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Abstract: Novel di(cation radical)s and tri(cation radical)s are prepared by oxidation of the corresponding 1,3-
phenylenebis|[(4ert-butylphenyl)methylene]triphenylphosphorane] and 1,3,5-benzenetriyltrigftbutylphenyl)-
methylene]triphenylphosphorane] precursors. The oligo(cation radical)s are investigated in frozen solutions using
ESR spectroscopy. The di(cation radical) has a triplet state as evidenced Ably=a+2 ESR transition exhibiting
hyperfine coupling to two identical phosphorus nuclei and is characterized by zero-field splitting pardbneters

350 MHz andE = 0 MHz. The corresponding tri(cation radical) possesses a quartet stat® wite62 MHz and

E = 0 MHz and exhibits aAMs = +£3 transition. Temperature dependent studiesl@0 K) reveal that the ESR
intensities follow Curie’s law, consistent with high-spin ground states. The stability of these oligo(cation radical)s
is assessed via cyclic voltammetry at room temperature in THF solution.

Introduction coupling, 1,3-phenylene is known to be a fairly robust ferro-
magnetic coupling unit, even for significantly twisted geom-
High-spin molecules in which organic radicals are coupled etries®”’
via ferromagnetic coupling units attract considerable attention Compared to the well-known triarylmethy! radicals, substi-
as potential bUIIdIng blocks for future OrganiC ferromagnetic tuted dipheny|methy|ene (%X) radicals may provide a h|gher
materialsi™®  This interest is motivated by the fact that spin density at the methylene carbon atom directly linked to
intramolecular coupling of unpaired electron spins is usually the 1,3-phenylene ring, which may be beneficial for a stronger
associated with much stronger exchange interactions than theexchange interaction. As an example, ketyl radicalsqpi),
spin alignment that can be obtained via intermolecular interac- which are isoelectronic with nitroxide radicals{f0), have
tions. recently been considered for the preparation of high-spin
In designing novel high-spin molecules, a variety of intramo- molecule$ While appealing for their stability, ketyl radicals
lecular ferromagnetic coupling units has been investigated. and nitroxide radicals exhibit an appreciable delocalization of
Several studies have shown that 1,3-connected and 1,3,5the spin density onto the oxygen nucleus, which is estimated to
connected benzenes act as strong and versatile ferromagnetibe on the order of 50% for nitroxide radicdlsDiphenylmeth-
couplers in one and two dimensions, respectively. Tieda ylenephosphorane cation radicals {€RPh*) can be expected
substitution pattern of these units provides a ndhie to give a higher spin density at the methylene carbon atom,
resonance structure in which the topological symmetry and in- because almost no direct delocalization of electron spin occurs
phase periodicity of spin polarization favor intramolecular onto the phosphorus nucleifst!

ferromagnetic coupling of the electron spins. Using 1,3-  Here we describe the formation and characterization using
phenylene and 1,3,5-benzenetriyl, high-spin ground state mol- ESR spectroscopy of two novel high-spin moleculegg+ and
ecules have been obtained upSe= 9 for a nonacarbene and  1p33+ Scheme 1) containing two and three methylenephos-
S =5 for a deca(triarylmethyl radicat)? phorane cation radicals as spin centers, linked via central 1,3-
An important aspect of high-spin molecules is the nature of phenylene and 1,3,5-benzenetriyl coupling units, respectively.
the radical center, since it determines the chemical stability and The cation radicals are generated in situ via electrochemical or
spin density at the coupling unit. For effective spin alignment, chemical oxidation reactions. Recently, similar procedures have
the spin density at the coupling unit must be high. In contrast, been employed to generate high-spin phenylenediamine and
however, chemical stability usually increases with the extension 1,3,5-benzenetriyltriamine oligo(cation radical&}3
of the delocalization of the unpaired electron. This inherent
dichotomy has resulted in an extensive search for novel organic
radicals that can be incorporated in high-spin systems. As a
result various oligoradicals have been described, often containing
carbon and nitrogen centered electron spirfs Although the
dihedral angle between the spin-carrying unit and the ferro-
magnetic coupling unit is likewise important for effective
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Results and Discussion at 0.18 V vs SCE which is associated with the formation of a

diphenylmethylenephosphorane cation radical (Figure 1). This
cation radical has a limited stability, and in a second scan an
additional oxidation wave is observed-a0.08 V vs SCE. This
secondary product is identified using ES#dg infra) as 4,4
biphenylenebis(methylenetriphenylphosphorane) formed by

Synthesis. The synthesis ofaand1bis outlined in Scheme
1. Isophthaloyl chloride or 1,3,5-benzenetricarbonyl trichloride
are reacted witlert-butylbenzene in a FriedeCrafts acylation
to afford 1,3-phenylene diketon®d) and 1,3,5-benzenetriyl
triketone @b), respectively. Reduction to the corresponding . i ; -
diol (3a) and triol 3b) is accomplished with lithium aluminum  OUPling of the cation radical with a second moleculéofa
hydride in THF, and subsequent conversion to the correspondingthe parg positions (Scheme 2). )
bromidestaand4b is carried out using phosphorus tribromide ~ Cyclic voltammetry oflaat ambient temperature reveals two
in toluene. Reaction ofia and 4b with triphenylphosphine quasi'reversible one-electron oxidation waves@il4 and 0.23
provides the bis(phosphonium bromic@_ and tris(phospho_ V vs SCE (Figure 1) The quasi-l’evel‘sible wave indicates that
nium bromide)sb. Deprotonation of these phosphonium salts the doubly oxidized state of bis(methylenephosphordmeis
with potassium methoxide or sodium amide in THF affords the Moderately stable at room temperature. In this case, however,
methylenephosphorangaandlb. These precursors are stable coupling reactions as observed tbare effectively suppressed
at —20 °C but S|0W|y decompose at room temperature_ by the p-tert—butyl substituents on terminal phenyl rings. Ina
Cyc"c Vo|tammetry. Cyc“c V0|tammetry in THF solution similar eXperiment, one-electron oxidations of the tris(methyl'
containing 0.1 M tetrabutylammonium hexafluorophosphate enephosphorandb occurred at-0.29,—0.01, and 0.27 V vs
(TBAH) was used to assess the stability of the different redox SCE (Figure 1).
states of the methylenephosphoranes. The cyclic voltammo- The electrochemical experiments demonstrate that the first
gram of the parent (diphenylmethylene)triphenylphosphorane oxidation potential decreases by nearly 0.5 V when the number
(6, Scheme 2) displays a quasi-reversible one-electron oxidationof methylenephosphoranes linked to the central benzene unit
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Figure 2. ESR spectra of (a) cation radicét" obtained via iodine
oxidation of6 in THF. (b) The adduct cation radic&6'*, prepared
via electrochemical oxidation df in THF/TBAH (0.1 M). Hyperfine
parameters are described in the text.
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Figure 1. Cyclic voltammograms of methylenephosphoraggeda,
andlbrecorded in THF/TBAH (0.1 M) at 295 K, scan rate 100 mV/s,
potential vs SCE calibrated against Fc/R0.47 V). Experimental
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increases from one to three. Clearly, this decrease results from
the increasing repulsive Coulombic interaction of the negative
charges at the methylene carbon atoms. The effect of conjuga-
tion on the oxidation potential is likely to be small as a result
of the nonresonamhetasubstitution pattern at the central ring. Simulation
The final oxidation step fo6, 1a, and1lb occurs at almost the
same potential (0.180.27 V vs SCE). Similar effects have
been described for perchlorotriarylmethyl aniéns. | l

ESR Spectroscopy. Chemical oxidation of6 at room 3100 3200 3300 3200 3500 3600
temperature in THF using iodine or AgBproduces the cation B (Gauss)
radical 6" which exhibits a well-resolved ESR spectrum due
to hyperfine coupling with a phosphorus nucleA¢R) = 74.5

MHz) and the protons of the diphenylmethylene moigkyof - S i =
= — - (®) and1a>2*(0). The simulation is a 2:5 superposition of the spectra
H) =7.60 MHz,A(mH) = 3.28 MHz, andA(p-H) = 8.32 MHz) of mono(cation radicalla™ and a di(cation radicaja®?" calculated

(Figure 2):4 Under these conditions the cation radical is sing the zero-field and hyperfine coupling parameters described in
moderately stable. When prepared via in situ electrochemical the text. The inset shows theMs = +2 ESR spectrum ofa22*.

oxidation, the ESR spectrum initially indicates the formation ) ) )
of 67, which under these conditions, however, rapidly couples MHZz) and three different sets of two equivalétnuclei (A(H)
oxidatively with a second molecule 6fat thepara positons = 11.5, 3.75, and 2.75 MHz) indicate appreciable spin delo-
to the adduct cation radicé+6". The ESR spectrum &6+ calization over both the terminal and central benzene rings.
(Figure 2) is a triplet of pentuplets resulting from hyperfine Further oxidation oflar* producesla®". The anisotropic ESR
coupling with two identica?’P nuclei &(P) = 32.82 MHz) and spectrum recorded in frozen THF at 120 K reveals a superposi-
four identical’H nuclei A(H) = 4.96 MHz, at 3-, 3, 5-, and tion of the spectra of the mono(cation radical) and the triplet
5'-positions), identical to the ESR spectrum obtained via di(cation radical) (Figure 3). The two strong central transitions
oxidation of 4 4-biphenylenebis[phenylmethylenetriphenyl- are attributed to the mono(cation radicalr™, possessing an
phosphorane] 6-6).15 When electrochemical oxidation is _essentlally |sotrop_|@1P hyperfine coupling. The broad lines
carried out at 240 K, the coupling reaction is suppressed.  in the lateral regions of the spectrum are théls = +1

To prevent side reactions, chemical oxidation of the bis- and transitions of the di(cation radical)a™*", exhibiting a zero-
trismethylenephosphoranés and 1b was carried out at 195 field splitting characteristic of a triplet state. Weak shoulders
K. At that temperature chemical oxidation b& with AgBF, on the xy components of the ESR spectrum b&?* are
in THF initially produces the corresponding mono(cation radical) tentatively attributed to partially resolvé& hyperfine coupling.
1a+, which is characterized by a partially resolved ESR spec- Further evidence for the formation of di(cation radichf**

Figure 3. AMs= £1 ESR spectrum ofarecorded in THF at 120 K
after oxidation with AgBE, showing the transitions assignedlea-

trum. Hyperfine interactions with orféP nucleusA(P) = 72.5 in a triplet state is obtained from the ESR spectrum recorded in
: : the g = 4 region, where the formally forbiddeAMs = +2
Tr e e, oge, A i Oldenburg, S. J.; Schipper.fecl. - transition of 122" is observed (Figure 3). ThAM; = +2
(15) Kooistra, C.; van Dijk, J. M. F.; van Lier, P. M.; Buck, H. Recl. ESR spectrum exhibits a well-resolved 1:2:1 three-line pattern

Tray. Chim.1973 92, 961. resulting from hyperfine interaction of tf&= 1 spin with two
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equivalen®!P nuclei, which exhibit half the hyperfine coupling
constant observed for mono(cation radicda)"™. The identical
hyperfine coupling to twd'P nuclei directly relates the spectrum

to the proposed structure @&2*2*. Apart from the intensity,

the ESR spectrum does not change in the temperature range of
4 to 130 K.

The ESR spectrum of mono(cation radicdlx* can be
simulated assuming an isotropi® hyperfine coupling constant
of A(P) = 65 MHz and a Gaussian line width of 48 MH%.
The hyperfine coupling constant & was used as starting
point to obtain a spectral simulation fde?*?*. We found that

Intensity (a.u.)

the remaining transitions in the ESR spectrum attributed to o e
1222+ are reproduced satisfactorily by takifly= 350 MHz 000 005 010 015 020 025
and E = 0 MHz for the zero-field splitting parameters, an 1T (1/K)

isotropic hyperfine constant &(P) = 32.5 MHz (i.e., half the Figure 4. Temperature dependence of ESR signal intensity oAfiie
coupling constant ofa*), and using a Gaussian line width of = +1 (@) andAMs = +2 (O) transitions of di(cation radicafje?*.
85 MHz (Figure 3)7 The increased line width ofa?2* as Solid lines are least-square fits to Curie’s law.

compared tola™ explains the loss of hyperfine structure in
the AMg = +1 triplet spectrum. Adding the simulated spectra
of 1a* and 1a?2" in a 2:5 ratio provides a good agreement
with the experimental spectrum (Figure 3) and demonstrates
the fairly efficient production of di(cation radical)s.

The zero-field splittings and hyperfine couplings obtained
from the spectral simulation can be used to assess the electronic
structure oflat and 122" in some detail. The isotropic
hyperfine couplingA(P) = 65 MHz of 1a* suggests that the
spin density at the methylene carbon is about 57%, when
compared tcA(P) = 114 MHz of the methylenetriphenylphos- Simulation
phorane cation radical (RRCH*), for which unit spin density
on carbon can be assum®4. The zero-field splitting oD =
350 MHz for 1a®2* is significantly larger than the value of
237 MHz reported for Schlenk’s biradical. This indicates an

Experimental

increased spin density on the methylene carbon for a diphenyl- 31100 ' 32'00 ' 33'(,0 i 371‘00 ' 35|004 3s|oo ‘
methylenephosphorane cation radical as compared to a triaryl- B (Gauss)

methyl radlcaE'S . The D, Va“ﬂe of 350 ,MH? for 1a2.,2+ Figure 5. AMs= £1 ESR spectrum aofb recorded in THF at 120 K
corresponds within the point-dipole approximation to a distance after oxidation with AgBE, showing the transitions assigneditor-
between the radical centers of about 6.1 A. Standard bond (), 1b22+(0), and1b®**(#). The simulation is a 1:6:14 superposition
lengths suggest a distance of only 4.85 A between the two of the spectra of mono(cation radicalp, di(cation radical)Lb?2*,
methylene carbon nuclei. The difference can be interpreted asand tri(cation radical)1b>** calculated using the zero-field and
an indication for some localization of spin density in the terminal hyperfine coupling parameters described in the text.
4-tert-butylphenyl rings which may result from a twisting of

the methylene carbons out of the plane of conjugation with the concluded that in either case the triplet state corresponds to a

central 1,3-phenylene unit as consequence of steric hindrance!OW-energy staté? o
The ESR spectrum dfb recorded at 150 K after oxidation

Variable temperature experiments in the range ffiom 3.8 with AgBF, in THF at 195 K reveals the presence of the

to %20+0 K on theAM, = +1 andAMS_= iZ.ESR transmo_ns’ of corresponding mono(cation radicad(cation radical)and tri-

1e dem_onstra'Fe that the signal mtgnsny follow§ Curie’s IQW (cation radical) (Figure 5). In the central region of the ESR
(I d: C/'I?j, |nd|c;at|ng that the pppulauon of the tnr;])Iet .stlate is spectrum, the strong partially-resolvéP doublet ofLbr is
Indepen ent of temperature (F|gur§ 4). .Hence, the trip e,t Stateobserved, accompanied on each side by the transitions of triplet-
is separated from the corresponding singlet state by either agiataqp2ee+ showing some poorly resolved hyperfine structure.

very large or a very small energy gap. Although it is N0t The proad lines in the outer parts are attributed toAh =
possible to resolve this ambiguity using ESR, it can be 1 transitions ofLb®3* in a quartet state. The appearance of

the ESR spectrum does not change between 4 and 130 K, apart
(16) The apparent decreaseA(P) in the spectrum recorded in frozen P 9 » ap

THF matrix at 120 K as compared to the isotropic coupling of 72.5 MHz _from intensity. The presence of high'Spin_StateS can further be
in THF solution at 195 K, is readily explained by a small anisotropy of the inferred from the ESR spectra at lower fields. In the= 4
ESR spectrum, which is dominated by the perpendicular couplings. In fact, region (Figure 6) the 1:2:1 three-line pattern of thigls = £2

an equally adequate simulation fbe™ can be obtained using an axially it 202+ i ; ;
symmetric hyperfine tensor with principal values AgP)89.5, 64, and 64 transition of1b is observed, resulting from a triplet state

MHz, consistent with an isotropic coupling of A(R)72.5 MHz. However, with a hyperfine coupling to two identic&'P nuclei with a
since this anisotropy is not resolved in the spectrum, we favor a description coupling constant of about 33 MHz. In the outer regions of

using only one parameter. the half-field spectrum a weak pattern can be discerned which

(17) Simulations show that the weak shoulders in the experimental ESR . - . . .
spectrum ofla22" can be due to unresolved hyperfine couplingEa# 0 is attributed to théAMs = +2 signal of1b*3* in a quartet state.

value, or a combination thereof. The limited resolution does not allow The AMs= +2 spectrum of a quartet state is expected to exhibit
discrimination between these possibilities.

(18) Kothe, G.; Denkel, K.-H.; Samermann, WAngew. Cheml197Q (19) Berson, J. A. InThe Chemistry of Quinoid Compoundatai, S.,
82, 935. Rappaport, Z. Eds.; Wiley: 1988; Vol Il, Chapter 10.
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Figure 6. AMs = £2 ESR spectrum of di(cation radicap??" (O)
and tri(cation radicallb>3* (#). The signal marked with an asterisk is
a background signal. The inset shows s = +3 ESR spectrum of
1b3-3+'
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four lines with a spacing ob/2, D, andD/2 respectively?-2!

Experimentally, the two inner lines appear as clear shoulders

on theAM; = £2 transition ofLb?2", while the outer two lines
could not be identified with certainty. The spectral intensity
of the AMs = +2 transition of1b33* is considerably reduced
compared to the\Ms = 2 transition oflb®?" as a result of

Wienk and Janssen
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Figure 7. Temperature dependence of ESR signal intensity oAfide

= +1 (M) transition of tri(cation radicallb>3*. Solid line is a least-
square fit to Curie’s law.
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Conclusion

Novel oligo(cation radical)sle?*2* and 1b*3™ have been
prepared by chemical oxidation of the corresponding oligo-
(methylenephosphoranes). These oligo(cation radical)s have
been fully characterized using ESR spectroscopy and are found
to possess a triplet and quartet ground state, respectively, as a

the increased spectral width. Direct spectral evidence of a consequence of theneta substitution pattern at the central

quartet state follb*3" is obtained in they = 6 region, where
the AMs = £3 transition is observed. This leaves no doubt on
the formation of a quartet state. In literature only few organic
polyradicals have been reported that exhibiA®Ms = +3
transition in the ESR spectrufp?t23

The spectral simulation of thg = 2 region of the mixture
of the three oxidation stateib*™, 16?2+, and1b>3* is shown
in Figure 5. For this simulation the hyperfine and zero-field
parameters ollb't (S = 1/2, A(P) = 65 MHz, Gaussian line
width of 45 MHz) and1b®2* (S=1,D = 350,E = 0, A(P) =
32.5 MHz, Gaussian line width of 32 MHz) are identical to
those of 1a* and 1a®2*. In contrast tola®?t, the A(P)
hyperfine coupling ofib®2* is partially resolved due to a
reduced line width of the triplet spectrum. Fds®3 we found
that the experimental spectrum can be simulated by teRirg
3/2,D = 262,E = 0 MHz and a Gaussian line width of 98
MHz (no 3P hyperfine coupling was used in this case). By
adding the spectra dfo*, 1b*2+, and1b>3* in a 1:6:14 ratio,

benzene ring.

Experimental Section

General Methods. Commercial grade reagents were used without
further purification. Solvents were purified, dried, and degassed
following standard procedures. NMR spectra were recorded on a
Bruker AM-400 spectrometer, and chemical shifts are relative to TMS
for H and 3C-NMR spectra and relative to aqueous 85%P&,
solution (external standard) fétP NMR spectra. Cyclic voltammo-
grams were recorded with 0.1 M tetrabutylammonium hexafluorophos-
phate as supporting electrolyte using a Potentioscan Wenking POS73
potentiostat. The working electrode was a platinum disc (0.2),cm
the counter electrode was a platinum plate (0.3)cand a saturated
calomel electrode was used as reference electrode, calibrated against a
Fc/Fc" couple. ESR spectra were recorded on a Bruker ER 200D
spectrometer, operating with an X-band standard or TMH cavity,
interfaced to a Bruker Aspect 3000 data system. Temperature was
controlled by a Bruker ER4111 variable-temperature unit between 100
and 300 K or by an Oxford 3120 temperature controller combined with

an acceptable correspondence was obtained with the experi-an ESR900 continuous flow cryostat in the rangel80 K. Saturation

mental spectrum. Although the point-dipole approximation for
a triradical is not straightforward, the decreased zero-field
splitting for 1b%3+ (D = 262 MHz) as compared tba?*2" and
1b*2t (D = 350 MHz) suggests a rise in average distance
between the unpaired electrons from 6.1 to 6.7 A.

The signals ay = 4 andg = 6 of 1b%3" were too weak to
be measured accurately at temperatures above 4 K, bihe
+1 transitions follow Curie’s law, when changing the
temperature in the range from= 3.8 to 100 K (Figure 7). We
conclude that the quartet state hh*3* is the ground state,

of the ESR signal during variable temperature experiments was avoided

by using low microwave powers,e., 200 nW for theAMs = +1

transition and 1 mW for thAMs = £2 transition, which is well within

the range where signal intensity is proportional to the square root of

the microwave power at 4 K.
1,3-Phenylenebis|(4ert-butylphenyl)methanone] 2a. Isophthaloyl

chloride (10.15 g, 0.05 mol) in Ci&l, (20 mL) was added slowly to

a suspension of AlG(16.0 g, 0.12 mol) in CkCl, (50 mL) with stirring

and cooling in an ice bath. Theart-butylbenzene (16.1 g, 0.12 mol)

was added keeping the temperature at@0 After stirring for 18 h at

room temperature the mixture was poured onto ice. The organic phase

although an exact degeneracy with the corresponding doubletwas separated, and the aqueous phase was extracted wi@.CFhe

state cannot be excluded from this experimént.

(20) Brickmann, J.; Kothe, Gl. Chem. Phys1973 59, 2807.

(21) (a) Rajca, A.; Utamapanya, &.Am. Chem. S0d.993 115 2396.
(b) Rajca, A.; Rajca, S.; Desai, S. R. Am. Chem. Sod.995 117, 806.

(22) Weissman, S. I.; Kothe, G. Am. Chem. Sod 975 97, 2537.

(23) Mller, U.; Baumgarten, MJ. Am. Chem. Sod 995 117, 5840.

(24) Different signals arise from diastereocisomeR& and RR + SS
isomers.

(25) One signal arises froRRR+ SS9somers, the other two from the
RRSand SSRisomers which contain two inequivalent phosphorus nuclei.

combined organic fractions were washed with dilute NaOH solution
and water and dried over MgS0O Evaporation of the solvent and
recrystallization from ethanol afforded pu2€14.6 g, 74%) as a white
crystalline material: mp 153C; 'H NMR (CDCl) 6 1.36 (18H, s,
CHy), 7.51 (4H, d,J = 8.6 Hz, H-2), 7.62 (1H, t,J = 7.7 Hz, H-5),
7.78 (4H, dJ = 8.6 Hz, H-3), 8.02 (2H, ddJ = 7.7 Hz and 1.8 Hz,
H-4), 8.17 (1H, tJ = 1.8 Hz, H-2);3C NMR (CDCk): ¢ 31.10 (CH),
35.16 CCHs), 125.44 (C-3, 128.41 (C-5), 130.17 (CR 131.13 (C-

2), 133.21 (C-4), 134.26 (C-1), 138.01 (O51156.67 (C-4, 195.63
(CO).
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1,3,5-Benzenetriyltris[(4tert-butylphenyl)methanone] 2b. From
1,3,5-benzenetricarbonyl trichloride (2.65 g, 10 mmol) using same
procedure as foRa. Yield (3.52 g, 63%) as white crystals: mp 181
°C; IH NMR (CDCl) 6 1.36 (27H, s, Chj), 7.53 (6H, d,J = 8.4 Hz,
H-27), 7.81 (6H, d,J = 8.4 Hz, H-3), 8.39 (3H, s, H-2)}3C NMR
(CDClg): ¢ 31.03 (CH), 35.14 CCHg), 125.56 (C-3), 130.16 (C-2),
133.80 (C-1+ C-2), 138.36 (C-9, 157.03 (C-4, 194.67 (CO).
o,0'-Bis(4tert-butylphenyl)-1,3-benzenedimethanol 3a. Com-
pound?2a (9.96 g, 25 mmol) in THF (50 mL) was added slowly to a
suspension of LiAlHF (1.9 g, 50 mmol) in THF (50 mL) with stirring
and cooling in an ice bath. After the addition was complete, the ice
bath was removed, and the mixture was stirred at room temperature
for 30 min. Then water was added carefully to quench the excess of
LiAIH 4. The mixture was concentrated and extracted with diethyl ether.
The collected organic fractions were washed with water and dried with
MgSQ,, and the solvent was evaporated affording Ba€9.73 g, 97%)
as a white solid:XH NMR (CDCl) 6 1.29 (18H, s, Ch), 2.15 (2H, b
s, OH), 5.77 (2H, 2 s, BOH), 7.24-7.34 (11H, m, H-4, H-5, H-2
H-3), 7.47, 7.49 (1H, 2 s, H-2)}3C NMR (CDCk): ¢ 31.32 (CH),
34.48 CCHg), 76.00 (COH), 124.59, 124.62 (C-2), 125.39 (¢:-3
125.55, 125.65 (C-4), 126.30, 126.35 (§;228.53 (C-5), 140.76 (C-
1'), 144.02, 144.08 (C-1), 150.51 (C}4
o,0,a''-Tris(4-tert-butylphenyl)-1,3,5-benzenetrimethanol 3lwas
obtained from2b (2.24 g, 4 mmol) using the same procedure as for
3a. Yield (2.16 g, 96%) as a white solidH NMR (CDCl) 6 1.29
(27H, s, CH), 3.2 (3H, 2 b’ s, OHp.67 (3H, m, GIOH), 7.24-7.34
(15H, m, H-2, H-2, H-3); 3C NMR (CDCk): ¢ 31.27 (CH), 34.39
(CCHg), 75.76, 75.80 (COH), 123.83 (C-2), 125.22 (§:3126.34,
126.36 (C-2, 140.63 (C-1), 144.21, 144.27 (C-1), 150.22 (C}4
1,3-Bis[bromo(4+ert-butylphenyl)methyl]lbenzene 4a. PBr; (5.41
g, 20 mmol) in toluene (40 mL) was added slowly to a stirred
suspension ofda (4.02 g, 10 mmol) in toluene (20 mL) at room
temperature. The solution became clear and was stirred for 1 h. The
mixture was poured onto ice and extracted two times with toluene.
The combined organic layers were washed with water and dried over
MgSQ,, and the solvent was evaporated affording plaés.91 g, 93%)
as a light yellow solid:*H NMR (CDCls) 6 1.30 (18H, s, Ch), 6.25
(2H, 2 s, CHBIr), 7.27.4 (11H, m, H-4, H-5, H-2 H-3), 7.62 (1H, s,
H-2); 13C NMR (CDCk): 6 31.23 (CH), 34.57 CCHs), 54.96 (CBr),
125.54 (C-3, 128.09 (C-2, 128.15 (C-4), 128.58, 128.70 (C-2, C-5),
137.74, 137.81 (C-}, 141.27, 141.39 (C-1), 151.22 (C}4
1,3,5-Tris[bromo(4-tert-butylphenyl)methyl]benzene 4bwas ob-
tained from3b (1.69 g, 3 mmol) using the same procedure as described
for 4a. Yield (2.05 g, 91%) as a light brown solidH NMR (CDCls)
0 1.29 (27H, s, CH), 6.22 (3H, m, CHBr), 7.27.4 (15H, m, H-2,
H-3'), 7.55 (3H, m, H-2)3C NMR (CDCk): ¢ 31.22 (CH), 34.58
(CCHs), 54.45 (CBr), 125.60 (C‘3 129.09 (C-2, 128.35 (C-2),
137.43, 137.53, 137.63 (C)1141.46, 141.59, 141.75 (C-1), 151.35
(C-4).
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1,3-Phenylenebi§[(4-tert-butylphenyl)methyl]triphenylphos-
honium bromide} 5a. A solution of 4a (1.06 g, 2 mmol) and
triphenylphosphine (1.31 g, 5 mmol) was heated under reflux for 24 h.
After cooling, the solvent was evaporated. Column chromatography
(SiO,, CHCL/MeOH 95:5-9:1) afforded pureéba (0.90g, 43%) as a
white solid. 3P NMR (CDCEk) ¢ 23.14, 23.18* ES-MSm/z(M —

Br-) calcd 971.4, obsd 971.3.

1,3,5-Benzenetriyltriq [(4-tert-butylphenyl)methyl]triphenyl-
phoshonium bromide} 5b was obtained fromttb (0.75 g, 1 mmol)
using the same procedure as describedb#or Yield (0.60 g, 41%) as
a white solid: 3'P NMR(CDCE) ¢ 23.34, 23.78, 24,08.ES-MSm/z
(M — Br™) calcd 1457.5, obsd 1457.5.

1,3-Phenylenebis[[(4tert-butylphenyl)methylene]triphenyl-
phosphorane] la. NaNH, (4.0 mg, 0.1 mmol) was added to a
suspension ofsa (21 mg, 0.02 mmol) in THF (2 mL) at room
temperature. The reaction mixture quickly turned deep red. After
stirring at room temperature for 1 h, the conversion was complete as
evidenced by NMR spectroscopy, using a small aliquot of the reaction
mixture: 3P NMR (THF) 6 6.39;*H NMR (THF) 6 6.25 (2H, d,J =
8.0 Hz, H-4), 6.31 (4H, d) = 8.6 Hz, H-2), 6.36 (1H, tJ = 8.0 Hz,
H-5), 6.61 (4H, dJ = 8.6 Hz, H-3), 6.73 (1H, s, H-2), 7.237.30 (12
H, m, H-3'), 7.33-7.39 (6H, m, H-%), 7.41-7.48 (12H, m, H-3).

1,3,5-Benzenetriyltris[[(4-tert-butylphenyl)methylenel]triphe-
nylphosphorane] 1b. From 5b (0.75 g, 1 mmol) using the same
procedure as described fba: 3P NMR (THF)d 5.80;*H NMR (THF)
d 6.06 (6H, d,J = 8.3 Hz, H-2), 6.33 (3H, s, H-2), 6.54 (6H, dl =
8.3 Hz, H-3), 7.21-7.26 (18 H, m, H-3), 7.29-7.45 (27H, m, H-2
+ H-4").

Oxidation of Bis(methylenephosphorane) 1a.A freshly prepared
solution of phosphoranga (0.02 mmol) in THF (2 mL) was cooled to
—78°C in a Schlenk vessel, and a solution of AggB.5 mL, 0.08 M
in THF) was added slowly by syringe. After stirring-a#78 °C for 30
min, the mixture was transferred as quickly as possible into a precooled
ESR tube equipped with a ground-glass joint. After sealing, the sample
was cooled to 77 K using liquid nitrogen.

Oxidation of tris(methylenephosphorane) 1bwas performed using
from freshly preparedb (0.02 mmol) in THF (2 mL) and AgBH0.75
mL, 0.08 M in THF), following the same procedure as described for
the oxidation ofla
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