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Abstract: The secondary metalation products (p-XC5H4)2f>[C5H2(X)((;(5)(MH(C0)3L @n(CO)gL’ (L = CO. L = P(p-
XC¢Hg)s. 3¢c; L = P(p-XCgHy)3, L’ = CO, 4i; L = L’ = P(p-XC¢Hy)3. CO. 5i, 8i; and X = H, F. CH3;i = a, b, c)_are
formed in the reaction of CH3Mn(CO)4L (L = CO, P(p-XCgH,)3) and the primary metalation product? (p-XCgHg)2P-u-
(CeH3X)-Mn(CO)4 derived from thermolysis of the phosphine substituted alkyl derivative. Structures of secondary metala-
tion products have been determined by single-crystal X-ray diffraction studies reported separately. Formation of both pri-
mary and secondary metalation products is accompanied by loss of methane. Formation of secondary metalation products is
facilitated by reaction of cyclic acyl derivatives, e.g., PhyP-u-[CéH4C(0)]-Mn(CO)sL (L = CO. PPhj), readily obtained
from primary metalation product as described previously.2 Primary and secondary metalation products containing rhenium
and combinations of rhenium and manganese have also been obtained from corresponding starting materials. Studies with
mixed metal derivatives indicate that the metal in the cyclic acyl ring of the secondary metalation product is derived from
the primary metalation product while the metal which becomes substituted on the aromatic ring in position ortho to the acyl

group and also coordinated to oxygen of the acyl group is derived from the methyl complex.

In the article immediately preceding,? we described isola-
tion and characterization of a primary internal metalation
product, this-p-C(,H‘;-Mn(CO)o,, 2a, arising from the ther-
molysis of CH3;Mn(CO)4PPhs, 1. In addition to 2a this
reaction yielded two isomers of formula C44H28Mny03P>
(3a, 4a),% which are empirical dimers of the primary meta-
lation product and one compound of empirical formula
Cs1H43Mny04P3, 5a, which is a triphenylphosphine substi-
tution product of the dimers, see reaction 1. The structures

Mr{(CO)SL
—CH4 /O
/Mn(CO)4 110° /C
Ph,P Ph,P~Mn(c0o),L’ n
2a 3a, L = CO: L' = eq-PPh,

+ 4a, L = ax-PPh,;; L' =CO
CH,Mn(CO),PPh; | 5a, L = ax-PPh;; L’ = eq-PPh,
la

of these derivatives have been determined by X-ray diffrac-
tion studies.®*

Although the secondary metalation products were empir-
ical dimers of the primary metalated complexes, attempts to
obtain the former simply by heating the latter proved un-
successful. Furthermore, we also noted that improved yields
of these “dimeric” products were obtained when the start-
ing material, 1a, was thermolyzed in the molten phase, in
absence of solvent. Accordingly, we were led to the assump-
tion that the secondary metalation products 3a and 4a were
obtained from the reaction of 1 mol of the starting methy:
complex with 1 mol of the primary metalation product and
derivative 5a would be produced by subsequent reaction of
3a with PPh;. These assumptions were subsequently veri-
fied by experiment.

The isolation and characterization of these and analogous
derivatives containing rhenium and combinations of manga-

nese and rhenium are reported below together with experi-
ments relating to the pathways through which these deriva-
tives are formed.

Results and Discussion

Characterization of the Secondary Metalation Products
Derived from the Thermolysis of CH;Mn(CO);PPh3: the Di-

mers (C6H4X)215[C6H2X(£6)(Mn(CO)4)]M§(CO)3P(C6H4X)3

(X = H, 3a; F, 3b; CH3, 3c), (CeH4X);P[CeH,X(COXMA(C-
0)3P(CeHeX)3)IMn(CO)s (X = H, 4a; F, 4b; CH3, 4c), and

Ph,P[C¢H3(COYMRA(CO)sPPh3)]Mh(CO)sPPhs, Sa. It is in-
structive to examine the spectral features of the above
named derivatives in light of their structures. Carbonyl in-
frared absorptions for these are given in Table I and the
spectra of dimer 3a and its fluorine substituted analog, 3b,
are shown in Figure A3 Assignment of these spectra was
made possible through the isolation of the analogous unsub-
stituted compounds and derivatives separately containing
the individual metal groupings discussed below. We can see
from the carbonyl absorptions, however, that the ring-sub-
stituted derivative is analogous to the parent complex.

The oxygen coordinated acyl carbonyl gives rise to a
characteristic absorption in the fingerprint region of the in-
frared spectrum, as illustrated for 3a in Figure B.5 We find
a fairly strong band (by comparison to other absorptions in
this region) at 1460 cm™!, right between two bands which
are assigned to »(CC) modes of the phenyl rings. We find
that there are analogous bands in the spectra of 3b and 3c
but no comparable bands exist in the spectra of the starting
materials CH3Mn(CO)4L or PhyP-u-CsHa-Mn(CO)4. Sev-
eral examples of compounds containing acyl groups with
oxygen coordinated to a metal have been reported in the lit-
erature.® In the coordination of ketones (benzophenone,
PhCOPh) to TiCl4® the carbonyl stretching frequencies are
lowered by as much as 150 cm~!. The uncoordinated acyl
group in the derivative PhyP-u-C¢H4C(O)-Mn(CO)3PPhs,
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Table I. Carbony! Infrared and 'H NMR Data of Secondary Metalated Products with Manganese
No. v(CO), cm™'4 v(>C=0 - M)? 'H NMR (7)¢
3a 2074 m, 2024 w, 1992 s (1984 sh), 19465, 1935 s (1926 sh) 1460 2.4 (m, phenyl)
3b 2082 m, 2027 w, 2000 s (1995 sh), 1957 5,19505, 1938 m 1460 2.7 (m, phenyl)
3c 2071 m, 2023 w, 1989 s (1983 sh), 1944 s, 1931 5 (1924 sh) 1465 2.7 (m, phenyl), 7.36 (s, CH,), 7.70 (s, CH,);
22:3:15
4a 2073 m, 2011 vs (2006 sh), 1990 m, 1968 s, 1936 s5,1904 m, 1899 m 1470 2.6 (m, phenyl)
4b 2076 m, 2022 vs, 2011 m, 1993, 1977 5, 1949 5, 1923 s 1470 2.8 (m, phenyl)
4c 2073 m, 2010 vs (2004 sh), 1988 's,1966 s, 1934 5,1901 m, 1895 m 1477 2.8 (m, phenyl), 7.62 (s, CH,), 7.68 (s, CH,),
7.75 (s, CH,); 22:6:3:9
5a 2003 s, 19415, 1920 m, 1900 m 1460 2.7 (m, phenyl)

aCyclohexane solution. 2 CCl, solution. ¢Key: m = multiplet, s = singlet; 3b, 3¢, 4b, and 4¢ were obtained in CDCl,, 3a in acetone-d,, and
4a in acetone; relative intensities for the resonances in 3c and 4c are given immediately following the chemical shift data.

7a, gives us a reference point from which to assess the effect
of metal coordination in the secondary metalation products.
In 7a the acyl band is observed at 1595 cm™! from which
the coordinated acyl group of 3a at 1460 em™! is shifted by
135 ¢cm~!, This is comparable to the shifts mentioned
above. However, because the uncoordinated acyl stretching
frequency is low to begin with, the band at 1460 cm™! is by
some 35 cm~! the lowest coordinated acyl stretching fre-
quency thus far observed.

The secondary metalation products, 4a-c, isomers of
3a-c, show more complex but better resolved carbonyl in-
frared spectra. The spectra of three such derivatives are
shown in Figure C.°> The absorptions can be assigned by
comparison with spectra of compounds separately contain-
ing the component parts, discussed below. The spectra of 4a
and 4c differ somewhat from that of 4b. The shoulders in
the former two at 2006 and 2004 cm™!, respectively, are re-
solved into a peak at 2011 ecm™! in 4b. The former two also
show double maxima, ie., 1904, 1899 and 1901, 1895
cm™!, respectively, where 4b shows a single maximum, i.e.,
1923 cm™L. Since seven carbonyls may not give rise to more
than seven principal absorptions, we considered the possibil-
ity that the double maxima could be due to positional iso-
mers involving the phosphines. Room temperature 3!P
NMR spectrum revealed only two signals. Variable temper-
ature 3!P NMR spectra between —90 and 90° were ob-
tained to check if these signals were due to some averaging
process. The two signals did not vary appreciably. Thus we
do not believe that positional isomerism of ligands can be a
likely explanation for the double maxima and we suggest
that the low energy double maxima in 4a and 4c is a result
of Fermi resonance of a carbonyl mode with an overtone of
some lower energy vibration.

The carbonyl infrared spectrum of 5a displays four broad
absorptions (see Table I). The unsymmetrical nature of sev-
eral of the bands suggests that these are due to overlapping
absorptions. A crystal structure of 5a* has shown that the
upper Mn has a facial arrangement of ligands while the
lower Mn is meridional with the phosphine trans to the
phosphorus atom for which we would expect six absorp-
tions.

The !°F NMR spectrum at the fluorine substituted deriv-
ative, 3b, with the observed chemical shifts is shown in Fig-
ure D.° Three resonances are observed with relative areas of
- 1:2:3, respectively, going to high field. The two high field
resonances appear at a chemical shift position and display
coupling patterns consistent with fluorine atoms on nonme-
talated phenyl rings (see Figure B of previous paper)? and
are assigned accordingly. The very large downfield shift of
the remaining fluorine, which is in position ortho to a man-
ganese on a metalated ring is reminiscent of the large down-
field shift of o-fluoroiodobenzene with respect to fluoroben-

zene, i.e., —19.9 ppm. Emsley, Sutcliffe, and Feeney’ have
suggested that this shift is due to intramolecular electric
fields arising from van der Waals interaction of bulky sub-
stituents with an adjacent fluorine atom; the less electro-
negative the substituent, the greater the deshielding. Thus,
the ortho tetracarbonyl manganese group which would be
expected to give rise to gréater nonbonding interactions
than iodine, might thus be expected to give a larger down-
field shift, as indeed is observed, i.e., —28.6 ppm.

The appearance of a quartet for the resonance of the flu-
orine atom on the metalated ring is somewhat surprising (a
better resolved resonance of a fluorine in a metalated ring
in an analogous secondary metalation product is shown in
Figure 6 below; the discussion here pertains to both of these
spectra). The quartet is not easily reconciled with the
known structure of the unsubstituted derivative for it
suggests accidental degeneracy for the coupling of the fluo-
rine atom to the ortho and meta hydrogen atoms as well as
to the para phosphorus atom. The observed separation in
the multiplet is both the value expected for JH-_F(ortho) and
double the value expected for Jp_p(para) (as observed for the
coupling on the nonmetalated rings in this and other deriva-
tives). We believe the most reasonable explanation for the
appearance of the resonance as a quartet is that virtual cou-
pling must exist between the two hydrogens and phosphorus
leading to the appearance of the quartet whose separation is
due to an average of the coupling between all the atoms. If
constants typical’ for each of the pairs of coupled atoms are
substituted into the averaging, we obtain a value which re-
produces the observed spacing in the quartet, i.e.,
(JHF(ortho) = 8) + (JHF(meta) = 5) + (JpF(para) = 2)/3 =5
Hz. The presence of virtual coupling may well be due to
electron delocalization over the extended ring system in the
secondary metalation products.*

The 'F NMR spectrum of 4b obtained under the same
conditions as 3b, is similar to that of the latter except that
the degeneracy found in 3b for the nonmetalated phenyl
rings of the diphenylphosphido group has apparently been
lifted: 3.75 multiplet, 28.9, 29.0, 31.2 (coupling in all three
resonances is the same as that given for 1b in Figure B of
the previous paper)? relative areas, 1:1:1:3. The splitting of
the resonances from the diphenylphosphido group might be
expected from the structure shown above for 4a. With re-
spect to the plane containing the metalated ring, one of the
(FC¢Hy) rings on the diphenylphosphido group is on the
same side as (FCgHy4)3P axial, while the other is on the side
of a CO group on the upper metal.

The chemical shifts of the fluorine resonances of the vari-
ous fluorinated derivatives discussed above are summarized
in Table 11, arranged according to the type of ring on which
the fluorine resides. The correlation between ring type and
chemical shift is quite good and may be diagnostic for the
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Table II. '°F NMR Resonances Collected According to the Nature of Their Environment
F
F
M\
éO
F< >>‘P F< > ’ P\ /
3 2 M P - P\M
1b 29094 (30.9)2
2b 2822 (30.0) 2585 (27.5)
3b 2926 (31.2) 2842 (30.2) 663 (7.05)
4b 2923 (31.2) 2731 (29.0) 353(3.75)
2717 (28.9)

aHertz from externa! CF,CO,H. 2In ppm from external CF,CO,H.

Table III. Carbonyl Infrared Data of CH,Re(CO),L, Primary
Metalated Derivatives Thereof and Cyclic Acyl Derivatives

No. v(CO), cm™'4

1h 2077 m, 19925, 1973 vs, 1935 s
1k 2081 m, 19965, 1975 vs, 1940 s
2h 2085 m (1990 sh), 1985 5,1947 s
2k 2088 m (1993 sh), 1989 s, 1954 s
6hb 2086 m, 2010 ms, 19865, 1964 s

6kd 2089 m, 2014 ms, 1988 s, 1966 s
1

aCyclohexane solution. dvacy) = 1600 cm™.

various environments. Further use of !°F NMR data is
made in assignment of the sequence of substitution for the

mixed metal derivatives below.
Synthesis of CH3Re{CO);L (L = PPha, 1h; P(p-FCsHa)3,

cis-ReBr(CO),L + CH,Li EQB’ CH,Re(CO),L (2
2
L = PPh,, 1h
L = P(p'FCGH4)3, lk

1k), and the Primary Metalation Products Derived There-
from. The reaction of CH3Re(CO)s with L in refluxing
THF or benzene, in contrast to the corresponding reaction
with manganese complexes described in the previous
paper,? yields primarily the bis-substituted product CHsRe-
(CO)sL,. It was thus necessary to find another synthetic
route to the monosubstituted derivative. This was provided
through ReBr(CO)s. The synthesis of cis-ReBr(CO)4L, in
good yield, has been described by Jolly and Stone,® and the
corresponding methyl derivative was obtained by reaction
with methyllithium, see eq 2.

The carbonyl infrared spectra of these derivatives and
metalation compounds derived from them are given in
Table III. These are entirely analogous to the corresponding
manganese derivatives.2 The absorptions are generally to
higher energy except for the lowest energy band in each
case which is a few wave numbers lower than its manganese
counterpart.

The internal aromatic metalation of CH3Re(CO)4L re-
quired higher temperatures than for the manganese ana-
logs.?2 The reaction was carried out in refluxing xylene
(144°), giving fair yields of the primary metalation prod-
uct, (p-XC5H4)2 -u-CgH3(X)-Re(CO)y (X = H, 2h; X =
F, 2k). However, only very small amounts of what appeared
from the infrared spectra to be analogs of the secondary
manganese metalation products (3a, b and 4a, b) could be

isolated from the reaction mixture and correspondingly
greater amounts of decomposition were found in the rhen-
ium system compared to the manganese system. An im-
proved method for formation of secondary metalation prod-
ucts was subsequently discovered and is described in the
succeeding section. The primary metalation products of

rhenium, 2h and 2k, are easily converted to the correspond-
ing cyclic acyl derivatives 6h and 6k by reaction with CO.

The carbonyl infrared spectra of the primary metalation
products (Table III) closely resemble those of the manga-
nese analogs? and show the same behavior with regard to
the shift of the bands; i.e., the lower energy band is lower
than its manganese counterpart, while the other three are to
somewhat higher energy.

'H F NMR data obtained for the rhenium complexes
are closely analogous to those of the corresponding manga-
nese derivatives. For the following data, obtained for the
compounds in CDCl; solution, these conditions apply: 'H,
60 MHz, chemical shifts in values of = and for '"F NMR
spectra, 94.1 MHz, chemical shifts given in parts per mil-
lion against external CF3;COOH. CH;3;Re(CO)4P(p-
FC¢H,4)s, 1k, 'H 2.7 (multiplet, phenyl), 10.49 (d, CH,,
Jup = 7.5 Hz); 'F, 29.7 (JHF(ortho) = 8.5, JHF(meta) = 5.2,
Jpr = 2.2 HZ); (p-FCgHy),P-u-CsH3(X)-R3(CO)4, 2k,
'H NMR 2.6 (multiplet, phenyl); F NMR, 28.2
(JHF(ortho) = JHF(ortho’y = 9.0, JHF(meta) = Jpr = 4.5 Hz),
29.0 (multiplet, coupling same as in 1k), relative areas 1:2.

Formation of Bis(tetracarbonylmetal) Secondary Metala-

tion Products: (p-XC6H4)2P]’[C6H2(X)((;O)(M(CO)4)]1\I(I’(CO)4.
Extension of eq | above using simply CH3sM’(CO)s (M’ =
Mn or Re) instead of the phosphine substituted methyl
complex together with the primary metalation product per-
mitted us to obtain bis(tetracarbonylmetal) secondary me-
talation products indicated in reaction 3, below. Use of de-
rivatives of rhenium alternatively as the primary metalation
product or as the methyl complexes with derivatives of

X X
110-140° M:{COL
+ CH.M/(CO); =52 /0
M (o), f
(XCsH,).P <XCGH4)ZP\M(CO)4
2 8,9

/O + CH,M'(CO),
i
(XCGH4)2P\M(CO)4 M=M = Mn gab
6 M =M =Re 8h

M =Mn, M’ =Re

A A, P, A,
oo e e
mnnnnnnn

o Reolies Renfics Reolles s
©
»

M=Re, M ' =Mn
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A
Table [V. Comparison of Synthesis of Bis(tetracarbonylmetal) Secondary Metalation Products Using CH,M(CO), with Ph,P-u-C,H,-M(CO),,

| R . .
2, or Ph,P-u-C ,H,C(O)M(CO),, 6, and Derivatives

——————Reactants (g)————

CHM(CO);, M = Molar ratio Solventa Reaction time (hr) Product % yield
2a (0.079) Mn (0.146) 1:4 A 6 8a 50
6a (0.092) Mn (0.146) 2:7 B 2.5 8a 80
6b (0.12) Mn (0.165) 1:3 B 3.5 8b 60
2a (0.075) Re (0.255) 3:7 A 6 9a 60
6a (0.092) Re (0.248) 2:7 A 5 9a 65
6b (0.12) Re (0.276) 1:3 B 7 9b 75
2h (0.10) Mn (0.20) 1:5 C 2 9h 5
6h (0.100) Mn (0.248) 1:7 B 2.5 9h 95
6k (0.095) Mn (0.120) 1:4 B 2.5 9k 85
2h (0.095) Re (0.300) 1:5 C 6 8h 10
6h (0.184) Re (0.461) 1:7 A 3 8h 85
6k (0.088) Re (0.214) 2:9 A S 8k 80
aSolvents: A, toluene, 110°; B, methylcyclohexane, 101°; C, xylene, 140°; 15 ml in each case.
Table V. Carbonyl Infrared and 'H NMR Data of Bis(tetracarbonylmetal) Secondary Metalation Products
Compounda M M »(CO), cm™1? v(>CO = M)c 'HNMR (r)d
8a Mn Mn 2085 m, 2071 m, 2014 s, 1998 vs (1992 sh), 1977 s, 1942 s 1473 2.65 (m)
8b Mn Mn 2089 m, 2074 m, 2017 ms, 2001 vs, 1979 5, 1960 s 1475 2.6 (m)
8h Re Re 2097 m, 2086 m, 2016 ms, 1999 vs, 1983 5, 1976 ms, 1932 s 1452
8k Re Re 2101 m, 2090 m, 2009 ms, 2002 vs, 1989 s, 1979 5, 1948 s 1455 2.6 (m)
9a Mn Re 2094 m, 2075 m, 2015 ms, 1995 vs, 19865, 19805, 1936 s 1460
9b Mn Re 2097 m, 2081 m, 2018 m, 1998 vs, 1991 ms, 1980 ms, 1950 s 1464 2.6 (m)
9h Re Mn 2096 m, 2076 m, 2015 s, 2000 vs, 1993 m, 1974 s, 1939 s 1467
9k Re Mn 2097 m, 2081 m, 2017 s, 2002 vs (1998 sh), 1977 s, 1961 s 1468 2.6 (m)
aSee structural drawing in eq 3. ®Cyclohexane solution. ¢CCl, solution. dCDCY, solution.
F
manganese serving as complementary reagent permitted us
to make mixed metal species. The elucidation of the posi- Mn(COls
tions of the different metals in these species, discussed \
below, provided us with information regarding the reaction Relative oreo: | 2 /O
path. However, we obtained low yields in reactions involv- -5k \
ing the primary metalation products of rhenium, 1h, 1k (ca. (p-Fegrgly MO0l

5-10% of 9h, 9k, compared with 50-60% in reactions with
the manganese primary metalated derivatives 2a, 2b; see
above). We subsequently discovered that use of the cyclic
acyl complexes, 6 (see previous paper),? as starting materi-
als in place of the primary metalations derivatives, 2, per-
mitted us to lower the necessary reaction temperatures and
significantly improve yields (85-95%) of secondary metala-
tion products. This reaction is summarized in the lower
path of eq 3 above. A comparison of reaction conditions and
yields for the two synthetic routes is summarized in Table
Iv.

The infrared spectra in the carbonyl stretching region for
the bis(tetracarbonylmetal) secondary metalation products
are summarized in Table V and a representative spectrum,
that of 8a, is shown in the central trace of Figure E.5 These
derivatives show somewhat sharper bands than the spectra
of the secondary metalation products described above, pos-
sibly due to the lower degree of phosphine substitution on
the metals. An assignment of the absorptions may be pro-
posed by comparisons with the spectra of separate species
each containing one of the two different metal groups found
in the bis(tetracarbonylmetal) secondary metalation prod-
ucts. These are shown in the upper and lower traces of Fig-
ure E. For the upper trace, the compound is obtained from
the metalation of acetophenone by CH3;Mn{CO)s,® while in
the lower trace the compound was obtained as discussed in
the previous paper;? the maxima of the two comparison
spectra are given in the caption to the figure. For two cis te-
tracarbonylmetal groups in these derivatives, we could have
expected up to eight maxima. It is clear from the correla-
tions shown in Figure E that the central and most intense
band must contain three accidentally or near-accidentally

578 ppm

285 ppm

Figure 1. 1F NMR spectrum of 8b, CDCl; solution. 94.1 MHz.
Chemical shifts are in parts per million from external CF;COOH.

degenerate modes giving a satisfactory account of the ab-
sorptions.

TH NMR spectra of the bis(tetracarbonylmetal) secon-
dary metalation products were of little diagnostic use; how-
ever, 1F NMR spectra of the fluorinated derivatives, 8b,
8k and 9b, 9k, showed significant differences among these
complexes. The !°F resonances of a representative com-
pound, 8b, are shown in Figure 1 and the data obtained for
the mixed metal compounds (9b, 9k) and comparison com-
pounds containing one type of metal (8b, 8k) are summa-
rized in Figure 2. Chemical shift and coupling constant
data for these derivatives are found in the caption to Figure
2. In Figure 1, the low field quartet shows better resolution
than obtained for the analogous resonance in the secondary
metalation product, 3b (see Figure D). The same discussion
advanced above regarding the apparent coupling pattern in
this multiplet would apply to the splitting observed here and
for all the secondary metalation products thus far exam-
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20 1y Y N\ %
A B C D

Figure 2. Schematic representation of fluorine resonances at 94.1 MHz
of 8b (D), 8k (A), 9b (B). and 9k (C). The resonance positions shown
on the upper bar graph are for the fluorines on the metalated rings.
Each is a quartet with a coupling constant of 5 Hz, while those of the
lower bar graph are for fluorines on unmetalated rings and show cou-
pling the same as in 1k (see text). Chemical shifts from external
CF3COOH in hertz and (parts per million): 8b, 545 (5.78). 2692
(28.5): 8k, 111 (1.18), 2647 (28.1); 9b, 210 (2.23). 2660 (28.3); 9k,
455 (4.84), 2664 (28.3).

ined. Turning to Figure 2, the characteristic resonances are
summarized on the two bar graphs. On the lower are the
resonances of the fluorines on the unmetalated rings while
the upper are the resonances of the fluorine on the metalat-
ed rings; these assignments proceed first by relative intensi-
ty and coupling patterns and second by their correspon-
dence to resonances in related derivatives discussed above
(see Table 1I). At the opposite edges of the upper graph are
the resonances due to the ReRe and MnMn derivatives (8k
and 8b, respectively). Close to the ReRe signal we find a
signal for the product (9b) due to the reaction of CH;Re-
(CO)s with the cyclic acyl derivative of manganese, 6b,
while the product, 9k, from the reaction of the cyclic acyl
derivative of rhenium, 6k, with CH3Mn(CO)s displays a
resonance close to that of the MnMn derivative. This indi-
cates that the metal in the alkyl complex, CH3M'(CO)s, is
the one which is found coordinated to the acyl oxygen and
metalating the ring in the position ortho to the fluorine, as
indicated in reaction 3 above. The positions of the reso-
nances of the fluorines on the unmetalated rings fall in the
same relative order of descending frequency as the reso-
nances shown above. This suggests that the effect on the
fluorine atoms in the unmetalated rings of the metal atom
M’ is opposite to and slightly greater than that of metal
atom M, an interesting result. A recent structure determi-
nation of a mixed metal derivative!® confirms the sequence
of metalation as suggested by the interpretation of the 1°F
NMR results above.

Summary and Conclusions

A representative summary of the reactions reported here
is presented in Figure 3. The secondary metalation prod-
ucts, shown at the right of the figure, are derived from the
reaction of a methyl-metal complex with one of two com-
plementary reagents, either a primary metalation product
in reaction B, or a cyclic acyl derivative in reactions A or C.
The reactions with the cyclic acyl derivatives occur at lower
temperatures (ca. 90°) than those with the primary metala-
tion products (ca. 110°). In reaction B, two isomeric secon-
dary metalation products, 3a and 4a, are produced. These
can be separately obtained through reactions A or C in
yields of 57 and 91%, respectively. At the lower tempera-
ture of ca. 90° required for reaction of the methyl complex
CH3Mn(CO)PPhs, 1a, with acyl complex 6a, the self-meta-
lation of la which would produce 2a and then also 3a (to-

o}
I

CHE “Mnicol
(A) + CHyMn(CO)y  ———m] :
c"é
2, P—Mn(C0); L 2, P=Mn(CO) 5L
To 1)CO loss
11)CH4 loss
Nkn(coh
L
0 >
¢ AL transter—" g b n(cont

CHE MnCOl ) CHjloss

30
(B) Q\ + CHaMn(COl4L ——m é
%
2 P/MnCO)4 4

2 22 P—Mn(c0);
20 o * ' 9o transter
#)CH4 loss
Mo(COl3L
P
co 100 Joss EzP—N{n(COh
i) CHg loss
0 4q
CHy C‘Mn(COhL
€) + CHaMn(COlyL ——m ;
9 .
@2 P—Mni(CO)4 B,P—Nin(C0)4
8o la

Figure 3. A representative summary of reactions with suggested inter-
mediates.

gether with 4a) is essentially quenched. The cyclic acyl de-
rivatives are obtained from primary metalation product by
its reaction either with CO or with PPhj, also as shown in
Figure 3 (discussed for the manganese derivatives in the
previous paper).?

Mixed metal derivatives can also be produced through
such routes. However, in working with PPhs substituted de-
rivatives, products arising from ligand dissociation must
also be expected. In the reaction of CH3Re(CO)s with
PhaP[CsH4C(O)]Mn(CO)4PPh;, 7a, for instance, ouly the
products CH3Re(CO)4PPh; and Ph,PC,H MR(CO)s, 2a,
were obtained, each in 80% yield. Product 2a is derived
from 7a by loss of PPhs, which ligand appears in the substi-
tuted methyl-rhenium complex.

In a separate work? we have shown that aromatic ketones
and quinones can be ortho metalated by pentacarbonyl-
methylmanganese or -rhenium. This observation and the
lower temperatures required for metalation of the cyclic
acyl derivatives discussed above strongly suggests that, in
the metalation sequence (B), some cyclic acyl derivative
must be present as an intermediate or transition state, This
would be formed by migration of aryl group to carbonyl in
the primary metalation product possibly imposing tempo-
rary coordinative unsaturation on the metal. The driving
force for this transformation would derive from the conver-
sion of a four-membered ring in the starting material to a
five-membered ring in the intermediate or transition state.
The acyl group thus formed would direct entering metal
alkyl complex toward metalation in the ortho position, very
likely through an intermediate adduct shown in the center
of sequence B, Figure 3. Products 3a and 4a would be pro-
duced by transfer respectively either of PPhy or CO from
entering metal to the metal in the cyclic acyl ring, each ac-
companied or followed by loss of methane. In principle, this
reaction should proceed with a number of alkyl complexes
other than those specifically discussed here, and work in
this direction as well as attempts to refine the mechanistic
scheme suggested here is in progress.

Experimental Section

Comments relating to general reaction conditions and reagents
given in the previous paper,? apply here as well. In addition, the
following work required CH3Li (in diethyl ether, 2.2 M) and
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Table VI. Elemental Analyses
~Calculated—  ~—Found—
Empirical formula % C % H % C % H
2k C,,H,,F;0PRe 43.07 1.79 4272 2.02
3a C,H,Mn0.P, 61.68 329 62.23 344
3 C,H,,FMn0.P, 54,77 228 54.81 2.66
4a C,H,Mn,0.P, 61.68 3.29 62.08 3.43
4 C,H,,FMnOpP, 5477 228 54,15 2.31
6h C,H,,O;PRe 47.02 239 4722 247
8 C,,H,;;Mn,O,P §2.12 2,11 52,13 2.28
8 C,H,,F:Mn,0P 4793 148 48.02 1.68
9a C,,H,;MnO,PRe-CH,C1, 40.09 179 40.00 1.69
9h C,,H,;;MnOPRe 43.0 1.73  43.05 2.08
8h C,H,,0.PRe, 36.65 147 36.68 1.40
%F % P % F % P
3b 11.83 643 1243 6.49
4b 11.83 643 12,97 6.49

8b 8.49 4.6l 8.92 456

Re2(CO)io (Strem Chemicals). P(p-FCgHa); was prepared as de-
scribed in the companion paper and CH3Re(CO)s was synthesized
by the method of Hieber and Braun.!!

Elemental analyses and/or mass spectra were obtained only for
derivatives for which no well-characterized analogs existed. These
are displayed in Tables VI and VII, respectively. It should be noted
that, for 4a, the mass spectrum revealed a highest mass fragment
84 m/e units below that expected for a dimer. It is interesting that
the corresponding parent — 3CO peak in the spectrum of 3a is
more intense than the parent ion. The intervening (P — CO) and
(P — 2CO) peaks are nonexistent.

Infrared and NMR data for all new derivatives have been pre-
sented in Tables I, II, and III, above. Yields quoted below are
based on molecular formulas as determined from mass spectra and
elemental analyses.

Attempted Dimerization of 2a. A quantity of 2a (0.10 g) was re-
fluxed in 10 ml of toluene for 52 hr. The reaction was monitored
periodically through infrared spectra. Besides a small amount of
intractable decomposition, only 2a and a small amount of 7a were
recovered. Molten reaction of 2a at 145° for 20 min yielded the
same results.

Demonstration of the Source of Dimers 3a and 4a. Reaction of
the Primary Metalation Product, PhyP-4-CsHy-Mn(CO)q, 2a, with
CH3Mn(CO)4PPhj, 1a. When it was observed that improved yields
of secondary metalation products 3a and 4a were achieved by
carrying out the metalation reaction in the absence of solvent in
the molten phase of 1a (maintained under nitrogen at 145° for
15-20 min) while none were produced simply by heating 2a (see
above), it was surmised that these products might arise from the
reaction of the primary metalation products with starting material.
Accordingly, a quantity of 2a (0.10 g, 0.23 mmol) was refluxed in
15 ml of toluene for 3 hr at which time the infrared spectrum was
checked and showed no reaction (there was slight darkening of the
solution due to decomposition). At this time 0.20 g of 1a was
added to the reaction. Separation of the products by column chro-
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matography revealed an improvement in yield of 3a (20%) and 4a
(30%) based on the amount of 1a reacted.

Synthesis _of Secondary  Metalation Products. Phy-
P[CsH3(COXMn(CO)L)IMn(CO)3L’ (L = CO, L’ = PPh;, 3a; L =
PPh;, L' = CO, 4a; L= L’ = PPhj, 5a) and the Fluorine Substitut-
ed Derivatives 3b and 4b. The title products were obtained in ther-
molysis of the corresponding methyl complexes CH:Mn(CO)4P(p-
XCsHy)s (X = H, 1a; X = F, 1b). These reactions were described
in the previous paper? and the present products were obtained in
the chromatographed separation of the thermolysis reaction
mixtures.

As explained above, the possibility of ligand tautomerism was
investigated in compound 4a. Variable temperature 3'P NMR
spectra were obtained on a 251-MHz instrument (superconducting
magnet) at 100.5 MHz from —90 to 40° in acetone and from 40 to
90° in toluene. The only observable change was an apparent sharp-
ening of a singlet at 66.2 ppm as the temperature was lowered. The
other resonance at 84.5 ppm remained unchanged throughout. The
resonance positions are given relative to P(OC;H3s)3.

The Reaction of 3a with PPhi. Compound 3a (0.10 g, 0.12
mmol) and PPh3 (0.03 g, 0.12 mmol) were refluxed in benzene (25
ml) for 3 hr. Subsequent column chromatography using a 25%
benzene-hexane solution as eluent gave 0.12 g of 5a (93% yield).

Synthesis of CH3Re(CO)L (L = PPhj, 1h; L = P(p-FCsHy),
1k). CH3Re(CO)s (1.05 g, 3.1 mmol) and P(p-FCgHyg); (1.10 g,
3.5 mmol) were refluxed in 75 ml of THF. Following the reaction
by the infrared spectrum, the monosubstituted product was appar-
ent after 1 day and continued to increase through the second day.
At this time, peaks assignable to the bis-substituted isomer began
to appear and the monosubstituted product remained fairly con-
stant thereafter. The reaction was stopped after 8 days and the
product mixture chromatographed with hexane. All major prod-
ucts are colorless on the column. The desired monosubstituted
product, 1h, was obtained in approximately 10% yield.

Synthesis of CH3Re(CO)sL by Way of BrRe(CO)sL. BrRe-
(CO)4L was obtained by the method reported by Jolly and Stone,?
and further reacted with CH;Li to give the desired products, 1h
and k. Rez(CO)iq (2.31 g. 3.5 mmol) was suspended in 40 ml of
carbon tetrachloride and cooled to 0°. Br; (0.30 ml, 5.5 mmol) was
dissolved in 40 ml of CCls and added dropwise with stirring. After
addition, the mixture was allowed to warm to room temperature
and stirred for 4 hr more. The solvent and excess bromine were
stripped off, and the off-white product dried shortly under vacuum
(ca. 0.5 hr). This product (BrRe(CO)s) was placed in a 300-ml
Schlenk flask with PPh; (1.80 g, 7 mmol) and refluxed in 150 ml
of CHCl; for 12 hr. The solvent was removed and the residue chro-
matographed on silica gel first with hexane and then with a 2:3
ether-hexane mixture. The product, BrRe(CO)4PPhs, is colorless
on the column and was recrystallized from ether-hexane.

The BrRe(CO)4PPh3 was dissolved in 100 ml of anhydrous di-
ethyl ether in a dry 250-ml Schlenk flask under nitrogen and
cooled to 0°. Five milliliters of 3.0 A CHsLi in ether was added
and the solution stirred for 0.5 hr, Excess CH;Li was destroyed by
adding distilled water slowly to the solution while stirring. At this
point, inert atmosphere is no longer needed. The ether portion was

Table VII. Mass Spectral Data4
———Parent ion——

Compound Probe temp, °C Caled Obsd (Parent ion) — xCO’s
3a 122-215 856 856 772,744,716, 688, 660, 632 (x = 3-8)
3b 175 964 880, 852, 824,796, 768, 740 (x = 3-8)
4a 165-220 856 772,744,716, 688, 660, 632 (x = 3-8)
4b 190 964 880, 852, 824, 796, 768, 740 (x = 3-8)
1k 120 6280 6280 613 (P-CH,), 585,557,529 (x = 1=3)
2k 165-160 6120 6120 584, 556,528,500 (x =1-4)
6h 118 586b 5860 558,530, 502,474, 446 (x = 1=-5)
8a 135-140 622 622 538,510, 482, 454, 426, 398, 370 (x = 3-9)
8h 160-170 882¢ 882¢ 854, 826, 798, 770, 742, 714, 686, 658, 630 (x = 1-9)
8k 168 936¢ 936¢ 908, 880, 852, 824, 796, 768, 740,712, 684 (x = 1-9)
9a 160 7520 7520 724, 696, 668, 640, 612, 584,556, 528, 500 (x = 1-9)
9b 160 8062 8062 778,750,722, 694, 666, 638, 610, 582,554 (x = 1-9)
9h 160-166 7520 752b 668 (x = 3), complex thereafter
9k 148 8060 8060 722, 694, 666, 638 (x = 3—6) complex thereafter

aQObtained at 70 eV. » Based on '*’Re peak. ¢Based on '*’Re'%5Re peak of multiplet.
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washed several times with water, separated, and then the ether
stripped off. The yellowish residue was chromatographed with a
10% benzene-hexane eluent on silica gel. The product 1h, is color-
less and comes off the column first followed closely by an unidenti-
fied yellow band. The product was crystallized yielding 3.5 g
(55%). The same procedure was used when L = P(p-FCgHa);3 to
give 1k.

Internal Metalation of CH3Re(CO)4PPh;, 1b. The title com-
pound (1.01 g, 1.75 mmol) was refluxed in 60 ml of xylene for 7
hr. The solvent was aspirated over a steam bath and the residue
chromatographed on silica gel with 20% benzene-hexane. The first
band. 2h, was colorless and gave an infrared spectrum similar to
2a.2 The yield was 0.56 g (58%) and the product was crystallized
from ether-hexane as white clusters. The remaining bands were
found in less than 5% yields by weight. Infrared spectra showed
patterns similar to those found for the dimers 3a and 4a among
others: these products were not characterized.

Internal Metalation of CH3Re(CO)4P(p-FCsHy)a, 1k. The title
compound (0.93 g, 1.48 mmol) was refluxed in 20 ml of xylene for
12 hr. The work up procedure was the same as above and yielded
snow white cluster crystals, 2k (44% vyield).

The Reaction of (XCeH4)2PCcH3XM(CO)s (M = Mn, 2a (X =
H), 2b (X= F); M = Re, 2h (X = H), 2k (X = F)) with Carbon Mon-
oxide. The synthesis described in paper IV2 for the reaction of 2a
with CO utilizing'a Hoke cylinder at elevated temperatures was
used. (1) The primary metalated derivative, 2a (0.338 g, 0.77
mmol), was dissolved in 30 ml of benzene and degassed by the
freeze-thaw method in a Hoke cylinder. The cylinder was pressur-
ized with 50 psi of CO and closed off and the temperature of the
cylinder lowered to —198° with liquid nitrogen. The cylinder was
removed from the liquid nitrogen and again pressurized with 50 psi
while still cold. This procedure brings the pressure in the cylinder
to about 100 psi at room temperature. The cylinder was brought to
room temperature and then placed in an oven at 90° for 4 hr. Upon
cooling the cylinder was vented and emptied into a round-bottom
flask and the solvent stripped off leaving a bright yellow residue
which was chromatographed on silica gel using 30% dichlorometh-
ane-hexane as eluent. Two pale yellow bands wash off first (small
amounts of Mn3(CO);q and unreacted 2a) and then a bright yel-
low band is removed which yields 0.303 g of yellow crystals, 6a
(84% yield). (2) 2b (0.259 g) was dissolved in 30 ml of benzene,
treated. and worked up exactly as with 2a above (except the cylin-
der was allowed to stand overnight under pressure after heating).
6b (0.241 g) was recovered as yellow crystals (89% yield). (3)
Compound 2h (0.40 g) was dissolved in 25 ml of toluene and pres-
surized in a Hoke cylinder as with 2a above. The cylinder was
placed in an oven at 125° for 24 hr and then worked up as above.
Yellow crystals, 6h, were recovered (0.38 g, 90% yield). (4) Exact-
ly the same procedure was used in treating 2k with CO to form 6k
in 92% yield.

Synthesis of the Mixed Metal Secondary Metalation Derivatives.
Due to their similar nature, the following 12 reactions have been
tabulated for simplicity in Table IV above. In each case the reac-
tants were dissolved in a given amount of solvent and refluxed
under nitrogen for the length of time shown. Where the solvent
was methylcyclohexane, the cooled reaction mixture was applied
directly to a silica gel-hexane chromatography column and eluted
beginning with 10% benzene-hexane. Where the solvent was tolu-
ene or xylene, the solvent was removed by aspiration over a steam
bath and the residue redissolved in hexane before application to the
column. The yellow products were then recrystallized from ether-
hexane or dichloromethane-hexane. Where CH3;Mn(CO)s was
used either with toluene or xylene as solvent, substantial amounts
of Mn2(CO) o were found. In the case of the reaction of 2h with
CH3Mn(CO);s, where xylene was used as solvent, Mn(CO)1g was
obtained in about 75% yield based on CH;Mn(CO)s.

The yields of the desired product were based on the first reac-
tant in the table in each case. The CH3M(CO)s (M = Mn, Re)

was in excess in each case because of the aforementioned tendency
for them to decompose under reaction conditions.

Reaction of 7a with CH3Mn(CO)s. CH3;Mn(CO)s (0.209 g, 1.0
mmol) and 7a (0.122 g, 0.18 mmol) were refluxed in 30 ml of tolu-
ene for 1.5 hours. Chromatography gave a band containing 1a, 2a,
and 8a (by ir) (0.072 g) and a second band, 3a (0.090 g) in 57%
yield. 7a (0.012 g) was also recovered and so the yield of 3a was
actually 69% based on the amount of 7a reacted.

Reaction of 6a with 1a. Products 6a (0.116 g, 0.25 mmol) and 1a
(0.197 g, 0.45 mmol) were refluxed in 25 ml of methylcyclohexane
for 4 hr. The solution was cooled and applied directly to a chroma-
tography column. Besides the 2a formed in the internal metalation
of 1a, 4a was found in 91% yield based on 8a. Only a trace of 3a
was found.

The Reaction of 7a with CH3Re(CO)s. Compound 7a (0.335 g,
0.485 mmol) and CH3Re(CO)s (0.220 g, 0.645 mmol) were re-
fluxed in toluene (30 ml) for 3.5 hr. Removal of solvent and col-
umn chromatography of the product mixture with silica gel-hex-
ane yielded a yellow band whose ir spectrum revealed approxi-
mately equimolar amounts of CH3Re(Co)4PPh3, 1h, and the pri-
mary metalated derivative Ph, E-u-C5H4- Mn(CO)q, 2a.
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