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Abstract

The synthesis and characterization of |4 monometallic derivatives of quinoling, quinoxaline, quinazoline and tetraazolo{1,5-A)quino-
line and a bimetallic derivative of quinoxaline are reported. These species were prepared in 11 to 88% isolated yields by metathesis
reactions between NaFp or NaFp* (where Fp = (5° ~ CsH)Fe(CO); and Fp! = (* ~ indenyDFe(CO), ) and the appropriate chlorine
substituted polyaromatic azines, These reactions are highly regioselective und generally produce a single organometallic product having
the orgunometallic substituent(s) bonded to the more highly uctivated azine ring. The structures of three representative exumiples were
confirmed by thelr X-ray crystal structures, which are reported for the title compleres 4-{(n*-cyclopentadienyDirondicarbonyl]-7-chloro-
quinoline (€, H  CIFeNO,: a = T.608(1DA, b= 12006(1)A, ¢ = 15.664()A, V= :4317}\‘; orthorhombic; P2,2,2,: Z=4), 2l(y*
cyclopentudienyDirondicarbonyl): 3-chloroquinoxaline (€, HyCIFeN,O5; = 15.291(3) A, b = 6.561(2) A, o= 14541HA, p =
10689121, V= 13959 A% monoclinic; P2,/¢: Z=4), and 24{(n*-indenybirondicarbonyl]-3-<chloroquinoxuline (C H ,Cll'eN,0,:
a=19.031DA, b=6688(DA, e = 13515 A, A= 10156911, V = 1694.1 A% monoclinic; 2, /¢, Z = 4), The bimetallic quinox-
aline derivative 2,3-{(C(H);Fe,(CO), Fquinoxaline has ortho-substituted organometallic groups and the spectroscopic data suggest that
it has an unusual structure in solution, perhaps involving bridging cyelopentadieny! and carbony! ligands.
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1. Introductivn organometallic polymers [10-14). Increasing the num-
ber of fused aromatic rings in the bridging groups of
such materials (i.e. going from 1,4-C H, 10 1.4-C(H,
10 9,10-C ,H,) [8] is expected to increase the degree of
intermetallic conjugation in complexes having two metal
centers o-bonded to the rings, as has been demonsirated
for conjugated organic polymers [15]. To explore the
magnitude, if any, of this effect for azine bridged
materials and to see how the addition of a fused ring
would affect their structures and chemical reactivity, we
T Correspondi have studied Fp substituted derivatives of fused het-
orresponding author. . .

! Present address: Molecular Structure Corp., 3200 Research For- eroarene ligands [16). Although we were f‘ble to synthe-

est Drive, The Woodlands, TX 77381-4238, USA, size a series of meta-substituted bimetallic model com-

We have recently been studying organometallic com-
plexes in which two or more metal-containing frag-
ments are bridged by arene or heteroarene ligands (i.e.
1,4-C H ,(Mn(CO);),. (70°1,4-CH (OMe)Fp)
CH(CO),. and 2-chloro-4.6-Fp,-pyrimidine, where Fp =
(n® — CsHFe(CO), ) [1-9] since such compounds
serve as models for the repeating units in related
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plexes (e.g. 2-methylmercapto-4,6-bis((n’-cyclopenta-
dienyl)irondicarbonyl)pyrimidine), we were unsuccess-
ful in our attempts to prepare the related para-sub-
stituted bimetallic model compounds (e.g. 3.6-bis((n’-
cyclopentadienyl)irondicarbonyl)pyridazine) [1.2,16).
We were therefore particularly surprised that the reac-
tion of 2.3-dichloroquinoxaline with two equivalents of
NaFp produced a bimetallic material having unexpect-
cdly complex spectroscopic properties and apparently
having ortho-substituted metal centers, since all previ-
ous attempts to prepare the sterically crowded ortho-de-
rivatives have met with failure [1,2,4-9]). We are also
interested in the structural and electronic similarities
between polyaromatic azine derivatives of iron and
analogous organic compounds, since many of these are
natural products and /or are known to exhibit biological
activities in biomedical or agricultural applications (e.g.
adenine, caffeine, chloroquine, and tetraazolo(1,5-
A)quinoline) [17-22].

In this paper, we report the complete results of our
efforts to synthesize fused ring heterocyclic derivatives
of iron, including their spectroscopic characterizations
and X-ray crystallographic studies of three representa-
tive examples,

2. Experimental

Unless otherwise noted, all reactions and subsequent
manipulations were performed under anaerobic and an-
hydrous conditions. General procedures routinely em-
ployed in these laboratories have been described in
detail previously [1.5.6). The chemicals used were of
reagent grade or comparable purity, and where neces-
sury were purified before use and had their purity
ascertuined by elemental analyses and /or other suitable
methods [23,24), The heterocyelic starting materials for
these syntheses were purchased from the Aldrich®
chemical company or were supplied by DowElanco °.
Solvents used were dried :nd deaerated by standard
procedures and’ stored under N, or Ar [1.5.6.23.24).
Unless specified otherwise, the chemical reactions de-
scribed below were effected at ambient temperatures.
The Fp,, and Fpj (where Fp = (n® ~ C H,)Fe(CO),
and Fp* = (n* = indeny)Fe(CO), ) used in these syn-
theses were prepared and purified by stundard proce-
dures [25,26]. In purticular, the Fp$ used in this work
was prepared in 45% yield by refluxing Fe(CO), and
indene in heptane for 16h [25.26]. Infrared spectra were
recorded on a Pye Unicam PU9522 infrared spectro-
photometer calibrated with the 160lcm™' band of
polystyrene. 'H and ""C NMR spectra were recorded on

tmpm——
" DowElanco. Discovery Research. PO Box 708, Greenfield. IN,
USA.

a Bruker WH-300 spectrometer. The 'H and “C NMR
chemical shifts are reported in parts per million down-
field from external Me ,Si.

2.1. Preparation of the mono-substituted fused herero-
cyclic complexes of Fp

All these complexes were synthesized in a similar
manner, the synthesis of 2-{(n’-cyclopentadienyl)
irondicarbonyl]-3-chloroquinoxaline 10 being described
as a representative example.

An excess of solid sodium amalgam (20.0 g,
20.0mmol Na) [4] was placed in a 200ml three-necked
flask equipped with a side arm and the flask was
thoroughly flushed with dinitrogen. (Caution: mercury
is a volatile toxic substance and should therefore be
handled with care, taking appropriate precautions.) The
amalgam was liquified by addition of a few drops of
mercury and then THF (75ml) and Fp, {0.86¢g,
2.45 mmol) were added. The resultant dark red solution
was stirred vigorously for 45 min to produce an orange
solution containing NaFp. The excess amalgam was
then drained through the side arm on the reaction flask.
A solution of the substrate, 2,3-dichloroquinoxaline
(0.98 g, 49mmel), was made in a three-necked flask
and cooled to around —78°C, and then the NaFp
solution prepared earlier was filtered through a bed of
Celite supported on a fritted funnel into this solution.
The cooling source was removed after 30min, and the
soiution allowed to warm to room temperature over 3 h.
The solution was taken to dryness in vacuo, and then
the product was purified by column chromatography
(Florisil packed 2.5 X 14em? column) in air. The first
(purple) bund was eluted with CH,Cl, Zhexane (1:1). It

s identified as Fp, by its IR spectrum und was
discarded. The second band (yellow) was eluted with
CH,C1, and the eluant was concentrated to yield 39%
(0,64 . 1.Ymmol) of orange crystals of CH,
ClFeN,0,. 10,

The non-optimized yields, analytical, mass spectral,
IR and NMR data for all of the complexes isolated in
this work are recorded in Tables | and 2. Each of the
complexes listed in Tables | and 2 was prepared simi-
larly from the appropriate chlorine substituted hetero-
cyclic reagent (in each case this material has a chlorine
atom in the position in which the Fp group ends up in
the final product. i.e. 2-chloroquinoline, 4-chloroquino-
line, d-chloro-8-fluoroquinoline, 4.7-dichloroquinoline,
4.5.7-trichloroquinoline,  4-chlorotetraazolo{1,5-
Adyuinoline, 4-chloro-8-fluoroguinazoline, 2-chloro-3-
methylguinoxoline,  2.3-dichloroquinoxeline, 2.3,6-tri-
chloroguinoline, 2.5.6-trichloroquioxaline). The analo-
gous reactions involving the reagents 3-chloro-7-
methoxy-1.2.4-benzotriazine-1-oxide, 2-chloro-3-phen-
ylquinoxaline, and 1.4-dichlorophthalazine. which were
carvied out in a similar manner, produced Fp, as the
only detected organometallic product.
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Table 1
Yields, analytical, mass spectral and infrared data for the complexes
Complex * Yield (%)  Anal. data Low-resolution  Infrared data vy
C m N mass spectral (CH,Cl..am™ D ¢
catabP . my/:z"
Cale. Found Calc. Found Calc. Found
2-Fp-quinoline, 1 ¢ 11 6298 6161 363 417 459 454 277¢ 2022 (s). 1968 (s)
4-Fp-guinoline, 2 ¢ i5 6298 6328 363 442 459 451 305 2022 (sh. 1972 (s)
4-Fp-8-F-quinoline, 3 46 59.45 5978 312 336 433 475 323 2024 (s), 1974(s)
4-Fp-7-Cl-quinoline, 4 60 56.58 56.15 297 295 412 405 339 2024 (s), 1973 (s)
4-Fp-5.7-Cl,-quinoline, § 38 S51.38 51.42 243 245 376 437 345° 2024 (s), 1974 (s)
5-Fp-tetraazalo{1,5-A)quinoline, 6 49 5389 5378 302 292 1682 1753 318° 2028 (s), 1976 (s)
4-Fp-8-F-quinazoline, 7 56 5559 5585 280 268 865 902 324 2031 (s), 1977 (s)
2-Fp-3-Me-quinoline, § 53 60.03 59.47 378 390 876 849 320 2026(s), 1970 (s)
2-Fp-3-Cl-quinoxaline, 10 59 5290 5324 266 2.78 823 B.18 340 2036 (s), 1983 (s)
3-Fp-2,7-Cl,-ginoxaline, 2-Fp-3,7- 76 48.08 47.74 215 225 748 709 374 2034 (s), 1980 (s)
Cl,-ginoxaline, 11a and 11b
2-Fp-6.7-Cl,-qinoxaline, 12 88 48.08 4760 215 215 748 725 374 2026 (s), 1977 (s)
2-Fp*-3-Cl-quinoxaline, 13 70 5783 5798 281 299 710 7.14 362 ° 2027 (s), 1977 (s)
2,3-{(CH,), Fe,(CO),)-quinoxaline 26 51.60 5204 290 310 534 549 4R2°¢ 2038 (s), 1992 (s),

-0.5CH,C1,, 14

1928 (s)

? Where Fp = (9° — C;H;)Fe(CO), and Fp' = (%" - indenyDFe(CO), .

® Probe temperature 150-280°C. Assignments involve the most abundant naturally occurring isotopes (e.g. ¥l **Fe). All ions displayed peak
patterns attributable 10 the expected isotopomers of the non-solvated species see text.

‘ Abbreviations w (weak), m (medium), s {strong), sh (shoulder), v (very), br (broad).

4 This complex was characterized spectroscopically but was not obtained in an analytically pure form, see text.

¢ No parent ion observed in the low resolution mass spectrum, heaviest ion observed as P*-CO.

' Solid isolated is u mixwre of isomers.
¥ Assignments confirmed by high resolution mass spectra.

2.2. Preparation of the disubstituted fused heterocyclic
complexes of Fp

An orange solution of NaFp (10.1 mmol) in THF
(90ml) prepared as described above was filtered into a
cold (around - 78°C) solution of the substrate, 2,3-di-
chloroquinoxaling (1.00g. S.0mmol) in THF (75 mb),
and the mixture was stirred at this temperature for
about20 min. An IR spectium of the solution at this
stage showed carbonyl peaks at 2030 (s), 1994 (sh),
1976 (s). 1954 (sh), and 1784 (s)em™'. The cooling
source was removed, and the solution was allowed to
warm to ambient temperature over 3h, and an IR
spectrum showed a new shoulder at 1932cm™'. An air
cooled reflux condenser was attached to the flask, and
the mixture was refluxed for 2 days at which point the
peak at 1932cm ™' became more pronounced. The solu-
tion was taken to dryness in vacuo, and the compound
purified by column chromatography under an N, atnio-
sphere (Florisil column, 2.5 X 14cm?). The first band
(red) eluted with CH,Cl, was shown by IR to contain
Fp, as well as some of the mono-substituted complex
C,sH,ClIFeN,0,, 10. The second band (yellow) cluted
with CH,Cl, was shown to be the mono-substituted
complex 10, by comparison with an authentic sample
(approximately 25% yield by IR). The third band (dark
red) was eluted with THF and identified as the desired
product. This last eluant was taken to dryness in vacuo
and then dissolvea in CH,Cl, (30 ml). The mixture was

filtered and the filtrate was again taken to dryness. The
resulting solid was washed with cold (- 9°C) heptane
(4 x 5ml) and dried in vacuo to yield 26% (0.64g.
13.3mmol) of the dark red product Cy, H ,Fe,N,O,-
0.5CH,Cl,, 14.

The reaction of 2.3,6.7-1etrachloroguinoxaline with
two equivalents of NaFp proceeded similarly, but the
desired product, C,, H,,Cl,Fe, N,O,, 15, was not iso-
lated in an analytically pure form and was therefore
only characterized spectroscopically. IR veg (CH,Cl,)
2040 (s), 1994 (s), and 1934 (s)em™'. Low-resolution
mass spectrum m /2 522, 466 and 438 (P*-nCO,
n=1, 3 and 4). The reaction of 2,3-dichloroquinoxaline
with 2 equivalents of NaFp* apparently did not produce
the desired bimetallic product C H,,Cl,Fe,N,0,. 16.
since no spectroscopic evidence consistent with bimetal-
lic species was observed in the reaction mixture.

2.3. Isolation of the monosubstituted byproduct, com-
plex 9, from the purification procedure for compound
14

In an attempt to purify disubstituted product 14 via
column chromatography on Florisil, immediate elution
of the desired product was, on one occasion, not carried
out. The disubstituted product was left on the column
exposed 1o air for 2 days, and the chromatography was
then completed with two major bands being eluted. The
first purple band was identified by IR as containing
mainly the Fp, starting material as well as some traces
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Table 2
"H and *'C NMR data for the complexes (8 in pom; (CD,),SO)
Complex * "HNMR ® (Hz) ""C NMR ® (Hz)
Cp! Azine and substituents Cp! azine
X-C H-C Fe-CO
1 5.18 7.25-7.90(6H) 86.77 188.54 1377 8216.01
< 128.51
128.02
127.71
127.42
123.78
2 5.25 7.50-8.20(6H) 86.12 € 145.08 216.00
141.05
133.35
129.85
127.60
124.77
3 5.28 (s,5H) 8.18(d, 1H, J = 4.5) §7.19 170.69 (C4) 144.70 215878
798 (d, I1H, J = 8) 157.46 [C8. 254) 14193
7.95(d, 1H, J = 4.5) 142.77 129.37 [4-9]
7.38-7.54(m, 2H) 136.76 (16} 124.16 [15]
111.58 [35)
4 5.27 8.18(d, 2H, J =9.1) 87.16 170.94 (C4) 14583 215.72
8.15(d, 1H, J = 4.5) 147.26(C7) 141.42
7.89(d, 1H, J = 4.5) 139.84 135.51
7.85(d, H, J=23) 132.16 128.18
7.52¢dd. IH, J=2.3,9.1) 125.20
& B20(d, 1H, J = 45) 144.51 215.02
$.35 (s, SH) 8.06(d, 1H, J = 4.5) 88.59 165.98 143.27
786(d, 1H, J=22) ¢ 129.25
7.70(d. 1H, J=22) 127.59
6 5.34 (4, SH) 8.33(dd, 1H, J=8,1) 87.42 166.40(C?) 135.34 215.53
Ba4(dd, IH, /=8, 1) 144.07 128.85
824 (s, 1H) 133.68 12712
786 (ddd, IH, J =8, 7. 1) 128.09 125,74
T77(ddd 1H, S =8,7, 1) 16,09
7 5,26 (v, H) 8,70 (s, 1HD) K710 216.24 148,99 21493
KO3 (m, 1D 156.56 (235} 128.64{4-9)
7.62 {m, 2H) 149,96 125,706 (15)
135.08 (18-22) 15.81 {35)
B 5.27 (s, SH) 7.78 (m, 2H) ®7.14 189,50 (CD) 124.26 21519
7.83 Um, 2H) 161.84(C3) 127.97
2716, 31, CHY 14206 1272.28
10 ¢ 5.28 (v, SH) 789 (dd, Hy. oo = 12, 87.31 189.96 (C2) 12000 21490
Jap = 2)
782 (dd, My Jyp = 15, 158,57 (CH) 128,08
Sy = 3D
7.69 (ddd, Hy Jopy = 14) 141.71 127.73
7.58 {ddd, Hd) 137,406 12.37
¢ 5,27 (s, 8HD 791 G, 1) R7.35 193.55(C2) 12969 214.64
785 (d, IH, J=9) 154.96 128.46
7.62 (d, 1H) 141,37 126.20
136.13
133.23
12 5.33 (s, SH) B75 (s (M) 8693 193.85(C2) 152.70 20483
BA2 (s, 1H) 1427 130,07
B.Od (s, 11D 1372.51 128.43
131.06
128.43
13 7.39 (m, 2H) 7.80 (m, 24) 12830 QC-H) 188.44(C2) 129.09 215.00
747 (m, 2H) 7.60 (m, 2H) 12480 (2C-H) 152.23(C3) 12799
396 GL2AH. =) 104.64(2C) 141.92 127.63
SR IH J=3) 95.330C-H) 137.17 127.17

7004 (2C-H)
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Complex "H NMR ® (H2) C NMR " (Hz)
Cp' Azine and substituents Cp’ azine
X-C H-C Fe-CO
14 40 5.22(s. 5H) 798 (dd. Hy. Jyp =8. Jyc= 1) 87.81 211.27 131.06  289.90
474s. SH) 793(dd, Hy. Joe = 8. Jop = D) 82.86 160.34 13020  219.16
7.79(ddd, He., Jop = 6) 14396 126.63 214.12
7.63 (ddd, Hy,) 138.54 126.51 21397

* Where Cp¥ = ° ~ C H; for all complexes except 13 for which it equals 7*-indenyl.

® 'H, “C and "°F NMR were measured at 300.135, 75.469, and 376.503 MHz respectively. Joe values are reported in square brackets.
* The positions of some of these resonances could not be unambiguously assigned.

4 'H NMR assignments confirmed by homonuclear decoupling experiments.

© Major isomer.

" "HNMR (CD,Cl,) 791 (d, 1H, J = 2), 7.76 (d. 1H, J = 9), 7.48 (dd, 1H, J =9, 2), 5.04 (s, 5H, C;H) ppm for the major isomer and 7.85 (d,
1H, J=9), .80 (d, 1H, J = 2) and 7.57 (dd, I1H, J =9, 2)ppm for the minor isomer (20% of total); the Cp signals of the two isomers overlap.
® 3¢ NMR ((CD,),50) 214.70 (CO), 129,54 (C -H), 129.16 (C-H) and 126.53 (C-H) ppm for the minor isomer, the Cp signals overlap.

M Signals due to CH,Cl, of solvation are observed in (CD,),SO at 5.76 ppm in the 'H NMR and at 54.87 ppm in the '*C NMR for complex 14.

of the monosubstituted complex 10. The second major
band (dark purple) contained a new product whose IR
spectrum showed carbonyl bands in CH,Cl, at 2028
(s), 1973 (s)em™'. Analysis of the material by MS
showed that one of the Fp groups had been replaced by

a H atom. This new complex, 2-Fp-quinoxaline 9, was
further purified by chromatography to exclude all of the
Fp, starting material. Subsequent to this, complex 9
was obtained by deliberately pumping air through a
Florisil column loaded with 14 in CH,Cl,. Unfortu-

Table 3

Summary of crystal data and intensity collection for complexes 4, 10, and 13

Parameter 4 10 13

Formulta C o H,(CIFeNO, C,sHyClFeN,0, C,,H,ClFeN,0,
Formuln weight 339.57 340,55 390.61
Crystal dimensions (mm'') 0.00 % 0.09 % 0.11 0.36 % 0.42 X 0.55 0.21 % 0.36 X 0.55
Space group 72,22, P2 /¢ P2/
Crystal system arthorhombie monoclinie monoclinic
a(A) 7.608(1) 15.291(3) 19.131(2)
h(A) 12.006(1) 6.561(2) 6.688(1)

¢(A) 15.604(1) 14.541(4) 13.515(2)
R 106.891021) 101.36911)
v(AY 1431 1395.9 1694.1

Z 4 4 4

Cale. density (gem ) 1.582 1.620 1.531

Abs, coeff. (cm ") 12.46 12.75 550
Diffractometer Enraf-Nonius CAD4 Enraf-Nonius CAD4 Enraf-Nonius CAD4
Radiation Mo K, (A = 0.7107 &) MoK, (A =0.7107A) MoK, (A=0.7i07)
Monochromitor /filter incident beam, graphite crystal incident beam, graphite crystal incident beam, graphite crystal
Take-oft angle (°) 2.8 3.00 3.00
Detector aperture (mm) 3.00 + tan 0 horiz. X 4.0 vert. 2.40 horiz. X 4.0 vert. 2.40 horiz. X 4.0 vert,
Crystal-to-detector distance (inm) 208 205 205

Scan type 0-20 06-20 0.28

Scan width 0.80 + 0.35tm O 1.00 + 0,3471an 0 0.80 + 0.347tan 8
Scan rate (“min ") 0.8-8.0 20 2.2-6.7

20 range () 2-50 260 2-50

Data collection index range hokod +hok ! hok. 1

Number of reflections
Number of significant reflections
in refinement

1521 total
1238 (F > 60(F D

Observations /variables ratio 1235/190
Agreement factor R, R, GOF 0.0450, 0.0499, 1.92
Corrections applicd Wl scans

Data collection temperature 25°C

4400 total, averaged
29'5(’ > 3"|)

2915 /190
0.037, 0,051, 1.81
empirical absorption correction
~20°C

5048 total, averaged
2958 (1> 20"

2958/220
0.042, 0.053, 1.59
empirical absorption correction
25°C
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Table 4 .

Positional and equivalent isotropic Gaussian (A?) parameters for complex 4 *°

Alom X y < qu

Fe 0.3490(2) 0.4061(1) 0.11883(7) 0.045(6)
Ci 0.3651(5) 1.0118(2) 0.0462(2) 0.081(14)
o 0.0264(8) 0.2816(6) 0.0856(4) 0.080(17)
) 0.152(1) 0.3307(7) 0.1005(5) 0.057(5)
0(2) 0.35%1) 0.4599(6) -0.0607(4) 0.080(13)
(0 @) 0.360(1) 0.4410(7) 0.0108(5) 0.054(6)
cn) 0.211(1) 0.5429(7) 0.1481(5) 0.043(6)
c(12) 0.063(1) 0.531(7) 0.2013(5) 0.055(3)
Cc(13) -0.032(1) 0.6236(8) 0.2255(6) 0.062(9)
N4 - 0.0008(9) 0.72677) 0.2028(5) 0.062(13)
Cc(1s) 0.177(1) 0.8532(7) 0.1261(5) 0.053(
(16) 0.326(1) 0.87547) 0.0776(5) 0.055(10)
c(1n 0.435(1) 0.7916(8) 0.0510(5) 0.056(8)
C(18) 0.402(1) 0.6841(7) 0.0745(5) 0.051(2)
c1y 0.145(1) 0.7427(6) 0.1513(4) 0.047(3)
C(20) 0.255(1) 0.6537(6) 0.124(5) 0.0444)
caon 0.411(1) 0.341(1) 0.23947) 0.083(31)
(102} 0.495(2) 0.445(1) 0.22947) 0.080(9)
C(103) 0.607(1) 0.438(1) 0.1598(8) 0.087(36)
C(104) 0.594(1) 0.326(1) 0.1271(9) 0.099%(32)
C(105) 0.4742) 0.268(1) 0.1768(9) 0.099%(39)

* Estimated standard deviations, in parentheses, refer to the last 1signiﬁcanl digit.

" The equivalent isotropic displacement parameter Uy, is(1/ 3)2 rl. where the r, (A?) are the root-mean-squate amplitudes of the displacement.
=1

nately, complex 9 was not obtained in analytically pure 86.47 (s, CsH,), 126.44, 127.13, 128.21 and 128.71 (s,
form and was therefore only characterized spectroscopi- Ci Coo Cy and Cy), 13812 and 144.37 (s, C, and
cally. IR (CH,C1,) v, 2028 (s), 1973 (s)em™', Low- C ) 156.30 (s, C3), 188.24 (s, C2), 214.93 (FecCO).
resolution mass spectrum m/z 306 (P*). '"H NMR A similar side reaction was observed in the prepara-
((CD,),50) 7.9 (br), 5.2 (br). "'C NMR ((CD,),50) tion of complex 18, yielding complex 12,

Table 5

Positional (X 10*) and equivalent isotropic Gaussian (A X 10%) parameters for complex 10 **

Alom 5 ¥ : Uy

Pe 1721.2Q2) 1924.3(3) 1477.0(2) 331D
¢l 1085.%4) 4168(1) J356.8(4) 5.59%2)
(e x]] o) 412%3) 995(1} 6.25(7)
022 237D 4082 3) 53(1) 5.98(6)
Ni 325D 4389%(3) 2402(1) J.663)
N4 2708(1) 5629(3) 3987 39AUS)
Q2 2430(1) 3uB1(3) 24K 3.223)
al 208D 4633 327201 3.43(5)
& 418K2) 71569 ARH2) 4.98(8)
€6 503%2) T618(9 4622(2) 5.68(9)
C? 5285(2) TH2AH K lRipd) 5.73(9
C8 4700(2) 6070(4) 3064(2) 5.10(8)
<9 3828(1) 54974 328(2) 3.826)
cio 3570(1) GOROD 3938(2) 3.76(06)
cit 1RRS(2) = 101(4) 946(2) 5.46(8)
Ci2 2628(2) = 546(4) 1778(2) 5.86(9)
Ci3 2258(2) - 270(4) 2551Q2) 5.248)
CM 1313(2) = $08(4) 2203(2) 50D
€15 1084(2) = QR2(4) 12142) S.0%8)
C2 686(2) 33049 1203(2) 4167
c22 21D 3232(4) 0N2) 4.04(6)

* Estimated standard deviations. in parentheses. refer to the last significant digit.
R .

b N . . . 2 ?
The equivalent isotropic displacement parameter Uy sty 3)2 r°, where the r, (&%) are the root-mean-square amplitudes of the displacement.

i=]
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Table 6

Positional (X 10*) and equivalent isotropic Gaussian (A? X 10%) parameters for complex 13 °

ﬁlgm X ¥y N Uy

Fe 2978.3(2) 3182.5(6) 7842.5(3) 4.54(1)
Cl 1971.3(5) 1495(3} 9537.7(6) 7.73(3)
021 3788(1) 738(4) 9453(2) 8.63(9)
022 351N 12444) 6211(2) 6.95(8)
N1 1937(1) 723(3) 6625(2) 4577
N4 1152(1) —332(4) 8080(2) 5.38(7)
C2 2150(1) 1366(4) 7553(2) 4.31(8)
C3 1724(1) 733(5) 8276(2) 5.13(9)
C5 314(2) —~2102(5) 6826(2) 6.1(1)
Cé6 105(2) -2751(5) 5853(2) 6.5(1)
C? 512(2) - 2264(5) 5129(2) 6.6(1)
C8 1114(2) - 1141(5) 5383(2) 5.78(9)
C9 1334(1) —-431(4) 6372(2) 4.41(8)
C10 933(1) ~949%(4) 7097(2) 4.59(8)
Cl1 3313(2) 6126(4) 7416(3) 6.41)
Ci2 2558(2) 5763(5) 7069(3) 7.3(1)
Cl13 2259%(2) 5493(5) 7935(3) 6.8(1)
Cl4 2797(2) 5535(5) 8802(2) 6.5(1)
Cl15 3453(2) 597%4) B485(2) 5.7(1)
Clé 4157(2) 6256(5) 9050(3) 7.3(1)
c1? 4677(2) 6700(6) 8552(3) 8.92)
CIg8 4555(2) 6834(5) 7508(3) 9.7(1)
C19 3892(2) 6531(5) 6924(3) 8.5(1)
C21 3454(2) 166((4) 8816(2) 5.6U9)
cR 3295(1) 1985(4) 6854(2) 5119

* Estimated standard deviations, in parentheses, refer to the last significant digit.
A

b N . . . . g . .
The equivalent isotropic displacement parametes £, is (1 /3)2:',2. where the r, (A%) are the root-mean-square amplitudes of the displacement.

i=]

24, X-ray crvstaliographic characterization of com-
plexes 4, 10, and 13

Crystals suitable for Xeray examinaion were grown
from CH,Cl, /hexanes at ~ 15°C, They were mounted
on glass fibers and optically centered in the X-ray beam
on an Enraf-Nonius CAD4 automated diffractometer.
Data collection and structure solution parameters are
given in Table 3. Data were corrected for Lorentz and
polarization effects and also for absorption (via empiri-
cal ¥ scans [27-29] for 4 (max/min cormection
1.0/0.81) and via the method of Walker and Stuart [30]
for 10 and 13) (see Supplementary material available).
Details of the usual procedures used in our laboratories
have been published elsewhere [1,27].

Structure solution proceeded in a routine fashion for
all three compounds utilizing SHELXS-86 and SHELX-76
for 4 [27-29] and the SDP structure solution package
for compounds 10 and 13 [30]. All non-hydrogen atoms
were treated with anisotropic displacement parameters.
All hydrogen atoms were generated in idealized posi-
tions and included in the model as *‘riding’’ on the
attached atom with isotropic displacement parameters
constrained to be 1.2 times that of the attached atom.
Final fractional atomic coordinates and equivalent
isotropic displacement parameters are given in Table 4,

Table 5. and Table 6 for compounds 4, 10, and 13
respectively (see Supplementary material available).

Muany attempts o grow crystals of compound 14
suitable for X-ray diffraction analysis were made. How-
ever, inspection under a polarizing microscope and /or
rotation photographs and attempts to obtain an accept-
able unit cell (on the Siemens P4 diffractometer located
at the Youngstown State University Structure Center)
indicated that in each case the crystals were badly
twinned.,

3. Results and discussion

3.1, Symhesiy of the complexes

The ease of nucleophilic attack at heteroaromatic
rings is enhanced for organic nucleophiles by progres-
sive substitution of the ring carbon atoms by nitrogen
atoms (e.g. pyrimidines are more reactive than pyridines)
and by fusing a benzene ring to a halide substituted
heterocyclic ring (e.g. 2-chloroquinoline is 1000 times
more reactive than 2-chloropyridine) [31]. We observe
similar trends for the reactions of one equivalent of
NaFp (where Fp = (n® — C;H,)Fe(CO), ) with fused
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Fp

o0

a Fp Ep P

o, OO oo

Fp Ep
0Q .00
N Ci N
F
3 q

s 6 7 8

O, ORX, "ORX, O,
o0, 00, O

Fig. 1. Isomeric identities of the complexes (where Fp =
(C,H,Fe(CO), and Fp’ = (indeny!)Fe(CO),).

ring heterocyclic compounds containing between one
and four halide substituents, ¢.g.

M

+ NaCl

These formal [1=3.16] nucleophilic displacement reac-
tions, in which the more activated chlorine atoms bond-
ing to the nitrogen containing section of the ring are
displaced by the strong Fp' nucleophiles [32-34), pro-
duce a series of new polyaromatic heterocyclic products
(Fig. 1), These new complexes were isolated by column
chromutography in air and, except for compounds 1, 2
and 9, are air and moisture stable solids. Compounds 1,
2 and 9 were isolated s oils, which slowly decomposed
in this state and in solution. For complex §, the ob-
served instability is not surprising since the presence of
the Cl atom on the 5-position would be expected to
impose & substantial steric strain (cf. the known steric
effects of the peri-substituted tertiary butyl groups in
naphthalene) [35] on the Fp group, i.e.

Indeed, previous attempts in our group to synthesize
related compounds with orthe-substituted Cl and Fp
groups (i.e. in 17, above), which weuld be expected to
show lower steric strain, were unsuccessful [1]. How-
ever, the origin of the instabilities observed for com-
plexes 1 and 9 is not apparent, and may simply reflect
the presence of trace impurities in the final oils.

Attempts to prepare para-substituted derivatives of
monocyclic azines have previously met with failure
[1,2], in spite of the fact that their arene analogues are
readily prepared [4—14]. The fusion of a second arene
ring onto a halogen substituted azine generally substan-
tially increases the ease of nucleophilic substitutions.
We therefore attempted to prepare a para-substituted
phthalazine complex as a model of the related para-
substituted heteroarene polymer. Unfortunately, no new
iron-azine derivatives were isolated from the reaction
of two equivalents of NaFp with 1,4-dichlorophthala-
zine, i.e.

Ci

4]

and we are therefore unable to compare the magnitude
of the intermetatlic conjugation in  para-substituted
arene and azine bridged complexes. In the reactions
aempted involving two molar equivalents of the
organometallic nucleophile and  chlorinated  quinoxa-
lines, the first substitution step, v

PPN e N Ut
O + 2NaFp —Trun OI + Nabp + Na(l )
TINT NG e SN N

proceeds rapidly to completion. cven at low tempera-
tures, where the formation of Fp, is minimized. How-
ever, IR spectroscopic evidence indicates that no signif-
icant formation of the bimetallic product occurs under
these conditions. If the reactants are mixed at room
temperature, the formation of the disubstituted product
is significant after a few minutes, but this is accompa-
nied by concomitant formation of lurge amounts of the
ubiquitous Fp, dimer. Indeed. oxidation of the Fp
anion to Fp, always occurs in these reactions and its
relative amount increases with decreased activation of
the precursor azine, with decreased azine electron den-
sity, and with increased temperature [1,2,4-9]. The
desired reactions are, therefore, best initiated at low
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temperature, and ther driven to completion in refluxing
THF, i.e.

N_ O N. [rp
@QICI + 2 NaFp —I;L';— T:'i}liu_';' @[Ch)ﬂn} +
(4
N_ _Cl
@[OI +Fp2 +2NaQ1
N

Fp

)

where the curly brackets around the two organometallic
fragments indicate that they do not have conventional
(3*-CsH,)Fe(CO), structures, see below. Unfortu-
nately, even under thesec optimized conditions the
bimetallic product is isolated in only 26% yield, and its
synthesis is accompanied by the formation of both
monosubstituted complexes and Fp, which must be
removed by chromatography.

The bimetallic compounds are less air and thermally
stable than the monosubstituted species, and were there-
fore isolated under an inert atmosphere. Interestingly,
prolonged exposure of complex 14 to a Florisil filled
column in air led to its decomposition by elimination of
one Fp group and the introduction of a hydrogen atom
in its place to give compound 9, i.e.

N F
’ P CHCl N H
Q Q s ] O 4 12 Fpy+ ¥
« NN p Florisil N Fp

()

We have previously observed related decomposition
reactions which seem to have a steric origin [4=9]. In
fact, compound 9 was obtained exclusively via this
process. To aid in unambiguously identifying the struc-
ture of complex 14, we attempted to prepare two related
derivatives, 15 and 16 (where Fp! = (n* -
indenyl)Fe(CO), ) i.e.

Cl‘: N Fp ©: N Fp
1 - NT T N Fph
16

Unfortunately, they were even more prone to thermal

decomposition and were not successfully separated from
their various monometallic byproducts and Fp,, e.g.

“ MO a N._.Cl
@OI + 2NaFp — ]@:OI .
a NN a NN
(©)
a N a N_{Fp
00, SO}
Cl N Fp (o] N Fp

The synthesis of such ortho-disubstituted compounds at
all was intriguing, since our earlier attempts at synthe-
sizing related but less sterically crowded ortho-sub-
stituted complexes were unsuccessful, as was the at-
tempted synthesis of the sterically crowded 2-Fp-3-
phenylquinoxaline complex by the usual methods em-
ployed in this work.

3.2. Spectroscopic characterization of the complexes

The IR spectra in the carbonyl region of monosubsti-
tuted complexes 1-13 (Fig. 1, Table 1) are similar to
those we have reported for other aryl and azinyl deriva-
tives of Fp [1-9]. Thus, two stretching frequencies
attributable to the carbonyl ligands were observed in the
expected regions (i.c. a symmetric band at between
2022 and 2036cm”™' and an antisymmetric band at
between 1968 and 1983cm™') [36]. The NMR data
(Table 2) indicate that, with the exception of compound
11 (which is a mixture of two isomers in a 4:1 ratio),
only a single isomeric complex was obtained from each
of these reactions. As with other Fp containing hetero-
cyclic compounds [1--3), the "H and "'C NMR signals
for the cyclopentadienyl rings are observed at around
5.25 + 0.1 and 87.0 £ 0.5 ppm respectively, while the
'*C NMR signals for the terminal carbony! Iigands are
observed at 214.64 10 21601 ppm. (The "C NMR
chemical shift for the m*-C,H, ligand in complex § was
about | ppm higher than expected (i.c. 88.59), perhaps
due to steric crowding between the peri-substituted Cl
and Fp substituents on the ring.) The other '"H and "'C
NMR signals for these complexes are also unexcep-
tional, displaying the expected substituent effects due to
Fp [1-9] and homonuclear and heteronuclear coupling
(Jyy and Jyy:) patterns consistent with the assigned
structures (Fig. 1), In particular, the Fp group has
characteristic influence on the chemical shifts of aro-
matic complexes. For example, for benzene derivatives
Ai/:,\v: = + ]7'0 ppm‘ Anrlhu = + '70 ppm' Am('m =
~1.0ppm and 4,,,,= —6.0ppm in (CD,), 80, while
for pyrimidine derivatives with the Fp group in the 4
position the characteristic influence is 4,,,=
+ 50 ppm, A,,,,(i.e.at C5) = + 17 ppm,
A,,flieaC2)=—12 ppm and 4, S(ie.at C6) =
—3ppm in (CD,),S0 [1.4]. Unfortunately. these data
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have not allowed an unambiguous determination of the
major isomer for complex 11. The identities of com-
plexes 4, 10 and 13 have also been confirmed by single
crystal X-ray determinations, vide infra.

Although complexes 1 to 13 (Table 1) display the
two IR bands expected [1-9] in the carbonyl region,
complexes 14 and 15 display three IR bands. Two of
these are observed near the expected regions (i.e. 2038
and 1992em™! for 14) [1-9] and the third is observed
at an unusually low frequency (1928cm™' for 14 and
1938cm ™! for 15 in THF) for an Fp—arene or Fp-azine
complex {1-9]. These two *'normal’’ carbonyl bands
are observed at higher frequencies than those of the
monosubstituted complexes, even though in the most
closely related disubstituted species [1-9] the addition
of a second Fp substituent always decreases the car-
bonyl stretching frequency by raising the electron rich-
ness of the arene or azine ring. Further, the third bands
are not as low as might be expected for either conven-
tional bridging carbonyl ligands or acyl groups. (For
example, the bridging carbonyl ligands in (w-
CsH,),Fey(CO),(n-CO)Y, give rise to signals at
1784cm™" (CH, :Cly ;) in the IR and around 290ppm
((CD,),$0) in the *C NMR, while the acyl CO grou
in complexes such as FP-C(O)-aryl gives rise to sig-
nals at around 1610cm ™" and 255 ppm [4).) The 'H and

B¢ NMR spectra for compound 14 show that two
different types of cyclopentadienyl group and four dis-
tinet carbonyl ligands are present in the complex, one of
which (8 219.16ppm) is significantly deshiclded from
the usual values for terminal CO ligands in these com-
plexes, vide supru, and one of which (8 289.90ppm) is
far outside (deshielded by about 75 ppm) the usual
values for terminal carbonyl ligands in such complexes,
and is more typical of bridging carbonyl ligands. (For
exumple, the bridging L.nbonyl hgm\ds in (n'-
CH ), Fe,(CON(n-CO), pive rise to signals
I?Sdcm" (CH Cl%) in the IR and around 290ppm
((€D,),S0) in the C NMR, while the acyl CO g group
in complexes such as FP-C(O)-aryl gives rise to sig-
nals at around 1610cm ™" and 255 ppm [4].) In addition
1o a “normal'’, vide supra, cyclopentadienyl ligand

Table 7

(giving rise to 'H and "C NMR signals at 5.22 and
87.81 ppm respectlvely) [1-9], unusually hlgh field sig-
nals (at 4.84ppm for 'H and 82.86 ppm for '*C NMR)
are also observed in 1:1 intensity ratios. In addition, the
'H and “C NMR spectra of complex 14 indicate that
the quinoxaline ring is unsymmetrical. Taken together,
these spectroscopic data unambiguously indicate that
complex 14 does not have two conventional (-
C;H;)Fe(CO), substituents. Rather, we propose that it
may have one terminal and one bridging w'-C5H;
ligand and three terminal (one of which is in an unusual
chemical environment for an Fp-R complex) and one
(semi)bridging carbonyl ligand. Such a bridging cy-
clopemadlenyl Jigand [37] would account for the un-
usual 'H and “C NMR signals of this ster |ochem|cally
non-rigid group (no evidence for the **freezing out'” of
any of these resonances at temperatures down to - 80°C
was observed), while a “brldgmg carbonyl would also
account for the low field *C NMR signals and the low
energy carbonyl band in the IR [38-40].

Unforwnately, our attempts to unambiguously deter-
mine these structures by X-ray crystallographic analysis
of complexes 14 and 15 have been unsuccessful due to
our inability to obtain single crystals of these com-
plexes. Hence, w= attempted to prepare (cf. Eq. (4))
analogues of 14 and 15 with (n’-indenyl)Fe(CO),. Fp
groups rather than the more sterically demanding (n*-
cyclopentadienyDFe(CO),, Fp. groups. Unfortunately,
these efforts were also unsuccessful, producing a
monometallic species, 13, rather than the desived
bimetallic complex, 16, as the only well characterized
product. Thus, any suggestion of the detailed structures
of bimetallic complexes 14 and 18 must remain lenta-
tive until the X-ray analysis of one of them or one of
their analogues can be carried out.

3.3, X-ray erystal structures of complexes 4, 10 and 13

The X-ray structure determinations of the title com-
plexes (Table 3, Tables 7-9) confirmed that they have
the substitution geometries proposed on the basis of
spectroscopic ~vidence (Fig. 1). Thus, for the quinoline

Selected bond fengths (A) and angles () for complex ¢ °

Fe=Cl1{ 2.004(R} cu-cn L4 C13-Cl16 L3N
Fe-(Cp) 218w ) C12.C13 13801 Cle-C17 13D
Fe-Cl 1.78(1) Cli-Nid L3 C17-Ciy 13U
Fe=(2 1.746(9) NI4-C19 1.3801) C15-C19 1.41L1)
C1-0) LKD) C19-C20 143D Ci3-c20 14101
-0 1.142(9) cn-c 1.42(1) -6 1.735(8)
Cl-Fe-C2 90.4D) Fe-C1-0l1 177.5(8) Fe-C11-C20 123.5(6)
Ci-Fe-C11 90.6(4) Fe-C2-02 176,109 C1-C16-CI5 118.5(7)
C2-Fe-Cl 92.9(4) Fe-Ci1-C12 118.2(6) C1-Cl6-C17 120.47)

3 ;
Numbers in parentheses are esimated standard deviations in the least significant digit.
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Table 8

Selected bond lengths (A) and angles (°) for complexes 10 and 13 °

Length /angle 10 13 Length /angle 10 13
Fe-C2 1.975(2) 1.973(2) C6-C7 1.403(4) 1.406(4)
Fe-C21 1.766(2) 1.765(3) C7-C8 1.357(3) 1.361(4)
Fe-C22 1.76%(2) 1.765(3) C8-C9 1.415(2) 1.401(4)
C21-021 1.140(2) 1.145(4) C9-Ci0 1.400(3) 1.405(3)
C22-022 1.142(2) 1.148(4) C5-C10 1.406(3) 1.399(3)
Ni-C2 1.318(2) 1.310(3) Fe-C(Cp) 2.10%(av.) —
C2-C3 1.452(2) 1.455(3) Fe-Cl1 2.116(2) 2.183(2)
a-c3 1.758(3) 1.752(2) Fe-C12 2.095(2) 2.093(3)
C3-N4 1.289%(2) 1.288(3) Fe-C13 2.107(2) 2.08%(2)
N1-C9 1.370(2) 1.373(4) Fe-Cl4 2.106(2) 2.111(3)
N4-C10 1.372(2) 1.374(4) Fe-C15 2.125(2) 2.1822)
C5-C6 1.369(3) 1.366(3)

C21-Fe-C22 93.22(9) 95.7(2) C2-NI1-C9 120.6(2) 120.5(2)
C2-Fe-C21 95.65(8) 93.8(1) N1-C9-C10 121.3(2) 120.9(2)
C2-Fe-C22 87.82(8) 87.41) Cl-C3-N4 114.5(1) 114.401)
Fe-C21-02: 176.8(2) 176.7(3) Cl-C3-C2 118.9(1) 119.4(1)
Fe-C22-022 179.3(2) 178.43) N4-C3-C2 126.6(2) 126.2(2)
Fe~C2-Nl1 118.0(1) 118.4(2) C3-N4-C10 116.5(2) 116.5(2)
Fe-C2-C3 126.2(1) 125.6(1) N4-C10-CY 119.6(2) 119.9(2)
N1-C2-C3 115.3(2) 116.0(2)

3 Numbers in parentheses are estimated standard deviations in the least significant digit.

derivative 4, the nucleophilic substitution reaction oc-
curred at carbon 4 of the aromatic ring bearing the
nitrogen heteroatom (Table 7 and Fig. 2). This structure
is similar 1o that of anti-malarial agents such as Chloro-
quine [18-22], except that the ¢- and w-electron donat-
ing Fp substituent replaces the more strongly w-electron
donating, but g-clectron withdrawing, NR , substituents
in the purely organic agents. In complex 4. the Fp
substituent retains the conventional three-legped piano
stool geometry and the Fe-ClHl bond distance (i.e.
2.004(8) A) is similar 10 that in related Fp-azine com-
plexes having formal Fe-C single bonds [1=3.5]. The

most chemically interesting features of this structure are
the observed C20-C11-Fe (125.5(6)°) and C12-C11-
Fe (118.2(6)°) angles and the relatively short H18-Fe
contact distance (2.98 A), which are consistent with the
proposed steric interaction between the peri-sub-
stituents in the related, but even more crowded, com-
plex §, vide supra.

The two monometallic quinoxaline derivatives hav-
ing m*-cyclopenadienyl, 10, and w'-indenyl, 13, lig
ands on iron have very similar X-ray crystal structures
(Tables 8 and 9 and Fig. 3 and Fig. 4). Thus, complex
10 has a conventional Fp group with a symmetric

Table 9

Least squares plane containing quinoxaline rings for complexes 10 and 13 *

Complex Coefficients ® Defining atoms with deviations ¢

10 3.5876, - 5.6230, 5.3905, —0.0249 N1 0.01%2) C2 0.030(2)
C3 -0.032(2) N4 =0.02(42)
Cs 0.032(2) C6 0.040(3)
(&) - 0.0342) (&) =0.05{)
(&) -0.007(2) Cl0 0.010(2)
le 0.357 cl ~0.120

13 99028, - 5.5345, 1.4759, 2.5029 NI 0.007(2) C2 - 0.016(3)
C3 0.020(3) N4 0.014(2)
C5 -0.021(3) Co ~0.013(3)
C? 0.014(3) C8 0.026(3)
9 -0.002(3) Ccio - 0.006(3)
Fe =0.157 Cl 0.029

" Weights are derived from the atomic positional ¢.s.d.s using the method of Hamilton, Acta Crystallogr., 14 (1961) 185.
b Coefficients are for the form ax + by + ¢z — d = 0 where x, y and z are crystallographic coordinates.
© Deviations are in angstroms with the e.s.d. given in parentheses. Underlined atoms were not included in the definition of the plane.



12 A.D. Hunter et al. / Jouwrnal of Organometallic Chemistry 526 (1996) 1-14

Fig. 2. orTEP plot for 4-[(n*-cyclopentadienyDirondicarbonyl}-7-chlo-
roquinoline 4.

n’-cyclopentadienyl ligand and normal Fe-CO, FeC-0,
and Fe-azine bond lengths and angles [1-3,5). Its »’-
indenyl analogue, 13, has similar bond lengths and
angles, as would be expected based on their spectral
properties (Tables 1 and 2). The m’-indenyl ligand
shows the expected slippage of the five-membered ring
to produce three shorter (2.08%2), 2.111(3) and
2.003(3) A) and two longer (2,182(2) and 2.183(2)A)
metul=indenyl bonds [41), The most chemically interest-
ing features of these structures are the structural disi-
tions that they display, i.e.

X,

Fp

These are upparently due to repuls - ¢ steric interactions
between their organometallic substituents in the 2 posi-
tions and the chloro substituents in the 3 positions of the
ring (Tuble 4 and Fig. 3(b)). Thus, the observed Fe-
C2-C3 angles for 10 and 13 are 126.2(1) and 125.6(1)°
respectively, and the Fe-C2-C3-C1 torsion ungles in
complexes 10 and 13 are 11.95(27) and 3.67(34)° re-
spectively. Interestingly. the degree of this steric distor-
tion is significantly smaller for complex 13, having the
less sterically demanding w*indeny! ligand. Based on
the structures of monometallic complexes 10 and 13, it
appears that steric strain between two ortho-substituted
organometallic fragments in complexes 14 and 18 would

be very large if their Fp substituents were not bonded to
one another, e.g.

o

(0)

Fig. 3. ormee plos for 2 1|’~cyclopemmlicnyI)imndicurbonyl]-3-
chloroguinosaline 10: (a) perspeciive view, (b) view in the azine ring
plane, and () view dowa the Fe-C2 bond.



AD. Hunter et al. / Journal of Orgunomeiallic Chemistry 526 (1996) ! - 14 13

Fig. 4. ortep plot for 2-{(n’-indenylirondicarbonyl]-3-chloro-
quinoxaline 13,

Indeed, we calculate Fe—Fe distances in such species of
about 3.5A if they have conventional Fp substituents
and bond lengths and angles similar to their monometal-
lic analogues 10 and 13. This predicted Fe-Fe distance
is substantially less than the sum of the Van der Waals
radii (i.e. about 4.0) supporting our proposal that they
may have some more direct covalent interaction. (In a
recent paper the Van der Waal’s radius of iron atoms is
given as 2.03 A [42). Alternatively, the Van der Waal’s
radius of the iron atom in the CpFe(CO), fragment can
also be estimated as being equal to its covalent radius
plus about 0.76 to OSOX [43,44] (i.e. in these com-
plexes the value for Fe is around 1.25 + 0.78 = 2.03 A).)
Finally, it is worth commenting that in each of these
complexes the Fp or Fp* substituents adopt conforma-
tions in which their pseudo mirror planes are approxi-
mately perpendicular to the plane of the azine (i.e. Fig.
3(e)). As with the other related arene and azine deriva-
tives that we have crystallographically characierized,
these conformations are the opposite 1o those predicted
on molecular orbital grounds and are likely adopted to
minimize adverse steric interactions between the H
atoms on the Cp or Cp?* ligands and the atoms peri- or
ortho-substituted to the metal [1-9,45-47].

4. Conclusions

A series of 14 new monometallic derivatives of
quinoline, quinoxaline, quinazoline and tetraazolo(1,5-
A)quinoline has been prepared and characterized. Pos-
sible structures of the bimetallic derivatives of quinoxa-
linc having ortho-substituted organometallic centers,
which exhibit unusual IR and NMR spectral properties
consistent with bridging carbonyl and cyclopentadienyl
ligands, have also been discussed. X-ray crystallo-
graphic characterization of representative quinoline and
quinoxaline complexes confirms that they have the pro-
posed structures and emphasizes the importance of steric
effects in determining their detailed geometries. The
structures of many of these derivatives are similar to
those of related biologically active materials, including

herbicides, fungicides, and insecticides, and we are
attempting to determine if the organometallic complexes
will also display significant biological activities. (The
results of the biological screening tests for representa-
tive examples of these complexes (as herbicides, fungi-
cides and insecticides) will be published as part of a
separate manuscript.)

5. Supplementary material available

For enquiries concerning the structural determination
of complexes 10 and 13 contact B.D.S. quoting
ADH.8906 and ADH.9110 respectively.

Complete descriptions of the X-ray crystal structure
determinations, tables of atomic coordinates and
anisotropic Gaussian parameters, bond lengths, bond
angles, hydrogen atom coordinates and Gaussian param-
eters, least squares planes, torsional angles, root-mean-
square amplitudes of vibration (35 pages) for the three
crystal structures and structure factor amplitudes (58
pages) for the three crystal structures are available from
the authors.
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