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Crowded triarylpnictogens such as trimesitylphosphinend Scheme 1
arsiné* have large bond angles and lengths around the pnictogen
atoms and are reversibly oxidized to the stable cation radicals at i) Mg / THF PnCls
significantly low oxidation potentials due to both structural changes Br ii) CuCl Cu < Pn
and steric protection by introduction of bulky aryl grodg@Recently, 3
we synthesized aminophosphinobenzenes carrying the trimesi- P"=gb(8’),”‘§i((24))’

tylphosphine structure as one of the redox sitétowever, the

phosphorus redox center was not stable enough to afford a reversiblerable 1. Average C—Pn Bond Lengths, C—Pn—C Bond Angles,

two-step redox system. To construct more stable phosphorus redox@nd Oxidation Potentials of the Crowded Triarylphosphine, Arsine,
. : . . Stibine, and Related Compounds.

center, we pursued the introduction of the more sterically demanding

aryl groups on phosphorus, and herein we report the synthesis, compounds bond lengths/A bond angles/deg EuplVe
structure, and redox properties of some of the most crowded  triphenylphosphine 1.828 103.¢0 1.0F
triarylpnictogens, tris(2,4,6-triisopropylphenyl)phosphitig érsine trimesitylphosphine 1.837 109.7 0.41
(2), stibine @), and bismuthine4). 1 . 1.845 1115 0.16

Since the reaction of 2,4,6-triisopropylphenylmagnesium bromide triphenylarsine 1.9%9 9.8 118

) : N propylphenyimag X trimesitylarsine 1.976 107.6 0.73
with phosphorus trichloride only afforded the corresponding tet- 2 1.986 109.2 0.50
raaryldiphospharfeunlike the mesityl Grignard reageht, aryl triphenylstibine (2.143) (97.3p 1.05
copper(l) reagents, which are less reactive as a reducing agent and {rimesitylstibine 22-11987@ 11%563; 0(-)757

have been utilized to prepare chlorophospHireesl the crowded
phosphine "Qa”é'(? were err.llployed. Phosphiriewas S){nthe5|zed a Reversible unless otherwise stated, V vs AgfAg dichloromethane
by the reaction of 2,4,6-triisopropylphenylcoppef{ivith phos- with 0.10 Mn-BusNCIO,, scan rate: 30 mVd. b Reference 22 Irrevers-
phorus trichloride (0.30 equiv) at78 °C followed by refluxing ible, peak potential? Reference 1¢ Reference 23\ Reference 39 Tris(4-
for 24 h and isolated as colorless prisms (35%) after column MethylphenyDstibine, ref 24 Reference 25.

chromatography (ADs/n-hexane) followed by recrystallization
from n-hexane (Scheme 1j.Tris(2,4,6-triisopropylphenyl)arsine

(2) (75%) 13 stibine @) (58%)1* and bismuthine4) (3%)1° were
synthesized similarly. These crowded triarylpnictogens except for
4 were stable in air in the solid state.

The 3P NMR (80 MHz, CDC}) chemical shifts of the crowded
tris(2,4,6-trialkylphenyl)phosphine showed an upfield shift as the
substituents became more sterically demanding from triphenylphos-
phine ¢ —6), and trimesitylphosphine)(—36) to1 (6 —53). The
IH NMR (200 MHz, CDC}) and 3C NMR (50 MHz, CDC})
spectra ofl at 295 K were rather simple and tw®CH(CHy),
protons and four aromatic carbons were observed. On the other
hand, fouro-CH(CHs), protons and six aromatic carbons were
observed fo2 and3. The molecular structures @f 2, and3 were
further investigated by X-ray crystallograpHyThe triarylpnicto-
gensl (Figure 1),2, and3 have a crowded propeller shape and the
pnictogen atoms are covered with six ortho isopropyl groups.

To compare the structure and propertied 02, and3, with the

Figure 1. ORTEP drawing of tris(2,4,6-triisopropylphenyl)phosphidg (
with 50% thermal ellipsoids, (a) top view, (b) side view.

the tris(2,4,6-triisopropylphenyl)pnictogens have the longest bond
length and largest bond angle for each element. Steric repulsion
among the bulky substituents was revealed by elongation of the
bond lengths and expansion of the bond angles around the pnictogen
atoms. Similar trend was recently reported for trisilylpnictogens

related compounds, the average bond lengths and angles arouniﬂmh enhanced planarlty around pnlctogéhihe bond angles and

pnictogen atoms, and oxidation potentials measured by cyclic ength of1 are slightly larger than those of tris(9-anthracenyl)phos-
) NN o

voltammetry are summarized in Table 1. The bond lengths and ph'né (1'839 A, 110.3), Wh'(_:h IS one 9f the most growded

angles become longer and larger as the ortho substituents of thdriarylphosphines known to exist. The oxidation potentials of the

aryl groups become more bulky in these series of compounds, andt"iarylpnictogens become lower as the molecules become more
crowded since the energy level of the lone pair (HOMO) is raised

*To whom correspondence should be addressed. E-mail: yoshifj@ by enha_nced planarity of the pnictogen .atoms induced by steric
mail.cc.tohoku.ac.jp. congestioh as well as the electron donation by the alkyl groups.
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The 2,4,6-triisopropylphenyl derivatives have the lowest potentials,
especially, that ofl was comparable to ferrocene. The dichlo-
romethane solution of the phosphiband arsin€ can be oxidized

by silver perchlorate and afforded a purplg,{x = 528 and 516

nm for 1™ and 2, respectively) solution of the corresponding
cation radical, which were also characterized by the EPR param-
eterd?® similar to those of the trimesityl derivativé8.A similar
reaction of trimesitylphosphine was reported to lead to the metal
complex formatior?® Although 1 and 2 were inert to hydrogen
peroxide or elemental sulfut,;* and2* reacted slowly with oxygen

to result in incorporation of oxygen. Interestingly, not odland

2, but also stibine3 displayed a reversible redox wave with the
ratio of anodic and cathodic peaks as unity at the 30 Th¥sanning

rate at 293 K, which suggests considerable stability of the
corresponding cation radic#l. A detailed study of the cation
radicals and application of these structures to the multistep redox
systems is in progress.

Acknowledgment. Financial support in part by Grants-in-Aid
for Scientific Research from the Ministry of Education, Culture,
Sports, Science, and Technology (Nos. 12740335, 08454193 and
09239101), the JSPS Postdoctoral Fellowship for F.M. by the Japan
Society for the Promotion of Science, and the elemental analysis
and mass spectral measurements by the Instrumental Analysis
Center for Chemistry, Graduate School of Science, Tohoku
University, are gratefully acknowledged. This work was partially
carried out in the Advanced Instrumental Laboratory for Graduate
Research of Department of Chemistry, Graduate School of Science,
Tohoku University.

Supporting Information Available: Experimental procedures and
spectroscopic data df, 2, 3, and4, EPR spectra of**, 2, and3**
(PDF), and crystallographic data fioy2, and3 (CIF). This material is
available free of charge via the Internet at http://pubs.acs.org.

References

(1) Blount, J. F.; Maryanoff, C. A.; Mislow, KTetrahedron Lett1975 48,
913-916.

(2) Culcasi, M.; Berchadsky, Y.; Gronchi, G.; Tordo,J?Org. Chem1991,
56, 3537-3542.

(3) Sobolev, A. N.; Romm, I. P.; Chernikova, N. Y.; Belsky, V. K
Guryanova, E. NJ. Organomet. Chen1.981 219 35-42.

(4) Il'ysov, A. V.; Kargin, Y. M.; Vafina, A. A.Russ. J. Gen. Chert993
63, 1833-1840.

(5) Palau, C.; Berchadsky, Y.; Chalier, F.; Finet, J.-P.; Gronchi, G.; Tordo,
P.J. Phys. Chem1995 99, 158-163.

(6) Sasaki, S.; Murakami, F.; Yoshifuji, Metrahedron Lett1997 38, 7095~
7098.

(7) Brady, F. J.; Cardin, C. J.; Cardin, D. J.; Wilcock, D.Idorg. Chim.
Acta200Q 298 1-8.

(8) Stepanov, B. I.; Karpova, E. N.; Bokanov, AZlh. Obshch Khim1969
39, 1544-1549.

(9) Jkle, F.; Manners, IOrganometallics1999 18, 2628-2632.

(10) Aranyos, A.; Old, D. W.; Kiyomori, A.; Wolfe, J. P.; Dadighi, J. P;
Buchwald, S. LJ. Am. Chem. Sod.999 121, 4369-4378.

(11) Nobel, D.; van Koten, G.; Spek, A. Angew. Chem., Int. Ed. Endl989
28, 208-210.

(12) 1: colorless prisms, mp 165166 °C; 'H NMR (200 MHz, CDC}, 293
K) 6 6.88 (6H, d,J = 3.12 Hz), 3.48 (6H, mJ = 6.70, 5.43 Hz), 2.82
(3H, sept,J = 6.89 Hz), 1.21 (18H, d) = 6.90 Hz), .14 (18H, dJ =
6.70 Hz), 0.66 (18H, dJ = 6.65 Hz);*3C NMR (50 MHz, CDC}, 293
K) ¢ 152.89 (d,J = 18.02 Hz), 148.99 (s), 132.20 (d,= 24.01 Hz),
121.85 (d,J = 4.56 Hz), 34.04 (s), 31.92 (d,= 17.98 Hz), 24.52 (s),
23.94 (s), 23.00 (sPP NMR (80 MHz, CDC}, 293 K) 0 —52.4 (s).

(13) 2: colorless prisms, mp 145146 °C; *H NMR (200 MHz, CDC}, 293
K) 6 6.90 (6H, s), 3.39 (3H, sepl,= 6.71 Hz), 3.32 (3H, sepd, = 6.72
Hz), 2.83 (3H, sept) = 6.69 Hz), 1.26 (9H, dJ) = 6.68 Hz), 1.21 (18H,
d,J = 6.91 Hz), 1.07 (9H, dJ = 6.79 Hz), 1.01 (9H, dJ = 6.74 Hz),
0.45 (9H, dJ = 6.57 Hz);13C NMR (50 MHz, CDC}, 293 K) 6 153.08,
152.83, 148.70, 136.36, 122.76, 120.86, 34.01, 33.43, 32.67, 25.37, 24.22,
24.02, 24.00, 23.91, 22.78.

(14) 3: colorless prisms, mp 145146 °C; 'H NMR (200 MHz, CDC}, 294
K) 6 6.93 (6H, s), 3.32 (6H, sepl,= 6.46 Hz), 2.84 (3H, sepf, = 7.04
Hz), 1.32 (9H, dJ = 6.54 Hz), 1.22 (18H, dJ = 6.99 Hz), 1.08 (18H,
m), 0.49 (9H, d,J = 6.32 Hz);3C NMR (50 MHz, CDC}, 294 K) o
154.85, 154.78, 148.92, 137.70, 122.52, 120.97, 36.81, 35.97, 34.02, 25.92,
24.85, 24.44, 24.03, 23.91, 23.26.

(15) 4: colorless prisms, mp 149150 °C; *H NMR (200 MHz, CDC4, 330

K) 6 7.09 (6H, s), 3.18 (6H, sepl,= 6.69 Hz), 2.84 (3H, sepf, = 6.85

Hz), 1.24 (18H, dJ = 6.90 Hz), 1.03 (36H, brs):3C NMR (50 MHz,

CDCls, 330 K) 0 159.36, 155.92, 148.44, 122.54, 39.54, 34.17, 24.97,

24.00.

1: CysHeoP, M = 641.01, colorless prism, 0.75 0.75 x 0.40 mn?,

triclinic, P1 (no. 2),a = 11.492(2) Ab = 18.212(7) Ac = 10.496(2) A,

o = 100.96(2), f# = 91.82(1), y = 96.24(2), V = 2140.8(9) B, Z =

2, Deaic = 0.994 gem?, u(Mo Ka)) = 0.091 mn1?, T = 200 K,R;; R; Ry

= 0.081; 0.084; 0.166, GOFE1.66.2: CssHgoAS, M = 684.94, color-

less prism, 0.55 0.25 x 0.15 mn#, triclinic, P1 (no. 2),a = 17.686(2)

A, b=18.44(1) A,c = 14.890(2) Ao = 99.54(1), B = 110.68(1}, ¥

=107.37(2), V = 4130(2) B, Z = 4, Dcarc = 1.101 gcm?, u(Mo Ka)

=0.850 mm%, T= 123 K,Ry;; R; R, = 0.047; 0.066; 0.064, GOE1.65.

3: CysHgoSh, M = 731.79, colorless prism, 0.25 0.20 x 0.20 mn¥,

monoclinic,P2,/c (no. 14)a= 19.757(2&A,b =18.344(2) Ac=24.842-

(4) A, B =111.049(3), V = 8402(1) B, Z = 8, Dcarc = 1.157 gen?,

u(Mo Ka) = 0.683 mmiL, T = 115 K, R;; R; Ry = 0.034; 0.041; 0.048,

GOF=1.34.

(17) Driess, M.; Merz, K.; MonseC. Z. Anorg. Allg. Chem200Q 626, 2264~
2268; von Haisch, C.Z. Anorg. Allg. Chem2001, 627, 1414-1416.

(18) Wesemann, J.; Jones, P. G.; Schomburg, D.; Heuer, L.; Schmutzler, R.
Chem. Ber1992 125 2187-2197.

(19) 1t g = 2.007,a(P) = 23.7 mT,;g, = 2.002,a = 41.7 mT,gy = 2.009,
a;=13.0 mT.2™: g=2.042,a(As) = 26.4 mT;g, = 2.002,a, = 48.3
mT, gn = 2.020,an = 19.5 mT.

(20) Bayler, A.; Bowmaker, G. A.; Schmidbaur, thorg. Chem.1996 35,
5959-5960.

(21) Preliminary investigation on the oxidation®vith tris(4-bromophenyl)-
aminium perchlorate in dichloromethane also suggested formation of the
stable cation radical with characteristic violet coldr{x = 480 nm) as
well as broad-ranging EPR spectra.

(22) Daly, J. JJ. Chem. Socl964 3799-3810.

(23) Mazhar-ul-Haque; Tayim, H. A.; Ahmed, J.; Horne, W.Crystallogr.
Spectrosc. Red4.985 15, 561-571.

(24) Sobolev, A. N.; Romm, I. P.; Belsky, V. K.; Guryanova, E. W.
Organomet. Cheml979 179, 153-157.

(25) Ates, M.; Breunig, H. J.; Ebert, K. H.; Kaller, R.; Qyar, M.; Behrens,
U. Z. Naturforsch., B: Chem. Scl992 47, 503-508.

JA027493N

(16)

J. AM. CHEM. SOC. = VOL. 124, NO. 50, 2002 14831



