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5 6.42 (m, 2 H, Cp), 6.25 (m, 2 H, Cp), 6.18 (m, 2 H, Cp), 6.11 (m,
2 H, Cp), 2.12 (s, 6 H, CpCH;). Anal. Calcd (found) for
CyeH;CleHg;NbO: C, 15.1 (14.4); H, 1.5 (1.5); Hg, 42.1 (42.2).
Single crystals of 10 for X-ray analysis were obtained from ace-
tone/hexane at ~10 °C after several weeks.

Reaction of 1 with Me,SiCl: Cp’,Nb(C1)O (11). To a stirred
dichloromethane solution of 1 (38.2 mg, 0.10 mmol) was added
C1SiMe; (10.8 mg, 0.10 mmol); the solution became yellow im-
mediately. After the mixture was stirred for 30 min, the solvent
was removed at reduced pressure. Trituration of the residue with
toluene, followed by cooling of the toluene extracts at —10 °C, gave
yellow crystals of Cp’,Nb(C1)O (62%) (11). IR (KBr, cm™) » 3075
(w), 2922 (w), 1505 (s), 1453 (8), 1359 (m), 1220 (s), 1088 (m), 1023
(v8), 777 (m), 853 (s), 816 (v8), 617 (m); 'H NMR (300 MHz, CDCly)
$6.08 (m, 4 H, Cp), 5.99 (m, 2 H, Cp), 5.96 (m, 2 H, Cp), 2.19 (s,
6 H, Cp); MS (EI, 12 eV, DIP) m/e 301.9 (M*, 24.4), 265.9 (M*
-Cl, 27.7), 223.8 (M* — MeCp, 100). These data are in agreement
with those reported previously.!’

X-ray Structure Determinations of 3, 8, and 11. Single
crystals of 3, 8, and 11 were obtained by recrystallization at
reduced temperature as described above. The crystal data for
all three compounds were measured on an Enraf-Nonius CAD-4
diffractometer using monochromated Mo Ko radiation (A =
0.71069 A). The data were corrected for Lorentz and polarization

effects. No absorption corrections was applied since it was judged
to be insignificant in all three cases. The atomic scattering factors
were taken from the International Tables for X-ray Crystallog-
raphy, and the structures were solved and refined anisotropically
by the full-matrix least-squares method (SHELX-76). For 3, four
of the six fluorine atoms of the PFg™ ion were disordered and each
of them was refined with 60% and 40% occupancy at two sites.
A summary of the crystal and data collection parameters is
provided in Table I, positional parameters are given in Tables
II-IV, and bond distances and angles are given in Table V.
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The dinuclear complexes [Fe.fu-C(H)(CH=NHR')}(CO):][BF,] (R’ = But, Ph), which possess protonated
usmi-azaallylidene ligands and are derivatives of the parent methylene complex Fey(u-CH,)(CO)s, react
with alkynes (RIC=CR?) to give isomeric hydroxy-imino-ferracyclopentadiene complexes, Fe,(u-
CRICR2C(OH)C{C(H)=NR"})(CO)¢, and amino-ferracyclopentadiene complexes, Fe,(u-CR!CR?CHC{N-

(H)R')(CO)s, with the distribution of products dependent on the alkyn

e employed. The former were also

isolated as their BF; adducts Fe,(u~-CR!CRC(0-BF5)C{C(H)=NHR'}{CO)g, and two of these latter complexes
have been crystallographically characterized. They have a typical ferracyclopentadiene (ferrole) ring with
an iminium substituent (C(H)==NHR’) on the a-carbon of the ring, which is hydrogen-bonded though the
nitrogen atom to the oxygen substituent on the 8-carbon of the ferracyclopentadiene ring, which is in turn
coordinated by the BF; group. The BF; group can be removed by reaction with aqueous base to give the
free hydroxy-imino-ferracyclopentadiene complexes. The amino-ferracyclopentadiene complex with R’
= Bu*and R! = R? = Ph has also been crystallographically characterized. It is a typical ferracyclopentadiene
complex with an amino group on the a-carbon. The amino-ferracyclopentadiene complexes are also formed
in near quantitative yield by an acid-catalyzed ring contraction of the 2-ferrapyridine complexes Fe,(u-

CR!CRCHCHNR')(CO)s.

Introduction
We recently reported that the protonated azaallylidene
complexes 2a,b result from the addition of HBF +Et,0 and
CO to the 2-ferrapyrrolinone complexes 1a,b, eq 1.! These

tPresent address: Department of Chemistry, Northwestern
University, Evanston, IL 60208-3113.

0276-7333/92/2311-2613$03.00,/0

compounds are derivatives of the well-known complex
Fey(u-CH;)(CO)s (8).2 This latter compound has been

(1) (a) Mirkin, C. A.; Lu, K.-L.; Geoffroy, G. L.; Rheingold, A. L.;
Staley, D. J. Am. Chem. Soc. 1989, 111, 7279. (b) Mirkin, C. A,; Lu, K.-L.;
Snead, T. E.; Young, B. A,; Geoffroy, G. L.; Rheingold, A. L.; Haggerty,
B. 8. J. Am. Chem. Soc. 1991, 113, 3800.
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(CO),Fe\ TNR +HBF¢Et20, CO (1atm)
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(CO),Fe Fe(CO),
2a, R = Bu' (76%)
2b, R = Ph (81%)

shown to undergo a number of transformations, and par-
ticularly interesting are its reactions with alkynes to form
mixtures of binuclear allyl complexes and hydroxy-ferra-
cyclopentadiene complexes, eq 2.2 The former com-

Fe(CO), + RC==CH —>
3 R=H,Ph

H R
7" CHR

H
H HO,
j/: 7 @
(CO)sFe——Fe(CO); + (CO);Fe —Fe(CQ),
H

pounds result from alkyne insertion into an Fe-CH, bond
followed by hydrogen migration from the methylene group
to the alkyne carbon. The hydroxy-ferracyclopentadiene
complexes result from a combination of CO and alkyne
insertion and migration of one of the methylene hydrogens
to the carbonyl oxygen.

The reactions of Fe,;(u-CH,)(CO)s with alkynes
prompted us to examine the corresponding reactions of
2a,b. As reported herein, these complexes do react with
alkynes, but instead of giving products like those of eq 2,
they form isomeric hydroxy-imino-ferracyclopentadiene
complexes and amino-ferracyclopentadiene complexes.
Details of these reactions are described herein along with
crystal structures of three of the ferracyclopentadiene
complexes and an analysis of the factors controlling the
course of the reaction.®

(CO)Fe

Results

Reaction of Azaallylidene Complexes with Alkynes
To Form Imino- and Amino-Substituted Ferracyclo-
pentadiene Complexes. Complex 2a has been most ex-
tensively studied and has been found to react with alkynes
under mild conditions to give the hydroxylated imino-
ferracyclopentadiene complexes 4-6 and the amino-ferra-
cyclopentadiene complexes 7, Scheme I, with the relative
yields dependent upon the alkyne employed. The single

(2) (a) Sumner, C. E,, Jr.; Riley, P. E,; Davis, R. E.; Pettit, R. J. Am.
Chem. Soc. 1980, 102, 1752. (b) Sumner, C. E., Jr.; Collier, J. A.; Pettit,
R. Organometallics 1982, 1, 1350. (c) Meyer, B. B.; Riley, P. E.; Davis,
R. E. Inorg. Chem. 1981, 20, 3024. (d) Xiang, S. F.; Chen, H. W.; Eyer-
mann, C. J,; Jolly, W. L.; Smit, S. P.; Theopold, K. H.; Bergman, R. G.;
Herrmann, W. A.; Pettit, R. Organometallics 1982, 1, 1200.

(3) Aspects of these results were communicated in: Mirkin, C. A.; Lu,
K.-L.; Geoffroy, G. L.; Rheingold, A. L. J. Am. Chem. Soc. 1990, 112, 461.
However, this communication claimed the formation of a fluorine-sub-
stituted ferracyclopentadiene complex, but that conclusion was subse-
quently shown to be in error and was corrected in: Mirkin, C. A.; Lu,
é{lé, Geoffroy, G. L.; Rheingold, A. L. J. Am. Chem. Soc. 1990, 112,

155.
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Figure 1. Molecular view and labeling scheme for Fe,(u-C-
{PhJCHCO{BF3}C{CH=NHBuY)(CO), (4c). Hydrogen atoms are
Oﬁxilptt;d for clarity. Thermal ellipsoids are drawn at 40% prob-
al ,

Figure 2. Molecular view and labeling scheme for Fe,(u-C-
{PhjCHCO|BF3}C{CH=NHPh})(CO); (4e). Hydrogen atoms are
ogxiltted for clarity. Thermal ellipsoids are drawn at 40% prob-
ability.
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reaction of 2b with PhC==CH was also examined, and 2b
behaves similarly to 2a (see entry e in Scheme I). The
products of these reactions were isolated as microcrys-
talline solids in the yields indicated in Scheme I and have
been spectroscopically characterized. Complexes 4c, 4e,
and 7d have been further defined by X-ray diffraction
studies, and ORTEP drawings are shown in Figures 1-3.

All of these new complexes are derivatives of the large
class of ferracyclopentadiene {ferrole) complexes that often
form upon addition of alkynes to iron carbonyl com-
pounds.* Complexes 4-6 differ from previously described

(4) (a) For reviews, see: Fehlhammer, W, P.; Stolzenberg, H. In Com-
prehensive Organometallic Chemistry; Wilkinson, G., Stone, F. G. A,,
Eds.; Pergamon: Oxford, 1982; p 548. (b) Gmeline Handbuch der
Anorganischen Chemie; Pergamon: Oxford, 1980; Vol. 4, p 24.
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Figure 3. Molecular view and labeling scheme for Fey(u-C-
{PhjC{PhjCHCNHBu*)(CO); (7d). Hydrogen atoms are omitted
for clarity. Thermal ellipsoids are drawn at 35% probability.

ferracyclopentadiene complexes by having an imine (or
iminium) substituent in the a-position and a hydroxy (or
OBF,) substituent in the 8-position, while complex 7 has
an amino group in the a-position. The crystal structures
of 4¢ and 4e show that a BF; group formed from the BF,”
counterion is bound to the oxygen atom of these derivatives
(see Figures 1 and 2 and below). Spectroscopic data
summarized below indicate that the imine nitrogen in 5
and 6 is hydrogen-bonded to the hydroxy group. On the
basis of the similarity of 5 and 6 to the many characterized
ferracyclopentadiene derivatives,* including the large
number of such complexes having a hydroxy substituent
on the a-carbon (see eq 2),* we have chosen to represent
these compounds as hydroxy-substituted ferracyclo-
pentadiene complexes (A) rather than its tautomeric
carbonyl form depicted by resonance structures B and C.

" 7 i
N N
H. =2 ._T H = \H H| N\H
o) : 0o o
(COsFe” N (CO)Fe”, = (COWFe”
R | R R | R R | R
Fe(CO), Fe{CO), Fe(CO),
A 8 c

The available spectroscopic data are insufficient to dis-
tinguish between these structures, and we have been un-
able to grow crystals of 5 and 6 suitable for X-ray dif-
fraction studies. We note that each complex shows an IR
band in the 1603-1616-cm™ region that we have attributed
to the »(C=N) stretch of A. Although this band could be
assigned to the »(C=0) stretch of B and C, it appears at
a lower frequency than typically observed for divinyl ke-
tones (~1660 cm™).5 Although these complexes are drawn
herein as structure A, it is likely that B and C are im-
portant contributing forms. In contrast to the ambiguity
for 5 and 6, the crystallographic data for 4c and 4e (see
below) indicate that, at least in the solid state, the iminium
structure D is the best formulation for these compounds.

The spectroscopic data for all these new complexes are
consistent with their proposed and determined structures.
Complexes 5-7 showed parent ions in their mass spectra,
and the IR spectra of all the complexes are similar to other
Fey(CO)g(u-L) complexes. The NMR data of 4c is typical,

(5) Pasto, D. J.; Johneon, C. R. Laboratory Text for Organic Chem-
istry; Prentice-Hall: Englewood Cliffs, NJ, 1979; p 145.
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and, for example, its 1*C NMR spectrum showed four
resonances assigned to the ferracyclopentadiene ring car-
bons at & 184.6 (FeCPh), 161.9 (COH), 102.3 (d, }Jcy =
173.9 Hz, CH), and 99.0 (FeC(CH=N) along with reso-
nances due to the imine carbon [175.3 (d, Joy = 173.9
Hz)), the metal carbonyls, the tert-butyl group, and the
phenyl group. When 4c was prepared from 2a that had
been enriched with 1*CO, its *C NMR spectrum showed
a significant intensity enhancement of the metal carbonyl
resonances as well as the § 161.9 resonance, which is at-
tributed to the ring carbon bearing the hydroxy substitu-
ent, which derives from a CO ligand of 2a (see Scheme I
in the Discussion section). In addition to typical phenyl
and tert-butyl resonances, the 'H NMR spectrum of 4¢
showed a broad resonance at 4 11.58 assigned to the N-
H--O hydrogen, a doublet at é 7.94 (Jyy = 15.8 Hz) at-
tributed to the hydrogen on the exocyclic imine carbon
(FeC{CH=NHBu'}), and a quartet at & 6.62 (‘4Jy.r = 1.2
Hz) assigned to the hydrogen atom in the R? position on
the ferracyclopentadiene ring. We attribute the weak H-F
coupling to a strong dipole—dipole interaction between this
hydrogen and the three fluorine atoms on the BF; group.
Similar interactions have been reported for several organic
systems.f2 The 15.8-Hz coupling constant for the hy-
drogen atom on the exocyclic imine carbon is a typical
value for trans hydrogen atoms in an unsaturated system
and implies the presence of a hydrogen atom on the imine
nitrogen (or strong hydrogen bonding of the hydroxy hy-
drogen to this nitrogen atom if 4 existed in the tautomeric
form A with a coordinated BF; group). The 'B NMR
spectrum of 4¢ showed a broad resonance at § -0.99, which
is within the range reported for other BF;—oxygen atom
donor groups.®® The F NMR spectrum of 4c¢ showed
resonances at & 152.29 (F on 1°B) and 152.35 (F on !B) in
a 1:4 ratio (1B, 18.83%, and !'B, 81.17%). Such depen-
dence of the YF NMR chemical shift on the boron isotope
has been previously reported for BF3-H,0.” The IR
spectrum of 4¢ showed a vibration at 1612 cm™ assigned
to the imine stretch in addition to »cg bands at 2078, 2049,
2017, and 1997 cm™. The 'H NMR spectrum of each of
the compounds 5a,c and 6a,c shows a broad resonance in
the 6 13.3-14.0 region attributed to the hydroxy proton and
a doublet (Jyy = 9-13 Hz) in the § 7.9-8.2 region assigned
to the proton on the iminium carbon (FeC{CH=NBuY).
The observed proton—proton coupling indicates that the
iminium nitrogen is hydrogen-bonded to the hydroxy
proton as represented in the proposed structures for these
compounds (A).

Complexes 5a and 5c¢ result from 4a and 4¢ by loss of
the BF; group, a reaction that can be induced by treatment
with aqueous Et;N (see below), and their spectroscopic
data listed in the Experimental Section are similar to those
given above for 4¢, except for the absence of H-F coupling.
Complexes 6a, 6¢, and 6e are isomers of 5 and differ in the

(6) (a) Jameson, C. J. In Multinuclear NMR; Mason, J., Ed.; Plenum
Press: New York, 1987; Chapter 16, p 443. (b) N&th, H.; Wrackmeyer,
B. Nuclear Magnetic Resonance Spectroscopy of Boron Compounds;
Springer: Berlin, 1978.

(7) Gillespie, R. J.; Hartman, J. S. Can. J. Chem. 1967, 45, 859.
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regiochemistry of the alkyne insertion. This is indicated
by their 13C NMR spectra, which show a different ferra-
cyclopentadiene ring carbon resonance pattern [6¢, 4 185.1
(COH), 159.0 (d, 'Jcy = 158.7 Hz, CH), 117.1 (CPh), and
94.1 (FeC(CH=N)); compare to 5¢, 6 186.1 (COH), 184.8
(CPh), 99.2 (d, oy = 166.0 Hz, CH), 93.0 (FeC(CH=N))],
and especially by the position of the phenyl-ipso carbon
resonance, which appears at 136.2, within the § 136-138
region, which has been shown to be typical for a phenyl
substituent on the S-carbon of a ferracyclopentadiene ring.?
In contrast, the phenyl-ipso carbon resonance of phenyl
groups attached to ferracyclopentadiene a-carbons typi-
cally appears in the 5 148-150 range,® as they do for com-
plexes 4a, 4¢, and 4e.

Complexes 7b, 7c and 7d have been prepared in near-
quantitative yield by an alternate route involving pro-
tonation of 2-ferrapyridine complexes, and those reactions
and the characterization of the products will be discussed
below.

Displacement of BF; from 4c and 4e by Treatment
with Base. Addition of aqueous Et;N to a CH,Cl, solu-
tion of complex 4¢ gave immediate formation of the hy-
droxy-ferracyclopentadiene complex 5¢ by loss of the BF;

group, apparently as [Et;NH][BF;0H], eq 3. It is in-
But~w * H-, /§F3 +NEtyH,0
N7 'O CHZClp, 22°C
| H —_—
N Y, CHZClz, 22 °C
- +BF 144 °C
{CO)Fé —Fe(CO), phavi)
R
4a, R=Me
4b, R = Ph
BU‘\ N 'aH\o

| H ®
W YA
(co)Fo==\=Fe(cO);
R

5a, R = Me (62%)
5b, R = Ph (79%)

teresting that this reaction occurs only when wet Et3N is
used and no reaction was obtained with use of anhydrous
NEt;. Complex 4¢ can be reformed in good yield (83%)
by treating 5¢ with BFs-Et,0, eq 3.

Formation of 2-Amino-ferracyclopentadiene Com-
plexes by Protonation-Induced Ring Contraction of
2-Ferrapyridine Complexes. We have also found that
addition of HBF +Et,0 to the 2-ferrapyridine complexes
8b-d?° generates the 2-amino-ferracyclopentadiene com-
plexes 7b—d in high yield, eq 4. Note that this is an
acid-catalyzed rearrangement involving the formal transfer
of a hydrogen atom from the B-carbon of the 2-
ferrapyridine ring to the nitrogen atom. IR analysis in-
dicated that the reaction occurred immediately following
addition of HBF Et,0 without the observation of cationic
intermediates at room temperature. Complexes 7b—d were
isolated as microcrystalline solids and have been spectro-
scopically characterized, with complex 7d fully defined by
a crystallographic study (see Figure 3). Each complex
showed a molecular ion in its mass spectrum, and the 'H
NMR, 3C NMR, and IR spectra (see Experimental Sec-

(8) Aime, S.; Milone, L.; Sappa, E. J. Chem. Soc., Dalton Trans. 1976,
838.

(9) (a) Mirkin, C. A.; Lu, K.-L.; Snead, T. E.; Geoffroy, G. L.; Rhein-
gold, A. L. J. Am. Chem. Soc. 1990, 112, 2809. (b) Snead, T. E.; Mirkin,
C. A,; Lu, K.-L.; Beckman, H. L.; Geoffroy, G. L.; Rheingold, A. L.;
Haggerty, B. S. Organometallics 1992, 11, 942,
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tion) are fully consistent with their indicated formations
and with the structure determined for 7d. For example,
the *C NMR spectrum of 7¢ showed four resonances as-
signed to the ferracyclopentadiene ring carbons at § 213.3
(d, Jcy = 13.4 Hz, FeC(NHBu')), 174.2 (FeCPh), 104.3 (dd,
1Jcy = 167.2 Hz, 2Jcy = 3.7 Hz, FeCPhCH), and 69.0 (dd,
lJCH = 163.6 HZ, 2JCH =8.5 HZ, FeC(NHBu‘)CH) along
with resonances due to the metal carbonyls, the tert-butyl
group, and the phenyl group. In addition to methyl and
tert-butyl resonances, the 'H NMR spectrum of 7¢ showed
doublets at 5 5.83 (Jyy = 3.1 Hz) and 4.80 (Jyy = 5.6 Hz)
assigned to the ring hydrogen atoms.

Crystal and Molecular Structures of 4c, 4e, and 7d.
ORTEP drawings of 4¢, 4e, and 7d are shown in Figures 1-3,
and important crystallographic data are given in Tables
I-VIL. Complex 4c differs from 4e only in having a tert-
butyl group on the nitrogen atom in contrast to the phenyl
group of 4e, and in both cases the crystallographic data
imply a dominant contribution from the iminium structure
D rather than its enamine resonance form E. The Fe-Fe

R R
l, .
H /N\H Hl N\H
o . n o
(COFe” N BF, (CONRFe” 7 \BF,
R R R | R
Fe(CO); Fe(CO),
D E

bond distances in the two compounds are similar [4¢, 2.498
(1) A; 4e, 2.505 (1) A) and are in the typical range for Fe-Fe
single bonds.!®® In complex 4¢, the metallacyclic ring is
bound to Fe(2) via o-bonds to C(7) and C(10) and to Fe(1)
via =-coordination of C(7), C(8), C(9), and C(10), while in
complex 4e the metallacyclic ring is bound to Fe(2) via
a-bonds to C(8) and C(11) and to Fe(1) via x-coordination
of C(8), C(9), C(10), and C(11). In each complex the iron
atoms have a pseudooctahedral coordination geometry with
the octahedra in a staggered conformation and with the
carbonyl ligands occupying facial coordination sites. There
is one slightly semibridging carbonyl ligand in each com-
plex [4¢, Fe(1)-C(1)-0(1) = 167.5 (3)°; 4e, Fe(1)-C(3)-0(3)
= 169.8 (5)°] as has been seen in other crystallographically
characterized ferracyclopentadiene complexes. ‘e

(10) (a) Wells, A. F. Structural Inorganic Chemistry, 5th ed.; Oxford
University Press: Oxford 1984. (b) Allen, F. H.; Kennard, O.; Watson,
D.G; Bramms I er, L.; Orpen, A. G.; Taylor, R. J. Chem. Soc., Perkin Trans.
2 1987, S1-S19.
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In each case, the oxygen atom on the ferracyclo-
pentadiene ring is bound to both the ring carbon and the
boron atom with typical C, single bond distances [4c,
1.316 (3) A; 4e, 1.329 (5) A; 1.324-1.342 A is typical for
enols'®]. The boron—oxygen bond distances [4¢c, 1.499 (5)
A; 4e, 1.528 (8) A] are between characteristic values for
Lewis acid-base adducts (1.581 A)!! and covalent com-
pounds (1.468 A),'% and the C(9)-0-B(1) bond angles
approximate 120° in each complex [4¢, C(9)-O-B(1) =
123.1 (2)°; 4e, C(9)-0-B(1) = 126.4 (4)°]. The carbon-
nitrogen bond distances [4c, 1.285 (3) A; 4e, 1.294 (6) A}
in the imine substituent are toward the long end of values
typical for carbon—nitrogen double bonds (1.279 A for
imines!®) but are substantially shorter than C,~N single
bond values (1.336 A in enamines'®), consistent with the
iminium formulation D rather than E. Similarly, the imine
carbon-ring carbon distances [4c, 1.442 (4) A; 4e, 1.464 (7)
A] are typical C,;~C, single bond values (1.455 A in
dienes!’®?) and further argue against the importance of E.

The final difference Fourier map of 4e shows a peak
between N(1) and O(8) that can be attributed to the hx-
drogen atom. It is located on N(1) [N(1)-H = 1.16 A;
O(8)-H = 1.80 A] and forms a planar sp? nitrogen atom
[sum of the angles around N(1) = 359.7°], consistent with
structure D. These values compare well to the N-H
(1.01-1.06 A) and O--H (1.7-1.9 A) distances commonly
observed by neutron diffraction studies for amino acids
where similar hydrogen bonding is invoked (F).12

H, o
+NH -~ -
L d
7\ So

F

(11) Shambayati, 8.; Crowe, W. E.; Schreiber, S. L. Angew. Chem., Int.
Ed. Engl. 1990, 29, 256.
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It should be noted that in the original communication®
of these compounds the ring carbonyl oxygen atom was
incorrectly assigned as a fluorine atom, due in part to the
difficulty in crystallographically distinguishing fluorine and
oxygen atoms.

Complex 7d is a typical ferracyclopentadiene complex
and differs from previously reported examples only in
having an amino substituent on the a-carbon. The organic
ligand is bound to Fe(1) via o-bonds to C(7) and C(10) and
to Fe(2) via x-coordination of C(7), C(8), C(9), and C(10);
the C-C distances within the ring compare well to those
found in other ferracyclopentadiene complexes.’® The
Fe-Fe bond distance, 2.568 (1) A, is in the range typical
of Fe-Fe single bonds.!% The iron atoms are pseudooc-
tahedral, with the carbonyl ligands occupying facial co-
ordination sites. Unlike most ferracyclopentadiene com-
plexes, there are no semibridging carbonyl ligands, and
the carbonyl ligands on the Fe(CO); groups are eclipsed
rather than staggered as indicated by the dihedral angles
for C(1)Fe(1)Fe(2)C(4), 8.8°, and C(3)Fe(1)Fe(2)C(5), 8.2°.
An interesting feature of this structure is the near planarity
of the nitrogen atom and its substituents as indicated by
the 360.0 (3)° sum of the bond angles about N (including
the found H(9)). The N-C(10) bond distance of 1.339 (4)
A is in the range expected for nitrogen—carbon single bond
distances in aromatic amines!®® and along with the pla-
narity of the nitrogen atom indicates delocalization of the
nitrogen lone pair electrons into the ferracyclopentadiene
ring. The low basicity of 7b—d compared to other sec-
ondary amines, as evidenced by the spontaneous depro-
tonation of each complex during their formation from 8b—d
and HBF¢Et,0, may also be attributed to the delocali-
zation of the nitrogen lone pair electrons into the ferra-
cyclopentadiene ring. A related amino-ferracyclo-
pentadiene complex (I), which has the amino group on the
B-carbon of the ferrole ring, has been prepared by Daran
and co-workers.!® Like 7d, it has a nearly planar geometry

e
7 /4
{CO)sFe=\—Fe(CO),
Ph

I

about the nitrogen atom, and its N—C(8) distance of 1.385
Xl) A compares well to the N-C(a) distance of 1.339 (4)
in 7d.

Discussion

The results presented herein show that the protonated
azaallylidene complexes 2a and 2b react with alkynes to
give ferracyclopentadiene complexes having imine (or im-
inium) and hydroxy (or O-BF;) substituents (4-8) or amino
substituents (7). This work is related to Pettit’s earlier
studies of the insertion of alkynes into the iron—methylene
bond of Fe,(u-CH,)(CO); (eq 2)* and to Vrieze’s several
studies of the reactions of alkynes with binuclear 1-aza
1,3-diene and 1,4-diaza 1,3-diene complexes.’* While we

(12) (a) Olovsson, I.; Jénsson, P. G. In The Hydrogen Bond; Schuster,
P., Zundel, G., Sandorfy, C., Eds.; North-Holland: Amsterdam, 1976, Vol.
2, Chapter 8. (b) Hamilton, W. C.; Ibers, J. A. Hydrogen Bonding in
Solids; W. A. Benjamin: San Francisco, 1968.

(13) Cabrera, E.; Daran, J.-C.; Jeannin, Y. Organometallics 1988, 7,
2010.
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have not conducted a detailed study of the mechanism by
which these products form, they can be rationalized by
transformations like those shown in Scheme II for the
reaction of 2a with PhC=CH. Complexes 7b—e do not
incorporate a CO ligand into the ferracyclopentadiene ring
and thus result from direct insertion of the added alkyne
into the Fe—C bond of 2. This reaction is similar to the
reported insertion of alkynes into the Fe—C bond of Fe,-
(u-CH,)(CO); to give allyl products as well as ferracyclo-
pentadiene complexes having a hydroxy group on the
a-carbon (see eq 2).?* Logical intermediates for 7 are
complexes 9, formed by initial substitution of the alkyne
for a CO ligand in 2, and 10, which would result from
coupling of the alkyne and u-azaallylidene ligands, Com-
plex 10 could decay into 7 by g-hydrogen elimination from
the exocyclic imine carbon and then loss of the proton from
the resulting FeH group. A somewhat related transfor-
mation has been observed by Knox and co-workers, eq 5.16

Complexes 4-6 incorporate a CO ligand into the me-
tallacycle between the alkyne fragment and the bridging
(u-CH(CH==NHR)) carbon, and thus CO insertion must
occur before the alkyne couples with the azaallylidene
ligand. That insertion could be enhanced by hydrogen
bonding between the carbonyl oxygen and the iminium
group since Lewis acids in general’® and intramolecular
hydrogen bonding in particular'’ are well-known to ac-
celerate CO insertion reactions. A possible intermediate
in the formation of 4-6 is species 11, which could form
from 9 by CO insertion and concomitant proton loss from
the bridging azasllylidene carbon. Alternatively, complex
11 could form via an associative process involving coor-
dination of the added alkyne to induce CO insertion to
form the ketene intermediate 12, similar to the nucleo-
phile- and ligand-induced insertion of CO into the Fe—
carbon bond of Fe,(u-CH,)(CO);!® and the alkyne-induced

(14) (a) Muller, F.; Van Koten, G.; Vrieze, K.; Heijdenrijk, D. Inorg.
Chim. Acta 1989, 158, 69. (b) Elsevier, C. J.; Muller, F.; Vrieze, K.; Zoet,
R. New J. Chem. 1988, 12, 571. (c) Muller, F.; Van Koten, G.; Polm, L.
H.; Vrieze, K.; Zoutberg, M. C.; Heijdenrijk, D.; Kragten, E.; Stam, C. H.
Organometallics 1989, 8, 1340. (d) Muller, F.; Dijkhuis, D. I. P,; Van
Koten, G.; Vrieze, K.; Heudenn]k D,; Rotteveel M. A,; Stam, C. H,;
Zoutberg, M. C. Organometallzcs 1989, 8 992, (e) Muller, F Van Koten,

, M. J. A,; Vrieze, K.; Heudenruk D.; Zoutberg, M. C.
Organometalhcs 1989 8, 1331 [63] Muller, F.; Van Koten, G.; Kraakman,
M. J. A,; Vrieze, K.; Zoet, R.; Duineveld, K. A A, Heudenmk D.; Stam,
C.H,; Zoutberg M.C Organometalhcs 1989, 8, 982, (g) Staal, L. H Van
Koten, G.; Vrieze, K.; Van Santen, B.; Stam, C.H. Inorg. Chem. 1981,
20, 3598. (h) De Lange, P. P. M,; Frithauf, H. W.; Van Wijnkoop, M.;
Vrieze, K.; Wang, Y.; Heijdenrijk, D.; Stam, C. H. Organometallics 1990,
9,1691. (i) Muller, F.; Han, I. M.; Van Koten, G.; Vrieze, K.; Heijdenrijk,
D.; Van Mechelen, J.; Stam, C. H. Inorg. Chim. Acta 1989, 158, 99. (j)
Muller, F.; Han, I. M.; Van Koten, G.; Vrieze, K.; Heijdenrijk, D.; De
Jong, R. L.; Zoutberg, M. C. Inorg. Chim. Acta 1989, 158, 81. (k) Muller,
F.; Van Koten, G.; Vrieze, K.; Heijdenrijk, D. Organometallics 1989, 8,
33. (1) Muller, F.; Van Koten, G.; Vrieze, K.; Heijdenrijk, D.; Krijnen,
B. B.; Stam, C. H. Organometallics 1989, 8, 41. (m) Muller, F.; Van
Koten, G.; Vrieze, K.; Krijnen, B.; Stam, C. H. J. Chem. Soc., Chem.
Commun. 1986, 150.

(15) Dyke, A. F.; Knox, S. A. R.; Naish, P. J.; Taylor, G. E. J. Chem.
Soc., Chem. Commun. 1980, 803.

(16) See, for example: Principles and Applications of Organo-
transition Metal Chemistry; Collman, J. P., Hegedus, L. S., Norton, J.
R., Finke, R. G. Eds.; University Science Books: Mill Valley, CA, 1987;
p 372.

(17) Vaughn, G. D.; Gladysz, J. A. Organometallics 1984, 3, 1596.

(18) (a) Denise, B.; Navarre, D.; , H. J. Organomet. Chem. 1987,
326, C83. (b) Navarre, D.; Rudler, H.; Daran, J.-C. J. Organomet. Chem.
1986, .;1149, 00354 (c) Raper, M.; Strutz, H.; Keim, W. J. Organomet. Chem.
1981, , Cb.

Snead et al.

Scheme II1
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8
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insertion of CO into the metal-carbon bond of CpM(CO);R
(M = Mo, W) and (CO)sMnR complexes.’* Complex 11
can be viewed as having a bridging HOC=CCH=NR
alkyne ligand, and complexes 5 and 6 could then form by
coupling of this alkyne with the added alkyne as in the
typical formation of ferracyclopentadiene complexzes from
coupling of alkynes on iron carbonyl compounds.#1® An
alternative route to § and 6 could involve initial coupling
of the added alkyne with a CO ligand to give a species like
13, which could then collapse to the observed products by
coupling of the two bridging ligands. Alkyne~CO coupling
like that illustrated in 13 has been shown to occur in other
diiron complexes studied by Knox and co-workers.?

i
H"l H
Fe(CO);
=

(o) R
RI’
13

The distribution of the products from the reaction of
2 with alkynes is dependent upon the alkyne employed (see
Scheme I), and although the data set is small these ob-
servations suggest that there is a correlation with the size
of the alkyne. For example, reaction of 2a with the small
alkyne MeC==CH gave exclusive formation of the carbo-
nylated products 4a, 5a, and 6a, while the larger alkynes
Bu'C=CH and PhC==CPh gave only the amino-substi-
tuted complexes 7. Reaction of 2a with PhC==CH, an
alkyne of intermediate size, gave a mixture of the carbo-
nylated products 4-6 as well as the amino-substituted
ferracyclopentadiene 7.

The formation of the amino-substituted ferracyclo-
pentadiene complexes 7 from the 2-ferrapyridine com-
plexes is proposed to occur by the pathway outlined in
Scheme III. We suggest that the imine group can disso-
ciate from the iron atom to which it is bound to produce
intermediate 14. Protonation at the nitrogen atom would
give 10, which would in turn form 7¢ by §-hydrogen elim-
ination from the exocyclic imine carbon and then loss of
the proton from the resulting FeH group. Note that the

(19) (a) Davidson, J. L.; Green, M.; Nyathi, J. Z.; Scott, C.; Stone, F.
G. A.; Welch, A. J.; Woodward, P. J. Chem. Soc., Chem. Commun 19786,
714. (b) Alt, H. G Engelhardt, H. E,; Thewalt, U.; Riede, J. J. Orga-
nomet. Chem. 19885, 288 165. (c) DeShong,P Sldler,D Ry Rybczymkl
P. J.; Slough, G. A,; Rhemgold A.L.J. Am. Chem Soc. 1988 110, 2675.

(20) (a) Dyke, A F.; Knox, S. A. R.; Naish, P. J.; Taylor, G.E. J.
Chem. Soc., Dalton Tram 1982, 1297. (b) Hoga.rr.h G.; Kayser, F.; Knox,

S.A.R; Morton,D AV, Orpen,A G.; Turner, M. L J. Chem Soc.,
Chem, Commun 1988, 358

(CO);Fe




Substituted Ferracyclopentadiene Complexes

Table I. Crystal, Data Collection, and Refinement
Parameters for Fe,(u-PhCCHCO{BF,|CICH=NR})(CO), (4c,
R = BuY; 4¢, R = Ph) and
Fe;(u-PhCCHCHCICN(H)Bu‘I)(CO), (7d)

de 4e 7d

Crystal Parameters

formula CuHyBF3NO,Fe;  CyH(sBF3sNO,Fe;  CogHpNOgFe,
fw 573.86 593.85 565.15
cryst system triclinic monoclinic triclinic
space group Pi P2/c Pi
a, 9.365 (3) 21.188 (6) 9.645 (2)
b, A 10.772 (4) 8.562 (2) 10.325 (2)
¢, A 13.933 (6) 13.429 (4) 13.163 (3)
a, deg 84.95 (3) 103.29 (2)
8, deg 73.80 (3) 94.13 (2) 91.201 (2)
v, deg 65.45 (3) 99.812 (2)
V, A8 1227.2 (8) 2427.0 (11) 1254.6 (5)
¥4 2 4 2
u (Mo Ka), 12.45 12.7 11.94

cm-!
Degyer g cm™ 1.5563 1.625 1.469
color red red orange
size, mm 0.32 X 0.40 X 0.46 0.25 X 0.25 X 0.37 0.26 X 0.32 X

0.47
temp, K 296 296 296
Data Collection

diffractometer Nicolet R3m
monochromator graphite
scan method Wyckoff
wavelength Mo Ka (A = 0.71073 A)
data collected £13,£15,+20 +£24,+10,+15 £13,+£14,+18
scan limits, deg  4-58 4-46 4-55
rflns collected 6772 3830 5958
indep rflns 8516 3376 5718
Riney % 2.33 2.97 1.55
indep rflns, 4800 2360 3867

F, 2 6o(F,)

Refinement®

R(F), % 3.93 413 4.23
R(wF), % 4.31 4.27 4.46
Ap) gy, © A 0.650 0.497 0.580
A/ Opas 0.033 0.059 0.005
GOF 1.156 1.1094 1.102

N,/N, 15.8 76 12.9

*R(F) = L.(|F| - 'Fcl)/Z}Foer(WF) ZW'3(Fol - [F))/ w'/%|F|); GOF
= [ZwllFo = [Fl/N, -

proposed intermediate 10 is common to both Schemes II
and III and connects these two independent routes to 7c.

Experimental Section

The compounds [Fe,(\-CHCH=NHR)(CO),}{BF,] (R = Bu,
Ph)! and [Fey(u-(CR)(CRCHCH=NHR)(CO);]® were prepared
by literature methods, and Et;N, PhC=CH, PhC=CPh,
Bu‘C=CH, Me0Q,CC=CH, and HBF /Et,0 were purchased from
Aldrich Chemical Co. and were used as received. The alkyne
MeC=CH was purchased from Matheson Gas Products, Inc.
Solvents were dried by stirring over Na/benzophenone (THF and
Et,0) or CaH; (CH,Cl,, pentane, and hexane) and were freshly
distilled prior to use. The silica gel chromatography support
(Baker 3405, 60200 mesh) was purchased from Thomas Scientific.
Complex 2a (350 mg, 1.0 mmol) was enriched in *CO by stirring
it in 40 mL of CH,Cl, in a 50-mL Schlenk flask under 1 atm of
13CO (99%) for 5 days. All manipulations were performed by using
standard Schlenk techniques unless otherwise specified. IR
spectra were recorded on an IBM FTIR-32 spectrometer operated
in the absorption mode, NMR spectra were obtained on a Bruker
AM 300 FT NMR spectrometer, and electron impact (EI) and
fast bombardment (FAB) mass spectra were recorded on an
AEI-MS9 and AFAB-MS9 mass spectrometers. Elemental
analyses were obtained from Schwarzkopf Microanalytical Lab-
oratories, Woodside, NY, or Galbraith Microanalytical Labora-
tories, Inc., Knoxville, TN.

Reaction of 2a with MeC=CH. Complex 2a (200 mg, 0.38
mmol) was placed in a 200-mL Schlenk flask and dissolved in 60
mL of CH,Cl,, and MeC==CH was bubbled through the resulting
orange solution for 5 min. The flask was then sealed, and the
solution was stirred at 25 °C for 3 days during which time the
color changed from light red to dark red. Diethyl ether (20 mL)
was added to form a cloudy solution, which was filtered, and the
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Table II. Atomic Coordinates (x10¢) and Isotropic Thermal
Parameters (A? x 10%) for
Fe,(u-PhCCHCO{BF,JC{CH=NBu'})(CO), (4¢)

x y z s

Fe(1) 6524 (1) 1741 (1) 3424 (1) 31 (1)
Fe(2) 4365 (1) 1676 (1) 2732 (1) 32(1)
oD 9387 (2) 222 (2) 1403 (1) 55 (1)
F(1) 10144 (2) 1799 (2) 326 (1) 61 (1)
F(2) 10782 (3) 1386 (3) 1798 (2) 88 (1)
F(3) 12053 (2) -261 (2) 542 (2) 77 (1)
B 10638 (4) 800 (4) 1013 (3) 48 (1)
o) 3958 (3) 1633 (3) 5149 (2) 61 (1)
0(2) 6793 (4) 3961 (3) 4341 (2) 80 (2)
0(3) 9254 (4) ~-321 (3) 4101 (2) 91 (1)
0(4) 3138 (3) -424 (3) 3593 (2) 70 (1)
0(5) 4142 (4) 1696 (4) 676 (2) 82 (2)

3665 (3) 3607 (3) 86 (1)

0(6) 1016 (3)
N

8256 (3) -1941 (2) 1741 (2) 33 (1)

C() 4866 (4) 1664 (3) 4405 (2) 40 (1)
C(2) 6678 (4) 3100 (3) 3981 (2) 49 (1)
C(3) 8209 (4) 483 (3) 3841 (2) 51 (1)
C4) 3632 (8) 363 (3) 3252 (2) 43 (1)
C(5) 4200 (4) 1673 (4) 1474 (2) 49 (1)
C(6) 2320 (4) 2045 (3) 3266 (3) 31 (1)
C(7) 5391 (3) 3001 (2) 2379 (2) 33 (1)
C(8) 7084 (3) 2442 (3) 1917 (2) 31 (1)
C(9) 7843 (3) 980 (3) 1821 (2) 31(1)
C(10) 6729 (3) 406 (2) 2366 (2) 21 (1)
C(11) 7208 (3) -1050 (3) 2425 (2) 321
C(12) 8627 (3) -3448 (3) 1734 (2) 35 (1)
C(13) 8016 (4) -3696 (4) 893 (3) 56 (2)
C(14) 10473 (4) -4194 (3) 1499 (3) 61 (1)
C(15) 7800 (5) -3860 (3) 2734 (3) 62 (2)
C(21) 4641 (2) 5183 (2) 1475 (1) 41 (1)
C(22) 3798 6594 1446 51 (1)
C(23) 2789 7350 2825 60 (2)
C(24) 2624 6694 3233 60 (2)
C(25) 3498 5283 3261 48 (1)
C(26) 4476 4527 2382 35 (1)

% Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uj; tensor.

supernatant was evaporated to dryness leaving a dark red solid.
Repeated recrystallizations from CH,Cl;/pentane yielded complex
4a as a microcrystalline red solid. The filtrate from the recrys-
tallizations contained the imino-ferracyclopentadiene complexes
5a and 6a, which were separated by column chromatography on
silica gel. Complex 6a eluted first, using CH,Cl, as the eluent,
and was isolated as a red microcrystalline solid. Complex 5a eluted
when the eluent was changed to 20:1 CH,Cl,/Et;O and was iso-
lated as a red microcrystalline solid. The yields and analytical
data for each complex are given below.

4a. Yield = 31% (59.4 mg, 0.11 mmol). Anal. Calcd for
C16HsBF3NOFe, (%): C, 37.48; H, 2.95. Found: C, 36.94; H,
2. 90 IR (CH.Cly): vco 2077 (m), 2049 (vs), 2014 (m), 1994 (s)
cm™; yey 1616 (w) em™. 'H NMR (CD,Cly): 611.42 (br, 1 H, OH),
7.86 (d,1H, JHH=159Hz CH),6.38 (s, 1 H, CH), 2.59 (s, 1 H,
CHy), 1.47 (s, 9 H, BuY. 3C NMR (CD,Cly): § 210.2, 209.8, 209.0,
206.7 (CO), 188.0 (FeCMe), 175.1 (d, Jcy = 174.6 Hz, N=CH),
162.6 (COH), 103.1 (d, Jcx = 172.1 Hz, CH), 98.6 (FeC(CH==N)),
60.1 (CMey), 34.6 (q, Joi = 128.2 Hz, CHy), 28.5 (C(CH,)y).

Ba. Yield = 7% (11.0 mg, 0.025 mmol). Anal. Calcd for
ClesNOFeg (%): C, 43.19; H, 3.40. Found: C, 43.08; H, 3.56.
MS: m/z 445 and fragment ions corresponding to the loss of six
carbonyls. IR (CH,Cl,): »co 2060 (m), 2025 (vs), 1978 (s) em™;
ven 1605 (w) em™. 'H NMR (DMSO-dg): 4 13.31 (br, 1 H, OH),
8.00 (d, 1 H, Juy = 9.2 Hz, CH), 5.54 (s, 1 H), CH), 2.46 (s, L H,
CHp), 1.35 (8, 9 H, But). *C NMR (CD,Cl,): 4 212.6, 210.7, 209.3,
208.5 (CO), 186.7 (FeCMe), 176.2 (d, 'Jcy = 170.9 Hz, N==CH),
160.1 (COH), 101.1 (d, 'Jcy = 172.1 Hz, CH), 94.4 (FeC(CH=N)),
56.8 (CMey), 34.8 (q, Joy = 125.7 Hz, CHj), 28.8 (C(CHy)y).

6a. Yield = 22% (38.0 mg, 0.085 mmol). Anal. Caled for
C¢H;sNOFe,; (%): C, 43.19; H, 3.40. Found: C, 42.87; H, 3.46.
MS: m/z 445 and fragment ions corresponding to the loss of six
carbonyls. IR (CH,ClLy): voo 2060 (m), 2025 (vs), 1978 (8) cm™!;
ven 1605 (w) em™. 'H NMR (DMSO-dg): 6 13.4 (br, 1 H, OH),
8.01(d,1H, Jyy = 12.9 Hz, CH), 7.77 (s, 1 H, CH), 1.95 (s, 1 H,
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Table II1. Selected Bond Distances and Angles for
Fe:(u-PhCCHCO{BF,|C{CH=NBu'})(CO); (4c)

Bond Distances, A

Fe(1)-Fe(2) 2.498 (1) Fe(1)-C(1) 1.787 (3)
Fe(1)-C(2) 1.790 (4) Fe(1)-C(3) 1.806 (3)
Fe(1)-C(7) 2.098 (3) Fe(1)-C(8) 2.165 (2)
Fe(1)-C(9) 2.264 (2) Fe(1)-C(10) 2.064 (3)
Fe(2)-C(4) 1.829 (4) Fe(2)-C(5) 1.801 (4)
Fe(2)-C(6) 1.816 (3) Fe(2)-C(7) 1.988 (3)
Fe(2)-C(10) 2.002 (2) O(7)-B 1.499 (5)
o(7-C(9) 1.316 (3) F(1)-B 1.392 (4)
F(2)-B 1.374 (6) F(3)-B 1.372 (3)
N-C(11) 1.283 (3) N-C(12) 1.512 (4)
C(7)-C(8) 1.413 (3) C(7)-C(26) 1.505 (3)
C(8)-C(9) 1.434 (3) C(9-C(10) 1.435 (4)
Bond Angles, deg

Fe(2)-Fe(1)-C(7) 50.4 (1) Fe(2)-Fe(1)-C(8) 76.6 (1)
C(7)-Fe(1)-C(8) 38.7(1) Fe(2)-Fe(1)-C(9) 75.9 (1)
C(7)-Fe(1)-C(9) 66.6 (1) C(8)-Fe(1)-C(9) 37.7(1)
Fe(2)-Fe(1)-C(10) 51.0 (1) C(7)~Fe(1)-C(10) 75.3 (1)
C(8)-Fe(1)-C(10) 87.7 (1) C(9)-Fe(1)-C(10) 38.4 (1)
Fe(1)-Fe(2)-C(7) 54.3 (1) Fe(1)-Fe(2)-C(10) 53.2(1)
C(7)-Fe(2)-C(10) 79.1 (1) B-0(7)-C(9) 123.1 (2)
F(1)-B-0(7) 109.8 (3) O(7)-B-F(2) 108.9 (3)
F(1)-B-F(2) 108.9 (3) 0(7)-B-F(3) 106.6 (3)
F(1)-B-F(3) 109.5 (3) F(2)-B-F(3) 113.2 (3)
C(11)-N-C(12) 126.3 (2) Fe(1)-C(1)-0(1) 167.5 (3)
Fe(1)-C(2)-0(2) 179.2 (3) Fe(1)-C(3)-0(3) 178.8 (4)
Fe(2)-C(4)-04) 178.0 (2) Fe(2)-C(5)-0(5) 177.1 (4)
Fe(2)-C(6)-0(6) 175.5 (4) Fe(1)-C(7)-Fe(2) 75.3 (1)
Fe(1)-C(7)-C(8) 73.2 (1) Fe(2)-C(7)-C(8) 116.1 (2)
Fe(1)-C(7)-C(26) 130.8 (2) Fe(2)-C(T)-C(26) 125.0 (2)
C(8)-C(7)-C(26) 117.8 (2) Fe(1)-C(8)-C(7) 68.1 (1)
Fe(1)-C(8)-C(9) 74.9 (1) C(7)-C(8)-C(9) 115.0 (3)
Fe(1)-C(9)-F(1) 130.8 (2) Fe(1)-C(9)-C(8) 67.4 (1)
F(1)-C(9)-C(8) 126.6 (3) Fe(1)-C(9)-C(10) 63.2 (1)
F(1)-C(9)-C(10) 122.4 (2) C(8)-C(9)-C(10) 110.5 (2)
Fe(1)-C(10)-Fe(2) 175.8 (1) Fe(1)-C(10)-C(9) 78.4 (2)
Fe(2)-C(10)-C(9) 116.3 (2) Fe(1)-C(10)-C(11) 128.2 (2)
Fe(2)-C(10)-C(11) 120.1 (2) C(9-C10)-C(11) 121.8(2)
N-C(11)-C(10) 125.6 (2)

CH,), 1.36 (s, 9 H, But). *C NMR (CD.Cly): 8 213-209 (CO),
186.2 (COH), 176.4 (d, 'Jcy = 170.9 Hz, N=CH), 160.2 (dq, 'Jcy
= 156.3 HZ, 3Jc}{ =3.7 HZ, CH), 115.7 (q, 2JCH =49 HZ, CMG),
94.3 (q, %Jcy = 7.3 Hz, FeC(CH==N)), 56.8 (CMe,), 28.8 (C(CHj)y),
17.8 (qd, IJCH = 128.2 Hz, SJCH = 3.7 Hz, CHs)

Reaction of 2a and 2b with Phenylacetylene. Complex 2a
(500 mg, 0.96 mmol) was placed in a 500-mL Schlenk flask and
dissolved in 150 mL of CH,Cl,. To the resulting orange solution
was added phenylacetylene (1.00 mmol). The solution was then
heated at reflux in an oil bath at 40 °C for 7 h during which time
the color changed from light red to dark red. Diethyl ether (50
mL) was added to form a cloudy solution. The mixture was
filtered, and the supernatant was evaporated to dryness, leaving
a dark red solid. Repeated recrystallizations from CH;Cl,/pentane
yielded complex 4¢ as a microcrystalline red solid. The filtrate
from the recrystallizations contained the neutral ferracyclo-
pentadiene complexes 5¢, 6¢, and 7¢, which were separated by
column chromatography on silica gel. The amino-ferracyclo-
pentadiene complex 7¢ was eluted first with 3:1 pentane/CH,Cl;
and was isolated as a yellow microcrystalline solid. The imino-
ferracyclopentadiene complex 6¢ eluted next with CH,Cl, a8 eluent
and was isolated as a red microcrystalline solid. Finally the
imino-ferracyclopentadiene complex 5¢ was eluted with 20:1
CH,Cl,/Et,0 and isolated as a red microcrystalline solid. The
reaction of 2b (520 mg, 0.96 mmol) with PhC==CH was similarly
conducted to yield 4e and 7e. Yields and analytical data for each
complex are given below.

4c. Yield = 53% (290.9 mg, 0.51 mmol). Anal. Caled for
CyHy;BFsNO,Fe, (%): C,43.87; H, 2.99; F, 9.91. Found: C, 43.32;
H, 3.13; F, 9.71. IR (CH,Cl,): rco 2078 (m), 2049 (vs), 2017 (m),
1997 (m) em™; yoy 1612 (w) cm™. 'H NMR (CD,Cl,): 6 11.58
(br, 1 H, OH), 7.94 (d, 1 H, Jyy = 15.8 Hz, CH), 7.32-7.21 (m,
5 H, Ph), 6.62 (q, 1 H, *Jy.r = 1.2 Hz, CH), 1.50 (s, 9 H, Bu").
13C NMR (CD,Cl,): & 210.1, 209.0, 206.4, 205.6 (CO), 184.6
(FeCPh), 175.3 (d, lJcy = 173.9 Hz, N=—CH), 161.9 (COH), 149.8,
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Table IV. Atomic Coordinates (%X10%) and Isotropic
Thermal Parameters (A? x 10%) for
Fe;(us-PhCCHCO{BF,|C{CH=NPh})(CO), (4e)

x y z e
Fe(1) 71949 (8) -1758.0 (8) 2704.4 (5) 33.0 (2)
Fe(2) 6947.6 (3) 579.4 (8) 1622.1 (5) 34.9 (2)
C(1) 6652 (2) 3021 (6) 3308 (4) 41 (2)
C(2) 7838 (3) -3108 (7) 2990 (5) 56 (2)
C(3) 6944 (2) ~2395 (6) 1466 (4) 42 (2)
C(5) 7293 (3) 637 (6) 411 (4) 46 (2)
C(6) 6147 (3) 504 (6) 1003 (4) 47 (2)
C 6958 (3) 2626 (6) 1873 (4) 52 (2)

C(8) 7772 (2) 80 (6) 2356 (4) 37 (2)

C(9) 7776 (2) 183 (6) 3425 (4) 35 (2)
C(10) 7156 (2) 156 (5) 3761 (4) 33 (2)
C(11) 6663 (2) 216 (5) 2985 (4) 34 (2)
C(2n) 5822 (2) 1493 (4) 3911 (3) 47 (2)
C(22) 5195 1637 4152 58 (2)
C(23) 4734 626 3728 62 (2)
C(24) 4900 -531 3063 58 (2)
C(25) 5527 676 2822 47 (2)
C(26) 5988 336 3245 34 (2)
C(27) 8360 (2) -304 (6) 1898 (4) 41 (2)
N(1) 8916 (2) -299 (5) 2363 (3) 45 (2)
C(31) 10040 (2) -671 () 2616 (2) 60 (2)
C(32) 10620 -1138 2288 71 (3)
C(33) 10653 -1727 1324 70 (3)
C(34) 10104 -1848 688 75 (3)
C(35) 9524 -1380 1017 63 (2)
C(36) 9491 -792 1980 47 (2)
o) 6319 (2) -3802 (5) 3701 (3) 63 (2)
0(2) 8257 (2) -3899 (6) 3165 105 (2)
0(@3) 6780 (2) -3021 (4) 735 (8) 54 (1)
0(5) 7497 (2) 778 (5) -335 (3) 77 (2)
0(6) 5669 (2) 433 (6) 585 (3) 80 (2)
o) 6959 (2) 3902 (5) 2092 (4) 89 (2)
B(1) 8384 (3) -90 (10) 5129 (5) 58 (3)
0(8) 8313 (2) 157 (4) 3999 (2) 69 (1)

F(1) 9027 (2) 11 (5)
F(2) 8164 (2) -1560 (5) 5330 (3) 91 (2)
F@3) 8059 (2) 1034 (5) 5580 (3) 103 (2)

¢ Equivalent isotrapic U defined as one-third of the trace of the
orthogonalized Uj; tensor.

128.9, 128.5, 127.9 (Ph), 102.3 (d, Jey = 173.9 Hz, CH), 99.0
(FeC(CH=N)), 60.3 (CMe,), 28.6 (C(CH,)y). ''B NMR (CD.Cl,):
1(51;039) (br, BF5). 1F NMR (CD,Cl,): §-152.29 (BF,), 152.35

BF;).

5c. Yield = 7% (34.6 mg, 0.07 mmol). Anal. Caled for C,y-
H;;NO,Fe, (%): C, 49.74; H, 3.38. Found: C, 49.20; H, 3.50. MS:
m/z 507 and fragment ions corresponding to the loss of six car-
bonyls. IR (CH;Cly): vco 2061 (m), 2027 (vs), 1984 () em™; ven
1606 (w) cm™. 'H NMR (DMSO-dg): 4 13.47 (br, 1 H, OH), 8.18
(d, 1 H, Jyy = 10.7 Hz, CH), 7.33-7.13 (m, 5 H, Ph), 5.66 (s, 1
H, CH), 1.38 (8, 9 H, BuY. 3C NMR (CDCly): 8 213.0, 210.5, 208.8,
206.9 (CO), 186.1 (COH), 184.8 (FeCPh), 176.5 (d, 1Jcy = 170.8
Hz, N=CH), 150.6 (ipso Ph), 127.9, 127.6 (Ph), 99.2 (d, Jcu =
166.0 Hz, CH), 93.0 (FeC(CH=N)), 57.1 (CMe;), 28.8 (C(CHy)3).

6¢c. Yield = 13% (65.0 mg, 0.13 mmol). Anal. Caled for
Cle”NO-,Feg (%): C, 49.74; H, 3.38. Found: C, 50-30; H, 3.70.
MS: m/z 507 and fragment ions corresponding to the loss of six
carbonyls. IR (CH,Cl): vco 2060 (m), 2025 (s), 1983 (8) em™;
ven 1608 (w) cm. 'H NMR (CDCly): 4 13.95 (br, 1 H, OH), 8.34
(s, 1 H,CH), 7.89 (d, 1 H, Juy = 12.8 Hz, CHNBuY), 7.76 (dd, 2
H, Jgy = 7.0, 1.5 Hz, Ph), 7.39-7.26 (m, 3 H, Ph), 1.43 (s, 9 H,
Bu®). 3C NMR (CDCly): 8 211.9, 210.0, 209.5, 208.3 (CO), 185.1
(COH), 176.6 (d, Yoy = 172.1 Hz, N=CH), 159.0 (d, ‘Jcy = 158.7
Hz, CH), 136.2 (ipso Ph), 128.3, 128.1, 127.9 (Ph), 117.1 (CPh),
94.1 (FeC(CH==N)), 57.0 (CMe;), 28.8 (C(CHy)s).

7e. Yield = 14% (64.4 mg, 0.13 mmol). Anal. Caled for
CyH 7:NOgFe, (%): C, 50.14; H, 3.55. Found: C, 50.40; H, 3.78.
IR (Pentane): »go 2062 (m), 2022 (vs), 1993 (g), 1979 (s), 1954
(w) cm™. MS: m/z 479 (M*) and fragment ions corresponding
to the loss of six carbonyls. 'H NMR (CDCl;): 6 7.31-7.18 (m,
5H, Ph), 5.83 (d, 1 H, J = 3.1 Hz, FeCH), 5.78 (b, 1 H, NH), 4.80
(d, 1 H, J = 5.5 Hz, FeC(NHBu')CH), 1.40 (s, 9 H, NC(CHj3)3).
13C NMR (CDCly): & 213.3 (4, 13.4 Hz, FeC(NHBuWY)), 212.4, 212.0,

5350 (3) 84 (2)
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Table V. Selected Bond Distances and Angles for
Fe,(u-PhCCHCO(BF,JC{CH=NPh})(CO), (4e)

Bond Distances, A

Fe(1)-Fe(2) 2.505 (1) Fe(1)-C(1) 1.811 (5)
Fe(1)-C(2) 1.806 (5) Fe(1)-C(3) 1.793 ()
Fe(1)-C(8) 2.066 (5) Fe(1)-C(9) 2.244 (5)
Fe(1)-C(10) 2171 (5) Fe(1)-C(11) 2.079 (5)
Fe(2)-C(5) 1.831 (5) Fe(2)-C(6) 1.836 (5)
Fe(2)-C(7) 1.782 (5) Fe(2)-C(8) 1.989 (5)
Fe(2)-C(11) 1.993 (5) C(8)~C(9) 1.438 (7)
C(@®)-C(27 1.464 (7) C(9)-C(10) 1.419 (7)
C(9)-0(8) 1.329 (5) C(10)-C(11) 1.422 (6)
C(11)-C(26) 1.501 (6) C(27)-N(1) 1.294 (6)
N(1)-C(36) 1.420 (6) B(1)-0(8) 1.528 (8)
B(1)-F(1) 1.375 (8) B(1)-F(2) 1.374 (9)
B(1)-F(3) 1.354 (9)
Bond Angles, deg

Fe(2)-Fe(1)-C(8) 50.5 (1)  Fe(2)-Fe(1)-C(9) 75.2 (1)
C(8)-Fe(1)-C(9) 38.7(2) Fe(2)-Fe(1)~C(10) 176.2 (1)
C(8)-Fe(1)-C(10) 68.0 (2) C(9)-Fe(1)-C(10) 374 (2)
Fe(2)-Fe(1)-C(11) 50.5(1) C(8)-Fe(1)-C(11) 76.2 (2)
C(9)-Fe(1)-C(11) 67.0(2) C(10)-Fe(1)-C(11) 39.0 (2)
Fe(1)-Fe(2)-C(8) 53.2(1) Fe(1)-Fe(2)-C(11) 53.6 (1)
C(8)-Fe(2)-C(11) 799 (2) Fe(1)-C(1)-0(1) 178.7 (5)
Fe(1)-C(2)-0(2) 177.0(5) Fe(1)-C(3)-0(3) 169.8 (5)
Fe(3)-C(5)-0(5) 175.3 (5)  Fe(2)-C(6)-0(6) 176.7 (5)
Fe(2)-C(71)-0(7) 1758 (5)  Fe(1)-C(8)-Fe(2) 76.3 (2)
Fe(1)-C(8)-C(9) 774 (3)  Fe(2)-C(8)-C(9) 115.0 (3)
Fe(1)-C(8)-C(27) 1174 (3) Fe(2)-C(8)-C(27) 125.7 (4)
C(9)-C@B)-C(27) 119.2(4) Fe(1)-C(9)-C(8) 63.9 (3)
Fe(1)-C(9)-C(10) 68.5(3) C(8)-C(9)-C(10) 112.2 (4)
Fe(1)-C(9)-0(8) 131.2(3)  C(8)-C(9)-0(8) 121.4 (4)
C(10)-C(9-0(8) 126.1(4) Fe(1)-C(10)-C(9) 74.1 (3)
Fe(1)-C(10)-C(11) 67.0(3) C(9)-C(10)-C(11) 114.5 (4)
Fe(1)-C(11)-Fe(2) 1759(2) Fe(1)-C(11)-C(10) 174.0 (3)

Fe(2)-C(11)-C(10) 115.1 (3)
Fe(2)-C(11)-C(26) 124.0 (3)

Fe(1)-C(11)-C(26) 129.5 (3)
C(10)-C(11)-C(26) 119.7 (4)

C(8)-C(27)-N(1) 124.8(5) C(27)-N(1)-C(36) 126.9 (4)
0(8)-B(1)-F(1) 103.3 (5) O(8)-B(1)-F(2) 108.1 (5)
F(1)-B(1)-F(2) 1111 (6)  O(8)-B(1)-F(3) 109.6 (5)
F(1)-B(1)-F(3) 1125 (6) F(2)-B(1)-F(3) 111.7 (6)
C(9)-0(8)-B(1) 126.6 (4)

211.6, 210.3 (CO), 174.2 (s, FeCPh), 149.3 (s, Ph ipeo), 128.6, 127.9,
127.0 (s, Ph), 104.3 (dd, FeCPhCH, 'J¢y = 167.2 Hz, %Joy = 8.7
Hz), 69.0 (dd, FeC(NHBu%)CH, 'Jcy = 163.6 Hz, 2Joy = 8.5 Hz),
56.2 (s, CMey), 29.3 (m, NC(CH,),).

4e. Yield = 39% (224.0 mg, 0.39 mmol). Anal. Caled for
CHngBF3N07F92 (%): C, 46.44; H, 2.20. Found: C, 46.40; H,
2.37. IR (CH,Cl,): wco 2079 (m), 2039 (vs), 2018 (m), 2000 (m)
em™; ven 1608 (w) cm™t, 'H NMR (acetone-dg): 6 7.94 (d, 1 H,
Jyy = 159 Hz, CH), 6.61 (m, 1 H, Jyr = 1.2 Hz, CH). 3C NMR
(CD,Cly): & 209.6, 206.8, 206.0, 205.3 (CO), 184.4 (FeCPh), 174.2
(N=CH), 159.8 (COH), 150.9, 148.9, 134.7, 134.6, 133.4, 133.2,
129.2, 129.5 (Ph), 102.4 (FeCPhCH), 88.3 (FeC(CH=N)).

7e. Yield = 4% (18.1 mg, 0.036 mmol). HRMS Calcd for
CyoH 3NOgFe;: m/z = 498.9441. Found: m/z = 498.9440. IR
(CHCly): »co 2062 (m), 2021 (vs), 1989 (s), 1955 (sh) em™; voc
1601 (w) cm™’. 'H NMR (CDCly): & 7.44-7.14 (m, 10 H, Ph), 6.86
(b,1 H,NH),5.79 (d, 1 H, J = 2.8 Hz, FeCPhCH), 5.24 (d, 1 H,
J = 2.8 Hz, FeC(NHPh)CH).

Reaction of 2a with tert-Butylacetylene and Diphenyl-
acetylene. Complex 2a (50 mg, 0.09 mmol) was placed in a 50-mL
Schlenk flask and dissolved in 20 mL of CH,Cl;. To the resulting
orange solution was added Bu*C=CH (12.0 uL, 0.10 mmol). The
solution was then stirred at 25 °C for 5 days, during which time
the color changed from light red to dark red. Diethyl ether (5
mL) was added to form a cloudy solution. The mixture was
filtered, and the supernatant was evaporated to dryness leaving
7b as an orange solid, which was purified by column chroma-
tography on silica gel using 3:1 pentane/CH,Cl; as the eluent.
Complex 7d was also similarly prepared by using PhC=CPh
instead of Bu*C=CH, except that the solution was heated at reflux
for 10 h. Yields and analytical data for each complex are given
below.

7b. Yield = 65% (28.6 mg, 0.06 mmol). Anal. Calcd for
CisHy NOgFe, (%): C, 47.06; H, 4.58. Found: C, 46.91; H, 4.79.
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Table VI. Atomic Coordinates (X10*) and Isotropic
Thermal Parameters (A? X 10%) for
Fe,(u-C[PhJC{PhJCHCNHBu*)(CO), (7d)

x y z ue
Fe(1) 7655.7 (5) 3504.1 (5) 62189 (3) 319 (2)
Fe(2) 5951.2 (5) 4778.8 (6) 7351.5 (4) 33.0(2)
o(1) 8134 (4) 4882 (3) 4495 (2) 70 (1)
0(2) 10272 (3) 2461 (4) 6216 (2) 74 (1)
0(3) 5970 (3) 1184 (8) 4739 (2) 72 (1)
04) 5426 (3) 6378 (3) 5863 (2) 67 (1)
0(5) 3627 (3) 2557 (3) 6421 (3) 82 (1)
0(6) 4394 (4) 6250 (4) 8976 (3) 83 (1)
N 6602 (3) 1482 (3) 7406 (2) 37 (1)
C(1) 7973 4) 4377 (4) 5172 (3) 45 (1)
C@®) 9270 (4) 2899 (4) 6207 (3) 44 (1)
C@3) 6616 (4) 2084 (4) 5318 (3) 45 (1)
C@) 5662 (4) 5760 (4) 6448 (3) 44 (1)
C(5) 4524 (4) 3417 (4) 6781 (3) 49 (1)
c(6) 5005 (4) 5677 (4) 8355 (3) 50 (1)
C(7) 8171 (3) 5219 (3) 7312 (2) 32 (1)
C(8) 7790 (3) 5124 (3) 8327 (2) 29 (1)
C) 6975 (3) 3823 (3) 8326 (2) 32 (1)
C(10) 7036 (3) 2789 (3) 7420 (2) 31(1)
C(11) 6096 (4) 814 (3) 8254 (3) 39 (1)
C(12) 4688 (4) 1188 (4) 8602 (3) 54 (2)
C(13) 7204 (4) 1179 (4) 9169 (3) 56 (2)
C(14) 5896 (5) -697 (4) 7767 (3) 60 (2)
C(21) 8961 (2) 7308 (2) 6575 (2) 49 (1)
C(22) 10007 8385 6489 61 (2)
C(23) 11325 8584 7015 65 (2)
C(24) 11597 7706 7627 63 (2)
C(25) 10551 6629 7712 49 (1)
C(26) 9233 6430 7186 36 (1)
C(31) 8466 (3) 5703 (2) 10224 (2) 46 (1)
C(32) 8844 6625 11185 61 (2)
C(33) 8923 8006 11262 53 (1)
C(34) 8624 8465 10379 46 (1)
C(35) 8246 7544 9419 42 (1)
C(36) 8167 6163 9341 32 (1)

¢ Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uj; tensor.

IR (CDClg): vco 2053 (m), 2013 (s), 1977 (s) cm™. MS: m/z 459
and fragment ions corresponding to the loss of six carbonyls. 'H
NMR (CDCl,): 45.85(d, 1 H, J = 3.4 Hz, FeCBu'CH), 5.73 (br,
1 H, NH), 4.87 (d, 1 H, J = 5.5 Hz, FeC(NHBu")CH), 1.39 (s, 9
H, NC(CH,),), 1.31 (s, 9 H, FeC{C(CH,);}). *C NMR (CgDg): &
213.7 (d, Jcu = 12.0 Hz, FeCNHBu"), 214.0, 212.3, 211.6, 210.3
(CO), 189.3 (d, FeCBu"), 102.5 (dd, FeCBu‘CH, 'Jcy = 162.9 Hz,
2Jey = 4.9 Hz), 70.5 (dd, FeC(NHBWY)CH, Jcoy = 163.6 Hz, 2Jcy
= 8.5 Hz), 55.7 (n, 2Jcy = 3.7 Hz, NCMe;), 43.2 (n, %Jcy = 3.5
Hz, CMe;3), 34.6 (m, C(CHjy)s), 28.8 (m, C(CCHj),).

7d. Yield = 40% (21.0 mg, 0.04 mmol). Anal. Calcd for
CmHmNOsFeg (%)1 C, 56.25; H, 3.81. Found: C, 56.50; H, 3.91.
IR (CH,Cly: weo 2055 (m), 2016 (vs), 1982 (s), 1950 (w) em™. MS:
m/z 527 (M*-CO) and fragment ions corresponding to the loss
of five carbonyls. 'H NMR (CDCly): 6 7.13-6.95 (m, 10 H, Ph),
5.61 (b, 1 H,NH), 5.39 (d, 1 H, J = 5.5 Hz, FeC(NHBu*)CH), 1.48
(s, 9 H, NC(CHy)y). *C NMR (CDCly): 4 214.1, 211.6, 211.0, 208.6,
208.2 (s, CO and FeC(NHBuY)), 165.5 (d, %Jcy = 11.0 Hz,
FeCPhCPhCH), 149.0 (Ph ipso), 135.8 (Ph ipso), 129.9, 128.3,
128.0, 127.6, 125.5 (Ph), 89.4 (d, FeCPhCPhCH, %J.y = 3.7 Hz),
75.2 (dd, FeC(NHBu')CH, !Joy = 163.6 Hz, 3Jcy = 8.0 Hz), 56.1
(s, CMejy)s), 29.5 (m, NC(CHj)3).

Displacement of BF, from 4c and 4a with Et;N, Complex
4c (50 mg, 0.087 mmol) was placed in a 50-mL Schlenk flask and
dissolved in CH,Cl; (15 mL). To the resulting red solution was
added NEt; (14 xL, 0.10 mmol) and H,O (3 uL, 0.17 mmol). IR
monitoring indicated an immediate reaction to form 5c. The
solution was evaporated to dryness leaving a red solid, which was
purified by chromatography on silica gel using CH,Cl, as eluent
to give a single orange fraction of 5¢ in 79% yield (44.1 mg, 0.087
mmol). A similar experiment with 4a (71 mg, 0.14 mmol) gave
5a in 62% yield (38.1 mg, 0.089 mmol).

Addition of BF, to 5¢. Complex 5¢ (20 mg, 0.039 mmol) was
placed in a 50-mL Schlenk flask and dissolved in CH,Cl; (10 mL).
To the resulting red solution was added BF;Et,O (6 uL, 0.05



2622 Organometallics, Vol. 11, No. 7, 1992

Table VII. Selected Bond Distances and Angles for
Fey(u-C{Ph|C{PhJCHCNHBu*)(CO), (7d)

Bond Distances, A

Fe(1)-Fe(2) 2.568 (1) C{11)-C(14) 1.522 (5)
Fe(1)-C(7) 1.988 (3) Fe(1)-C(10) 1.957 (3)
Fe(2)-C(8) 2,098 (3) Fe(2)C(7) 2,115 (3)
Fe(2)-C(10) 2.477 (3) Fe(2)-C(9) 2.111 (4)
N-C(11) 1.491 (5) N-C(10) 1.339 (4)
C(7)-C(8) 1.412 (56) C(7)-C(26) 1.520 (4)
C(8)-C(9) 1.437 (4) C(8)-C(36) 1.501 (3)
C(9)-C(10) 1.415 (4) C(11)-C(12) 1.525 (5)
Bond Angles, deg
Fe(2)-Fe(1)-C(7) 53.5 (1) N-C(11)-C(12) 110.4 (3)
Fe(2)-Fe(1)-C(10) 64.7 (1) Fe(1)-Fe(2)-C(7) 49.1 (1)
Fe(1)-Fe(2)-C(9) 73.4 (1) Fe(1)-Fe(2)-C(8) 75.4 (1)
C(7)-Fe(2)-C(9) 67.9 (1) C(8)-Fe(2)-C(9) 39.9 (1)
Fe(1)-Fe(2)-C(10) 45.6 (1) C(8)-Fe(2)-C(10) 629 (1)
C(7)-Fe(2)-C(10) 68.3 (1) C(10)-N-C(11) 130.8 (2)
C(9)-Fe(2)-C(10) 384.8(1) C(11)-N-Hn 116.8 (21)
C(10)-N-Hn 112.3 (21) Fe(1)-C(2)-0(2) 176.7 (4)
Fe(1)-C(1)-0(1) 1774 (3) Fe(2)-C(4)-0(4) 177.7 (8)
Fe(1)-C(3)-0(3) 179.2(3)  Fe(2)-C(6)-0(6) 178.8 (4)
Fe(2)-C(5)-0(5) 180.0 (6)  Fe(1)-C(7)-C(8) 114.7 (2)
Fe(1)-C(7)-Fe(2) 77.4 (1) C(8)-C(7)-C(26) 119.1 (2)
Fe(2)-C(7)-C(8) 69.8 (2)  Fe(2)-C(8)-C(9) 70.5 (2)
Fe(2)-C(7)-C(26) 135.1(2) C(9)-C(8)-C(36) 119.6 (3)
Fe(2)-C(8)-C(7) 71.1(2) Fe(2)-C(9)-C(10) 86.9 (2)
C(71-C(®)-C(9) 111.9 (2)  Fe(1)-C(10)-N 125.6 (2)
C(N-C(8)-C(36) 128.5 (3) Fe(1)~C(10)-C(9) 1126 (2)
Fe(2)-C(9)-C(8) 69.5 (2) N-C(10)-C(9) 121.5 (8)
C@®)-C(9)-C(10) 1164 (3) N-C(11)-C(13) 110.6 (3)
Fe(1)-C(10)-Fe(2) 69.7 (1) N-C(11)-C(14) 105.3 (3)
Fe(2)-C(10)-N 137.6 (2) C(13)-C(11)-C(14) 109.2 (3)
Fe(2)-C(10)-C(9)  58.3 (2)

mmol). IR monitoring indicated an immediate reaction to form
4c. The solution was evaporated to dryness leaving a red solid,
which was purified by recrystallization from CH,Cl,/pentane to
give 4c in 83% yield (18.7 mg, 0.033 mmol) as a red microcrys-
talline solid.

Reaction of 8b—d with HBF ;/Et,0 To Form the Ferracy-
clopentadiene Complexes 7b—d. 2-Ferrapyridine complex 8b
(41.0 mg, 0.1 mmol) was placed in a 100-mL Schlenk flask and
dissolved in CH,Cl, (50 mL). To the resulting solution was added
HBF Et,0 (25 uL, 0.18 mmol) under an N, atmosphere. The
solution instantly turned from dark red to orange and to this
solution was added Et;N (28 uL, 0.20 mmol). Chromatography
on silica gel using 3:1 pentane/CH,Cl; as eluent gave an orange
band of complex 7b, which was isolated as a yellow solid in 98%
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yield (40.5 mg, 0.09 mmol). Complexes 7¢ [90% (37.0 mg, 0.077
mmol)] and 7d [89% (44.6 mg, 0.084 mmol)] were similarly
prepared from complexes 8¢ (41.0 mg, 0.086 mmol) and 84 (50.0
mg, 0.095 mmol), respectively.

Crystal and Molecular Structures of Fe,(u-C{Ph}==CHC-
{OBF,}=C{C=N(H)Bu'})(CO); (4c), Fes(u-C{Ph}==CHC-
{OBF3}=C|{C=N(H)Ph})(CO), (4e), and Fe,(u-C{Ph}=C{Ph}-
CH=C{N(H)Bu'}){CO); (7d). Crystal, data collection, and re-
finement parameters are collected in Table I. A red crystal of
4c, a red crystal of 4e, and an orange crystal of 7d were each
mounted on fine glass fibers with epoxy cement. The unit cell
parameters were each obtained from the least-squares fit of 25
reflections (20° < 26 < 25°). Preliminary photographic charac-
terizations of 4¢ and 7d showed I Laue symmetry. The E-statistics
suggested the centrosymmetric alternative P1 for both, and the
chemically sensible results of refinement proved these choices
correct. A preliminary photographic characterization of 4e showed
2/m Laue symmetry, and the systematic absences in the dif-
fraction data uniquely established the space group as P2,/c. No
absorption corrections were applied to the data sets.

The structures were each solved by direct methods, which
located the Fe atoms. The remaining non-hydrogen atoms were
located through subsequent least-squares and difference Fourier
syntheses. The hydrogen atoms were included as idealized iso-
tropic contributions (dcy = 0.960 A, U = 1.2U for the attached
C), except for H(N) and H(9) in 7d, which were located and
refined. The phenyl rings of each structure were all constrained
as rigid planar hexagons (dgc = 1.396 A). All non-hydrogen atoms
were refined with isotropic thermal parameters. It was impossible
from the crystallographic data to determine the elemental identity
of O(7) in 4c and O(8) in 4e; the assignment to oxygen (and not
fluorine) was made from chemical evidence discussed in the text.

All computer programs and the sources of the scattering factors
are contained in the SHELXTL program library (5.1; G. Sheldrick;
Nicolet (Siemens); Madison, WI).
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