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for 60 h. After being left sitting in a hot water bath for 1 h, the 
mixture was filtered. The crystals were washed with 0.6 N NaOH, 
and the combined wash and filtrate were extracted with ether 
and then acidified with 10 mL of 6 N HC1 to precipitate the 
dicarboxylic acid, crude yield 55.7 mg. 

A 2 M solution of CHzNz in 4 mL of ether (8 "01) was added 
to a solution of the dicarboxylic acid in 250 mL of ether, and the 
mixture was kept in a refrigerator at 0 "C for 3 days. Excess 
CHzNz was destroyed by adding 10 mL of glacial acetic acid, and 
the mixture was then extracted with 5% NaOH. The ether layer 
was washed with H20, dried over Na2S04, and evaporated to 
dryness to give the crude diester VII. The crude diester was 
chromatographed on a 1 cm X 20 cm silica gel column with 
benzene. Four bands developed. The third and major band was 
eluted with 1:99 ethyl acetate-benzene mixture to give 44.5 mg 
of crude VII. Recrystallization from hexane at -20 "C gave a 
yellow-orange solid: mp 93-93.5 "C; 'H NMR 6 4.61,4.63, 4.64 
(2 H, dd, J = 1.3, 1.3 Hz, 2,5'), 4.50, 4.52, 4.53,4.55 (2 H, dd, J 
= 1.3, 2.6 Hz, 3,4), 4.39, 4.41,4.42,4.44 (2 H, dd, J = 1.3, 2.7 Hz, 
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2',5), 3.73 (6 H, s, CH& 1.97 (6 H, s, CH2). Anal. Cl7H1,O4Fe: 
C, H. 

Acknowledgment. We wish to thank Mr. Donald 
Lawler for the 13C NMR and the 360-MHz lH NMR 
spectra and Drs. J. J. Eisch and T. E. Bitterwolf for val- 
uable discussions. The NSF financed the time that U.J. 
spent a t  Brookhaven National Laboratory. This work was 
supported by the Division of Chemical Sciences, U S .  
Department of Energy, Washington, D.C., under Contract 

Registry No. I, 12302-04-4; IIa, 56800-49-8; IIb, 82522-08-5; IIc, 
82522-09-6; I1 (X = Li), 82522-13-2; IIIa, 82544-14-7; IIIb, 82544-15-8; 
IIIc, 82544-16-9; I11 (X = Li), 82544-23-8; IVa, 82522-10-9; IVb, 
82522-11-0; IVc, 82522-12-1; IV (X = Li), 82522-14-3; Va, 82544-17-0; 
Vb, 82544-18-1; Vc, 82544-19-2; V (X = Li), 82544-24-9; VI, 41558- 
92-3; VIIIa, 82544-20-5; VIIIb, 82544-21-6; VIIIc, 82544-22-7; VI11 (X 
= Li), 82544-25-0. 

NO. DE-AC02-76CH00016. 

substituent Effects in Cationic Bis(arene)chromium Compounds. 
Electronic and Electron Spin Resonance Spectra and an X-ray 
Structure of Bis( 1,3,5-triisopropylbenzene)chromium( I) Iodide 

Tomi Ting-Tung Li, Wei-jen Kung, Donald L. Ward, Beth McCulloch, and Carl H. Brubaker, Jr.' 

Department of Chemistry, Michisan State University, East Lansing, Michigan 48824 

Received March 3 1, 1982 

For a series of monosubstituted bis(arene)chromium cations, the UV ligand-metal charge-transfer (LMCT) 
bands and electron spin resonance (ESR) parameters do not depend on the nature or ring substituents. 
However, as the number of electron-donating groups on the arene ring are increwd inductive effects become 
more significant. X-ray crystallography has been applied to determine the molecular structure of bis- 
(1,3,5-triisopropylbenzene)chromium(I) iodide. The staggered conformation was found to be stabilized 
by steritfactors. Crystal data for bis-(l,3,5-triisopropylbenzene)chromium(I) iodide are as follows: space 
group P1 (triclinic), unit-cell dimensions a = 9.988 (3) A, b = 16.199 (3) A, c = 9.479 (2) A, (Y = 91.08 (2)", 
p = 106.92 (2)", and y = 96.33 (2)", and pdd = 1.340 g cmq3 for 2 = 2. The final R factor is 0.037 for 5358 
observed independent reflections. The ring angle at  the substituted carbon has an average value of 118.6", 
consistent with the electron-donating nature of isopropyl groups as predicted by Domenicano28 for un- 
complexed benzene rings. 

Introduction 
Charge-transfer spectra have been measured for Cr- 

(C&& and Cr(C6H&+ and assignments are clearly ten- 
tative.'p2 The effects on the shifts of charge-transfer 
spectra induced by substitution in the bis(arene)chromium 
cations are investigated here in order to examine the as- 
signment of the ligand to metal (el, - al,) charge-transfer 
bands. 

Substituent effects on the ESR data in cationic bis(ar- 
ene)chromium complexes have been the subject of several 
r e p ~ r t s , ~ - ~  dealing primarily with alkyl-substituted bis- 

(1) Warren, K. D. Struct. and Bonding (Berlin) 1976, 27, 45 and 
references therein. 

(2) (a) Hillier, I. H.; Canadine, R. M. Discuss Faraday SOC. 1969,38, 
27. (b) Weber, J.; Geoffroy, M.; Goursot, A,; Penigault, E. J. Am. Chem. 
SOC. 1978,100,3995. (c) Anderson, S. E., Jr.; Drago, R. S. Inorg. Chem. 
1972. 11. 1564. 
- - - - , - - I  

(3) Burdorf, H.; Elschenbroich, Ch. 2. Naturforsch., B Anorg. Chem., 

(4) Elschenbroich, Ch.; Mockel, R.; Zenneck, U.; Clack, D. W. Ber. 
Org. Chem. 1981,36B, 94. 

Bunsenges. Phys. Chem. 1979,83, 1008. 

(benzene)chromium  compound^.^,^ I t  is instructive to 
examine these results in the light of ESR data and the 
nature of the substituents in the arene ring. 

To  avoid the impurities formed in the synthesis by the 
Friedel-Crafts method, bis(l,3,5-triisopropylbenzene)- 
chromium has been prepared by using the cocondensation 
of chromium vapor with 1,3,5-triisopropylbenzene a t  -196 
"C. Oxidation of the complex in air in presence of an 
aqueous KI solution gives the iodide of bis(l,3,5-triiso- 
propylbenzene)chromium(I) which was obtained in the 
crystalline state and used for the X-ray structure study. 
The structure of bis(benzene)chromium(I) iodide,' bis- 
(toluene)chromium(I) iodide! bis(ethy1benzene)chromium 
iodide: $2-[3,3] (paracyclophane)chromium(I) triiodide,'O 

(5) Gribov, B. G.; Kozyrkin, B. I.; Krivospitskii, A. D.; Chirkin, G. K. 
Dokl. Chem. (Engl. Traml . )  1970, 193, 457. 

(6) Reviews to conventional synthetic method for the chemistry of 
bis(arene)chromium, see: Sneeden, R. P. E. 'Organochromium 
Compounds"; Academic Press: New York, 1975. 

(7) Morosin, B. Acta Crystallogr., Sect. B 1974, B30, 838. 
(8) Starovskii, C. V.; Struchkov, Yu. T. Zh. Strukt. Khim. 1961,2,161. 
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and (1,l'-tetramethylenedibenzene)chromium(I) iodide" 
have been studied. Studies of effects of the substituents 
on structures, stereochemistry and bonding of bis(ar- 
enelchromium complexes have been reported recently by 
Eyring, Zuerner, and Radonovich.12 There has been only 
one conformational study in the bis(arene)chromium 
complexes by means of dynamic NMR spectro~copy.'~ 
Here, X-ray crystallography has been applied to determine 
the molecular structure of bis( 1,3,5-triisopropylbenzene)- 
chromium iodide. 

Li et al. 

Experimental Section 
(1) Syntheses of Bis(arene)chromium(O) and Bis(ar- 

ene)chromium(I) Compounds. The bis(116-arene)chromium(0) 
complexes containing the functional groups CH3, H, COOCzH5, 
C1, i-C3H7, and OCH3 were synthesized by metal-ligand cocon- 
densation technique~.'~J~ The compounds prepared by Frie- 
del-Crafts syntheses16 contained H, CH3, and Ph. The CHO 
compound was prepared by metalation of bis(benzene)chromium.17 

A new bis(arene)chromium compound, [1,3,5-(c6H3)(i- 
C3H7)3]zCr0, was prepared by the following procedure, which is 
typical of the vapor synthesis of the chromarenes. 

A 0.7-g sample of chromium was condensed with 30 mL of 
1,3,5-triisopropylbenzene at -196 "C and S104 torr as described 
previously.'6 The mixture was allowed to warm to room tem- 
perature. The excess 1,3,5-triisopropylbenzene was removed in 
a vacuum (<lo4 torr) at 100 "C, and a cold finger was placed in 
the flask. The bis(l,3,5-triisopropylbenzene)chromium was 
sublimed at 130 OC and lo4 torr (5% yield). The orange-brown 
solid was scraped from the cold finger and stored in the argon-Wed 
glovebox: mass spectrum (70 eV), m / e  (relative intensity) 460 
(M+, 41.8), 250 (CrL, 72.5), 204 (L, 48.5), 189 (L - CH3, loo), 52 
(Cr, 19.9); 'H NMR (toluene-d8, 23 "C) 6 1.32 (d, 36 H), 3.23 (m, 
6 H, isopropyl CH protons), 4.32 (br s,6 H, ring protons); '% NMR 
(toluene-& 23 "C) d 25.09 (q, ~JCH = 123 Hz, methyl carbons), 
33.19 (d, 'JCH = 122 Hz, isopropyl CH carbons), 73.48 (d, 'JcH 
= 157 Hz, unsubstituted ring carbons), 99.08 (s, substituted ring 
carbons). 

The bis($-arene)chromium(I) cations were obtained by oxi- 
dizing these chromium(0) compounds in the air in the presence 
of water to give the hydroxide of his($-arene)chromium(I). When 
sodium tetraphenylborate or potassium iodide was added to these 
aqueous solutions, the precipitate of the yellow tetraphenylborate 
or iodide salt of bis($-arene)chromium(I) was collected, filtered, 
washed with water and then ether, and dried in a vacuum at room 
temperature. The purity of the compounds was verified by IR 
and UV-visible spectra and microanalyses. The IR bands in the 
300-500-cm-' region are chmacteristic of bis(arene)metal sandwich 
c~mpounds .~~J~ The functional groups CH3, Ph, i-C3H7, H, OCH,, 

(9) Lebedev, V. A.; Golovachev, V. P.; Kuzmin, E. A. Zh. Strukt. 
Khim. 1977, 18, 1073. 

(10) Ziegler, M., et al. Angew. Chem., Int. Ed. Engl. 1980,19,44; Acta 
Crystallogr., Sect. B 1980, B26, 2054. 

(11) Salnikova, T. N.; Andrianov, V. G.; Yureva, L. P.; Zaitseva, N. N. 
Koord. Khim. 1978, 4, 288. 

(12) Eyring, M. W.; Zuerner, E. C.; Radonovich, L. J. Inorg. Chem. 
1981,20, 3405. 
(13) Zenneck, U.; Elschenbroich, Ch.; Mockel, R. J.  Organomet. Chem. 

1981,219, 177. 
(14) For comprehensive reviews and leading references to the chem- 

istry of metal vapor synthesis, see: (a) Blackborow, J. R.; Young, D. 
"Metal Vapor Synthesis in Organometallic Chemistry"; Springer-Verlag: 
Berlin, Heidelberg, New York, 1979. (b) Graves, V.; Lagowski, J. J. Inorg. 
Chem. 1976,19,577. (c) Klabunde, K. J. "Chemistry of Free Atom and 
Particles"; Academic Press: New York, 1980. (d) Moskovita, M.; Ozin, 
G. A. "Cryochemistry"; Wiley-Interscience: New York, 1976. 

(15) Li, T. T.-T.; Brubaker, C. H., Jr. J.  Organomet. Chem. 1981,216, 
223. 

(16) (a) Brauer, G., Ed. "Handbook of Preparative Inorganic 
Chemistry"; Academic Press: New York, 1965; Vol. 2, p 1396. (b) Fischer, 
E. 0. Inorg. Synth. 1960, 6, 132. 

(17) Nesmeyanov, A. N., et al. Izu. Akad. Nauk SSSR, Ser. Khim. 
1974, 2865; 1976,922. 

(18) Efner, H. F.; Tevault, D. E.; Fox, W. B.; Mardzewski, R. R. S. J. 
Oreanomet. Chem. 1978.146. 45. 
719) Li, T. T.-T.; Weaver, M. J.; Brubaker, C. H. J.  Am. Chem. SOC. 

1982, 104, 2381. 

Table I. ESR Parametersa for Cr(q6-arene); in 
Me,SO solution 25 "C 

UVb L-M 
charge- 
transfer, 

arene A(HA~)  A(53Cr) g nm 
' 6  H6 3.42 18.1 1.9860 340 
C 6 H 5 C H 3  3.46 18.0 1.9865 341 
C6H,0CH3 3.72 17.7 1.9872 346 
'6 HSC6 H S  3.44 18.3 1.9853 346 
C6H,COOC,H, 3.30 18.3 1.9858 345 
C6H,CH0 3.25 17.3 1.9863 339 
1 ,3,5-C,H3- 3.54 18.0 1.9860 356 

C,H,CHO, 3.23 18.1 1.9856 342 

C,H,Cl 3.58 18.1 1.9867 342 
1,3,5-C6H3- 3.50 18.0 1.9866 359 

18.2 1.9867 366 

(W), 
'6 H6 

(i-CJ-4 1 3  

C6(CH3)6  

The experimental error of A ,  * 0.02 G, and g, + 0.005. 
Measured in methanol, error in +1 nm; log c 3.7-4.1 for 

the absorption coefficient. 

COOCzH5, C1, and CHO were confirmed by IR spectroscopy. 
(2) Physical Measurements. NMR spectra were obtained 

by use of a Varian T-60 or a Bruker WM 250 spectrometer. 
B€!nZene-de and toluene-d8 were used as solvents for all the bis- 
(arene)chromium(O) compounds in the measurements. Chemical 
shifts are relative to internal Me&. Variable-temperature 13C 
and 'H NMR spectra were obtained by use of the Bruker WM 
250 spectrometer with Mel& as an internal standard. ESR spectra 
were recorded on a E-4 ESR spectrophotometer with a varia- 
ble-temperature controller, and DPPH was used as an external 
standard. Infrared spectra of KBr pellet samples were obtained 
by use of a Perkin-Elmer 457 spectrophotometer at room tem- 
perature. Mass spectra were recorded by use of a Finnigan 4000 
mass spectrometer (70 eV) with an Incos data system. UV-visible 
spectra were recorded by use of a Cary Model 17 spectropho- 
tometer. Microanalyses were carried out by Schwarzkopf Lab- 
oratory, Woodside, NY. 

(3) Crystallographic Data and X-ray Structure Analysis. 
A single-crystal was prepared by the slow evaporation in a mixed 
solvent of methanol/chloroform at 25 "C. Crystal data: crystals 
of C30H48CrI are triclinic; space group Pi; a = 9.988 (3) A, b = 
16.199 (3) A, c = 9.479 (2) A, a = 91.08 (2)", p = 106.92 (2)O, y 
= 96.33 (2)", 2 = 2, M, = 587.61, pdd = 1.340 g ~ m - ~ ,  pow = 1.330 
g m-3. Lattice dimensions were determined by using a Picker 
FACS-I automatic diffractometer and Mo Ka, (A = 0.709 26 A) 
radiation. 

Intensity data were measured by using Mo K a  radiation (20" 
= 60°), yielding 8422 total unique data and, based on I > 30(I), 
5358 observed data. The data were reduced.20 Atomic scattering 
factors, including real and imaginary dispersion corrections, for 
Cr, C, and H were calculated from the coefficients in ref 21. The 
structure was solved by Patterson methods.22 The final re- 
finement by full-matrix least squaresz3 reduced R, = [Cw- 
(aF)z/CwF,2], the quantity minimized, to 0.037. In the last cycle 
no parameters shifted more than 0.210 (non-hydrogen) or 0 .37~ 
(hydrogen). Secondary extinction effects were investigated and 
found to be insignificant. 

Results and Discussion 
Characterization and Identification. A. Electronic 

Spectra. A characteristic UV absorption band at 340 nm 

~ 

(20) Wei, K. T.; Ward, D. L. Acta Crystallogr., Sect. B 1976, B32,2768. 
(21) "International Tables for X-ray Crystallography"; Kynoch Press: 

Birmingham, England, 1974; Vol. Iv: Table 2.2B, p 99; Table 2.3.1, p 149. 
(22) Patterson, A. L. 2. Kristallogr., Kristallgeom, Rristallphys., 

Kristallchem. 1935, AM, 517. 
(23) The major programs used are those of Allan Zalkin (Lawrence 

Berkeley Laboratory) and C. K. Johnson's 'ORTEP" (Report ORNL- 
3794, Oak Ridge National Laboratory, June 1965). 

(24) Prins, R.; Reinders, F. J. Chem. Phys. Lett. 1969, 2, 45. 
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310 320 333 340 350 360 370 380 390 400 

Wavelength in nm 

Figure 1. UV L-M charge-transfer bands for bis(arene)chro- 
mium(l+) in methanol. 

for bis(benzene)chromium(I) has been associated with the 
ligand to metal (el, - al,) charge transfer.'v2 The analo- 

gous bands, assigned by analogy, are listed in Table I for 
a series of substituted bis(arene)chromium cations. The 
results show that variation of monosubstituents in the ring 
has little effect on the UV ligand to metal bands. I t  is of 
interest to note, however, that those bands in bis(1,3,5- 
trimethylbenzene)chromium(l+), bis(l,3,5-triisopropyl- 
benzene)chromium(l+), and bis(hexamethy1benzene)- 
chromium(l+) are a red-shifted by 16-26 nm compared 
with the bis(benzene)chromium cation (Figure 1). These 
shifts might be due to significant inductive effects from 
the increase in the number of electron-donating groups in 
the arene ring, since the electronic and resonance effects 
differ only slightly in monosubstituted bis(arene)chromium 
cations. The evidence of the red-shifts induced by three 
or more alkyl substituents in the bis(arene)chromium(I) 
compounds can provide a satisfactory interpretation of the 
assignment of L-M (el, - a',) charge-transfer bands. 

B. ESR Spectra. (a) Measured in MezSO at 25 "C. 
The cationic bis(arene)chromium compounds show a de- 
crease in the number of hyperfine components with an 
increase in the number of substituents, due to the smaller 
number of ring protons (I = 1/2) coupled with the unpaired 
electronH (Figure 2). The results in Table I indicate that 
the ESR parameters for a series of monosubstituted bis- 
($-arene)chromium(l+) in Me2S0 are not sensitive to the 
nature of substituents. These results are consistent with 
the UV bands that show no significant substituent effects 
on L-M charge transfer in monosubstituted cationic bis- 
(arene)chromium complexes. In view of the ESR spectra 

8 

Figure 2. Isotropic ESR spectra for bis(arene)chromium(l+) in MezSO at 25 OC. 
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cpc- 
Cf+ 

Figure 3. Anisotropic ESR spectra for bis(arene)chromium(l+) in CHCl,/DMF (l:l, v/v) at -140 "C. 

one finds that a substituent attached to a complexed arene 
induced little change in the electron density distribution 
in the ring in contrast to the uncomplexed arene radical. 

In the ESR spectra, the proton hyperfine constants, 
A(Hk) increase with increasing number of alkyl substit- 
uents on the arene rings4v5 A possible rationalization for 
this observation can be made by considering that the 
electronic effect is greater when more electron-donating 
groups are transmitted to fewer ring protons in contrast 
to the effects on five ring protons in monosubstituted 
bis(arene)chromium cations. The satellites in the spectra 
of bis(arene)chromium cations arise from the %Cr isotope 
with a spin I = 3 / 2  (Figure 2). The hyperfine splittings 
are calculated from the observed satellites and are about 
18 G for all the bis(arene)chromium cations (Table I). All 
the g values are close to 1.986 which is less than g values 
( - 2.003) of uncomplexes substituted benzene radicals.25 

I t  is generally recognized from several MO calcula- 
t i o n ~ ~ $ ~ * ~ ~  that overlap of the metal(3d2n) with arene(a, at) 
results in the delocalization of the unpaired spin over the 
ring protons. This lack of sensitivity of ESR A(Hk), 
A(53Cr), and g values to the substituents in the mono- 
substituted bis(arene)chromium(I) cations leads to the 
conclusion that the spin delocalization from Cr(3d2z) to 
arene(a, a1 ) is approximately equal and is less effective 
than the dekocalization of the unpaired CaZ electron in the 
uncomplexed free arene.= The substituent merely effects 

(25) Kaiser, E. T.; Kevan, L. 'Radical Ion"; Wiley-Interscience: New 
York, 1968; pp 211, 151. 

a redistribution of magnetization among these arene pro- 
tons. 

The substituent effects on the ESR hyperfine constants 
are not large in the bis(arene)chromium(I) cations. How- 
ever, these data might be related to paramagnetic NMR 
measurements which might yield much more useful in- 
formation.26 

(b) ESR Measured in CHCl,/DMF (l:l, v/v) at -140 
'C. The anisotropic ESR spectra of all the substituted 
bis(arene)chromium cations studied in a glassy di- 
methylformamide/chloroform (1:l) solution consist of two 
lines attributed to coupling of the unpaired electron with 
the nuclear spin of the protons ( I  = 1/2) and with aniso- 
tropic g tensors (9,, and gi) (see Table 11). However, the 
observed hyperfine structure was well resolved only for the 
bis(benzene)chromium cation and increasingly less well 
resolved on passing from (benzene)(benzaldehyde)chro- 
mium to the bis(benzaldehyde)chromium to bis(l,3,5-tri- 
isopropy1benzene)chromium cations (Figure 3) and implies 
that, in the glassy solution, the increase in the number of 
substituents prevents molecular rotation from averaging 
out the anisotropy. Such hindered rotation has previously 
been suggested by the observed lack of resolution in the 
ESR spectra of alkyl-substituted bis(arene)chromium 
c ~ m p l e x e s . ~ ~ ~ ~  

(26) (a) Prim, F. A,; Reinder, F. J. J. Am. Chem. SOC. 1969,91,4929. 
(b) Rettig, M. F. In "NMR of Paramagnetic Molecules, Principles and 
Applications"; LaMar, G. N., Horrocks, W. D., Jr., Holm, R. H., Eds.; 
Academic Press: New York, 1973; p 217. 
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Table 11. Anisotropic ESR Dataa for Cr(q6-arene),' in DMF/CHCl, (l:l, v/v) Glassy Solution -140 "C 

arene A I I W A ~ )  A I ( H A ~ )  A 11 b(s3Cr) ~ l ( ~ ~ ~ r )  g /I g1 
C6H6 3.1 3.6 2.9 25.6 2.0031 1.9786 

3.0b 3.7 2.6 25.7 2.0051 1.9785 

C 6 H 5 C 6 H 5  4.7 25.1 2.0025 1.9768 
C,H,COOC,H, 2.9 3.5b 4.1 25.4 2.0046 1.9774 
C6H,CH0 2.gb 3.4 1.3 25.3 2.0030 1.9793 
1,3,5-C,H,(CH,)3 2.4 25.8 2.0018 1.9793 
C,H,CHO, C6H6 3.0 3.4 2.9 25.7 2.0034 1.9783 
C6H,Cl 3.4 3.6b 3.9 25.2 2.0033 1.9800 

C,H,OCH, 3.5 3.9b 4.8 24.6 2.0055 1.9800 
C 6 H 5 C H 3  

1,3,5-C6H,(i-C3H,) 3.4 25.3 2.0014 1 ,9801  

The experimental error of A, f 0.02 G, and g, 0.0005. A values obtained from A = 3(A 11 t 2Al) .  

? ? 

C 

Figure 4. Stereoview of the unit cell of [1,3,5-C6H3(i-C3H7)3]2CrI. 

Figure 5. Stereoview of [ 1,3,5-C6H3(i-C3H7)3]2Cr+ cation. Hydrogen atoms are omitted for clarity. 

In the bis(arene)chromium(I) compounds with small 
substituent groups such as H, CHO, C1, OCH,, and CH,, 
the values of All(Hk) and/or A,(Hk) can be observed 
since the rotation averages out the anisotropy around z 
and/or x,y axes. However, the compounds which possess 
bulky substituents such as P h  or i-C3H7 or have more 
Substituents on the ring cause the hyperfine lines to be 
broadened and no hyperfine structure can be obtained on 
z and x,y peaks. All the All(Hh) and A,(H,) are listed 
in Table 11. 

In the ESR spectra of substituted bis(arene)chromium 
cations, the A,(53Cr) can be evaluated from the observed 
S3Cr line around the x,y peak. No axial 53Cr hyperfine 
structure can be found because it is hidden under the z 
peak?* but AII(53Cr) still can be estimated from the for- 

malism A = '/3(Ali + 2A,) and are listed in Table 11. 
In summary, the lack of any significant dependence of 

ESR parameters on the ring substituent is not surprising 
in view of the small effects of ring substituents on lig- 
and-metal charge-transfer bands. 

X-ray Structural Study of Bis( 1,3,5-triisopropyl- 
benzene)chromium(I) Iodide. In the crystal there are 
two independent cations (CrC3,,Hd8+) and two symmetry 
related anions (I-) in the unit cell. The stereoscopic view 
of two unit cells of Cr[1,3,5-C6H3(i-C3H7)312f I- along c is 
shown in Figure 4. Two chromium atoms are situated in 
special positions, (O,O,O) and (1/2,1/2,1/2), and the iodines 
are situated in a general position. The four Cr-I distance 
are 6.178, 6.266,6.357, and 6.592 A. Each cation consists 
of a chromium(1) atom situated at an inversion center. For 
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Table 111. Anisotropic Thermal Parametersa and Standard Deviations in Bis( 1,3,5-triisopropylbenzene)chromium Iodide 

a t o m  B(11) B (22) B(33) B (12) B(13) B (23) 
Cl 2.6 (1) 2.04 (9) 2.4 (1) 0.31 (7) 0.69 (8) 0.14 (7) 
C, 1.9 (1) 2.6 (1) 2.7 (1) -0.05 (8) 0.74 (8) 0.09 (8) 
c, 2.1 (1) 2.6 (1) 2.5 (1) 0.32 (8) 0.60 (8) 0.12 (8) 
c4 2.3 (1) 2.6 (1) 2.2 (1) 0.52 (8) 0.68 (8) 0.19 (8) 

'6 2.3 (1) 2.4 (1) 2.6 (1) 0.67 (8) 0.65 (8) 0.14 (8) 
c, 3.9 (1) 2.5 (1) 2.9 (1) 0.45 (9) 1.2 (1) 0.81 (9) 

c ,  2.3 (1) 2.5 (1) 2.3 (1) 0.47 (8) 0.87 (8) -0.01 (8) 

c, 7.7 (3) 2.4 (1) 5.4 (2) -0.1 (1) 0.2 (2) 0.9 (1) 
c9 5.4 (2) 4.2 (2) 4.4 (2) 0.4 (1) -0.5 (2) 1.9 (1) 
Cl, 2.0 (1) 3.4 (1) 3.6 (1) 0.42 (9) 0.38 (9) 0.7 (1) 
Cll 3.2 (1) 5.9 (2) 3.9 (2) -0.0 (1) -0.1 (1) -0.7 (1) 
c 12 2.2 (1) 6.2 (2) 5.0 (2) 1.2 (1) 0.8 (1) -0.3 (2) 
'13 2.3 (1) 4.2 (1) 2.7 (1) 0.86 (9) 1.07 (9) 0.5 (1) 
Cl4 4.0 (2) 4.6 (2) 4.4 (2) 0.4 (1) 2.6 (1) 0.8 (1) 

'16 2.7 (1) 2.7 (1) 2.4 (1) 0.18 (8) 0.64 (9) 0.26 (8) 
c,, 2.9 (1) 2.4 (1) 2.7 (1) 0.35 (9) 0.80 (9) 0.63 (8) 
c,, 2.5 (1) 2.6 (1) 2.8 (1) -0.05 (8) 0.79 (9) 0.28 (8) 

CZ" 3.0 (1) 3.0 (1) 2.7 (1) 0.60 (9) 0.88 (9) 0.15 (9) 

c,, 3.0 (1) 3.1 (1) 2.8 (1) -0.00 (9) 0.09 (9) 0.30 (9) 

Cl, 6.3 (2) 5.0 (2) 5.8 (2) 1.2 (2) 4.2 (2) -0.3 (2) 

I9  2.2 (1) 3.2 (1) 3.0 (1) 0.12 (9) 0.61 (9) 0.22 (9) 

c , ,  3.2 (1) 2.5 (1) 2.4 (1) 0.28 (9) 0.80 (9) -0.01 (8) 

'23 3.7 (2) 5.6 (2) 4.9 (2) 1.4 (2) -0.8 (1) -0.3 (2) 
C,4 4.5 (2) 5.9 (2) 2.9 (1) -0.0 (2) 0.3 (1) -0.0 (1) 

C,, 5.7 (2) 5.4 (2) 4.8 (2) -2.2 (2) 1.3 (2) 1.2 (2) 
C,, 3.7 (1) 3.9 (1) 3.5 (1) 1.7 (1) 0.3 (1) -0.2 (1) 

c30 4.8 (2) 5.9 (2) 8.1 (3) 2.4 (2) 2.7 (2) 0.2 (2) 

c2j 3.0 (1) 2.8 (1) 4.0 (1) -0.3 (1) 0.6 (1) 0.3 (1) 
'26 4.3 (2) 3.5 (1) 4.1 (2) -0.6 (1) 0.8 (1) -0.3 (1) 

'29 6.0 (2) 3.6 (1) 4.9 (2) 2.2 (1) 1.5 (2) 0.4 (1) 

I 6.63 (2) 5.20 (1) 5.87 (2) 0.12 (2) 1.14 (1) 1.03 (1) 
Cr 1 1.73 (2) 1.95 (2) 1.98 (2) 0.28 (2) 0.62 (2) 0.17 (2) 
Cr, 2.26 (2) 2.01 (2) 2.27 (2) 0.26 (2) 0.53 (2) 0.27 (2) 

a Calculated standard deviations are indicated in parentheses. The temperature factor has the form T = 
-z(H(Z)H(J)B(IJ)ASTAR(I)ASTAR(J))/4, where H i s  the miller index, ASTAR is the reciprocal cell length, and I and J are 
cycled 1 through 3. 

Figure 6. ORTEP drawing of bis(l,3,5-triisopropylbenzene)chro- 
mium(l+) cation. 

example, cation 1 contains Crl, C1 to C15, and C1( to Cis, 
and cation 2 contains Cr2, c16 to C30, and C16'to Cw. The 
normal vectors of the two sets of arene rings form an angle 
of -70". The detailed conformations of the two cations 
are very similar. The stereoview and the ORTEP drawing 
of cation 1 are shown in Figures 5 and 6, respectively. 
Hydrogen atoms have been omitted for clarity. The an- 
isotropic thermal parameters are listed in Table 111. 

Ring carbons are planar with the maximum deviation 
from the ring plane being 0.008 (cation 1) and 0.01 .A 
(cation 2) (Table VI), and the two ring planes within the 
cation are parallel. The average C-C bond distance in the 
ring is 1.416 (cation 1) and 1.413 A (cation 2). The average 
Cr-C bond distance (1.655 (cation 1) and 1.664 A (cation 
2)) is close to the corresponding values of other known 
bis(arene)chromium(O) and bis(arene)chromium(I) com- 

Table IV. Bond Distance (A)" of 
Bis(l,3,5-triisopropylbenzene)chromium( 1 t ) 

in Cation 1 and Cation 2 
cation 1 cation 2 

C,-Cr, 2.185 (0)  C,,-Cr, 2.199 (1) 
C,-Cr, 2.167 (1) C,,-Cr2 2.188 (0) 
C,-Cr, 2.191 (1) Cl,-Crz 2.204 (1) 
C,-Cr, 2.165 (1) Cl9-Cr, 2.147 (1) 
C,-Cr, 2.184 (0)  C,,-Cr, 2.183 (1) 
C6-Cr, 2.170 (0) C,,-Cr, 2.169 (0)  
G - C ,  1.416 (4) C,,-C,, 1.412 (4) 

1.410 (3) C,,-C,, 1.412 (4) 
C,-C, 1.523 (2) C,,-C,, 1.526 (3) 
C3-G 1.414 (2) C,,-C,, 1.414 (3) 
c4-c, 1.419 (3) C,,-C,, 1.414 (4) 

C,-C, 1.416 (4) C,,-C,, 1.409 (4) 
C6-G 1.417 (2) C2,-C,, 1.413 (4) 
C,,-C, 1.511 (3) C,,-C,, 1.512 (4) 
Ca-C, 1.512 (4) C,,-C,, 1.518 (5) 
C9-G 1.515 (4) C,,-C,, 1.532 (5) 
C,,-C,, 1.524 (4) C,,-C,, 1.514 (2) 
C,,-C,, 1.512 (2) C,,-C,, 1.531 (3) 
C,,-C,, 1.516 (4) C,,-C,, 1.513 (5) 
C,,-C,, 1.520 (3) C,,-C,, 1.528 (5) 

C,,-C3 1.522 (3) C,,-C,, 1.518 (4) 

Estimated standard deviations are in parentheses in the 
units of least significant digits. 

plexes.'-12 The bond distance and bond angles for both 
cation 1 and cation 2 are listed in Tables IV and V, re- 
spectively. Inspection of Table VI reveals that the orien- 
tation of the isopropyl groups in cation 1 is somewhat 
different at carbon 3 than at carbons 1 and 5. The de- 
viation from the ring plane for the attached isopropyl 
group at carbon 3 is larger [Clo (0.17 A), Cll (1.66 A), Clz 
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[1,3,5-C,H3(i-C,H,)31,Cr' 
Table V. Bond Angle (Des)" of 

cation 1 cation 2 

c2c1c6  118.8 (2) C1,Cl6C,, 118.2 (2) 
c2c1c7 119.3 (2) C,,C,,C,, 122.5 (2) 
c6c1c7 121.6 (3) C,,C,,C,, 119.3 (2) 
c1c2c3 121.3 (2) C,,C,,C,, 121.7 (2) 
c 2 c 3 c 4  118.2 (2) C17C,,Cl, 117.9 (2) 
C,C,C,, 122.2 (2) CI,Cl,C,, 119.7 (2) 
C,C,C,, 119.3 (1) C,,C,,C,, 122.0 (2) 
c3c4c5 122.0 (2) C,,C,,C,, 122.4 (2) 
c4c5c6 118.0 (2) C,,C,,C,, 117.6 (3) 

C,C5Cl, 119.6 (2) C,,C,,C,, 122.4 (2) 
c1c6c5 121.7 (2) C,,C,,C,, 122.1 (2) 
c1c7c8 108.0 (1) C,,CZ2C,, 114.2 (2) 
C,C,C, 115.0 (2) C,,C,,C,, 108.8 (2) 
c8c7c9 110.4 (4) C,3C,,C,, 109.9 (2) 
C3C,,C,, 107.9 (2) C,,C,,C,, 115.7 (2) 
C3Cl,Cl, 114.8 (1) C,,C,,C,, 107.4 (2) 
C,,C,,C,, 110.5 (1) C,6C,5C,, 110.3 (3) 
C5C13C14 115.2 (2) C,,C,,C,, 114.3 (3) 
C5C,,CI5 107.8 (2) C,,C,,C,, 108.8 (2) 

Estimated standard deviations are in parentheses in the  

C4C5CI3 122.1 (1) c,,c,,c,, 119.9 (3) 

CI4C,,Cl5 110.9 (0 )  C,,C,,C,, 110.2 (3) 

units of least significant digits. 

Table VI. Distancea (A) to the Ring 
Plane from the Atoms 

cation 1 cation 2 
a t o m  dist t o  the  plane a tom dist to  the  plane 

Cl 0.003 69 CI, -0.003 52 
C, -0.007 46 Cl, -0.003 02 

c4 -0.001 35 C,, -0.014 15 
c3 0.006 22 C18 0.01 1 80 

'6 0.001 23 c,, 0.001 55 
c, -0.002 32 c,, 0.007 33 

Cr 1 -1.653 96 a 2  -1.662 90 
c, 0.143 78 c,, 0.067 28 
c, 1.61376 '24 1.497 64 

c,, 0.173 36 '25 0.217 49 
CII 1.662 29 C,, 1.707 50 

'13 0.129 09 '28 0.1 32 70 

c 15 1.603 07 30 1.611 14 
a Distance (A);  sign "-" means atoms under the plane; 

sign "+"  means atoms above the  plane. 

(-0.60 A)] compared with values at  carbon 1 [C, (0.14 A), 
C8 (1.61 A), C9 (-0.47 A)] and carbon 5 [C13 (0.13 A), CI5 
(1.60 A), CI4 (-0.47 A)]. The inter lanar distance between 

sponding value in bis(benzene)chromium iodide (3.18 A).7 

c, -0.465 59 '23 -0.368 84 

Cl, -0.600 26 '26 -0.616 58 

'14 -0.467 83 '29 -0.486 21 

the two rings in cation 1 is 3.31 R larger than the corre- 
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There must be considerable steric hindrance between the 
isopropyl groups, taking the bond between the ring carbon 
and the attached isopropyl carbon -6' out of the ring 
plane. There is a similar conformation for cation 2 (Table 
VI). Because of the steric interaction of six isopropyl 
groups between two rings, the orientation of cationic bis- 
(1,3,5-triisopropylbenzene)chromium with respect to the 
isopropyl groups favors the staggered conformer, which is 
formed. The stabilization of the staggered conformer is 
dominated by steric factors due to the three bulky iso- 
propyl substituents in the ring.27 

I t  is of interest to note the effect of the isopropyl groups 
on the internal ring angles. Domenicano and co-work- 
ersapm have determined the effects of various substituents 
on the internal ring angle of uncomplexed benzene rings. 
They gave a general rule in which the ring angles a t  the 
substituted carbon appears to be larger than 120' for 
electron-withdrawing groups and less than 120° for elec- 
tron-donating groups. The X-ray determination reveals 
that the ring angle a t  the substituted carbon has the av- 
erage value of 118.6', consistent with values observed in 
uncomplexed aromatics and consistent with the electron- 
donating nature of isopropyl groups. Similar results have 
been found with electron-withdrawing substituents in 
bis(arene)chromium(O) compounds.12 
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