Organometallics 1992, 11, 1761-1763 1761

OC-Mn-CO angle, consistent with molecular orbital cal-
culations,’® The phenyl ring is perpendicular to the
carbene plane in both but is found anti to the MeCp ligand
in 2a and syn to the Cp ligand in 6. The large C1-01-Ti
bond angle of 2a (160.8 (5) vs 119.9° for C1-01-C(Et) of
6) and shortened C1-O1 distance (1.322 (8) A for 2a vs
1.356 (17) A for 6) are characteristic of titanoxycarbene
structures?® and suggest sp hybridization at O1, allowing
w-donation from O1 to both C1 and the m-acidic TilV
center.?’ This gives rise to a red shift in the low-energy
band in the electronic spectrum from 354 nm (log ¢ 3.7)
in 1 to 406 nm (log ¢ 4.0) for 2a and 398 nm (log ¢ 4.0) for
2b, as has been noted for related complexes of chromium.?
The low-energy band may be tentatively assigned to a
metal-to-carbene charge-transfer transition by virtue of its
solvent dependence (406 nm in THF vs 400 nm in hexane)®
and a similar assignment for chromium and tungsten
alkoxy Fischer carbene complexes.?

A comparison of bond distances (Table I) and carbonyl
stretching frequencies in the IR spectra (1927, 1858 cm™
for 2a vs 1952, 1884 cm™! for the MeCp alkoxycarbene
analogue 1) shows that Mn engages in increased w-donation
to the CO ligands upon TilV substitution and, therefore,
perhaps less w-donation to the carbene center. It is in-
teresting to note that the C1-phenyl bond is shortened in
the titanoxycarbene complex (Table I), even though =-
overlap is not possible due to the perpendicular orientation
of the carbene and phenyl planes. The data suggest that
the enhanced reactivity of the bimetallic structure may be
due to increased electrophilicity at the carbene carbon or
changes in the nature of the MLCT excited state.

The first step in the benzannulation reactions of chro-
mium alkoxycarbene complexes is generally presumed to
be loss of CO.2¢22 However, Xe arc lamp irradiation of
2b in THF in the presence of 10 equiv of 1-hexyne gives

(18) Schubert, U. Organometallics 1982, 1, 1085-1088.

(19) (a) Kostic, N. M,; Fenske, R. F. J. Am. Chem. Soc. 1982, 104,
3879-3884. (b) Schilling, B. E. R.; Hoffman, R.; Lichtenberger, D. L. J.
Am. Chem. Soc. 1979, 101, 585-591.

(20) Sabat, M.; Gross, M. F.; Finn, M. G. Organometallics 1992, 11,
745-751.

(21) (a) Foley, H. C.; Stubinger, L. M.,; Targos, T. S.; Geoffroy, G. L.
J. Am. Chem. Soc. 1983, 105, 3064-3073. (b) Hafner, A.; Hegedus, L. S.;
deWeck, G.; Hawkins, B.; Détz, K. H. J. Am. Chem. Soc. 1988, 110,
8413-8421.

(22) (a) Fischer, H.; Mihlemeier, J.; Markl, R.; Détz, K. H. Chem. Ber.
1982, 115, 1355-1362. (b) Hofmann, P.; Hammerle, M. Angew. Chem.,
Int. Ed. Engl. 1989, 28, 908-909.

rise to two new carbonyl bands of equal intensity in the
IR spectrum at lower energy than those of 2b, which
disappear together as the reaction proceeds.® Irradiation
in the absence of 1-hexyne produces a new pair of bands
at higher energy than those of 2b, which appear and dis-
appear at a rate comparable to that of the benzannulation
experiment.?® At no point is a single CO stretching band
observed, suggesting that intermediates bearing two ter-
minal CO ligands are produced upon photolysis. In con-
trast, treatment of a THF solution of 2b with W(CO)4(T-
HF) at ambient temperature induces decarbonylation of
2b over 10 h, indicated by the formation of W(CO); and
a species with a single CO stretch at 1919 cm™. No ben-
zannulation products are isolated when this solution is
treated with 1-hexyne and allowed to stand at room tem-
perature for 24 h, followed by heating to reflux for 2 h.
These data suggest that CO loss may not be required for
photochemical benzannulation reactions of manganese
titanoxycarbene complexes. The possible formation of
ring-slipped cyclopentadienyl intermediates is under in-
vestigation. ’

These results demonstrate that manganese Fischer
carbene complexes, readily accessible from the relatively
inexpensive (MeCp)Mn(CO),, can be activated toward
photochemical and thermal benzannulation reactions by
electron-deficient metal substitution.
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(23) IR resonances (vco): 2b, 1924 and 1856 cm™; irradiation in
presence of 1-hexyne, new bands at 1896 and 1827 cm™!; irradiation in the
absence of 1-hexyne, new bands at 1952 and 1891 cm™.
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Summary: Regioselective addition of an amine or hydra-
zine to the (-carbon of the c-allenyl group in trans-Pt-
(CH=C==CH,XBrXPPh,), exclusively yields novel platinum
n°-azatrimethylenemethane and platinapyrazoline deriva-
tives, respectively.

The chemistry of s-allenyl complexes continues to de-
velop at a rapid pace, owing to interesting structures and

reactivity patterns of such complexes.! Particularly sig-
nificant is the fact that novel metallacycles may be ac-

(1) (a) Jacobs, T. L. The Chemistry of Allenes; Landor, S. R., Ed.;
Academic Press: London, 1982; Volume 2, Chapter 4.3. (b) Wojcicki, A.
Adv. Organomet. Chem. 1974, 12, 31. (c) Casey, C. P.; Austin, E. A. J.
Am. Chem. Soc. 1988, 110, 7108. (d) Young, G. H.; Wojcicki, A.; Calli-
garis, M.; Nardin, G.; Bresciani Pahor, N. J. Am. Chem. Soc. 1989, 111,
6890. (e) Wojcicki, A.; Shuchart, C. E. Coord. Chem. Rev. 1990, 105, 35.
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cessible from them.? Described herein are the first
structurally characterized platinum 5°-azatrimethylene-
methane and platinapyrazoline complexes, which are
formed by regioselective nucleophilic addition of an amine
or hydrazine to a o-allenyl complex of platinum(II).

Treatment of trans-Pt(CH=C=CH,)(Br)(PPh,), (1)
with an equimolar amount of a primary or secondary
amine in CHCI; at 25 °C for 1 day provides exclusively the
new ionic complexes {Pt[#3-CH,C(=NRR’)CH,]-
(PPh,),}(Br) (R = H, R’ = 'Pr (2a); R = R’ = Et (2b)), as
shown in Scheme I. The tetrafluroborate salt 2¢ was
obtained by anion exchange of 2b with AgBF,. Complexes
2a—c have been characterized spectroscopically.* The
single-crystal structures of 2a,c were fully defined by X-ray
diffraction.’

The molecular shape of 2¢, shown in Figure 1, is dis-
torted square planar. The metal center is bonded to all
three carbon atoms C1, C2, and C3 of the ligand. The
Pt-C1-C2 and the C1-C3-C2 planes have a large dihedral
angle of 54 (2)° (567 (2)° for the corresponding angle in 2a).
The C3-N4 bond having a distance of 1.34 (2) A is inclined
by 11.4° out of the C1-C3-C2 plane toward the metal.
Such structural features bear close resemblance to those

(2) (a) Breckenridge, S. M.; Taylor, N. J.; Carty, A. J. Organometallics
1991, 10, 837 and references therein. (b) Tseng, T.-W.; Wuy, L.-Y; Lin,
Y.-C.; Chen, C.-T.; Cheng, M.-C.; Tsali, Y.-J.; Wang, Y. Organometallics
1991, 10, 43. (c) Shuchart, C. E.; Young, G. H.; Wojcicki, A.; Calligaris,
M. Organometallics 1990, 9, 2417.

(8) Collman, J. P.; Cawse, J. N.; Kang, J. W. Inorg. Chem. 1969, 8,
2574.

(4) Treatment of 200 mg of 1 with an equimolar amount of ‘PrNH, or
Et,NH in CHCI, at 25 °C for 1 day provides exclusively the ionic com-
plex. Recrystallizations were carried out in CHCl;/Et,0 cosolvents to
give the respective products, both in nearly quantitative yields. Selected
spectral data for 2b: 3P NMR (CDCl,) 6 17.89 (Jp.p, = 3256 Hz); 'H
NMR (CDCl,) 6 3.12 (q, 4 H, Jyy = 7.1 Hz, Jp, 4 = 6.6 Hz, CH;CH,),
2.33 (br, 4 H, CH,), 1.04 (t, 6 H, Jy_y = 7.1 Hz, CH,CH,); '*C NMR
(CDCl,) 5 157.6 (dd, CN), 43.9 (t, Jp, ¢ = 6.5 Hz, CH;CH,), 39.9 (dd, Jp¢
=4.6 HZ, Jp_c = 50,9 HZ, CHZ), 12.8 (t, th_c =5.2 HZ, CH;;CHQ) Anal.
Caled for C,H, NP,PtBr-H,0 (2a): C, 55.08; H, 4.84; N, 1.53. Found:
C, 54.38; H, 4.80; N, 1.50. Caled for C3H  NP,PtBr (2b): C, 56.65; H,
4.86; N, 1.54. Found: C, 55.90; H, 4.84; N, 1.66.

(5) Crystal data for 2¢: P2,/n,a = 11.219 (3) A, b = 22.252 (4) A, ¢
= 16.827 (5) A, 8 = 92.71 (2)°, V = 4196 (2) A3, Mo Ka radiation, A =
0.7107 A, Z = 4, 4 = 3.50 mm™!, 7378 total reflections, 4123 observed
reflections (I > 2.5¢(1)), R = 0.055, R,, = 0.062. Selected bond distances
(&) and angles (deg): Pt-P1 = 2.292 (5), Pt-P2 = 2.291 (6), Pt-C1 = 2.11
(2), Pt—C2 = 2.13 (2), Pt—-C3 = 2.35 (2), C1-C3 = 1.40 (3), C2-C3 = 1.42
(3), C3-N4 = 1.34 (2) N4-C5 = 1.43 (3), N4-C7 = 1.43 (3); P1-Pt-P2 =
100.6 (2), C1-Pt-C2 = 65.7 (7), C1-Pt-C3 = 36.0 (7), C2-Pt-C3 = 36.6
(7), C1-C3-C2 = 109 (2), C1-C3-N4 = 126 (2), C2-C3-N4 = 123 (2),
C3-N4-C5 = 120 (2), C3-N4-C7 = 125 (2), C5-N4-C7 = 115 (2).
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Figure 1. ORTEP drawing of 2c.

of the platinum r°-oxatrimethylenemethane analogues, and
thus complexes 2a-c are the first examples of metal com-
plexes containing an n°-azatrimethylenemethane ligand.®
In solution, such metallacycles are flexible enough to
pucker up and down to the molecular plane, allowing the
exchange of syn and anti hydrogens. This behavior is
indicated by the broad 'H NMR resonances at § 2.2 for
the a-methylene groups, which show no obvious change
at —50 °C.

Heterotrimethylenemethane complexes have been re-
ported to show a variety of bonding modes’ as well as
intriguing utility in organic synthesis.® Specifically, 7
azatrimethylenemethane complexes of Pd(II) were pro-
posed as reaction intermediates in the cycloaddition with
cyclic carbamates and norbornene. However, our attempt
to treat complex 2a with norbornene under similar con-
ditions failed to elicit any reaction, presumably due to the
much less reactive platinum—carbon bonds. The analogous
chemistry of palladium will be examined. The reaction
of complex 2a or 2b with CO yields the corresponding
carbamoyl complex trans-Pt(C{O}NRR’)(Br)(PPh;), and
acetone.” The addition of D,O resulted in formation of

(6) (a) Jones, M. D.; Kemmit, R. D. W. Adv. Organomet. Chem. 1987,
27, 279. (b) Fawcett, J.; Henderson, W.; Jones, M. D.; Kemmit, R. D.;
Russell, D. R.; Lam, B.; Kang, S. K.; Albright, T. A. Organometallics
1989, 8, 1991 and references therein.

(7) (a) Holmgren, J. S.; Shapley, J. R.; Wilson, S. R.; Pennington, W.
T. J. Am. Chem. Soc. 1986, 108, 508. (b) Ando, W.; Choi, N.; Kabe, Y.
J. Am. Chem. Soc. 1990, 112, 4574. (c) Frey, M.; Jenny, T. A.; Stoeck-
li-Evans, H. Organometallics 1990, 9, 1806. (d) Hartwig, J. F.; Anderson,
R. A.; Bergman, R. G. J. Am. Chem. Soc. 1990, 112, 5670. (e) Hartwig,
J. F.; Bergman, R. G.; Anderson, R. A. Organometallics 1991, 10, 3326,
3344. (f) Ando, W.; Yamamoto, T.; Saso, H.; Kabe, Y. J. Am. Chem. Soc.
1991, 113, 2791.

(8) (a) Davies, S. G. Organotransition Metal Chemistry: Applications
to Organic Synthesis; Pergamon Press: New York, 1982. (b) Trost, B.
M. Angew. Chem., Int. Ed. Engl. 1986, 25, 1. (c) Trost, B. M.; Miller, M.
L. J. Am. Chem. Soc. 1988, 110, 3687. (d) Ohe, K.; Ishihara, T.; Chatani,
N.; Murai, S. J. Am. Chem. Soc. 1990, 112, 9646.

(9) A CDCJ; solution containing 20 mg of 2a was bubbled with CO for
0.5 h. The reactions were monitored with NMR techniques. trans-Pt-
(C{OINHCHMe,)(Br)(PPh;), and over 90% of the starting amount of 2a
were observed after 2 days. Acetone was identified with use of authentic
samples. A similar reaction with added D,O was done to afford further
confirmation for the formation of acetone. The spectral data are con-
sistent with those of authentic samples prepared according to the liter-
ature method.’® Selected spectral data for trans-Pt(C{ONHCHMe,)-
(Br)(PPhj),: IR (KBr) vy_y = 3429 cm™!, vo—p = 1599 cm™; 3P NMR
(CDCly) 6 20.5 (Jp_p, = 3229 Hz); 'H NMR (CDCl;) 6 4.48 (d, Jy_i = 6.1
Hz, NH), 2.71 (m, 1 H, Jyy_y4 = 6.1, 6.5 Hz, CH), 0.17 (d, 6 H, Jy1y = 6.5
Hz, CH,). Selected spectral data for trans-Pt(C{OJNEt,)(Br)(PPhy),: P
NMR (CDCl,) 6 19.1 {(Jp_p, = 3259 Hz); 'H NMR (CDCl,) § 3.72, 2.19 (q,
2 H, Jy.y = 7.2 Hz, CH,CHj), 0.65, 0.12 (t, 3 H, Jy.y = 7.2 Hz, CH,CH;).
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(CH,D),CO and (CH;D)(CH;)CO, indicating the incor-
poration of water into the azatrimethylenemethane group.
Detailed mechanistic studies are in progress.

The regioselective nucleophilic addition of -NH, at the
C; atom of the s-allenyl ligand appears to be general.?2?
In a reaction of 1 with N,H,H,O carried out in CHCl;, an
intermediate n*-azatrimethylenemethane complex was first
formed,!! which was further transformed to the new pla-

tinapyrazoline complex {Pt[CHQC(Me)=NNH2]-
(PPhy),}(Br) (3)'2 exclusively. The latter type of metal-
lacycle has not been previously reported. Formation of

a neutral species, Pt[CH,C(Me)=NNH,] (PPh,)(Br) (4),
became dominant in benzene. The addition of PPh, to 4
in CHCI; caused it to revert to 3. Deprotonation of 3 in
CHCl; with KOH afforded another neutral complex,

(10) Green, C. R.; Angelici, R. J. Inorg. Chem. 1972, 11, 2095.

(11) 'P NMR (CDCl,): 5 18.75 (br, Jp_p, = 3357 Hz), 17.76 (br, Jp_p,
= 3243 Hz). 'H NMR (CDCly): §9.05 (br, 1 H, NH), 4.00 (br, 4 H, Jy.p,
= 23 Hz, CH,), 1.90 (br, 2 H, NH,).

(12) To 15 mL of a degassed CH,Cl, solution containing 0.33 g of 1 was
added 20 uL of NoH,H,0. After 1 day of stirring at 25 °C, the solution
was concentrated to 5 mL. The introduction of 20 mL of n-hexane
resulted in the crystallization of 3. Selected spectral data: IR (KBr) vy_y
= 3285 em™, oy = 1620 cmL; 3'P NMR (CDCly) 6 23.04 (d, Jp.p = 16.4
Hz, Jp_p, = 1960 Hz), 13.3 (d, Jp.p = 16.4 Hz, Jp.p, = 3726 Hz); 'H NMR
(CDCly) § 6.52 (br, Jy_p, = 42 Hz, NH,), 2.81 (dd, Jp.y = 6.5 Hz, Jp_y =
3.7 Hz, Jp,.y = 29.8 Hz, CH,), 1.93 (d, Jp_y = 1.4 Hz, CH,); 1°C NMR
(CDCly) 6 182.1 (s, CN), 49.7 (d, Jp_c = 82.4 Hz, Jp,¢c = 590.6 Hz, Pt-
CH,), 6 17.1 (s, CH;). Elemental analysis data are not available due to
the irregular abundance of solvent and water (presumably hydrogen-
bonded) in the samples.

Pt[CH,C(Me)=NNH](PPhj,), (5).1* All of the pyrazoline
complexes 35 are subject to decomposition. Further in-
vestigation of the reaction scope involving azatrimethy-
lenemethane and pyrazoline complexes is in progress.
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(13) A CHCI; solution of 3 was first vacuum dried. The addition of
benzene to the solid residue caused ca. 80% conversion of 3 to 4 at
equilibrium. Selected spectral data for 4: *P NMR (C¢Dy) 5 15.8 (Jp_p,
= 4062 Hz); 'H NMR (C¢Dq) & 6.54 (br, ca. 2 H, Jy_p, = 39 Hz, NH,), 2.42
(d, 2 H, Jp_y = 1.4 Hz, Jp;—y = 56 Hz, CH,), 1.62 (s, 3 H, CHj); *C NMR
(CgDg) 6 184.6 (d, Jp_c = 7.0 Hz, CN), 35.5 (d, Jp_c = 0.7 Hz, Jp, o = 348.2
Hz, Pt-CH,), 17.1 (s, CHy). Deprotonation of 3 was carried out in a
solution of CHCIl; with use of KOH (dissolved in MeOH). The reaction
solution was first vacuum-dried to remove methanol. The addition of a
small amount of CHCl; caused the precipitation of KBr. After filtration
to remove KBr, complex 5 was crystallized from CHCl;/Et,0: 3'P NMR
(CeDg) 6 25.2 (d, Jf_p = 14 Hz, Jp_p, = 1877 Hz), 20.5 (d, Jp.p = 14 Hz,
Jp.p, = 3077 Hz); TH NMR (CgDg) 6 6.56 (dd, 1 H, Jp_y = 4.8, 13.2 Hz,
Jyp, = 113 Hz, NH), 8.27 (dd, 2 H, Jp_yr = 3.0, 8.1 Hz, Jp,yy = 40 Hz,
CH,), 2.32 (dd, 3 H, Jp_y = 0.9, 1.5 Hz, CH;).
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Summary: Treatment of heterometallic imido clusters
LWRu,(CO)g(u-H)(ug-NPh) (L = Cp (1a); L = Cp* (1b))
with hexafluoro-2-butyne in toluene at 100 °C produced
cluster derivatives LWRu,(CO),(x3-NPhXCF,CCHCF,) (L =
Cp (2a); L = Cp* (2b)). In contrast to complex 2b,
thermolysis of 2a in refluxing toluene under CO yielded
two additional isomers 3a and 4a via concurrent alkenyl
and imido ligand migration. The crystal structures of 2b
and 3a and subsequent reactivity and mechanistic studies
of 2a and 4a with a phosphine donor reveal a rare ex-
ample of dissoclative, intermetallic phosphine movement
of the framework of metal clusters.

The chemistry of transition metal complexes possessing
nitrogen-donor and imido ligands has been investigated
extensively.! In this research field, we have been inter-

t National Tsing Hua University.
! Academia Sinica.
§ National Taiwan University.

ested in the synthesis of polynuclear imido clusters via
treatment of trinuclear cluster Ru;(CO),(u;-INPh) with
tungsten acetylide and hydride complexes.? The hetero-
metallic clusters LWRu,(CO)g(u-H)(u;-NPh) (L = Cp (1a);
L = Cp* (1b)), containing a triply bridging imido ligand,
have been prepared by the respective reaction with LW-
(CO);H.?» We report here the subsequent reaction with
an alkyne ligand in which we have observed the formation
of only one alkenyl complex initially. Upon thermolysis,
both the alkenyl and the imido ligands underwent mi-
gration on the triangular Ru,W core, affording two addi-
tional isomers. For the phosphine-substituted derivative,

(1) (a) Bruce, M. L; Cifuentes, M. P.; Humphrey, M. G. Polyedron
1991, 10, 277. (b) Kee, T. P.; Park, L. Y.; Robbins, J.; Schrock, R. R. J.
Chem. Soc., Chem. Commun. 1991, 121 and references therein. (c)
Huttner, G.; Knoll, G. Angew. Chem., Int. Ed. Engl. 1987, 26, 743. (d)
Deeming, A. J. Adv. Organomet. Chem. 1986, 26, 1. (e) Burgess, K.
Polyhedron 1984, 3, 1175. (f) Nugent, W. A.; Haymore, B. L. Coord.
Chem. Rev. 1980, 31, 123.

(2) (a) Chi, Y.; Hwang, D.-K.; Chen, S.-F.; Liu, L.-K. J. Chem. Soc.,
Chem. Commun. 1989, 1540. (b) Chi, Y.; Liu, L. K.; Huttner, G.; Imhof,
W. J. Organomet. Chem. 1990, 384, 93.
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