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Tris[(monohydroxymethyl)phenyl]phosphari&sand5b were prepared, and the geometry of ¢ntho-isomer

5a was determined by X-ray diffraction5a was found to be propeller-like in shape, exhibiting a helical
conformation with the three hydroxymethyl substituents standing on the same side as that with the phosphorus
lone pair. Phosphané&sand5b underwent electrochemical one-electron oxidation, giving rise to nonpersistent
phosphoniumyl cation radicals|™ and5b't. The low value of the anodic peak potentialbafwas explained

by the fast decay dba*, which was rapidly rearranged to a phosphoranyl radical through the formation of

a strong P-O bond. The fast oxidation of this intermediate phosphoranyl radical followed by a second
cyclization led to the 1-[2-(hydroxymethyl)phenyl]spiroli{,BH-2,1-benzoxaphosphol&g, which was isolated

in significant yield.

Introduction SCHEME 1

The persistence of phosphoniumyl cation radicals, derived /X
from triarylphosphanes, is largely dependent on the steric CH, /X
hindrance of the aryl grougs Electronic effects of the P CH,
substituents on the radical cation half-lives have been studied P 3

3
essentially in the case of through-bond inductive effectsd

electron delocalization into aromatic ring%. X-ray studies and X = OH, OMe, NMe,, SMe X = OH, OMe, NMe;, SMe

force field calculations have shown that 2,6-disubstitution on

at least two of the three aryl ligands leads to a significant  In our investigation of the factors influencing the life span
flattening of the pyramidal structure of the molecéfeThena  and the structure of triarylphosphoniumyl radicals, we have
greater contribution of the phosphorus 3p orbital in the HGMO  studied the anodic behavior of a series of heterosubstituted
results in an increase of its energy level and thus in a greatertriarylphosphanes shown in Scheme 1. In this paper, we will
oxidizability of triarylphosphanes substituted with methyl sub- report on the synthesis, structural studies and electrochemical
stituents or electron-withdrawing substituents like the chlorine investigations of two new phosphanes, the tris[2- or 4-(hy-
atom?2 On the other hand, in the absence of oxygen, crowding droxymethyl)phenyl]phosphanés and 5b.

of the radical center makes the corresponding phosphoniumyl ) )

cation radicals significantly persistent. However, methoxy EXperimental Section

ortho- and para-substituted phosphanes present a very low  Chemicals. All reactions were carried out under a dry,
oxidation peak potential as well as a completely irreversible oxygen-free nitrogen atmosphere. The glassware was dried in
oxidation due to the rapid evolution of the radical cations an oven at 120C and flushed with nitrogen after assembling_
through intramolecular processes. McEwvedral. pointed out  Solvents were dried by distillation on sodium/benzophenone for
the faster quaternization reaction rate of triarylphosphanes THF and on magnesium for methanol. All solvents for
substituted in th@rtho position by methoxy or dimethylamino  syntheses, crystallization, and analyses were deoxygenated, and
groups compared to thepara analogue$.” This result was  the samples were stored under nitrogen. Melting points were
attributed to an interaction between the 2p electrons of a taken on a Bohi capillary apparatus and have been left
heteroatom and the incipient positivé’ Renter in the early  yncorrected. NMR spectra were obtained on Varian EM 360
transition state. Similarly, according to the X-ray crystal A (:H NMR 60 MHz), Bruker AC 100 {P NMR 40.5 MHz),
structure of tris[2-(dimethylaminomethyl)phenyllphosphéne, and Bruker AM 400 X {H NMR 400 MHz and'3C NMR 100.6
intramolecular coordination of the phosphoru$ Btom was  MHz) spectrometers. Unless otherwise stated, chemical shifts
suggested. Furthermore, a through-space heteregdbws-  are reported as) values relative to internal and external
phorus P! atom interaction in tris[2-(trifluoromethyl)phenyl]-  tetramethylsilane fofH and 13C NMR, respectively, and to
phosphane resulted in an enhanced electronic density on thesxternal 85 wt % phosphoric acid f8# NMR. Mass spectra
phosphorus atom, leading to an easy electron removal by verticalwere performed on a Varian MAT 311 spectrometer.

ionization? Compound®a, 3a[3'P NMR (CDCE) 6 —35.9], and4a[3P
NMR (CDCls) 6 —21.9] were prepared using the Schiemenz
*To whom all correspondence should be addressed. and Kaack procedur@
fUniversitede Provence. . : .
*Universited’Aix-Marseille 111 Tris[2-(hydroxymethyl)phenyl]phosphabe. (a) Reduction

© Abstract published ifAdvance ACS Abstractf)ecember 15, 1995. of 4a. A mixture of sodium borohydride (0.58 g, 15.3 mmol)
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and tris(2-formylphenyl)phospharia (2 g, 5.8 mmol) in dry
methanol (100 cr) was stirred at room temperature for 30 min.

Chalier et al.

organic phases were washed with 5% sodium hydrogen
carbonate aqueous solution and dried over MgSQ@fter

The solution was concentrated, and water was added. The whitedistillation of the solvents, the crude semisolid residue was
precipitate was filtered and dried. After recrystallization from purified by chromatography (Gi€l,, neutral alumina) to afford

CH,Cl,—ethyl alcohol (95:5), tris[2-(hydroxymethyl)phenyl]-

4b as cream-colored crystals (1.2 g, 55% yield), mp 2C4

phosphanésa was obtained as cream-colored crystals (1.3 g, lit.12 115-115.5°C. 3P NMR (CDCE) 6: —4.9 ppm.

65% yield), mp 193-195°C. 3P NMR: 6 (DMSO), —35.2;
6 (CD50OD) —35.5. H NMR (DMSO, 400.13 MHz)5: 7.619
(3H, ddd,JH3_p =45 HZ,JH3H5 =10 HZ,JH3H4 = 7.5 Hz,
H-3), 7.416 (SH, dt,]H4H3 = JH4H5 =75 HZ,JH4H6 =1.3 HZ,
H-4), 7.184 (3H, dtJH5H4 = JH5H6 =75 HZ,JH5H3 =1.0 HZ,
H-5), 6.626 (3H, ddeHsfp =49 HZ,JH5H5 =75 HZ,JH6H4
= 1.3 Hz, H-6), 5.274 (3H, t) = 4.6 Hz, OH), and 4.548 (6H,
dd,Jy—p= 1.5 Hz,Jy-on = 4.6 Hz, CH). 13C NMR (DMSO,
100.6 MHz) 6: 60.87 (CH, Jcp = 28.17 Hz), 126.27 (C-3,
Jen = 49.79 Hz,Jcp = 5.03 Hz), 129.10 (C-4)cy = 39.74),
131.43 (C-1Jcp = 12.07 Hz), 132.38 (C-Glcy = 49.79 Hz),
and 149.29 (C-2Jcp = 32.43 Hz). High resolution MS
(HRMS) found, 352.1235; £H,103P requires 352.1228n/e
(70 eV), 352 (6.6%, M), 349 (3.5), 321 (21.3, M — CHy-

Tris[4-(hydroxymethyl)phenyl]phosphaBk. The reduction
of tris(4-formylphenyl)phospharéb (0.941 g, 0.0027 mol) in
dry methyl alcohol (20 cf) by sodium borohydride (0.315 g,
0.0081 mol) under the conditions used for the reductiodaf
afforded the triarylphospharib (0.750 g, 79% vyield) as white
crystals, mp 185C. Found: C, 71.72; H, 6.03. %H210sP
requires C, 71.58 and H, 6.01%!P NMR (CD;0OD) 6: —4.6.

IH NMR (CD3;OD, 60 MHz) 9, relative to internal sodium
3-(trimethylsilyl)propionate: 7.67 (12H, AABB’, ArH) and
4.5 (2H, s, CHO).

X-ray Crystallographic Determinations. Colorless needles
of 5a suitable for X-ray diffraction were grown from ethyl
alcohol (95%). A crystal with approximate dimensions of 0.6
x 0.4 x 0.3 mm was mounted on a glass fiber. The space

OH), 316 (28.1), 303 (64.3), 297 (13), 243 (22.1), 213 (12.5), group was assigned @41, and the crystal system is triclinic.
196 (16.5), 178 (100), 165 (56.9), 152 (15.9), 137 (19.2), 119 Intensity data were collected at 298 K on an Enraf Nonius
(11.7), 109 (13.9), 107 (23.1,684CH,OH™), 91 (99.3), 89 CAD-4 diffractometer equipped with a graphite crystal incident
(16.6), 77 (43.9), 65 (20.4), 63 (11.3), 51 (29.4), 47 (15.5), 39 beam monochromator using tl#26 scan mode in the index

(19.1), and 31 (23.4, C}DH).

(b) Synthesis from 2-Bromobenzyl Alcohd\ solution of
n-butyllithium (2.5 M in hexane, 21.4 ¢cin53.4 mmol) was
added dropwise over 30 min into a cooled26 °C) solution
of 2-bromobenzyl alcohol (5 g, 0.0267 mol) in dry THF (50
cn?) with the temperature maintained below20 °C. The
mixture was stirred for 2h at-20 °C. Then phosphorus
trichloride (0.70 crd, 8.02 mmol) was added slowly at25°C
and the mixture was stirred for 2 h a0 °C. After addition
of a 5% sodium hydrogen carbonate aqueous solution (2J) cm

THF was distilled under vacuum and the solid was filtered from
the aqueous phase. A white solid (0.96 g) of oxidized products

was removed from the mixture by crystallization in &Hp,
and the tris[2-(hydroxymethyl)phenyl]phosphate (1.035 g,
37% vyield) was crystallized from the oily yellow residue by
treatment with CHCl,—ethyl alcohol (95:5).

Tris[4-(1,3-dioxacyclopent-2-yl)phenyl]phosphaBle The

Grignard reagent prepared from 2-(4-bromophenyl)-1,3-diox-
olané' (12.82 g, 0.0559 mol) and magnesium fine powder (1.36

g, 0.0559 mol) in dry THF (50 cBunder sonication was cooled
at 0 °C, and a solution of phosphorus trichloride (1.223cm
0.014 mol) in THF (4 cr$) was then slowly added. The mixture

was stirred for 12 h at room temperature and then was refluxed

for 3 h. After cooling at ®C, a saturated aqueous solution of
sodium hydrogen carbonate (10 §rwas added. The mixture
was extracted with CkCl, (100 cn¥). The organic phase was
washed with water, dried on MgSQand concentrated under
reduced pressure. Crystallization from TH&hanol (4:1) at
4 °C gave the title compoun8b as white crystals (3.5 g, 45%
yield), mp 149°C. Found: C, 67.79; H, 5.72. J&H,7/06P
requires C, 67.78 and H, 5.69%H NMR (CDCls;, 60 MHz)
d: 7.9-7.1 (12H, m, ArH), 5.8 (3H, s, ArCH), and 4-8.9
(12H, m, OCH—CH,0). 3P NMR (CDCk) 6: —7.1.

Tris(4-formylphenyl)phospharb. A mixture of tris[4-(1,3-
dioxacyclopent-2-yl)phenyl]phospha8b (3 g, 0.0063 mol) and
2 N aqueous HCI (12 ¢ 0.024 mol) in THF (50 c) was

range 0 < 20 < 48°, hpax = 10, Imax = 13.The data were
collected by the CAD-4 Enraf Nonius progrdf.The data
reduction and the structure resolution were performed by the
SDP software packadeby using a direct method program
MULTAN.* The structure was completed by Fourier difference
syntheses (10 hydrogen atoms were located in this way). Eleven
hydrogen atoms were introduced at the ideal position and were
included in the refinement calculations but were not themselves
refined. Atomic scattering and anomalous factors were taken
from International Tables for X-Ray Crystallography. A
sample of 2476 unique reflections was measured, and 2497
reflections withl > 30(1) were used in structural determination.
No correction for absorption or secondary extinction was made.
Full matrix least-squares refinement was carried out witk
1/sX(1) and converged t&®R = 0.0436, Rw= 0.0443 for 2336
observations and 262 refined variables. Final cell constants,
as well as other information pertinent to data collection and
refinement, are listed in Table 1.

Electrochemical Studies. All the electrochemical experi-
ments were performed at room temperature in acetonitrile (SDS)
0.1 M in tetran-butylammonium hexafluorophosphate (sup-
porting electrolyte). Acetonitrile was refluxed over a mixture
of KMnO,4 (19 g L™1) and K.COs (18 g L) for 48 h, distilled,
and then redistilled over ;Ps (2 g L™Y). The supporting
electrolyte (TBAFP, Fluka, purum) was twice crystallized from
a mixture of ethyl acetate and pentane (20:80) and dried at
60 °C under reduced pressure. Collidine was freshly distilled
before use. Measurements were carried out on dry argon-purged
solutions in three electrode cells fitted with a platinum auxiliary
electrode and a Tacussel XR 110 saturated calomel electrode
as reference. This reference electrode was separated from the
test solution by a compartment containing the supporting
electrolyte solution and closed with a porous ceramic disk. The
working electrode used for both stationary and rotating disk
voltammetric measurements was a Tacussel EDI 101 T platinum
disk electrode (diameter, 2 mm). For coulometric and prepara-
tive electrolyses, the working electrode was a platinum foil (area,

refluxed for 15 min and then cooled to room temperature and 2 or 12.5 crd) and the used cell had separate anodic and cathodic
extracted with CHCl, (100 cnf). The aqueous phase was compartments. The electrolyses were periodically interrupted
neutralized with a saturated aqueous solution of sodium to perform voltammetric monitoring at the rotating disk electrode

hydrogen carbonate and extracted withZCH. The collected (rotation speed, 2500 rpm).
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TABLE 1: Crystal Data, Data Collection, and Refinement SCHEME 2
Parameters hoo voo
\C// \C/‘O_k
[ HO-CH,-CH,-OH | 1) Mg
molecular formula & H»1.0:P Br— ' \ D m— '\
formular weight 352.37 @ H @ 2) 03 PCh
crystallization ethanol 1a : ortho-substituted 2a,2b
space group PA(triclinic) 1b : para-substituted
crystal size/mm 0.6¢0.4x 0.3 oH
a/é 10.418(4) BNPIEN Hi#° ot
bl 10.840(7) i ) | )
/A 8.908(6) ), S ), e ), o
a 108.46(4) : :
B 112.21(8) 3a,3b 4a,4b 5a, 5b
y 63.97(0)
VIA3 899 SCHEME 3
F(000) 186 OH o, Li* OH
formular unit per cel 2 cth ot ch,
density/g cnt 1.302 2 nBuli 0.3 PGl
data collection Enraf-Nonius CAD-4 diffractometer Br — | — P )3 @)
radiation 1Mok
wavelengtht/A 0.710 69 ba sa
absorption coefficieng/cm™  1.632
monochromator graphite = 7.7 Hz,Jyp unknown), H-16 (d 7.27, 1H, ndy—portho = 7.6
collection range @/deg 1=20 <48 Hz, Ji—Hmeta= 1.5 Hz,Jyp unknown)], 7.19 (1H, tddJy—rortho
Scan width 08 035t s = 7.6 HZ,4_tmeta= 1.7 Hz,Jup = 3.3 Hz, H-17), 5.02 (2H,
n’ur,nber%f reflections ’ ' ABX, Jya-ns = 14.1 Hz,Jya—p = 2.9 Hz, HA of ArCH,OP),
measured 2865 4.90 (2H, ABX, Jyg-na = 14.2 Hz,Jyg—p = 4.7 Hz, HB of
unique 2476 ArCH,0OP), 4.49 and 4.15 (2H, ABjya—ns = 11.9 Hz, ArCH-
used in refinement 249%@30) OH), and 5.26 (s, 1H, OH)13C NMR (CDCk, 100.6 MHz)¢:
number of variables 262 17 66.16 (d,Jcp = 6.5 Hz, C-21), 66.59 (s, C-19 and C-20),
\F:I;“f]t'jvw 1%2436' 0.0443 122.90 (dJcp = 16 Hz, C-3 and C-9), 127.35 (dep = 16 Hz,
goo%ness of fit 0.636 C-17), 128.19 (dJcp = 13.1 Hz, C-5 and C-11), 129.17 (d,
H atoms 10 hydrogen atoms were localized 129.49 (dJcp= 12 Hz, C-18), 130.93 (dlcp = 14 Hz, C-15),

on a Fourier map and refined. The
11 other hydrogen positions were
calculated, not refined.

132.51 (dJep = 3 Hz, C-4 and C-10), 134.91 (dep = 11 Hz,

C-2 and C-6), 138.51 (dcp = 10 Hz, C-14), 140.83 (dlcp =

177 Hz, C-13), and 148.05 (dep = 26 Hz, C-2 and C-8yve:

. ) o 350 (11.9%, M), 349 (22), 332 (10.5), 321 (15.9), 320 (18.5),
A custom-built potenstiostat and data acquisition system 319 (100), 303 (11.7), 244 (25.4), 243 (53.8), 228 (30.2), 213

was used for cyclic voltammetry. Measurements at the rotating (12.4), 179 (40.9), 178 (32.2), 166 (15.8), 165 (34.1), 137 (12.1),

disk electrode were performed with a Tacussel PRG5 apparatus91 (27.8), 89 (12.3), 78 (10.7), 77 (29.2), 65 (10), 63 (13.4), 57

The electrolyses were carried out at constant potential using a(13.3), 55 (10.4), 51 (12.7), 47 (11.3), 43 (18.5), 39 (13.4), 31

Tacussel PRT 100-1X potentiostat and a Tacussel IG5 electronic(13.4), 29 (11.8), and 28 (14.8).

integrator.

Preparation of7a by Electrolysis ofsa. After electrolysis
at 1.1 V/SCE of tris[2-(hydroxymethyl)phenyl]phosphane in the
presence of three equivalents of collidine, 90% of the solvent
was evaporated. The precipitate of tetr@utylammonium
hexafluorophosphate was filtered, and the solvent was then

distiled to dryness. From the solid resid.ue,. th? remaining tris(2-formylphenyl)phosphanéa has already been described
electrolyte support was removed by crystallization in pentane y Schiemenz and KaadR. Its reduction by sodium borohy-

to_Iuene and then by filtration. The quuid phase was neutralized yrige led to the tris[2-(hydroxymethyl)phenyl]phosphabe
with 5% acetic acid aqueous solution and dried on MgSO \\hich was obtained in 43% overall yield from bromobenzal-
Solvents were evaporated, and the last traces of acetic acid Wergiehydela By use of the same sequence, the tris[4-(hydroxy-
removed by distillation under reduced pressure (1 mmHg). 1-[2- methyl)phenyl]phosphangb was obtained in a 19% overall
(Hydroxymethyl)phenyl]spirobi[#,3H-2,1-benzoxaphos-  yie|d from bromobenzaldehydgb. A more direct access to
phole] was isolated as a cream-colored solid (75 mg from 109 pnosphanéa is a modification of the sequence used by Dahl
mg of electrolyzed triarylphosphane, 69% yield), mp £28 et all® in the synthesis of3H-2,1-benzoxaphosphole. The
Found: C, 71.76; H, 5.38. &H1403P requires C, 71.99; H, |jthium salt of 2-lithiobenzyl alcohol was prepared by reaction
5.47%. HRMS found, 350.1058. »{1903P requires 350.1072.  of 2-bromobenzyl alcohol with-butyllithium. It was then treat-

IR frequencies (cm'): 3567 (free O-H), 3450 (O-H), 1081 ed with phosphorus trichloride, which led, after work-up5t
and 1075 (P-O), 1058 (C-O). 3'P NMR (CDCB) 6: —32.0. in 37% yield (Scheme 3). The tris(formylphenyl)phosphanes
H NMR (CDCls, 400.13 MHz)o: 8.31 (2H, dd,Jn-Hortho = 4a and 4b are relatively acid-sensitive. Indeed, deprotection
7.7 Hz,Jup = 10 Hz, H-6, and H-12), 7.52 (2H, ti—Hortho = of the dioxolanyl derivatives3a and 3b by acid-catalyzed
7.7 Hz,J4-tHmeta= Jnp = 1.5 Hz, H-4, and H-10), 7.45 (2H, br  hydrolysis required a good control of the reaction conditions.
0, JH-Hortho = 7.7 Hz,Jup = 6 Hz, H-5, and H-11), 7.39 (1H,  For example, in the deprotection 8& catalyzed byp-toluene-

br dd, J4—Hortho = 7.6 Hz,Jup = 17.4 Hz, H-18), 7.337.2316 sulfonic acid in acetone, the yield ¢ dropped from 93% to
[m, 4H, H-15 (d 7.30, 1H, MJu—Hortho = 7.6 HZ, IH—Hmeta = 38% when the reaction time was increased by 1 h. Moreover,
1.4 Hz,Jyp unknown), H-3 and H-9 (d 7.28, 2H, mdy—Hortho when the deprotection was attempted with 2 N aqueous HCI

Results and Discussion

Synthesis of the Triarylphosphanes. The ortho-hydroxy-
methyl substituted triarylphosphaba and thepara-substituted
isomer5hb were prepared from the respective bromobenzalde-
hyde in a four-step sequence as indicated in Scheme 2. The
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TABLE 2: Selected Bond Lengths and Angles of Tris[2-(hydroxymethyl)phenyl]phosphane
Bond Lengths (A)
P—C(1) 1.836(2) 0(23)C(20) 1.370(4) C(2¥C(20) 1.512(5)
P—C(8) 1.846(3) 0(24¥C(21) 1.442(3) C(9)yC(21) 1.498(3)
P—C(14) 1.836(3) 0(25¥C(22) 1.423(3) C(15)C(22) 1.507(2)
C(1-C(2) 1.406(4) C(8)C(9) 1.398(5) C(14yC(15) 1.399(3)
C(1)-C(6) 1.392(4) C(8FC(13) 1.389(3) C(14)C(19) 1.397(3)
c(2)-C(3) 1.388(3) C(9)-C(10) 1.398(4) C(15)C(16) 1.390(5)
C(4)-C(5) 1.373(5) C(10¥C(11) 1.377(4) C(16)C(17) 1.379(4)
C(3)-C(4) 1.384(6) C(11yrC(12) 1.373(6) C(1AHC(18) 1.365(5)
C(5)-C(6) 1.386(3) C(12¥C(13) 1.384(5) C(18)C(19) 1.386(3)
Bond Angles (deg)
C(1)-P—C(8) 102.4(1) C(1yP—-C(14) 102.8(1) C(8yP—C(14) 101.5(1)
P—C(1)-C(2) 119.3(2) P-C(8)~C(9) 119.5(2) P-C(14)-C(15) 119.2(2)
P—C(1)-C(6) 121.5(2) P-C(8)-C(13) 121.3(3) P-C(14)-C(19) 121.8(2)
C(2)-C(1)-C(6) 118.9(2) C(9)-C(8)-C(13) 119.1(2) C(15)C(14)-C(19) 119.0(2)
C(1)-C(2)-C(3) 119.2(3) C(8)C(9)-C(10) 118.9(2) C(14)C(15)-C(1) 118.9(3)
C(1)-C(6)-C(5) 121.1(3) C(8yC(13)-C(12) 121.1(3) C(14yC(19)-C(18) 120.8(3)
C(2)-C(3)-C(4) 121.0(3) C(9-C(10)-C(11) 120.9(3) C(15¥C(16)-C(17) 121.4(4)
C(3)—C(4)-C(5) 120.1(3) C(10yC(11)-C(12) 120.2(3) C(16yC(17)-C(18) 119.9(4)
C(4)-C(5)-C(6) 119.8(3) C(15C(12)-C(13) 119.7(3) C(1AC(18)-C(19) 120.0(3)
C(1)-C(2)-C(20) 121.3(2) C(8)C(9)-C(21) 122.1(3) C(14)C(15)-C(22) 122.2(3)
C(3)-C(2)-C(20) 119.5(3) C(10¥C(9)-C(21) 118.9(3) C(16)C(15)-C(22) 118.9(3)
0(23)-C(20)-C(2) 111.4(2) 0(24¥C(21)-C(9) 111.2(2) 0(25YC(22)-C(15) 110.4(3)

TABLE 3: Comparative Structural Features, from X-ray
Data, of Selected Triarylphosphanes and of the

Tris[ o-(hydroxymethyl)phenyl]phosphane

<CP> 1.831 1.835 1.838 1.839

Bond lengths (A) a 1.393 1.400 1.413 1.397
b 1.383 1.387 1.388 1.389

c 1.376 L.370 1.378 1.375

<8>= <C-P-C> 102.8 102.6 109.7 102.2

< C-C-P > out 116.1 118.6 114.2 119.3

Bond angles (°) <C-C-P>in 124.0 122.3 127.3 121.5
w 118.2 118.8 118.0 119.0

X 120.8 119.9 119.4 120.0

y 120.2 120.6 122.9 120.5

z 120.0 120.3 117.1 120.1

Pyramidalisation angle (°) o 25.52 25.69 19.24 26.02

for one ring
Dihedral angles @ () for the second

for the third

250 367 40.7)x 37.7 (44.1) 37.6
26.6 431 (45.6)* 433 (44.6)* 39.2
594  49.0 (46.8)* 50.1 (44.8)« 55.1

* Two estimations have been made, each of them corresponding to one of the two molecules of the unit-cell.

solution in THF for 15 min at 60C, a 50% vyield of4a was
obtained. In the case of the phosphatie deprotection was
only performed to completion with HCI catalysis. Only a
mixture of partly deprotected phosphanes was observed in the For 5a, each of the distances between the phosphorus atom
reaction with p-toluenesulfonic acid in acetone. This fact
explains the lower overall yield in theara-substituted series.
X-ray Crystallography of Phosphane 5a. Triarylphos-
phanes adopt a propeller-like conformati@nThe X-ray data
obtained for the phospharka are reported in Tables 2 and 3,
and the ORTER view of the molecular structure in Figure 1
shows that5a adopts a helicoidal geometry, with the three

hydroxymethyl groups standing on the side of the phosphorus

lone pair. The general structural featuresSafare relatively
close to those of the tris(2-tolyl)phosphdheor the
triphenylphosphan®. The mean P-C bond length (1.839 A)

is very close to the value found for the tris(2-tolyl)phosphane coordination with the three oxygen atoms.

(1.835 A). However, in the case 6f, one of the three PC
bonds is slightly longer (1.846 and 1.836 A for the two other ary platinum electrode, the anodic oxidatiorbafin acetonitrile

Figure 1. ORTEP diagram of the molecular structure of phosphane

5a.

P—C bonds).

The pyramidalization angle is generally

governed by repulsive nonbonding interactions between the Ar

groups.

In the case of the tris(2,4,6-trimethylphenyl)phos-

phane?® an important flattening was observed & 19.24)
compared to triphenylphosphane € 25.52). On the other
hand, tris(2-tolyl)phosphane presented a barely diffexeamgle
(oo = 25.69). In phosphanéa, thisa angle was even slightly

larger @ = 26.02).

and the three oxygen atoms (3.556437 A) is larger than the
sum of the Van der Waals radii of phosphorus and oxygen (3.32
A).24 By contrast, because of intramolecular coordination, each
of the distances between the phosphorus atom and the three
nitrogen atoms (2.9993.071 A) in tris[2-(dimethylamino)-
phenyllphosphane is smaller than the sum of the Van der Waals

radii of phosphorus and nitrogen (3.4 &).

The X-ray study of the phosphabathus indicated that there
is no specific difference in the steric effects between a
hydroxymethyl or a methyl group and that the phosphorus atom
does not expand its coordination number by intramolecular

Electrochemical Studies. In cyclic voltammetry at a station-
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SCHEME 4
OH OH
/ /
CH, CH,

) + H*
5

Sa

containing 0.1M tetrax-butylammonium hexafluorophosphate
exhibited an anodic peak potentig), = 0.89 V/SCE for a
potential scan rate of 0.1 V-5 Under the same conditions,
the para-substituted phospharteh presented a higher anodic
peak potentiakEy,, = 1.29 V/SCE. For both phosphanes, the
absence of a reverse peak, in the-6100 V s! range of

| |
1.0 2.0

|
0.0

V /sce

- - igure 2. Influence of the presence of collidine on the voltammetric
potential scan rates, demonstrated the low persistence of the\'/:vave of 5a with the following molar ratios of collidin&a: (a) 0.0;

primary product of the oxidation process. No electron para- (b) 0.33; (c) 0.66; (d) 1.0; (€) 1.33; () 1.66: (g) 2:6.0.
magnetic resonance (EPR) signal could be detected when the ’ ' ’ ' '
oxidation of5a or 5b was performed electrochemically within

HA

the cavity of an EPR spectrometer orjpyrradiation of a freon 30 3
matrix?® doped with5a or 5b. On the other hand, the difference c
in the anodic peak potential values for the two phosphanes 20— g
clearly demonstrated their different electrochemical behavior f
although the inductive electronic effects of their substituents 10

are similar. The phospharb could be integrated into the o a

isosteric series of triarylphosphanes bearing one or no methyl b

substituent on thertho-position of each phenyl ring, for which, -10— c

in our previous studies,we had found a linear correlation between d

Ep, and they o™ Hammett parametér>26 However,5a could -20~

not be integrated in this correlation and tivtho-hydroxymethyl 30 e

substituent appeared to have a dramatic influence on its anodic f

potential value. -40— |

. . | | | | | |
The apparent number of electrons involved in the electron 15 10-05 00 05 10 15

transfer for the oxidation ddacan be estimated by comparison V /sce

to the rapid monoelectronic oxidation of the tris(2,4,6-tri- Figure 3. Voltammetric studies dBa at the rotating disk electrode in

methylphenyl)phosphane (TMP) under the same conditions, the presence of perchloric acid with the following molar ratios of acid/

assuming that the diffusion coefficients for TMP abd are 5a (a) 0.0; (b) 0.35; (c) 0.53; (d) 0.70; (e) 0.88; (f) 1.06.

not too differen®” For potential scan rates ranging from 0.1

to 10 V s71, the average ratio of the anodic peak currents was concentration of collidine up to a constant value reached for a

molar ratio [collidine]/pa] of 3 (Figure 2). At this point, the

measured current was 2.76 times the current obtained in the

absence of collidine.

This value indicates that the primary step of the electrode Under nitrogen atmosphere, in acetonitrile containing 0.1 M

reaction is a monoelectronic oxidation. The resultant cation TBAFP, a preparative electrolysis was conducted, without

radical is then quickly consumed in a chemical reaction. The collidine, at a potential corresponding to the limiting current of

small magnitude of the ratio of anodic peak currents (0.64) could the 5a anodic wave. The progress of the electrolysis was

imply that the phosphanga diffusing to the electrode reacts monitored by voltammetry at the rotating electrode. A regular

partly with the chemical species generated after the primary decrease of the oxidation wave Sé at E;, = + 0.75 V/SCE

oxidation step. In contrast, such a behavior is excluded in the was observed together with the appearance and increase of a

case of TMP in view of the high persistence of the corresponding reduction wave aEj;, = —0.25 V/SCE. Integration of the

phosphoniumyl radical cation TMP. electrolysis current value gave a total apparent number of 1.1
If protons are generated during the chemical steps, aselectrons exchanged per molecule.

frequently observed in oxidation reactions, protonation of the  Attribution of the cathodic wave to the reduction 6&

phosphanéa would lead to the hydrophosphonium catiéa (Scheme 4), which is generated during the electrolysis, is

(Scheme 4), and this could explain the apparent decay insupported by the results of voltammetric measurementsaon

phosphane concentration and the low value of the ratio in acidic medium (Figure 3). When a dilute solution of HGIO

10(58)/1,(TMP). In order to test this hypothesis, the phosphane in acetonitrile was added to the voltammetric solutiorbafa

5a was oxidized in the presence of the slightly nucleophilic wave appeared &, = —0.25 V/SCE, the limiting current of

2,4,6-trimethylpyridine (collidine). Under the conditions of our which varied linearly with the amount of HCO A corre-

experiments, oxidation of collidine occurs at a potential peak sponding decrease of the intensity of the oxidation wavgaof

of 2.44 VISCE, thus avoiding any interference with the oxidation was also observed.

of 5a. In the presence of collidine, the cyclic voltammogram When a preparative electrolysis was performecbarn the

of 5a showed a greater amplitude of the oxidation peak. In presence of collidine, with a molar ratio [collidin€d4] of 3

this case, collidine competes with the phosphane as a proton(Figure 4), the oxidation wave &adecreased during the course

1, (5a)/1, (TMP) = 0.64

acceptor, and the quantity of nonprotonatalreaching the
electrode is therefore increased.

In voltammetry at the rotating electrode, the limiting current
corresponding to the oxidation wave B4 increased with the

of electrolysis. A plot of the voltametric currehtoward the
electric-charge-consumegis shown on Figure 5. Extrapola-
tion atl = O for the value of the voltammetric current gave a
total apparent number of 1.8 exchanged electrons per molecule.
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Figure 4. Selected voltammetric curves recorded during the progress
of the electrolysis oba (0.338 mmol) in the presence of an excess of
collidine (molar ratio 3:1): (a) residual current; (b) residual current HO HO
with added collidine; (cQ = 0 C; (d)Q = 8.1 C; ()Q = 16.2 C; () HO (OH HO i (O“
Q=1246;(9)Q=324C; (h)Q=405C; (()Q=486C; (j)Q= % ,,,,,,, P. . [‘ NP
56.7 C. 24N \©+2H —— 2N \©
— =
5a 6a
I (UA)
c
100 3]5a] ———= 2e + 2[6a] + [7a]
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Figure 5. Evolution of the voltammetric currents during the electrolysis _ \© ﬁ:[;') 7

of 5ain the presence of collidine (3:1): (a) limiting currents; (b)
limiting current of collidinium (absolute value); (c) sum.

Me. l:\l. Me

H

|
A cathodic wave appeared Bf;, = —0.95 V/SCE, attributed 2 U f2Ht e g |N\+ Me
to the reduction wave of the collidinium cation generated during 8 7
the electrolysis by protonation of the collidine. There was no Me
evidence for the presence 6& since no wave near0.25
V/SCE was present. [5a] +2[8] —— 2e + 2[9] + [7a]

The electrochemical behavior 6&in the absence of collidine

or in the presence of a sufficient amount of collidine can be
explained by the mechanisms described in Schemes 5 and 6. IIGCHEME 7
both cases, the first step is the monoelectronic oxidatidsaof
leading to the cation radicaba™t. Intramolecular reaction Hoﬁ o 1o oH
between the positively charged phosphorus center and the ! |:2i> + (—% 1Y (
oxygen of theortho-hydroxymethyl substituent of one aromatic <’\K T\ | : \©
ligand creates a strong- bond together with the release of
a proton. The proton is trapped either by the nonoxidizad 1

Me

HQ,

diffusing to the electrode (Scheme 5) or by collidine (Scheme

6), leading to the corresponding phosphonium or ammonium

cation. The loss of the proton generates a cyclic phosphoranyl o

radical in the vicinity of the electrode, and this neutral radical, HOZ\’ o HO. % ("”
which is probably easily oxidized, contributes to the electron (F@}Lb =N

transfer at the actual working potential (ECE mechanism). \/:\ W [ \© 5a
Alternatively, the cyclic phosphoranyl radical could react with
the phosphoniumyl cation radical in a homogeneous electron
transfer reaction as presented in Scheme 7 (DISP mechaffism). proton. In both cases, either an ECE (Scheme 5 and 6) or a
The ensuing cationic species undergoes a second intramoleculaDISP mechanism, the same global reaction balance is obtained.
attack, leading to the stable 1-[2-(hydroxymethyl)phenyl]spirobi-  In the absence of collidine, two electrons are transferred for
[1H,3H-2,1-benzoxaphosphol@h with the release of a second the consumption of three molecules5# and the formation of
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TABLE 4: Calculation of Ratio between Oxidized Amount . HQ
of 5a and the Amount of Collidinium (AC/ACs,) Formed 16 13221
during the Electrolysis of 5a

17 13 o 2 3
Csd Ceol® 8 r|> 1 4
AQ(C) @A) e @A) (molL™l)  (molL™?) ACe/ACsa . @$
6 S
10 8 720
9

0.00 101.0 0.0 1.4%10°% 0.00

4.05 94.5 75 1.3%10°% 1.72x 104 1.72
8.10 88.0 16.5 1.2&10° 3.78x 10* 1.99
12.15 81.0 25,5 1.18 10°% 5.84x 104 2.01
16.20 73.5 345 1.0%10° 7.90x 10* 1.98
20.25 66.0 440 9.6610* 1.01x 103 1.98

Figure 6. Structure and numbering of the spirobi[benzoxaphosphole]
Ta

24.60 58.5 53.5 85% 104 1.22x 10°3 1.97 All these results led us to conclude that the electrochemical
28.35 52.0 615 7.5%10* 141x10°3 1.98 behavior of5ain acetonitrile and in the presence of an excess
32.40 45.0 71.0 6.5510* 1.63x10°  2.00 of an organic base is correctly described by Scheme 6. When
3645 380 800 55310 1.83x10%  2.00 no base is added, Scheme 5 may be used to explain the behavior

40.50 31.0 88.5 4.5%10“ 2.03x 1073 1.99

4455 245 970 356 104 222 103 199 of ba, alt_hough some mechqmsnc com_pl_lcatlons are I|kely_ to
48.60 175 1065 2.5% 104 2.44x 103 201 occur. Since the phosphane is a less efficient base than collidine
52.65 10.0 116.0 1.4610* 2.66x 1073 2.01 and, moreover, its concentration decreases during the electroly-

sis, then the reversible deprotonation of the phosphonium can

* Amount of charge? Limiting current of oxidation oba. © Limiting increase the disponibility da. The electrochemical behavior

current of reduction of collidinium?d Concentration ofa. ¢ Concen-

tration of collidine. of 5amay be called a self-deprotonation mechanism, which is
quite similar to a self-protonation mechanism. A very interest-

one molecule offa and two molecules oda. This is in clear ing and detailed study on the kinetics of the self-protonation

agreement with the peak current ratig(a)/1,,(TMP) = 0.64] reaction in organic electrochemical processes has been reported

and with the appearance, during the electrolysis, of the reductionby Amatoreet al.?°
wave attributed téa. However, this mechanism cannot explain _
the coulometric resulin(= 1.1) obtained for the total number  Conclusion

of electrons exchanged. This discrepancy could be imputed to According to the X-ray diffraction results, the tris[2-(hy-

the importance of.thg concentration changes during coulometry droxymethyl)phenyl]phosphartiz does not exhibit any oxygen
and to the reversibility of the phosphane protonation. Pl interaction although the three oxygen atoms are on the same

It is worth _considering that _th(_e phogphonium catiéa side as the phosphorus electron lone pair. In the presence of
generated during the electrolysis is positively charged at the 5 eficient proton trap such as collidine, electrochemical

phosphorus center and that an intramolecular reaction with theexperiments led us to conclude that the low value of the anodic
side chain oxygen atoms could occur. If such a reaction would peak observed foBa was the consequence of the occurrence
be likely to occur atan appreci_able rate,_the phosphonium cation ¢ . ECE (or DISP) global process involving the transfer of
prepared by addition of HCIOIn a solution ofSa should not -~ 4y electrons and the release of two protons. After the first

be stable. But .'[hIS is not ewdenced. b'y. the voltammetric 4 actron transfer, the geometry of formal* is appropriate to
experiments, which showed constant limiting currents under 5,61 jts fast decay through the intramolecular formation of a
such conditions. . - P—O bond, leading to an intermediate phosphoranyl radical.
On th? other har\d, n the presence Qf cplhdme .the second Subsequent oxidation of this phosphoranyl followed by a second
mechanism described in Scheme 6 is in relatively good . jization step finally gave rise to the 1-[2-(hydroxymethyl)-
agreement with the electrochemical results obtained. For eaChpheny”spirobi[H,3H-2,1-benzoxaphOSphO|eﬂa1 which was
molecule of5a, two electrons must be exchanged, and the jgoiated in 69% vyield by controlled potential preparative
experimental value is = 1.80. The presence of the collidinium electrolysis. In the absence of collidine, a fractionsafwas

cation among the products of electrolysis is supported by the tonated and became electrochemically inactive at the oxida-
appearance of the reduction wavekp = —0.95 V/SCE. tion potential used in the experiments.

Voltammetric studies on authentic samples of collidinium The anodic behavior and the ESR characterization at 77 K
p-toluenesulfonate and collidinium chloride indicated that, in , Freon matrices of the cation radicals of tris[2-(methoxy-

the concentration range from®b 104 to 2.5 x 1073 M, the methyl)phenyl]phosphane, tI‘IS[Z-((methylthIO)methyl)phenyl]-

limiting current {)) is proportional to the concentratio) of hosphane and tris[2-((dimethvlamino)methvl)phenvllohosphane
collidinium [for collidinium chlorideCliy = 2.29 x 105 mol ~ bi b reportod in[a f(érthcomﬁng pager_ yhphenyljphosp

L~ mA~! and for collidiniump-toluenesulfonat€/iy = 2.24
x 10-°mol L~ mA, ! under the same experimental conditions References and Notes
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