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to (EtyP),Pt(2-C¢H,CMe,CH,) (3) tert-butylbenzene.
Although it is undetectable (by NMR) during cyclization
of 1 in the range +60 to -20 °C, there is a suspicion that
2 may lie on the mechanistic pathway between 1 and 3
either by a second aromatic C-H scission via B or by re-
version to A (Scheme I)? by aliphatic C-H activation. The
rate of conversion of 2 to 8 (kgec = 1.6 X 107 g71) is,
however, considerably slower than that of 1 to 3 (kgsec =
1.8 X 107t s71). This effectively excludes 2 as a thermal
intermediate between 1 and 3, in toluene solution at least.
Corresponding isomerization of the dineopentylplatinum
analogue was also shown to be unimportant during its
metallacyclization,!®

It remained of interest to discover if metallacyclization
of 2 occurs by aromatic or aliphatic H migration. To this
end we examined the reactions of deuterated analogues
CiS'(EtaP)QPt(CHszegph)(Z-CGHD3CM03) (28,)8 and
CiS'(EtgP)QPt(CHszeQCGD5)(2'C6H4CM83) (2b). In
thermolyses of 2a in benzene® at 65 °C, an average of 28%
of transferred hydrogen originates from the tert-butyl
group.l® Thence we estimate!! that the difference in ac-
tivation energy, AAG? 35k is 7.0 £ 1.0 kJ mol™ in favor of
aromatic site activation via B (Scheme I), in spite of the
crystallographic indications that the aromatic C-H bonds
are conformationally the less accessible (vide infra). On
the other hand, rearrangement of 2b at 54 °C yields both
3-dy and 3-d, in 73:27 ratio. The kinetic isotope effect on
metallacyclization of 1 has now been established: ky/kp
= 3.4. Adopting a similar value as reasonable for 2b
compared with 2, with statistical allowance for differing
aromatic and aliphatic site availabilities, leads to an es-
timate of AAG*557¢ = 4.5 + 1.0 kJ mol™, again in favor of
aromatic C~H activation. Qualitatively similar conclusions
have emerged from recent studies on intermolecular attack
on C-H bonds,'# but the relatively small energy differ-
ence indicated here is not necessarily a truly quantitative
measure of discrimination between aromatic and aliphatic
sites; the two pathways followed in this case do not have
strictly comparable intermediates, and the intimate nature
of the mechanisms and their rate limiting steps are not yet
known. Experiments aimed at more precise understanding
are in progress. Similar controls clearly operate for the
related isopropylphenyl derivative cis-(Et;P),Pt-
(CH,CMe,Ph)(2-C¢H,CHMe,) (4) which also cyclizes
predominantly to 3 and isopropylbenzene.

The slower cyclization, via aromatic activation, of 2 (and
4) compared with 1 may have a primarily steric origin. The
molecular structure shows that the phenyl ring of the
neophyl ligand is oriented away from the metal. Any

(7) Both isomers A and B have only one coordinated Et;P. Cycliza-
tions of 1 and 2 are both inhibited by the presence of Et,P in solution,
consistent with phosphine dissociation as a prerequisite step (cf. ref 1n,0).
While the behavior of 1 is straightforward, rearrangement of 4 to 3 in
presence of EtsP is more complex and occurs partly via competitive
pathways and new trans-diorganoplatinum species which are still being
evaluated: Griffiths, D. C.; Young, G. B., unpublished observations.

(8) Preparation of 2-bromo-tert-butylbenzene-3,5,6-d; (see ref 5) leads
to appreciable H/D scrambling on C; and C; (which become Cg and C,,
respectively, in 2) at the reduction step. This does not affect the integrity
of labeling experiments since the extent of site deuteration can be pre-
cisely measured by 'H NMR.

(9) Reactions were carried out in benzene-dg since the peaks due to
residu)al methy! protons in toluene-dg overlap with C, hydrogens in 3 (see
ref 10).

(10) Relative extents of aromatic and aliphatic C-H migration are
determined from the amount of H substitution on C; in 3 (see Scheme
I for numbering), measured from the 250-MHz 'H NMR spectrum by
comparing the integral for that signal with that for the hydrogens on C,
as internal standard.

(11) From AAG? = RT 1n (k,/k,), where k, and k, are the rate con-
stants for aliphatic and aromatic C-H activation respectively. Since
formation of 3 is irreversible the ratio k,/k, is that of the products, after
statistical adjustment.

approach by this group toward the metal will be hindered
(relative to 1) by the bulky tert-butyl substituent ob-
structing one axial entry to the coordination sphere. Some
such conformational restriction is maintained in solution;
the two methyl elements of the neophyl ligand give rise
to different chemical shifts at 1.61 and 1.18 ppm in the H
NMR spectrum of 2 at ambient temperature. Restricted
rotation about either or both of the Pt—C bonds accounts
for this; the consequent absence of a molecular plane of
symmetry places the methyl groups in diastereotopic en-
vironments. These signals show no significant change at
temperatures up to the onset of metallacyclization. We
are thus unable to distinguish which ligand is conforma-
tionally locked, nor can we estimate the rotational barri-
er(s). It is conceivable, of course, that surmounting this
restriction is part of the energetic requirement for me-
tallacyclization. The related species cis-(Et;P),Pt(2-
C.H,CHMe,)Me displays similar nonequivalence of the
methyl substituents of the isopropyl group, clearly due to
restricted platinum-aryl rotation. These signals do
coalesce below cyclization temperatures, and we are
evaluating the energetics of this system.!?

In methanol/tetrahydrofuran (1:1) solution at 0 °C, we
find by 3P NMR that 2 is indeed formed as an accom-
paniment to 3 to a relative extent of 1-2%. The reasons
for such an apparent increase in steric congestion'® are not
entirely clear, but a polar, coordinating solvent may favor
the isomeric configurations of A from which the reductive
C-H elimination which yields 2 becomes more likely
(Scheme I).
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Summary: A convenient and general entry into CgHe-
(CO).Mn-R complexes has been achieved via preparation
of CgHg(CO),MniI and reduction in Na/NH(!) to yield Cg-
He(CO),Mn™~ followed by alkylation with R-X (R = -CHj,
—CH,CHj, -CH(CH,),, —CH,C¢H5, —Si(CH;);, —H). A study
of the migration of alkyl groups from manganese to the
arene ring to give 6-endo-substituted cyclohexadienyi
complexes is reported.
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We recently described the synthesis of CgHg(CO),Mn-
CH; (1) via dimethyl cuprate addition to CgHgMn(CO),*
(2) and the unique methyl migration from manganese to
the arene ring in 1.1  On the basis of this migration re-
action and the similarity between CgHg(CO);Mn-R and
the well-studied Cp(CO),Fe-R systems, the potential for
synthetic utility of (arene)(CQO),Mn-R derivatives is evi-
dent. A general and convenient entry into these complexes
was sought. We report here: (1) preparation of a series
of complexes CcHg(CO);Mn-R (R = -Me, -Et, —i-Pr,
-CH,C;H;, —SiMe;, —H) via in situ generation of CgHg(C-
0);Mn~ and reaction with R-X and (2) a study of the
migration of various alkyl groups from the manganese
center to the arene ring.

On the basis of the addition of hard nucleophiles at
coordinated CO in 22 and the stability of CgMe,-
(CO)Mn-X (X = Cl, Br, I) complexes,® a convenient
synthesis of CgHg(CO),Mn-I (3)* was achieved by decar-
bonylation of 2 with Me;NO in the presence of Et,N*I"
(CH,Cl,, 25 °C, 60% yield).” Addition of 3 to Na/NHs(1)
results in reduction and generation of CgHg(CO),Mn™ (4).
The in situ alkylation of 4 (-78 °C) with CH,l, CH,CH,],
(CHy),CH-Br, or C;H;CH,CI gives the corresponding alky!
derivatives 5 in moderate yields: 5a, R = -CHj; (56%); 5b,
R = -CH,CH; (58%); 5¢, R = ~CH(CHy,), (33%); 5d, R
= —CH206H5 (54%)6
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Protonation of 4 using ammonium chloride yields the
hydride 6 (60%).” As with CsMeg(CO),MnH.® deproton-
ation of 6 (BuLi, THF) gives cleanly the anion 4° and
serves as the best source of the anion in THF free of am-
monia. Alkylation of 4 generated in this fashion gives
higher yields of CgHg(CO);MnR derivatives (e.g., R =
-CH(CHj,),, 75%) and allows use of electrophiles incom-
patible with NH;. For example, reaction with (CHj);SiOTf
gives CgHg(CO),Mn-SiMes(5e) in 60% yields.l® Although

(1) Brookhart, M.; Pinhas, A. R.; Lukacs, A. Organometallics 1982, 1,
1730.

(2) (a) Angelici, R. J.; Blacik, L. J. Inorg. Chem. 1972, 11, 1754. (b)
Walker, P. J. C.; Mawby, R. J. Inorg. Chim. Acta 1973, 7, 62.

(3) Bernhardt, R. J.; Eyman, D. P. Organometallics 1984, 3, 1445.

(4) Spectral properties of 3: *H NMR (CD,Cly) 4 5.67 (8); IR (vco,
CH,Cl,) 1998 (s), 1952 (s) cm™f 3C NMR (CgDg) 93.5. Anal. Calcd for
CsH:MnO,I: C, 30.41; H, 1.91. Found: C 30.15; H, 1.94.

(5) 3 has also been prepared by D. P. Eyman by a similar method:
Eyman, D. P., private communication.

(6) Compounds 5 were prepared from the reaction of 3 with RX in
NH;() at 78 °C followed by addition of THF, removal of NH, and THF
in vacuo, and extraction with hexane. See supplementary material for
spectral and -analytical data for 5a—d.

(7) 6: 'H NMR (C¢Dy) & 4.55 (s, C;Hy), —9.43 (s, H); *C{*H} NMR
(CeDg) 4 89.6 (CeHp); IR (vco, hexane) 1985 (s), 1938 (s) em™. Exact mass
caled for CgH,O,Mn: 189.9826. Found: 189.9831.

(8) Eyman, D. E. Abstracts of Papers, 188th National Meeting of the
American Chemical Society, Philadelphia, PA; American Chemical So-
ciety: Washington, DC, 1984; No. 262.

(9) 4 (lithium salt): IR (vgo, THF) 1840, 1700 cm™.

(10) See supplementary material for spectral and analytical data for
5e.

Communications

(diene)Mn(CO);H derivatives (7) invariably adopt an
agostic structure containing a three-center, two electron
M...H-.C bond,!! C¢H¢(CO),MnH adopts a classical ter-
minal structure. All ring hydrogens and ring carbons ap-
pear equivalent by NMR spectroscopy. If the structure
were agostic and equivalence achieved by a rapid degen-
erate fluxional process (8a = 8b == etc.), then a substantial
J g H would be expected (ca. 12-14 Hz) from averaging
one rer;tively large Joy of ca. 80-85 Hz!! with five small
Jey of ca. 0 Hz. The Ji, _y,, value observed is less than
1 Hz ruling out the agostic structure.!2
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Treatment of solutions of 5a—¢ (0.025 M) with (CH,)sP
(0.025 M) at 76 °C results in formation of 6-endo-C;HgR-
(CO)Mn(PPh,) complexes (9a—c).1® Prior to formation
of compounds 9, 'H NMR studies show that the alkyl
complexes equilibrate with the acyl species 10a-10c.!
The ratios of alkyl to acyl at 76 °C under these conditions
are ca. 25:1 for R = -CHg, 2:1 for R = -CH,CHj, and 1:5
for R = -CH(CH,),. Approximate times for 50% con-
version of 5 to 9 in benzene at 76 °C are 3850 (R = ~CH,;),

H

P2 PO
§ = —
(CO)(PPMn — C—R (COMn — R (COlaMn — Py
10(a)~(¢) S(a)~(c) 9(a)—(¢)

169 (R = -Et), and 8 min ( R = -CH(CHj;),)."* 'H NMR
studies in CgDg reveal that arene ring exchange occurs
(C¢Hj is replaced by CgDg) and rates are comparable to the
alkyl migrations.1?

Treatment of 5d (R = -CH,Ph) under similar conditions
(76 °C, 10 h) results in disappearance of starting material,
but formation of 9d in only very low yields.’¥ The
Ce¢HgMn-SiMe; complex is stable in benzene in the pres-
ence of PPh; for 80 h at 76 °C.

The hydride 6 is remarkably unreactive. At 76 °C in
the presence of 3 equiv PPhy, little reaction occurs after
4 h; further heating (40 h) results in formation of CgH;-
(CO),MnPPh; (11) (ca. 50%) together with small amounts
of other products which include Mn,(CO),o annd CzH,(C-
0);Mn. No formyl species are detected in these reactions.
Indicative of a different mechanism for hydrogen migration
relative to alkyl migration are results using C¢Hg(CO)o-
MnD. Thermolysis leads to only partia! D transfer to the

(11) (a) Lamanna, W.; Brookhart, M. J. Am. Chem. Soc. 1981, 103,
989. (b) Brookhart, M.; Lamanna, W.; Humphrey, M. B. Organometallics
1982, 104, 2117. (c) Brookhart, M.; Lamanna, W.; Pinhas, A. R. Or-
ganometallics 1983, 2, 648. (d) Brookhart, M.; Lukacs, A. Organo-
metallics 1983, 2, 649. (e) Brookhart, M.; Timmers, F. Organometallics
1985, 4, 1365.

(12) 6: 3C line width = 0.65 Hz with selective decoupling of the arene
ring 'H signal.

(13) See supplementary material for spectral and analytical data for
9a-c.

(14) Rates of R migration to the arene ring parallel rate of R migration
to CO, M(CO)R — M-COR: (a) Crawse, J. N.; Fiato, R. A.; Prustt, R.
L. J. Organomet. Chem. 1979, 172, 405. (b) Green, M.; Westlake, D. J.
J. Chem. Soc. A 1971, 367. (c) Craig, P. J.; Green, M. J. Chem. Soc. A
1968, 1978. (d) Craig, P. J.; Green, M. J. Chem. Soc. A 1969, 157.

(15) Approximate time for 50% incorporation of C¢Dj into equilibra-
gng acgl{ alkyl complexes: 1925 (R = CHjy), 120 (R = Et), and 6 min (

= {-Pr).

(18) Major products contained no arene ring signal but could not be
positively identified.
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ring with 11 containing only 0.25 D all in the 6-exo position.
No 6-endo D incorporation is noted.

The detailed mechanism of the alkyl reaction is not yet
clear, but several points should be noted. First, alkyl
migrations from the acyl complex 10 to give directly the
product can be ruled out. In the presence of a 12-fold
excess of PPhg, the 5¢ = 10¢ equilibrium strongly favors
acyl (>99:1) and the rate of isopropyl migration is greatly
retarded rather than accelerated. Secondly, the surprising
lack of endo migration of the hydride suggests that the
mechanism is not simply irreversible migration of -R from
manganese to the arene ring followed by PPh; trapping
of the 16-electron cyclohexadienyl intermediate as was
originally suggested by us.! Were this the case, hydrogen
migration is expected to be much more rapid than alkyl
migration, contrary to our observations. An attractive
mechanistic alternative is the intermediacy of an (n*-ar-
ene)(CO)y(PPh;)Mn~R complex 12. On the basis of sim-

_ Q. s

—_— [ _—
(#3P)NCOLMA—R (ZPXCOl,Mn (CO)Mn —PZy
12

ple diene analogues,!! alkyl migration is expected to be
rapid in this system and the arene exchange reactions
suggest accessibility of n-arene intermediates competitive
with migration.’® In this regard and in support of differing
pathways for H vs. R migration, it is interesting to note
that C;Hg(CO),Mn-H does not exhibit appreciable arene
ring exchange at 76 °C after 30 h (C;Ds, presence or ab-
sence of PPhj). This suggests that n*-arene intermediates
in the hydride system are not accessible at temperatures
employed and may account for the lack of facile hydrogen
migration. Further synthetic and mechanistic investiga-
tions are in progress.
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Summary: Reaction of Na(CsHs)Fe(CO), with (C¢H;)P-
(CI{N[SI(CH,)s] 5} in THF results in the formation of a
metallophosphane complex (CsHs)Fe(CO),[P(CeHsXN[Si-
(CH,)s],}]. This complex combines readily with CF,C=
CCF,, and a compound of composition (C;Hs)Fe(CO),[P-
(CeHs){N[Si(CH3);],}1(CF,C==CCF,) is Isolated. The
structure of the compound has been determined by sin-
gle-crystal X-ray diffraction techniques and found to con-

0276-7333/86/2305-1747301.50/0

tain a ferraphosphacyclopentenone unit: (C;Hs}CO)Fe-
C(O)C(CF3=C(CF ;)P(CgH5)}N[SI(CHg)s] ,}-

It has been demonstrated that the combination of the
highly nucleophilic group 8 metal carbonylates Na(C;-
H;)Fe(CO), and Na[Cz;(CHj);]Fe(CO), with monohalo-
phosphines P(X)(Y)(CI) results in the formation of me-
tallophosphanes (C;H;)Fe(CO),[P(X)(Y)], which contain
a terminal, pyramidal phosphorus atom.'® The phos-
phorus atom in these complexes should serve as a site for
nucleophilic reactivity and several reports which confirm
this assumption have recently appeared.?*¢ We report here
the synthesis of a metallophosphane (C;H;)Fe(CO),[P-
(CeH){N[Si(CH3);]51] (1) and the formation of a novel

ferraphosphacyclopentenone complex, (C5H5)(CO)FIC-I—-

(0)C(CF3)=C(CF3)P(C¢H;){N[Si(CH;),]5} (2) through
nucleophilic attack of the pyramidal phosphorus center
on the activated acetylene CF;C=CCF;.

Combination of Na(C;H;)Fe(CO), with (CcH;)P(Cl){N-
[Si(CHj)5ls)" in equimolar amounts in tetrahydrofuran at
25 °C (12 h) resulted in a blood red solution containing
(CsH;)Fe(CO),[P(CgH){N[Si(CHj);),)] (1). The solution
was filtered to remove NaCl, the THF® solution evaporated
to dryness, extracted with benzene, and filtered to remove
remaining traces of NaCl, and the filtrate evaporated to
dryness. 1 was recovered in 90% vyield as a dark red mi-
crocrystalline solid which was characterized by analytical
and spectroscopic techniques.” Elemental analysis and
mass spectrometric data confirm the composition of 1. An
infrared spectrum shows the expected two-band pattern,
2007 and 1960 ¢cm™, in the terminal carbonyl stretching

(1) Cooke, M.; Green, M.; Kirkpatrick, D. J. Chem. Soc. A 1968, 1507.

(2) Angerer, W.; Sheldrick, W. S.; Malisch, W, Chem. Ber. 1985, 118,
1261. Malisch, W.; Angerer, W.; Cowley, A. H.; Norman, N. C. J. Chem.
Soc., Chem. Commun. 1985, 1811,

(3) Light, R. W.; Paine, R. T. J. Am. Chem. Soc. 1978, 100, 2230.
Hutchins, L. D.; Duesler, E. N.; Paine, R. T. Organometallics 1982, 1,
1254.

(4) Related complexes (C;Hg)Fe(CO)y[P(CF;),] and (C;Hg)Fe(CO),-
(PPhy) prepared from [(C;H;)Fe(CO),],; and (CF;)P, or Ph,P, have been
reported: (a) Dobbie, R. C.; Mason, P. R. J. Chem. Soc., Dalton Trans.
1973, 1124. (b) Dobbie, R. C.; Mason, R. R. Ibid. 1974, 2439. (c) Barrow,
M. J; Sim, G. A. Ibid. 1975, 291. (d) Dobbie, R. C.; Mason, P. R. Ibid.
1976, 189. (e) Haines, R. J.; Nolte, C. R. J. Organomet. Chem. 1972, 36,
63.

(5) Several other metallophosphane complexes which appear to con-
tain pyramidal phosphorus environments have also been reported: Bohle,
D. S.; Jones, T. C.; Rickard, C. E. F.; Roper, W. R. J. Chem. Soc. 1984,
865. Bohle, D. S.; Rickard, C. E. F.; Roper, W. R. Ibid. 1985, 1594. Bohle,
D. S.; Roper, W. R. J. Organomet. Chem. 1984, 273, C4. Ebsworth, E.
A. V.; Gould, R. O.; McManus, N. T.; Rankin, D. W. H.; Walkinshaw, M.
D.; Whitelock, J. D. J. Organomet. Chem. 1983, 249, 227. Ebsworth, E.
A. V,; Gould, R. O.; McManus, N. T,; Pilkington, N. J.; Rankin, D. W.
H. J. Chem. Soc., Dalton Trans. 1984, 2561.

(6) Related chemistry with pyramidal phosphorus atom environments
in CpMo{C0)3(PX,) complexes has been reported: Malisch, W.; Kuhn,
M. J. Organomet. Chem. 1974, 73, C1. Maisch, R.; Ott, E.; Buchner, W.;
Malisch, W. J. Organomet. Chem. 1985, 286, C31. Malisch, W.; Maisch,
R.; Colquhoun, L. J.; McFarlane, W. Ibid. 1981, 220, C1. Maisch, R.;
Barth, M.; Malisch, W. Ibid. 1984, 260, C35. Gudat, D.; Niecke, E.;
Malisch, W.; Hofmockel, U.; Quashie, S.; Cowley, A. H.; Arif, A. M.;
Krebs, B.; Dartmann, M. J. Chem. Soc., Chem. Commun. 1985, 1687.

(7) Na(CsH;)Fe(CO), was prepared from Na/Hg amalgam reduction
of [(C;H;)Fe(CO),), in THF, and it was used without isolation. The
phosphane was prepared from PhPCl, and NaN(SiMe;), in Et,O by a
procedure similar to that described for related phosphanes: Zeiss, W.;
Feldt, C.; Weis, J.; Dunkel, G. Chem. Ber. 1978, 111, 1180.

(8) Abbreviations used in the text include THF = tetrahydrofuran, Cp
= cyclopentadienide, Me = methyl, and Ph = phenyl.

(9) 1 was isolated under inert-atmosphere conditions. Characteriza-
tion: mp 150-153 °C; mass spectrum (70 eV), m/e 445 (M*), 417 (M -
CO™"), 389 (M - 2CO*), 268 (PhP[N(SiMe;),]*); IR (carbonyl region,
cyclohexane) 2007 (vs), 1960 (vs); 'H NMR (25 °C, CH,Cl,/CD,Cl,) 4 7.3
(m, phenyl), 4.8 (Cp), 0.09 (SiMey); *C{'H} NMR (CH2012/0D32012) [}
131-125.5 (m, phenyl), 88.06 (Cp, d, %Jcp = 4.6 Hz), 1.9 (SiMe;); *'P{H}
NMR (THF, H;PO, standard) § 110. Anal. Calcd for FePSi,0,NC,gH,g:
N, 3.1; C, 51.2; H, 6.3. Found: N, 3.2; C, 51.5; H, 6.2.
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