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Table 1. Corrclation Cocfficients for Linear Relations between 
Measures of Electronegativity for 21 Main-Group Elements” 

ground state valence state 
i n  atoms in molecules 

Ir V,  V. XM 
ground state 

Ir I 0.985 0.964 0.951 
“Q 1 0.967 0.945 

vx 1 0.989 

‘ p  and VQ are from ref 12; V, is from ref 3; X, is from ref 15. 

Thirdly, the value of nJr, is dependent on the valence state, 
chargc, and ligand number of the central atom. This means it 
is general, as in Parr and Pearson’s theory. Fourthly and most 
importantly, there are  good linear correlations between V, and 
the electronic chemical potential, I.L, and the central electrostatic 
potential, V,, a t  r,,, for the 21 main-group elements of ref 12. 
There p was calculated as the Mulliken electronegativity of a 
ground-state atom, 

(2) 
where IP and EA are the ionization potential and the electron 
affinity, respectively; r,, is the radial distance a t  which the total 
electrostatic potential, V(r,,), of a ground-state atom exactly equals 
its chemical potential, p .  VQ is defined as Q/r,, where Q is the 
total electronic and nuclear charge inside a sphere of radius r,,. 
The correlation coefficients have been determined, as shown in 
the second-last column of Table I. 

A close linear relation between r,, and the covalent radius has 
been noted p rev i~us ly . l* -~~  Mulliken’s scale of electronegativity, 
p,  for free atoms in the ground state was found to be strongly 
correlated with VQ.I2 

Any atom in a molecule is in its energetically optimum valence 
state, not i n  the free ground state. The covalent radius is a 
particular measure of the size of an atom in a molecule13 and is 
thus a valence-state property. 

The parameters p ,  V(r,,), r,,, and Ve of atoms in valence states 
have been too difficult to calculate so far by absolute electro- 
negativity theory. But valence-state ionization potentials, electron 
affinities, and Mulliken electronegativities have been calculated15 
by the semiempirical method of Hinze and Jaffe.16 According 
to absolute electronegativity theory, the inherent Mulliken elec- 
tronegativity scale, X,, from the valence-state analogue of eq 2, 
the electronic chemical potential, p,  and Huheey’s’’ parameter, 
a, are  all approximately the same. 

We  have calculated the correlation coefficients for linear re- 
lations between four measures, p,  VQ, V,, and x,, of electro- 
negativity for the 2 1 main-group elements considered in ref 12. 
They are listed in Table 1. 

It is interesting to note i n  Table I that  the two ground-state 
measures, p and V p  correlate well with each other, but less well 
with the valence-state measures, V, and X,. 

The simple V, is strongly linked with X,, as shown in Figure 
I ;  the correlation coefficient is 0.989. This comparison means 
that the new scale, V,, is theoretically reasonable and a good 
measure of the valence-state electronegativity. This explains the 
good correlations between V, and bonding properties. V, should 
be a basic parameter for diatomic and polyatomic proper tie^.^ 

Parr and Pearson’s absolute electronegativity theory is so- 
phisticated, and Hinze and Jaffe’s method is advanced. The new 
scalc is not only theoretically reasonable and scientifically useful 
but also so simple that beginning chemistry students know the 

valence qtate 

X M  I 

/.I = (IP + EA) /2  

(12) Politzer, P.; Parr, R. G.; Murphy, D. R. J .  Chem. Phys. 1983, 79, 
3859. 

(13) Balbas, L. C.; Alonso, J .  A.; Vega, L. A. Z .  Phys. D: At., Mol. 
Clusters 1986. I .  215. 

(14) Alonso, J. A.; Balbas, L. C. Electronegatiuity Structure and Bonding 
Springer-Verlag: New York. 1987; Vol. 66, p 41. 

(15) Bratsch, S. G. J .  Chem. Educ. 1988, 65, 33, 223. 
(16) Hinze, J.; Jaffe, H. H.  J .  Am. Chem. Soc. 1962, 84,  540. 
(17)  Huheey, J .  E. J .  Phys. Chem. 1965, 69, 3284; 1966, 70, 2086. 
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Figure 1. Relation between V, and the chemical potentials of the valence 
states, X,, for 21 main-group elements. 

two parameters, n, and r,. On the basis of previous and 
this work, we predict that there is a good possibility (a) of using 
the new scale to simply correlate energies of polyatomic systems 
and (b) of introducing and teaching the new scale in introductory 
classes. 
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Recently, photochemical reactions of organosilicon compounds 
involving intermolecular charge transfer processes have received 
considerable attention from both synthetic and mechanistic 
viewpoints.2 However, relatively few photoinduced intramolecular 
charge transfer reactions of organosilicon compounds have been 
reported.) We  report herein the preparation and photoreactions 
of hitherto unknown disilanylbenzoquinones ( l ) ,  an interesting 
class of organosilicon compounds containing both electron-with- 
drawing (benzoquinone) and electron-releasing (dislane) groups 
connected directly to each other.4 Photochemical reactions of 
1 resulted in the formation of novel sila-m-quinomethane inter- 
mediates. 

2-( Pentamethyldisilanyl)-5-tert-butyl- 1,4-benzoquinone ( la ,  
R = t-Bu) was prepared by a series of reactions as indicated in 
Scheme I .  2-Bromo-5-tert-butyl- 1,4-bis[ (pentamethyldi- 
silanyl)oxy]benzene (2a) was treated with 1 . I  equiv of t-BuLi at  
-78 OC, and the resulting anion 3a was warmed slowly to -20 “C. 
During the course of warming, spontaneous rearrangement oc- 
curred to give 4a, which was oxidized with dichlorodicyano- 
benzoquinone (DDQ), without isolation, to la  in 43% overall 

( I )  Chemistry of Organosilicon Compounds. 275. 
(2) (a) Sakurai, H.; Sakamoto, K.; Kira, M. Chem. Lett. 1984, 1213. (b) 

Nakadaira, Y.; Komatsu, N.; Sakurai, H. Chem. Lett. 1985, 1781. (c) 
Mizuno, K.; Nakanishi, K.;  Otsuji, Y .  Chem. Lett. 1988, 1833. (d) Alberti, 
A.; Dellonte, S.; Paradisi, C.; Roffia, S.; Pedulli, G. F. J .  Am. Chem. SOC. 
1990, 112, 1123. 

(3 )  ((Trimethylsilyl)methyl]-1,4-benzoquinone may be structurally related 
to 1 in view of the possible o(Si-C)-r conjugation. However, no photo- 
chemical reaction has been described. Karabelas, K.; Moore, H. W. J .  Am. 
Chem. Soc. 1990, 112, 5372. 

(4) Sakurai, H.: Sugiyama, H.; Kira, M. J .  Phys. Chem. 1990, 94, 1837. 
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Figure I .  Electronic absorption spectra of l a  and 5 
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yield.5s6 The unsubstituted derivative l b  ( R  = H)  was also 
obtained in 12% yield by a similar method. 

2,5-Bis(pentamethyldisilanyl)- 1,4-benzoquinone (IC) was de- 
rived similarly from 2,5-dibromo-l,4-bis[(pentamethyldi- 
silanyl)oxy]ben7ene i n  21 % yield. All these compounds, obtained 
as orange red crystals, wcrc sensitive to diffused light. Unsub- 
stituted compound l b  was especially unstable and decomposed 
within a few days at  room temperature even in the dark. However, 
la  and I C  are relatively stable and can be stored in the dark over 
sevcral months without appreciable decomposition. 

The clcctronic absorption spectra of l a  and a reference com- 
pound, 2-tcrt-butyl-5-(trimethylsilyl)- 1,4-benzoquinone ( 5 )  are 
shown in Figure I .  Both compounds have two p - a* absorption 
bands at  about 250 and 300 nm and n - K* absorption bands 
a t  about 500 nm.' However, l a  has another broad absorption 
band ccntcred at 350 nm, which can be assigned to a c(SiSi) - 
a* chargc trunsfcr (CT) transition. 

Bccausc of thc existence of such an intramolecular C T  inter- 
action, disilanylbenzoquione was expected to react photochemi- 
cally. Indeed, interesting novel photochemical reactions were 
observed as follows. Irradiation ( A  > 520 nm) of a hexane solution 
of 1 in the presence of a variety of ketones (acetone, benzophenone, 
and fluorenone) under argon gave a yellow solution. The color 
of thc solution fadcd completely within I O  min a t  room tem- 
peraturc. Evaporation of the mixture followed by silica gel 
chromatography afforded colorless adducts 6 in almost quantitative 
yields. I n  thc presence of alcohols (methanol and tert-butyl 
alcohol). however, no such colored species was formed and instead 
adducts 7 were obtained quantitatively.s 

210 3ca 400 5M) 6M) 

A/ nm 

Figure 2. Absorption spectral changes during photolysis of I C  in a 3-MP 
matrix at 77 K .  
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The reaction can be interpreted most satisfactorily in terms of 
the intermediacy of sila-m-quinomethane 8, which gives a 1,3- 
adduct 9 by the reaction with ketones. The intermediate 9, which 
should be responsible for the yellow color of the solution, was a 
keto form of the phenol and isomerized to 6 easily. For the 
reaction with alcohols, 7 was obtained by 1,5-addition directly. 
The possibility of the 1,3-addition to form 10, followed by proton 
transfer to give 7, was excluded by an experiment with CH,OD; 
Le., photolysis of 1 in the presence of CH,OD gave the adduct 
7 in which no deuterium was incorporated in the aromatic ring 
(Scheme 11). 

The key intermediate 8 was isolated in a matrix a t  77 K.  A 
3-methylpentane (2-MP) solution of l a  was irradiated a t  77 K 
to give a yellow species. The change of the absorption spectra 
was monitored as shown in Figure 2. New strong peaks centered 
a t  230 and 340 nm appeared according to the progress of irra- 
diation. These peaks disappeared when the matrix was annealed. 
Photolysis of la  in a 3-MP matrix containing a small amount of 
methanol a t  77 K gave the same yellow species, which gave 7a 
(R' = CH,) after the matrix was annealed. Therefore the yellow 
species was identified as the intermediate 8a. The matrix con- 
taining 8 shows no triplet ESR signal, indicating that 8 is a singlet 
at  the ground state, in contrast with m-quinomethane, which has 
a triplet ground state.9 The observation that 8 was not a triplet 

( 5 )  Simchen, G.; Pfletschinger, J .  Angew. Chem.. I n f .  Ed. Engl. 1976, 15, 
A?R 

(6) la: orange red crystals: m p  74-75 OC; 'H NMR (CDC13) 6 0.08 (s, 
9 H) ,  0.23 (s. 6 H), 1.27 (s. 9 H), 6.56 (s, I H), 6.73 (s, 1 H);  "C NMR 
(CDCI,) 64.6. 2.1. 29.0, 35.0, 132.5. 145.4, 151.8, 155.7, 186.6, 191.7: HRMS 
( M / P )  obsd 294.1467. calcd for C,SH2602Si2 294.1469. 

(7) Bock, H.; Alt, H.  Angew. Chem., Inr .  Ed. Engl .  1967, 6 ,  941 

~ ~~ ~ ~~ ~ 

(8) Characterization data of the typical compounds are as follows. 
fluorenone adduct of la: mp 155 'C; ' H  NMR (CCI,) 6 0.37 (s, 9 H),  0.57 
(s. 6 H), 1.22 (s, 9 H),  3.69 (s, 1 H), 6.63 (s, I H). 7.0-7.8 (m. 8 H); MS 
( m / e )  474 (M', 100%). tert-Butyl alcohol adduct of la: mp 1 1  1-1 12 "C; 
'H NMR (CDCI,) 6 0.31 (s, 9 H). 0.37 (s, 6 H),  1.31 (s, 9 H),  1.40 (s, 9 H),  
4.48 (s, 1 H),  6.65 (s, 1 H), 6.80 (s, I H); HRMS ( m / e )  obsd 368.2198, calcd 
for C19H,,03Si2 368.2203. 
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biradical but a singlc zwittcrion was in good accord with the 
chcmical reactivities described above. Further investigations of 
the ncw intermediate sila-m-quinomethane are in progress. 
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(9) Rule, M.; Matlin. A. R.; Hilinsky. E. F.; Dougherty, D. A.; Rerson. 
J. A. J. Am. Chem. Soc. 1979. 101. 5098. 
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As part of a general program to develop chiral, phosphorus- 
based anionic reagents,' we required an accurate model of the 
structure and bonding in thcsc species to guide the design of 
auxiliarics.2 Apart from the pioneering spectroscopic studies on 
Horner-Wittig reagents by Kirilov3 and Se~den-Penne,~"'  the 
structure of phosphorus-stabilized anions (excluding ylides) has 
becn 1 it t le investigated .4d-h.5 

de  
Li+i a-: A = H; B = m 
Li+l b-: A = B = CH3 

Wc havc rcccntly rcportcd thc first X-ray crystal structure 
determinationbR of a phosphoryl-stabilized anion, Li+la-, which 

'Correspondence author for inquiries concerning the X-ray structure de- 
termination. 

( I )  (a) Corey, E. J.; Cane. D. E. J. Org. Chem. 1969.34.3053. (b) Evans, 
D. A.; Takacs. J. M.; Hurst. K. M. J. Am. Chem. Soc. 1979. 101. 371. (c) 
Hanessian. S.; Delorme. D.; Reaudoin, S.; Leblanc, Y. J. Am. Chem. Soc. 
1984. 106. 5754. (d) Ahlbrecht. H.; Farnung. W. Chem. Ber. 1984. 117. I .  
(e) Hanessian. S.; Delorme. D.; Beaudoin. S.; Leblanc, Y. Chem. Scr. 1985, 
25, NS5. (0 Hua, D. H.; Chan-Yu-King, R.; McKie, J. A.; Myer. L. J. Am. 
Chem. Soc. 1W7. 109, 5026. (g) Bartlett. P. A.; McLaren. K. L. Phosphorus 
SuIJtrr 1987.33. 1 .  ( h )  Schiillkopf. U.; Schiitte. R. Liebigs Ann. Chem. 1987. 
45 and references to earlier work. (i) Togni. A.; Pastor, A. Tetrahedron I r t r .  
1989. 30. 1071. (j) Sawamura. M.; Ito. Y.; Hayashi. T. Tetrahedron Left. 
1989.30.2247. (k) Haynes. R. K.; Vonwiller. S. C.; Hambley, T. W. J. Org. 
C'herrr. 1989. 54. 5162 and references to earlier work. ( I )  Hancssian, S.; 
Bennani, Y. L.; Delorme. D. Tetrahedron Letr. 1990. 31. 6461. (m) 
Hancssian. S.; Rcnnani. Y. L. Tetrahedron Lett. 1990. 31, 6465. 

(2) (a)  Dcnmark.S. E.; Marlin. J. E . J .  Org. Chem. 1987.52. 5742. (b) 
Denmark, S. E.; Rajendra. G.; Marlin. J. E. Tetrahedron k t t .  1989.30.2469. 
(c) Denmark. S. E.; Dorow. R. L. J. Org. Chem. 1990, 55, 5926. 

(3) (a) Kirilov. 34.; Pctrov, G. Chem. Ber. 1971, 104, 3073. (b) Kirilov, 
M.; Pctrov. G. Monarsh. Chem. 1972. 103, 1651. 

(4) Rcvicws: (a)  Scyden-Penne. J. Bull. Soc. Chim. Fr. 1987. 238. (b) 
Str7alko. T.; Scydcn-Pcnne. J.; Froment, F.; Corset, J.; Simonnin, M.-P. J. 
Chent. Soc.. Perkin Trans. 2 1987.783. (c) Strzalko. T.; Seyden-Penne, J.; 
Fromcnt. F.; Corsct. J.; Simonnin, M.-P. Can. J .  ('hem. 1988, 66, 391. (d) 
Teuladc. M.-P.; Savignac. P.; About-Jaudet. E.; Collignon. U. Phosphorus 
SuIJur 1988. 40. 105. See also: (e) Corsct. J. Pure Appl. Chem. 1986, 58, 
1 1  33. (0  Patios. C.; Ricard, L.; Savignac. P. J. Chem. Soc.. Perkin Trans. 
I 1990. 1577. (g) Yuan. C.; Yao. J.; Li. S.; Mo, Y.; Zhong. X .  Phosphorus 
SuIJur 1989.46. 25. (h) Yao. C. Y. J.; Li, S. Ph0.rphoru.r Sulfur 1990.53. 
21. 

( 5 )  For a rcvicw on the structure of sulfur-stabilized anions: Boche, G. 
Angew. Chent.. Int. Ed. EngI. 1989. 28. 277. 

(6) Dcnmark. S. E.; Dorow, R. L. J. Am. Chem. Soc. 1990. 112, 864. 
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Figure 1.  Crystal structure of [Li+lb-J2.4THF a t  -75 O C ;  monomer unit 
shown for clarity (35% thermal ellipsoids). 
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Figure 2. I3C N M R  spectra (125.8 MHz) at -100 O C .  Spectrum A: l b  
(ncutral. nilturill abundance). Spectrum R: Li+lh- (anion, 50% I3C- 
cnrichcd in  onc C-methyl group). 

Table I .  Planarity Criteria for C ( 6 )  (Mean  value^)^ 

anion A R la1 + IBI. deg 1. deg 7,  deg d. A 
Li+la- H Ph 171.1 (35) 359.4 (60) 7.3 0.06 
Li+lb- C H 3  C H ,  165.4 (9) 358.5 (7) 11.6 0.1 1 

"The sum of the torsion angles (la1 + 1/31); the sum of all angles 
about C(6) (E); the angle of the C(6)-P( 1 )  vector to the C(6)-h-B 
plane (7);  the distance of C(6) to the A-P( I)-B plane (d ) .  

established, inter alia, the planarity and preferred conformation 
of thc carbanionic carbon. In this report we disclose crystallo- 
graphic and N M R  analyses of the related P-isopropyl anion LPlb- 

(7) Two other types of phosphorus-stabilized anions have been cr stallo- 
graphically defined: chelated Vg2+ and Cu2+ keto phosphonatesiSb and 
1ithiophosphinomethides.'- (a) Weiss. E.; Kopf, J.; Gardein, T.; Corbelin, 
S.; Schumann. U.; Kirilov. M.; Petrov, G. Chem. Rer. 1985, 118, 3529. (b) 
Vacicek. J.; Angelova, 0.; Petrov. G.; Kirilov. M. Acra C'rysrallogr. 1988, 
C44.626. (c) Ryrne, L. T.; Engelhardt, L. M.; Jacobsen. G. E.; Leung, W.-P.; 
Papasergio, R. I.; Raston, C. L.; Skelton, €3. W.; Twiss, P.; White. A. H. J .  
Chem. Soc., Dalton Trans. 1989, 105. (d) Karsch, H. H.; Zellner, K.; Mi- 
kulcik. P.; Lachmann, J.; Miillcr, G. Organomerallics 1990, 9, 190 and ref- 
erences cited. (e) Fraenkel, G.; Winchester. W. R.; Willard, P. G. Organo- 
metallics 1989, 8. 2308. 

( 8 )  The X-ray structure of a diethyl lithiobenzylphosphonate-DABCO 
complex has recently been reported. Zarges, W.; Marsch, M.; Harms, K.; 
Hallcr. F.; Frenking, G.; Roche. G. Chem. Ber. 1991, /24(4) .  We thank 
Professor Roche for a preprint of this manuscript. 
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