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Summary

Some thirty substituted #-(tricarbonylchromium)benzenes, including some
crowded alkylsubstituted complexes, e.g. (1',1'-diethylpropyl)-, (1'-t-butyl-2’,2"-
dimethylpropyl)-, 1,2-di-t-butyl- and 1,2.4-tri-t-butyl-m-(tricarbonylchromium)-
benzenes. have been prepared. 'H NMR spectra have been recorded from acetone
solutions of the complexes. Using the chemical shift increments of the aromatic
protons on complex formation of C,H;CH-t-Bu, as a reference for the eclipsed
conformation with the substituent staggered with respect to the carbonyl ligands,
the contribution of this conformer to the conformational equilibrium of the other
monoalkylsubstituted complexes has been estimated. 'H NMR spectroscopy turns
out to be a useful probe in conformation analysis of #-(tricarbonylchromium)-
arenes.

Introduction

The orientation of the Cr(CO); group with respect to the arene ring in
7-{tricarbonylchromium)benzene and its derivatives has been studied by X-ray
and NMR techniques. The first technique showed a staggered conformation 1
for the benzene and the hexamethylbenzene complex, but eclipsed * coriforma-
tions II or III for the monosubstituted derivatives [1]}. The preference for Il or
III in the latter compounds seems to be governed by the effect of R on the charge
distribution in the benzene ring {preference for II for R = OMe or alkyl, pre-
ference for IIlI for R = COOMe). Furthermore, the molecular structure of some
disubstituted w-(tricarbonylchromium)benzenes [3] is consistent with this view.

* Cf., however, the staggered conformation found in m-(tricarbonylchromium)acetophenone {21,
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‘As to the conformation of these compounds in solution, the preference seems
far from pronounced. Variable temperature 'H [4.5] and '*C [6,7] NMR spectra
of monosubstituted 7-(tricarbonylchromium)benzenes have been analysed in
terms of a rapid equilibrium between the conformers II and III. For R = Me, Et,
i-Pr or O)le enthalpy differences in favour of 1I (estimated to be less than 1 kcal
mol ! ) are opposed by entropy differences in favour of 1II [4]. Here both con-.
formers are present in solution in substantial amounts at room temperature.

With increasing bulkiness of R conformation II is expected to become destabilised
: bv steric interaction between R and the eclipsing carbonyl ligand. Accordingly,
for R =t-Bu '"H NMR spectra [4] indicate that the system prefers conformation
III. The effect of steric interactions was further demonstrated by the conforma-
tion of 4-t-butyl-7-(tricarbonyvichromium)benzoic acid in the solid phase [8].

In order to gain more insight into the directing effects of alkyl groups on the
conformation of the w-tricarbonylchromium group with respect.to the phenyl
ring in alkyl-w-(iricarbonylchromium)benzenes we have measured 'H NMR spec-
tra of a series of complexes with R varying in size from Me to CH-t-Bu. . In
addition some di- and tri-alkylsubstituted benzene complexes have been included.
Moreover, attention was paid to the effects on conformational preference of some
other relatively large sized groups, i.e. the trimethylsiiyl and the trifluoromethyl
group, which differ substantially from the alkyl groups as to their electronic
effect.’ :

Experimental

Substituted benzenes were preparations of this laboratory or commercial
products; purity was checked by GLC. Commercial hexacarbonylchromium
(Strem Chemicals Inc.) was purified by sublimation in vacuo. Solvents were
Baker analysed reagents: before use they were freed from oxygen by repeated
degassing and saturation with nitrogen. All preparations were carried out under
nitrogen.
~ Preparation of the mw-tricarbonylchromium complexes. The comple\es were
prepared by thermal reaction of equimolar quantities of the benzene derivative
and hexacarbonylchromium in boiling dibuty! ether at atmosphenc pressure,
using the apparatus described by Strohmeier [9]. The reaction was run until no
more hexacarbonylchromium appeared in the cold regions of the system. The
‘time required amounted to 6—15 h. After cooling, the solvent was removed by
distillation in vacuo. The residu was extracted with hot petroleum ether (b.p.
60—80°C). The w-tricarbonylchromium complexes were crystallized from this
solution. Recrystallization from light petroleum ether usually afforded analytical-
ly pure complexes. Analytical data and melting points are given in Table 1.

‘Spectral measurements. 'H NMR spectra were obtained on Varian T-60, XL-
100-15 and HR-300 spectrometers. Tetramethylsilane was used as internal ‘



TABLE 1

ANALYTICAL RESULTS OF THE SUBSTITUTED a-(TRICARBONYLCHROMIUM)BENZEN

Substituent(s) Melting point Reference Analyses found (calcd.) (%)
: co melting point(s) - - -
oy c H
Me 81.0—82.5 80—81 &€
Et ) 18—39 - 1839 € . )
neoPent- 122—-123 . 39.3 (39.15) 5.8 (5.67)
i-Pr 62—63 63—64°¢ :
‘ : 61—s2 ¢
t-Bu 7980 83.5—84.5%
; : 79.5—-80.5 €
‘CEt3 103.5—104.0 - : 61.6 (61.52) 6.7 (6.13)
CH-t-Bu= 139—140 ) 63.6 (63.51) 7.4 (7.11)
OMe 82.5—83.5 ‘83—B3 =° s
SiMe T2.0—72.5 50.6 (50.33). 5.1 (4.93)
none 160—162 . 161.5—163.0°
. T 160—162°
COOMe 97.5-98.5 97.5-985 "
‘ o 98—ag "
CF3 46.5—47.5 ' LT a2.8(42.5T) 2.2 (1.79)
1.2-Me 390.0-90.5 98.5—-59.0% : .
1.2-E13 26—27 . 57.6 (57.77) 5.4 ¢5.18)
1.2- ncoPcn'.; 64.5—65.0 . 64.3 (64.39) 7.4 (7.39)
1.2-i-Pra 121.0—-122.5 - | 60.2 (60.39) 6.2 (6.08)
1.2-t-Busz © 119—121 62.7 (62.56) 6.9 (6.80)
1.2-(SiMe3)y 82—-82 . 50.4 (50.26) 6.4 (6.19)
1.3-Mey - 105—106. 1051086 ¥ ‘
1.3-t-Bu- 136.5—139.0 136—138 €. .
1.3«(SiMe3)s . 1034.5—106.0 : ©50.3 (50.28) 6.5 (6.19) -
1.4-t-Bux . 140.5—142.0 139—141 € :
- 130—131 ¢
1.4-(SiMe ) s C 12501255 123—123 ¢
1.3,5-Me3 172173 172174 @ - i
1.3.5-Et3 96 60.5 (60.39) 6.3 (6.08)
1.3,5-ne0-Penty 192 (dec.} 67.7 (67.89) 9.0 (8.55)
1.3.5i-Prj - 106.5—107.5 63.7 (63.51) 7.2 (7.10)
'1.3.5-1-Buj 176—177 175157 ¢ : i
1.3-1-Bua-5-Me 127—128 63.1 (63.51) 7.1 (7.10)
1,2,4-t-Bug 119120 66.1 (65.94) 8.2 (7.91) =

G Ref. 10. © Ref. 4. € Ref. 11, 9 Ref. 12. € Ref, 13,

reference. The data reported are for approximately 0.5 M solutions in acetone-

~ dy. All peak areas showed the correct relative intensities. The actual chemical shifts -
of the aromatic protons can be obtained by adding AS to the chemical shifts of
benzene or w-(tricarbonylchromium)benzene protons. The A§-values are con-

~sidered to be better than £0.02 ppm. Computations for spectrum simulation

were performed on an IBM 370/158 computer, usmg the computer program
LA\IE [14].

Results '
Operating at 100 MHz, 'H NMR spectra of the substituted r—(tﬁcérbonyL

chromiumjbenzenes are easxly mterpretable. In monoalkylsubst:tuted benzenes -
feontinued on . 346)
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TABLE 3

PROTON NMR DATA @ OF DI- AND TRI-SUBSTITUTED BENZENES AND THEIR 7-Cr(CO)3 COM-
PLEXES :

Substituents Type b a5 5(CH3) 5(CHa) - 8§(CH)
H» Hj3 Ha Hg Hg
1.2-Me2 L —0.29 —0.29 —0.29 —0.29 2.19
1,2-Meo [od —0.05 —0.17 —0.17 —0.05 2.19
1.2-Et2 L —0.24 —0.24 —0.24 —0.24 1.17 2.64
1.2-Et» (o] —0.07 —0.07 —0.07 —0.07 1.23 2.41 €,
264°
1.2-neoPenty L —0.22 —0.22 —0.22 —0.22 0.87 2.69
1.2-neoPent> C +0.09 —0.07 —0.07 +0.09 1.10 2234,
2.37d

1,2-i-Pry L —0.13 —0.27 —0.27 —0.13 1.21 3.29
1.2-i-Pra c —0.06 —0.06 —0.06 —0.06 1.25. 3.09

1.27
1.2-t-Buy L +0.22 —0.25 —0.25 +0.22 1.52
1.2-t-Bu> C +0.18 —0.06 —0.06 +0.18 1.57
1.2-(SiMe3)2 L +0.30 —0.06 —0.06 +0.30 0.37
1.2-(SiMea)> C +0.03 —G.03 -—0.03 +0.03 0.41
1.3-Mea L —0.40 —0.42 —0.26 —0.42 225
1,3-Mea c —0.31 —0.36 +0.08 —0.36 2.21
1.3-t-Buas L +0.02 —0.26 —0.24 —0.26 1.31
1.3-t-Buax C +0.36 +0.2 —0.26 +0.25 1.33
1.3-(SiMey)> L +0.39 +0.19 -—0.02 +0.19 0.29
1.3«SiMeq)n C +0.12 +0.21 —0.30 +0.21 0.30
1.4-Mez € i —0.30 —0.30 —0.30 —0.30
1.4-Mes © C —0.07 —0.07 —0.07 —0.07
1.4-t-Bus L —0.03 —-0.03 —0.03 —0.03 1.29
1.4-t-Buj (o +0.05 +0.05 +0.05 +0.05 1.32
1.3-(SiMe;)> L +0.18 +0.18 +0.18 +0.18 0.24
1.4-(SiMe3)2 C —0.07 —0.07 —0.07 —0.07 0.32
1.3.5-Me3 1 —0.57 —0.57 —0.57 2.22
1.3.5-Mej C —0.41 —0.41 —0.41 2.22
1.3.5-Et3 j A —0.45 —0.45 —0.45 1.18 2.58
1.3.5-Ftq (o] —0.29 —0.29 —0.29 1.23 2.50
1.3,5-neoPenty L —0.55 —0.55 —0.55 0.92 237
1.3.5-necPenty C —0.41 —0.41 —0.41 1.01 2.31
1.3.5-i-Pr3 L —0.38 —0.38 —0.38 1.23 2.88
1.3.5-i-Pr3 C —0.11 —0.11 —0.11 1.25 2.67
1.3.5-t-Bujy L —0.05 —0.05 —0.05 1.33
1.3.5-t-Bugy C +0.47 +0.47 +0.47 1.30
1.3-t-Bua-5-Me L —0.08 —0.31 —0.31 1.28,

2.30
1.3-t-Bus-5-Me C +0.16 +0.16 +0.16  1.34.

.21

1.2.4-t-Buy L +0.33 —0.22 +0.20 1.30,

1.53,

1.55
1.2.4-t-Bugy (o] +0.44 +0.24 +0.05 1.30.

1.60

9 Solvent, scetone-dg: A6 is the chemical shift increment (in ppm) on substitution relative to CgHg (6 7-35
ppm) for the free ligands and relative to C4HgCr(C0)3 (6 5.53 ppm) for the complexes; 6-values are given

in ppm relative to tetramethylsilane as internat standard. ® Free ligand (L) or 7-Cr(CO)3 complex (C). € ABX 3"
system.J g =149 Hz,J4 x =Jgx = 7.4 Hz. @ AB-system. J4p = 7.0 Hz. € From ref. 24.
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the chemical shifis of the aromatic protons differ only slightly. Accordingly,
the interpretation of the aromatic proton region of the spectra of these compounds
usually reqmrﬁs high-field magnetic resonznce techniques. The assignments of
“the aromatic protons in neopentylbenzene, (1’,1'-diethylpropyl)benzene and
(1'-t-butyl-2',2'-dimethylpropyl)benzene, which were not avallable in the htera-
ture, were obtained from 300 MHz 'H NMR spectra.
A problem arises in the assignment of the aromatic protons of the 1,2-di-
alky Isubstituted benzenes and the correspondmg w-tricarbonylchromium com-
plexes. Since in all cases a completely symmetric signal was obtained it is not -
possible to assign e.g. the upfield part of it to either H; 4 or Hsy 5. For the 1.2-di-
methylbenzene complex the assignment was settled by the spectrum of 4-deutero-
1.2-dimethyl-#-(tricarbonylchromium)benzene. Where necessary, the signals have
been tentatively assigned on the basis of additivity of the increments obtained
for the monosubstituted benzenes, although thisis debatable [15] . Furthermore,
a conservation of this order is assumed on.complex formation.
All assignments have been checked and, if necessary, corrected by matching
simulated and e*cper'mental spectra. The data obtained are summarized in Tables
‘2 and 3.

Discussion

In substituted benzenes proton chemical shifts are known to reflect the #-
electron charge densities on the carbon atoms to which the protons are attached
[18]. In addition other influences, such as ring current effects and long range
effects associated with the substituent, act upon the proton chemical shifts. Ortho

_protons are influenced rather strongly by inductive substituent effects. Influences
on meta and para protons are generally smaller, but less perceptible to other
effects [17]. For the Cr(CO); complexes w-electron densities are not available.
Since in monoalkylsubstituted ’r«(trxcarbonylchrommm)benzenes the electronic
and mesomeric effects differ only slightly, it is possible to relate the shift
(6(H,)) of a certain proton on complex formation, defined as A8 ompiex(Hx) —
Ad, ene(H, ), to conformational effects. In Fig. 1 the #-values for ortho, meta and =
para protons are given as a function of the bulkiness of the alkyl group used.
Although a theoretical basis is missing, it is generally accepted that in the pre-
ferred conformation the protons eclipsed with carbonyl groups are relatively -
-deshielded, i.e. § is positive [4,18]. Since threefold symmetry is clearly involved,
the anisotropy of the carbon monoxide bond might be responsible for the ob-
served deshielding. From Fig. 1 we conclude that with increasing bulkiness of R
the contribution of conformer III increases at the cost of the electronically
favoured conformer II. This is in accordance with the findings of Jackson et al.
[4]. However, it should be emphasized here that for R = CH-t-Bu., the value of
B(meta) — @(para) is dzstmctly larger than the value * selected by Jackson et al.
[41.
- . Ahigh barner to rotation (apprommatelv 22 keal mol-! at room temperature)
has been reported for the rotation about the C(sp®)—C(sp>) bond in (1'-t-butyl-

- = These auzhors propose & (meta) — 8(pagra) = : 0.45 PPm. to represent complete preference for conforma-
lwn 1.
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Fig. 1. #-Values for ortho. meta and para protons of the monoalkylsubstituted benzenes.

2’,2’-dimethylpropyl)benzene [19]}. This is expressed in a significant non-equi-
valence of the ortho protons and to a lesser extent of the meta protons. '
‘The preferred conformation of the CH-t-Bu; group with respect to the arene
ring is given in Fig. 2. Moreover, it is not surprising to find the two t-Bu groups
to be non-equivalent in the corresponding Cr{C0O); complex; the chemical
- shift of the exo t-Bu group corresponds to the value found in neopentyl-7-
{tricarbonylchromium)benzene, whereas the endo t-Bu group shows an abnormal
low-field resonance. The observed paramagnetic shift may be cooperatively caused
by van der Waals repulsion and magnetic anisotropy of the Cr(CO), group. For
this compound it is evident from molecular models, that in conformation II one
of the t-Bu groups would interact unacceptably with the Cr(CQ); moiety. The
contribution of conformation II to the conformational equilibrium is therefore.
neglected for this compound. Unfavourable interactions are visually minimized
in an approximately eclipsed conformation (III). It is supported by IR [20}. that
only minor distortion of valence angles are imposed by this geometry. '
Starting from a complete conformational preference (III) for R = CH-t-Bu,
(i.e. @ax =—1.21 ppm), it is possible to estimate the conformer population of

-----

Fig. 2. Newman projection along the C(sp2)—C(sp3) bond in (1'~t~butyl.2‘.2'-dimethylpmpz_:l)benzéne.k
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.. TABLE 4
. @-VALUES AND POPULATIONS OF CONFORMATION II (P;) IN.C¢HsRCz(CO)3 AT 33 = 5°C

"R : 62 (upm) P2

Me +0.20 67
Et +0.06 55
neoPent +0.14 62
i-Pr —0.10 42
t-Bu —0.29 26
CEt3 —0.43 15
CH-t-Bux -—0.60°%

8 © = O(meta) — E(pora). ¥ Py;= 100 X (0.5 — @/Bpn4). with Opypx = —1.21 ppm:

the other monoalkylsubstituted complexes, using the approach of Jackson et al.
[4]. The results are given in Table 4.

The populations obtained are qualitatively in agreement with values reported
previously [4]. The neopentyl group is found to act like a methyl group, probably
due to its positive inductive effect. It should be noted that Roques et al. [5.6].
in their treatment of 'H and '3C NMR chemical shifts of alkylbenzenes and cor-
responding Cr(CO); complexes, take no account of the incomplete conformational
preference reported for t-butyl-w-(tricarbonylchromium)benzene (AG? ~0.5 keal
mol™' [4]). The present figures reveal a free energy difference of 0.6 and 1.0 kcal
mol~! in favour of conformation IiI for R = t-Bu and CEt; respectively.

Although mesomeric and electronic effects of the other substituents investigated
differ considerably, the signs of 8(meta) — {para) point to conformational pre-
ferences which are consistent with results from X-ray and previous 'H NMR
investigations. On the present basis further conclusions are without foundation.

A high conformational preference is obtained for trimethylsilyl-w-(tricarbonyl-
chromium)benzene (conformation III ~80%) relatively to t-butyl-7-(tricarbonyl-
chromium)benzene. This is explained by assuming that the steric interaction be-
tween R = SiMe; and the Cr(CO), group (though smaller than for R = t-Bu)
is hardly opposed by an electronic effect favouring conformation II.

The trifluoromethyl group is known to exert a strong electron-withdrawing
effect, whereas its mesomeric effect is considered to be small. In trifluoromethyl-
w-(tricarbonylchromium)benzene, this electronic effect in combination with the
bulkiness of the CF; group, is expected to lead to a strong preference for conforma-
tion III. This is, however, not reflected in the value of 0(meta) — 0(para). Addi-
tional work seems required to settle this.

Comparison of the A§-values of the 1,2- and 1,4-dialkylbenzenes with those of
the corresponding Cr(CO); complexes, does not permit firm conclusions on con-
former populations. On close examination cf molecular models, taking into
account the small free energy differences for the monoalkylsubstituted complexes,
this is not surprising.

In 1,2-diethyl- and 1,2-dineopentyl-n-(tricarbonylchromium)benzene, the
methylene protons are diastereotopic, due to molecular asymmetry. The same holds
for the methyl groups in 1,2-diisopropyl-#-(tricarbonylchromium)benzene. For
‘related systems this was shown previously [21]. An excellent example of an
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Fig. 3. Experimental (1op) and calculated (bottom) i H NMR spectrum of the methyiene protons in i.2-di-
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Fig. 4. Preferred conformations in some substituted m-(tricarbonyIlchromijum)benzenes. (The figures given
represent &-values of the protons concerned.)

0.6}
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0.2+
a o a
0.0 . -
{ Et r iPr i
Me neoPent tBu

Fig. 5. 8-Values for Ha 4, of the symmetrically trisubstituted benzenes.



1350

ABX;-system is given in Fig. 3, in which observed and calculated spectra of 1,2-

_ diethyl-7-(tricarbonylchromium)benzene are showri.

The Ab-values obtained for 1,3-dialkylsubstituted w-(tricarbonylchromium)-

- henzenes generally show preference for a single conformation. As suggested pre-

viously {4], 1,3-dimethyl- and 1,3-di-t-butyl-7-(tricarbonylchromium)benzene

prefer the eclipsed conformations IV and V respectively, as clearly shown by the

0-values obtained here (Fig. 4). The preference found for 1,3-di-trimethylsilyl-

- w-(tricarbonylchromium)benzene (VI) is in accordance with the results obtained
for the corresponding monosubstituted complex.

Further support for the dominance of steric effects on the conformer equilib-
rium is given by the chemical shift comparison of the symmetric trialkylsubsti-
tuted benzenes and the corresponding #-Cr(CO); complexes. As shown in Fig.

5, B-branching of the alkyl group had almost no effect, whereas ¢ was found to
increase progressively upon a-branching. The data obtained for the 1,3-di-t-butyl-
5-methyl substituted benzene complex fit in with those of the symmetric tri-
alkylsubstituted w-(tricarbonylchromium)benzenes. At first sight, 1,2,4-tri-

- t-butyl-m-(tricarbonylchromium)benzene would be expected to prefer the
staggered conformation VII (Fig. 4). The observed 0(H;) however, indicates
a substantial contribution of the eclipsed conformation VIII (Fig. 4).

Furthermore, it shouid be noted that irrespective of conformational preference
in the complexes, the protons on a-carbon atoms of the alkyl groups are relative-
ly shielded compared to the corresponding protons in free arenes. On the other
hand a deshielding of protons on - and y-atoms occur. Probably, this should be
related to polarisation of the C(sp*)—C(sp?) bond, which increases on complex
formation [22,24].

Conclusions

In a wm-(tricarbonylchromium)benzene complex, an alkyl group, by its elec-
tronic effect, tends to orientate the Cr(CO); group into conformation II. Ad-
verse steric interaction of a bulky allxyl group with a superimposed carbonyl
uganu favours conformation IIl. The bulkiness of the alkyl BIoup determines
the conformational equilibrium constant. 'H NMR is shown to be useful as a probe
for conformation analysis.

- Care should be taken not-to overemphasize steric effects; the preparation of
Cr(CO); complexes from benzene derivates carrying a very bulky group or some

t-Bu groups is easily achieved.
Acknowledgements

The authors wish to thank Mr. A. Sinnema for helpful discussions and Dr. E.
Talman of TNNO Central Laboratories Delft for recording the 300 MHz spectra.
We are also grateful to Messrs. B. van de Graaf, A.J.M. Reuvers and Dr. J.M.A.
Baas for providing samples of some substituted benzenes, and to Mr. HM_A.
Buurmans for carrying out the elementary analyses.

- This investigation was supported by the Netherlands Foundatlon for Chemical
Research (SON) with financial aid from the Netherlands Organization for the
. Advancement of Pure Research (ZWO). : ,



3517

References

15

16
17
18
19
20
21

G.A. Sim, Ann. Rev. Phys. Chem., 18 (1967) 57 and refs. cited: B. Rees and P. Coppens. Acta Crystallogr..
B. 29 (1973) 2516 and refs. cited.
Y. Dusausoy. J. Protas. J. Besangon and J. Tirouflet, C.R. Acad. Sci.. 270 (1970) 1792,
Y. Dusausoy. J. Protas. J. Besangon and J. Tirouflet. Acta Crystallogr.. B, 28 (1972) 3183: Y. Dusausoy,
J. Protas, J. Besancon and J. Tirouflet. Acta Crystallogr., B. 29 (1973) 469: Y. Dusausoy. J. Protas
and J. Besancgon, J. Organometal. Chem., 59 (1973) 281.
\\-'.R. Jackson. W.B. Jennings. S.C. Rennison and R. Spratt, J. Chem. Soc. B, (1969) 1214.
C. Segard, B. Roques, C. Pommier and G. Guiochon, Anal. Chem., 43 (1971) 1146.
B. Roques., C. Segard. S. Combrisson and F. Wehrli. J. Organometal. Chem.. 73 (1974) 327.
W.R. Jackson. C.F. Pincombe. 1.D. Rae and S. Thapebinkarn. Aust. J. Chem.. 28 (1975) 1535,
F. van Meurs and H. van Koningsveld. J. Organometal. Chem., 78 (1971%) 229.
W. Strohmeier, Chem. Ber.. 94 (1961) 2490.
W.R. Jackson. B. Nicholls and M.C. Whiting. J. Chem. Soc., (‘960) 469.
B. Nicholis and M.C. Whiting. J. Chem. Soc.. (1959) 551.
T.F. Jula and D. Seyferth, inorg. Chem., 7 (1968) 1245.
M. Ashraf and W.R. Jackson. J. Chem. Soc. Perkin I, (1972) 103.
C.W. Haigh. in E.F. Mooney (Ed.). Annual Reports on NMR Spectroscopy. Vol. 4. Academic Press,
London—New York. 1971, p. 311.
L.M. Jackman and S. Sternhell, Applications of NMR Spectroscopy in Organic Chemistry, Pergamon
Press, London, 1969, p, 203.
T.K. Wu and B.P. Dailey. J. Chem. Phys., 41 (1964) 2796.
I, Spiesecke and W.G. Schneider, J. Chem. Phys., 35 (1961) 731.
D.E.F. Gracey. W.R. Jackson, W.B. Jennings, S.C. Rennison and R. Spratt, J. Chem. Soc. B, (1969) 1210.
J.M.A. Baas, Rec. Trav. Chim. Pays-Bas, 91 (1972) 1287. ' ’
F. van Meurs, J.M_A_ Baas and H. van Bekkum, J. Organometal. Chem., 113 (1976) 353.
W.R. Jackson and W_B_Jennings. J. Chem. Soc. B. (1969) 1221: G. Barbieri and F. Taddei. Org. Magn.
Reson.. 3(1971) 503.
R.V. Emanuel and E.W. Randall, J. Chem. Soc. A, (1969) 3002; M_F. Guest, I.H. Hillier, B.R. Higginson
and D.R. Lloyvd. Mol. Phys | 29 (1975) 113. )
F.A. Bovey, F.P. Hood. E. Pier and H.E. Weaver, J. Amer. Chem. Soc., 87 (1965) 2060.
A. Mangini and F. Taddei, Inorg. Chim. Acta, 2 (1968) 8.



