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Summary: The hydrazido-bridged iridium complex
R T——
Cp*Ir(u-CeHN—NCsH)IrCp* (1; Cp* = CsMes) reacts
with Hy under pressure with oxidation of the N—N bond
T EE—
to give Cp*IrH(u-CeH N=NCsH)HIrCp* (3) in its cis

and trans forms. In the absence of hydrogen, 8 is
converted back to 1 with reduction of the N=N bond.
Complex 3 reacts with CCl3Br to give only the cis isomer

T
of Cp*IrBr(u-CeH ,N=NCsHyBrIrCp*(4). Complex 4is

also prepared by reaction of T with HBr or Brs.

While there have been many reports involving the
preparation and chemistry of early-transition-metal
hydrazido complexes,! late-transition-metal derivatives
(groups 9—11) are very scarce.®? This paucity of late-
metal hydrazido complexes, as well as the potentially
rich chemistry that may be expected in these systems,
prompted these investigations.’¢ Here, we report the

® Abstract published in Advance ACS Abstracts, July 15, 1995.
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synthesis, structure, and reactivity of the hydrazido-
R
bridged iridium complex Cp*Ir(u-CsHsN—NCgH4)IrCp*

b
(1; Cp* = CsMes) in which the hydrazido link contains
two ortho-metalated phenyl rings.

Three different routes were found for the synthesis
of 1 (Scheme 1). The reaction of the lithium salt
PhNHNLiPh or PhNLiNLiPh with (Cp*IrCly); gives low
yields of 1¢ along with a second product, Cp*(CDIr(n?-
C¢HN=NPh) (2).5 Better yields are obtained when 1,2-
diphenylhydrazine is reacted with iridium complexes
bearing basic ligands. Whereas the reaction of Ph-
NHNHPh with Cp*IrN(z-Bu)® gives 1 in moderate
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(4) Data for 1 are as follows. 'H NMR (C¢Ds, 22 °C, 6 in ppm; aryl
ring assignments were made with respect to the ipso C attached to
N): 1.46 (CsMes), 8.47 (dd, 2 m-H, 'Jun = 7.4 Hz, 2Jyu = 1.5 Hz), 8.16
(dd, 2 o-H, Jyg = 7.4 Hz, 2Jyg = 1.6 Hz), 7.17-7.28 (m, 4 m- and
p-H). BC{'H} NMR (CgDs, 22 °C, 6 in ppm): 10.6 (C;Mes), 88.3 (CsMes),
164.3, 158.8, 136.4, 124.4, 121.3, 120.2 (Ir—Ce¢HN). UV—vis (35 °C,
toluene): A(max) 600 nm (e = 1.17 x 104 M~! ¢cm~'), A 672 nm (¢ =
1,10 x 104 M-lem~1), £ 432 nm (¢ = 9.34 x 103 M~ cm~1). Anal. Caled
for IryCsHasNg: C, 46.02; H, 4.59; N, 3.35. Found: C, 45.83; H, 4.64;
N, 3.31.

(5) See the supporting information.
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Scheme 1
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vields, the reaction with [(Cp*Ir)2(4-OH)3]JOH? produces
1 in yields greater than 90%.

Crystals of air-sensitive 1 were grown from hexane-
layered THF solutions at —20 °C. An ORTEP view of 1
(hydrogen atoms omitted) is shown in Scheme 1.8 The
overall structure consists of two Cp°Ir fragments bridged
by a single 1,2-diphenylhydrazido ligand in which each
aryl ring is ortho-metalated to each iridium atom. This
binding mode of the hydrazido ligand results in the
formation of one edge-shared (N—N) diaza metallacycle
ring per metal atom. An important structural feature
of this molecule is the N—N distance (1.419 A, aver-
aged), which falls well in the range observed for N—N
single bonds.32? Also of importance are the bond angles
around each of the nitrogen atoms, which add up to
360°. Since this structural feature invokes trigonal-
planar nitrogen atoms, some degree of metal—ligand,
dn—pm interaction can be conceived. Nevertheless, the
iridium—nitrogen bond distances (1.96 A, averaged) are
not short compared with other Ir—N amido bonds.!? The
apparent lack of Ir—N (dz—psn) interactions result in
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Data collection was done with an Enraf-Nonius CAD-4 diffractometer
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inversion centers, were found in the unit cell. Additionally, two
molecules of PANHNHPh of crystallization were found per dimer. The
space group was P2,/c. Of 7066 measured reflections, 6797 were unique
and 5706 had I > 2.00(I). The structure was solved by direct methods.
The last least-squares cycle gave R = 0.056 and R,, = 0.094 with (A/
O)max = 0.004. Selected bond distances (A) and angles (deg) for 1 are
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1.956(11); N(1)—Ni(1l)a, 1.402(19); N(1)-Ir(1)-C(11), 78.5(5); Ir(1)—
Ni1)-C(16)a, 129.2(8); —N(1)a, 121.5(8); C(16)a—N(1)—N(1)a, 109.2(10).
Molecule 2: Ir(2)-C(21), 2.189(14); —C(22), 2.189(12), —C(25), 2.142(12);
—-C(31), 2.037(12); —N(2), 1.961(11); N(2)—-N(2)b, 1.436(21); Ir(2)-
N(2)—-C(36)b, 131.6(9); —N(2)b, 120.5(9); C(36)b—N(2)—N(2)b, 107.8(10)
(a and b correspond to atoms across the inversion centers in molecule
1 and molecule 2, respectively).
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16-electron, Ir(III) metal centers bound to nitrogen
atoms which may show highly basic properties.!! Be-
cause of the nucleophilic character of these atoms, an
enhanced reactivity is expected. Unfortunately, reac-
tions of 1 with electrophiles such as CH3I, CH303SCF3,
and PhCH:CI have only led to intractable products.
Compound 1 reacts with hydrogen under pressure
(greater than 200 psi) to give a single product which is

=

formulated as the iridium—hydride derivative Cp*IrH-
1 ;

(u-CeH ;N=NCsH4)HIrCp* (3), present in two isomeric

PP, |

forms, cis and trans (Scheme 2).12 'H NMR (CgDg)
spectra show two sharp signals at —15.05 and —15.92
ppm, consistent with the presence of iridium hydrides.
The integral ratio of these peaks is 0.6:1.0, suggesting
that one conformational isomer is dominant. Two
distinct Cp* signals and two sets of aromatic peaks, one
for each isomer, are also found in approximate ratios of
0.6:1.0. Assignment of a particular NMR resonance to
either the cis or trans isomer was not possible, and spin
saturation transfer as well as 2D-NOE experiments
showed no appreciable isomeric exchange at 300 K.

(10) (a) Rahim, M.; White, C.; Rheingold, A. L.; Ahmed, K. J.
Organometallics 1998, 12, 2401. (b) Dobbs, D. A.; Bergman, R. G. J.
Am. Chem. Soc. 1993, 115, 3836. (c) Kolel-Veetil, M. K.; Rahim, M.;
Edwards, A. J.; Rheingold, A. L.; Ahmed, K. J. Inorg. Chem. 1992, 31,
3877. (d) Finke, R. G.; Lyon, D. K.; Noyima, K.; Sur, S.; Mizuno, N.
Inorg. Chem. 1990, 29, 1787. (e) Fryzuk, M. D.; Li, H.; McManus, N.
T.; Paglia, P.; Rettig, S. J.; White, G. 5. Organometallics 1992, 11, 2979.
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(11) The trigonal-planar geometry of the nitrogens may be explained
in terms of a delocalization of the lone pair over the ortho-metalated
phenyl rings.10f

(12) Data for 3 are as follows. 'H NMR (CgDs, 27 °C, 0 in ppm; aryl
ring assignments were made with respect to the ipso C attached to
N): most abundant isomer, 1.73 (s, CsMes), —15.92 (s, IrH), 8.67 (m,
2 m-H), 8.25 (m, 2 0-H), 7.27 (m, 4 m- and p-H); less abundant isomer,
1.77 (s, CsMes), —15.05 (s, IrH), 8.53 (m, 2 m-H), 8.20 (m, 2 o-H), 7.18
{m, 4 m- and p-H). ¥C{'H} NMR (CgDe, 27 °C, o in ppm): most
abundant isomer, 10.41 (CsMes), 93.1 (CsMes), 158.7, 162.9, 134.8,
129.2, 120.4 (Ir—CgH4N); less abundant isomer, 10.37 (CsMes), 92.3
(C;Me;z), 160.0, 162.3, 135.3, 129.3, 120.6 (Ir—CzH4N). IR (Nujol mull
on NaCl plates): v(Ir—H) 2074 (m, br) em™"; others, 1442 (s), 1305 (s),
1277 (s), 1230 (s), 1107 (s), 1024 (s), 750 (s) cm~'. HRFAB-MS (m/e):
for CyaHyN,191r19r, (M + HJ]* 837.2521 (caled 837.2508) for
CaeHoN2%Irs, [M + H]* 839.2552 (caled 839.2529). UV—vis (35 °C,
toluene): A({max) 590 nm (e = 1.03 x 10 M~! em™1), 4 362 nm (e =
7.33 x 108 M~ em™1).
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Scheme 2
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Compound 3 is extremely air sensitive, and isolation
of crystals suitable for an X-ray diffraction study has
not been possible. Moreover, it is found that over time
and in the absence of hydrogen pressure, compound 2
converts back to the starting material 1, with elimina-
tion of Hs (by 'H NMR).

The formation of 3 by hydrogen addition to 1 implies
the oxidation of the N—N single bond of the hydrazide
bridge. Hence, the conversion of 3 into 1 must involve
a reduction of the N=N link at the expense of hydrogen
elimination. This reactivity which involves a facile
interconversion between a N—N and N=N fragment in
an organometallic system is, to our knowledge, unprec-
edented.’® The transformation of 8 into 1 was moni-
tored by 'H NMR and visible absorption spectroscopy,’
and no intermediates were detected during this process.
Furthermore, plots of absorbance and concentration vs
time show three linear stages during the transforma-
tion, suggesting a complex mechanistic process.

Complex 3 can be isolated as a dibromide derivative.
Addition of CCl3Br (2 equiv) to hydrocarbon solutions
of 3 results in dark violet solutions which contain the
bis-ortho-metalated, azobenzene-bridged, dibromo com-

| T,
plex Cp*Brlr(u-CeH;N=NCsHy)IrBrCp* (4). 'H NMR

1
spectroscopy on 4 shows a single resonance for the Cp*
group and three sets of multiplets for the aromatic
protons of the metalated phenyl rings, suggesting the
presence of only one isomer. The 13C NMR spectrum is
also consistent with the presence of only one isomer.1
Complex 4 is also prepared directly from 1 by addition
of HBr (2 equiv) or Bre. The formation of 4 by Brs

(13) Although 1,2-diphenylhydrazine is stable in hydrocarbon solu-
tions under nitrogen (for days at 100 °C), 1,2-diarylhydrazines have
been reported to oxidize in air to their azo form: (a) Pinkus, J. L;;
Goldman, L. S. J. Chem. Educ. 1977, 54, 380. See also: (b) Coyne, L.
M.; Mariner, R.; Rice, A. Langmuir 1991, 7, 1660. (c) Coyne, L. M;
Summers, D. P. Langmuir 1991, 7, 1675.

(14) Data for 4 are as follows. '"H NMR (CD3NQs, 27 °C, & in ppm;
aryl ring assignments were made with respect to the ipso C attached
to N): 1.78 (s, CsMes), 8.30—8.34 (m, 2 m-H), 7.93-7.97 (m, 2 o-H),
7.14-17.27 (m, 4 m- and p-H). 13C{'H} NMR (CDBrs, 27 °C, 6 in ppm):
10.3 (CsMes), 93.6 (CsMes), 123.3, 129.4, 131.7, 135.2, 160.2, 162.2
(NCgHy). Anal. Caled for IrsCasHasNoBry: C, 38.63; H, 3.85; N, 2.82.
Found: C, 38.85; H, 3.94; N, 2.69.

.

\//\%

cis- and frans- isomers

addition to 1 is stereospecific, only the cis isomer is
produced. This is corroborated by a single-crystal X-ray
diffraction study.'> An ORTEP drawing of 4 (hydrogen
atoms omitted) is shown in Scheme 2. The structure
consists of two Cp’Ir fragments joined by a bis-ortho-
metalated azobenzene bridge.!® Here, the N=N bond
length of 1.247 A is very close to that of trans-azoben-
zene (1.236 A)!7 and also falls within the range observed
in iridium complexes containing metalated azobenzene
ligands.!618 In contrast to complex 1, which possesses
a planar hydrazido bridge, the CeH:N=NC¢H,4 linkage
in 4 shows significant puckering. The latter may be due
to the dramatic shortening of the nitrogen-nitrogen unit
on going from a single to a double (N=N) bond. The
iridium—carbon (Cp*), —nitrogen, and —bromide bond
distances are all normal, and both Cp*IrBr fragments
are perfectly eclipsed.

Because of their interesting reactivity as well as their
unusual structural and electronic properties, complexes
1 and 3 are amenable to further study. In 1, the iridium
atoms are presumably electron deficient; therefore, its
reaction with Lewis bases may give products with

(15) Crystal data for 4: IrNBrH;sC,¢CH3Cly, monoclinic, with a =
15.177(5) A, b = 17.516(3) A, ¢ = 14.008(6) A, # = 96.59(2)°, and V =
3699(2) A3, For Z = 8 and M, = 582.38, d(calcd) = 2.091 g/em?. The
dimer sits on a 2-fold axis, accompanied by CH3Cl; of crystallization.
Data collection was done with an Enraf-Nonius CAD-4 diffractometer
using Mo Ka radiation. The space group was C2/c. Of 2693 measured
reflections, 2569 were unique and 2317 had I = 2.0a(]). The structure
was solved by direct methods. The last least-squares cycle gave R =
0.056 and Ry, = 0.070 with (A/o)ya = 0.004. Selected bond distances
(A) and angles (deg) for 4: Ir—Br, 2.5274(15); —N1, 2.041(10); —C1,
2.210(12); —C2, 2.263(11); —-C3, 2.261(12); —C4, 2.157(14); —C5,
2.188(13); —C16, 2.023(14); N1-N1a, 1.247(21); N1-C11, 1.442(16);
Br-Ir—N1, 89.7(3); —C16, 88.9(3); Ir-N1-N1la, 121.7(9); —C11,
127.1(8); N1a—N1-C11, 111.2(9); N1-1r—C16, 75.1(5); N1-C11-C12,
119.5(11); —C16a, 114.7(11).

(16) A related bis-ortho-metalated, azobenzene-bridged dimanganese
complex has been reported: Bruce, M. L; Liddell, M. J.; Snow, M. R.;
Tiekink, E. R. T. Aust. J. Chem. 1988, 41, 1407.

(17) Brown, C. J. Acta Crystallogr. 1966, 21, 146.

(18) (a) Carroll, J. A.; Cobbledick, R. E.; Einstein, F. W. B.; Farrell,
N.; Sutton, D.; Vogel, P. L. Inorg. Chem. 1977, 16, 2462. (b) Bellon, P.
L.; Caglio, G.; Manassero, M.; Sansoni, M. JJ. Chem. Soc., Dalton Trans.
1974, 897. (c) Van Baar, J. F.; Meij, R.; Olie, K. Cryst. Struct. Commun.
1974, 3, 587. (d) Moreland, J. A.; Doedens, R. J. Inorg. Chem. 1976,
15, 2486. (e) Einstein, F. W. B.; Jones, T.; Sutton, D.; Xiaoheng, Z. JJ.
Organomet. Chem. 1983, 244, 87.
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interesting structural features. Also under investiga-
tion is the mechanism involving the transformation of
3 into 1.
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Synthesis, Structure, and Reactivity of
Electron-Deficient Complexes of Quinolines with
Triosmium Clusters
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Summary: The reaction of Os3(CO);o(CH3CN)2 with
quinolines at 25 °C affords the series of complexes (u-
H)(u-n?-CoH«(R)R'N)Os3(CO)1o (R = H, R’ = H (1a); R
=4-CHs, " =H(1b), R = H, R’ = 6-CHj3 (1c)). These
complexes are thermally decarbonylated to give the 46e~
clusters (u-H)(uz-n?-CoHAR)R’N)Os3CQ)y (R =H, R’ =
H (2a); R =4-CH3;, " =H (2b); R = H, R = 6-CHj
(2¢)). The reactivity of these novel electron-deficient
clusters is reported.

The reactivity of aromatic nitrogen heterocycles to-
ward transition-metal centers has been an active area
of research due to the relevance of the complexes
obtained in understanding catalytic hydrodenitrifica-
tion.1=* The reactions of quinoline and tetrahydro-
quinoline with M3(CO);z (M = Ru, Os) have been
previously examined at elevated temperatures and gave
complexes of the general type (u-H)(u-#2-CoHgN)M;-
(CO)10 (M = Ru, Os) in which the C(2) carbon—hydrogen
bond of the quinoline ring has oxidatively added to the
cluster.!2?2 These compounds proved to be unreactive
toward hydride donors and hydrogenation.l2d2> We
have now reexamined the reaction of the quinolines
CoH5(R)R'N with Os3(CO)1o(CH3CN)2 at ambient tem-
peratures and find that the major product is the related
compound (u-H)(u-72-CoH4(R)R'N)Os3(CO)o (R=H, R’
=H (la); R=4-CH;, R =H (1b); R=H, R’ = 6-CH3
(1e¢)), where the carbon—hydrogen bond at C(8) has
oxidatively added to the cluster. Minor amounts of the
previously reported isomeric compounds (la—¢’) are also
formed (Scheme 1).5 Complete assignment of the ‘H

* The University of Montana.

f California State University.
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(5)*H NMR of 1a at 400 MHz in CDCl;: 6 —12.56 (hydride), 9.42
(dd, H(2)), 7.16 (dd, H(3)), 8.15 (dd, H(4)), 7.25 (dd, H(5)), 7.37 (dd,
H(6)), 8.51 (dd, H(7)). 'H NMR of 1b at 400 MHz in CDCl;: 6 —12.53
(hydride), 9.27 (d, H(2)), 7.01 (d, H(3)), 7.57 (dd, H(5)), 7.24 (dd, H(6)),
8.51 (dd, H(7)), 2.66 (s, CH3). 'H NMR of 1¢ at 400 MHz in CDCls: 6
—12.71 (hydride), 9.30 (dd, H(2)), 7.10 (dd, H(3)), 8.03 (dd, H(4)), 7.15
(d, H(5)), 8.32 (d, H(7)), 2.66 (s, CHj). 13C NMR of 1a at 100 MHz
(carbonyl region, CDCl;): & 183.50 (1C), 182.69 (1C), 177.33 (1C),
177.16 (Je—u < 1 Hz, 1C), 177.08 (Jc-u = 3.8 Hz, 1C), 176.74 (Jc-g =
4.6 Hz, 1C), 176.35 (Jo—uy = 12.1 Hz, 1C), 175.64 (1C), 175.32 (Jo-ux =
9.1 Hz, 1C), 175.21 (Jc-u = 1.0 Hz, 1C).
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NMR resonances for the new structural types reported
herein was possible from established chemical shift
patterns, peak multiplicities, and COSY data.® Com-
pounds la—c decarbonylate at elevated temperatures
(100 °C) to give the deep green complexes (u-H)(us-n2-
CoH4R)R'N)Os3(CO) (R = H, R’ = H (2a); R = 4-CHj,
R’'=H (2b); R = H, R’ = 6-CHj (2¢); see Scheme 1).7
The solid-state structure of 2b is shown in Figure 1;
selected distances and bond angles are given in the
figure caption.® The quinoline ring is bound to the
cluster by coordination of the nitrogen lone pair and a
three-center—two-electron bond with the C(8) carbon
which bridges the same edge of the triangle as the
u-hydride. It would appear from the structure of 2b that
both the hydride and C(8) have migrated to a different
edge of the metal triangle. The aromatic nature of the
rings remains relatively unperturbed, making 2b a
unique example of an electron-deficient trimetallic
species containing a us-heterocyclic aromatic capping
ligand. A related set of green electron-deficient clusters,
(u-H)(uz-n3-PhoyPCHy(Ph)CgH,)Os3(CO)s, which also con-
tains a bridging phenyl have been reported.® Like these
clusters, 2a—c react rapidly with carbon monoxide to
give la—c at 1 atm and ambient temperatures. Com-
pounds 2a,b also react rapidly with triphenylphosphine
and triethyl phosphite, respectively. On the basis of
their one- and two-dimensional 'H and 3C NMR, we
can assign a structure where phosphine addition has
occurred and is accompanied by a carbonyl migration
to give (u-H)(u-n2-CoHsRN)Os3(CO)}PR’s (R =H, R’ =
Ph (3a); R = 4-CH3, R” = OEt (8b)), in which the
phosphine has substituted on the osmium atom bound
to carbon, cisoid to the hydride, giving structures
analogous to 1a,b.l!

(6) Bovey, F. A. NMR Data Tables for Organic Compounds; Wiley-
Interscience: New York, 1967.

(7) 'H NMR of 2a at 400 MHz in CDCl;: 8 —12.06 (hydride), 9.28
(dd, H(2)), 7.13 (dd, H(3)), 8.05 (dd, H(4)), 8.45 (dd, H(5)), 7.21 (dd,
H(6)), 8.60 (dd, H(7)). ‘H NMR of 2b at 400 MHz in CDCl;: 6 —12.05
(hydride), 9.12 (d, H(2)), 6.95 (d, H(3)), 8.32 (dd, H(5)), 7.25 (dd, H(6)),
8.55 (dd, H(7)), 2.71 (s, CH3). 'H NMR of 2¢ at 400 MHz in CDCl3: 6
—12.15 (hydride), 9.17 (dd, H(2)), 7.07 (dd, H(3)), 7.95 (dd, H(4)), 7.98
(d, H(5)), 8.38 (d, H(7)), 2.60 (s, CH;). 100 MHz !3C NMR for 2a
{carbonyl region in CDClg at 0 °C): 6 191.32 (2C), 182.87 (1C), 180.64
(Jc-u = 2.1 Hz, 2C), 178.51 (Jc-u = 3.8 Hz, 2C), 175.09 (Jc-g = 9.8
Hz, 2C).

(8) Crystal data and data collection and refinement details for 2b:
C19HgNOgOs3, M, = 965.87, monoclinic, Cc (No. 9),a = 16.034&3) Ab
= 10.556(2) X, c=14.000(3) A, § = 114.86(3)°, V = 2150.0(7) A3, Z =
4, (Mo Ka) = 0.710 73 A, Patterson method (SHELXS-86), 3420
independent absorption-corrected data, 8 range 2.38—30.98°, I, = 20-
(I,), 288 (all non-H atoms anisotropic), B = 0.055, R(F?) = 0.118. The
hydride position was calculated using the program HYDEX (Orpen,
A. G. J. Chem. Soc., Dalton Trans 1980, 2509).

(9) Cartwright, S.; Clucas, J. A.; Dawson, R. H.; Foste, D. F,;
Harding, M. M.; Smith, A. K. J. Organomet. Chem. 1986, 302, 403.

(10) Brown, M. P.; Dolby, P. A.; Harding, M. M.; Mathews, A. J.;
Smith, A. K. J. Chem. Soc., Dalton Trans. 1998, 1671,

© 1995 American Chemical Society
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Scheme 1. Synthesis and Reactivity of 46e- Quinoline Complexes
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Hydrogenation was of primary importance in our
initial reactivity studies of 2a—e, since there has been
considerable attention given to the hydrogenation of
quinolines and related aromatic nitrogen heterocycles.!~3
Compound 2b does react with H at 75 °C and 100 psi
in hydrocarbon solvents to give good conversion (75%)
to a mixture of isomeric trihydrides whose 'H NMR and
1H 2D-COSY data are consistent with (u-H)s(u-1?-CoHs-
(4-Me)N)Os3(CO)g (4b) and H(u-H)a(u-1?-CoHs(4-Me)N)-
0s3(CO)s (4b’ and 4b”).12 In sharp contrast to this
observed reduction with Hy at the metal core, reaction
of 2a—c with 1 equiv of LiEtsBH in CDCls or CD2Cl
results in regiospecific nucleophilic attack at the C(5)
of the quinoline ring to give the anionic complexes (u-
H)(u-CoHsR(R)N)Os3(CO)y~ (5a—c; Scheme 1). Al-
though we have not yet isolated these anions, their
general structure is evident from the *H NMR and the
2D-COSY data.!®* In compound 5a, a broadened reso-
nance of relative intensity 2 at 3.85 ppm is coupled to a

(11) (a) 1H NMR of 3a at 400 MHz in CDClg: 6 —11.63 (d, Jp-u =
15.6 Hz, hydride), 9.44 (dd, H(2)), 7.11 (dd, H(3)), 8.10 (dd, H(4)), 7.16
(dd, H(5)), 6.76 (dd, H(6)), 7.90 (dd, H(7)). 'H NMR of 3b at 400 MHz
in CDClz: 6 —12.32 (d, Jp-u = 13.6 Hz, hydride), 9.29 (d, H(2)), 6.91
(d, H(3)), 7.37 (dd, H(5)), 7.13 (dd, H(6)), 8.45 (dd, H(7)), 2.60 (s, CHa).
(b) 13C NMR of 3a (in CDCls): 6 (aromatic region) 160.57 (s, C(9)),
157.95 (s, CH), 152.00 (d, C(8), Jp_c = 9.9 Hz), 149.42 (d, C(7), Jp—c =
6 Hz), 140.47 (s, CH), 134.25 (d, C(1) of Ph, Jp_¢c = 49.3 Hz), 133.31
(d, CH of Ph, Jp_¢c = 10 Hz), 129.69 (d, CH(4) of Ph, Jp-¢c = 2 Hz),
127.89 (d, CH of Ph, Jp-c = 10 Hz), 127.68 (s, CH), 122.34 (s, CH),
119.71 (s, CH); ¢ (carbonyl region) 185.73 (d, Jp_c = 6.1 Hz), 184.52
(s), 184.22 (s), 182.53 (dd, Jp_¢c = 4.5 Hz, Jc.zg = 7.5 Hz), 177.95 (d,
Je-u = 13.7 Hz), 177.87 (s), 177.68 (d, Jc-u = 3.1 Hz), 176.54 (s). (c)
Solid-state structural studies of 8a and 3b confirm the proposed
structures for these compounds. Hardcastle, K. I.; Rosenberg, E,;
Kolwaite, D. To be submitted for publication.

1. LiEt,BH

2 CF,S0.H

S

o2 i3l i3

Figure 1. ORTEP drawing of 2b showing the calculated
position of the hydride. Selected bond distances (A): Os-
(1)-0s(2), 2.764(1); 0s(1)—0s(3), 2.770(1); Os(2)—0s(3),
2.781(1); 0s(1)—-C(8), 2.28(2); 0s(3)—C(8), 2.32(2); Os(2)—
Os(N), 2.13(2); C(8)—C(9), 1.42(3), C(7)—C(8), 1.40(3), C(8)—
C(7), 1.40(4); C(9)—N(1), 1.37(2); C(1)—N(1), 1.32(3); C(1)—
C(2), 1.36(3); C(2)—C(3), 1.43(4); C(4)—C(9), 1.42(3); C(3)—
C(4), 1.37(3); C(4)—-C(b) 1.45(2); C(5)—C(6), 1.29(3).
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doublet of triplets at 4.19 ppm (J = 9.5 and 3.4 Hz),
which is in turn coupled to a doublet of triplets at 5.79
ppm (J = 9.5 and <1.0 Hz). An identical pattern is
observed for 5b but not for 5¢, where a broadened
methylene resonance at 3.67 ppm, a methyl singlet at
1.40 ppm, and a slightly broadened singlet at 5.61 ppm
are observed.!® That the methylene resonances in
5a—c appear broadened could be due to a slow o—x
interchange, perhaps via a u-y'-alkylidyne inter-
mediate.1% Protonation of 5a—c leads to quantitative
conversion to the o—n vinyl structures (u-H)(u-n*
CoHgR(R")0s(CO)g (6a—e), which have been isolated and
characterized.!# The structures of 6a—c seem to rule
out initial attack by H™ at C(7) (Scheme 1), while the
data for 5a—c rule out initial attack at C(6). The regio-
selective nucleophilic attack by H~ is unprecedented in
complexes of aromatic nitrogen heterocycles which are
not m-complexed to the metal center. A related regio-
selectivity has been observed in m-complexes of indole,
(78-indole)ML (ML = RuCp™, Cr(CO)3).1

A second cycle of H/H* leads to reduction of the 7,8-
double bond in 6b to yield the dihydride cluster (u-H);-
(u3-12-CoH(4-CH3)N)Os3(CO)s (7b); Scheme 1).16 In this
second-stage reduction the sequence of attack of H~/H*

(12) 'H NMR of 4b (57% of mixture) at 400 MHz in CDCl;: 6 —13.40
(d, Ju-n = 3.6 Hz, hydride), —13.62 (dd, Ju-u = 3.6 Hz, 1, hydride),
—13.86 (d, Ju-y = 1 Hz, hydride), 8.80 (d, H(2)), 7.20 (d, H(3)), 7.72
(dd, H(5)), 6.97 (dd, H(8)), 8.00 (dd, H(7)), 2.66 (s, CH;). H NMR of
4b’ (25%) at 400 MHz in CDCly: 6 —9.04 (dd, Jy-g = 10, 3.2 Hz,
hydride), —10.64 (d, Ju—g = 10 Hz, hydride), —13.62 (d, Jy-g = 3.2
Hz, hydride), 8.98 (d, H(2)), 7.08 (d, H(3)), 8.17 (dd, H(5)), 6.97 (dd,
H(6)), 8.51 (dd, H(7)), 2.67 (s, CH3). TH NMR of 4b” (18%) at 400 MHz
in CDCl3: 6 —10.30 (s, hydride), —11.18 (d, Ju-u = 12.4 Hz, hydride),
—12.92 (d, Jg-g = 12.4 Hz, hydride), 9.12 (d, H(2)), 7.15 (d, H(3)), 8.40
(dd, H(5)), 6.97 (dd, H(8)), 8.64 (dd, H(T)), 2.70 (s, CHj). The structures
of 4b, 4b’, and 4b” are also based, by analogy, on similar trihydride
cluster structures obtained from the reaction of y3-imidoyl triosmium
clusters with H,. See: Rosenberg, E.; Kabir, S. E.; Day, M.; Hardcastle,
K. 1; Irving, M. J. Cluster Sci. 1994, 5, 481. Rosenberg, E.; Kabir, S.
E.; Day, M.; Hardcastle, K. 1. Organometallics 1994, 12, 4437.

(13) (a) To 20 mg (0.020 mmol) of 2a—c in 0.6 mL of CDyCl; in an
NMR tube was added 20 4L of a 1 M solution of LiBHEt; in THF. 'H
NMR of the solution showed complete conversion to 5a—c. In the case
of 5a,b the methylene resonance (CHq(5)) was obscured by the THF.
The resonance was first detected by a COSY cross-peak with H(6) and
then directly observed by evaporation of the solution under nitrogen
and redissolution in CDCls. (b) 'H NMR of 5a at 400 MHz in CDCls:
6 —14.30 (s, hydride), 8.31 (dd, H(2)), 6.26 (dd, H(3)), 6.93 (dd, H(4)),
4.19 (dt, H(8)), 5.57 (dt, H(7)), 3.85 (br, CHy(5)). 'H NMR of 8b at 400
MHz in CDCls: 6 —14.33 (s, hydride), 8.19 (d, H(2)), 6.12 (dd, H(3)),
4.21 (dt, H(6)), 5.79 (dt, H(7)), 1.78 (s, CH3), 3.74 (br, CHy(5)). 'H NMR
of Be at 400 MHz in CDCl;: 6 —14.22 (s, hydride), 8.27 (dd, H(2)),
6.18 (dd, H(3)), 6.88 (dd, H(4)), 5.61 (s, H(7)), 1.40 (s, CHy), 3.67 (s,
CHz(5)). (¢) The 13C NMR in the carbonyl region of 5b is consistent
with a g—7n vinyl interchange: 13C of 5b at 100 MHz ¢ 192.6 (2C),
187.9 (1C), 186.3 (2C, br), 183.5 (2C, br), 181.2 (2C, br).14

(14) (a) 'H NMR of 6a at 400 MHz in CDCl;: 6 ~16.96 (s, hydride),
8.42 (dd, H(2)), 6.80 (dd, H(3)), 7.39 (dd, H(4)), 4.14 (t, H(T)), 2.55 (m,
CHa(5)), 2.21 (m, CHx(6)). 'H NMR of 6b at 400 MHz in CDCls: ¢
—16.98 (s, hydride), 8.25 (d, H(2)), 6.63 (d, H(3)), 4.18 (t, H(7)), 2.08 (s,
CHj), 2.57 (m, CHa(5)), 2.18 (m, CHy(8)). 'H NMR of 6¢c at 400 MHz
in CDCl3: 6 —17.00 (s, hydride), 8.40 (dd, H(2)), 6.77 (dd, H(3)), 7.35
(dd, H(4)), 2.17 (m, H(6)), 3.71 (d, H(7), 1.27 (d, CHj3), 2.45 (m, CHs-
(5)). (b) 13C NMR of 6a at 100 MHz (in CDCl3): hydrocarbon region 6
171.05 (C), 153.02 (CH), 133.86 (CH), 132.67 (C), 122.98 (CH), 101.56
(C), 86.47 (C), 30.21 (CHy), 25.36 (CHy); carbonyl region 6 185.95 (2C),
181.91 (1C), 179.97 (2C), 178.81 (2C), 175.13 (2C). (c) The carbonyl
region of 6a indicates a symmetry plane for the cluster which is
probably the result of a o—x interchange which is rapid on the NMR
time scale at room temperature. See: Keister, J. F.; Shapley, J. R. J.
Organomet. Chem. 1975, 85, C29.

(15) Gill, V. S.; Moriarty, R. M.; Ku, Y. Y.; Butler, J. R. J. Organomet.
Chem. 1991, 417, 313.
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(i.e., on the metal core of the ring) is not clear and must
await further mechanistic studies using labeled hydride
and proton donors.

These results indicate that the site of nucleophilic
attack by H~ is at the 5-position of the quinoline ring
regardless of the location or presence of a methyl
substituent. Normally the site of electrophilic attack
is the 5- and 8-positions, while nucleophilic attack is
usually at the 2- and 4-positions in free quinolines.
Nucleophilic attack and hydrogenation in previously
reported mononuclear complexes of quinolines is also
at the 2- and 4-positions.!d3 Thus, the electron-deficient
bonding in 2a—c has shifted reactivity toward nucleo-
philic reduction from the heterocyclic to the carbocyclic
ring. In connection with this regiospecific attack, it is
interesting that the H(5) protons on 2a—c all show a
significant downfield shift (0.8—1.2 ppm) relative to 1la—
c¢. It should be mentioned that the treatment of la—c¢
with LiEt3BH showed no evidence of attack on the
quinoline ring (by 'H NMR), forming only a transient
dihydride anion which liberated Hy; on protonation.
Furthermore, the previously reported quinoline trios-
mium and triruthenium complexes do not thermalize
to give electron-deficient clusters such as 2a—e¢ and
1la—c show no tendency to convert to la—1c¢’ at 100 °C
under a CO atmosphere.!” Given the very good yields
of the transformations reported here, it should be
possible to study the further reduction of complexes such
as 4—6 and the mechanistic relationship between
hydrogenation at the metal and reduction of the quino-
line ring system. The general reactivity of 2a—c¢ and
the anionic species 7 toward organic nucleophiles and
electrophiles, respectively, should also be of interest as
a means of selective functionalization of the quinoline
ring system. These studies are currently commencing
in our laboratories.
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(16) 'H NMR of 7b at 400 MHz in CDCls: 6 —13.85 (d, Jy-u = 1.2
Hz, hydride), ~13.98 (d, Ju-u = 1.2 Hz, hydride), 8.05 d, H(2)), 6.28
(d, H(3)), 2.03 (s, CHj), 2.64 (m, CH2(5), CHx(7)), 1.68 (m, CHg(6)). 13C
NMR of 7b at 100 MHz (in CDCl3): hydrocarbon regions 6 151.86 (CH),
145.20 (C), 134.819 (C), 132.50 (C), 129.03 (C), 120.43 (CH), 59.96
(CHy), 29.70 (CHy), 27.60 (CHy), 19.50 (CH3); carbony! region ¢ 184.70,
180.20, 180.09, 175.82, 174.40, 172.25, 172.07, 170.93, 165.97.

(17) We subjected the 1,2-u4-#2 quinoline complex first reported by
Laine et al.?2 to prolonged reflux in octane and detected no formation
of 2a. See ref 1a for the thermal behavior of the ruthenium analogs.
We also refluxed 1a in an atmosphere of CO for 4 h and noted no
formation of 1la’.
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Addition of a Diphosphirenium Salt to Palladium(0)
Complexes: The First Examples of
Diphosphametallacyclobutenes

Yves Canac,” Micheéle Soleilhavoup,’ Louis Ricard,* Antoine Baceiredo,’ and
Guy Bertrand**

Laboratoire de Chimie de Coordination du CNRS, 205 route de Narbonne,
31077 Toulouse Cédex, France, and Laboratoire de Chimie du Phosphore et des Métaux de
Transition, DCPH, Ecole Polytechnique, 91128 Palaiseau Cédex, France
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Summary: P-Bis(diisopropylamino)-C-(diisopropylami-
noj)diphosphirenium tetrafluoroborate (1) reacts with
palladium tetrakis(triphenylphosphine), affording the
tetrafluoroborate salt of 2,2-bis(triphenylphosphine)-1,3-
diphospha-2-pallada(Il)cyclobutene 2 in 70% yield. Ex-
change of the triphenylphosphine ligands occurs with
diphenylmethylphosphine, dimethylphenylphosphine, tri-
methylphosphine, and 1,2-bis(diphenylphosphinojet-
hane, leading to the corresponding complexes 3—6 in
good yields.

The interaction of transition-metal complexes with
strained cyclopropenylium cations A has been widely
studied.l~3 Due to the aromatic and cationic character
of A,* both the #° and »! ligations are to be expected,.2
but the #? coordination mode with varying extents of
intrusion of the metal into a C—C bond is the most
fascinating.? The last kind of complexes represent
points on the energy surface for the conversion of a
metallatetrahedrane (%-cyclopropenyl) to a metallacy-
clobutadiene complex (complete insertion of the metal
into the C—C bond),’ a process which has been recog-
nized to play an important role in alkyne metathesis.®
In the phosphorus series, a stable nickel #3-phosphirenyl
complex has recently been prepared by Nixon et al.;’
this complexation mode has been explained by the
aromatic character? of the three-membered phosphorus
heterocycle B.? The ligation of the phosphirenium salts

* Laboratoire de Chimie de Coordination du CNRS.

# Ecole Polytechnique.

€ Abstract published in Advance ACS Abstracts, July 1, 1995.
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C,10 the related o*-phosphorus cation, has never been
described, although it is quite likely that it would just
behave as a simple olefin since the interaction between
the cationic phosphorus center and the C=C double
bond is weak.®2 In contrast, several coordination modes
are predictable for diphosphirenium salt 111 (Chart 1),
and here we report our preliminary results concerning
the reactivity of this compound with palladium(0)
complexes.

Treatment of a dichloromethane solution of diphos-
phirenium salt 1 with an equimolar amount of pal-
ladium tetrakis(triphenylphosphine), at —40 °C, cleanly
led to complex 2, which was isolated as a yellow oil in
70% yield.'? The low solubility in nonpolar solvents
strongly argued for the ionic nature of 2, which was
confirmed by the presence of a sharp singlet at 0 ppm
in the !B NMR spectrum due to BF,~. The 31P{!H}
NMR spectrum revealed a multiplet at low field (+253
ppm) and a very complex signal at high field (+33.1 to
+14.9 ppm) corresponding to one and three phosphorus
nuclei, respectively. All attempts to solve the 3!P{1H}
NMR spectrum or to obtain crystals suitable for an
X-ray diffraction study failed. Therefore, we carried out

(8) (a) Mathey, F. Chem. Rev. 1990, 90, 997. (b) Maclagen, G. A. R.
Chem. Phys. Lett. 1989, 163, 349.

(9) The first successful generation and characterization of a com-
pound of type B has recently been reported: Laali, K. K.; Geissler, B.;
Wagner, O.; Hoffmann, J.; Armbrust, R.; Eisfeld, W.; Regitz, M. J. Am.
Chem. Soc. 1994, 116, 9407.

(10) (a) Forgers, K. S.; Hogeveen, H.; Kingma, R. F. Tetrahedron
Lett. 1988, 24, 643. (b) Breslow, R.; Doering, L. A. Tetrahedron Lett.
1984, 25, 1345. (c) Marinetti, A.; Mathey, F. J. Am. Chem. Soc. 1985,
107, 4700. (d) Vural, J. M.; Weissman, S. A.; Baxter, S. G.; Cowley, A.
H.; Nunn, C. M. J. Chem. Soc., Chem. Commun. 1988, 462.

(11) (a) Castan, F.; Baceiredo, A.; Fischer, J.; De Cian, A.; Com-
menges, G.; Bertrand, G. J. Am. Chem. Soc. 1991, 113, 8160. (b)
Soleilhavoup, M.; Canac, Y.; Polozov, A. M.; Baceiredo, A.; Bertrand,
G. J. Am. Chem. Soc. 1994, 116, 6149.
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Figure 1. Experimental 'P{'H} NMR spectrum (32.438 MHz) of § in CDCl; at 298 K (bottom) and simulated spectrum

(top) using 64 —30.8 ppm, 55 —26.1 ppm, d¢c 27.9 ppm, dx 244.6 ppm, J(AB) = 52 Hz, J(AC) =

= 559 Hz, J(BX) = 4 Hz, and J(CX) = 57 Hz.
exchange reactions of the triphenylphosphine ligands
with a variety of other phosphines.

When diphenylmethylphosphine, dimethylphenylphos-
phine, or trimethylphosphine was added to complex 2,
clean reactions occurred leading to the corresponding
complexes 3, 4, and 5, which were isolated as yellow
oils in near-quantitative yields.!2

The 3!P{!H} NMR spectra of complexes 2—5 are
similar and exhibit resonances of the type ABCX (Table
1). When the phosphine ligands are changed, the
chemical shifts of the X (244~259 ppm) and C (25-32
ppm) parts change only slightly and therefore can be
assigned to the phosphorus atoms arising from diphos-
phirenium salt 1; moreover, the proton-coupled 3'P
NMR spectra demonstrate that Pc bears the amino
groups. The simplest spectrum was obtained for com-
plex 5 and is shown along with the simulated spectrum
in Figure 1. The presence of an ABCX system excludes
the #! complex D, the two phosphines being magneti-
cally equivalent. Since the value of the coupling con-
stant between the phosphorus atom substituted by
amino groups and one of the phosphine ligands is quite
large (Jpyp. = 559 Hz), the n? complex of type E can
also be excluded. Thus, the reasonable remaining
possibility was a structure of type F, featuring a
completely or partially opened diphosphirenium moiety

(12) Synthesis of comlex 2: To a dichloromethane solution (5 mL)
of 1 (0.46 g, 1 mmol) at —40 °C was added a stoichiometric amount of
palladium tetrakis(triphenylphosphine) (1.10 g, 1 mmol). After the
solution was warmed to room temperature, the solvent was removed
in vacuo, and the residue was washed with toluene and ether, leading
to complex 2 as a yellow 0il (0.76 g, 70% yield). Synthesis of complexes
3-6: To a dichloromethane solution (10 mL) of 2 (1.09 g, 1 mmol) at
room temperature was added 2 equiv of phoshine (diphenylmeth-
ylphosphine) (8), phenyldimethylphosphine (4), or trimethylphosphine
(5)) or a stoichiometric amount of 1,2-bis(diphenylphosphinojethane
(6). After 30 min at room temperature, the solvent was removed in
vacuo, and the residue was washed several times with toluene and
ether to eliminate triphenylphosphine. Complexes 3 (0.82 g, 85% yield),
4(0.69 g, 82% yield), and 5 (0.63 g, 88% yield) were obtained as yellow
oils, and complex 6 (0.87 g, 90% yield) was obtained as orange crystals
from a THF/ether solution.

31 Hz, J(AX) = 20 Hz, J(BC)

Table 1. 4(3'P) Chemical Shifts (ppm) Obtained by
Simulation of the Spectra of Complexes 2—6

Oa 0B oc ox
2 +16 +19 +25 +253
3 -4.8 +4.2 +254 +259.0
4 -19.0 —-14.5 +27.5 +250.0
5 -30.8 -26.1 +27.9 +244.6
6 +32 +32 +32 +249

@ It has not been possible to solve the ABC part of the system
observed for 6; +32 is the center of the multiplet.

Chart 2
RN /NRz_l *ORN MR _| +
A \

o8 P——C—NR,
R3P—P|d b MR e \/
PR'3 /Pd\ '
Ryp” PR
_| .
(A)P R’y
NR
R'3P— | 2
C
®) \\P(—)-NRz
P——-C

Xy
2

(Chart 2). Note that the value of the coupling constant
between the two phosphorus atoms of the ring (Jp.pyx =
57 Hz) does not rule out a PP interaction, and the
presence of only one large coupling constant (Jpyp; =
559 Hz) is rather surprising, since two trans P—-Pd—P
arrangements are expected.

The exact structure of these complexes came from the
reaction of 2 with 1,2-bis(diphenylphosphino)ethane,?
since complex 6 was obtained in 90% yield as orange
crystals (mp 169—-171 °C) suitable for an X-ray analy-
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Scheme 1

RN NR; |+
Pd(PPh), Phipy /P\
- 2PhyP Pd

-Phy P
Ph,P
RN

C"‘NRZ

R,N. NR, |+
+2R'P Np?f e

Pt NP2

- 2PhyP Pd C—NR,

NG 4

P
2 \\+'pr 3.5
- 2PhyP Ph .
Ph N l RzN N /NRZ I

| x

R P P X
pnp. p7Np? || R=iPrX=BF, N N

SN N R P C—NR;
o NR 3:R'4P = PhMeP RN //

PN 2 4 : R'3P = PhMe,P p P

PhsP” PPh; 7 5:R'3P = Me;P /] 6
PH’ Ph

sis.}3 The ORTEP view of the molecule is illustrated
in Figure 2, along with the atom labeling and the
pertinent metric parameters. No interaction between
the cation and the anion (BF;™) is observed. The P(1)~
P(3) distance of 2.655(1) A is longer than a normal P—P
single bond, which is about 2.22 A4 and is also longer
than that observed in the related 1,3-diphospha-2,4-
disilabicyclo{1.1.0]Jbutane (2.34 A).1> Bond lengths do
not always correlate with bond orders in a simple way;
however, as the C(2) atom lies only 0.1899(34) A out of
the [P(1),Pd(1),P(8)] plane, we can rule out a bicyclic
structure and therefore a P(1)—P(3) interaction. The
palladium atom has a slightly distorted square-planar
geometry (the value of the twist angle between the
[P(1),Pd(1),P(3)] and [P(25),Pd(1),P(28)] planes is
16.44(7)°), probably due to the strain in the four-
membered ring (P(1)-Pd—P(3), 70.27(3)°; P(1)—C(2)—
P(3), 96.2(2)°), and can be considered as Pd(II). Since
the P(1)~C(2) bond length (1.745(3) A) falls in the range
observed for C-amino-substituted phosphaalkenes,!®
complex 6 and 2—5 have to be considered as the first
examples of diphosphametallacyclobutene (Scheme 1).

It is quite likely that the mechanism leading to
complexes 2—6 involves a nucleophilic attack of the

(13) Crystallographic data for 6 (C4sHegBF4N3P,Pd) were collected
at —150 + 0.5 °C on an Enraf-Nonius CAD4 diffractometer using Mo
Ka radiation (A = 0.710 73 A) and a graphite monochromator. The
crystal structure was solved and refined using the Enraf-Nonius
MOLEN package. The compound crystallizes in space group P1 (No.
2), with a = 10.258(1) A, b = 20.801 A, ¢ = 24.435(2) A, 0. = 66.39(1)°,
B =88.14(1)°, y = 88.38(1)°, V = 4773.90(91) A%, Z = 4, d,o. = 1.344
g/em?, u = 5.6 em™!, and F(000) = 2016. A total of 17 766 unique
reflections were recorded in the range 2° < 26 < 50.0°, of which 5289
were considered as unobserved (F? < 3.00(F?)), leaving 12 477 for
solution and refinement. The structure was solved by Patterson
methods, yielding a solution for the two palladium atoms. The two
molecules contained in the asymmetric unit are identical. The hydrogen
atoms were included as fixed contributions in the final stages of least-
squares refinement while using anisotropic temperature factors for all
other atoms. A non-Poisson weighting scheme was applied with a p
factor equal to 0.08. The final agreement factors were R = 0.035, R,
= 0.054, and GOF = 1.15.

(14) (a) Cowley, A. H. Chem. Rev. 1963, 5, 617. (b) Durig, J. R,;
Carreira, L. A.; Odom, J. D. J. Am. Chem. Soc. 1974, 96, 2688.

(15) (a) Driess, M,; Fanta, A. D.; Powell, D. R.; West, R. Angew.
Chem., Int. Ed. Engl. 1989, 28, 1038. (b) Fanta, A. D.; Driess, M.;
Powell, D. R.; West, R. J. Am. Chem. Soc. 1991, 113, 7806.

(16) Markovski, L. N.; Romanenko, V. D.; Ruban, A. V. The
Chemistry of Acyclic Derivatives of Two-Coordinated Phosphorus;
Kirsanov, A. V., Ed.; Naukova Dumka: Kiev, Ukraine, 1988.

Figure 2. ORTEP view of complex 6. Selected bond
lengths (A) and bond angles (deg): Pd(1)-P(1), 2.317(1);
Pd(1)—P(3), 2.2960(7); Pd(1)—P(25), 2.3228(7); Pd(1)—P(28),
2.382(1); P(1)—C(2), 1.745(3); P(3)—C(2), 1.821(4); C(2)—
N(4), 1.349(5); P(8)—N(11), 1.686(3); P(3)—N(18), 1.691(3);
P(1)-Pd(1)-P(3), 70.27(3); P(1)—Pd(1)—-P(25), 95.78(3);
P(1)—Pd(1)—-P(28), 172.76(3); P(3)—Pd(1)—P(25), 160.45(4);
P(3)—-Pd(1)—P(28), 111.81(3); P(25)—Pd(1)—P(28), 83.78(3);
Pd(1)-P(1)—C(2), 97.1(1); P(1)—C(2)—-P(3), 96.2(2).
dicoordinated phosphorus atom of 1, as already observed
with lithium salts,!'* leading to #»!-coordinated 1,3-
diphosphaallylic cations 7, which then undergo a ring
closure (Scheme 1).17

Acknowledgment. Thanks are due to Prof. F.
Mathey for providing us with X-ray facilities and to the
CNRS for financial support of this work.

Supporting Information Available: Tables giving crys-
tal and intensity collection data, positional and thermal
parameters, interatomic distances and angles, and least-
squares-plane equations (17 pages). Ordering information is
given on any current masthead page.
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(17) An alternative mechanism involving a direct insertion into the
P-P bond of the (R3P);Pd fragment acting as a carbene!®® has been
suggested by a reviewer.
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Summary: Alkylation of aminocarbene complexes
(CO)sM=C(CHg3)(NHR) with dichloromethane or dibro-
momethane under PTC conditions triggers an annula-
tion reaction leading to novel cyclic products. This is
the first example of such reactivity of Fischer carbene
complexes.

Fischer carbene complexes are often compared with
esters or amides in terms of reactivity patterns,! viz.
stabilization of a-carbanion and consequent alkylation?
or aldol reactions,® and participation of conjugated
multiple bonds in Michael addition* or Diels—Alder
reaction.’ It has been recognized that the C=M(CO);
fragment is far more electrophilic than a C=0 function,
and that is reflected in the pK, of the a-proton® as well
as in the relative rate of Diels—Alder reactions.5 Also,
displacement of the alkoxy group of a Fischer carbene

* NCL Communication No. 6227.

¢ Division of Organic Chemistry (Synthesis).

§ Division of Physical Chemistry.

® Abstract published in Advance ACS Abstracts, June 1, 1995.

(1) For reviews, see: (a) Wulff, W. D. In Comprehensive Organic
Synthesis; Trost, B. M., Fleming, 1., Eds.; Pergamon Press: Oxford,
U.K.;1991; Vol. 5. (b) Détz, K. H. Angew. Chem., Int. Ed. Engl. 1984,
23, 587. (c) Détz, K. H.; Fischer, H.; Hofmann, P.; Kreissel, F. R.;
Schubert, U.; Weiss, K. Transition Metal Carbene Complexes; Verlag
Chemie: Deerfield Beach, FL, 1984. (d) Wulff, W. D.; Tang, P. C,;
Chan, K. S.; McCallum, J. S;; Yang, D. C.; Gilbertson, S. R. Tetrahedron
1985, 41, 5813. (e) Dotz, K. H. In Organometallics in Organic
Synthesis: Aspects of a Modern Interdisplinary Field; tom Dieck, H.,
de Meijere, A., Eds.; Springer-Verlag: Berlin, 1988. (f) Chan, K. S.;
Peterson, G. A.; Brandvold, T. A.; Faron, K. L.; Challener, C. A,;
Hyldahl, C.; Wulff, W. D. J. Organomet. Chem. 1987, 334, 9. (g) Wulff,
W. D. In Advances in Metal-Organic Chemistry; Liebeskind, L. S., Ed.;
JAI Press Inc.: Greenwich, CT, 1989; Vol. 1. (h) Brown, E. J. Prog.
Intermed. Chem. 1980, 27, 1. (i) Semmelhack, M. F.; Bozell, J. J.;
Keller, L.; Sato, T.; Spiess, E. J.; Wulff, W.; Zask, A. Tetrahedron 1985,
41, 5803. (j) Dotz, K. H. Pure Appl. Chem. 1983, 55, 1689. (k)
Grotjahn, D. B,; Détz, K. H. Synlett 1991, 381. (1) Hegedus, L. S. Pure
Appl. Chem. 1990, 62, 691.

(2) (a) Amin, S. R.; Sarkar, A. Organometallics 1995, 14, 547. (b)
Wulff, W. D.; Anderson, B. A,; Isaacs, L. D. Tetrahedron Lett. 1989,
30, 4061, (c)Xu, Y. C.; Wulff, W. D. J. Org. Chem. 1987, 52, 3263. (d)
Alverez, C.; Pacreau, A.; Parlier, A.; Rudler, H. Organometallics 1987,
6,1057. (e) Casey, C. P.; Brunsvold, W. R. J. Organomet. Chem. 1976,
118, 309. (f) Casey, C. P.; Brunsvold, W. R. J. Organomet. Chem. 1975,
102,175. (g) Casey, C. P.; Anderson, R. L. J. Organomet. Chem. 1974,
73, C28.

(3) (a) Wulff, W. D.; Anderson, B. A.; Toole, A. J. J. Am. Chem. Soc.
1989, 111, 5485. (b) Wulff, W. D.; Gilbertson, S. R. J. Am. Chem. Soc.
1985, 107, 503. (¢) Casey, C. P. CHEMTECH 1979, 378. (d) Casey,
C. P.; Brunsvold, W. R. J. Organomet. Chem. 1974, 77, 345. (e) Casey,
C. P.; Boggs, R. A.; Anderson, R. L. J. Am. Chem. Soc. 1972, 94, 8947.

(4) (a) Anderson, B. A.; Wulff, W. D.; Rahm, A, J. Am. Chem. Soc.
1993, 115, 4602. (b) Casey, C. P.; Brunsvold, W. R.; Scheck, D. M.
Inorg. Chem. 1977, 16, 3059,

(5) (a) Bao, J.; Dragisich, V.; Wenglowsky, S.; Wulff, W. D. J. Am.
Chem. Soc. 1991, 113, 9873. (b) Wang, S. L. B,; Wulff, W. D. J. Am.
Chem. Soc. 1990, 112, 4550. (c) Wulff, W. D.; Bauta, W. E.; Kaesler,
R. W,; Lankford, P. J.; Miller, R. A.; Murray, C. K,; Yang, D.C. J. Am.
Chem. Soc. 1990, 112, 3642, (d) Wulff, W. D.; Yang, D. C. J. Am. Chem.
Soc. 1984, 106, 7565.

(6) (a) Gandler, J. R.; Bernasconi, C. F. Organometallics 1989, 8,
2282. (b) Casey, C. P.; Anderson, R. L. J. Am. Chem. Soc. 1974, 96,
1230.
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Figure 1. Crystal structure of 2a. Important bond
distances (A) and angles (deg): W—C(1), 2.30(2); C(1)—C(2),
1.40(3); C(2)—C(3), 1.38(3); C(3)—N(2), 1.35; W—C(1)—N(1),
127.2(12); W—-C(1)—-C(2), 117.3(13); C(1)—N(1)—C(11), 114.3-
(14); C(1)—C(2)—C(3), 119.8(17); N(1)—C(11)—N(2), 110.2-
(14); C(2)—C(3)—N(2), 117.1(17); C(3)—N(2)—C(11), 111.2-
(16); N(1)-C(1)—-C(2), 115.2(16).

complex by a different alcoholate or an amine,” which
presumably proceeds via a tetrahedral intermediate, is
reminiscent of ester exchange or ester aminolysis,
respectively. Reaction of a carbon nucleophile at the
carbene carbon leading to the displacement of the
alkoxide group® parallels the synthesis of ketones from
esters. In this report, we wish to describe the first
example of an intramolecular aldol—dehydrometalation
reaction involving the metal—carbene fragment of amino
Fischer carbene complexes, in which the C=M bond
behaves more like the C=0 function of a ketone rather
than that of an ester or an amide.

When a solution of the aminocarbene complex 1a in
dichloromethane was stirred with 50% aqueous NaOH
and a catalytic amount of BuyNBr for 4 h at room
temperature,?®° a new product was formed, which was
isolated by flash chromatography. Presence of a
(CO)sW=C fragment in this compound was confirmed

(7) (a) Casey, C. P.; Shusterman, A. J. Organometallics 1985, 4, 736.
(b) Connor, J. A.; Fischer, E. O. J. Chem. Soc. A 1969, 578.

(8) Casey, C. P.; Brukhardt, T. J.; Bunnell, C. A.; Calabrese, J. C.
J. Am. Chem. Soc. 1977, 99, 2127.

(9) For the use of phase-transfer catalysis in Fischer carbene
chemistry, see ref 2a and the following: (a) Veya, P.; Floriani, C,;
Chiesi-Villa, A.; Rizzoli, C. Organometallics 1994, 13, 214. (b) Hoye,
T. R.; Chen, K,; Vyvyan, J. R. Organometallics 1993, 12, 2806.

© 1995 American Chemical Society
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Scheme 1°
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SN Ha20 SN
by IR spectroscopy. The structure of this new complex (COIM QAH (CO)s 8 (co)si?/Lﬁ /;4 (€05
was conclusively determined by X-ray crystallography CHp>H
(Figure 1).
The complex 2a was found to be a cyclic compound l
with an unusually electron-rich metal—carbene moiety.
Clearly, this product resulted from the reaction of two Ry~ R Ry A R
molecules of the starting complex linked by a methylene NN - NN
oup derived from dichloromethane. The 'H NMR il
group 0 (COIgM & (COIM?

spectrum was readily interpreted on the basis of this
structure. The singlet at 2.25 ppm was assigned to the
vinylic methyl group. Of the two sets of benzylic
methylene protons, one appeared together with the
N-CH.—N protons as a singlet at 4.25 ppm and the
other appeared as a singlet at 5.10 ppm. The olefinic
proton appeared as a singlet at 6.60 ppm. The most
deshielded 13C NMR signal at 215.9 ppm was assigned
to the carbene carbon, while the CO resonances ap-
peared at 203.8 and 199.7 ppm. The carbene carbon is
shielded by about 46 ppm compared to the amino
carbene complex la, the most shielded carbene carbon
observed so far.!?

A series of aminocarbene complexes 1b—~e undergoes
a similar reaction with good to excellent yields (Scheme
1). It was found that replacement of dichloromethane
(solvent) by an equivalent amount of dibromomethane
in benzene significantly improved the yields.!! Forma-
tion of the cyclic product 2e from le was also effected
by the use of BuLi instead of NaOH at —78 °C.

(10) For. a recent report on acyclic Fischer carbene complexes
containing similar functional groups but prepared by an entirely
different route, see: Stein, F.; Duetsch, M.; Pohl, E.; Herbst-Irmer,
R.; de Meijere, A. Organometallics 1993, 12, 2556. The most shielded
of the carbene carbons described therein appears at 258.75 ppm.

(11) Typical procedure: The carbene complex (n mmol) and tet-
rabutylammonium bromide (0,12 mmol) in benzene was treated with
50% aqueous NaOH and dibromomethane (» mmol). The mixture was
stirred at room temperature under argon for 4 h. The reaction mixture
was diluted with water, extracted with dichloromethane, dried, and
concentrated under reduced pressure. The pure product was isolated
by flash chromatography using dichloromethane (5—50%) in petroleum
ether as the eluant.

This novel annulation reaction has a close parallel in
Robinson annulation!? of carbocyclic systems, as rep-
resented in Scheme 2. In an annulation reaction (eq 1
of Scheme 2), a diketone can cyclize by an intramolecu-
lar aldol condensation followed by dehydration. In the
present example, a possible intermediate bearing two
(CO)sM=C(CH;3}NRR’) functionalities undergoes a simi-
lar cyclization under mild conditions (eq 2). This is a
unique reaction of Fischer carbene complexes. First, it
implies facile formation of a carbanion adjacent to an
aminocarbene function and its reaction with a C=M-
(CO)5 group intramolecularly. Secondly, a dehydro-
metalation is observed in preference to the expulsion
of the amino group (as is common in acylation reac-
tions). Such a reaction is characteristic of ketones or
aldehydes in an aldol reaction and certainly not ob-
served with esters or amides. Thus, the present reac-
tion provides the first example of intramolecular met-
alla—aldol'® reaction of Fischer carbene complexes.

A possible mechanism of this reaction is depicted in
Scheme 3. Since (dialkylamino)carbene complexes did
not undergo such a reaction, it is most probable that

(12) (a) Gawley, R. E. Synthesis 1976, 777.
Tetrahedron 1976, 32, 3.

(13) We prefer the term “metalla—aldol”, suggested by Prof. T. R.
Hoye, to distinguish this reaction from closely related ones (see: Casey,
C. P; Brunsvold, W. R. Inorg. Chem. 1977, 16, 391), Here the C=M
group not only acts as the electrophile for carbanion addition in an
aldol fashion, it is also sacrificed in the subsequent dehydrometalation
step (akin to dehydration), which is a unique feature of this reaction.

(b) Jung, M. E.
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N-alkylation by dihalomethane precedes cyclization.
Thus, the first step is N-alkylation of the aminocarbene
complex by dichloromethane to produce a bis-carbene
complex. This was confirmed by the use of CDyCl; as
solvent, which resulted in the disappearance of the
methylene singlet at 4.30 ppm in the !H NMR spectrum
of the product 2e (Scheme 1). This complex can undergo
an intramolecular aldol-type reaction in which a C=M
bond is attacked by a proximate carbanion. S-Elimina-
tion followed by double-bond isomerization leads to the
product.14

The feasibility of carbanion formation (pK, of ami-
nocarbene complexes is estimated‘® to be about 20)
under these conditions was substantiated by DyO ex-
change (CHxCly/50% NaOD in DO with catalytic amount
of BiuNBr) of methyl(benzylmethylamino)carbene tung-
sten complex. In 4.5 h, about 75% deuterium incorpora-
tion was observed.’® Although C-alkylation of this
complex could not be effected under similar conditions,

(14) Alternatively, one of the methylene protons might be lost in
the dehydrometalation step, as suggested by one of the referees.

(15) There is also a noticeable change in the conformer ratio as
observed in the 'H NMR spectrum, which is an indirect evidence for
the deprotonation of the methyl group. An a-carbanion competes with
delocalization of the lone pair of nitrogen toward the C=M bond. This
reduces the rotation barrier of Cecarene—NN bond and facilitates confor-
mational interchange.

Organometallics, Vol. 14, No. 8, 1995 3619

intramolecular condensation reported herein probably
occurs owing to favorable entropy.

Indeed, such a reaction is not common in amide
chemistry, and this result shows that Fischer carbene
complexes can display a wider range of reactivity than
one anticipates merely in terms of analogy and prece-
dents. The novel cyclization product has interesting
structural features. In a way, the amino carbene
complex 2 is also an enamine and thus constitutes an
unusual push—pull system. The reactive sites of these
complexes are located at the C=M bond as well as the
enamine function. The chemistry of this new class of
complexes as well as their heteroatom analogs is cur-
rently being explored.
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Summary: The reaction of the stannylene Tbt(Tip)Sn:
(1; Tht = 2,4,6-tris[bis(trimethylsilyl)methyljphenyl, Tip
= 2,4,6-triisopropylphenyl), synthesized by reduction of
Tbi(Tip)SnBrs; with lithium naphthalenide, with carbon
disulfide in the presence of electron-deficient olefins, such
as methyl acrylate, acrylonitrile, and methyl methacry-
late, gave cycloadducts of the intermediary 1,3-dipole
Tbt(Tip)Sn~—S—C*=S (4). In the absence of the olefins,
there was formed the unsymmetrical olefin Tbt(Tip)-
SnS»C=CS2C(=S)SSnTbt(Tip) (8), the structure for
which was established by X-ray crystallography. Upon
thermolysis, the olefin 8 underwent CS; extrusion to
afford the symmetrical olefin Tbt(Tip)SnS;C=CS2SnTbt-
(Tip) (9). The intermediary 1,3-dipole 4 showed Apax at
608 nm and was stable up to ca. —30 °C.

Recently, much attention has been focused on the low-
coordinated compounds containing heavier group 14
elements (Si, Ge, Sn, and Pb), such as double-bond
compounds and divalent species (higher homologues of
a carbene). Although the divalent species containing
silicon and germanium (silylene and germylene) have
been well-investigated, the corresponding organotin
compound (stannylene) has been relatively less ex-
plored.l—¢

It is well known that silylenes® and germylenes® form
ylides in matrices with Lewis bases, such as ethers,
sulfides, amines, alcohols, and carbonyl compounds. As
for stannylenes, however, there have been only a few
examples of ylides. For example, Ando et al. have
proposed the formation of a stannylene-thioketene ylide

® Abstract published in Advance ACS Abstracts, July 15, 1995,

(1) For reviews, see: (a) Neumann, W. P. Chem. Rev. 1991, 91, 311.
(b) Tsumuraya, T.; Batcheller, S. A.; Masamune, S. Angew. Chem., Int.
Ed. Engl. 1991, 30, 902.

(2) For the first stable dialkylstannylene, see: Kira, M.; Yauchibara,
R.; Hirano, R.; Kabuto, C.; Sakurai, H. J. Am. Chem. Soc. 1991, 113,
7785.

(3) We have recently reported the first stable stannanethione in
solution derived from a kinetically stabilized diarylstannylene: Toki-
toh, N.; Saito, M.; Okazaki, R. J. Am. Chem. Soc. 1993, 115, 2065.

(4) (a) For an X-ray structural analysis of bis[2,4,6-tris(trifluoro-
methyl)phenyllstannylene stabilized by the intramolecular coordina-
tion of fluorine atoms toward the tin atom, see: Griitzmacher, H.;
Pritzkow, H.; Edelmann, F. T. Organometallics 1991, 10, 23. (b) Very
recently, the first X-ray structural analysis of bis(2,4,6-tri-tert-bu-
tylphenyl)stannylene, a stable diarylstannylene without any intramo