.649(4) to 1.672(1) A. If the primary impact on
the P=C bond lengths was controlled by resonance contri-
butions, then one might expect the greatest P=C bond
lengths to be observed for compound 10 having both elec-
tron-donating and withdrawing groups. These resonance
structures, however, require that the participatory phenyl
rings and the P=C unit all be coplanar to achieve maximal
conjugation. The angles a; of the plane of the C-P=C-C
atoms to those of each attached phenyl ring can be mea-
sured and compared (Table 2). For each molecule, a; is
much greater than a,, owing to the much larger attached
phenyl ring. Figure 4 shows that compound 10 displays the
maximum perturbation from a maximally conjugated con-
formation.

This analysis, however, is subject to the unknown influ-
ence of packing forces in determining the solid-state struc-
tures. We have thus examined the physical properties of
these materials by other solution phase methods as well as
by computational methods. In solution these four com-
pounds all face the same steric profile about the P=C unit,
and thus should encounter the same barrier for rotation
about P-Ar and C(H)-Ar bonds.
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Table 1. Crystallographic data for compounds 8, 9, 10, and 12.

Compound 8 9 10 12
Empirical formula C31H30N02P C32H30NP C33H32NOP C32H330P
Formula weight [g/mol] 479.53 459.54 489.57 464.55
Temperature AK] 100(2) 273(2) 100(2) 100(2)
Wavelength [A] 0.71073 0.71073 0.71073 0.71073
Crystal system monoclinic monoclinic triclinic monoclinic
Space group P2,/c P2,/n P1 P2,/c
Unit cell dimensions
a[A] 23.2380(6) 8.8864(3) 12.408(4) 13.1255(16)
b [A] 8.2716(2) 13.3717(5) 13.525(5) 8.3261(10)
¢ [A] 13.8440(4) 21.7122(7) 19.559(9) 24.814(3)
@[] 90 90 100.417(7) 90
B 101.539(2) 93.848(2) 101.084(7) 101.8120(10)
7 [° ) 90 90 114.306(4) 90
Volume [A3] 2607.25(12) 2574.16(15) 2808.8(18) 2654.3(6)
Z 4 4 4 4
Calcd. density [Mg/m?] 1.222 1.186 1.158 1.162
Absorption-coeff [mm]! 0.133 0.127 0.123 0.125
F(000) 1016 976 1040 992
Crystal size [mm] 0.26 X0.12x0.07 0.32X0.22X0.22 0.18X0.11x0.10 0.35%0.28 X0.20
0 range 0.89-26.00° 1.79-23.14° 1.11-26.00° 1.59-27.50°
Limiting indices 28=h=28 9=h=9 -15=h=15 -17=h=17
-10=k=9 -l4d=k=14 -l6=k=16 -10=k=10
-15=1=17 -23=]=23 24=]=24 -32=]=32
Reflections collected 18803 31244 30129 30125
Reflections unique 5124 3637 11001 6043
Riny 0.0504 0.0543 0.1048 0.0252
Completeness to 0 26.00°, 99 % 23.14°,99.9% 26.00°, 99.6% 27.50°, 99.3%
Absorption correction multiscan
Max. / min. transmission 0.991 /0.981 0.9726 / 0.9605 0.9878 / 0.9783 0.9754 / 0.9575
Refinement method full-matrix least squares on F?
Data 5124 3637 11001 6043
Restraints 0 0 0 0
Parameters 322 313 663 362
Goodness-of-fit on F? 1.049 1.093 1.093 1.025
Final R indices[/>25()] R, = 0.0504 R, = 0.0599 R, = 0.0634 R, = 0.0427
wR, = 0.1234 wR, = 0.1317 wR, = 0.1048 wR, = 0.1136
R indices (all data) R; =0.0768 R; = 0.0766 R; = 0.1625 R; = 0.0491
wR, = 0.1449 wR, = 0.1442 wR, = 0.1434 wR, = 0.1196
Table 2. Selected structural data for 8, 9, 10, and 12. Theoretical Studies
P=C bond length C-P-C bond angles at®! ) . )
[A] ] The interplay between structural distortions and the ef-
3 1.6572) 105.5(1) 3930 19.3° fect of various groups on the structurgl properties of metq-
9 1.604(4) 105.9 (2) 465°  9.8° terphenyl phosphaalkenes was examined in more detail
10 1.655(4) 104.0(2) 66.3° 11.4° through combined computational DFT (B3LYP/6-31+G**)
1.649(4) 103.9 (2) 81.2°  3.6° and TDDFT (TD-B3LYP/6-31+G**) studies for the
12 1.672(1) 103.3(7) 50.8°  18.3°

[a] Angle between the P-phenyl ring and C-P=C-C plane. [b] Angle
between C(H)-phenyl ring and C-P=C-C plane. [c] Data for 2
unique molecules in the unit cell.

ground state and excited-state electronic structures, respec-
tively. Full structural optimizations with DFT and calcula-
tions of the lowest singlet excitation (S; and S,) electronic

structures with TDDFT for several model compounds of

Figure 4. Structural comparisons between phosphaalkenes 8, 9, 10, and 12.
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X b'd S,(n-*) [eV] S'(“”[‘;) [m]  ps (rm®)]  P=C bond lengths [A] C-P=C bond angles [] & [T o [
7 H H 342 363 (331) 0.61 1.695 103.1 329 6.1
8 H NO, 3.06 406 (377) 0.73 1.695 103.6 305 8.2
9 H CN 3.26 380 (352) 0.77 1.695 1034 315 8.1
10 MeO CN 3.02 410 (351) 0.73 1.695 104.0 28.5 9.7
1 MeO NO, 2.80 443 (376) 0.70 1.695 1042 272 9.9
12 MeO H 32 385 (332) 0.59 1.695 1035 315 10.2

[a] Number in parenthesis is experimental value for related compound. [b] Angle between the P-phenyl ring and C-P=C-C plane. [c]

Angle between C(H)-phenyl ring and C-P=C-C plane.

the form (FE)-4-X-CcH4P=C(H)CsH4-4-X' (7'-12') were
thus undertaken (Table 3, further data available in the Sup-
porting Information).

For the ground-state structures, the P=C bond lengths
were consistent at a distance of 1.695 A (Table 3). Since the
sterically encumbering mesityl groups were removed for
computational simplicity, the a; angles determined by DFT
were somewhat smaller than for the experimentally ob-
served compounds, and ranged from 27.2-32.9°. The com-
plimentary interplanar angles, a,, are in much better agree-
ment. The larger interplanar angles a, relative to a, derives
from the more acute C—P-C bond angles and the larger size
of phosphorus.

The S, transition was assigned as a [r—n*]pc excitation
and is the most intense band in the UV/Vis spectrum. A
second transition, S,, is predicted be a very weak [n—n*]pc
excitation. The computed S;(n—n*) wavelengths reflect the
trend observed experimentally. For example, redshifts of
21 nm and 46 nm on going from X' = H (7) to X’ = CN
(9) and NO, (8), respectively. This compares very well to
the computed redshifts of 17 and 43 nm for the analogous
model compounds X' = H (7') to X’ = CN (9’) and NO,
(8'), respectively. Likewise, redshifts of 19 and 44 nm in 4-
MeO-2,6-Mes,CsH,P=C(H)CsH4-4-X', on going from X’
= H (12) to X’ = CN (10) and NO, (11), are reproduced
nicely in the computed redshifts of 25 and 58 nm on going
from X' = H (12') to X’ = CN (10’) and NO, (11’), for the
analogous model compounds.

Interestingly, the calculations also predict that substitu-
tion of electron-donating groups at the other end of the
molecule should have a significant impact on the UV/Vis
spectrum. For the minimum energy geometries, a redshift
of 22 nm is calculated for the substitution of X = H (7) to
MeO (12'), while the analogous pair of experimental com-
pounds 7 and 12 show a A, difference of only 1 nm.

The most likely origin of this difference is that the a,
angle is smaller for the computed structures relative to the
experimental values. Therefore constrained geometry opti-
mizations and excitational energy calculations were per-
formed on the model phosphaalkenes CsHsP=C(H)C4sHjs
(7') and 4-MeO-CsH,P=C(H)C¢H5 (12") across a range of
a, (Figure 5).

Compound 12’ exhibits complex behavior relative to the
parent complex 7’. First, the S; excitation of 12’ is red-
shifted relative to 7', while the S, energies are the same.
Further, S; energies of 12" are relatively invariant to a;. Un-
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Figure 5. S; and S, excitation energies (left scale) and wavelengths
(right scale) vs. a; angle for 7" and 12’.

substituted 7’ shows a significant blueshift upon increasing
a;. The S, excitation in both cases redshifts upon increasing
aj.

At face value, these results do not seem to match the
experimental data. However it is important to recall that
the character of S; and S, are also a function of the ¢,
coordinate via an avoided crossing. At a; = 0°, S; and S,
states are easily assigned as S(n—n*) and S(n-n*), respec-
tively. At a; = 90°, the S; and S, are switched to S(n-n*)
and S(n—7n*) respectively. In between 0° and 90°, the transi-
tions are progressively mixed (n—n*) and (n—=*) in nature.
Such mixing leads to the complex trends shown in Figure 5.
Analogous features can be observed in the Kohn-Sham
molecular orbitals (see Supporting Information).

With the dynamic nature of the character of S; and S,
in mind, an estimate of the a; value for the experimental
systems can be made based on the calculated excitation en-
ergies and oscillator strengths. Experimentally, the unsub-
stituted (7) and methoxy-substituted (12) compounds exhi-
bit Agn.x at 331 nm and 332 nm, respectively, and weak
shoulders slightly redshifted from A,,,,. The dominant band
is assigned to the S(n—=n*) excitation and the weaker shoul-
ders to S(n—n*). The ordering implies a larger a; for the
experimental compounds compared to the calculated mini-
mum energy structures of the model compounds. From the
ratio of the calculated oscillator strengths of the S; and S,
excitations, the S, becomes the dominant band when 70° <
a; < 90° for 7" and S, is the dominant band when 60° <
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a; < 90° for 12" respectively. In this regime, S, character is
dominated by S(n—n*), the calculated S, excitation energies
are practically the same for 7' and 12" which seems to be
consistent with the experimentally observed spectra.

Electrochemical Studies

While UV/Vis spectroscopy can provide information
about differences between ground-state and excited-state
energies, electrochemical methods can provide insights to
energies for oxidation and reduction of molecules, and thus
yield experimental information on HOMO and LUMO en-
ergies. Phosphorus—carbon double bonds are weaker than
carbon-carbon double bonds, and thus the © and n* orbit-
als of the P=C unit lie at higher and lower energies, respec-
tively, than for corresponding C=C containing materials.
This fact is evidenced by the UV/Vis data discussed above.
The drop in energy of the n* orbitals of phosphaalkenes
makes them susceptible to reduction by either chemical or
electrochemical means. The radical anions that are gener-
ated can display varying degrees of stability, and cyclic vol-
tammetry experiments can show reversible electrochemistry
for these reduction/oxidation waves. The electrochemical re-
dox properties of phosphaalkenes were first reported by
Schoeller for a phosphaalkene that showed an irreversible
redox processes in the cyclic voltammogram.*®! Later in-
vestigations revealed that redox processes can be quasi re-
versible, depending on the nature of groups bonded to the
phosphorus—carbon double bond.%321

Compounds 7, 9, 10, and 12 were selected for study by
cyclic voltammetry. The scans are displayed in Figures 6, 7,
8, and 9, and the specific potential data is summarized in
Table 4. Each experiment was conducted in THF with
[nBuyN][BF,] as the electrolyte, and in the presence of ferro-
cene as a reference (the left-most wave in each scan). Poten-
tials are thus corrected for the known potential of ferrocene
vs. SCE. As anticipated, each phosphaalkene displayed an
apparently reversible reduction process. The CN substituent

1.5%10°
1.0x107 o
5.0x10" 4

0.0 4

5.0x107 4
FelFc”
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Figure 6. Cyclic voltammogram of 7, 0.001M/0.001 M ferrocene in
0.1 M [nBuyN][BF,4] in THF with 0.1 V/s scan rate.
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Figure 7. Cyclic voltammogram of 9, 0.001M/0.001 m ferrocene in
0.1 m [nBuyN][BF,] in THF with 0.1 V/s scan rate, an overlay of
the second redox potential shown in dotted lines.
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Figure 8. Cyclic voltammogram of 10, 0.001M/0.001 M ferrocene in
0.1 m [nBuyN][BF,] in THF with 0.1 V/s scan rate, an overlay of
the second redox potential shown in dotted lines.
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Figure 9. Cyclic voltammogram of 12, 0.001M/0.001 M ferrocene in
0.1 M [nBuyN][BF,] in THF with 0.1 V/s scan rate.
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in 9 and 10 shifts this potential positive by about 400 mV
from that seen for 7. The addition of the MeO group on
going from 7 to 12, and from 9 to 10, however, makes the
reduction more difficult by much smaller amounts (80 and
40 mV, respectively). These results can be ascribed to the
same geometrical factors already discussed above. Similarly,
the diphosphenes investigated bearing the diarylamino sub-
stituted terphenyl ligands did not display significantly
shifted reductions in their cyclic voltammograms.[!9-20]

Table 4. Electrochemcial data for phosphaalkenes (in V vs. SCE).

Ec Ea El/2 E’c
7 -2.02 -1.74 -1.88 -
9 -1.64 -1.34 -1.49 -2.20
10 -1.66 -1.40 -1.53 -2.23
12 -2.10 -1.83 -1.96 -

Cyano substituted species 9 and 10 both show evidence
of a second accessible reductive process around —2.1 V vs.
SCE. This reduction is definitely not reversible on the time-
scale of the experiment, and is near the reduction potential
for stilbene.[*3) One possible sequence for the two-step re-
duction of 9 and 10 is presented in Scheme 6.

Ar Ar )
x@ﬁ’ e X P
N . — WY —.
H

R N -
Ar.;_‘/c:@:CzN.'
Scheme 6.

The results of these electrochemical investigations rein-
force the importance of the X' groups over the X groups in
modulating the properties of this class of phosphaalkenes.

Nonlinear Optical Studies

Because alkenes that are polarized by the presence of do-
nor and acceptor groups are often studied for nonlinear
optical properties, phosphaalkenes 7, 10, and 11 were
briefly examined by HRS (hyper Rayleigh scattering) ex-
periments in attempts to measure the “B” component.['6]
The HRS method is an alternative technique to the com-
monly used EFISH (electric field induced second harmonic
generation) technique.’*33 This approach has the advan-
tage of measuring the “B” component without exposure to
the external field and is much simpler than EFISH. The
main disadvantage of HRS is that the scattered signals will
be weak in intensity. Samples of phosphaalkenes in chloro-
form (ca. 500 um) in quartz cuvettes excited with 1064 nm
wavelength, however, showed no frequency doubling. Com-
pounds 10 and 11 may not be polarized sufficiently by the
donor and acceptor groups, or be reactive in other ways to
the high power laser irradiation.
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Conclusions

meta-Terphenyl phosphaalkenes with various substitu-
ents were synthesized and fully characterized. Four of these
new compounds were examined by single-crystal X-ray dif-
fraction methods, and the solid-state structures were deter-
mined. As the polarization across the P=C unit increased
by the presence of electron-donating and electron-with-
drawing substituents, reaching a maximum with compound
12, the overall geometry of the phosphaalkenes was less
suited for m-conjugation of the directly attached aryl rings
to the central P=C unit. Analysis of the accumulated physi-
cal data, in particular of the UV/Vis absorption spectra,
show that para-substituents on the less hindered phenyl
rings about the P=C group resulted in more pronounced
effects on the physical properties of the set of phosphaalk-
enes. These results were further corroborated by DFT and
TDDFT calculations. Overall, the additive impact of the
two para-substituents X and X' are not as effective as found
in related alkenes; hence, the use of stilbene-like phos-
phaalkenes in applications demanding a high degree of po-
larization, such as NLO materials, seems limited.

Experimental Section

General Procedures: All manipulations and syntheses were per-
formed in an MBraun Labmaster nitrogen glove box or using stan-
dard vacuum line techniques under N,. UV/Vis absorption data
were recorded with a Cary 500 UV/Vis spectrometer. Chloroform
was degassed with N,. Tetrahydrofuran, diethyl ether and hexanes
were dried by distilling over metallic sodium and benzophenone.
Acetonitrile was dried with calcium hydride and distilled under ni-
trogen. Melting points were recorded using a Mel-Temp instru-
ment. NMR spectra were recorded with a 400 MHz Varian-Inova
Instrument using CDCl; as solvent. 3'P{'H} NMR spectra are ref-
erenced to 85% H3PO, as an external standard. The compounds
2,6-Mes,CH;LP% 2,6-Mes,C¢H,PClL,,B7! and 2,6-Mes,CgH;P=C-
(H)C¢Hs (7),1231 2,6-Mes,CcH3P=C(H)C¢H4-4-NO, (8)13 were pre-
pared by reported procedures. For several compounds, submission
of samples for elemental analytical data did not return satisfactory
detail, despite the fact that such materials displayed '"H and *'NMR
spectra that suggested >95% purity. This fact, especially for
ArPCl,, is likely due to sensitivity to air and water.

Computational Studies: Theoretical calculations employed the
Gaussian03838] software package and performed in parallel on Intel
Pentium 4 Xeon EM64T quad-core processors. Time-dependent
density-functional theory (TDDFT) and Kohn-Sham-formalized
density-functional theory (DFT) were employed to calculate the
excitation energies and ground state structures, respectively, with
the B3LYP hybrid functional and 6-31+G(d,p) basis set.?* 4
B3LYP has proven to be a versatile functional, suitable for low-
energy excitations and perturbations calculated in this paper. The
justification of the level of theory for molecules of this class has
been discussed elsewhere.[*”! First, a small set of donor and ac-
ceptor groups (X and X' = MeO, Me, H, CN, and NO,) were
substituted onto two model systems [i.e., (E)-4-X-C¢H4-P=C(H)-
C¢Hs and (E)-CsHsP=C(H)C4H4-4-X']. These models were fully
structurally optimized and their lowest energy singlet excitations
were calculated. Frequency calculations were performed on the all
minimum energy structures. No imaginary frequency found indicat-
ing that the final structures are true minima. The model core struc-
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tures are sufficient to describe the excitations observed in the exper-
imental absorption spectra, which are primarily P=C and ring-
based transitions. In addition, constrained geometry optimizations
were performed for two model aryl-phosphaalkenes [(E)-4-X-
CcH4P=C(H)C¢Hs, X = H, MeO] by scanning over a single ring
twist dihedral coordinate denoted as a;. Optimizations were per-
formed on the ground state with a single constraint on ¢, at every
15° from a; = 0° to a; = 90°. The six lowest singlet excitation
energies were calculated at each point.

Electrochemical Experiments: Cyclic voltammetry experiments were
performed using a CH Instrument (CHI630C) workstation in a
glove box under nitrogen. The supporting electrolyte, tetrabutylam-
monium tetrafluoroborate (Fluka), was recrystallized four times
using 1:3 concentrated solutions of ethyl acetate and diethyl ether.
The electrolyte was dried thoroughly under vacuum at 100-120 °C
and stored in the drybox. Ferrocene was purified by sublimation.
A glassy carbon working electrode was polished with 0.05 micron
alumina and thoroughly cleaned and dried before use. A silver wire
was utilized as a quasi-reference electrode and a platinum wire as
the counter electrode. All scans were performed at a scan rate of
0.1 V/s with a potential window of approximately -3 to +1.5 V vs.
saturated calomel electrode (SCE).

4-Br-2,6-Mes,CgH,Br (1):2Y To a 500 mL flask charged with 9.20 g
(378 mmol) of activated Mg turnings was added slowly, through a
double-ended metal cannula needle, 47.4 g (239 mmol) of bromo-
mesitylene (Sigma—Aldrich) in 200 mL of THF. The exothermic re-
action was moderated using a chilled water bath and then stirred
for 6 h at room temperature. The solution was separated from unre-
acted Mg by transfer to a new flask and brought to reflux. To this
solution was added through a cannula needle 31.4 g (71.3 mmol)
of 2,4,6-tribromoiodobenzene in 150 mL of THEF, and the solution
was refluxed for 15 h. The solution was cooled by an ice bath, and
26.2 g (164 mmol) bromine was slowly added. The solution was
stirred at room temperature for 2 h and then was quenched with
5% aqueous Na,SO3 (2 X 150 mL). The mixture was extracted with
diethyl ether (2 X200 mL) and the organic layers were combined
and dried with Na,SO,. Removal of the volatiles by rotary evapora-
tion gave a dark brown slurry, to which n-pentane was added in
small amounts (15 mL) and left overnight at -6 °C. A pale brown
solid was collected by filtration, and washed with 10 mL of n-pen-
tane, and then dried to provide 20.2 g (30.0%) of 1 as a pale brown
solid; m.p. 205-208 °C. 'H NMR (CDCl;): 6 = 7.28 (s, 2 H), 6.95
(s, 4 H), 2.34 (s, 6 H), 2.01 (s, 12 H) ppm. '*C{'H} NMR (CDCls):
0 = 1449, 137.8, 137.6, 135.7, 132.2, 128.4, 125.5, 121.7, 21.5,
20.4 ppm. CoyH,yBr, (472.26): caled. C 61.04, H 5.12; found C
59.84, H 4.82.

4-1-2,6-Mes,C¢H,Br (2): To a solution of 2.16 g (4.58 mmol) of 1
in 100mL of THF at -78°C was slowly added 2.10 mL
(5.57 mmol) of nBuLi (2.5M hexanes, Aldrich). The solution was
stirred for 2 h and then 2.30 g (9.16 mmol) of solid iodine was
added. The mixture was warmed to room temperature, and the
excess iodine was quenched with 5% aqueous solution of Na,SOs;.
The mixture was extracted with diethyl ether (2 X 100 mL), and the
organic layers combined and washed with water and brine (satu-
rated) respectively, and dried with anhydrous Na,SO,. Removal of
volatiles under vacuum yielded 2 as a colorless solid (1.62 g,
68.0%); m.p. 216-218 °C. '"H NMR (CDCl5): 6 = 7.46 (s, 2 H),
6.94 (s, 4 H), 2.33 (s, 6 H), 2.01 (s, 12 H) ppm. *C{'H} NMR
(CDCly): 0 = 144.9, 137.9, 137.6, 137.2, 135.5, 128.2, 126.5, 92.9,
21.2, 20.2 ppm.

4-(CH3CONH)-2,6-Mes,C¢H,Br (3): To a solution of 5.00 g
(9.63 mmol) of 2 in 100 mL of THF in a 250 mL round-bottomed
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flask were added 0.37 g (1.9 mmol) of cuprous iodide, 3.80 mL
(3.85 mmol) of trans-1,2-diaminocyclohexane, 0.68 g (12 mmol) of
acetamide, and 2.66 g (19.3 mmol) of K,COj. The reaction mixture
was refluxed for 48 h with monitoring by NMR spectroscopic
analysis of aliquots of the mixture to ascertain completion of reac-
tion. The mixture was cooled to room temperature and extracted
with diethyl ether (2 X 150 mL). The organic layers were combined
and washed with water (2 X 100 mL) and with saturated brine solu-
tion (2 X 100 mL). The organic layer was separated and dried with
anhydrous Na,SO,4. Removal of the volatiles under vacuum yielded
a brown colored material, which on purification by column
chromatography using neutral silica gel with hexanes/ethyl acetate
(60:40) as eluent gave 2.12 g of 3 (49.0%) as a pale brown powder;
m.p. 276-278 °C. 'H NMR (CDCls): 6 = 7.32 (s, 2 H), 7.10 (s, 1
H), 6.94 (s, 4 H), 2.33 (s, 6 H), 2.17 (s, 3 H), 2.01 (s, 12 H) ppm.
BC{'H} NMR (CDCly): § = 168.2, 143.3, 138.2, 137.7, 137.2,
135.5, 128.1, 120.5, 120.1, 24.7, 21.2, 20.2 ppm. C,cH,3BrNO
(450.42): caled. C 69.33, H 6.27, N 3.11; found C 69.03, H 6.25, N
2.90.

4-(H,N)-2,6-Mes,C¢H,Br (4): To a solution of 0.50 g (1.1 mmol)
of 3in 50 mL of THF was added 50 mL of 1 N HCI solution. The
mixture was refluxed for 20 h, after which time 'H NMR analysis
of a reaction aliquot indicated the disappearance of the amide pro-
tons of 3. The reaction mixture was cooled to room temperature,
and 2 N NaOH was added slowly until the reaction mixture became
slightly basic. The product was then extracted using CHCl;
(2X 100 mL). Removal of volatiles under vacuum gave 0.42 g
(92%) of 4 as a pale brown-colored solid; m.p. 214-216 °C. 'H
NMR (CDCls): 6 = 6.93 (s, 4 H), 6.47 (s, 2 H), 3.70 (s, 2 H), 2.32
(s, 6 H), 2.04 (s, 12 H) ppm. *C{'H} NMR (CDCls): § = 145.9,
143.3, 138.8, 136.9, 135.6, 127.9, 1159, 114.1, 21.2, 20.1 ppm.
Cy4H,6BrN (408.38): caled. C 70.59, H 6.42, N 3.43; found C 69.22,
H 5.89, N 3.19.

4-[(CH3),N]-2,6-Mes,CsH,Br (5a): In a 100 mL round-bottomed
flask, 5.00 g (12.2 mmol) of 4 and 12.2 g (320 mmol) of NaBH,
was dissolved in 30 mL of THEF. This slurry was added to a 100 mL
flask containing 30.0 mL (380 mmol) of HCHO (37% wt./wt., Fi-
scher), 10 mL H,SO,4 and 10 mL of THF at 0 °C over a period of
10 min. The reaction mixture was allowed to reach room tempera-
ture and was stirred for 5 h, at which time it was chilled in an ice
bath and water was added to quench the reaction. The reaction
mixture was extracted with (2 X100 mL) CHCIs, and the organic
phase separated. The volatiles were removed under vacuum, and
the resulting material was further purified by column chromatog-
raphy using neutral silica gel with (80:20) hexanes/ethyl acetate as
eluent. Compound 5a was thus isolated as a pale brown solid
(4.50 g, 85.0%); m.p. 173-175 °C 'H NMR (CDCl5): 6 = 6.95 (s, 4
H), 6.47 (s, 2 H), 2.91 (s, 6 H), 2.34 (s, 6 H), 2.06 (s, 12 H) ppm.
BC{'H} NMR (CDCly): § = 149.9, 142.7, 139.5, 136.9, 135.8,
127.9, 113.0, 111.9, 40.6, 21.2, 20.2 ppm. C,sH3,BrN (436.43):
caled. C 71.55, H 6.93, N 3.21; found C 71.49, H 7.02, N 3.17.

4-CH30-2,6-Mes,C¢H,Br (5b): A mixture of 5.00 g (9.60 mmol) of
2, 0.48 g (2.4 mmol) of ortho-phenanthroline, 0.18 g (0.96 mmol) of
cuprous iodide, and 7.60 g (48.2 mmol) of KF/Al,O3 (37.0%)1
was prepared in 100 mL of THF. 250 mL of methanol was added,
and the mixture was refluxed for 48 h. The mixture was cooled to
room temperature and extracted using dichloromethane
(2% 150 mL). The organic layers were combined and washed with
water (2 X 100 mL) and with saturated brine (2 X 100 mL). The or-
ganic layer was separated and dried with anhydrous Na,SO,. The
volatiles were removed under vacuum to give a solid material that
was purified by column chromatography using neutral silica gel
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with hexanes/dichloromethane (95:5) as the eluent. Compound 5b
was thus isolated as a colorless powder (3.12 g, 70.0%); m.p. 117—
120 °C. '"H NMR (CDCl): 6 = 6.95 (s, 4 H), 6.69 (s, 2 H), 3.77 (s,
3 H), 2.34 (s, 6 H), 2.03 (s, 12 H) ppm. 3C{'H} NMR (CDCls): 6
= 151.3, 143.7, 138.8, 137.4, 135.8, 128.4, 116.8, 114.9, 55.7, 21.5,
20.4 ppm. C,5H,;BrO (423.39): caled. C 70.92, H 6.43; found C
70.95, H 6.49.

4-|(CH3),N]-2,6-Mes,C¢H,PCl, (6a): To a solution of 0.50 g
(1.2 mmol) of 5a in 40 mL of THF at —-78 °C was slowly added
0.70 mL (1.7 mmol) of nBuLi (2.5 M in hexanes, Sigma—Aldrich).
The mixture was stirred at —78 °C for 2.5h. Then, 0.30 mL
(3.4 mmol) of PCl; was added at once, and the solution was al-
lowed to reach room temperature. The solvent and excess PCl; were
removed under vacuum from the now yellowish-orange colored
solution. The resulting material was then dissolved in hexanes and
filtered through a bed of Celite. Removal of hexanes under vacuum
gave 0.16 g (30%) of 6a as a colorless solid; m.p. 52-54 °C. 'H
NMR (CDCl3): 6 = 6.93 (s, 4 H), 6.36 (s, 1 H), 6.35 (s, 1 H), 3.00
(s, 6 H), 2.34 (s, 6 H), 2.10 (s, 12 H) ppm. 3'P{'H} NMR (CDCls):
6 = 163.7 ppm. *C{'H} NMR (CDCl5): 6 = 152.9, 148.4 (d, Jpc
=31 Hz), 137.6, 137.3, 136.9, 128.0, 113.1, 40.2, 21.5, 21.4 ppm.

4-CH30-2,6-Mes,C¢H,PCl, (6b): To a solution of 0.50g
(1.2 mmol) of 5b in 50 mL of THF at —78 °C was slowly added
0.70 mL (1.5 mmol) of nBuLi (2.5 M, hexanes, Sigma—Aldrich). The
reaction mixture was stirred at =78 °C for 2.5h. Then 0.50 mL
(5.9 mmol) of PCl; (Sigma-Aldrich) was added all at once, and the
mixture was warmed to room temperature. The solvent and excess
PCl; was removed in vacuo from the now orange colored solution,
yielding a pale orange-colored sticky solid. The material was dis-
solved in hexanes and filtered through Celite. Evaporation of the
hexanes gave a sticky material. The procedure was repeated two
more times. Dissolution of the material once again in hexanes, fol-
lowed by addition of a few drops of acetonitrile, resulted in the
precipitation of 6b as a white solid. Compound 6b was collected
by filtering through a glass frit and dried under vacuum (0.31 g,
50%); m.p. 122-124 °C. '"H NMR (CDCl5): § = 6.92 (s, 4 H), 6.64
(s, 1 H), 6.63 (s, 1 H), 3.82 (s, 3 H), 2.34 (s, 6 H), 2.06 (s, 12
H) ppm. 3'P{'H} NMR (CDCl;): 6 = 160.7 ppm. '*C{'"H} NMR
(CDCly): 6 = 163.0, 149.2 (d, Jcp = 50.2 Hz), 137.9, 136.7 (d, Jcp
=2.8Hz), 136.3 (d, Jcp = 7.6 Hz), 128.2, 126.0 (d, Jcp = 70.1 Hz),
116.1 (d, Jep = 2.1Hz), 55.7, 21.5, 21.4 ppm. C,sH,,Cl,OP
(445.37): caled. C 67.42, H 6.11; found C 68.19, H 6.59.

(E)-4-(4-Nitrostyryl)benzaldehyde:*?! In a 100 mL flask, 0.57 g
(3.1 mmol) of 4-bromobenzaldehyde (Sigma—Aldrich), 0.46¢g
(3.1 mmol) 4-nitrostyrene, 0.020 g (0.096 mmol) of Pd(OAc),,
0.27 g (0.64 mmol) of tetraphenylphosphonium bromide and 1.31 g
(16.0 mmol) of sodium acetate was added to 20 mL of anhydrous
DMF. The solution refluxed for 24 h. The mixture was allowed to
cool to room temperature and quenched by the addition of water
(20 mL). The resulting mixture filtered under vacuum yielding a
yellow solid. This solid was purified by column chromatography
with neutral silica and ethyl acetate/hexanes (35:65) as eluent to
yield 0.41 g (53%) of (E)-4-(4-nitrostyryl)benzaldehyde as a yellow
solid; m.p. 63-65 °C. 'H NMR (CDCls): § = 10.02 (s, 1 H), 8.25
(d, Jun = 9.2Hz, 2 H), 791 (d, Juy = 8.8 Hz, 2 H), 7.69 (t, Juu
= 8.8 Hz, 4 H), 7.29 (s, 2 H) ppm. 3C{'H} NMR (CDCly): § =
191.5, 147.3, 142.9, 142.1, 136.2, 131.8, 130.3, 129.6, 127.5, 127.4,
124.3 ppm.

(E)-2,6-Mes,CcH;P=C(H)CcH4-4-NO, (8):2%! To a 50 mL round-
bottomed flask were added 0.50g (1.2mmol) of 2,6-

Mes,CsH5PCl,, 0.080g (1.3 mmol) of Zn dust and 7.20 mL
(7.20 mmol) of PMe; (1.00 M in toluene, Sigma-Aldrich), and the
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resulting mixture was stirred for 3 h. To this mixture was added
0.18 g (1.2 mmol) of 4-nitrobenzaldehyde, and it was stirred for an-
other 2 h. The solvent was removed under vacuum, leaving a dark
red colored solid. The solid was extracted into hexanes and filtered
through Celite. Removal of the hexanes under vacuum left a yellow
colored solid. The solid was dissolved in diethyl ether and recrys-
tallized at —35 °C to afford 0.25 g (43%) of 8 as a pale yellow solid;
m.p. 132-136 °C. 'H NMR (CDCls): 6 = 8.55 (d, Jpy = 24.8 Hz, 1
H), 7.95 (d, Jyn = 8.9 Hz), 7.50 (t, Jyg = 7.6 Hz, 1 H), 7.20 (d,
Jun = 8.9 Hz, 2 H), 7.13 (d, Jun = 7.6 Hz, 2 H), 6.88 (s, 4 H), 2.26
(s, 6 H), 2.04 (s, 12 H) ppm. *P{'H} NMR (CDCly): 6 =
268.5 ppm. BC{'H} NMR (CDCl5): § = 176.5 (d, Jpc = 36. 4 Hz),
147.0 (s), 146.3 (d, Jpc = 15.4 Hz), 144.9 (d, Jpc = 8.5 Hz), 138.0
(d, Jpc = 3.0 Hz), 137.5 (s), 135.8 (s), 130.3 (s), 129.2 (s), 128.9 (s),
128.5 (s), 126.2 (d, Jpc = 21.3 Hz), 124.0 (d, Jpc = 1.7 Hz), 21.3
(s), 21.1 (s) ppm. Amax = 377 nm, loge = 4.21.

(E)-2,6-Mes,CcH;P=C(H)CcH4-4-CN (9): To a 50 mL round-bot-
tomed flask were added a stir bar, 0.40 g (0.90 mmol) of 4b, and
0.06 g (0.9 mmol) of Zn dust. To this flask was added 5.40 mL
(5.40 mmol) of PMe; (1.00 M in toluene), and the mixture was
stirred for 3 h. A sample of 0.12 g (0.90 mmol) of 4-cyanobenzalde-
hyde was then added and the mixture was stirred for 2 h. The sol-
vent was removed under vacuum and the product was extracted
into hexanes, and filtered through Celite. Removal of hexanes un-
der vacuum gave the product which was purified by recrystallizing
from a concentrated solution of 9 in diethyl ether at -35 °C. Com-
pound 9 was isolated as a pale yellow solid after drying; m.p. 98—
100 °C, yield 0.44 g (67%). '"H NMR (CDCls): 6§ = 8.55 (d, Jpy =
248 Hz, 1 H), 7.49 (t, Jyn = 7.6 Hz, 1 H), 7.36 (d, Jyu = 8.3 Hz,
2 H), 7.16 (d, Juuy = 8.3 Hz, 2 H), 7.13 (d, Jyuy = 7.6 Hz, 2 H),
6.88 (s, 4 H), 2.27 (s, 6 H), 2.05 (s, 12 H) ppm. BC{'H} NMR
(CDClL,): 6 = 177.0 (d, Jpc = 35.8 Hz), 144.7 (d, Jpc = 8.2 Hz),
144.1 (d, Jpc = 15.3 Hz), 140.2 (s), 137.9 (d, Jpc = 3.1 Hz), 137.2
(s), 135.5 (s), 132.1 (d, Jpc = 2.2 Hz), 130.0 (s), 128.6 (s), 128.2 (s),
126.0 (d, Jpc = 21.4 Hz), 119.0 (d, Jpc = 2.6 Hz), 110.7 (d, Jpc =
7.4 Hz), 21.1 (s), 20.9 (s) ppm. 3'P{'H} NMR (CDCl,): § =
263.5 ppm. Amax = 352 nm, loge = 4.32.

(E)-4-(CH;0)-2,6-Mes,C¢H,P=C(H)CcH4-4-CN (10): To a 50 mL
round-bottomed flask were added a stir bar, 0.40 g (0.90 mmol) of
6b, and 0.06 g (0.9 mmol) of Zn dust. To this mixture was added
5.40 mL (5.40 mmol) of PMe; (1.00 M in toluene), and the mixture
was stirred for 3 h. A sample of 0.12 g (0.90 mmol) of 4-cyanobenz-
aldehyde was added, and the mixture was stirred for 2 h. The sol-
vent was removed under vacuum, and the product was extracted
into hexanes and filtered through Celite. This process was repeated.
Removal of volatiles under vacuum provided 0.44 g (67%) of 10 as
a yellow colored solid; m.p. 108-110 °C. '"H NMR (CDCl,): § =
8.42 (d, Jpy = 24.4Hz, 1 H), 7.35 (d, Jyn = 8.4 Hz, 1 H), 7.13 (d,
Jun = 8.4 Hz, 2 H), 6.88 (s, 4 H), 6.69 (s, 2 H), 3.82 (s, 3 H), 2.27
(s, 6 H), 2.07 (s, 12 H) ppm. 3C{'H} NMR (CDCl;): § = 176.3 (d,
Jpc = 35.2 Hz), 160.6 (s), 146.1 (d, Jpc = 9.1 Hz), 137.6 (s), 136.9
(s), 135.6 (d, Jpc = 6.0 Hz), 135.4 (s), 135.1 (s), 131.6 (s), 127.8 (s),
125.5 (d, Jpc = 20.8 Hz), 118.7 (s), 113.9 (s), 110.1 (s), 54.9 (s),
20.7 (s), 20.4 (s) ppm. 3'P{'H} NMR (CDCls): 6 = 262.6 ppm. /max
= 351 nm, loge = 4.28.

(E)-4-(CH30)-2,6-Mes,C¢H,P=C(H)C4H44-NO, (11): To a clean
50 mL round-bottomed flask were added a stir bar, 0.50¢g
(1.1 mmol) of 6b, and 0.080 g (1.2 mmol) of Zn dust. To this flask
was added 6.70 mL (6.70 mmol) of PMes (1.00 M in toluene), and
the mixture stirred for 3 h. A sample of 0.17 g (1.1 mmol) of 4-
nitrobenzaldehyde was added and the mixture was stirred for
10 min. The reaction mixture was filtered through Celite and the
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solvent was removed under vacuum, leaving a dark red residue.
This solid was extracted with 15 mL of hexanes, and the solution
was filtered through Celite. The volatiles were removed under vac-
uum to provide 0.33 g (56%) of 11 as a dark yellow solid. 'H NMR
(CDCly): 0 = 8.43 (d, Jpy = 244 Hz, 1 H), 7.92 (d, Jyn = 8.4 Hz,
2 H), 7.18 (d, Jun = 8.4 Hz, 2 H), 6.88 (s, 4 H), 3.83 (s, 3 H), 2.27
(s, 6 H), 2.07 (s, 12 H) ppm. 3C{'H} NMR (CDCls): 6 = 176.2 (d,
Jpc = 36.4 Hz), 161.3 (s), 146.7 (d, Jpc = 9.5 Hz), 137.6 (s), 136.7
(s), 135.8 (s), 128.4 (s), 128.2 (s), 126.1 (d, Jpc = 21.3 Hz), 124.0
(s), 114.6 (s), 113.8 (s), 113.2 (s), 55.6 (s), 21.3 (s), 21.1 (s) ppm.
3IP{TH} NMR (CDCls): 6 = 267.0 ppm; m.p. 86-91°C. Ay =
376 nm, loge = 4.08.

(E)-4-(CH;0)-2,6-Mes,C¢H,P=C(H)C¢Hs (12): To a clean 50 mL
round-bottomed flask was added a stir bar, 0.25 g (0.56 mmol) of
6b, and 0.04 g (0.6 mmol) of Zn dust. To this flask was added
3.40 mL (3.40 mmol) of PMe; (1.00 M in toluene), and the mixture
stirred for 3 h. A sample of 0.060 mL (0.59 mmol) of benzaldehyde
was added, and the reaction stirred for 2 h. The reaction mixture
was filtered through a glass frit, and the volatiles were removed
under vacuum. The solid was extracted into hexanes and filtered.
The solvent was removed under vacuum, and the product was
rinsed with acetonitrile. The solid was dried under vacuum to give
0.15 g (47%) of 12 as a pale yellow colored solid; m.p. 202-204 °C.
'"H NMR (CDCls): 6 = 8.59 (d, Jpy = 25.2Hz, 1 H), 7.09 (m, 5
H), 6.87 (s, 4 H), 6.67 (s, 2 H), 3.81 (s, 3 H), 2.26 (s, 6 H), 2.08 (s,
12 H) ppm. BC{'H} NMR (CDCls): § = 180.1 (d, Jpc = 35.2 Hz),
160.7 (s), 146.6 (d, Jpc = 8.9 Hz), 140.6 (d, Jpc = 14.7 Hz), 138.6
(d, Jpc = 2.9 Hz), 137.2 (s), 135.7 (s), 132.4 (s), 128.4 (d, Jpc =
2.2 Hz), 128.3 (s), 128.1 (d, Jpc = 6.9 Hz), 125.9 (d, Jpc = 21.1 Hz),
114.3 (s), 55.5 (s), 21.3 (s), 21.1 (s) ppm. 3'P{'H} NMR (CDCl;):
0 = 240.7 ppm. Ap.x = 332 nm, loge = 4.27.

(E)-4-[(CH3),N]-2,6-Mes,CsH,P=C(H)C4Hs (13): To a 25mL
round-bottomed flask were added a stir bar, 0.10 g (0.21 mmol) of
6a, and 0.020 g (0.25 mmol) of Zn dust. To this flask was added
1.28 mL (1.28 mmol) of PMe; (1.00 M in toluene), and the resulting
mixture was stirred for 3 h. A sample of 0.030 mL (0.25 mmol) of
benzaldehyde was then added, and the mixture was stirred for 2 h.
The solution was filtered, and the volatiles were removed under
vacuum. The product was extracted into hexanes, and the solution
was filtered. The solvent was removed under vacuum and the re-
sulting product was then recrystallized from a concentrated solu-
tion of diethyl ether at —35 °C. Following drying under vacuum
compound 13 was isolated as yellowish orange solid (0.050 g, 40%);
m.p. 116-118 °C. "TH NMR (CDCls): § = 8.47 (d, Jpy = 24.8 Hz, 1
H), 7.08 (m, 5 H), 6.88 (s, 4 H), 6.45 (s, 2 H), 2.97 (s, 6 H), 2.28 (s,
6 H), 2.11 (s, 12 H) ppm. 3'P{'H} NMR (CDCl;): 6 = 242.5 ppm.

(E)-2,6-Mes,CcH;P=C(H)CcH,C(H)=C(H)-CcH4-4-NO, (14): To
a 50 mL dry round-bottomed flask were added a stir bar, 0.20 g
(0.48 mmol) of 2,6-Mes,C4H;PCl,, and 0.040 g (0.51 mmol) of Zn
dust. To this flask was addded 2.90 mL (2.90 mmol) of PMes
(1.00 M in toluene), and the mixture was stirred for 2 h. A sampe
of 0.13g (0.51 mmol) of (E)-4-(4-nitrostyryl)benzaldehyde was
added and the reaction stirred for 2 h. The solution was filtered
through Celite, the volatiles were removed under vacuum. The re-
maining solid was extracted into diethyl ether and the solution was
filtered through Celite. The solvent was removed under vacuum
and the resulting solid re-dissolved into hexanes and filtered
through Celite. The solvent was removed under vacuum and this
material was washed with small amount of acetonitrile. The prod-
uct was dried under vacuum to give 0.21 g (75%) of 14 as a pale
brownish-orange solid; m.p. 220-222 °C. 'H NMR (CDCl;): 6 =
8.62 (d, Jpy = 24.8 Hz, 1 H), 8.19 (d, Jyu = 9.0 Hz, 2 H), 7.58 (d,
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Juu = 9.0Hz, 2 H), 7.45 (t, Juyy = 7.6 Hz, 1 H), 7.29 (d, Juu =
8.0 Hz, 2 H), 7.02-7.17 (m, 6 H), 6.88 (s, 4 H), 2.27 (s, 6 H), 2.07
(s, 12 H) ppm. BC{'H} NMR (CDCl;): § = 178.9 (d, Jpc =
35.6 Hz), 146.9 (s), 145.0 (d, Jpc = 8.0 Hz), 144.0 (s), 141.1 (d, Jpc
= 13.2 Hz), 138.5 (s), 137.2 (s), 136.1 (d, Jpc = 7.4 Hz), 135.8 (s),
132.9 (d, Jpc = 2.6 Hz), 129.8 (s), 128.7 (s), 128.4 (s), 127.2 (s),
127.0 (s), 126.5 (d, Jpc = 21.4 Hz), 126.3 (s), 124.4 (s), 100.3 (s),
21.3 (s), 21.2 (s) ppm. 3'P{'H} NMR (CDCls): § = 245.1. Ay =
402 nm, loge = 4.65 ppm.

(E)-4-(CH;0)-2,6-Mes,CcH,P=C(H)C¢H,C(H)=C(H)-CcH4-4-NO,
(15): To a 50 mL round-bottomed flask were added a stir bar,
0.20 g (0.45 mmol) of 6b, and 0.030 g (0.47 mmol) of Zn dust. To
this flask was added 2.70 mL (2.70 mmol) of PMe; (1.00 M in tolu-
ene), and the mixture was stirred for 3h. A sample of 0.12 g
(0.47 mmol) of (E)-4-(4-nitrostyryl)benzaldehyde was added, and
the reaction was stirred 2 h. The reaction mixture was filtered and
the volatiles were removed under vacuum. The solid was extracted
into hexanes and filtered through Celite. Removal of hexanes gave
a solid that was further purified by washing with small amounts of
acetonitrile. The product was dried under vacuum to afford 0.20 g
(71%) of 15 as a brownish-orange colored solid; m.p. 205-209 °C.
'"H NMR (CDCls): 6 = 8.53 (d, Jpy = 24.4 Hz, 1 H), 8.19 (d, Jyu
= 8.8 Hz, 2 H), 7.58 (d, Juy = 8.8 Hz, 2 H), 7.27 (d, Jy = 8.4 Hz,
2 H), 7.00-7.15 (m, 4 H), 6.88 (s, 4 H), 6.68 (s, 2 H), 3.82 (s, 3 H),
2.27 (s, 6 H), 2.09 (s, 12 H) ppm. *C{'H} NMR (CDCl,): 6 =
178.6 (d, Jpc = 35.6 Hz), 160.6 (s), 146.7 (s), 146.4 (s), 143.8 (s),
141.1 (s), 138.3 (s), 137.0 (s), 135.7 (d, Jpc = 6.5 Hz), 135.5 (s),
132.8 (s), 131.7 (s), 128.1 (s), 126.9 (s), 126.7 (s), 126.2 (d, Jpc =
21.1 Hz), 1259 (s), 124.1 (s), 114.2 (s), 55.3 (s), 21.0 (s), 20.9 (s)
ppm. 3'P{'H} NMR (CDCls): § = 245.7 ppm. . = 409 nm, loge
= 4.66.

CCDC-746288 (for 8), -746289 (for 9), -746290 (for 10), -746291
(for 12) contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccde.cam.ac.uk/
data_request/cif.

Supporting Information (see also the footnote on the first page of
this article): Computational results (24 pages).
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