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The absorption and magnetic circular dichroism (MCD) spectra of the general type [CpsUX,]? (Cp =
7°-C;H;; X = D,0, SCN-, NCBHj; g = 14, 1-) were studied at room and low temperatures. For a crystalline
field of Dy, symmetry the magnetochemically well-confirmed existence of a ground state of I'; symmetry
allows in absorption only electric dipole transitions to excited T', and I'g levels. Both types of transition
could be discriminated by using the selection rules of MCD spectroscopy. In addition, the observed signs
of the Faraday A terms allow the identification of those I'y levels, the crystal field eigenfunctions of which

are dominated by J, = £2 and J, = %4, respectively.

Introduction

Since the fundamental work by Reynolds and Wilkin-
son! the existence of both pseudotetrahedral (y-Ty) CpsUX
and pseudo-trigonal-bipyramidal (tbp) [CpsUX,]? (g = 1+,
0, 1-) CpsU derivatives has been confirmed by numerous
structural and spectroscopic results.?®

In 1976 Amberger’® and Amberger and Sienel® have
attempted to correlate the electronic absorption spectra
of various Cp;UX systems (X = 55-Cp, #°-BH,, Cl) with
a calculated crystal field (CF) splitting pattern, assuming
an effective CF of T; symmetry. However, a that time
satisfactory arguments for an unambiguous assignment of
the observed transitions were lacking. The only criterion
in favor of a successful assignment was based on the fact
that the energies of the calculated levels did not deviate
significantly from the corresponding observed maxima.

It is the aim of this contribution to assign for the first
time the CF levels of an organometallic actinide complex
on a purely experimental basis. For this first study we
preferred the tbp complex type [CpsUX,}9 to the ¢-T; type
because a CF of Dy, symmetry notably restricts the num-
ber of the allowed forced electric dipole transitions of f—f
character.

The [Cp3sUX,]? complexes exhibited for different ligands
X and charges g, respectively, the same general features
in their absorption and MCD spectra, but depending upon
the ligand X the individual spectra displayed ranges of
different quality. For this reason several anionic, neutral,
and cationic [Cp3UX,]? complexes were examined.

The absorption spectra of the ions [Cp;U(H;0),]* ! and
[Cp;U(D,0),]* (1) exhibit at room temperature relatively
broad absorption bands which are frequently accompanied
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Table I. Transformation Properties of the Wave Functions
of the f? System Exposed to a CF of D;, Symmetry

. Jeven Jodd
compositn of
the b ___b
eigenvector a i 7 a B v
singlets
10) r, 0 0 r, 0 1
[+3)+}-3) Iy 3 1 T, 3 0
|+3)-]-3) T, 3 0 Ty 3 1
1+6)+[0)+|-6) T, 0 0
|+6)--6) T, 0 1
doublets
|%£1) Ty +1 T +1
|£2) Te +2 Tg +2
j£4)£|F2) Iy %2 Te £2
[£5)£|F1) T, =1 Ts £1

aIrreducible representation. ®Hellwege’s crystal quantum num-
bers.

by weaker and partly resolved vibronic satellites. In order
to obtain a better resolution, we studied first of all the
low-temperature spectra of several {Cp;UX,]” complexes
(X = NCS~ (2), NCBH; (3)) which are soluble in 2-
methyltetrahydrofuran (MeTHF) or n-butyronitrile.
These solvents freeze as glasses and remain almost
transparent down to liquid He temperature.

Experimental Section

Reagents. UCl, was prepared by the method of Sutter!®
starting from U;Og and hexachloropropene. Cp;UCI was prepared
by the method of Anderson.!! CpsUNCS and Cp;UNCBHj, were
synthesized according to a procedure by Fischer et al.!? by reacting
Cp;UCI with KSCN or NaNCBHj; in degassed H,O. The tbp
complexes [n-Bu,N}[Cp;UX,] were synthesized according to ref
12 by reaction of Cp;UX (X = NCS™ or NCHB;") in THF with
n-Bu,NX (X = NCS™ or NCBHj"). The crude products were
purified by washing with air-free water and finally dried at high
vacuum. The green cation [CpgU(D,0);]* was produced by
dissolving CpsUCI in deoxygenated and Ny-saturated D,0O.

Physical Measurements. The absorption spectra were re-
corded on a Cary Model 17, and the MCD spectra were run within
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Table II. Assignment Procedure of the Terminal Levels of the Observed Transitions

occurrence of a band in occurrence of a sign of the symmetry of the further specification of
the absorption spectrum Faraday A term Faraday A term excited level the excited level
yes no Iy
yes yes + Iy do” > 987
yes ves - TI'e [£2); 40? < 2832
the ranges 420-1000 and 1000-2000 nm, respectively, by means pendent paramagnetism up to ca. 250 K. This feature is
of the JASCO dichrographs J-500 C and J-200 D in combination indicative of an energetically more isolated singlet ground
w1t§1' an glectroinagnlet 'w1th the magxmurgl' fl;ld gf 13.5LI;II(‘}. For state than in corresponding y-T systems.&ls
cooling down the solutions, we used an Air Products LT-3-110 The assumption of an isolated CF ground state is also

cryostat. In order to prove that the above-mentioned solvents
MeTHEF and n-butyronitrile did not react with the complexes of
interest, we ran the absorption spectra of their KBr pellets at room
as well as at low temperature. In general, both types of spectra

supported by our observations according to which only a
few isolated “hot” bands disappear in the absorption and
MCD spectra of 2 and 3 when the solutions are cooled

were almost identical; however, the spectra of the glasses were down to liquid He temperature. The 'H NMR spectra of
somewhat better resolved. various tbp complexes are, moreover, in accordance with
the existence of a nonmagnetic ground state in that the

Results isotropic shifts of the Cp ring protons are notably smaller

General Symmetry Considerations. The 52 system than for the y-Ty-shaped parent CpsUX systems.®12!

U** gives rise to the manifolds 3H, s, 5F 5.4, P14, Gy, Dy, Furthermore, the isotropic shifts of the thp complexes are

and 1S, respectively. If the free U* ion is exposed to a only weakly tempelfaturg-dependent.“’mg o _

CF of Dy, symmetry, these manifolds are split into various ’I:he ground multiplet °H, 9f the free U** ion Is split by
CF levels. In table I the composition of the eigenvectors a CF of Dy, symmetry beside some doublets into the
of the resulting CF levels is indicated and correlated with n.onmagnetxc singlets of I';, T'y, and 1" symmetry, respec-
the irreducible representations of the point group Dy;. For tively (Table I). e o s

the sake of completeness, these levels are also characterized . In ?I}“ earlier CF calculagm;;s of CpsUTX™ and
in terms of their crystal quantum numbers @ and 7,'? re- CpsPr''B (B = a neutral base)***” complexes of Cy, sym-
spectively. metry, the CF ground states were formulated to first order

With the assumption of both D, symmetry and an en- as y|+3) + 0]0) ~ v{-3), with 6 5> v. As in Dy, symmetry
ergetically isolated T, CF ground state (vide infra), only |0) and |£3) funct}ons cannot be.mtermlxed, it seems most
forced electric dipole transitions to excited T'y and Ty levels suggestive to ascribe a |0) function of T'; symmetry to the
are allowed in absorption.!? ground state of tbp systems (Table I). Interestingly, the

Gorller-Walrand and Godemont have given the MCD ground states of the corresponding 4f2 systems Cp,Pr-
selection rules for right (rcp) and left circulary polarized NCCHj, and Lngr(NCCﬂa?z, respectively, are also of T,
(lcp) radiation,* respectively: symmetry, and the transition from C,,- to Dj,-shaped
. oo systems makes the ground state energetically even more
rep: J,(terminal) - J,(initial) = -1 ~ p isolated.23
len: J.(terminal) — o (initial) = +1 — Analysis of the Absorption and MCD Spectra.
cp: J(terminal) - J,(initial F Forced electric dipole transitions from a I'; ground state

In the case of Dy, symmetry, p adopts £3.> These se- are only allowed to excited I'y and T states.'* The MCD
lection rules may be used to determine the sign of the selection rules,'* however, admit only transitions of Far-
Faraday A term if the wave function of the initial and the aday A type from I'; to I's. As a I'; eigenfunction is, to first
terminal state are known. On the other hand, this relation order, described either by |+2) or by a linear combination
may also be used to estimate the predominant o/, values of the type a|x4) £ 8]=2), a positive Faraday 4 term
of the wave function of the terminal state provided that should correspond to 4c? > 252 Hence, a negative Faraday
both the wave function of the initial state and the sign of A term should indicate that the final T’y level is described
the Faraday A term are known. either by [£2) or should result from 4¢* < 25%

With the assumption of a I'; CF ground state, described Following these criteria, all “cold” transitions in the
by J, = 0 (vide infra), and application of the above-men- absorption and MCD spectra were attributed to either of
tioned selection rules, MCD transitions may only be ob- the three categories as mentioned in Table IL
served if the terminal states are described by the eigen- The entire absorption spectrum may be divided into
vector |£2) or by the linear combination «|£4) £ §|+2). three sections which will be discussed separately.
According to Table I, these functions transform like T, 2500-2200 nm. To avoid in this spectral range any
If |4a? > {287, the Faraday A curve has a positive sign, interference with binary, and even ternary, vibrational
while a negative Faraday A term is expected for |40? < combination bands* which appear even in the case of
[28%.13 perdeuterated solvents, KBr pellets of the samples were

Identification of the CF Ground State. The tem-
perature dependence of the paramagnetic susceptibility (18) Aderhold, C.; Baumgartner, F.; Dornberger, E.; Kanellakopulos,
of [n-Bu4N] [Cng(NCS)Z] and [n-Bu4N] [Cp3U(NCBH3)2] B. Z. Naturforsch., A: Phys. Chem., Kosmophys. 1978, 334, 1268.
has been determined by Kanellakopulos'® and Edelstein,” (19) Bagnall, K. W.; Plews, M. J.; Brpwn, D,; Fischer, R. D.; Klahne,
respectively. Both samples display temperature-inde- llié;géiandgraf, G. W.; Sienel, G. R. J. Chem. Soc., Dalton Trans. 1982,

(20) Amberger, H. D.; Jahn, W.; Edelstein, N. Spectrochim. Acta, Part
A 19835, 41A, 465.

(13) Hifner, S. Optical Spectra of Transparent Rare Earth Com- (21) Amberger, H.-D.; Schultze, H.; Edelstein, N. M. Spectrochim.
pounds; Academic: New York, 1978. Acta, Part A 1985, 41A, 713.
(14) Gorller-Walrand, C.; Godemont, J. J. Chem. Phys. 1977, 66, 48. (22) Amberger, H.-D.; Yinli, K.; Edelstein, N. M. Spectrochim. Acta,
(15) Gorller-Walrand, C.; Beyens, Y.; Godemont, J. J. Chem. Phys. Part A 1986, 424, 27.
1979, 76, 190. (23) Kanellakopulos, B. Lecture, International Rare Earth Conference,
(16) Kanellakopulss, B., private communications. Yinla, K. Ph.D. Zurich, March 4-8, 1985,
Thesis, Universitat Hamburg, 1983, p 123. (24) Reid, A. F.; Scaife, D. E.; Wailes, P. C. Spectrochim. Acta 1964,

(17) Edelstein, N. M., private communication. 20, 1257,
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Figure 1. The absorption spectrum of [N(n-CH,),][Cp,;U-
(NCBH;),] within the range 2100-2700 nm (KBr pellet, tem-
perature 90 K).
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Figure 2. The room-temperature absorption and MCD spectrum
of [CpgU(D,0),]" within the range 1490-1620 nm. The dots in
the MCD spectrum refer to maxima in the corresponding ab-
sorption spectrum. This holds also for Figures 3, 5, 6, 7 and 8.

preferred to solutions. MCD studies were prevented both
by instrumental limitations and the use of pellets.

At room temperature we observed in the case of samples
2 and 3 one broad, asymmetric band of high intensity along
with some weak signals which should correspond to CH
combination vibrations of the Cp ring.# After being cooled
to 90 K, two sharp, intense signals appeared instead of the
original broad one which we attribute to the transition
I'(*H,) — 3F,. With the assumption of a CF of strict Dy,
symmetry, the excited manifold °F, gives only rise to levels
of T';, T, and I'y symmetry. Therefore, the observed in-
tense doublet must be assigned to the transition T';(°H,)
— T4(°F,). Some deviation from ideal Dy, symmetry ap-
parently splits the twofold degenerate Ty level into two
close-lying components.

1620-1200 nm. All tbp species exhibit at room tem-
perature two or three very intense bands between 1500 and
1600 nm which are characteristic of this type of coordi-
nation.?? 1In the case of 1, band 2 (See Figure 2) has no
counterpart in the MCD spectrum, whereas signal 3 cor-
responds to a negative Faraday A term. For this reason
bands 2 and 3 have to be assigned to the transitions I';(*H,)
— T, and T';(®H,) — T, respectively. The I'; wave function
should be dominated by |£2). In the case of 3, the MCD
curve of the 1500-1600 nm absorption is relatively diffuse:
signal 2 may be explained by a superposition of a strong
negative Faraday B term and a weak positive A term, while
signals 3 and 3’ seem to correspond to a positive Faraday
B term. The MCD spectrum of 2 clearly proves this ten-

(25) Klahne, E. Ph.D. Thesis, Universitat Hamburg, 1982.
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Figure 3. The room-temperature MCD spectrum of {CpsU-
(NCBHj,),]~ within the range 1430-1650 nm.
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Figure 4. The low-temperature (150 K) MCD spectrum of
[CpsU(NCS),]- within the range 1450-1650 nm.

[A

[Cp;UINCBH,), 1~
290K
4
1200 1330
1200 1330 A (nm)

Figure 5. The room-temperature absorption and MCD spectrum
of [CpgU(NCBHj,),]” within the range 1200-1330 nm.

tative interpretation. Considering the MCD curves of 2
and 3, the final states of the transitions 3 and 2 should be
correlated with I'y and T's symmetry, respectively, the T'y
state being dominated by |£4). Virtually, this latter as-
signment seems to contradict the above-mentioned as-
signment of the transitions 2 and 3.

At room temperature, 1 shows two absorption bands in
the range 12501300 nm, whereas 2 and 3 exhibit only one
signal. After being cooled to liquid He temperature, this
signal is split in case of some CpzUXY complexes but is
preserved in the case of 2 and 3. Band 4 displays a positive
Faraday A term and must therefore be ascribed to the
transition T';(°*H,) — I'y with dominant |+4),

According to our former tentative CF calculations,”® the
absorption bands of organometallic U complexes within
the range 1620-1200 nm correspond to the transition *H,
— 3H,. Multiplets with J = 5 are split by a CF of D,
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Table III. Assignment of the Observed “Cold” Absorption and MCD Transitions

occurrence of a
Faraday A term

band no. in the “cold” in the MCD
absorpn spectrum spectrum sign of the Faraday A term terminal state dominant |+J,)

LV T |+2)
2 yes + T |£4)
3 no Ty
4 yes + Ty j£4)
5 Te |£4)
6 yes +
7
8, 8/} a e T |£2)a
9
10
11 yes - T |1£2)
12 yes + | IS |£4)
13 a a a a
14 yes - I |£2)
15 yes + Tg [£4)
16 no Iy
17-26 a
27 yes - T [£2)

@These MCD curves are diffuse, and their nature is unsure. For a more detailed discussion see text.

21 15 g

(Cp;UNCBH;), I

500 700 900 100 nm

Figure 6. The low-temperature absorption spectrum (90 K) of
[CpsU(NCBRy),]- within the range 400-1100 nm.

symmetry into the levels I'y + I'; + T, + 2I'; + 2T {cf.
Table I). One of the two I'q levels is dominated by |+4)
and the other by |£2). As signal 4 has to be associated
definitely with the final I'q level with dominant {+4) (vide
supra), we correlate signal 3 (in Table II) with the T level
dominated by |+2). This is in accordance with the MCD
spectrum of 1 and several other Cp;UXY complexes, but
in contradiction with the MCD spectrum of 2 and 3.

1125-700 nm. Between 1125 nm and the onset of the
strong charge-transfer transition, the observed f—f bands
are not grouped (Figure 6). We divide this remaining
spectral section rather artificially into groups between 1125
and 700 and between 700 and 400 nm, as a change of the
detector of the dichrograph J-500 C is necessary around
700 nm.

In the room-temperature absorption spectrum of the tbp
species two close-lying weak bands can be observed in the
range 1090-1120 nm, the corresponding MCD feature of
which resembles a negative Faraday 4 curve. As both
absorptions disappear at low temperatures, they have not
been considered in Table III. With the tentative as-
sumption of the same final level for both these bands and
the cold signal 5, the initial levels should have an energy
separation of some 600 cm™ from the CF ground state.

At room temperature three relatively broad bands ap-
pear in the absorption spectrum between 1050 and 950 nm
and two Faraday A terms of different sign in the MCD
spectrum. At 90 K the three absorption bands could be

[Cp3UINCBH,),)”

900 950 1000 1050 1100 nm

Figure 7. The low-temperature MCD spectrum of [Cp;U-
(NCBHj,),]” within the range 850-1070 nm.

>

[Cp;UINCS), 1™

Figure 8. The low-temperature (90 K) MCD spectrum of
[Cp3U(NCS),]~ within the range 650-1070 nm.

resolved into at least seven signals, whereas the resolution
of the broad negative Faraday A term could not be im-
proved considerably at 150 K. Nevertheless, it became
more apparent that the weak signal 10 might correspond
to a positive Faraday A term, which overlaps partly with
the broad negative Faraday A term of 8/8. According to
preliminary CF calculations one T'; and three T'g levels (one
with [£2( and two with |£4) dominant in the eigenvector)
are expected along with three other levels in this range.
We tentatively assume that the final level which is re-
sponsible for the appearance of 8 and 8’ is split into two
components due to small deviations from ideal Dy, sym-
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Figure 9. The room-temperature MCD spectrum of [CpsU-
(D,0),]* within the range 400-700 nm.

metry. In the case of sample 3, band 6 has energy sepa-
rations of 125 and 173 cm™ from 8 and &, respectively,
band 7 of 130 cm™! from &', and band 9 of 126 cm™ from
8 and of 178 cm™ from 8. These findings may be ra-
tionalized if one assumes that the existence of the weak
bands 6, 7, and 9 is caused by vibronic coupling effects.
For this reason only the signals 5, 8/8’, and 10 have been
tentatively assigned in Table III.

Signal 11 appears in absorption as well as in MCD. At
room temperature it was difficult to recognize the type of
the MCD curve. The low-temperature spectra of 2 and
3 indicate clearly that it corresponds to a negative Faraday
term. This means that the final state of this transition
must be of I'y symmetry with dominant |£2).

Similarly, band 12 can be observed clearly in the ab-
sorption spectrum of 1, but only very vaguely in the room
temperature MCD spectrum. From the low-tempeature
MCD spectra of 2 and 3 it becomes apparent that a pos-
itive Faraday A term has to be associated with this tran-
sition. This means that the terminal level is of ' sym-
metry with a high contribution of |£4) in the eigenvector.
Band 13 in the absorption spectrum corresponds to a
diffuse signal in the MCD spectra of 1, 2, and 3, even at
90 K (in the case of 2 and 3). It may be associated with
a positive Faraday A or negative B term.

700-420 nm, Between signals 13 and 14 a weak band
could be observed in the room-temperature absorption
spectra of 2 and 3 which disappeared at liquid N, tem-
perature. With the tentative assumption that this band
and signal 14 have the same terminal level, the initial level
. of this transition should lie some 600 cm™ above the CF
ground state.

Band 14 in the absorption spectrum is associated with
a negative Faraday A term. According to Table II, it has
to be correlated with a transition to a terminal T level with
a large contribution of |£2).

In the room-temperature absorption spectra of 1, 2, and
3 several weaker signals can be observed between the bands
14 and 15. At low temperatures only two of these signals
survive. Again, the hot bands are separated some 600 cm™
from the corresponding cold transitions. One of these hot
bands gives rise to a positive Faraday A term.

The comparatively strong absorption band 15 has been
stated to be highly characteristic of a tbp coordination of
the CpsU* unit.? As this signal corresponds to a positive
Faraday A term, it has to be correlated with the transition
I';(®Hy) — I's with dominant [£4).

Band 16 in the absorption spectrum corresponds to a
negative Faraday B term. In view of Table II, this signal
should be due to the transition I';(*H,) — T,.

All remaining f-f transitions are, both in absorption and
in MCD, superimposed on a strong, broad charge transition
band. Here, the experimental base line of the MCD
spectrum suffers undoubtedly from the high absorbance
of the charge transfer. The estimated base line of the pure
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[Cp,U(NCBH,), I

Figure 10. The low-temperature (90 K) MCD spectrum of
[CpsU(NCBHj;),]~ within the range 420-560 nm.

MCD of f-f transitions below 550 nm is indicated as a
dotted line. Because of the uncertainty of the base line
and the clustering of the CF levels, it is difficult to dis-
tinguish the nature of the individual Faraday terms. Ac-
cording to our preliminary CF calculations, only one I'y and
three I'g levels (one in which |£4), and two in which |£2)
dominates) are expected within this range. This means
that one positive and two negative Faraday A terms, and
four allowed absorption bands, respectively, should arise.

In contrast to this expectation only two stronger bands
(21 and 27) can be observed aside various shoulders in the
absorption spectrum of 3 (90 K). As a few of the shoulders
might be of vibronic origin, the absorption spectrum was
also run at 30 K in order to detect any thermal depopu-
lation effects of potential hot vibronic bands. However,
as the ratios of the intensities of 21 and 20 remained un-
changed, transition 20 seems to be of purely electronic
origin. This conclusion is further supported by the findings
that in the case of 2 signal 20 is distinctly separated from
signal 21. The overall MCD curve of the three transitions
19, 20, and 21 may be interpreted either in terms of a
positive Faraday A term or of two close-lying Faraday B
terms of opposite sign. According to preliminary CF
calculations one T'y and two T levels (with |£2) and |+4)
dominant) are clustering in this range. Since either in-
terpretation of the MCD curve is consistent with the
calculated CF splitting pattern, we are unable to assign
any of the signals 19-21 individually. Signal 27 gives rise
to a negative Faraday A term and must therefore be cor-
related with the transition I';(®H,) — T’y with dominant
[£2).

Discussion

The optical spectra of [Cp;UX,]9 complexes exhibit
features comparable to those of the base adducts of the
early members of the Cp;Ln series:* 22 Strong signals,
presumably of forced electric dipole origin, are accompa-
nied by vibronic satellites which are weaker by 1 order of
magnitude. Only skeleton vibrations of the CpgUX, unit
seem to be involved in this coupling. Some degenerate
levels are split by some 10-30 cm™, and a few transitions
which are strictly forbidden in Dy, symmetry are weakly
observable, presumably due to weak deviations from this
symmetry. Some weak distortion from ideal Dy, symmetry
has become evident from previous X-ray studies.?-

The results of this paper demonstrate that conclusive
assignments of the majority of the spectral transitions of
the organoactinide complex type [Cp;UX,]? is not possible
in solution until a combined analysis of the pure absorption
and the corresponding MCD spectra has been carried out.
Essential conditions for such a successful combined
treatment are (a) the appearance of well-isolated and un-
ambiguously detectable purely electronic transitions which
(b) can reliably be assigned by the selection rules of forced
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electric dipole transitions only. In principle, magnetic
dipole transitions cannot be ruled out either, but according
to all present experience with noncentrosymmetric ura-
nium(IV) systems, their magnetic dipole transitions are
by at least 1 order of magnitude weaker than forced electric
dipole transitions.® The above treatment of various or-
ganouranium(IV) systems [Cp3UX,]? seems to provide for
the first time?’ a sufficiently large, purely experimental
basis for a promising CF analysis with the final aim to

(26) See: Satten, R. A.; Schreiber, C. L.; Wong, E. Y. J. Chem. Phys.
1965, 42, 162. Nevertheless, in view of the well-established magnetic
dipole character of the transition I';(*H,) — I',(*H,) of Cs,UX, (X = Cl,
Br) around 6.300 cm™, some uncertainty remains for the correct nature
of transition 2 in Figures 3 and 4.

(27) We are aware of an earlier, albeit essentially purely descriptive
MCD study of uranocene, (1°-CgHg)oUIV, the f—f absorption spectrum of
which is, due to the high molecular symmetry, strongly dominated by
vibronic satellites: Mowrey, R. L. Ph.D Thesis, University of Virginia,
1976.

arrive at a better understanding of the still unsolved
electronic structure of CpsU™ derivatives. It is hoped to
end up in the near future at CF parameter sets which may
be optimally correlated with predictions from recently
elaborated, purely theoretical treatments.?
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Treatment of (n°-C;H,RYMn(CO),(THF) (R! = H, Me) with (Me,N)(R?)S(0)==CH, (R? = Me, Ph) in
THF afforded the y-alkylidene complexes [(7°-CsH,RY)(CO),Mn],CHy(Mn—Mn) and the ethylene complexes
(n5-CsH,RHYMn(CO)o(C,H,). With (C;Me;)Mn(CO),(THF) only the ethylene complex was obtained. The
mechanism of the transformations is discussed in comparison to the related reactions between the manganese

tetrahydrofuran complexes with diazomethane.

Introduction

An ylide complex can be described as a base-stabilized
carbene complex.? Thus the stability of ylide complexes
of

L,M-aCH,~=ER,

the general type L, MCH,ER,, increases with the growing
nucleophilicity of the component ER,, and the electron-
attracting capability of the transition-metal fragment L, M.

The reaction of (CO);Cr(CH,PR;) with tertiary phos-
phines PR’; led to CO displacement,® whereas sulfur ylide
complexes (CO);Cr[CH,S(0O)R?R?] were converted to
phosphonium ylide complexes when treated with PR,.*
This is rationalized by the inferior donor capacity of a
sulfide or sulfoxide in comparison to a phosphine. A ki-
netic study of the aforementioned reaction revealed that
(CO)sCr[CH,S(0)Me,] underwent irreversible dissociation
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into dimethyl sulfoxide and the very reactive carbene
complex (CO);Cr=CH, which is subsequently trapped by
phosphines.?

(CO)sCr[CH,S(0)Me,] [(CO);Cr=CH,] ER,

(CO)5CI‘[CH2ER3]

Such a dissociation process should be markedly facili-
tated when the leaving group tendency of the sulfide
component of the sulfur ylide is enhanced as compared to
dimethylsulfoxide. Moreover, the generation of a carbene
species seems more likely with electron-rich transition-
metal fragments which provide additional stabilization to
the electron-deficient carbene ligand.® In an extreme view
it should be possible to generate stable carbene {methy-
lene) complexes from electron-rich metal complexes and
stable sulfur ylides.’

Here we report on our studies of the reactivity of com-
plexes (#°-C;H,R)(CO);Mn(THF) (R! = H,? Me® and

—_—
-Me SO
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