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Staudinger reactions of the B-ferrocenylvinyl azide 1 with
several diphosphanes in a 1:1 molar ratio afford the
monoiminophosphorane derivatives 2—-4, whereas with a 2:1
stoichiometry these reactions afford the bis(imino-
phosphoranes) §5-7. Similar results are obtained for the
reactions of 1 with tris(diphenylphosphanylmethyl)ethane

(triphos) and tris[2-(diphenylphosphanyl)ethyl]phosphane
(tetraphos). Reaction of these P N-difunctional ferrocene
ligands with dichlorobis(benzonitrile)palladium(II) leads to
the Pd"-metallacycle derivatives 13 and 14. The molecular
structures of 5d and 13 have been established by X-ray
crystallography.

Ferrocene derivatives containing phosphane groups have
proved to be very useful in coordination chemistryl!l and
have found application in enantioselective transition-metal-
catalyzed reactions®. In contrast to the large number of
ferrocene-derived phosphanes and their complexes in which
the phosphorus atom is directly bonded to a cyclopen-
tadienyl ring, ligands with a tether connecting the two func-
tionalities are less commonl?], although chiral analogues
have been attracting interest owing to their catalytic ac-
tivity 4,

There is also a general interest in transition-metal com-
plexes with heterodifunctional ligands because of their po-
tential as catalystsP! and their proven usefulness in the
preparation of heterobimetallic species[®. Heterodifunc-
tional ligands provide versatile binding sites for metals, and
thus effective catalysts may be generated from complexes of
bifunctional chelate ligands in which one arm of the chelate
is more loosely bound than the other, so that an equilibrium
opening a coordinate site and thus providing access to a
reactive intermediate can be established.

P\ +S P\ /S
,MLn MLn
N -S N

Since M—N 7 bonds are known to be more labile than
M—P & bonds in some complexes!’), the use of bidentate
ligands containing one phosphorus and one nitrogen donor
can be expected to improve the catalytic activity. In this
context, the preparations and catalytic activities of a num-
ber of rhodium, iridium, palladium and platinum PN com-
plexes, which contain a soft phosphorus(III) center at one
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end and a hard nitrogen center (amino, amido, imine or
pyridine ring) at the other, have been reported(®l.
Following our work on the preparation of new ferrocene
derivatives by means of aza Wittig reactionsl®), we now wish
to report on the efficient synthesis of P,N-heterodifunc-
tional ferrocene-based ligands. Our approach is based on
the Staudinger imination!'”) of trivalent phosphorus com-
pounds with azides to produce an iminophosphorane func-
tion after nitrogen evolution. This method, which allows
the partial oxidation of diphosphanes using the B-ferrocen-
ylvinyl azide 1, is applicable to diphosphanes of various al-
kene chain lengths, and even to tri- and tetraphosphanes.

Results and Discussion

Reaction of the starting B-ferrocenylvinyl azide 1°! with
the appropriate diphosphane (1:1 molar ratio) in dry di-
chloromethane for 15 h at room temperature provides the
corresponding monoiminophosphorane 2, along with trace
amounts of the bis(iminophosphorane) 5. Compounds 2
could be isolated in yields ranging from 33 to 66% after
purification by column chromatography and recrystalliza-
tion. Similarly, reactions of 1 with (E)-1,2-bis(diphenyl-
phosphanyl)ethene and 1,1’-bis(diphenylphosphanyl)ferro-
cene afford the monoiminophosphoranes 3 (46%) and 4
(21%), respectively. However, when reactions of azide 1
with diphosphanes (2:1 molar ratio) were carried out in di-
ethyl ether at —15°C, the major product is the correspond-
ing bis(iminophosphorane) 5 (45—89%), together with a
small amount of the monoiminophosphorane 2. Under
these conditions, reaction with 1,1’-bis(diphenylphosphan-
yl)ferrocene provides the bis(iminophosphorane) 6, while
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that with (E)-1,2-bis(diphenylphosphanyl)ethene afforded 7,
albeit in very low yield (9%) (Scheme 1).
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The 'H-NMR spectra of compounds 2 and 5 show
characteristic features: the ferrocenyl hydrogen atoms give
a singlet at 6 = 4.01—4.12 for the unsubstituted cyclopen-
tadienyl ring, and two pseudo triplets at 6 = 4.17—4.59 and
& = 4.90—5.06, corresponding to an AA'MM’ pattern for
the monosubstituted ring, while the vinylic proton signal
appears as a doublet at 8 = 6.14—6.53 due to PV coupling.
The 3C{'H}-NMR spectra also exhibit the typical signals
for monosubstituted ferrocenes. NOE experiments per-
formed on compound 2b allowed us to assign the a- and -
protons of the substituted cyclopentadienyl ring (Figure 1).

Figure 1. Selected NOE correlations for compound 2b
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Some salient 3C{'H}- and 3'P{'H}-NMR data for com-
pounds 2 and 5 are compiled in Table 1. The *C-NMR
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spectrum of monoiminophosphorane 3 can be described as
an AMX system, the ethylenic carbon atom C—P™ signal
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appears at § = 148.41 as a doublet ('Jp.c = 23.4 Hz), while
the ethylenic C—PV signal appears at § = 134.73 as a dou-
blet of doublet ({Jp.c = 87.2 Hz, 2Jp.c = 10.5 Hz). In the
bis(iminophosphorane) 7, the two ferrocene subunits are
equivalent; the C=0 carbon atom signals appear as an ap-
parent triplet and the ethylenic carbon atom signals C—PV
appear at § = 141.16 as five-line multiplets. The 3'P{'H}-
NMR spectrum of 3 features two doublets centered at 6 =
1.04 and & = —7.25, attributable to the pentavalent and
trivalent phosphorus atoms, respectively, whereas the spec-
trum of bis(iminophosphorane) 7 shows only one singlet at
8 = 0.63. In the 'H- and '*C-NMR spectra of compounds 4
and 6, the characteristic signals of mono- and disubstituted
ferrocenes are observed. In the 13C-NMR spectrum of com-
pound 4, the disubstituted ferrocene ring signals appear as
a set of six pairs of doublets, whereas in compound 6 it
gives rise to a set of three pairs of doublets, besides only
one set of signals for the two monosubstituted ferrocenes,
indicating that they are equivalent. The 3'P-NMR spectrum
of compound 4 shows two singlets at & = 4.40 and & =
—19.04, assigned to the pentavalent and trivalent phos-
phorus atoms respectively, while that of compound 6 shows
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Table 1. 3C{'H}-NMR®™ and *'P{'H}-NMRD! data of the diphosphane framework in compounds 2 and 5]

1 3 11 1 v
R R e
2 4 2
2 5
C-1 C-2 C-3 C-4 PV p
2a 31.68 (dd, 3.36 (d, —29.49
IJP(V) = 595, 2Jpp = 538)
Jp n = 30.5)
2b 26.%&8 (dd, 19.37 (dd, 8.15 (d, —12.93
1]1)(\/) = 662, IJ = 139, 3Jpp = 488)
2 Joary = 16.9) 2) = 4.0)
2¢ 31.39 (dd, 18.52 (dd, 29.37 (dd, 6.91 —18.87
IJP(\/) = 65.1, 2Jp(v) = 17.0, lJp(m) = 26.5,
Jp m = 12.5) 2Jp my = 2.5) 3 pv) — 14.
2 30,10 (d, 2306 (dd. 27.54 (dd. 7.32 ~16.61
IJp(V) = 666) ZJP(V) = 155, 2JP(IH) = lJp(]H) = 114)
i 3.]1)(111) = 35) 3Jp(v) = 145)
S5a 31.43 (quint, —-2.64
1J+1J = 108.0)
5b 23.13 (quint, 8.60
1J+2J =130.2)
5¢ 30.27 (dd, 15.22 (m) 6.73
1J = 64.0,
37 = 10.9)
5d 30.07 (d, 23.05 (dd, 7.36
1J = 66.4) 2J = 16.0,
3 =3.1)

[al Chemical shift §('3C) relative to TMS; coupling constants in Hz
constants in Hz. — [l Solvent CHCl;.

only one singlet at & = 5.34. The constitution of compound
5d was further corroborated by a single-crystal X-ray dif-
fraction study. The molecular structure shows an inversion
centre in the C17—Cl17a bond mid point. The P—N bond
lenght [1.566(2) A] is within the expected values. An OR-
TEP drawing of 5d is shown in Figure 2; selected bond
lengths and angles are given in the caption.

Figure 2. ORTEP plot of compound 5d/

4l 50% probability ellipsoids; selected bond lengths [A] and angles
[ P-N 1.566(2), N—C(12) 1.384(3), C()-C(11) 1.453(3),
C(11)—C(12) 1.350(3); C(12)-N—P 131.6(2), C(12)—C(11)—C(1)
127.5(2), C(11)=C(12)—N 122.8(2).

Reaction of the B-ferrocenylvinyl azide 1 with tris(di-
phenylphosphanylmethyl)ethane (#riphos) (1:1 molar ratio)
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— [ Chemical shift 3(3'P) relative to external 85% H;POy; coupling

in dry dichloromethane at room temperature afforded a
mixture of the monoiminophosphorane 8 (21%) and the
bis(iminophosphorane) 9 (7%), which were readily sepa-
rated by column chromatography. However, when the reac-
tion was carried out in diethyl ether at —15°C in a 3:1 mo-
lar ratio, the corresponding tris(iminophosphorane) 10 was
obtained in good yield as the sole reaction product (77%)
(Scheme 2).

The '"H-NMR spectrum of the bis(iminophosphorane) 9
shows two sets of signals for the two ferrocene subunits,
indicating that they are non-equivalent. 'H-, '3C- and 3!P-
NMR data of the triphos framework in compounds 8, 9 and
10 are compiled in Table 2.

Reaction of azide 1 with tris[2-(diphenylphosphanyl)-
ethyl]phosphane (tetraphos) in a 1:1 molar ratio in dichloro-
methane at room temperature afforded the monoimino-
phosphorane 11 in 31% yield. However, when the reaction
was carried out in a 4:1 molar ratio in diethyl ether at
—15°C, the main product was found to be the
tetra(iminophosphorane) 12 (28%) (Scheme 3). The 'H-
and 3C-NMR spectra of compound 12, which bears four
ferrocene subunits, showed the non-equivalence of one fer-
rocene group.

At this point, it seemed interesting to assess the com-
plexation behavior of these heterodifunctional ferrocene de-
rivatives 2 and 8 with palladium(II) (Scheme 4), as these
compounds possess a complex-forming diphenylphos-
phanyl group and an iminophosphorane function, which
has also demonstrated its versatility in forming M—N o
bonds to transition metals'!],
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The ferrocene derivative 2a was found to react cleanly
with dichlorobis(benzonitrile)palladium(I) in toluene at
—15°C affording the new P,N-chelate 13, the structure of
which has been determined by X-ray analysis (Figure 3).
The 3'P-NMR spectrum of 13 features two doublets, with
the iminophosphorane unit resonating at lower field (6 =
44.23) than the diphenylphosphanyl center (6 = 14.16).

Complex 13 represents the first example of a ferrocene
derivative containing an iminophosphorane phosphane li-
gand. The palladium atom has a distorted square-planar
coordination geometry. The large Pd—Cll bond length
(2.3719 A) compared to Pd—CI2 (2.3133 A) is consistent
with the larger frans influence of P compared to N. The
P—N bond length (1.628 A) indicates that this bond is
slightly elongated due to the coordination, since free imino-
phosphoranes show shorter P—N bond lengths (1.567 A).
The PV atom geometry corresponds to a distorted tetra-
hedron, with the N—P—C angle [102.3(1)°] being the smal-
lest. The distortion is probably due to the chelate ring stress.

The complexation behavior of 8 with P under the same
reaction conditions was found to be different from that of
2a and the P, P-chelate 14 was formed (Scheme 4). The 3!P-
NMR spectrum showed this clearly, featuring only two sin-
glets at & = 0.1, characteristic of a non-coordinated imino-
phosphorane function, and at § = 15.60, attributable to the
coordinated diphenylphosphane groups.

The difference of 26.6 ppm between the chemical shifts
of the P and PV centers in 8 is reduced to 15.7 ppm in
14. The '3C-NMR spectrum of 14 shows two sets of signals
for the aromatic rings of the diphenylphosphanyl groups
and phosphorus-coupled resonances split into “a non 1:2:1
triplet”. Such a triplet could be observed due to a '*C nu-
cleus and two 3'P nuclei forming an AXX’ spin system, as
characteristic splitting clearly indicates that the two chemi-
cally equivalent phosphorus atoms are bound to palladium
in a cis manner!'?l. The differing complexation behavior of
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Table 2. NMR data of the triphos framework in componds 8, 9 and 10!

CH; plI CH; plI y CH; 5
PV\)VﬁP‘“ Pv\)\"ﬁp" P \/L'\’“ﬁPV
8 9 10
'H NMR/ 13C NMRE! 3P NMRD!
CH, CH,PY CH,P! CH, CH,PY CH,P!! CCH,
8 0.88—0.85 (m) 3.00 (d, 2.62 (d, 28.08 (m)  40.90 (dt, 42.83 (dt, 39.50 (dt, 0.20 (s) —26.86 (s)
2Jp(v) = 114) 2JH = 150), lJP(V) = 582, 1‘]P(III) = 90, ;JP(III) = 138,
42 (d, ‘Jp(]]]) = 82) 3JP(V) = 90) P(V) — S
2T = 15.0)
9 0.86 (m) 3.38 (dd, 2.58 (d, 26.76 (m)  41.00 (m) 42.77 (m) 40.10 (dt, 0.92 (s) —26.97 (s)
in = 120, JP(III) =1 0) ;JP(IH) = 142,
*JHpyy = 11.8), Jpvy = 3.8
3.19 (dd,
27, = 12.0,
2JHP(V) = 11.8)
10 0.70 (m) 20 (m) 40.16 (m) 1.89 (s)

[al Chemical shift §('H and '3C) relative to TMS; coupling constants in Hz. — [} Chemical shift §(*'P) relative to external 85% H;PO,.
— [ Solvent CHCl;.

Scheme 4
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Figure 3. ORTEP plot of compound 132

(2l 50% probability ellipsoids; selected bond lengths [A] and angles
[°l: Pd—N 2.063(3), Pd—P(1) 2.2259(11), Pd—CI(2) 2.3133(9),
Pd—CI(1) 2.3719(11), P(2)—-N 1.628(2); N—Pd—P(1) 87.35(8),
P(1)-Pd—ClI(2) 88.71(4), N—Pd—ClI(1) 91.75(9), Cl(2)—Pd—ClI(1)
93.10(3), C(6)—P(1)—Pd 105.60(12), N—P(2)—C(6) 102.32(14),
P(2)—-N—Pd 112.5(2), P(2)—C(6)—P(1) 108.8(2).
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2a and 8 may be due to their structural features, since the
second diphenylphosphanyl group of 8 has stronger coordi-
nation ability toward Pd" that the iminophosphorane
group of 2a.

A final word about the conformation of the ligand 8 and
of its complex 14 is relevant. In triphos!['3! the signal of the
CH;C protons exhibits a chemical shift of & = 0.95, while
in transition-metal complexes!!'¥l these protons give rise to
a signal in the range § = 1.12—2.09. In the '3*C-NMR spec-
tra, the signal of the CH;C carbon atom appears at & =
29.5 in the free ligand, while in complexes it appears at § =
36—40. In all these cases, the triphos fragment adopts a
“CHs-out” conformation. The 'H-NMR spectra of com-
pounds 8 and 14 show the signal of the CH;C protons at
5 = 0.85 and & = 0.14, respectively, while in the 3C-NMR
spectra the signal of this methyl carbon atom appears at
o = 28.08 and & = 28.15, respectively. In view of the fact
that in cyclic compounds with bridgehead 1,1,1-trisubsti-
tuted ethane fragments, the signal of the “CH;C-in” group
is shifted upfield relative to that of the “CHs-out” group!'),
the conformation of the triphos fragment in compounds 8
and 14 seems likely to be another than the “CHs-out” one.
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Experimental Section

All experiments were carried out with the exclusion of air and
moisture under nitrogen. Solvents were purified and dried accord-
ing to standard methods. Compound 1 was prepared according to
a literature procedure®. — NMR: Bruker AC200 or Varian Unity
300. — MS: Fisons Autospec 5000 VG. — IR: Nicolet Impact 400.
— Elemental analyses: Perkin-Elmer 240c. — Melting points were
determined with a Kofler hot-plate and are uncorrected.

Preparation of Monoiminophosphoranes 2 and 4. — General Pro-
cedure: To a solution of the B-ferrocenylvinyl azide 1 (0.50 g, 1.53
mmol) in 10 ml of dry CH,Cl,, an equimolar amount of the appro-
priate diphosphane in 10 ml of dry CH,Cl, was added at room
temperature. The reaction mixture was stirred for 15 h. The solvent
was then removed in vacuo and the remaining residue was chroma-
tographed on a silica gel column using ethyl acetate/n-hexane (1:3)
as eluent.

COOEt
2 1=
3 N=PPh—(CH,);—PPh
Y 1 1"
Ex Y
¥ pe
2

2a: 66%, red prisms, m.p. 143—144°C, R, = 0.375. — IR (Nujol):
v = 1693, 1590, 1415, 1220, 1109, 806 cm™'. — '"H NMR (CDCl;):
8 = 7.87—7.70 (m, 4 H), 7.42—7.12 (m, 16 H), 6.37 (d, 1 H, 4Jp =
8.2 Hz, CH=C), 4.96 (pseudo-t, 2 H, J = 1.8 Hz, 2-H/5-H), 4.21
(pseudo-t, 2 H, J = 1.8 Hz, 3-H/4-H), 4.12 (s, 5 H, Cp), 3.82 (q, 2
H, 3J = 7.1 Hz, CH,CHj;), 3.55 (dd, 2 H, J = 12.1, 1.0 Hz, CH,P),
1.09 (t, 3 H, 3J = 7.1 Hz, CH,CH;). — 3C{'H} NMR (CDCl;):
8 = 167.95 (d, 3J = 8.0 Hz, CO), 138.33 (dd, 'J = 15.5 Hz, 3J =
7.5 Hz, C-1'"), 134.90 (dd, 'J = 104.1 Hz, 3J = 1.0 Hz, C-1'),
134.06 (d, 2J = 7.5 Hz, CH=0), 132.92 (d, 2J = 20.0 Hz, C-2""),
131.15 (dd, 2J = 9.0 Hz, 4J = 1.5 Hz, C-2'), 13042 (d, *J = 2.4
Hz, C-4'), 128.40 (C-4""), 128.20 (d, 3J = 6.4 Hz, C-3""), 128.07 (d,
3J = 12.0 Hz, C-3'), 115.65 (d, 3J = 22.0 Hz, CH=C), 83.25 (C-
1), 69.69 (C-2/C-5), 68.95 (Cp), 68.14 (C-3/C-4), 60.53 (CH,CH3;),
31.68 (dd, 'Jpyy = 59.5 Hz, 'Jpamy = 30.5 Hz, CH,P), 14.14
(CH,CHj;). — 3'P{'H} NMR (CDCl;): 8 = 3.36 (d, PY), —29.49
(d, P, 2Jpp = 53.8 Hz. — MS (EI, 70 eV); m/z (%): 681 (98)
[M™*], 616 (81), 431 (35), 121 (100). — C4oH3,FeNO,P, (681.54):
caled. C 70.49, H 5.47, N 2.06; found C 70.58, H 5.63, N 1.99.

2b: 35%, red prisms, m.p. 62—64°C, Ry = 0.393. — IR (Nujol):
v = 1695, 1590, 1416, 1210, 1109, 806 cm~!. — '"H NMR (CDCl;):
d = 17.78=7.67 (m, 4 H, 2'"-H), 7.45—7.39 (m, 6 H, 4'-H, 3'-H),
7.27-7.24 (m, 10 H, 3’-H, 3"’-H, 4’"-H), 6.48 (d, 1 H, *J = 7.3 Hz,
CH=C), 4.95 (pseudo-t, 2 H, J = 1.7 Hz, 2-H/5-H), 4.22 (pseudo-t,
2 H, J = 1.7 Hz, 3-H/4-H), 4.07 (s, 5 H, Cp), 3.90 (q, 2 H, 3J =
7.1 Hz, CH,CH3), 2.75—-2.58 (m, 2 H, CH,—PV), 2.27-2.12 (m, 2
H, CH,P™), 1.07 (t, 3 H, 3J = 7.1 Hz, CH,CH3). — BC{'H} NMR
(CDCl3): & = 167.91 (d, 3J = 6.9 Hz, CO), 137.62 (d, 'J = 13.5
Hz, C-1""), 134.05 (d, 2J = 7.0 Hz, CH=C), 133.48 (d, 'J = 98.9
Hz, C-1"), 132.59 (d, 2J = 18.4 Hz, C-2""), 131.17 (d, 2J = 8.8 Hz,
C-2'), 130.68 (d, *J = 2.7 Hz, C-4'), 128.65 (C-4"), 128.44 (d, 3J =
6.5 Hz, C-3'"), 128.28 (d, 3J = 10.7 Hz, C-3"), 116.24 (d, 3J = 20.6
Hz, CH=C), 82.99 (C-1), 69.66 (C-2/C-5), 68.90 (Cp), 68.28 (C-3/
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C-4), 60.56 (CH,CH3), 26.88 (dd, 'Jp(y, = 66.2 Hz, 2Jpq, = 16.9
Hz), 19.37 (dd, 'J = 13.9 Hz, 2J = 4.0 Hz), 14.13 (CH,CH;). —
3IPIHL NMR (CDCly): § = 8.15 (d, PY), —12.93 (d, P'), 3Jpp =
48.8 Hz. — MS (EL 70 eV); m/z (%): 695 (100) [M*], 183 (55), 121
(34). — C4H3oFeNO,P, (695.56): caled. C 70.80, H 5.65, N 2.01;
found C 70.55, H 5.80, N 2.12.

2¢: 33%, red prisms, m.p. 49—51°C, Ry = 0.428. — IR (Nujol):
v = 1693, 1585, 1415, 1211, 1110, 806 cm~!'. — 'H NMR (CDCl;):
5 = 7.82—7.70 (m, 4 H), 7.44—7.20 (m, 16 H), 6.44 (d, 1 H, *J =
7.5 Hz, CH=C), 4.91 (br. s, 2 H, 2-H/5-H), 4.18 (br. s, 2 H, 3-H/
4-H), 4.05 (s, 5 H, Cp), 3.94 (q, 2 H, 3J = 7.2 Hz, CH,CH,),
2.62—2.45 (m, 2 H, CH,PY), 2.10—1.95 (m, 2 H, CH,P),
1.58—1.42 (m, 2 H, CH,CH,P'™), 1.09 (t, 3 H, 3/ = 7.2 Hz,
CH,CH;). — *C{'H} NMR (CDCl): § = 168.04 (d, 3J = 7.0 Hz,
CO0), 138.32(d, 'J = 12.5 Hz, C-1""), 134.12 (d, 2J = 6.4 Hz, CH=
Q), 134.13 (d, 'J = 98.6 Hz, C-1"), 132.58 (d, 2J = 18.5 Hz, C-2""),
131.06 (d, 2J = 9.0 Hz, C-2"), 130.50 (d, *J = 2.5 Hz, C-4"), 128.37
(C-4), 128.28 (d, 3J = 7.0 Hz, C-3""), 128.18 (d, 3J = 11.4 Hz, C-
3"), 115.97 (d, 3J = 21.0 Hz, CH=C), 83.07 (C-1), 69.60 (C-2/C-
5), 68.88 (Cp), 68.18 (C-3/C-4), 60.50 (CH,CHj3), 31.39 (dd,
Upy = 65.1 Hz, 3Jpqury = 12.5 Hz, CH,—PV), 29.37 (dd, "Jpam =
26.5 Hz, 3Jpyy = 14.5 Hz, CH,P™), 18.52 (dd, 2Jpyy = 17.0 Hz,
2Jpamy = 2.5 Hz, CH,CH,P'), 14.13 (CH,CH;3). — *'P NMR
(CDCly): & = 6.91 (s, PY), —18.87 (s, P'N). — MS (EI, 70 eV); m/z
(%): 709 (100) [M™*], 183 (25), 121 (31). — C4H4 FeNO,P,
(709.59): caled. C 71.09, H 5.82, N 1.97; found C 71.00, H 5.89,
N 1.85.

2d: 44%, orange prisms, m.p. 88 —90°C, R; = 0.40. — IR (Nujol):
v = 1695, 1595, 1415, 1216, 1114, 806 cm™'. — 'H NMR (CDCl;):
5 = 7.80—7.65 (m, 4 H), 7.47—7.28 (m, 16 H), 6.41 (d, 1 H, 4J =
7.2 Hz, CH=C), 4.91 (s, 2 H, 2-H/5-H), 4.20 (s, 2 H, 3-H/4-H),
4.08 (s, 5 H, Cp), 3.91 (q, 1.7 H, 3J = 7.2 Hz, CH,CH5), 3.43 (q,
0.3 H, 3J = 6.9 Hz, CH,CH3), 2.53 (br. s, 2 H, CH,PV), 2.02 (br.
s, 2 H, CH,P'"™), 1.57 (br. s, 4 H, CH,CH,CH,P™), 1.20 (t, 0.4 H,
3J = 6.9 Hz, CH,CHs), 1.07 (t, 2.6 H, 3J = 7.2 Hz, CH,CH53). —
BC{'H} NMR (CDCls): § = 168.01 (d, 3J = 6.5 Hz, CO), 138.74
(d, 'J = 13.5 Hz, C-1""), 134.30 (d, 2J = 6.9 Hz, CH=C), 133.96
(d, 'J = 98.6 Hz, C-1), 132.64 (d, 2J = 18.5 Hz, C-2""), 131.07 (d,
2J = 9.0 Hz, C-2), 130.55 (d, *J = 2.4 Hz, C-4'), 128.42 (C-4),
128.32 (d, 3J = 6.0 Hz, C-3'"), 128.21 (d, 3J = 11.0 Hz, C-3’),
115.79 (d, 3J = 20.5 Hz, CH=C), 83.14 (C-1), 69.60 (C-2/C-5),
68.90 (Cp), 68.26 (C-3/C-4), 60.50 (CH,CHs), 30.10 (d, 'Jpry =
66.6 Hz, CH,—PV), 27.71 (d, "Jpqu, = 11.4 Hz, CH,—P™), 27.54
(dd, 2Jpam = 3Jpvy = 14.5 Hz, CH,CH,P"™), 23.06 (dd, 2Jpr, =
15.5 Hz, 3Jpamy = 3.5 Hz, CH,CH,PY), 14.13 (CH,CH3). — 3'P
NMR (CDCly): § = 7.32 (s, PY), —16.61 (s, P!'), — MS (EI, 70
eV); miz (%): 723 (30) [M*], 606 (36), 241 (100), 183 (40), 121 (39).
— Cy3Hy43FeNO,P; (723.62): caled. C 71.37, H 5.99, N 1.94; found
C 71.51, H 6.08, N 1.85.
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4: 21%, orange prisms, m.p. 78—80°C, Ry = 0.464. — IR (Nujol):
v = 1693, 1591, 1413, 1213, 1108, 807 cm™~!. — 'H NMR (CDCl;):
8 = 7.64 (ddd, 4 H, 3Jp = 12.0 Hz, 3J = 8.1 Hz, 4J = 1.5 Hz),
7.42—7.33 (m, 6 H), 7.28—7.23 (m, 10 H), 643 (d, 1 H, *J = 7.8
Hz, CH=C), 5.06 (pseudo-t, 2 H, J = 1.8 Hz, 2-H/5-H), 4.50
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(pseudo-t, 2 H, J = 1.7 Hz, Cp'), 4.29—4.26 (m, 4 H, Cp’), 4.24
(pseudo-t, 2 H, J = 1.8 Hz, 3-H/4-H), 4.11 (s, 5 H, Cp), 3.98 (dd,
2 H,J = 3.0, 1.8 Hz, Cp’), 3.89 (q, 2 H, *J = 7.2 Hz, CH,CHy),
1.05 (t, 3 H, 3J = 7.2 Hz, CH,CH;). — *C{'H} NMR (CDCl,):
§ = 167.85 (d, 3J = 7.9 Hz, CO), 138.65 (d, 'J = 9.5 Hz, C-1""),
134.37 (d, 'J = 103.6 Hz, C-1"), 134.25 (d, 2J = 6.5 Hz, CH=C),
133.34 (d, 2J = 19.5 Hz, C-2""), 131.72 (d, 2J = 9.5 Hz, C-2'),
130.43 (d, 47 = 3.0 Hz, C-4'), 128.45 (C-4"), 128.08 (d, 3J = 6.5
Hz, C-3"), 127.73 (d, 3J = 12.0 Hz, C-3'), 115.01 (d, 3J = 22.0
Hz, CH=C), 83.43 (C-1), 77.14 (d, 'J = 8.0 Hz, CP'), 76.81 (d,
1J = 115.6 Hz, CPY), 74.39 (d, J = 12.0 Hz), 73.91 (d, 2J = 14.5
Hz), 73.31 (d, 3J = 3.6 Hz), 72.92 (dd, J = 10.5 Hz, J = 2.0 Hz),
69.61 (C-2/C-5), 68.96 (Cp), 68.10 (C-3/C-4), 60.46 (CH,CH,),
14.18 (CH,CH3). — *'P NMR (CDCLy): § = 4.40 (s, PY), —19.04
(s, PNy, — MS (EL 70 eV); m/z (%): 851 (100) [M*], 602 (59), 305
(54), 121 (28). — CyoH,3Fe,NO,P, (851.48): caled. C 69.12, H 5.09,
N 1.64; found C 69.25, H 5.23, N 1.53.
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Reaction of p-Ferrocenylvinyl Azide 1 with (E)-1,2-Bis(diphenyl-
phosphanyl ) ethene: To a cooled (—15°C) solution of compound 1
(0.50 g, 1.53 mmol) in 10 ml of dry diethyl ether, a solution of (E)-
1,2-bis(diphenylphosphanyl)ethene (0.61 g, 1.53 mmol) in 10 ml of
dry CH,Cl, was added dropwise under nitrogen, and the reaction
mixture was stirred for 15 h at this temperature. The solvent was
then removed in vacuo and the residue was chromatographed on a
silica gel column using ethyl acetate/n-hexane (1:5) as eluent to give
3: 46%, red prisms, m.p. 55—57°C, Ry = 0.41. — IR (Nujol): v =
1695, 1588, 1430, 1105, 805 cm~'. — 'H NMR (CDCls): § = 7.73
(ddd, 4 H, 3Jp = 11.7 Hz, 3J = 8.1 Hz, J = 2.1 Hz), 7.51-7.30
(m, 16 H), 7.10 (ddd, 1 H, Jp = 22.8 Hz, Jp = 21.3 Hz, 3J = 18.6
Hz, =CH-P), 6.81 (ddd, 1 H, Jp = 21.6 Hz, Jp = 11.1 Hz, =
CH-P), 6.49 (d, 1 H, *Jp = 7.5 Hz, CH=C—N), 4.90 (pseudo-t,
2 H, J = 1.8 Hz, 2-H/5-H), 4.17 (pseudo-t, 2 H, J = 1.8 Hz, 3-H/
4-H), 4.06 (s, 5 H, Cp), 3.87 (q, 2 H, 3J = 6.9 Hz, CH,CH3), 1.02
(t, 3 H, 3J = 6.9 Hz, CH,CH;). — *C NMR{'H} (CDCl;): § =
167.69 (d, 3J = 7.5 Hz, CO), 148.41 (d, 'Jpamy = 23.4 Hz, =
CHP'™), 135.53 (d, 'Jpqy = 10.0 Hz, C-1""), 134.73 (dd, 'Jp, =
87.0 Hz, 2Jpqy) = 10.5 Hz, =CHPY), 133.70 (d, 2J = 19.5 Hz, C-
2'"), 133.37 (d, pyy = 106.2 Hz, C-1'), 131.52 (d, 2Jpyy = 9.2,
C-2"), 130.79 (d, “Jprvy = 3.0 Hz, C-4"), 129.27 (C-4"), 128.68 (d,
3pam = 7.5 Hz, C-3""), 128.23 (d, 3Jpv) = 12.0 Hz, C-3'), 116.60
(d, 3Jpwy = 21.5 Hz, CH=C—-N), 82.93 (C-1), 69.72 (C-2/C-5),
68.94 (C,), 68.34 (C-3/C-4), 60.57 (CH,CHj3), 14.17 (CH,CHj;),
CH=CN signal overlapped. — 3'P NMR{'H} (CDCls): 6 = 1.04
(d, PY), =7.27 (d, P, 3Jpp = 20.0 Hz. — MS (EL, 70 eV); m/z
(%): 693 (100) [M "], 224 (35). — C4H3;FeNO,P, (693.55): calcd.
C 71.00, H 5.38, N 2.02; found C 70.87, H 5.55, N 2.11.

Preparation of Bis(iminophosphoranes) 5 and 6. — General Pro-
cedure: To a cooled (—15°C) solution of compound 1 (0.50 g, 1.53
mmol) in 10 ml of dry diethyl ether, a solution of the appropriate
diphosphane (0.75 mmol) in 10 ml of dry diethyl ether was added
under nitrogen, and the reaction mixture was stirred for 15 h at
this temperature. The separated solid was collected by filtration,

Eur. J. Inorg. Chem. 1998, 1359—1368

air-dried, and chromatographed on a silica gel column using ethyl
acetate/n-hexane (1:3) as eluent.
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3

5a: 45%, red prisms, m.p. 180—182°C, Ry = 0.178. — IR (Nujol):
v = 1690, 1597, 1413, 1213, 1110, 807 cm~!. — 'H NMR (CDCl;):
8 = 7.70 (br. s, 8 H), 7.40—7.15 (m, 12 H), 6.39 (d, 0.6 H, *Jp =
7.5 Hz, CH=C), 6.14 (d, 1.4 H, *Jp = 7.7 Hz, CH=C), 4.92 (br. s,
4 H, 2-H/5-H), 4.54 (t, 2 H, 2J = 13.9 Hz, CH,P), 4.29 (br. s, 4 H,
3-H/4-H), 4.08 (s, 10 H, Cp), 3.84—3.42 (m, 4 H, CH,CH3;), 1.20
(t,2 H, 3J = 7.0 Hz, CH,CH5), 1.05 (t, 4 H, 3J = 6.9 Hz, CH,CH).
— BC{'H} NMR (CDCly): § = 167.32 (t, 3J + 3J = 8.4 Hz, CO),
135.18 (d, 'J = 110.6 Hz, C-1"), 133.12 (d, 2J = 7.5 Hz, CH=0),
131.22 (t, 2J + 4J = 9.8 Hz, C-2"), 130.02 (s, C-4"), 127.95 (t, 3J
+3J = 12.3 Hz, C-3'), 116.30 (m, CH=C), 83.12 (C-1), 69.63 (C-
2/C-5), 68.83 (Cp), 68.17 (C-3/C-4), 60.22 (CH,CHj;), 60.54
(CH,CH3), 31.43 (quint, 'J + 'J = 108.0 Hz, CH,P), 15.26
(CH,CH3), 14.06 (CH,CH3). — 3P NMR (CDCly): § = —2.64 (s,
PY). — MS (FAB); m/z (%): 979 (100) [M* + 1], 978 (46) [M '],
224 (21). — CssHspFe,N,O4P, (978.68): caled. C 67.50, H 5.36, N
2.86; found C 67.44, H 5.50, N 2.70.

5b: 75%, red prisms, m.p. 228—231°C, R; = 0.205. — IR (Nujol):
v = 1685, 1595, 1411, 1211, 1105, 805 cm~'. — 'H NMR (CDCl;):
8 =7.71 (br. s, 4 H, 2'-H), 7.38 (br. s, 6 H, 3’-H/4’-H), 6.46 (br. s,
1 H, CH=C), 4.93 (s, 2 H, 2-H/5-H), 4.23 (s, 2 H, 3-H/4-H), 4.01
(s, 5 H, Cp), 3.78 (q, 1.6 H, 3J = 6.9 Hz, CH,CH3), 3.47 (q, 0.4
H, 3J = 6.9 Hz, CH,CH3), 2.76 (s, 2 H, CH,P), 1.20 (t, 0.6 H, 3J =
6.9 Hz, CH,CHs3), 0.99 (t, 2.4 H, 3J = 6.9 Hz, CH,CH;). —
BC{'H} NMR (CDCl;): § = 167.66 (t, 3J + ¢J = 6.3 Hz, CO),
134.01 (t, 2J + 3J = 7.1 Hz, CH=C), 133.24 (quint, C-1"), 131.12
(t, 2J +3J =9.0 Hz, C-2"), 130.67 (s, C-4'), 128.26 (t, 3J + ¢J =
11.5 Hz, C-3'), 116.24 (t, 3J + ¢J = 20.5 Hz, CH=C), 82.96 (C-
1), 69.65 (C-2/C-5), 68.91 (Cp), 68.29 (C-3/C-4), 65.80 (CH,CH3,),
60.44 (CH,CH3), 23.13 (quint, 'J + 2J = 130.2 Hz, CH,P), 15.24
(CH,CH3,3), 14.04 (CH,CH3). — 3P NMR (CDCl): § = 8.60 (s,
PY). — MS (FAB); m/z (%): 993 (71) [M™* + 1], 992 (30) [M "], 510
(100), 307 (59). — CscHs4Fe,N,O4P, (992.71): caled. C 67.76, H
5.48, N 2.82; found C 67.60, H 5.45, N 2.57.

5c¢: 89%, red prisms, m.p. 62—65°C, Ry = 0.100. — IR (Nujol):
v = 1697, 1593, 1417, 1216, 1105, 805 cm~'. — 'H NMR (CDCl;):
8 =7.64(ddd, 8 H, 3Jp = 11.1 Hz, 3J = 6.9 Hz, *J = 1.2 Hz, 2'-
H), 7.42—7.24 (m, 12 H, 3'-H/4’-H), 6.46 (d, 2 H, *Jp = 7.5 Hz,
CH=C), 4.90 (pseudo-t, 4 H, J = 1.8 Hz, 2-H/5-H), 4.19 (pseudo-
t, 4 H, J = 1.8 Hz, 3-H/4-H), 4.04 (s, 10 H, Cp), 3.93 (q, 3.2 H,
3J = 7.2 Hz, CH,CH3), 3.46 (q, 0.8 H, 3J = 6.9 Hz, CH,CHj;),
2.73 (dd, 4 H, 2Jp = 18.0 Hz, *Jp = 10.2 Hz, CH,P), 1.73 (m, 2
H, CH,CH,P), 1.20 (t, 1.2 H, 3J = 6.9 Hz, CH,CH5), 1.05 (t, 4.8
H, 3J = 7.2 Hz, CH,CH;). — 3C{'H} NMR (CDCl5): § = 168.06
(d, 3J = 6.8 Hz, CO), 134.06 (d, 2J = 6.8 Hz, CH=C), 133.98 (d,
1J =101.1 Hz, C-1"), 130.97 (d, 2J = 9.0 Hz, C-2'), 130.40 (d, *J =
2.4 Hz, C-4"), 128.23 (d, 3J = 11.5 Hz, C-3"), 116.10 (d, 3J = 21.0
Hz, CH=C), 83.10 (C-1), 69.67 (C-2/C-5), 68.90 (Cp), 68.20 (C-3/
C-4), 65.82 (CH,CH3), 60.53 (CH,CH3), 30.27 (dd, 'J = 64.0 Hz,
3J = 10.9 Hz, CH,P), 15.22 (m, CH,CH,P), 14.04 (CH,CH3;). —
3IP NMR (CDCly): 8 = 6.73 (s, PY) — MS (FAB); m/z (%): 1006
(100) [M*], 725 (38), 334 (25), 223 (64). — Cs;HssFe,N,0O,4P,
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(1006.73): caled. C 68.01, H 5.61, N 2.78; found C 68.13, H 5.70,
N 2.55.

5d: 79%, orange prisms, m.p. 160—163°C, Ry = 0.071. — IR
(Nujol): v = 1693, 1595, 1417, 1216, 1107, 808 cm~!. — 'H NMR
(CDCl3): 6 = 7.80—7.65 (m, 4 H, 2'-H), 7.45-7.38 (m, 6 H, 3'-H
+ 4'-H), 6.42 (d, 1 H, 4Jp = 7.2 Hz, CH=C), 4.91 (br. s, 2 H, 2-
H/5-H), 4.20 (br. s, 2 H, 3-H/4-H), 4.08 (s, 5 H, Cp), 3.90 (q, 1.8
H, 3J = 7.1 Hz, CH,CH3), 3.46 (q, 0.2 H, 3J = 7.0 Hz, CH,CH3),
2.53 (br. s, 2 H, CH,P), 1.57 (br. s, 2 H, CH,CH,P), 1.20 (t, 0.3 H,
3J = 7.0 Hz, CH,CHs5), 1.05 (t, 2.7 H, 3J = 7.1 Hz, CH,CH;). —
BC{TH} NMR (CDCls): § = 168.00 (d, 3J = 7.1 Hz, CO), 134.26
(d, 2J = 7.1 Hz, CH=C), 133.92 (d, 'J = 99.5 Hz, C-1"), 131.05
(d, 2J = 9.0 Hz, C-2), 130.54 (d, *J = 2.5 Hz, C-4"), 128.31 (d,
3J = 11.6 Hz, C-3"), 115.80 (d, 3J = 20.8 Hz, CH=C), 83.11 (C-
1), 69.58 (C-2/C-5), 68.89 (Cp), 68.17 (C-3/C-4), 65.80 (CH,CH3),
60.49 (CH,CH,), 30.07 (d, 'J = 66.4 Hz, CH,P), 23.05 (dd, %J =
16.0 Hz, 3J = 3.1 Hz, CH,CH,P), 14.13 (CH,CH;). — 3'P NMR
(CDCl5): 8 = 7.36 (s, PY). — MS (FAB); m/z (%): 1021 (100) [M "
+ 1], 723 (15), 307 (18), 224 (30). — CssHsgFe,N,O4P; (1020.76):
calcd. C 68.25, H 5.73, N 2.74; found C 68.40, H 5.65, N 2.56.

6: 54%, orange prisms, m.p. 103—105°C, Ry = 0.054. — IR (Nu-
jol): v = 1700, 1590, 1410, 1213, 1105, 807 cm~'. — 'H NMR
(CDCl3): 6 = 7.70—7.50 (m, 4 H, 2’-H), 7.40—7.24 (m, 6 H, 3’-H
+ 4’-H), 6.43 (d, 1 H, *J = 7.7 Hz, CH=C), 5.04 (s, 2 H, 2-H/5-
H), 4.59 (s, 2 H, 3-H/4-H), 4.23 (s, 4 H, Cp’), 4.11 (s, 5 H, Cp),
3.85(q, 1.2 H, 3J = 7.0 Hz, CH,CH3), 3.46 (q, 0.8 H, 3J = 7.0 Hz,
CH,CHs3), 1.20 (t, 1.2 H, 3J = 7.0 Hz, CH,CHs;), 1.01 (t, 1.8 H,
3] = 7.0 Hz, CH,CH3). — BC{'H} NMR (CDCl5): § = 167.77 (d,
3] = 1.8 Hz, CO), 134.41 (d, 'J = 104.0, C-1"), 134.14 (d, 2J = 6.7
Hz, CH=C), 131.64 (d, 2J = 9.6 Hz, C-2), 130.45 (d, *J = 2.5 Hz,
C-4"), 127.74 (d, 3J = 12.0 Hz, C-3'), 115.04 (d, 3J = 22.3 Hz,
CH=C), 83.32 (C-1), 69.56 (C-2/C-5), 68.96 (Cp), 68.10 (C-3/C-4),
77.18 (d, 'J = 115.9 Hz, CPV), 74.57 (d, 3J = 12.4 Hz), 73.75 (d,
3J = 10.2 Hz), 65.79 (CH,CH;), 60.44 (CH,CHj), 15.25
(CH,CHj3), 14.14 (CH,CH3). — 3'P NMR (CDCl;): § = 5.34 (s).
— MS (FAB); m/z (%): 1149 (89) [M™* + 1], 602 (100), 305 (58). —
Cg4HsgFesN,O4P, (1148.67): caled. C 66.92, H 5.09, N 2.44; found
C 66.85, H 5.21, N 2.30.

(E)-1,2-Bis[(a-ethoxycarbonyl-f-ferrocenyl)vinylimino-
diphenylphosphoranyl Jethene (7): To a cooled (—15°C) solution of
compound 1 (0.50 g, 1.53 mmol) in 10 ml of dry diethyl ether,
a solution of (E)-1,2-bis(diphenylphosphanyl)ethene (0.30 g, 0.77
mmol) in 10 ml of dry CH,Cl, was added dropwise under nitrogen,
and the mixture was stirred for 15 h at this temperature. The sol-
vent was then removed in vacuo and the remaining solid was chro-
matographed on a silica gel column using ethyl acetate/n-hexane
(2:7) as eluent to give 7: 9%, red prisms, m.p. 175—178°C, R; =
0.27. — IR (Nujol): v = 1682, 1594, 1409, 1209, 1110, 1041 cm .
— 'H NMR (CDCl,): 8 = 7.82—7.70 (m, 4 H), 7.54—7.30 (m, 7
H, aryl H + =CHP), 6.53 (quint, 1 H, J = 3.6 Hz, CH=CN), 4.92
(br. s, 2 H, 2-H/5-H), 4.21 (br. s, 2 H, 3-H/4-H), 4.08 (s, 5 H, Cp),
3.88 (q, 2 H, 3J = 6.9 Hz, CH,CH3), 1.03 (t, 3 H, 3J = 6.9 Hz,
CH,CH;). — BC{'H} NMR (CDCly): § = 167.54 (t, 3Jp + ®Jp =
7.5 Hz, CO), 141.16 (quint, Jp + 2Jp = 131.1 Hz, =CHPV),
132.64 (quint, 'Jp + *Jp = 106.2 Hz, C-1'), 131.58 (t, 2Jp +
5Jp = 9.5 Hz, C-2"), 131.00 (br. s, C-4"), 128.30 (t, 3Jp + 8Jp =
12.0 Hz, C-3’), 116.93 (t, 3Jp + ®Jp = 21.6 Hz, CH=C), 82.62
(C-1), 69.70 (C-2/C-5), 6891 (Cp), 68.37 (C-3/C-4), 60.60
(CH,CHj;), 14.09 (CH,CH;), CH=CN signal overlapped. — 3'P
NMR (CDCly): § = 0.63 (s). — MS (FAB); m/z (%): 990 (40) [M*],
693 (55). — CscHs,FesN,O4P5 (990.69): caled. C 67.89, H 5.29, N
2.83; found C 68.00, H 5.15, N 2.90.
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Reaction of f-Ferrocenylvinyl Azide 1 with Tris(diphenyl-
phosphanylmethyl)ethane (triphos). — Procedure A: To a solution
of compound 1 (0.50 g, 1.53 mmol) in 10 ml of dry CH,Cl,, a
solution of triphos (0.96 g, 1.53 mmol) in 10 ml of the same solvent
was added dropwise under nitrogen. The reaction mixture was
stirred at room temperature for 15 h. The solvent was then removed
in vacuo and the residue was chromatographed on a silica gel col-
umn using ethyl acetate/n-hexane (1:3) as eluent.

8: 21%, red prisms, m.p. 79—82°C, Ry = 0.50. — IR (Nujol): v =
1690, 1589, 1435, 1410, 1213, 1106, 816 cm™!. — 'H NMR
(CDCly): 8 = 7.68—7.61 (m, 4 H), 7.37—7.17 (m, 26 H), 6.48 (d, 1
H, 4Jp = 8.7 Hz, CH=C), 5.00 (pseudo-t, 2 H, J = 1.6 Hz, 2-H/
5-H), 4.25 (pseudo-t, 2 H, J = 1.6 Hz, 3-H/4-H), 4.10 (s, 5 H, Cp),
3.80 (q, 2 H, 3J = 7.1 Hz, CH,CHj3), 3.00 (d, 2 H, 2Jpny, = 11.4
Hz, CH,PY), 2.62 (d, 2 H, 2Jpquy = 15.0 Hz, CH,P™), 2.42 (d, 2
H, 2Jpquy = 15.0 Hz, CH,P™), 0.98 (t, 3 H, 3J = 7.1 Hz, CH,CH5),
0.88—0.85 (m, 3 H, CH;C). — 3C{!H} NMR (CDCls): § = 167.92
(d, 3J = 8.4 Hz, CO), 139.83 (quint, 'Jp + 3Jp = 29.5 Hz, C-1""),
137.14 (d, 'J = 103.3 Hz, C-1'), 134.28 (d, 2J = 6.8 Hz, CH=0),
133.08 (d, 2J = 20.5 Hz, C-2'")*, 132.95 (d, 2J = 20.4 Hz, C-2'")*
, 130.40 (d, 2J = 8.6 Hz, C-2"), 129.90 (d, *J = 2.6 Hz, C-4'),
128.33 (C-4'")**, 128.31 (C-4'")**, 128.20 (d, 3J = 7.0 Hz, 2 X C-
3'), 128.11 (d, 3J = 11.5 Hz, C-3'), 115.83 (d, 3J = 21.3 Hz, CH=
C), 83.21 (C-1), 69.79 (C-2/C-5), 68.95 (Cp), 68.21 (C-3/C-4), 60.61
(CH,CH3), 42.83 (dt, "Jpam = 9.0 Hz, 3Jpy, = 9.0 Hz, 2 X
CH,P'™), 40.90 (dt, 'Jpry, = 58.2 Hz, *Jpam = 8.2 Hz, CH,PY),
39.50 (dt, 2Jpamy = 13.8 Hz, 2Jpr,) = 3.5 Hz, CCH3), 28.08 (m,
CCHs;), 14.12 (CH,CHj3). — 3'P NMR (CDCls): § = 0.20 (s, PY),
—26.86 (s, P''N). — MS (FAB); m/z (%): 921 (100) [M*], 547 (13).
— Cs6Hs4FeENO,P; (921.83): caled. C 72.97, H 5.90, N 1.52; found
C 73.10, H 5.78, N 1.65.

9: 7%, red prisms, m.p. 101—-103°C, R; = 0.44. — IR (Nujol):
v = 1687, 1587, 1410, 1209, 1105, 806 cm~'. — '"H NMR (CDCls):
& = 7.78—7.65 (m, 8 H), 7.35—7.10 (m, 22 H), 6.58 (d, 2 H, *Jp =
8.6 Hz, CH=C), 5.03 (br. s, 2 H, 2-H/5-H), 4.98 (br. s, 2 H, 2-H/
5-H), 4.27 (br. s, 2 H, 3-H/4-H), 4.22 (br. s, 2 H, 3-H/4-H), 4.11 (s,
10 H, C,). 3.96—3.86 (m, 4 H, 2 X CH,CHs), 3.38 (dd, 2/ = 12.0
Hz, 2Jpryy = 11.8 Hz, CH,PY), 3.19 (dd, 2/ = 12.0 Hz, *Jpy, =
11.8 Hz, CH,PY), 2.58 (d, 2Jpam, = 1.0 Hz, CH,P'™), 1.05 (t, 6 H,
3] = 7.0 Hz, 2 X CH,CHs), 0.86 (m, 3 H, CH;C). — 3C{'H}
NMR (CDCl): 6 = 167.95 (d, 3J = 8.3 Hz, CO), 139.83 (d,
Wpam = 11.4 Hz, C-1"7), 137.12 (d, 'J = 102.0 Hz, C-1")*, 136.71
(d, 'J = 103.8 Hz, C-1")*, 134.25 (d, 2J = 6.8 Hz, CH=C), 132.95
(d, 27 = 19.9 Hz, C-2'"), 130.54 (d, 27 = 8.9 Hz, C-2')**, 130.42
(d, 2J = 8.8 Hz, C-2")**,129.87 (d, *J = 2.3 Hz, 2 X C-4"), 128.38
(C-4'"), 128.31 (d, 3J = 7.0 Hz, C-3""), 116.43 (d, 3J = 21.4 Hz,
CH=C), 83.21 (C-1), 69.93 (C-2/C-5), 68.95 (Cp), 68.26 (C-3/C-4),
60.70 (CH,CHj;), 42.77 (m, CH,P"), 41.00 (m, CH,PV), 40.10 (dt,
2Jpamy = 14.2 Hz, 2Jpy, = 3.8 Hz, C—CHj), 26.76 (m, C—CH),
14.21 (CH,CHj), 2 X C-3’ signal overlapped. — 3'P NMR
(CDCly): & = 0.92 (s, PY), —26.97 (s, P). — MS (FABY): m/z (%):
1218 (100) [M*], 722 (56), 423 (21). — CyHgoFe,N,0,4P5 (1218.97):
caled. C 69.96, H 5.71, N 2.30; found C 70.15, H 5.90, N 2.10.

Procedure B: To a cooled (—15°C) solution of compound 1 (0.50
g, 1.53 mmol) in 10 ml of dry diethyl ether, was added a solution
of triphos (0.32 g, 0.51 mmol) in 10 ml of the same solvent. The
reaction mixture was stirred at this temperature for 15 h. The pre-
cipitated solid was collected by filtration and chromatographed on
a silica gel column using ethyl acetate/n-hexane (1:3) as eluent to
give 10 (77%), red prisms, m.p. 107—109°C, R; = 0.375. — IR
(Nujol): v = 1690, 1590, 1415, 1205, 1105, 806 cm~!. — 'H NMR
(CDCl): 6 = 8.00—7.48 (m, 12 H), 7.38—7.00 (m, 18 H), 6.70 (d,
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2 H,*Jp = 8.4 Hz, 2 X CH=C), 6.57 (d, 1 H, *Jp = 8.4 Hz, CH=
C), 5.56 (br. s, 6 H, 2-H/5-H), 4.48 (br. s, 6 H, 3-H/4-H), 4.15 (s,
15 H, Cp), 4.04—3.96 (m, 6 H, 3 X CH,CHj3), 3.30—3.10 (m, 6 H,
3 X CHPY), 1.12 (t, 9 H, 3J = 7.2 Hz, 3 X CH,CH5), 0.70 (m, 3
H, CH;C). — BC{'H} NMR (CDCls): § = 167.96 (d, 3J = 7.9 Hz,
CO), 134.57 (d, 2J = 6.4 Hz, CH=C), 129.42 (C-4"), 128.09 (d,
3J = 11.5 Hz, C-3'), 116.54 (d, 3J = 21.5 Hz, CH=C), 83.18 (C-
1), 70.01 (C-2/C-5), 68.99 (Cp), 68.22 (C-3/C-4), 60.72 (CH,CHs),
40.16 (m, CH,PY), 14.13 (CH,CH3), some signals are overlapped
or absent. — 3'P NMR (CDCls): § = 1.89 (s, PY). — MS (FAB); m/z
(%): 1517 (100) [M* + 1]. — CggHggFesN3O4P5 (1516.01): caled. C
68.13, H 5.58, N 2.77; found C 68.25, H 5.49, N 2.65.

Reaction of f-Ferrocenylvinyl Azide 1 with Tris[2-(diphenyl-
phosphanyl)ethyl Jphosphane (tetraphos). — Procedure A: To a
solution of compound 1 (0.25 g, 0.77 mmol) in 10 ml of dry
CH,Cl,, a solution of tetraphos (0.5 g, 0.77 mmol) in 10 ml of the
same solvent was added dropwise under nitrogen, and the reaction
mixture was stirred at room temperature for 20 h. The solution was
then concentrated to dryness and the residue was chromatographed
on a silica gel column using ethyl acetate/n-hexane (2:7) as eluent
to give 11 (31%), orange prisms, m.p. 120—122°C, R; = 0.48. —
IR (Nujol): v = 1685, 1597, 1410, 1206, 1108, 1040, 810 cm™!. —
'H NMR (CDCl;): § = 7.42—7.20 (m, 30 H), 6.37 (d, 1 H, 4Jp =
7.2 Hz, CH=C), 4.80 (pseudo-t, 2 H, J = 1.8 Hz, 2-H/5-H), 4.20
(pseudo-t, 2 H, J = 1.8 Hz, 3-H/4-H), 4.04 (q, 2 H, 3J = 6.8 Hz,
CH,CHs), 3.94 (s, 5 H, Cp), 2.10—1.93 (m, 12 H, P"'CH,CH,PV),
1.25 (t, 3 H, 3J = 6.8 Hz, CH,CH3). — *C{'H} NMR (CDCl;):
& = 168.33 (d, 3J = 7.5 Hz, CO), 137.62 (d, "Jpqm = 13.0 Hz, C-
1), 134.10 (d, 2Jpxy = 6.7 Hz, CH=C), 132.70 (d, *Jpamy = 18.5
Hz, C-2'), 128.87 (C-4"), 128.55 (d, *Jpqu, = 7.0 Hz, C-3"), 115.58
(d,3J = 19.5 Hz, CH=C), 83.04 (C-1), 69.49 (C-2/C-5), 68.82 (Cp),
68.21 (C-3/C-4), 60.82 (CH,CH3), 24.28 (dd, 'Jpr, = 61.5 Hz,
2y = 16.5 Hz, 3 X CH,PY), 20.49 (dd, 'Jpam, = 14.4 Hz,
2Jpyy = 4.0 Hz, 3 X CH,P™), 14.44 (CH,CH;). — 3'P{'H} NMR
(CDCl3): 8 = 20.91 (q, PY), —12.96 (d, P'), 3Jpp = 43.8 Hz. —
MS (FAB);, mlz (%): 968 (30) [M* + 1], 457 (22). -
Cs7Hs,FeNO,P, (967.84): caled. C 74.28, H 6.06, N 1.22; found C
74.40, H 5.90, N 1.40.

Procedure B: To a cooled (—15°C) solution of compound 1 (0.50
g, 1.53 mmol) in 10 ml of dry diethyl ether, a solution of tetraphos
(0.25 g, 0.38 mmol) in 10 ml of the same solvent was added drop-
wise under nitrogen. The resulting mixture was stirred for 15 h at
this temperature. The precipitated solid was collected by filtration
and chromatographed on a silica gel column using ethyl acetate/n-
hexane (1:3) as eluent to give 12 (28%), orange prisms, m.p.
103—106°C, R; = 0.125. — IR (Nujol): v = 1682, 1599, 1410, 1210,
1112, 1039, 817 cm~'. — '"H NMR (CDCls): 8 = 7.85—7.75 (m,
12 H), 7.52—7.20 (m, 18 H), 6.45 (br. s, 3 H, 3 X CH=C), 6.30
(br. s, 1 H, CH=C), 4.86 (br. s, 6 H, 3 X 2-H/5-H), 4.71 (br. s, 2
H, 2-H/5-H), 4.15 (br. s, 8 H, 3-H/4-H), 4.04 (s, 20 H, Cp), 3.74
(br. s, 8 H, CH,CH3), 2.66 (br. s, 6 H, CH,P), 2.14—1.85 (m, 6 H,
CH,PY), 0.97 (br. s, 12 H, CH,CH;). — '*C{'H} NMR (CDCl;):
8 = 168.06 (d, 3J = 6.4 Hz, CO), 167.99 (d, 3J = 7.0 Hz, 2 X CO),
167.67 (d, 3J = 7.1 Hz, 1"'-CCCCO0), 133.92 (d, 2J = 6.8 Hz, C=
CH), 133.61 (d, 2J = 8.7 Hz, 1"’-CH=C), 13291 (d, 'J = 103.5
Hz, C-1"), 131.39 (d, 2J = 9.2 Hz, C-2), 130.73 (C-4"), 128.25 (d,
3J = 11.6 Hz, C-3"), 117.09 (d, 3J = 21.0 Hz, CH=(), 116.58 (d,
3J = 20.5 Hz, 2 X CH=C), 115.21 (d, 3J = 19.1 Hz, 1"’-CH=C),
83.02 (C-1), 82.85 (2 X C-1), 82.67 (C-1), 69.65 (C-2/C-5), 69.38
(C-2"/C-5"), 68.93 (Cp), 68.78 (Cp'’"), 68.40 (C-3"'/C-4""), 68.31
(C-3/C-4), 60.65 (C'H,CH3), 60.56 (CH,CHj), 23.92 (dm, 'Jp(yy =
67.9 Hz, 3 X CH,PY), 20.74 (dm, 'Jpx, = 63.4 Hz, 3 X CH,PY).
— 3IP{TH} NMR (CDCl): § = 21.61 (q, PV), 7.30 (d, PY), 6.62 (d,
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2 X PY), 3pp = 50.5 Hz. — MS (FAB); miz (%): 1854 (35), 510
(100) - C102H102FC4N408P4 (185914) caled. C 6589, H 553, N
3.01; found C 66.05, H 5.39, N 3.13.

Synthesis Complexes 13 and 14. — General Procedure: To a
cooled (—15°C) solution of monoiminophosphorane 2a or 8 (0.367
mmol) in 15 ml of dry toluene, a solution of dichlorobis(benzonitri-
le)palladium(II) (0.14 g, 0.367 mmol) in 10 ml of the same solvent
was added dropwise. The resulting mixture was stirred at this tem-
perature for 10 h. The precipitated solid was collected by filtration
and recrystallized from chloroform.

13: 94%, red prisms, m.p. 170—172°C. — IR (Nujol): v = 1688,
1613, 1412, 1259, 1149, 1034 cm~!. — 'H NMR (CD,Cl,): § =
8.50—8.10 (m, 4 H), 7.75—6.88 (m, 16 H), 6.15 (d, 1 H, 4Jp = 8.2
Hz, CH=C), 5.09 (br. s, 2 H, 2-H/5-H), 4.39 (s, 5 H, Cp), 4.18 (br.
s, 2 H, 3-H/4-H), 3.82 (q, 2 H, 3J = 7.1 Hz, CH,CH3), 3.55 (br. s,
2 H, CH,P), 0.96 (t, 3 H, 3J = 7.1 Hz, CH,CH,). — 3'P{!H} NMR
(CD,Cl,): & = 44.23 (d), 14.16 (d), 2Jpp = 29.6 Hz. — MS (FAB);
miz (%): 822 (37) [M* — Cl], 787 (100) [M* — 2 CI], 681 (72), 666
(93). — C4oH37CL,FeNO,P,Pd (859.15): caled. C 55.94, H 4.34, N
1.63; found C 56.10, H 4.17, N 1.49.

14: 58%, orange prisms, m.p. 247—250°C. — IR (Nujol): v =
1683, 1590, 1415 cm™!. — '"H NMR (CDCl;): § = 8.09—8.02 (m,
4 H),7.77-7.67 (m, 4 H), 7.48—7.31 (m, 22 H), 6.47 (d, 1 H, *Jp =
8.7 Hz, CH=C), 5.06 (pseudo-t, 2 H, J = 1.6 Hz, 2-H/5-H), 4.96
(pseudo-t, 2 H, J = 1.6 Hz, 3-H/4-H), 4.16 (s, 5 H, Cp), 3.70 (q, 2
H, 3J = 7.0 Hz, CH,CHj), 2.92 (d, 2 H, 2Jpy, = 10.7 Hz, CH,PV),
249 (d, 4 H, 2Jp = 8.1 Hz, 2 X CH,PPd), 2.42 (d, 2 H, 2Jpam =
14.0 Hz, CH,P™), 0.91 (t, 3 H, 3J = 7.0 Hz, CH,CHj), 0.14 (s, 3
H, CH;C). — BC{'H} NMR (CDCl;): 6 = 168.17 (d, 3J = 8.3 Hz,
CO), 137.14 (d, 'J = 103.3 Hz, C-1"), 135.67 (t, 2J + 4J = 11.5
Hz, C-2'")*,132.97 (d, 2J = 7.5 Hz, CH=C), 132.38 (t, 2J + 4J =
10.3 Hz, C-2'")*, 130.22 (d, 2J = 9.1 Hz, C-2"), 130.50 (d, J = 2.4
Hz, C-4"), 131.88 (C-4'"), 128.75 (t, 2J + 5J = 11.1 Hz, C-3"),
128.39 (t, 3J = 11.7 Hz, C-3"), 128.16 (t, 2J + 3J = 10.6 Hz, C-
3'"), 118.51 (d, 3J = 21.4 Hz, CH=C), 82.33 (C-1), 69.92 (C-2/C-
5), 68.99 (Cp), 68.21 (C-3/C-4), 60.81 (CH,CH3), 45.79 (dt, Jpey) =
57.6 Hz, 3J + 5J = 9.5 Hz, CH,PY), 37.24 (dt, 'J + 3J = 18.5
Hz, 3Jpry = 9.0 Hz, 2 X CH,P), 39.20 (d, %Jpr,) = 3.6 Hz,
C—CHj3), 28.15 (m, C—CHj), 13.72 (CH,CH;). — 3'P NMR
(CDCl3): & = 0.10 (s, PY), 15.60 (s, PPd). — MS (FAB); m/z (%):
1099 (11) [M*], 1063 (43) [M* — CI], 1027 (37), 906 (46). —
CscHs4CLFeNO,P;Pd (1099.43): caled. C 61.19, H 4.95, N 1.27,
found C 61.31, H 5.07, N 1.04.

X-ray Crystallographic Studies: Crystal data are given in Table
3. Crystals of 5d suitable for X-ray diffraction were prepared by
slow difussion of n-hexane in a dichloromethane solution. Slow
concentration of a solution of compound 13 in chlroform affords
crystals suitable for X-ray diffraction studies. Crystals of 13 - 2
CHC; and 5d were mounted in inert oil on a glass fibre and trans-
ferred to the diffractometer (Siemens P4 with LT2 low-temperature
attachment). Measurements were made at —100°C using mono-
chromated Mo-K,, radiation (A = 0.71073 A). Unit-cell parameters
were determined from a least-squares analysis of ca. 70 accurately
centered reflections (10° < 20 < 27°). Intensities were measured
using ® scans. Absorption corrections were based on  scans. The
structures were solved by direct methods (13 -+ 2 CHCls) or by the
heavy-atom method (5d) and refined anisotropically on F? (pro-
gram SHELXL-93).['% Hydrogen atoms were included using a rid-
ing model or as rigid methyl groups. Crystallographic data (exclud-
ing structure factors) for the structures reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre
as supplementary publication no. CCDC-101187. Copies of the
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Table 3. Crystal data for compounds 5d and 13 - 2 CHCl,
5d 13 - 2 CHCl;
empirical formula C58H58F62N204P2 C42H39ClgFe'
NO,P,Pd
M., 1020.70 1097.53
a[A] 10.401(1) 12.480(1)
b [A] 11.327(2) 25.091(3)
c[A] 11.199(2) 14.288(2)
a[’] 87.024(10) 90
B 76.015(10) 93.776(10)
v [°] 75.246(10) 90
Z 1 4
D [Mg/m? 1.369 1.633
crystal system triclinic monoclinic
space group P1 P2,/n
crystal size [mm] 0.66 X 0.18 X 0.10 0.60 X 0.20 X 0.06
0 range [°] 3.12—-25.00 3.22-25.00
reflections measured 5022 8805
independent reflections 4333 4453
p [mm™1] 0.701 1.316
max./min. transmission 0.746/0.793 0.792/0.699
parameters 308 514
F(000) . 534 2208
max. Ap [e A7 0.395 0.276
R 0.0338 0.0248
wR2] 0.0868 0.0462

[IR] = 3|F,| — |FC||E|FOLfor reflections with > 25(I). — I wR2 =
EW(F.2 — F2?Z[w(F,2)?]]°2 for all reflections; w™! = 6%(F?) +
(aP)*> + bP, where P = 2F.? + F,?)/3 and a and b are constants
set by the program.

data can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, U.K. [Fax: (internat.) +
44(0)1223 336033; E-mail: deposit@ccdc.cam.ac.uk].
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