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Summary

The metallotropic #®* 2% tautomeric equilibrivm in anionic chromium tri-
carbonyl complexes of fluoradene, substituted fluorenes and indene has been studied.
A criterion is proposed for determining the ion-pair type in n°-anions according to
the E-band splitting in the »(CO) region of their IR spectra. The influence of ligand
structure and cation solvation on K, is discussed.

Introduction

We have previously described the reversible and equilibrium isomerization of 7°-
and 7»’-fluorenylchromium tricarbonyl anions (Ia, Ib), which is a novel type of
metallotropic tautomerism [1}]. Both isomer (Ia, Ib) anions, as well as their intercon-
version, which consists of the “sliding” of a chromium tricarbonyl group along the
plane of the fluorenyl ligand between the five- and six-membered rings, have been
studied by IR [2,3], "H NMR [2,4] and "C NMR [4,5] spectroscopy. The tautomeric
equilibrium for chromium tricarbonyl anions of fluorene and its carbocyclic ana-
logues is primarily governed by the structure of the polynuclear 7-ligand, as well as
by the cation and its solvation. The latter brings up the necessity to take into
account the existence of two kinds of ion pairs — contact (CIP) and solvent-sep-

* For Part IX see ref 5.
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arated (SSIP) — for the salts of both tautomers. The present paper describes the
results of a more detailed study of the influence of the polynuclear 7-ligand structure
and of the type of ion pair on the rearrangement observed.

To this end, we have synthesized n°®-fluoroadenechromium tricarbonyl (II) *,
chromium tricarbonyl complexes of 9-substituted fluorenes ((9-RC,;Hy)Cr(CO);:
II-V, III, R = CH;; IV. R =t-C,H,; V., R=C/H,) ** and 3-methylfluorene (VI,
VII, VI, (3-methyl-1-4,42,9a-n°-fluorene)chromium tricarbonyl; VI1, (3-methyl-4b-5-
8a,8-n°-fluorene)chromium tricarbonyl) *** and have studied their deprotonation.
We also studied the deprotonation of the previously described [6] (n°-triphenyl-
methane)chromium tricarbonyl (VIII), whose anion should possess an n°-structure.

Results and discussion

Deprotonation of complexes I1-VI

The deprotonation of complexes II-VI was carried out in absolute THF by
treating with excess base at —78°C, as described for fluorenechromium tricarbonyl
[2.7). Tertiary C,H,OM (M = Na, K, Rb. Cs), a saturated solution of alkali metals
in HMPA, and triphenylmethylenephosphorane were used as bases. Under these
conditions, complexes of fluoradene(Il) and substituted fluorenes (I11-V) are con-
verted into anions with an n®-structure (Ila) and Illa-Va quantitatively.

1)
Cr‘ Cr

(CO) (CO)3 R
(III, R = CHs3, (IlIa, R = CH3,

IV, R = t-C4Hg, IVa, R = t—CAH9
V, R = CgHs) Va, R = CgHg)

(2)

(COJ,q
(I1) (I1a)

Whilst studying the reaction of VIII with butyllithium in a THF /diethyl ether

* The name recommended by IUPAC 1s (3b,4-7,7a-n®-7bH-indeno{1,2,3-/k |fluorene)chromum tri-
carbonyl. The trivial name is used here.
** Complexes III-V were obtained as both exo- and endo-isomers. Their synthesis will be described
elsewhere.
Complex VI was isolated in a pure state; VII was obtained with an admixture of VI
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mixture, Ceccon et al. [6] came to the conclusion that the reaction mainly proceeds
through alkylation of the coordinated ring with the formation of the cyclohexadienyl
anion (IX), while the Li salt (VIIla) formed due to deprotonation is only a
side-product.

R
CHPHh, H
Bulit =
CHth . + @ CPh; (3)
+

| l ~ 1 L

Cr Cr Lt cr

(COl5 {CO)3 (CO)3

(¥IID) (IX) (¥Illa)

During the reaction, bands at 1818 and 1900 cm~! were observed in the IR
spectrum of the reaction mixture. For the Li salt of the structurally analogous
hexadienylchromium tricarbonyl anion (PhS),CHC,H,Cr(CO),~ Li*, Semmelhack
et al. [8] reported »(CO) 1712, 1802 and 1901 cm ™!, which is plainly contrary to the
observations made by Ceccon et al. *,

We have found that the reaction of VIII with tertiary BuOK in THF yields
exclusively the VIIIa, K-salt (#»(CO) 1917 and 1829 cm '). In accordance with this,
its methylation with CH,I results in the formation of complex X:

) - CH5l
Cth2 t-BuoK cPh2 AL C(CH3)F’h2 (4)
K+
| |

|

cr cr cr
(CO)y (CO), (CO)4
(VIID) (VIlIa) (X)

The n®-fluoradenyl anion (Ila) is methylated and acylated in a similar way (cf.

Whilst this paper was being prepared for publication, Ceccon et al. published a paper {30] which
claimed a hexadienyl structure (XVa) for the potassium salt of n°-diphenylmethanechromium tri-
carbonyl (XV), based on the fact that the meta- and para-protons of the coordinated nucleus in the 'H
NMR spectrum of XVa are shown to be non-equivalent. Analogously, a similar structure (XVIa) was
also claimed for the triphenylmethylchromium tricarbony! anion. It is our belief, however, that the
non-equivalence of these protons can be explained by an increased rotational barrier along the C,-C,
bond mainly due to an increase in steric hindrance as compared to the non-coordinated diphenylmethyl
anion. In our opinion, only an X-ray study can distinguish between the structures of VIIla and XVlIa.
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Experimental):

RX
(5

(lfa) ( XI, R=CHsy,
XII, R = CHyCO)

Nature of the ion pairs in w*-anions (Ha—Vla)

The determination of the type of ion pairs in the n®-fluorenylchromium tri-
carbonyl anion (la), the nf-indenylchromium tricarbonyl anion (XIIla) and the
related n®-anions Ila-VIIla poses certain difficulties. UV spectra, which have been
used so successfully for non-coordinated fluorenyl anions [9]. fail to provide inter-
pretable information for the chromium tricarbonyl complexes, since the spectra in
the 250-350 nm region exhibit a broad, unresolved band and are uncharacteristic.

1 i} S
1800 1900 2000 (cm™)

v

|
Uk

1 i 1
1800 190C 2000 (cm™)

.
|
UL

1800 1900 2000 {(cm’;

Fig. 1. IR spectra of the n®-fluorenylchromium tricarbonyl anion (Ia) in the »(CO) region at —78°C 1n
THF. (a) Cs-salt; (b) Cs-salt in the presence of HMPA; (c) K-salt.
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'H NMR spectroscopy can hardly be used to solve this problem since it is
difficult to separate the two contributions of the counter-ion to the screening of the
a-ligand protons: i.e. the influence of the electrostatic field and the redistribution of
7-electron density [10]. '*C NMR spectroscopy can be used effectively only to study
the salts of small and sufficiently hard cations (Li*, Na™), but it is useless for
studying K*, Rb* and Cs™* salts [11]. Therefore, we used the pattern of the IR
spectrum in the »(CO) region in order to determine the type of ion pairs in the
solutions of the n®-salts I1a~VIIIa and XIila.

An experimental study of the dependence of the IR spectra of Ia salts on
counter-ion and medium has shown that in SSIP the E-band is split, and for pure
SSIP the splitting (AE) constitutes 20-22 cm™!, whereas in CIP the E-band is
degenerate (AE = 0), with only a slight broadening of this band being observed.

We believe that in CIP the counter-ion is located over the plane of the five-mem-
bered ring close to the carbanion centre (which agrees with the data for non-coordi-
nated fluorenyl and indenyl anions [12]) from the side opposite to the chromium
tricarbonyl group.

Now, we can present the following evidence in support of our tentative conclu-
sions. First of all, the IR spectrum of la salts in pure THF depends on the nature of
the counter-ion, while no dependence was observed in the presence of solvating
additives. For bulky and poorly solvating cations (Rb*, Cs*, n-Bu,N*, Ph,PCH, "),
it is possible to observe a transition of CIP to SSIP in the presence of excess
solvating additive (dicyclohexyl-18-crown-6 (DCH-18-C6), HMPA), cf. eq. 6 and
Figs. 1(a) and 1(b).

M
+
r\./i solv
i solvating additive
> (6)
| o | @
Cr cr
(CO)q (COYy
(Ia), CIP (Ia), SSIP

Secondly, regardless of the counter-ion, AE is 20 ecm™ ! in the IR spectra of

(n®, n*-fluorene)bis(chromium tricarbonyl) (XIV) salts, because the counter-ion can-
not be located over the five-membered ring in XIVa due to steric reasons and
therefore XIVa salts exist as SSIP.

o (Continued on p. 192)
0 \(I: /CO
cr

(XIva)



w d1.) 99L1 vO81 $061 410 orst 6761 - +5D

0¢ dID 99LT Y081 vo61 d10 (1418 0g61 - 59

£vl 4D 99L1 LOB1 S061 4I5S L181 £2:11 LT61 - A
L'eL diD 9Lt 1181 LOS1L dISS 7181 S£81 SZ61 +EN « 41 "B} suoue
%001 d10 €LY 081 sist 410 » LERT 1261 +7T [Auoqresu) wnyw
%001 d1D [3¥A 0T8I Si61 dISS 0z8t 6£81 LT61 - + 11 ~01yd([Aua10n] )
CHIN Y
suotue [Auoglesin;
79 dISS 86L1 95061 dISS L181 Ov81 LT61 SO-81-HOA + A wnioIyd(jAu
1L 41D 99L1 9081 S061 dISS L181 P81 9261 - + A -RIONGIAYIDN -6)
(QIA "2]A) suotue
jAuoqaes wnyus
Ty dISS 86L1 061 dISS L181 81 LT61 92-81-HOA + A ~o1ya{jAuas
01 d1D 99L1 9081 S061 dISS LI81 0v81 LT61 - | ~ony AN -€)
v'9 diss 86L1 061 dISS 1281 £p8l 761 7'r-pumidis +5 {gA] "BA]) suotue
0¢ dlD) 89L1 0181 5061 d10 2681 S61 - 8D jAuoqieow wnn
09 4188 L6LY 7061 dISS 8181 6£81 €761 90-81-HOA + A ~OIydjAusIonyy
%001 diD OLLL SI8I S061 dID [43:2¢ ST61 - . | , -(King-1-¢)

d
L=y a oo i y
JueIsUoD ot jo . uol Jo o
a

urnuqimbe addy o> dAL oo QATIP uol

JuBwone J 21mdPRIS- L Yt UOY 2ImOnIs- b Yiim uoIY -pe FUBAOS 121Uno’y uoty

AHL NI SHAS & ANV - b FHL 0
SNOINV JTHHENOST FHL Y04 SINVISNOD WANGITINOT DIMINOLNVL ANV SHIVd NOT 40 S3dAL "NOIDHY (0D FHIL NI VIVd TVYLIAdS ¥l

[AT14VL



191

payeutiuopaid J1 9I0Um INIXTUW 3Y) Ul POAISSQO SBM JISS JO JUNOWE [[BWIS ¥ ‘B]] PUE BA SOLIOS- L
a1 30 SIS 104 , ‘9-Q1-HOA Jo 2duasaxd oy wr syes-y ‘qrief jo Y pue wnoads Y] 21 01 [EonUap! iz saanippe Buneajos jo soussard s ut (L *HDITHA ‘LD
¢ Q¥ ¢ L EN) SUONED JAI0 Yiim SI{ES qf ‘B 10} %y pue uordar (D)4 sy3 wt vxoads W oYL » ueInjoIpAyenaiylsunp-¢‘z uf “ODND(PH DU-6-,t) xo[dwoo [exnau
Funsers o1 Jo (-0x2 10 -opua ) uonemSyuoo Jo 3dk1 ayy uo puadap 10u op Py pue suoruE JPWIOINE) 3] JO SPUBQ (D) Y JO UOKEDO] PUR WIOJ OY], , “B[NULIO) SuIes
a1 01 BUIPIOOOR PAUTULINIGP SEM D7y ‘31EIouadop 10U ST UOHBULICISUEN) it « (b o yomym 103 ‘qIA ‘EIA JO 35BO 91 U] "30ImM) POIRISULESP I U « (b JO yuoweSurLieal
a3 1ey3 Juncooe ojur Bupyer ‘[l ]z = b2 5 vpnwIog 541 01 SUIPIOOOT PAUTULISIEP SEAM JUBISUOCY Wnuqmbs o 9dAi _[S(ODNDPHT D d-6] 2w jo suowre sowost 104 ,

o4 %001
L %001

L %001
SL %001
S %001
JL%001
o %001

L5001
%001
70
0£0
o
Lo
ws
8¢

dISS
diD

dISS
41D
dID
41D

dIss
dIo

LoL1

L9Lt
L9LT
L9L1

6L
9081

8081
0181
0181
0181

8641
081

0061
8061

S061

S061
S061

Y061
S061

dISs 6081
d10
4188 0781
diss S€81
dID
dID 5 (UsgeERT)
dIss el
dIS§ 0781
dJ1n
dISS 781
d1o
d1o
dID (€780
dIss 81
i

6781
6781

oyst
6581
[4%:§
8581
6681

(421!
£E81

il
ov81
or8i
ovs1

[ 431
181

L161
9161

LT61
1e6l
1e61
e6l
LE6T

861
1761

1761
LTt
LT61
9761

LT61
LT61

VdNH

90-81-HOA
YdWNH

VdWNH

95-81-HDA

»90-8T-HOA

+ A
|

+3
+50

Pp. |

~ L*HDd'ud

(e1I1A) uoture jAu
~OQIROLI} WNIOIYD

“(ArennAuayduy)

(e1D)

uotue JAuoqies
~11) WINTIWOIYS
~(jAuopeioniq)

(qrix ‘enix)
SUOTU® [AUOqIesL)

wnToIy(JAuspuy)

(qA ‘) suomue
[Aaoqiesin;
ummorda(jAu
-3I0n)JJAUYJ-6)



192

The conclusion concerning the existence of the la,K-salt in THF mainly in the form
of SSIP (Fig. 1(c)). based on the IR spectrum, is confirmed by the AS¥ values found
during the study of the kinetics of #® — »° isomerization of this salt [2.4].

The appearance of the E-band in the »(CO) region in IR spectra of the n°-anion
salts Ila-VIa and Xa can serve as a criterion for determining ion-pair types in
solution (Table 1).

To elaborate on the above, let us consider in a more detailed manner the
n®-triphenylmethylchromium tricarbonyl anion (VIIIa). The IR spectra of solutions
of VIIIa salts with the alkali cations Na*, K*, Rb* and Cs", as well as that of a
solution of the triphenylmethylphosphonium salt, contain only two bands in the
v(CO) region. The E-band is not split, which indicates the predominance of CIP.
Adding DCH-18-C6 or HMPA to the solution destroys CIP, which leads to £E-band
splitting, AE = 20 cm ! (Table 1). The effect of counter-ions and solvating additives
on the E-band in the IR spectra of the %-anion VIIIa, which cannot rearrange into
an n°-isomer by the migration of the Cr(CO), group to another nucleus, by and large
resembles the effect observed previously for la salts, which serves to confirm the
conclusions regarding the structure of VIIla salts [5].

The problem of the causes of E-band splitting in SSIP is rather complicated and
demands inspection of the conformational effects in chromium tricarbonyl com-
plexes of the fluorenyl anion and its analogues. We believe that the splitting of the
E-band in the IR spectra of SSIP of the anion systems studied and of the neutral
arenechromium tricarbonyl complexes is explained by the predominance of one of
the conformers, notably the eclipsed conformer A over the anti-eclipsed and staggered
conformers B and C for anion complexes. The presence of the preferred conforma-
tion leads to lowering of the local C;, symmetry of the Cr(CO), fragment while the
antisymmetric vibration of class £ becomes non-degenerate.

QO @)
& @ @

(A) (B) ()

»
@

@
G

It is known that for chromium tricarbonyl complexes of substituted benzenes the
eclipsed conformer A predominates if the substituent is an electron-releasing group
which does not produce strong steric effects (CH;. C,H,, OCH,;, etc.) [13]. This is
just what happens in the case of Ia, as the carbanion centre in the a-position is a
very strong donor, while the planar fluorenyl ligand does not introduce steric
hindrance. The donating effect of the carbanion centre is greatly reduced in the case
of CIP due to interaction with the cation. In this case, the difference in conformer
energy is small. and in the IR spectrum the E-band is a superposition of their
adjacent E-bands. The total local C,, symmetry of the Cr(CO), group is only slightly
lowered; the E-band is therefore only broadened. In the case of SSIP, the donating
influence of the carbanion centre is greater. the difference in conformer energy
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increases, and one of the conformations becomes predominant, leading to splitting
of the E-band.

Thus, the determination of the preferred conformation in Ia and other n°-anions
becomes very important for the determination of the ion-pairs therein. An unam-
biguous definition of the conformation for the complexes under discussion using
X-rays is possible only for solids [13]. When determining the preferred conformation
in solutions using 'H NMR [14] and '*C NMR [15] spectroscopy, a number of
suggestions have to be made. We are primarily interested in cases where the
conclusions drawn on the basis of NMR spectroscopy can be compared with X-ray
studies, and the E-band in the IR spectrum is split. Regretably, all these data are
known only for chromium tricarbonyl complexes of methylbenzoate and
acetophenone. For the former, the B-conformation is realized in a crystal [16],
predominates (63%) in solution [15], while the splitting of the E-band (A E) amounts
to 7 cm™! at —65°C [17]. For the second complex, the A-conformation exists in a
crystal [18], predominates in solution (80%) [19], while the splitting of the E-band
amounts to 10 cm ™! [20].

It is characteristic that fulvenechromium tricarbonyl complexes, whose rotational
barrier around the metal-7-ligand axis is higher than that for arenechromium
tricarbonyls [21], usually exhibit a more substantial splitting of the E-band in the IR
spectrum, reaching 20 cm ™! [22].

These examples confirm the splitting of the E-band as a criterion for the existence
of a preferred conformation for an arenemetal tricarbonyl complex in solution. This
conclusion is supported by data known for fluorenyl anion complexes. Thus, the
zwitter-ion n®-fluorenylmanganesetricarbonyl has the A * conformation in crystal
form: this conformation is also predominant in solution **, while the E-band is split
(AE 19 cm™1) [25]. Finally, for 7°-C,;H,Cr(CO),~ K* (Ia), according to '*C NMR
spectral data [4,24] and to an analysis of '"H NMR data [24] in accordance with the
approach described in ref. 14, the eclipsed A-conformation should dominate in
solution, and AE 19 ¢cm™~! (THF).

Thus, the proposed method for the determination of ion pairs in Ia and in its
analogues leads to conclusions which are compatible with both data on the equi-
librium of ion pairs in non-coordinated alkali salts of fluorene, and with the facts
known about the conformations of arenechromium tricarbonyl complexes ***. At
present, the approach is only qualitative. Quantitative determination of the propor-
tion of a certain type of ion pair can be carried out on the basis of separating IR
spectral bands of CIP and SSIP mixtures, which includes determination of extinction
coefficients for the corresponding pure form bands. This approach may also help us
to study the dependence of the type of ion pair in Ia-VIIla, XIIIa on the solvent,

* Conformation A for the Mn(CO), group was calculated from the complete atomic coordinates cited
in [23].
** This conclusion was drawn by us on the basis of the analysis [24] of this compound’s !>*C NMR
spectrum [25].

*** The presence of a predominating conformation in chromium tricarbonyl complexes of substituted
arenes should lead to three CO-group signals in the *C NMR spectrum, and not one, as observed
for all neutral arenechromium tricarbonyl complexes that have the preferred conformation, as well
as for Ia. This is probably explained by the redistribution of CO groups (‘“scrambling”), which is
faster than the rotation around the arene-metal axis. The possibility of scrambling as regards
AreneCr(CO), was discussed in ref. 26.
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— 1 A A
1800 1900 2000 (cm™)

Fig. 2. IR spectra of the n°-indenylchromium tricarbonyl amon (XI1Ta) in the »(CO) region at ~78°C 1n
THF. (a) K-salt; (b) K-salt in the presence of HMPA.

the presence of solvating additive, counter-ion, and w«-ligand structure (cf. Table 1).

The nature of the solvent has a considerable effect on the type of ion pairs. For
instance. in HMPA, which strongly solvates alkali cations, [a-VIIIa and XIIla salts
exist in the form of SSIP (Fig. 2(b)). In 2.5-dimethyltetrahydrofuran, on the other
hand, all these salts exist as CIP, including the Ia, Li sait. In THF, which occupies
an intermediate position regarding its solvating ability, the type of ion pairs depends
on the nature of the counter-ion (cf. Table 1).

The #-ligand structure also has a considerable influence on the type of ion pairs
in Ia-VIIla and XIIIa. The higher the degree of delocalization of the charge along
the entire ligand, the smaller the portion of the charge for the five-membered ring.
and the more probable the formation of SSIP. Accordingly. i the process of
transition from n°-indenyl (XIlla) to 7°-fluorenyl (la) and n‘fluoradenyl (IlIa)
anions, the amount of SSIP grows. Thus, the XIIla K-salt exists as CIP (Fig. 2(a)),
and the Ia, K- and Ila, K-salts (Fig. 3(c)) as SSIP. At the same time, the Ia, Rb-salt
exists as CIP, while the IIa, Rb-salt (Fig. 3(d))} is probably a mixture of CIP and
SSIP, with the latter predominating.

The influence of the Cr(CO), group on the structures of the ion pairs is less
direct. Its electron-withdrawing effect leads to delocalization of the charge from the
w-ligand, thereby promoting, as compared to non-coordinated carbanions, SSIP
formation. For instance, in THF, potassium fluorenyl exists as CIP [9]. while the Ia,
K-salt exists as SSIP.

It is not yet clear why the amount of CIP grows during the transition from la to
IT1a~Va n®-anions that have substituents in the 9-position,

Nature of the 1on pairs in w'-anions
At temperatures above 0°C, the n®-anions IIla-VIIa and XIlla, like Ia [2],
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Fig. 3. IR spectra of n°-fluoradenylchromium tricarbonyl anion (I1a) in the »(CO) region at 25°C in

THEF. (a) Cs-salt; (b) Cs-salt in the presence of HMPA; (c) K-salt; (d) Rb-salt.

isomerize into the #’-forms IIIb—VIIb and XIIIb. Cf. Table 1 for »(CO) frequencies

of the n’-anions, and data on the tautomeric equilibrium of systems 7 and 8.)
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The main trends of CIP or SSIP formation (Table 1) in [I1b-VIIb and XIIIb salts
depending on counter-ion, solvent and solvating additives fully correspond to those
previously described for Ib [2] and the model anion #°-CsH(C0),Cr "~ [2.27]. and
are not discussed in detail here.

Dependence of the tautomeric equilibrium on the w-ligand nature

The data given in Table 1, which also cites the constants of metallotropic
equilibrium, allow us to obtain a clear notion of the effect that the ligand nature and
substituents have on these constants. An increase in the degree of charge delocaliza-
tion in the indenyl, fluorenyl and fluoradenyl ligand series leads to a sharp decline in
the relative stability of the n°-form. That is why %°®-indenylchromium tricarbonyl
(VIIIa) is quickly and completely rearranged into the n’-isomer. The stability of the
7°- and n°-tautomers for fluorenylchromium tricarbonyl anion is comparable. whereas
the n°-fluoradenylchromium tricarbonyl anion does not rearrange into the n’-isomer
in any noticeable way. The effect of the donor methyl substituent in the 9-position
increases the stability of the n’-isomer somewhat, and the equilibrium constant
increases, but this effect is not nearly as strong as in the case of azafluorene
complexes [28].

On the contrary, the introduction of a phenyl group into the 9-position leads to
poorer stability of the n’-isomer (Vb) and lowers the metallotropic tautomeric
equilibrium constant.

Experimental

All manipulations except preparative TLC were conducted in an argon atmo-
sphere. THF and dioxane were purified by prolonged refluxing over a K /Na alloy.
2.5-dimethyl-THF (EGA-Chemie), and HMPA, over calcium hydride. Diethyl ether
was purified over sodium benzophenoneketyl. Solvents were distilled in an argon
atmosphere directly before use. IR spectra were recorded with a UR-20 spectropho-
tometer. '"H NMR spectra were measured on XL-100 Varian (100 MHz) and VP 200
Bruker (200 MHz) spectrometers.

Fluoradene was obtained according to [29].

The deprotonation of the neutral complexes II-VIII and XIII, and the analysis of
tautomeric mixtures formed in the process with IR spectroscopy were carried out as
described previously {2,5].

Svnthesis of (v°-triphenylmethane)chromium tricarbonyl (VIII)

2.9 g (20 mmol) of BF, - O(C,H;), was added to a mixture of 1.52 g (6.24 mmol)
of triphenylmethane and 2 g (4.82 mmol) of (4-CH,C;H,N),Cr(CO); in 150 ml of
ether. The mixture was stirred at room temperature for 40 min. The solution was
filtered, washed with water, and the ether layer was dried over MgSO,. After ether
evaporation in vacuo, the residue was subjected to chromatography on a column of
silica gel, eluting VIII with petroleum ether /benzene (2,/1). Yield 0.66 g (36%). M.p.
164-165°C (benzene/hexane). Found: C, 70.23; H, 4.16; Cr, 13.56. C,,H,,CrO,
caled.: C, 69.47; H, 4.24; Cr, 13.67%. »(CO) (THF) 1900, 1975 cm~'. '"H NMR
(CDCl,, 8): 5.13 (singlet (s), 1H, 5.05-5.40 (multiplet (m). SH. coordinated ring),
7.08-7.42 (m, 10H, non-coordinated benzene rings).
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Complex VIII was also obtained in 14% yield after refluxing Cr(CO), and
triphenylmethane in a diglyme/heptane mixture for 16 h, solvent distillation in
vacuo, and chromatography.

Methylation of the (nS-triphenylmethyl)chromium tricarbonyl anion (VIIIa)

To a solution of VIlla obtained by treating 0.19 g (0.5 mmol) of VIII with 0.22 g
(2 mmol) of t-BuOK in 15 ml of THF at 0°C, was added 0.28 g (2 mmol) of CH,1.
The mixture was gradually heated to room temperature, the solvent was evaporated
in vacuo, and the residue recrystallized from a benzene /heptane mixture. Yield 0.13
g (66%) of (n°-methyltriphenylmethane)chromium tricarbonyl (X), m.p. 187-191°C.
Found: C, 69.66; H, 4.69; Cr, 13.34. C,;H,;CrO, caled.: C, 70.07; H, 4.57; Cr,
13.19%. »(CO) (THF) 1900, 1975 cm™!, 'H NMR (CDCl,, 8): 2.25 (s, 3H, CH;),
coordinated phenyl ring: 5.12 (triplet (t), 2H, meta-), 5.38 (doublet (d), 2H, ortho-),
5.6 (1, 1H, para-); 7.10-7.48 (m, 10H, non-coordinated phenyl rings).

Synthesis of (n°-fluoradenejchromium tricarbonyl (I1)

A mixture of 0.48 g (2 mmol) of fluoradene and 0.37 g (2 mmol) of (NH,),Cr(CO),
was refluxed in 20 ml of dioxane for 3 h. After filtering, dioxane was removed in
vacuo, and the residue subjected to chromatography on silica gel L 40,/100p.
Fluoradene not consumed in the reaction (0.19 g) was eluted with a petroleum
ether /benzene mixture (4/1). Then three yellow bands were washed out. The
contents of the first band, 0.07 g (eluant: petroleum ether/benzene, 2/1) were
discarded.

The second fraction (eluant: petroleum ether /benzene mixture, 1/1), after crys-
tallization from a toluene/heptane mixture, yielded 0.35 g (46%) of II. M.p.
168-170°C (dec.). Found: C, 70.53; H, 3.16; Cr, 13.54. C,,H,,CrO; calcd.: C,
70.21; H, 3.21; Cr 13.81%. »(CO) (THF) 1909, 1975 cm~!, 'H NMR (CDCl;): 8§
5.22 (t, 1H, H(6)), 5.43 (1, 1H, H(5)), 598 (d, 1H, H(4)), 6.02 (d, 1H, H(7))
(coordinated ring); 7.30-7.90 (A ,B + ABC-multiplets, 7H) - non-coordinated rings;
5.40 ppm (s, 1H, H(7b)). The contents of the third fraction (0.04 g; eluant: mixture
of petroleum ether /benzene, 1/2) was discarded.

Complex II was also obtained in 44% yield after heating fluoradene with
chromium hexacarbonyl in a diglyme /heptane mixture (1,/1) and chromatographic
separation, as described above.

Methylation of the (n°-fluoradenyl)chromium tricarbonyl anion (Ila)

A solution of Ila was obtained by stirring 0.1 g (0.26 mmol) of I1 and 0.1 g (0.89
mmol) of t-BuOK in 12 ml of THF at room temperature for 10 min; it was then
cooled to 0°C and 0.12 g of methyl iodide was added. The solution instantly turned
yellow. The temperature of the mixture was gradually raised to 20°C, THF was
evaporated in vacuo, and the residue was recrystallized from a benzene/heptane
mixture. Yield 0.07 g (70%) of (%°-7b-methylfluoradene)chromium tricarbonyl (XI)
in the form of yellow crystals, m.p. 177-180°C. Found: C, 70.10; H, 3.59; Cr, 12.69.
C,,H,,CrO; calcd.: C, 70.77; H, 3.61; Cr, 13.32%. »(CO) (THF) 1905, 1977 cm ..
'"H NMR (CDCl,, 8): 1.76 (s, 3H, CH,), 5.18 (m, 1H, H(6)), 5.4 (m, 1H, H(5)), 5.86
(d, 2H, H(4)) - coordinated ring, 7.24-7.74 (A ,B + ABC-multiplets, 7H) — non-co-
ordinated rings.
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Acylation of 1la

In a similar way to the above-described experiment, from 0.23 g (0.61 mmol) of
I, 0.23 g (2.1 mmol) of t-BuOK and 0.16 g (2.1 mmol) of acetyl chloride, 0.22 g
(88%) of (n°-7c-acetylfluoradene)chromium tricarbonyl (XII) was obtained. M.p.
197-198°C. Found: C, 68.50; H, 3.09; Cr, 12.35. C,,H,CrO, calcd.: C, 68.91; H,
3.37; Cr, 12.43%. »(CO) (THF) 1906, 1977 cm'. »( C=0) 1820 cm '. 'H NMR
(CDCl,, 8): 1.86 (s. 3H, CH,CO), 5.26 (m, 1H), 5.48 (m, 1H), 5.86 (d. 1H) and 6.28
(d. TH) - coordinated ring; 7.26-7.84 (A, B + ABC-multiplets, 7H, non-coordinated
rings).

Mixture of VI and VII

A mixture of 2.6 g (14 mmol) of 3-methylfluorene and 2.7 g (14 mmol) of
(NH,),Cr(CO), in 50 ml of dioxane was refluxed for 6 h. After filtering, the solvent
was distilled off in vacuo, and the residue was subjected to chromatography on silica
gel L 100/160p plates in a petroleum ether /benzene mixture (1,/1) and recrystal-
lized from a CH,Cl, /heptane mixture. 2.4 g (52%) of a mixture of chromium
tricarbonyl complexes VI and VII was obtained in a ratio of 45 /55 (according to 'H
NMR).

Svnthesis of VI

A mixture of VI and VII in an amount of 1 g was subjected to repeated
chromatography on silica gel L 5,/40 plates with a petroleum ether /benzene mixture
(2/1), with the eluant passing each plate twice. The upper third of the wide yellow
band was collected separately and after extraction with methylene chloride and
precipitation with hexane, 0.28 g of pure VI was obtained. Found: C, 64.90; H, 3.85;
Cr, 16.63. C;H,,CrO, caled.: C, 64.97; H, 3.82; Cr, 16.56. »(CO) (CHCl,) 1890.
1973 cm™'. '"H NMR (CDCl;, 8): 2.30 (s, 3H, CH,). 3.86 (s, 2H, H(0)). 5.20 (d, 1H,
H(2)). 5.92 (s, 1H. H(4)), 5.95 (d. 1H, H(1)), 7.30-7.90 (ABC-multiplet. 4H.
H(5)-H(8)).

A mixture of VI and VII was obtained from the lower third of the chromato-
graphic band in a ratio of 16,/84 (according to integration of the methyl signals).
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