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Sterically Encumbered Systems for Two Low-Coordinate Phosphorus Centers
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Tetraarylphenyls of the form 2,3,5,6-&3 (Ar = p-tert-butylphenyl) are investigated as sterically demanding
ligands for the syntheses of compounds having paghenylene-bridged phosphorus centers. The precursor to
such materials, 1,4-diiodo-2,3,5,6-tetragigért-butylphenyl)benzendy, is readily obtained via a one-pot procedure

in 68% yield. Compound is then used to provide the bis(dichlorophosphine) 1,4-bis(dichlorophosphino)-2,3,5,6-
tetrakisp-tert-butylphenyl)benzene2] and the derived bis(phosphine) 1,4-bis(phosphino)-2,3,5,6-tetpetiei{
butylphenyl)benzened] in yields of 56 and 94% respectively. These materials provide access to novel materials
containing two low-coordinate phosphorus centers bridged by a sterically encumbered phenylene unit. Compound

2 reacts with benzaldehyde and 2,6-dichlorobenzaldehyde in the presence of excess trimethylphosphine and zinc

to produce the new pale yellow crystalline bis(phosphaalkefgg)-PhC(H=PAr,CsP=C(H)Ph éa; 42%) and
(E,E)-Ar'C(H)=PAr,CsP=C(H)Ar' (4b; 46%; Ar = 2,6-dichlorophenyl). The crystal structure 4& shows a
P=C bond length of 1.676(5) A. Compourttis also used to provide the unusual red-orange bis(diphosphene)
DmpP=PAr,CsP=PDmp 6; 55%; Dmp= 2,6-MesCsH3). Compoundb is structurally characterized, and &P

bond length of 2.008(2) A is ascertained.

Introduction Chart 1

Phosphaalkenes and diphosphenes are isolobal analogues o F,/
olefins (Chart 1) bearing phosphorus atoin¥. Upon the >='< ~O = Q) /P=
stepwise exchange of carbene for phosphinidene units, there
arises an increasing need for the introduction of steric protective have not been systematically examined as building blocks for
elements to allow the isolation of materials possessing increas-extended linear materials. One particular class of carbon-based
ingly reactive P=C and P=P bonds. In the absence of steric ©0ligomers and polymers that has been intensely studied is the
factors, PC and PR bonds will often oligomerize to combina-  Poly(phenylenevinylenes) (PPV's, Chart'2}?These materials
tions of o bonds (i.e., € PC-), or (—PP-),) due to thermo- can be doped and display remarkable optical and electrical
dynamic preferences. Accompanying weakdmonds arer—x* properties. Using the phosphorusarbon analogy (Chart %),
electronic transitions in the visible region of light. For example, it can be envisioned that isolobal materials containing multiply
while simple olefins are colorless, diphosphenes are yellow to Ponded phosphorus centers can be constructed (Chart 2). Linking
orange. The relatively low lyinge* orbitals also make phos- the known redox-active #C and P=P functionalities via
phaalkenes and diphosphenes susceptible to facile reduction tdhenylene residues capable of offering pathways for electronic
relatively stable radical anions. The ability to prepare these communication might also yield materials with interesting
phosphorus analogues of olefins has been part of the basis fofProperties.
a greater appreciation of the relationships between the chemistry As mentioned above, the syntheses of stable phosphaalkenes
of C=C bonds and that of €P and P=P bond< In fact, owing and diphosphenes require the use of ligands that offer steric
to the very similar electronegativities of carbon and phosphorus, Protection to these reactive units. For example, it was not until
P=C and P=P bonds are relatively nonpolar and behave like 1981 that an isolable material containing a trueRPdouble
their all-carbon-based analogues. However, unlike their olefinic bond was reporte# In this particular case, stabilization of the
kin, compounds incorporating low-coordinate phosphorus atoms diphosphene was achieved by use of the 2,4, &ttibutylphe-
nyl group (Mes*). Many other sterically encumbered ligands

T Case Western Reserve University. have since been used to afford further examples of stable
¥ University of Delaware. materials containing this functional unit. All of these sterically
8 BEI)IZEITLQ!'B’YI;'I\;A %}gynﬁs;o’\%x E&'S"'”Fgazgzﬁgr%i ?ﬁ’g‘?’g ;ﬁf}% coy  Nindered groups prevent the thermodynamically favored oligo-

John Wiley & Sons: New York, 1998. merization of the phosphinidene units of diphosphenes to
(3) Power, P. PJ. Chem Soc, Dalton. Trans 1998 2939-2951. cyclooligomers (RR)
(4) Norman, N. CPolyhedron1993 12, 2431-2446. Although a variety of materials possessing multiple numbers
Egg \&V:t%%;,Lﬁ%cecmcig/rhlsgsz 1992éz'.1 823;?;%)2%%_ of phosphaalkene units have apped@dew such materials

(7) Multiple Bonds and Low Coordination in Phosphorus Chemistry
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1990. G., Eds.; Wiley-VCH: New York, 1998.
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contain two low-coordinate phosphorus atoms bridged by a the P=C group as compared to thedP group (especially true

phenylene group*15A challenge to the generalized construction
of materials that can incorporate multiple numbers of diphos-

for the group at the carbon atom). Of these materials, isomeric
phenylene-bridged phosphaalkenes of thefdies*P=C(H)} \CsHs—n

phene or phosphaalkene units of the form presented in Chart 2(Mes* = 2,4,6!BusCgHy; n = 2—4) represent the most well

is the limited number of requisite difunctional benzenes that
can simultaneously offer steric shelter for two multiply bonded

phosphorus centers. In fact, the only known bis(diphosphene)

is compound .*® This particular system, however, offers little
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possibility of allowing electronic communication between

'8

Bu

diphosphene units. An interesting diphosphene carrying a redox-

active group was recently isolated and characterizigl, (
howevert’
On the other hand, materials containing two phenylene-

bridged phosphaalkene units are slightly more numerous and
have received greater attention. Such materials are easier to

prepare owing to the ready availability of fragments such as
“Mes*P” and the lessened steric requirements for stabilizing

(14) Knoch, F.; Appel, R.; Wenzel, H. Kristallogr. 1995 210, 450.
(15) Apple, R.; Schulte, P.; Knoch, Phosphorus Sulfur Relat. Elet988
36, 147—-151.
(16) Yoshifuji, M.; Shinohara, N.; Toyota, Kletrahedron Lett1996 37,
7815-7818.
(17) Tsuji, K.; Sasaki, S.; Yoshifuji, MTetrahedron Lett1999 40, 3203
206.

(18) Jouaiti, A.; Geoffroy, M.; Terron, G.; Bernardinelli, &.Chem Soc,
Chem Commun 1992 155-156.

(19) Jouaiti, A.; Geoffroy, M.; Bernardinelli, Gletrahedron Lett1993
34, 3413-3416.

(20) Jouaiti, A.; Geoffroy, M.; Terron, G.; Bernardinelli, G.Am Chem
Soc 1995 117, 2251—-2258.

(21) Makl, G.; Hennig, R.; Raab, K. MJ. Chem Soc, Chem Commun
1996 2057-2058.

studied system®-25 In particular, the ortho, meta, and para
isomers of Mes*P=C(H)} .CesHj (Illa —c) have received careful

(B ‘Bu

'Bu

Bu

llla: ortho
llib: meta
llic: para

attention. For example, a very recent study has shown that
Illa —c are more readily reduced to radical anions than their
monosubstituted analogue Mes*E(H)Ph. The difference in
reduction potentials was the largest for the para iso@Er~

354 mV)25 Additionally, the radical anion derived frortlc
showed the unpaired spin to occupy’aorbital and also to be
somewhat delocalized. Combined, these results suggest some
degree of electronic communication between tkeORcenters.

In contrast tollla —c, isomeric phosphaalkenes where a
phenylene unit bridges two phosphorus atoms are fare.
Phenylene-bridged phosphines are only well developed for
the completely unhindered systems of the form 1,4-
(PX2)2CgH4.18724.26-28 CompoundIV appears to be the sole
example of a phosphaalkene with this sort of backbdri@.

(‘)SnMes

b O

os.Me3
v
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534.
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Commun 1996 437-438.

(24) Kawanami, H.; Toyota, K.; Yoshifuji, Ml. OrganometChem 1997,
535 1-5.

(25) Badri, A. A.; Jouaiti, A.; Geoffroy, MMagn Reson Chem 1999
37, 735-742.

(26) Evleth, E. M., Jr.; Freeman, L. D.; Wagner, RJ.IOrg. Chem 1962
27,2192-2197.

(27) Baranov, Y. |.; Filippov, O. F.; Varshavskii, S. L.; Kabachnik, M. I.
Dokl. Akad Nauk SSSR968 182 337—339.
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1981, 103 3286-3289.
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If further substituents could be incorporated into such after which it was stirred for 2 h. All volatiles were then removed under
materials, synthesis of a much wider range of interesting reduced pressure to give a yellow-brown solid, which was washed
materials should be possible. We are thus pursuing the develop-successively with CECN and hexanes. The resultant solid was
ment of materials where two (or more) redox-active phosphorus composed o and !_IC|. Extraction o with hot toluene, followed by .
atoms might communicate electronically through one or more rze(rggg/a)l cl)La’I\Il’\\/AoFIaazgesDu)ndg;r;céu(%edsarissugeé szc;rd7e<i§.(6dS gl_?;""h'te

. . . . 0). 6)6). . y ~J = o. Z), [. ,
sterlpglly protected phenylene bridges. Materials possessing such_g 5 Hz), 1.19 (s, 36H)P NMR (GDq): 6 153.9. HRMS (FAB),
stabilized Iow-coordlnatg cente'rs coulq be ysed as building ,y> calcd for GeHs:P,Cls, 806.230 36: found, 806.233 77.
blocks f_or the C(_)nstructlon_ (_)f |nteres_t|ng ollgomer_|c and/gr 1,4-Bis(phosphanyl)-2,3,5,6-tetrakigt-tert-butylphenyl)benzene
polymeric materials containing multiply bonded inorganic (3).A solution of 2.0 g of2 (2.47 mmol) in 200 mL of THF was slowly
elements. Herein we present a facile synthesis of a novel transferred via cannula to a solution of 422 mg of LiAl1.3 mmol)
sterically encumbered ligand system that simultaneously pro- in 100 mL of THF. The resulting suspension was refluxedifd and
vides stability to two low-coordinate phosphorus centers. then cooled to OC. The reaction was carefully quenched with 5 equiv
Furthermore, we demonstrate that such new linker units can of @ 20% HCl solution. Addition of 100 mL of D produced a two-
provide facile access tdoth bis(phosphaalkenes) and bis- phase mixture, and an insoluble white precipitate was apparent in the

(diphosphenes), the first step toward materials of foBrand organic layer. The organic and aqueous layers were separated, and the
C in Chart 2 ’ former was filtered to give a white powder, which was washed with

50 mL of EtO and dried under reduced pressure. The dried solid was

Experimental Section dissolved in THF, and the solution was filtered through a medium-

General Details. p-tert-Butyloromobenzene, hexabromobenzene, porosity fritted glass filter layered with activated alumina. All volatiles
benzaldehyde, 1,4-terephthalaldehyde, and 2,6-dichlorobenzaldehydevere then removed under reduced pressure to give 1.56 g of &hite
were purchased from commercial sources. Benzaldehyde was distilled(94%).*H NMR (CDCk): ¢ 7.13 (d, 8H,J = 8.3 Hz), 6.95 (d, 8H)
and then degassed with,Nbefore being taken into a drybox for storage = 8.3 Hz), 3.29 (d, 4HJup = 216.8 Hz), 1.21 (s, 36HP {*H} NMR
and usep-tert-Butylboromobenzene was degassed with tdken into (CDCly): 6 —130.9. HRMS (FAB)Wz calcd for GeHseP,, 670.386 08;
the drybox, and passed through activated alumina before use. Hexabrofound, 670.377 31.
mobenzene and 2,6-dichlorobenzaldehyde were dried under vacuum (E,E)-1,4-Bis((phenylmethylidene)phosphino)-2,3,5,6-(tetrakipf
and taken into the drybox for storage and use. DmBPmMp DmpP= tert-butylphenyl)benzene (4a) and iE,E)-1,4-Bis(((2,6-dichlorophen-
C(H)Ph3! [DmpP(H)Li-Et,0],%° and DmpP=PMe;3! were prepared as  yl)methylidene)phosphino)-2,3,5,6-tetrakigg-tert-butylphenyl)-
previously described. Inert-condition manipulations were conducted in benzene (4b)A general procedure is described here for the syntheses
the drybox or on a Schlenk line under a nitrogen atmosphere. THF, of compoundsta and4b. Under inert conditions, a solution of 1.00 g
toluene, hexanes, and diethyl ether were purified by distillation from of 2 (1.24 mmol) in 50 mL of THF was added slowly to a flask

purple or deep blue Nabenzophenone solutions undes. RH and3*P containing a mixture of zinc dust (202 mg, 3.09 mmol), the corre-
NMR spectra were recorded using a 300 MHz Varian Gemini sponding aldehyde (2.47 mmol, 2.0 equiv), and excesssRMe8 mL
spectrometer3!P NMR data are referenced to external 85%P8,, of 1.0 M PMg in toluene, 14.8 mmol) over a period of 15 min. The

while 'H NMR data are referenced to residual proton solvent signals resulting yellow-orange solution was stirredr 8 h under ambient
of CDCl; or CsDs. UV —Vis spectra were obtained on a Varian Cary 5 conditions and then filtered. All volatiles were removed under reduced
spectrophotometer. Mass spectroscopic analyses were performed at theressure to give a yellow-orange solid. The yellow-orange solid was

CWRU departmental facility. washed with~20 mL of hexanes and then extracted with a 1:1 mixture
1,4-Diiodo-2,3,5,6-tetrakisp-tert-butylphenyl)benzene (1) A syn- of EO and toluene. All volatiles were again removed under reduced
thetic method similar to Hart's procedure was emplo$e8l.10.00 g pressure, and the resulting solid was crystallized several times from

sample of GBr (18.1 mmol) was added to a freshly prepared Grignard toluene at-35 °C to give the pale yellow bis(phosphaalkeda)(441
solution of 4.BuCsHsMgBr (217 mmol) in 300 mL of THF. After the mg, 42%) ordb (562 mg, 46%). Experimental data for compoutal
mixture was stirred overnight at room temperature, a white-brown are as follows!H NMR (CDCl): 6 8.50 (d, 2H,2Jup = 25.6 Hz),
precipitate was evident. The reaction was quenched dropwise with a6.95-7.08 (m, 26H), 1.14 (s, 36H}'P NMR (CDCE): ¢ 248.6. HRMS
solution of iodine in THF until a purple color (characteristic of excess (FAB), Wz calcd for GoHesP2, 846.448 72; found, 846.451 50. BV
iodine) persisted. Excess elemental iodine was consumed upon thevis (THF): 349 nm ¢ = 40 000). Experimental data for compousidl
addition d 1 M Na,SOx(aq). Then 500 mL of kD and 100 mL of are as follows!H NMR (CDCly): 6 8.51 (d, 2H,2Jup = 25.1 Hz),
diethyl ether were added, followed by separation of the organic and 7.14 (d, 4H,J = 8.0 Hz), 7.05 (m, 16H), 6.88 (t, 2H] = 8.0 Hz),
aqueous layers. The organic layer, which contained a suspension of1.16 (s, 36H)3P NMR (CDCk): ¢ 290.8. UV-vis for DmpP=C(H)-
the relatively insoluble compounti was washed with three 100 mL ~ Ph (THF): 334 nm{ = 63 000).

portions of HO and then filtered to give crudeas a white solid. The (E)-1,4-Bis(((2,6-dimesitylphenyl)phosphinidene)phosphino)-2,3,5,6-
white solid was washed successively withQ{ EtOH, hexanes, and tetrakis(p-tert-butylphenyl)benzene (5) A solution of 1.00 g o (1.24
toluene to give 10.57 g df (68%).*H NMR (CDCl): ¢ 7.11 (d, 8H, mmol) in 100 mL THF was slowly added to a solution of [DmpP(H)-
3Jun = 8.3 Hz), 6.91 (d, 8H3Juy = 8.3 Hz), 1.21 (s, 36H). HRMS Li-Et,O] (1.06 g, 2.48 mmol) in 50 mL of ED. The resulting yellow
(FAB), m'z. calcd for GeHsal2, 858.216 16; found, 858.220 14. solutionwas stirred for 2 h, after which DBU (1,8-diazabicyclo[5.4.0]Jundec-
1,4-Bis(dichlorophosphanyl)-2,3,5,6-tetrakigg-tert-butylphen- 7-ene) (373 mg, 2.45 mmol) was added, causing an immediate color
ylbenzene (2).To a 500 mL Schlenk flask was added 5.00 glof change from yellow to orange and the formation of a white precipitate.
(5.82 mmol) in 250 mL of THF. The reaction flask was chilled+@8 The reaction mixture was stirred overnight under ambient conditions,
°C, and 14.6 mL ofBuLi (23.4 mmol, 1.6 M in hexanes) was added and the volatiles were then removed under reduced pressure. The
dropwise by syringe. After the reaction mixture was stirredifd at resulting orange-white solid was extracted with hexanes, and again all

—78 °C, 8.00 g of PG (58.2 mmol) was rapidly added by syringe.  volatiles were removed under reduced pressure, giving an orange solid.
The resulting mixture was allowed to slowly attain room temperature, Several recrystallizations from CDCht —35 °C afforded 925 mg of
orange5 (55%).1H NMR (CeDe): ¢ 7.05 (t, 2H,d = 12.7 Hz), 6.89
(29) An interestingp-diphosphaquinone has also been reportedrkMa (S, 4H), 6.82-6.88 (m, 16H), 6.62 (d, 8H] = 12.6 Hz), 2.31 (s, 12H),

G.; Hennig, R.; Raab, K. MJ. Chem Soc, Chem Commun 1996 1.87 (s, 24H), 1.12 (s, 36H)*P NMR (CDCE): 6 525.5 (d,Jpp= 576
2057-2058. Hz), 481.7 (dJpp= 576 Hz). HRMS (FAB) Wz calcd for GaHioPs,
(30) é‘l?rgezius, E.; Protasiewicz, J. Dlain Group Chem1996 1, 369~ 1354.693 86; found, 1354.690 52. WVis (hexanes): 390 nme(=
(31) Shah, S.; Protasiewicz, J. 0.Chem Soc, Chem Commun 199§ 7550)’ 476 nm¢ = 870). UV—vis DmpP=PDmp (hexanes): 456 nm
1585-1586. (6 = 300), 372 nm( = 4300)
(32) Harada, K.; Hart, H.; Du, C.-J. B. Org. Chem 1985 50, 5524 Crystallographic Structural Determinations. Single-crystal X-ray

5528. diffraction experiments were performed on a Siemens P4/CCD dif-
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Scheme 1
CeBrg
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Zn, PMe 2.2 DBU
ArG(H)=O

3 (94%) Ar = Ph, 4a (42%)
Ar = 2,6'C|206H3, 4b (460/0)

fractometer forda and 5. The systematic absences and diffraction their rapid synthesis from readily available and inexpensive
symmetry fordawere consistent with the tetragonal space grdepa dichlorobenzene and the wide range of aromatic groups that

and P4,/n. Solution in P4y/n yielded chemically reasonable and may be introduced (eq 2}.Fortuitously, tetraarylphenyls are
computationally stable results of refinement. No symmetry higher than

triclinic was observed for the data 6f The E statistics suggested the 1. "BuLi
centrosymmetric optiof1, which yielded chemically reasonable and 5 ArMaBr | 1. "BuLi
computationally stable results of refinement. The asymmetric units of a = xs ArMg A Ar )

4aand5 each contain one-half of the molecule lying about an inversion 3.1, 2.EX

center. Compound also contains one CDglolvate molecule per

asymmetric unit. The structures were solved by direct methods,

completed by subsequent difference Fourier syntheses, and refined by

full-matrix least-squares procedures. All non-hydrogen atoms were Ar ol

refined with anisotropic coefficients, and all hydrogen atoms were Q)
treated as idealized contributions. All software used and sources of
the scattering factors were contained in the SHELXTL (5.03) program

library (G. Sheldrick, Siemens XRD, Madison, WI). essentially equally accessible from hexahalobenzenes, although

this route is not quite as general for the introduction of aromatic
Results and Discussion groups.

Our synthesis of diiodotetraarylphenyls thus follows the
methodology pioneered by Hart et al. (Schemé&21ynfortu-
nately, efforts to find a high-yield synthesis of 1,4-diiodo-
2,3,5,6-tetramesitylbenzene as a convenient entry to a difunc-
tional analogue of themterphenyl ligand precursor 2,6-
MesCgHsl (Dmpl), which we have used successfully for the
syntheses of the diphosphene DrefBDmp and a range of
(33) Twamley, B.; Haubrich, S. T.; Power, &dv. OrganometChem 1999 phO.Sphaalkene.s' D'mﬁR_‘,(H)R,3031’35have '.[hus far failed. This

1—-65. particular reaction is plagued by competing side products that
(34) Saednya, A.; Hart, HSynthesi996 1455-1458. considerably diminish yields and hinder purificatichsSys-

For our present purposes, we targeted tetraarylphenylene
systems owing to their relative ease of synthesis and their
apparently close relationship to the sterically encumbered
m-terphenyl ligands that have already found widespread use in
stabilizing multiply bonded phosphorus and other main group
elements® Attractive features ofn-terphenyl ligands include
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tematic investigations of 1,4-diiiodo-2,3,5,6-tetraarylphenyl

syntheses have resulted in our immediate attention being directed

toward 1,4-diiodo-2,3,5,6-tetrakjs(ert-butylphenyl)benzenel]

as a precursor to phenylene-bridged ligands for phosphorus. This

system offered several desirable features. First, compausd
easily prepared in a one-pot procedure and in good yields

(Scheme 1, 68%). Second, our screening of 1,4-diiiodo-2,3,5,6-

tetraarylphenyls revealed that it is important for the tetraaryl

units incorporated into the phenylene group to bear a certain g

degree of aliphatic substituents. The feent-butyl groups inl

aid in promoting the solubility of what would otherwise be a
relatively insoluble material due to highly packed aromatic
groups. Oddly, although compouriditself displays limited
solubility in organic media, the phosphorus derivativesand

5, described below, are freely soluble. Third, analysis of reaction
products by!H NMR spectroscopy is facilitated by the high

symmetry of the system and the diagnostic resonances attribut-

able to thetert-butyl groups. The incorporation of single
substituents into either the meta or the ortho positions of the
four aromatic rings leads to configurational isomeri&m.

Conditions for dimetal for dihalogen substitution were
optimized by reactingl with varying amounts of"BulLi,
followed by treating reaction aliquots with aqueous solutions
to produce 2,3,5,6-tetrakjstert-butylphenyl)benzene. The ad-
dition of 4 equiv of"BuLi to 1 proved to be effective for this
purpose. From freshly generated solutions of the dilithiated
benzene, the bis(dichlorophosphi2e)ould be isolated in 56%
yield after workup (Scheme 1). The yields were maximized by
the rapid addition of PGlduring the transmetalation step. The
3P NMR shift of o 153.9 was unexceptional (compare DmpfCl
0 160.49. Reduction of2 proceeded without difficulty by
standard protocols to produce the bis(phosph&ie)excellent
yield (Scheme 1). Compouriiwas readily characterized by a
diagnostic triplet in thé!P NMR spectrum ad —130.9 ( =
217 Hz). Both2 and3 are white solids that are slightly air and
water sensitive in the solid state.

Transformations of the bis(dichlorophosphin2)to bis-
(phosphaalkeneg)a and 4b were rapidly accomplished using
our recently described protocol for the construction of phos-
phaalkenes by zinc reduction of dichlorophosphines in the
presence of aldehydes and excess trialkylphosphiAgossible
intermediate of the reaction, a bis(phosphanylidefiphos-

Shah et al.

Figure 1. Structural diagram of compounth.

PMe; and have shown that it reacts with aldehydes to produce
phosphaalkenes DmpfC(H)Ar.3t

31P NMR analyses of the reaction mixtures show evidence
for a single isomer of each phosphaalkese, ¢ 248.6;4b, o
290.8). The spectra of the isolated materials identify the
configurations about the=PC bonds to be the biB-isomers
on the basis of the diagnostidsy coupling constants of25
Hz for the ArP=C(H)Ar’ protons®” Workup of the reaction
mixtures provided the crystalline pale yellow bis(phospha-
alkenesyaand4b in 42—46% yields. The NMR properties of
compoundgta and4b compare favorably with those reported
for the isomeric phenylene-bridged phosphaalkenes of the form
{Mes*P=C(H)} \CeHes-n (llla —c).18-25

Recrystallization of4a from toluene at—35 °C produced
single crystals suitable for X-ray diffraction studies, and the
resulting structural solution is presented in Figure 1. Details of
the structure solution and selected bond lengths and angles are
found in Tables 1 and 2. The halveslére related by a center
of inversion. The B=C bond length of 1.676(5) A falls within
the general range observed for phosphaalkérs.example,
the related bis(phosphaalkendfip and Illb display P=C

phorane) (eq 2), could not be isolated. Using the more hindereddistances ranging from 1.656 to 1.670 A. Tiis(phospha-

L Ar

R

Ar PMes

Zn, PMe; | MegRy 2 AC(H)=0

-2ZnCl,

4

-2 MezP=0

2

Ar
)

Dmp ligand, we have isolated the related compound DmpP

(35) For some other applications ofterphenyl ligands in organophos-
phorus chemistry, see: (a) Shah, S.; Burdette, S. C.; Swavey, S;
Urbach, F. L.; Protasiewicz, J. @rganometallics1997, 16, 3395~
3400. (b) Tsuji, K.; Fujii, Y.; Sasaki, S.; Yoshifuji, MChem Lett
1997 855-856. (c) Rabe, G. W.; Kheradmandan, S.; Liable-Sands,
L. M.; Guzei, I. A;; Rheingold, A. LAngew Chem, Int. Ed. Engl.
1998 37, 1404-1407. (d) Rabe, G. W.; Kheradmandan, S.; Yap, G.
P. A. Inorg. Chem 1998 37, 6541-6543. (e) Rabe, G. W.; Liable-
Sands, L. M.; Incarvito, C. D.; Lam, K.-C.; Rheingold, A. Inorg.
Chem 1999 38, 4342-4346. (f) Rabe, G. W.; Yap, G. P. A;; Liable-
Sands, L. M.; Guzei, |. A.; Rheingold, A. Phosphorus, Sulfur Silicon
Relat. Elem1999 146 269-272. (g) Twamley, B.; Sofield, C. D.;
Olmstead, M. M.; Power, P. B. Am. Chem. S0d.999 121, 3357
3367. (h) Rigon, L. R. H.; Escudie, Bhosphorus, Sulfur Silicon Relat.
Elem.1999 152 153-167.

(36) Hart, H.; Du, C.-J. F.; Mohebalian,J.0rg. Chem 1988 53, 2720~
2723.

alkene)lV, likewise, shows similarC bond lengths of 1.683
A_29

Of special interest is the orientation of the phenyl rings with
respect to one another and with respect to theCRunit. An
ideal fully conjugated system would be all planar. Clearly, steric
forces about the bridging phenylene group4a might be
expected to discourage an all-planar structure. Indeed, the
hexasubstituted ring and each monosubstituted ring are offset
from coplanarity by 62 The great disparity in the steric
demands for the groups capping each end of ta€ Rnit results
in differences in these groups’ abilities to attain coplanar
orientations with the £C unit. As such, the severities of these
steric interactions are marked by a torsional angle ¢f fét
the P=C unit with the central ring and by torsional angles of
22° for the P=C unit with the outer benzaldehyde derived rings.
Although the solid-state structure suggests that the rings are
positioned about thePC unit in this static manner, room-
temperature NMR spectroscopy shows no evidence for this
effect in solution.

(37) Yoshifuji, M.; Toyota, K.; Inamoto, NTetrahedron Lett1985 26,
1727-1730.



Sterically Encumbered Low-Coordinate P Centers

Table 1. Crystal Data and Structure Refinement Details4arand5

Inorganic Chemistry, Vol. 39, No. 17, 2003865

4a

empirical formula
fw

temp (K)

A A

crystal system
space group
ab,c(A)

a, 3, v (deg)

V (A3),z

dcalcd (Mg/m3)

abs coeff (mm?)
F(000)

crystal size (mm)
6 range (deg)
limiting indices

no. of reflns collected

no. of indep refinsRin)
completeness té (deg, %)

abs cor

max and min transm
refinement method
data/restraints/params
goodness-of-fit orf?

final Rindices | > 20(1)]: R1, wR2
Rindices (all dataj® R1, wR2
largest diff peak and hole (e &)

GoHedP2
847.05
223(2)
0.71073
tetragonal
P4,/n
27.5025(2), 27.5025(2), 6.6317(2)
90, 90, 90
5016.12(15), 4
1.122
0.124
1816
0.45% 0.45x 0.20
2.0924.50
—32<h<27
—32<k<32
—-6<I1<7
17521
4160 (0.0481)
24.50, 99.6
empirical
0.9757 and 0.9465
full-matrix least-squaresFén
4160/0/286
1.051
0.0770, 0.1920
0.1022, 0.2179
0.677 and—0.256

CogH102CleD2Ps
1596.38
233(2)
0.71073
_triclinic
P1
11.8495(2), 13.0427(2), 16.1474(2)
89.3505(7), 75.9850(10), 74.4804(11)
2329.19(5), 1
1.138
0.295
842
0.30x 0.20x 0.15
1.36-23.00
—11<h<13
—14<k<13
-17<1<17
11568
6362 (0.0276)
23.00, 98.3
empirical
0.9571 and 0.9166
full-matrix least-squares of?
6362/0/490
1.081
0.0932, 0.2348
0.1216, 0.2691
0.698 and-0.499

aR(F) = 3 [|Fol — [Fell/SIFol. ® Ru(F?) = [SW(F? — FAUIW(FAZ%S, Wt = 0%(F?) + (aP)? + bP, whereP = (F2 + 2F2)/3 anda andb are

constants adjusted by the program.

Table 2. Bond Lengths (A) and Angles (deg) fdef
P(1-C(24)  1.676(55) C(24}P(1)-C(2)

the tetrakigg-tert-butylphenyl)phenylene group to stabilize two
101.43(19) P=P bonds. Adaptation of literature methods for syntheses of

P(1)-C(2) 1.847(4)  C(3YC(2)-C(1) 120.0(3) asymmetric diphosphenes (Scheme 1) proved useful for this
C(2)-C(3) 1.405(5)  C(3)C(2)-P(1) 117.3(3) purpose'’ Specifically, addition of 2 equiv of DmpP(H)iELO
C(2)-C(2) 1.407(5)  C(1)C(2)—-P(1) 122.6(3) (Dmp = 2,6-MesCgHa) to 2, followed by 2 equiv of DBU, led

gggig% i:iggg gg)%—g%:ggg i%gggg to 5 in 55% yield. Compound was isolated as a stable red-

C(24)-C(25)  1.450(6) C(1}C(3)-C(2) 121.1(3) orange material that was freely soluble in organic media. A pair
C(25)-C(24)-P(1)  124.8(3) of doublets resonating &t 525.5 and 481.7 ppmlgp = 576
aSymmetry transformation used to generate equivalent atoms: (i) Hz) in the *'P{*H} NMR spectrum of5, in conjunction with
X, —y+2 -2 "V’ the high symmetry of théH NMR spectrum (i.e., a single set
of tert-butyl resonances etc.) & suggested the presence of
two P=P units connected by the phenylene bridge in abbis-
djisposition.
The structure deduced from the NMR data was corroborated

The four aromatic rings about the bridging phenylene group
are by necessity “stacked” upon one another and also appear t
be “gear locked” in order to fit about the ring. Dihedral angles . . .
(r) for the peripherap-tert-butylpheny! rings relative to the core by the results of an X-ray diffraction study performed on e:’ single
phenylene group are thus 70 and 78imilar structural features ~ CTyStal of 5:2CDCk grown from CDClhexanes at-35 °C
have been observed in other hindered tetraarylphenyls. For(Figure 2). Details of the structure solution and selected bond
example, dihedral angles of 69 and® &se realized for 2,3,5,6- lengths and angles are provided in Tables 1 z_md 3._As found
tetraphenylphenol, a precursor to the tetraphenylphenoxidefor 4a, the halves ob are related by a center of inversion. The
ligand, which has been employed as a cyclometalation-resistant”— bond length of 2.008(2) A falls within thle7 range anticipated
ligand in organometallic chemist#. Structures possessing for phosphorusphpsphorus_ d(_)uble t_)onél%. Structural pa-
related hindered phenylene units, such as tetraphehgnzo- rameters for the hindered linking unit &fare comparable to
quinone ¢ = 46 and 72) and the corresponding radical anions those observed fota qu example, dihedral angles of 68. and
obtained by reduction of the benzoquinone with sodium (for /O are seen for the periphemattert-butylphenyl rings relative

_ to the core phenylene group. The bis(diphosphérigformally
the [Na(tet It, 7 = 55 and 658), h Iso b \ " .
re;e)o[rtt-fo(ege rapyran) salt, z an ). have also been related to the diphosphene DnmsPDmp®° by insertion of the
L . - . bis(phosphinidene) fragment PArP (Ar2,3,5,6-p-'BuCsH4)4Cs)
As mentioned above, synthesis of a bis(diphosphene) requires ) .
greater steric protection than that of a bis(phosphaalkene). The'm0 the PP double bond of DmpfPDmp. The capping DmpP

o - groups are thus structurally orientated in a fashion very similar
bis(diphosphene) was thus prepared to assay the ability of to that found in DmpE-PDmp. In the solid state of DMpP

. ~ PDmp, the twan-terphenyl groups are organized such that one
(38) Vilardo, J. S.; Lockwood, M. A.; Hanson, L. G.; Clark, J. R.; Parkin, - ring is nearly coplanar with the=PP unit while the other ring

B. C.; Fanwick, P. E.; Rothwell, I. Rl. Ch Dalton T . o :
1957‘33%??3(32. + Rothwel, 1. Rl Chem Soc, Dalion Trans is nearly orthogonal to this unit (torsional angles of 81 ant] 13

(39) (a) Bock, H.; John, A.; Naer, C.J. Chem Soc, Chem Commun
1994 1939-1940. (b) Bock, H.; John, A.; Kleine, M.; Naer, C.;
Bats, J. W.Z. Naturforsch 1994 49B, 529-541.

(40) Komen, C. M. D.; Kanter, F. J. J. d.; Goede, S. J.; Bickelhaupt, F.
Chem Soc, Perkin Trans 2 1993 807-812.
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Figure 3. UV—visible spectra of DmpPC(H)Ph (dashed line) and
4a (solid line) in THF.

Figure 2. Structural diagram of compourisl
8000 <

Table 3. Selected Bond Lengths (A) and Angles (deg) %or

P(1-C(29)  1.843(5) C(29)P(1)-P(2)  106.30(18)
P(1)-P(2) 2.008(2)  C(2PQ)P(1) 97.52(16)
P(2)-C(2) 1.854(5)  C(2}C(1)-C(3)  119.8(4)
c(1)-C(2) 1.401(7)  C(1)}C(2)-C(3) 120.3(4)

6000 -

C(1)—-C(@3) 1.402(7) C(1yC(2)-P(2) 121.6(4) -

C(1)-C(9) 1.507(7) C(3YC(2—P(2) 118.1(4) = 4000 -

C(2)-C(3) 1.407(7) C(1>-C(3)-C(2) 119.9(4) [

C(3)-C(1) 1.402(7) <

a Symmetry transformation used to generate equivalent atoms: (i)
—x+1,-y+1, -z 20004
respectively). Fob, the torsional angles for the central and end- 1

capping rings are 84 and 30respectively. The NMR spectra

of 5 under ambient conditions suggest that rotation about the

aryl—phosphorus bonds is facile on the NMR time scale.
With the solid-state structures 4& and5 determined, it was Wavelength (nm)

of interest to assay the potential degree of electronic com- Figure 4. UV—visible spectra of DmpRPDmp (dashed line) angl

munication between the unsaturated organophosphorus groupésolid line) in THF.

within 4a and 5. If the two P=C or two P=P units are  ang 456 nm) is also shown in Figure 4. Using this particular
conjugated, then it might be expected that there would be a giphosphene as the closest available structurally related model,
decrease in the energy required to promote electrons from the,oq shifts on the order of 120 nm can be estimated footh

7 to 77 orbitals for these functional groups. Compounds  yransitions upon moving from DmpEPDmp to5. Such a result
and4p are pale yellow, whereas phosphaalkenes of the form ¢oyq pe rationalized if the presence of the secorePRunit
ArC(H)=PAr’ are often colorless, .suggestmg some electronic gjther lowers the energy of the" MO or raises the energy of
influence of the second *C unit on the first. A more  poththe it and thexr MO's. In this regard, it is important to
quantitative (but still inexact) measure of this effectis the V. ote that comparisons between the electronic spectra of Mes*P
visible spectrum o#a compared to that of a closely related ppeg* (lmax= 340 and 460 nm) and (M8i);:CP=PC(SiMe)s
monofunscitlonal analogue, DmpRC(H)Ph (Figure 3Amax = (Amax= 353 and 484 nm) have led to the conclusion that there
334 nm):* The absorption maximum fofa (Amax = 349 nm) is minimal conjugation of the ®P unit with the phenyl rings

is red shifted by 15 nm. This notable shift is close to the red- 4f pes*P=PMes*10 Comparisons of this sort are made much
Sh'ft*Of 11 nm reported between the mono(phosphalkene) nore difficult because of the massive sizes of these ligands and
Mes*P=C(H)Ph {max = 315 nm) and the bis(phosphaalkene) tneir resulting nonplanar structures. Even the simple addition

L T T L)

T T 1
300 400 500 600

e (Amax = 326 nm)2* of methyl substituents at the 2,2,4,6,6-positions of stilbene
Likewise, similar measurements férhave been performed  yagylts in a disruption of conjugation and a blue shift of nearly

(Figure 4). Two bands are readily discerned oat Amax = 30 nm43 Future investigations of the cyclic voltammetry &f

390 and 476 nm. These two transitions, often observed for 5nq5 a5 well as EPR spectroscopy of the radical anions derived

diphosphenes, have been assigned te- 7* and n" — z* by reduction of4 and5, will help illuminate further details of

electronic transitions, respectively (iis the MO for the in-  {he electronic nature of these difunctional materials.

phase combination of lone pairs on P atoms). The latter transition

is fOI’maIIy forbidden and is less intense than the allowett (41) Cowley, A. H.; Decken, A.; Norman, N. C.; Kger, C.; Lutz, F.;

a* transition® Various computational efforts have indicated that Jacobsen, H.; Ziegler, T. Am Chem Soc 1997 119, 3389-3390.

, i 42 (42) Allen, T. L.; Scheiner, A. C.; Yamaguchi, Y.; Schaefer, H. F.,JIl.
the n™ and ther MQO’s are very close in energy:*2To gauge Am Chem Soc 1986 108 75797588,

any potential electronic communication between the twdPP (43) Gegiou, D.; Muszkat, K. A.: Fischer, E.Am Chem Soc 1968 90,
units, the electronic spectrum of DmsPDMpP @max = 372 3907-3918.
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Conclusions Hindered ligands of this type should also find applications in

Routes to sterically demanding ligands that provide accessOther areas (_)f inorganic chemistry. In pa_lrtlcular, such tet-
to materials having two low-coordinate phosphorus centers ra@rylphenyl ligands should lead to the facile development of
spanning a phenylene unit have been developed. In particular,_mate”als having other types of novel main group multiple bonds,
new bis(phosphaalkenes) and bis(diphosphenes) based on thedB Much the same way that the useroiterphenyl groups as
ligands have been prepared and structurally characterized. Theterically encumbered ligands has grown.
bis(diphosphenéj represents only the second compound to bear ) )
two diphosphene units and is the first such species to be Acknowledgment. We thank the National Science Founda-
structurally characterized. Furthermore, these systems showtion (Grant CHE-9733412) for support of this research.
evidence in their UV-visible spectra for red shifts on the order . i )
of 15-20 nm. These data also suggest that, in solution, the steric_ SUPPorting Information Available: More completely labeled
forces in4a and5 do not completely isolate the two=FC or ORTEP diagrams and tables listing atomic positional parar_neters,
two P=P units from electronic communication. Further work nérmal parameters, and bond lengths and angleddandS. This
to use these sterically encumbered tetraarylphenyls in moremate”al is available free of charge via the Internet at http://pubs.acs.org.

extended organophosphorus systems is currently underway.IC0001558





