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Pyridine (py) reacts with Cp(CO),Fe[CH(SMe)]*, 1, to form the carbene adduct Cp(CO),Fe[CH-
(SMe)(py)]+ 2. With primary (NH,Me, NH,Cy, NHy-i- Pr and NH,-¢-Bu) and secondary (HNMe,, HNETt,)
amines and NHj, 1 and 2 react to form the air-stable secondary aminocarbene complexes Cp(CO),Fe-
[CH(NR,)]*. The phosphite-substituted complex Cp(CO)(P(OPh),)Fe[CH(NEt,)]* was prepared similarly
from Cp(CO)(P(OPh),)Fe[CH(SMe)]* and HNEt,. Nonequivalence of the alkyl groups in 'H NMR spectra
of the complexes containing [CH(NMe,)] and [CH(NEL,)] carbene groups indicates a high barrier to rotation
around the C(carbene)-N bond. The Cp(CO),Fe[CH(NHR)]* complexes are deprotonated by the bases
NaOH-EtOH and NaH to yield the formimidoyl complexes Cp(CO),Fe[CH(=NR)] which their 'TH NMR
spectra indicate exist in anti and syn forms. The anti:syn ratio decreases with the R group in the order
t-Bu > i{-Pr > Cy. Methylation of Cp(CO),Fe[CH(=NR)] with MeOSO,F gives a mixture of E and Z isomers
of Cp(CO),Fe[CH(NMe-i-Pr)]*. Reactions of the Cp(CO),Fe[CH(NR,)]* (NR, = NHMe, NHCy, NH-¢-Bu,
and NMe,) complexes with amine (HNR,) lead to removal of the aminocarbene ligand from the metal,
thereby giving the formamidinium ion HC(NR,),* together with Cp(CO),FeH. A mechanism involving
@-hydrogen transfer from an N atom to the Fe is proposed. The reaction of Cp(CO),Fe[CH(NHCy)]* with
Me;NO in MeCN, instead of giving products resulting from amine oxide attack at the carbene carbon,
gives the stable CO-substituted product Cp(CO)(MeCN)Fe[CH(NHCy)]*, which can also be prepared by
photolysis of Cp(CO),Fe[CH(NHCy)}* in MeCN. New complexes are characterized by their IR and 'H
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and 13C NMR spectra.

Introduction

In a recent paper,” we reported methods of preparing
the thiocarbene complex Cp(CO),Fe[CH(SMe)]*, 1, and
its reactions with nucleophiles. With a range of phos-
phorus donor ligands PR3 (PPh,Me, PPh;, PPh,Cl, PCl,,
P(OPh);, P(OCH,);CMe, PPh,H, PCy,H, PPhH,, and
PCyH,), 1 gave carbene adducts of the type Cp(CO),Fe-
[CH(SMe)PR;]* (Scheme I). Thermolysis of Cp-
(CO)Fe[CH(SMe)(PPh,)]* gave the phosphine complex
Cp(CO),Fe(PPh,)*, and the carbene group was liberated
as the olefin cis/trans-(MeS)CH=CH(SMe). Thermolysis
of the secondary phosphine adducts Cp(CO),Fe[CH-
(SMe)(PR,H)]*, R = Ph or Cy, led to rearrangement of
the ylide ligand to give the phosphine complex Cp-
(CO),Fe[PR,(CH,SMe)]".

Reaction of 1 with H,0 gave the two organometallic
products shown in Scheme I; this reaction was proposed
to proceed through a formyl Cp(CO),Fe[CH(=O0)] inter-
mediate. Diazomethane reacted to form the methyl vinyl
sulfide complex in which the olefin ligand was coordinated
through the S atom. All of the reactions in Scheme I are
presumed to proceed by initial nucleophilic attack at the
carbene carbon atom. In the present report, we describe
reactions of 1 with N-donor nucleophiles which lead to
products that are quite different than those obtained from
analogous P donors.

Results and Discussion

Reaction of Cp(CO),Fe[CH(SMe)]*, 1, with Pyri-
dine. While several carbene adducts with P-donor mole-
cules have been described,>® analogous reactions with
tertiary amines are relatively rate. The DABCO (1,4-
diazabicyclo[2.2.2]octane) adduct of (CO);Cr[C(OMe)Ph]
is known,* as is the quinuclidine adduct of (CO);W][C-
(OMe)Ph].® Recently, the adduct Cp(NO)(PPh,)Re-
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[CH,(py)]* was reported as resulting from the reaction of
Cp(NO)(PPh;)ReCH,* and pyridine.! In contrast to these
adduct-forming reactions, Cp(CO),Fe[C(SMe),]* reacts at
room temperature with tertiary amines such as Me;N to
give Cp(CO),Fe[C(SMe);] (34%) as the major product,
which presumably results from initial formation of the
adduct Cp(CO),Fe[C(SMe),(NMe;,)]* followed by transfer
of one of the MeS~ groups to another carbene ligand.”
Transfer of the MeS™ is presumably related to its dem-
onstrated good leaving-group ability in other thiocarbene
reactions.®

Although {Cp(CO),Fe[CH(SMe)]iCF3S0,, 1, does not
react at room temperature with DABCO, it combines
rapidly with pyridine to afford the bright yellow solid
adduct {Cp(CO),Fe[CH(SMe)(py)]iICF3S0,, 2, in 38%
isolated yield. In contact with moisture, 2 hydrolyzes to
Cp(CO);FeCH.,SMe and CpFe(CO),"; this reaction pre-
sumably proceeds through 1, which is known? to hydrolyze
to the same products. At -20 °C under an N, atmosphere,

(4) Kreissl, F. R.; Fischer, E. O.; Kreiter, C. G.; Weiss, K. Angew.
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Cp(CO)zFe[ICH(SMe)]+ + py —
CP(C‘O)QFG[C;'I(SMe)(py)]+ (1)

2 may be stored indefinitely. While it can be stored much
more readily than 1, it is much less stable toward moisture
than are the P-donor adducts Cp(CO).Fe[CH(SMe)(L)]™,
L = PPh; or P(OCH,);CMe.? The IR spectrum (Table I)
of 2 shows two strong »(CO) absorptions (2022, 1974 cm™)
similar in position to those observed for the PR; adducts
(e.g., Cp(CO),Fe[CH(SMe)(PPh,Me)]*; 2021, 1971 cm™).
However, the methine FeCH proton resonance (Table I)
at § 6.42 is considerably more deshielded than the corre-
sponding signal in the PR, adducts (e.g., Cp(CO),Fe[CH-
(SMe)(PPh,Me)]*; 6 3.75). This suggests that the pyridine
N atom is a weaker electron donor toward the carbene
carbon than are the PR, groups. In the *C NMR spectrum
(Table II), the methine FeCH carbon is observed at & 64.5,
which is more than 50 ppm downfield from the corre-
sponding carbon of any of the PR, adducts.? The chirality
of the methine carbon in 2 makes the two CO ligands
diastereotopic; they are therefore observed as separate
resonances (Table II), as was the case for the phospho-
rus-donor adducts.?

Reactions of Cp(CO),Fe[CH(SMe)]* with Amines.
Secondary amines (HNR,) are known®? to replace a thio-
alkoxyl group in Cp(CO),Fe[C(SMe),]* to give amino-
thiocarbenes Cp(CO),Fe[C(SMe)(NR,;)]1* and MeSH.
Similar reactions of a few other thiocarbene complexes
have also been reported.’%!! The secondary thiocarbene
ligand in Cp(CO),Fe[CH(SMe)]* reacts with secondary
and primary amines and ammonia to give the corre-
sponding aminocarbene products 4-11 according to eq 2.

NRy

Cp(CO)gFe[CH(SMe)f + HNR, — Cp(CO)gFeZC\ + MeSH
H

1
4-11 2
NR, = NMe, (4), NEt, (5), NHMe (6), NHCy (7),
NH-i-Pr (9), NH-t-Bu (10), NH, (11)

The reactions occur rapidly at room temperature in CH,Cl,
solvent. In addition to the isolation of complexes 4-11 in
yields ranging from 28 to 38%, the yellow air-sensitive
Cp(CO),Fe[CH(SMe),], 3, is obtained in yields of 20-35%
which depend upon the initial concentration of 1. The
formation of 3 probably occurs in a secondary reaction
between the product MeSH and yet unreacted 1 (eq 3).

Cb(CO)Je[CH(SMe)]* + MeSH + HNR,; —
Cp(CO),Fe[CH(SMe),] + H,NR,* (3)
3

Complex 3 was identified by its previously reported IR and
NMR spectra.!? When an excess of amine is used in the
reactions with 1, yields of the aminocarbene products are
drastically reduced. For example, when a 5:1 ratio of
HNMe,/1 is used, the predominate products are [CpFe-
(CO),), and HC(NMe,),*; the latter product was identified
by its IR (»(CN) = 1700 cm™) and NMR spectra.!® This
reaction is discussed in detail below.

The aminocarbene complexes 4-11 are air stable and,
in contrast to 1, do not hydrolyze in moist air. An attempt
to form a phosphine adduct Cp(CO),Fe[CH(NHCy)-
(PPhy)]* by reacting 7 with PPhg gave no reaction, unlike

(9) McCormick, F. B.; Angelici, R. J. Inorg. Chem. 1979, 18, 1231.
(10) Collins, T. J.; Roper, W. R. J. Organomet. Chem. 1978, 159, 73.
(11) Pickering, R. A.; Angelici, R. J. Inorg. Chem. 1981, 20, 2977.
(12) McCormick, F. B; Angelici, R. J. Inorg. Chem. 1981, 20, 1111.
(13) Ranft, J.; Dahne, S. Helv. Chim. Acta 1964, 47, 1160.

Yu and Angelici

1 which forms the stable Cp(CO),Fe[CH(SMe)(PPh;)]*.2
These observations indicate that the =CH(NR,) ligand
is less susceptible to nucleophilic attack than is =CH-
(SMe). The better 7-donor ability of N as compared with
S is important in making the carbene C less electrophilic
in the aminocarbene complexes. The substituted thio-
carbene Cp{(CO)(P(OPh);)Fe[CH(SMe)]* also reacts
readily with HNEt, to give the pale yellow, air-stable
Cp(CO)(P(OPh),)Fe[ CH(NEL,)]CF;S0, 13, in 56% yield.

Although a large number of carbene complexes in which
an NHR or NR, group is attached to the carbene carbon
are known,® examples with an NH, group are relatively
rare.l*1€ When NH; is reacted with 1 in either CH;CN
or CH,Cl,, an oil, presumed to be Cp(CO),Fe[CH-
(NH,)]CF;S0;, 11, with »(CO) absorptions at 2056 and
2010 ecm™ is obtained. Pale yellow, air-stable 11 may
however be isolated (20% yield) as a solid from the reac-
tion of Cp(CO),Fe[CH(SMe)(py)]CF5S0;, 2, with NH,.
The complex was characterized by its IR and 'H NMR
spectrum that shows unresolvable and complex patterns
in the NH and CH regions (Table I). The complexity of
these regions is presumed to be due to coupling among the
three nonequivalent protons resulting from restricted ro-
tation around the C-NH, bond. A substantial rotational
barrier around the C-NH, bond was previously observed
in (C0O);Cr[C(Me)NH,].V"

Not only is 2 useful in preparing 11, but also it gives
higher yields of other aminocarbenes. For example, Cp-
(CO),Fe[CH(SMe)(py)ICF350,, 2, reacts with HNEt, and
H,N-¢-Bu to afford complexes 5 and 10 in yields (42 and
47%, respectively) somewhat higher than those (31 and
38%, respectively) obtained from 1 (eq 2). The amounts
of 3 formed in these reactions are significantly less than
obtained in reaction 2. Although extensive reactivity
studies of 2 have not been undertaken, these amine reac-
tions suggest that 2 may be a stable equivalent of 1 for
other synthetic applications.

Spectroscopic Properties of the Aminocarbene
Complexes. In their infrared spectra (Table I), the am-
inocarbene complexes 4~11 show two v(CO) absorptions
in the regions 2048-2056 and 2004-2010 cm™, which are
about 20 cm™ lower than for the thiocarbene 1. This »(CO)
difference suggests that the aminocarbene ligand is a better
electron-donor ligand. The higher field position of the
carbene hydrogen in 'H NMR spectra (Table I) of the
aminocarbene complexes as compared with that of 1 also
suggests that the NR, group is a stronger electron donor
than the SMe group. The resonance assigned to the NH
proton in complexes 6-10 disappears when D,0 is added
to the NMR solutions; this indicates that the NH proton
exchanges rapidly with D,0.

The carbene carbon resonance (239.0 ppm) in the 13C
NMR spectrum (Table II) of 13 is 80 ppm further upfield
than that (320.6 ppm) in Cp(CO)(P(OPh);)Fe[CH(SMe)]*.
The upfield position of the carbene carbon in amino-
carbenes relative to thiocarbenes has been noted previ-
ously 81218
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As for other secondary aminocarbene complexes,'*?! 'H
NMR and *C NMR spectra of the dialkyl carbene com-
plexes (—=CH(NR,)) 4, 5, and 13 at ambient temperature
show inequivalent R groups, which indicates restricted
rotation around the C(carbene)-N bond. (In the case of
Cl;(PEt;),Rh[CH(NMe,)], the separate methyl resonances
do not coalesce even up to 150 °C.1%2) For the monoalkyl
carbene complexes 6-10 and 12, this means that two iso-
mers (syn and anti) are possible:

+ +
Cp(CO)zFe\C_N/R Cp(CO)gFe\C_N/H
TN Ho R

syn anti

However, both the !H and *C NMR spectra of these
complexes indicate that only one isomer is present, even
for the sterically undemanding methyl group in 6. The
CH, protons are observed as a doublet due to coupling with
the NH proton; when D,0 is added to the solution, the
doublet collapses to a singlet. While only one isomer is
observed in this system, both were detected in trans-Cl-
(PEt;),Pt[CH(NHR)]* (R = tolyl)®® and syn/anti struc-
tural assignments were made based on 3Jyycy coupling
constants. Such coupling was not resolved in 6. However,
since the anti isomer predominates in other systems where
assignments could be made, it is likely that 6-10 and 12
exist as the anti isomers. Although there is no direct
evidence for slow rotation around the C(carbene)-N bond,
the observation and separation of anti/syn isomers of the
related Cp(CO),Fe[C(Ph){NHR)]* 1°® suggests that such
isomerization is also slow for 6-10 and 12.

Deprotonation of Cp(CO),Fe[CH(NHR)]* to the
Formimidoyl Complexes Cp(CO),Fe[CH=NR]. The
amino proton of the secondary aminocarbene complexes
{CI(PEt,),Pt{CH(NHR)]}* % and {(CO)y(PPhy),(C1)Os-
[CH(NHMe)]}* 1% have been reported to undergo rapid
exchange with D,0 and deprotonation with bases such as
amines and OH" to give the corresponding formimidoyl
complexes M—CH=NR.

When 7 reacts with a saturated NaOH-EtOH solution
in CH,Cl,, deprotonation occurs immediately to produce
Cp(CO),Fe(CHNCYy), 14, in 78% yield. The reaction of
7 with NaH also gives 14 in nearly as good yield. Com-
pounds 9 and 10 are also deprotonated by NaOH to give
Cp(CO),Fe(CHN-i-Pr1), 15 (68%), and Cp(CO),Fe(CHN-
t-Bu), 16 (76%), respectively. These formimidoyl com-
plexes are very sensitive to air and even decompose
thermally in a few hours at room temperature. Upon
reaction with acid (CF;S0O;H) in Et,0, they immediately
protonate to give the parent carbene complex.

Due to the instability of 14, 15, and 16, elemental
analyses were not performed; however, the complexes were
fully characterized by their IR and NMR spectra. The IR
spectrum of 16 in hexane exhibits two »(CO) absorptions
(2019, 1972 ecm™), and its 'H NMR spectrum in CDCI,
shows the CH proton at a position upfield from that of 10,
a shift that would be expected for the removal of H* from
the ligand (Table I). These IR and NMR data are con-
sistent with the presence of only one isomer of this ¢-Bu
complex 16.

(22) (a) Christian, D. F.; Clark, G. R.; Roper, W. R. J. Organomet.
Chem. 1974, 81, C7. (b) Christian, D. F.; Roper, W. R. J. Organomet.
Chem. 1974, 80, C35. (c) Treichel, P. M,; Stenson, J. P.; Benedict, J. J.
Inorg. Chem. 1971, 10, 1183. (d) Christian, D. F.; Clark, H. C.; Stepaniak,
R. F. J. Organomet. Chem. 1976, 112, 209.

(23) (a) Barefield, E. K.; Carrier, A. M.; Serpelak, D. J.; Van Deever,
D. G. Organometallics 1982, 1, 103. (b) Christian, D. F.; Clark, G. R,;
Roper, W. R.; Water, J. M.; Whittle, K. R. J. Chem. Soc., Chem. Com-
mun. 1972, 458. (c) Pombeiro, A. J. L.; Richards, R. L. Transition Met.
Chem. (Weinheim, Ger.) 1980, 5, 55.
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Figure 1. Four possible isomers of Cp(CO),Fe(CH=NR) (CO
groups omitted for clarity).

In contrast, the cyclohexyl and isopropyl derivatives 14
and 15 show more complex spectra. The IR spectra of 14
and 15 display six and five »(CO) bands, respectively. In
their 'H NMR spectra, both compounds show two Cp
resonances, while the formyl CH proton occurs as three
lines, a doublet and singlet (Table I). The CH doublet in
15 collapses to a singlet when the methine hydrogen of the
isopropyl group is irradiated in a homonuclear gated de-
coupled experiment; this shows that the CH doublet is
caused by coupling to the {-Pr methine proton.

The observation of two sets of formyl CH and Cp res-
onances indicates that at least two isomers of 14 and 15
are in solution. However, the large number of »(CO) bands
suggests that more isomers (probably three) are present,
some of which are rapidly interconverting on the 'H NMR
time scale. If one assumes that the most favorable orien-
tation of the formimidoyl ligand is perpendicular to the
Cp plane, as has been calculated for carbene ligands,?*6
there are four possible isomers of the Cp(CO),Fe(CH=
NR) complexes (Figure 1). . If only three isomers are
present as suggested by the IR spectra, the most sterically
crowded A isomer (Figure 1) is most likely to be the
missing isomer.

It is likely that the rate of rotation around the Fe—C
bond is fast on the 'H NMR time scale, whereas the rate
of rotation around the C=N bond is slow. Thus, the
separate signals for the Cp and formyl CH protons are
most logically assigned to the syn B isomer and an average
of the anti C and D isomers.

Anti/syn structural assignments to the isomers of Cl-
(PEt3),Pt(CH=NR), where R = p-tolyl, were made on the
basis of 'H NMR studies.?”d Other anti/syn assignments
to formimidoyl complexes are more difficult to find in the
literature. However, it seemed that coupling constants
between the carbene (CH) proton and protons on the R
group may be useful. Despite numerous 'H NMR studies
of organic formimidoyl compounds, long-range coupling
constants *Jeyncn,r across the C=N bond for the syn and
anti isomers are few in number because most iminoyl
formyls exist predominately in the anti form.?” The 'H
NMR spectrum? of H,C=NCHj, exhibits an ABX; pattern

(24) Schilling, B. E. R.; Hoffmann, R.; Lichtenberger, D. L. J. Am.
Chem. Soc. 1979, 101, 585.

(25) Schilling, B. E. R.; Hoffmann, R.; Faller, J. W. J. Am. Chem. Soc.
1979, 101, 592.

(26) Kastic, N. M.; Fenske, R. F. Organometallics 1982, 1, 974.

(27) Patai, S. “The Chemistry of the Carbon-Nitrogen Double Bond”;
Wiley: New York, 1970; Chapter 9.

(28) Chang, C. F.; Fairless, B. J.; Willcott, M. R. J. Mol. Spectrosc.
1967, 22, 112. )
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with 4J;, identical with *J,,,,., indicating that “J coupling
constants may not be helpful in assigning syn or anti
structures to the isomers of 14 and 15. In the related vinyl
system H,C—C(CH,)X, however, it has been suggested?
that *J cis is larger than 4J,,.. Assuming that 4J, > 4Jans
in 14 and 15, we tentatively assign the CH doublet to the
anti isomers (C and D) and the singlet to the syn isomer
(B). Using this assignment, the anti/syn isomer ratio is
52:48 for 15 and 58:42 for 15 in CDCl; solvent. Including
the ¢-Bu complex which exists as only one isomer, pre-
sumably the anti, the anti/syn ratio decreases in the ex-
pected order t-Bu > i{-Pr > Cy.

Since the anti/syn isomeric mixtures of 14 and 15 are
generated by deprotonating one isomer, presumably the
anti, of 7 and 9, anti/syn isomerization must be occurring
after the removal of the amine proton, i.e., the formimidoyl
complexes must isomerize quite rapidly. This rapid
isomerization of a formimidoyl group was observed in
Cl(PEt;),Pt(CH=NR) using variable-temperature 'H
NMR, 24

Evidence that suggests the formimidoyl groups in 14 and
15 also isomerize fast is the rapid reaction of the anti/syn
mixtures of 14 and 15 with CF3;SO;H to give exclusively
the anti isomers of 7 and 9. Further evidence comes from
reactions of 15 with varying amounts of MeOSQ,F in Et,0
solution at room temperature. When 6 equiv of MeOSO,F
is added to 15, a precipitate of {Cp(CO),Fe[CH(NMe-i-
Pr)]}SO,F, 17, characterized by its IR and 'H NMR
spectra, forms rapidly. The 'H NMR spectrum (Table I)
of 17 shows the presence of two isomers, presumably the
E and Z isomers resulting from restricted rotation around
the C(carbene)-N bond, in relative amounts of 62:38.
When only 3 equiv of MeOSO,F is used under the same
conditions, the relative amounts of the isomers changes
to 95:5. The change in isomer distribution with varying
amounts of MeOSO,F suggests that the syn and anti iso-
mers of 15 are methylated at different rates and syn/anti
isomerization in 15 is occurring during the rapid meth-
ylation reaction. It also suggests that methylation occurs
more rapidly, or by a different mechanism, than proton-
ation by CF3;SO;H which only gives the anti isomer. Al-
though further study of this reaction is necessary, it is clear
that the different isomer distributions are not caused by
isomerization of the product 17.

Reaction of Cp(CO),Fe[CH(NR,)]* with Amines. As
noted previously Cp(CO),Fe[CH(SMe)]", 1, reacts with
excess NH,Cy to give [Cp(CO),Fe]; and HC(NHCy),*. It
seemed likely that this reaction proceeded through Cp-
(CO),Fe[CH(NHCy)1*, 7, as an intermediate which reacted
with additional amine to give the observed products. Thus,
the reaction of 7 with NH,Cy was examined more closely.

When 5 equiv of NH,Cy reacts with 7 in CH,Cl, at room
temperature, 75% of 7 is consumed in 30 min and new
bands corresponding to the formamidinium ion HC-
(NHCy),* (#(CN) = 1712 ecm™) and Cp(CO),FeH (»(CO)
= 2010 (s), 1958 (vs) cm™!) appear in IR spectra of the
reaction solution. When the solution is vacuum distilled,
Cp(CO),FeH is collected together with the solvent. The
spectrum of Cp(CO),FeH is identical with that of a sample
synthesized from Cp(CO),FeCl and NaBH,.%** When the
reaction is allowed to stand for longer times, the Cp-
(CO),FeH decomposes to [Cp(CO),Fel, as has been noted
previously.3981  The formamidinium product [HC-

(29) Lambert, J. B.; Shurvell, H. F.; Verbit, L.; Cooks, R. G.; Stout,
G. H. “Organic Structural Analysis”; MacMillan: New York; 1976; p 72.
(30) Green, M. L. H; Street, C. N.; Wilkinson, G. Z. Naturforsch., B:
Anorg. Chem., Org. Chem.. Biochem., Biophys., Biol. 1959, 14B, 738.
(31) Green, M. L. H,; Nagy, P. L. 1. J. Organomet. Chem. 1963, 1, 58.
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Scheme II
N
NR; /NRZ ‘
Fe——C +HNRy —— FeTCT—H FeH + HC(NR3),
SH NR2
e
H
A

Fe = Cp(CO),Fe

(NHCy),]CF480; is isolated as a white solid whose IR and
'H NMR spectra are the same as those of an authentic
sample prepared from CyN=C and H,NCy followed by
protonation with CF;S0,H.3 The identity of the form-
amidinium ion was confirmed by its mass spectrum333
which showed a peak at m/e 209 for the parent HC-
(NHCy),*. Thus the overall reaction proceeds as follows
with no other side products:

|
+ +
NR c
Cp(cO)zFe=C< 2 4 HNRp — CplCOWFeH + R—NT"SN—R
H L
R R
NR, = NHMe, NHCy, NH-#-Bu, NMe,
(4)

Since no other reactions of secondary aminocarbene
complexes in which the carbene ligand is removed from
the metal have been reported, it was of interest to examine
the mechanism of reaction 4. In order to determine
whether the carbene CH proton remained attached to the
carbon in the formamidinium product or was transferred
to the Cp(CO),FeH product, the deuterated complex
{Cp(CO),Fe[CD(NHCy)]}CF3S0; was reacted with 5 equiv
of H,NCy. The mass spectrum of the organic product
showed a peak for the parent ion DC(NHCy),* at m/e 210.
The 'H NMR spectrum of the formamidine DC-
(NHCy)(NCy) generated by adding n-BulLi to the organic
reaction product showed no methine proton resonance.
Thus, the carbene CH proton is not transferred to the iron
during the reaction but remains attached to the carbon in
the formamidinium product.

One mechanism for reaction 4 would involve initial rapid
deprotonation of the carbene Cp(CO),Fe[CH(NHR)]* by
the amine to give the formimidoyl Cp(CO),Fe(CH=NR)
which would react with additional amine to give the ob-
served products. This mechanism may be discounted
because there is no reaction between 14 and 5 equiv of
NH,Cy at room temperature in CH,Cl; solvent during a
30-min period, a time during which 7 would have reacted
to a major extent with NH,Cy. When 5 equiv of CF,SO,H
is added to the reaction solution, an IR spectrum of the
solution shows that 7 forms immediately and bands for
Cp(CO),FeH and the formamidinium ion grow in more
slowly. Thus, the protonated form of the complex, i.e.,
Cp(CO),Fe[CH(NHR)]*, is necessary for reaction 4 to
proceed.

The most likely mechanism for reaction 4 then appears
to involve initial amine attack at the carbene carbon to
form intermediate A (Scheme II), which undergoes 8-hy-
drogen transfer from the N to the Fe with liberation of the

(32) Saegusa, T.; Ito, Y.; Kabayashi, S.; Hirota, K.; Yoshioka, H.
Tetrahedron Lett. 1966, 6121.

(33) Hesse, M.; Leuzinger, F. Adv. Mass Spectrom. 1968, 4, 163.

(34) Patai, S. “The Chemistry of Amidines and Imidates”; Wiley: New
York; 1975; pp 75-79.

(35) Shro, Y.; Hazum, E. J. Chem. Soc., Chem. Commun. 1975, 829.

(36) Gladysz, J. A.; Selover, J. C.; Strouse, C. E. J. Am. Chem. Soc.
1978, 100, 6766.

(37) Blumer, D. J.; Barnett, K. W.; Brown, T. L. J. Organomet. Chem.
1979, 173, 71.
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formamidinium product. Instead of this 8-hydrogen
transfer mechanism, it is possible that the N atom of in-
termediate A is deprotonated by excess amine to give the
neutral Cp(CO),Fe[CH(NR,),], B. If one of the R groups
were a hydrogen in this intermediate (B), as in the reaction
of NH,Cy, 8-hydrogen transfer in B would lead to Cp-
(CO),FeH and the formamidine. That 8-hydrogen transfer
in intermediate B is not involved is established from the
reaction of Cp(CO).,Fe[CH(NMe,)]*, 4, with HNMe,.
Although slower than the NH,Cy reaction, this reaction
also produces Cp(CO),FeH, [Cp(CO),Fe],, and HC-
(NMe,),* (identified by its IR and 'H NMR spectra).'?
Since a type B intermediate in this reaction would have
no B-hydrogen atoms, a 3-hydrogen transfer would not be
possible. Thus, the most probable mechanism for reaction
4 using primary and secondary amines is that summarized
in Scheme II.

Reaction 4 also occurs between 6 and NH;Me and be-
tween 10 and t-BuNH,. Steric factors are important as
the qualitative rates of these reactions decrease in the order
MeNH, > CyNH, > t-BuNH,. When 7 is reacted with
MeNH,, Cp(CO),FeH and a mixture of the three possible
formamidinium products HC(NHR)(NHR/)*, where R
and/or R’ are Me or Cy, are obtained. The different
formamidinium products were identified by their mass
spectra. This mixture could arise from exchange reactions
of the initial formamidinium product with free amines.
Indeed, HC(NHCy),* reacts readily with MeNH, in
CH,CL, at room temperature for 30 min to give all three
possible HC(NHR)(NHR/)* products.

Decarbonylation of Cp(CO),Fe[CH(NHCy)]*, 7.
Although Me;NO is known®%7 to attack CO ligands and
convert them to free CO,, it seemed that in carbene com-
plexes such as 7, MesNO may attack the carbene center
converting it into the formamide HC(=0)(NHCy). When
1.2 equiv of Me;NO is added to a MeCN solution of 7, only
the CO-substituted product Cp(CO)(MeCN)Fe[CH-
(NHCy)]CF,;S0,, 12, is obtained in 93% yield (eq 5). The
same yellow, air-stable, crystalline product (85% yield) is
obtained when a MeCN solution of 7 is irradiated with
254-nm light for 2 h.

MeaNO, MeCN

Cp(COlFe[CHINHCy)T Cp(CONMeCNIFeLCH(NHCy)T

7 ~__ 12
v, MeCN (5)

Experimental Section

General Methods. Methods and instrumentation were the
same as described in the previous paper.? All amines, except very
volatile ones, Me,NH, MeNH,, and NH;, were stored over KOH
overnight and distilled from BaO. The Me;NO-2H,0 was dried
by azeotropic distillation of the water with benzene. Syntheses
of the complexes Cp(CO),Fe[CH(SMe)]CF3S0;, 1,2 and Cp-
(CO)(P(OPh),)Fe[CH(SMe)]CF;80,? were described previously.

Reaction of {Cp(CO),Fe[CH(SMe)]iCF,S0,, 1, with Pyr-
idine. A sample of 0.5 mL of pyridine was added to a 10 mL
CH,Cl, solution of 1 (0.24 g, 0.62 mmol); a golden solution was
obtained. This solution was evaporated to dryness, and the residue
was washed a few times with Et,O to remove a trace amount of
3, leaving an oily substance. That material was allowed to re-
crystallize from CH,Cl,-Et,O at —20 °C for 24 h to yield {Cp-
(CO),Fe[CH(SMe)(py)}JCF3S0;, 2 (0.11 g, 38%), and traces of
3, Cp(CO),FeCH,SMe, and CpFe(CO);*. The remaining mother
liquor was then diluted with Et,O and placed in a —20 °C freezer
for recrystallization. After a few days, golden platelike crystals
of 2 (0.078 g, 27%) were obtained. They are very sensitive to
moisture and decompose upon prolonged exposure to light. They
may be kept indefinitely at —20 °C under an inert atmosphere.
Anal. Caled for C;H,,0;S,FsNFe: C, 38.71; N, 3.01, H, 3.01.
Found: C, 39.47; N, 2.97; H, 3.13.
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Synthesis of {Cp(CO),Fe[CH(NMe,)]|PF;, 4. A sample of
1 (0.24 g, 0.62 mmol) was suspended in 10 mL of CH,Cly; 15 mL
of gaseous Me,NH was bubbled into the mixture by using a
syringe. The golden solution turned yellow-brown. The solution
was diluted with 10 mL of heptane; its volume was reduced to
half under vacuum, and the remaining solvent was decanted
affording a brown residue. The product was obtained by me-
tathesis with (NH,)PFg in acetone and recrystallization from
CH,CL,-Et,0 at —20 °C to furnish 4 (0.070 g, 30%). Anal. Caled
for C;(H;,0,NPFFe: C, 31.68; H, 3.17; N, 8.70. Found: C, 31.68;
H, 3.16; N, 3.49.

Synthesis of {Cp(CO);Fe[CH(NEt,)]JCF;S0;, 5. Diethyl-
amine (65 L, 0.62 mmol) was added to a rapidly stirred CH,Cl,
suspension of 1 (0.24 g, 0.62 mmol) and allowed to react for 2 min.
The solution volume was reduced, giving a precipitate which was
recrystallized from CH,ClL,-Et,0 at -20 °C. The product 5 (0.079
g, 31%) was characterized by its spectra (Tables I and II).

Reaction of {Cp(CO),Fe[CH(SMe)(py)]iCF;S0;, 2, with
Et,NH. Diethylamine (14 xL, 0.12 mmol) was injected into a 5
mL CH,Cl, solution containing 2 (0.03 g, 0.06 mmol). Subse-
quently, 10 mL of heptane was added. The resulting solution was
slowly evaporated under vacuum until the bulk of the CH,Cl, was
removed; precipitation was apparent. The rest of the heptane
was decanted, leaving a pale yellow precipitate, which was re-
crystallized from CH,Cly,-Et,0 at -20 °C to afford 5 (0.010 g, 42%).

Synthesis of {Cp(CO),;Fe[CH(NHMe)]{PF, 6. Ten milliliters
of gaseous methylamine was bubbled into a 10 mL CH,C], solution
containing 1 (0.24 g, 0.62 mmol). The resulting solution was stirred
for 2 min and was then evaporated to dryness under reduced
pressure; the remaining residue was washed with Et,0 to remove
3, metathesized with (NH,)PF; in acetone, and recrystallized from
CH,Cl,~Et,0 at =20 °C to give 6 (0.063 g, 28%). Anal. Caled
for CgH,,O,NPFFe: C, 29.50; N, 3.84; H, 2.74. Found: C, 29.72;
N, 3.58; H, 2.75.

Preparation of {Cp(CO),Fe[CH(NHCy)]JCF;S03, 7. Toa
10 mL CH,Cl, solution of 1 (0.24 g, 0.62 mmol) was added cy-
clohexylamine (80 uL, 0.62 mmol). The mixture was stirred for
2 min and then diluted with 10 mL of heptane. After the solution
volume was reduced to half under reduced pressure, a yellow
solution containing 3 and a pale yellow precipitate were evident.
The solution was decanted, and the resulting residue was washed
with Et,0 and then recrystallized from CH,Cl,-Et,0 at -20 °C
affording pale yellow analytically pure crystals of 7 (0.094 g, 35%).
This substance is stable in air and may be stored indefinitely in
the da.rk at -20 °C under N2. Anal. Calcd fOl' CI5H1805NF38F85
C, 41.20; H, 4.12; N, 3.20. Found: C, 41.23; H, 4.25; N, 3.16.

Synthesis of {Cp(CO),;Fe[CD(NHCy)]JICF;S0,, 8. A freshly
prepared sample of {Cp(CO),Fe[CD(SMe)]}CF3;8042 (0.10 g, 0.26
mmol) was allowed to react with 32 uL (0.26 mmol) of cyclo-
hexylamine in 10 mL of CH,Cl,. Purification as in the preceding
procedure afforded 8 (0.036 g, 32%).

Synthesis of {Cp(CO),;Fe[CH(NH-i-Pr)]iPFg, 9. As in the
preparation of 6, the reaction of isopropylamine (0.036 g, 0.62
mmol) and 1 (0.24 g, 0.62 mmol) in 10 mL of CH,Cl, afforded
9 (0.074 g, 30% ), which was characterized by its IR and NMR
spectra.

Preparation of {Cp(CO)(P(OPh);)Fe[CH(NEt,) iCF;SO;,
13. A freshly prepared sample of {Cp(CO)(P(OPh);)Fe[CH-
(SMe)]JJCF3S0, (0.094 g, 0.14 mmol) was taken up in 10 mL of
CH,Cl,; Et,NH (27 pL, 0.28 mmol) was added. Then 5 mL of
heptane was added to the solution, and the solution volume was
slowly reduced to one-third its original size; a pale yellow pre-
cipitate formed. The remaining solvent was carefully decanted,
and the precipitate was recrystallized from CH,Cl,-Et,;0 at -20
°C to afford bright yellow crystals of 13 (0.054 g, 56%). Anal.
Caled for C3,Hy; NO,F,PSFe: C, 51.95; H, 4.47; N, 2.02. Found:
C, 51.61; H, 4.41; N, 1.87.

Synthesis of {Cp(CO),Fe[CH(NH-t-Bu)]JCF;S0,, 10.
Analogous to the preparation of 7, the reaction of tert-butylamine
(0.045 g, 0.62 mmol) and 1 (0.24 g, 0.62 mmol) in CH,Cl, produced
a 0.15-g mixture of 10 and (NH;-¢-Bu)CF3SO; upon recrystalli-
zation from CH,Cl,-Et,O at =20 °C. The mixture was dissolved
in 5 mL of CH,Cl,, and 100 uL of NaOH-saturated EtOH was
added. The solution was allowed to react for 2 min and was then
pumped to dryness. The resulting residue was extracted with
hexane to give a golden solution after it had been filtered through
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a Celite-padded frit under N,. The hexane was evaporated under
vacuum, and the residue was dissolved in Et;O. The ether solution
was treated with CF3SOsH until precipitation was completed (ca.
35 uL). The precipitate was recrystallized from CH,Cl,-Et,0 at
—20 °C affording analytically pure crystals of 10 (0.097 g, 38%).
Anal. Caled for C3H,O:F;SNFe: C, 37.96; N, 3.41; H, 3.89.
Found: C, 37.55; N, 3.44; H, 4.00.

Reaction of {Cp(CO),Fe[CH(SMe)(py)lJCF;S0;, 2, with
t-BuNH,. A sample of t-BuNH, (12 L, 0.12 mmol) was added
to 2 (0.030 g, 0.064 mmol) in 5 mL of CH,Cl,; the resulting solution
was stirred for 10 min. The solvent was then removed under
reduced pressure, and the residue was recrystallized from
CH,Cl1,-Et,0 at -20 °C to provide 10 (0.012 g, 47%).

Reaction of {Cp(CO),Fe[CH(SMe)(py)]iICF;S0;, 2, with
NH;. A 5-mL gas sample of NH; was bubbled slowly (ca. 30 s)
into a rapidly stirred 10-mL CH,Cl, solution of 2 (0.030 g, 0.064
mmol); as soon as the addition of ammonia was completed, the
solution was diluted with 10 mL of heptane. The solution volume
was reduced to half by fast evaporation under reduced pressure.
The remaining solvent was decanted, yielding a pale yellow
precipitate. It was recrystallized from CH,Cl,~Et,0 at =20 °C
to give {Cp(CO).Fe[CH(NH1ICF380;, 11 (4 mg, 20%). It is quite
stable to air and only soluble in very polar organic solvents, e.g.,
CH,Cl; and MeCN. It was characterized by its spectra (Table
D.

Preparation of Cp(CO),Fe[CH(NCy)], 14. To a 2 mL
CH,Cl, solution of 7 (0.030 g, 0.069 mmol) was added 100 uL of
NaOH-saturated EtOH; the light yellow solution turned gold at
once. The solution was evaporated to dryness under reduced
pressure; the remaining residue was extracted with hexane. The
extract was then filtered through a Celite-padded frit under N,
and pumped dry under vacuum, leaving a thin yellow film of 14
(0.015 g, 78%). Compound 14 is very sensitive to air and de-
composes at room temperature under N; when allowed to stand
for a few hours to give [Cp(CO),Fel, and cyclohexyl isocyanide,
which was identified by its characteristic odor.

Like the NaOH-EtOH reaction, the reaction of 7 with 50%
NaH-mineral oil also produced a 75% yield of 14 under similar
conditions.

Preparation of Cp(CO),Fe[CH(N-i-Pr)], 15. Analogous to
the preparation of 14, the reaction of 9 (0.030 g, 0.076 mmol) and
100 uL of NaOH-saturated EtOH in 2 mL of CH,Cl, produced
15 (0.013 g, 68%).

Synthesis of Cp(CO),Fe[CH(N-£-Bu)], 16. Following the
preparation of 14, 10 (0.030 g, 0.73 mmol) reacted with 100 uL
of NaOH-EtOH to yield 16 (0.014 g, 76%).

Reaction of Cp(CO),Fe[CH(N-i-Pr)] with MeOSO,F.
Freshly prepared 15 (0.013 g, 0.053 mmol) in 2 mL of Et,0 was
stirred vigorously, and 25 yL (0.30 mmol) of MeOSO,F was in-
jected; a pale yellow precipitate formed. The solution was carefully
decanted, leaving the precipitate which was then washed with Et,0
a few times and pumped to dryness in vacuo to give an isomeric
mixture of {Cp(CO),Fe[CH(N(Me)(-Pr)]}SO4F, 17 (0.013 g, 77%).
Likewise, 17 was isolated in 74% yield when 3 equiv of MeOSO,F
was employed in the reaction. The product was characterized
by its IR and NMR spectra.

Reaction of {Cp(CO),Fe[CH(NHCy)]ICF;80;, 7, with
H,NR. A 5-mg (0.01-mmol) sample of 7 was dissolved in 1 mL
of CH,Cly; 5 uL (0.05 mmol) of CyNH, was injected. The mixture
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was stirred for 30 min. After that time, the IR spectrum of the
solution showed that ~75% of 7 had been consumed, and Cp-
(CO),FeH (2010 (s), 1958 {vs) cm™) and N,N”dicyclohexylform-
amidinium (1712 (vs) cm™) had formed. The solvent was evap-
orated, and the remaining solid was found to contain [Cp(CO),Fe],
and the organic product; this solid was extracted with Et,0, and
its mass spectrum was obtained. It showed peaks at m/e 209
(HC(NHCy),* M), 208 (M - H), and 110 (M - CyNH,).
Under the same conditions, 5 equiv of NH,;Me also converted
75% of 7 to Cp(CO);FeH and a mixture of [HC(NHR)-
(NHR)]CF380; (R and/or R’ = Cy or Me) in 20 min. The
[HC(NHCy)(NHMe)]CF3;SO; compound was the major product
on the basis of the mass spectrum, which gave peaks at the
following m/e values: 141, HC(NHCy)(NHMe)*, M; 140 (M -
H); 110 (M - MeNH,).
The reaction of t-BulNH, with 7 was noticeably slower, and 20
equiv of the amine were needed to observe appreciable reaction.
Reaction of {Cp(CO),Fe[CD(NHCy)]iCF;S0,, 8, with
NH,Cy. A 30-mg (0.068-mmol) sample of 8 reacted with 60 uL
(0.30 mmol) of CyNH; in 5 mL of CH,Cl,. After 30 min of
reaction, the solution was evaporated, and the residue was ana-
lyzed by MS; the spectrum showed peaks at m/e values of 210
(DC(NHCy),*, M), 209 (M - H), and 111 (M - CyNH,), which
demonstrated that the deuterium was incorporated into the
formamidinium product. After MS study, the sample was allowed
to react with n-BuLi in THF to afford DC(NHCy)(NCy), whose
'H NMR spectrum in CD;CN showed no § 7.31 resonance for the
CHN;, proton which was observed in the hydrogen analogue.
Decarbonylation of {Cp(CO),Fe[CH(NHCy)]iCF;S0,, 7.
Into a 5 mL CH,Cl, solution of 7 (0.030 g, 0.068 mmol) was injected
670 uL of a 0.123 M acetonitrile solution of Me,;NO; the pale yellow
solution turned yellow-red instantly. The solution was allowed
to stir for an additional 10 min and was evaporated to dryness
in vacuo. Extraction with CH,Cl; and evaporation of the solvent
gave {Cp(CO)(MeCN)Fe[CH(NHCy)]JCF;SO3, 12 (0.028, 93%).
A 0.10-g sample of 7 was added to a quartz tube equipped with
a magnetic stir bar and a water-cooled probe; then 35 mL of
acetonitrile was added. The solution was irradiated with UV light
at 254 nm for 2 h at ambient temperature which was maintained
by running water through the cold finger; a brown solution was
obtained. Evaporation and recrystallization from CH,Cl,~Et,0-
hexane at —20 °C afforded golden crystals of 12 (0.086 g, 85%).
Anal. Caled for C,gH,,0,SFFe: C, 42.67; H, 4.67; N, 6.22. Found:
C, 43.28; H, 4.70; N, 6.08.
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