158 HELVETICA CHIMICA ACTA - Vol. 72 (1989)

20. Polynuclear Iron and Rhodium Complexes of 7-Oxa[2.2.1]hericene
(2,3,5,6-Tetramethylidenebicyclo[2.2.1]heptan-7-one)

by Albino Rubello') and Pierre Vogel*

Institut de Chimie Organique de I'Université, 2, rue de la Barre, CH-1005 Lausanne

(2.X1.88)

u-Carbonyl(Rh—Rh)di(7-indenyl)[(2R,35)-C,2,3,C-n2,3,4,5-tetramethylidenebicyclo[2.2. 1]heptan-7-one))-
dirhodium(IRh—Rh) (7) and  cis-u-{(2R,35,5R,65)-C,2,3,C-1 :C,5,6,C-n-(2,3,5,6-tetramethylidenebicy-
clof2.2.1]heptan-7-one)]bis[x-carbonyldi(y >-indenyl)dirhodium(I)(Rh—Rh)] (8) have been prepared. Complex 7
reacts with Fe,(CO)y in hexane/MeOH and gives cis-u-[(2R,3S,5R,65)-] (9), trans-u-[(2R,35,55,6R)-C,2,3,Cn:
C,5,6,C-n-(2,3,5,6-tetramethylidenebicyclo[2.2. 1 Jheptan-7-one)]-u-carbonyldi(; *-indenyl)dirhodium(I)(Rh—Rh)-
(tricarbonyliron) (10), and p-carbonyl(Rh—Rh)[(2R,3S5)-C,2,3,C--(2,3-dimethyl-5,6-dimethylidenebicyclo-
[2.2.1]hept-2-en-7-one)]di(y *-indenyl)dirhodium(I)(Rh—Rh) (11). Treatment of 7-oxa[2.2.1]hericene (4) with
Fey(CO), or (cyclooctene),Fe(CO); gave a 1:2 mixture of cis-u-{(2R,3S,5R,65)-] (12) and trans-u-[(2R,35,5S,6R)-
C,2,3,C-n:C,5,6,C-n-(2,3,5.6-tetramethylidenebicyclof 2.2.1 [heptan-7-one ) [bis( tricarbonyliron) (13).

Introduction. —- Mononuclear transition metal-complexes of 1,3-dienes are well docu-
mented [1] [2]. In contrast, only a limited number of complexes of 1,3-dienes bonded to
two [3] or more [4] adjacent metal centres have been reported. Although the synthetic
methods for such species are not yet general and newer ones need to be developed, it is
thinkable that the chemistry of these dinuclear complexes should become as interesting
and useful as that of their monometallic analogues.

During the last ten years, we have developed efficient syntheses of new polyenes that
possess two (e.g. 1 with Z=CH, [5], O [6], Me,C=C [7], CH,CH,, CH=CH [8],

CH,=C—CH, [9]) or three (e.g. [2.2.2]hericene (2) [10]) exocyclic s-cis-butadiene units
grafted onto bicyclic skeletons. Methods for the partial or/and complete complexation of
these polyolefins by transition-metal carbonyls has already been presented [11] [12]. In
some cases, the reactivity of these complexes has been explored [13]. With 5,6,7,8-tetra-
methylidenebicyclo[2.2.2]oct-2-ene, two different metalcarbonyls (M'= Fe(CO),,
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Ru(CO),; M? = M,, Mo(CO),, W(CO),) could be attached selectively to the pentaene (see
3) [14]. Recently, we presented a synthesis of 7-oxa[2.2.1]hericene (4: 2,3,5,6-tetramethyli-
denebicyclo[2.2.1]heptan-7-one) [15], a precursor of the unstable 10-n-electron ligand
56 (Scheme 1) [16][17].

We report here our preliminary results on the complexation of 4 with Fe and Rh
moieties. Unusual di-, tri-, and tetranuclear complexes have been obtained.

Results and Discussion. — Tetraenone 4 is an unstable compound that undergoes
quick polymerization, even when diluted in degassed solvents. Therefore, complexation
of 4 requires relatively smooth reaction conditions. We have found that treatment of 4
with tri(u,-carbonyl)tri(n*-indenyl)triangulotrirhodium [18] [19] (toluene, 80°, 1 h) gave a
mixture of the dinuclear Rh(I)complex 7 (45%, isolated) and the tetranuclear
Rh(I)complex 8 (40%, isolated). The complexation occurred exclusively onto the exo-
face of the s-cis-butadiene moieties, no trace of the isomeric endo-complexes could be
detected in the reaction mixture.

(o] (o]
M M’ Mm?
(o]
M2
7 M’ = (Ind)Rh~Rh(ind) 8 M'=M?2= (Ind)Rh—Rh(Ind) 10 M’ = (Ind),Rh,(CO); M2= Fe(CO),
9 M'=(Ind),Rh,(CO); M?=Fe(CO), 13 M'=M?=Fe(CO),
12 M'=M?=Fe(CO),
°
M! Ind = %-indenyl
Me
Me o

11 M'=(ind)Rh—Rh(ind)

The 'H- and "C-NMR spectra of 7 and 8 were temperature-independent between —60
and +60°, consistent with the structures proposed (see Exper. Part)[19]. The exo-config-
uration of the metallic moieties in 8 is retained, because the isomeric endo-C,, species
cannot exist due to the bulk of the two endo-p-carbonyldi(n *-indenyl)dirhodium groups.
The exo-configuration of the dinuclear complex 7 is not established unambiguously.
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Nevertheless, for steric reasons also, the isomeric endo-complex is expected to be less
stable than 7. The structure of 7 was confirmed by the fact that it was transformed into 8
exclusively. Further confirmation was obtained by the following experiment.

On heating 7 with Fe,(CO), in hexane/MeOH 5:1 (25 h, 30 h), a mixture was obtained
from which the polynuclear complexes 9 (21 %), 10 (10 %), the product of 1,4-hydrogena-
tion 11 (13%), and an unidentified (diene)bis(indenyl)dirhodium complex were isolated.
The exo-configuration of the Fe(CO), moiety in 9 was given by the observation of a
typical *J coupling constant of 0.4 Hz (M type of coupling) between the syn-periplanar
bridgehead protons H—C(1), H—C(4), and the adjacent methylidene protons H,C=C(5)
and H,C=C(6) trans to C(5),C(6) [11b] [12b] [20]. This coupling constant was not
observed in the 'H-NMR spectrum of the iron endo-complex 10.

The structure of 11 was elucidated from its spectral data (see Exper. Part) and
elemental analysis. Product 11 was also obtained in 68% yield on treating 7 with
H,0s,(CO),, [21] in cyclohexane at 20°.

Tetraenone 4 reacted with Fe,(CO), in MeOH (20°, 12 h) to give a 1:2 mixture of the
dinuclear complexes 12 and 13 in 18 % yield. When using [Fe(CO),(n*-cyclooctene),] [22]
in hexane at —40° (20 min), the same mixture 12/13 was obtained in a somewhat better
yield (30%). Under both modes of Fe coordination, mononuclear complexes were not
formed in significant amount, perhaps because of their lability. The exo-configuration of
the Fe(CO), moieties in 12 and 13 was established by the observation of a long-range
coupling constant *J = 0.4 Hz between the bridgehead protons and the adjacent syn-peri-
planar protons of the diene Fe(CO), units.

Tentative oxidations of the Fe moieties in 12 and 13 with Me,N oxide in acetone or
benzene [23] led only to decomposition, in contrast with bis(tricarbonyliron) complexes
of 5,6,7,8-tetramethylidenebicyclo[2.2.2]oct-2-yl derivatives which were shown to un-
dergo selective decomplexations under these conditions, yielding the corresponding
monotricarbonyliron complex stereoselectively [13b] [24].

The structural [11b] and chemical properties [11e] [25] of [Fe(CO),(diene)]complexes
can be described by invoking the limiting structures 14«>15 [26] (Scheme 2). The

Scheme 2
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og-bonded Fe(CO), structure 15 interprets the property of the transition metal to retro-
donate electrons into the LUMO of the z system [27]. Because of that, the complexes of
tricarbonyl(5,6-dimethylidenebicyclof2.2.1]hept-2-en-7-one)iron (17) derived from acidic
hydrolysis of the corresponding acetals 16 could not be isolated, as they underwent fast
cheletropic eliminations of CO to give tricarbonyl(orthoquinodimethane)iron (19) [28]
(Scheme 3). The relative ease of the reaction 17— 19 can be interpreted by the limiting
structures 18 which confer a character of bicyclo[2.2.1]hept-2,5-dien-7-one to 17, the
latter system being known for its facile CO elimination to give the corresponding benzene
derivative [29].
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Scheme 3
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It was, thus, surprising to find that the dinuclear iron complexes 12 and 13 were quite
stable species up to 110° (degassed toluene or decane). At higher temperature, only
decomposition was observed. Similarly, irradiation (Pyrex or quartz vessel, Et,0O,
acetone or toluene, —40°) led to demetallation and polymerization of the ligand. Since the
metal-diene retrodonation in u-carbonyl(diene)di(#’-indenyl)dirhodium is less important
than in Fe(CO), derivatives [19], the dirhodium complex 11 did not expel the organic CO
group easily. On heating (110°, toluene) or on irradiating (high-pressure Hg lamp, —30°,
Et,O/pentane) 11 led to demetallation and recovery of 2,3-dimethyl-5,6-dimeth-
ylidenebicyclo[2.2.1}hept-2-en-7-one.

The trinuclear irondirhodium complexes 9, 10, and the tetranuclear rhodium complex
- 8 did not expel the ketone CO more easily either on heating or irradiating, and, thus,
failed to give us the expected polymetallic complexes of ‘1,2,4,5-tetramethylideneben-
zene’ (6). We are exploring further complexation of 7-oxaf2.2.1}hericene (4), hoping to
generate such species.

We thank F. Hoffmann-La Roche & Co. AG, Basel, the Swiss National Science Foundation, and the Fonds
Herbette, Lausanne, for generous financial support.

Experimental Part

General. See [30].

Complexation of 4 with [ Rh3( CO)3(indenyl)3]. A degassed soln. of 4[15] (50 mg, 0.32 mmol) and tri(u,-carbo-
nyDtri(n°-indenyl)triangulotrirhodium (110 mg, 0.15 mmol) [18] in anh. toluene (70 mi) was sealed in a Pyrex tube
under vacuum. The green soln. was heated to 80° for 1 h. After cooling to —20°, the tube was opened, and the
brownish mixture was separated by column chromatography on silica gel (CH,Cl,/hexane 1:1) yielding 42 mg
(45%) of 7 (R;0.5; TLC: SiO,, CH,Cl,/hexane 2:1) and 65 mg (40%) of 8 (R 0.25; idem).

pu-Carbonyl( Rh—Rh)di(n’-indenyl) [ (2R, 38 )-C, 2,3, C-n-(2,3,5,6-tetramethylidenebicyclo [ 2.2.1 Jheptan-7-
one) Jdirhodium(I)( Rh—Rh) (7). Red-brownish crystals, m.p. 188-190° (dec.). IR (KBr): 3040, 2960, 1770, 1470,
1320, 1200, 800. 'H-NMR (80 MHz, CDCly): 7.55, 7.25 (2m); 6.16, 5.74, 5.48 (3m, 2 indenyl); 5.3, 4.9 (2s,
CH,=C(5), CH,=C(6)); 2.48 (s, H=C(1), H-C(4)); 2.41 (d, J = 2.6, 1 H of H,C=C(2), H,C=C(3) trans to C(3) and
C(2), resp.); 0.39 (dd, 2J(H, H) = 2.6, 2J(H, Rh) = 2.4, 1 H of CH,=C(2), CH,=C(3) cis to C(3) and C(2), resp.).
BC.NMR (¢, 'J(C,Rh) =50); 201.4 (s, C(7)=0); 144.7 (5, C(5),C(6)); 125.4, 1250, 120.0, 119.9 (4dd,
1J(C,H) = 162, 3J(C,H) = 6, 8 arom. CH); 115.7, 112.8 (2m, arom. C); 103.9 (¢, 'J(C,H) = 160, 2 CH,=C), 96.5,
79.4 (2dt), 80.2 (dm, 'J(C,H) = 174, 1J(C,Rh) = 5, allyl. C of indenyl); 77.2 (dm, 1J(C,Rh) = 7, C(2),C(3)); 62.3
d, 'J(C,H) = 156, C(1),C(4)); 22.8 (¢d, 'J(C,H) = 160, 'J(C,Rh) = 12, CH,=C(2), HC=C(3)). CI-MS (NH,):
622 (2, M™), 132 (7), 130 (7), 116 (100), 115 (54). Anal. calc. for C3H,40,Rh, (622.33): C 57.90, H 3.88; found:
C 57.75, H4.04.
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cis-u-[(2R, 38, 5R,65)-C, 2,3,C-n:C, 5, 6,C-n-(2,3,5,6-Tetramethylidenebicyclo [ 2.2.1] heptan-7-one) ] bis
[ p-carbonyldi(n’-indenyl)dirhodium(I) ( Rh— Rh) ] (8). Red-brownish crystals, m.p. > 200°. 1R (KBr): 3040, 2960,
1790, 1660, 1480, 1320, 1200, 800, 760. 'H-NMR (80 MHz, CDCl,): 7.58, 7.26 (2m, 16 arom. H); 6.16, 5.78, 5.50
(3m, 12 allyl. H); 2.36 (d, 1 H of CH,=C(2), CH,=C(3), CH,=C(5), CH,=C(6) trans to C(3), C(2), C(6), C(5),
resp.); 1.72 (br. s, H—C(1), H—C(4)); 0.36 (dd, 2J(H,Rh) = 2.4, 2J(H,H) = 2.6, 1 H of CH,=C(2), CH,=C(3),
CH,=C(5), CH,=C(6) cis to C(3), C(2), C(6), C(5), resp.). 3C-NMR (90.55 MHz, CDCly): 226.5 (¢,
LJ(C,Rh) = 50); 201.4 (s, C(7)=0); 126.7, 125.7, 120.5, 120.4 (4dd, 'J(C,H) = 162, 3J(C,H) = 6, 16 arom. CH);
116.9, 114.3 (2m, 8 arom. C); 98.8, 81.4, 80.8 (34, 'J(C,H) = 174, 12 allyl. CH); 79.9 (br. 5, C(2), C(3), C(5), C(6));
63.8 (d, 'J(C,H) = 160, C(1), C(4)); 22.9 (¢d, 'J(C, H) = 160, 'J(C, Rh) = 12, 4, H,C=C). CI-MS (NH;): 1086 (1,
M), 840 (3), 622 (1), 231 (21), 132 (17), 16 (100). Anal. calc. for Co9H330;Rh, (1086.47): C 54.17, H 3.53; found:
C 54.93, H 4.05.

Complexation of 8 with Fe,( CO )g. Fex(CO)y (110 mg, 0.29 mmol) was added portionwise to a stirred soln. of 8
(60 mg, 0.095 mmol) in hexane/MeOH 5:1 (35 ml) under N, bubbling. After stirring for 15 h at 30° under N,
bubbling (1 bubble/s), Fe,(CO), (100 mg, 0.28 mmol) was added and the mixture stirred another 10 h at 30°. The
solvent was evaporated and the residue taken in CH,Cl,/hexane 1:1, filtered through paper, and separated by
column chromatography (100 g, SiO,, CH,Cl,/hexane 1:1) giving Fes(CO),; first, and a yellow fraction which was
separated by HPLC (25 cm, Lichrosorb Si60, 10 atm., CH,Cly/hexane 1:1) giving 16 mg (21 %) of 9, 8 mg (10%) of
10, 8 mg (13%) of 11 and 8 mg (13 %) of an unknown complex.

cis-u-[ (2R,38,5R,68)-C,2,3,C-11: C,5,6,C-n-( 2,3,5 ,6-Tetramethylidenebicyclo[ 2.2.1 [heptan-7-one) ] u-car-
bonyldi(n’-indenyl)dirhodium(I)( Rh—Rh) ( tricarbonyliron) (9). Red-brownish crystals, m.p. 210-212° (dec.). IR
(KBr): 2040, 1980, 1960, 1790, 1640, 1470, 1340, 1160. "H-NMR (360 MHz, CDCl;): 7.58, 7.24 (2m, 4 arom. CH);
6.22, 5.83, 5.64 (3m, 3 CH allylic); 2.61 (¢, 2J(H,H) = 3.2, 2J(H,Rh) = 2.6, 1 H of CH,=C(2), CH,=C(3) trans to
C(3), C@4), resp.); 2.53 (s, H-C(1), H-C(4)); 2.02 (dd, 2J(H,H) = 3.2, “J(H,H) =04, 1 H of CH,=C(5),
CH,=C(6) trans to C(6), C(5), resp.); 0.25 (+, 2J(H, H) = 3.2, J(H,Rh) = 2.6, 1 H of H,C=C(2), H,C=C(3) cis to
C(3), C(2), resp.). *C-NMR (90.55 MHz, CDCly): 225.6 (1, 'J(C,H) = 50, 1-CO); 208.6 (s, Fe(CO)3); 193.5 (s,
C(7)=0); 126.8, 125.9, 120.7, 120.1 (dd, 'J(C,H) = 162, *J(C,H) = 6, 8 arom. CH); 107.4, 103.7 (2m, 4 arom. C);
108.1 (s, C(5),C(6)); 96.3, 81.2, 799 (34, 'J(C,H) =174, 2 allyl. CH); 76.4 (br. s, C(2),C(3)); 589 (d,
LJ(C,H) =160, C(1),C(4)); 356 (1, 'J(C,H) =160, H,C=C(5), H,C=C(6)); 234 (1d, 'J(C,H)= 160,
1J(C,Rh) = 12, CH,=C(2), CH,=C(3)). CI-MS (NH;): 762 (24, M*), 761 (21), 621 (4), 506 (5), 435 (11), 134 (20),
116 (100). Anal. calc. for C33H,4FeOsRh, (762.21): C52.00, H 3.17; found: C 51.09, H 3.15.

trans-u-/(2R,38,55,6R)-C,2,3,C-n:C,5,6, C-n-(2,3,5,6-Tetramethylidenebicyclof 2.2.1 | heptan-7-one) |-
p-carbonyldi(n’-indenyl )dirhodium(I)( Rh—Rh) ( tricarbonyliron) (10). Red-brownish crystals, m.p. 216-218°
(dec.). IR (K Br): 2040, 1980, 1970, 1780, 1320, 1180, 800. 'H-NMR (360 MHz, CDCl,): 7.58 (m, 8 arom. H); 6.24,
5,83, 525 (3m, 6 allyl. H); 2.83 (s, H—C(1), H-C(4)); 2.58 (1, 2J/(H,H)=3.2, 2J(H,Rh) =26, 1 H of
CH,=C(2), CH,=C(3) trans to C(3), C(2), resp.); 2.05 (d, J = 3.2, 1 H of CH,=C(5), CH,=C(6) trans to C(6), C(5),
resp.); 047 (d, J =32, 1 H of CH,;=C(5), CH,=C(6) cis to C(6),C(5), resp.); 0.37 (1, 2J(H,H) =32,
2J(H,Rh) = 2.6, 1 H of CH,=C(2), CH,=C(3) cis to C(3),C(2), resp.). CI-MS (NH,): 762 (13, M™), 761 (9), 435
(5), 134 (18), 116 (100). Anal. calc. for C33H,4FeOsRh, (762.21): C 52.00, H 3.17; found: C 51.61, H 3.21.

p-Carbonyl( Rh—Rh) (2R,35)-C,2,3,C-yy-( 2,3-dimethyl-5 6-dimethylidenebicyclof 2.2.1 | hept-2-en-7-one ) ] di-
(n’-indenyl)dirhodium(I)( Rh—Rh) (11). Red crystals, m.p. 192-194° (dec.). IR (KBr): 2900, 1770, 1480, 1440,
1320, 1040. 'H-NMR (360 MHz, CDCly): 7.55, 7.24 (m, 2 x 4 H); 6.12, 5.89, 5.47 (3m, 6 allyl. H); 2.48 (1,
2JH,H) =32, WH,Rh)=26, 1 H of H,C=C(2), H,C=C@3) trans to C(3),C(2), resp.); 2.43 (s,
H—C(1), H-C(4)); 1.76 (s, 2 Me); 0.33 (¢, ZJ(H, H) = 3.2, 2J(H,Rh) = 2.6, 1 H of CH,=C(2), CH,=C(3) cis to
C(3),C(2), resp.). *C-NMR (90.55 MHz, CDCly): 226.5 (¢, 'J(C, Rh) = 50, u-CO); 201.4 (s, C(7)=0); 128.1 (s,
C(5),C(6)); 125.7, 124.9, 120.0, 118.9 (4dd, 'J(C,H) = 162, *J(C,H) = 6, arom. CH); 115.7, 112.2 (2m, arom. C);
96.4 (dt), 80.2, 79.2 (2dm, 'J(C,H) = 174, \J(C,Rh) = 5, allyl. CH); 78.1 (d, 'J(C,Rh) = 7, C(2), C(3)); 63.3 (d,
1J(C,H) =156, C(1),C4)); 22.8 (d, 'J(C,H)=160, 'J(C,Rh) =12, CH,=C(2), CH=C(3)); 169 (g,
'J(C,H) = 127, Me). CI-MS (NH,): 624 (14, M™), 435 (15), 134 (32), 116 (100). Anal. calc. for C3H,;0,Rh,
(624.35): C 57.71, H 4.20; found: C 57.14, H 4.23.

Complex 11 was obtained in 68 % yield on treating 8 with Os;(CO),oH, in cyclohexane at 20°.

Complexation of 4 with Fe,(CO )g. Fe,(CO)g (2 g, 5.5 mmol) was added portionwise to a stirred soln. of 4 (250
mg, 1.58 mmol) in MeOH (25 ml) and bubbled with N,. After stirring at 20° for 12 h, the solvent was evaporated,
and the residue purified and separated by column chromatography on silica gel (7.5 g, CH,Cl,/hexane 1:1) giving a
first fraction (R; 0.87) yielding 82 mg (12%) of 11 and a second fraction (R; 0.83) yielding 34 mg (6%) of 12. The
same dinuclear complexes 11 and 12 were obtained in 30 and 15% yield, resp., on treating 4 with
[Fe(CO)s(cyclooctene),] [22] in anh. hexane at —30° for 1 h.
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cis-u-{ (2R, 38,5R,68)-C,2,3,Cn:C,5,6,C-n-(2,3,5,6-Tetramethylidenebicyclo[ 2.2.1 [ heptan-7-one ) [ bis( tri-
carbonyliron) (12). Yellow crystals, m.p. 109-110° (hexane). UV (95% EtOH): 221 (38000, sh), 300 (13000), 327
(7500). IR (hexane): 2960, 1980, 1950, 1760, 1400, 1200, 1130. 'H-NMR (80 MHz, CDCl3): 3.87 (s,
H-C(1), H—C(4)); 2.47 (d, J =3, 1 H of CH,=C(2), CH,=C(3), CH,=C(5), CH,=C(6) trans to C(3), C(2), C(6),
C(5), resp.); 0.55 (d, J = 3, 4 H). 3C-NMR (90.55 MHz, CDCl,): 212.3 (s, Fe(CO)); 207.8 (s, C(7)=0); 119.3 (s,
C@2), C(3), C(5), C(6)); 52.3 (d, 'J(C,H) = 155, C(1), C(4)); 32.1 (¢, 'J(C, H) = 160,4 CH,=C). MS (70 eV): 438 (1,
M), 410 (12), 382 (13), 354 (19), 298 (47), 270 (75), 242 (59), 186 (17), 128 (25), 85 (50), 56 (100). Anal. calc. for
C;7H,;Fe,0; (437.96): C 46.62, H 2.30; found: C 46.50, H 2.34.

trans-u-{ (2R,3S,58,6R )-C,2,3,C-n:C,5,6, C-n-(2,3,5,6-Tetramethylidenebicyclof 2.2.1 ] heptan-7-one ) bis-
(tricarbonyliron ) (13). Yellow crystals, m.p. 112-113°(hexane). IR (KBr): 2040, 1980, 1950, 1780, 1480, 1240, 1130.
'H-NMR (80 MHz, CDCly): 4.05 (s, H—C(1), H—C(4)); 2.42, 2.20 (2d, J = 3); 0.92, 0.52 (2d, J = 3). MS (70 eV):
438 (5, M), 410(12), 382(16), 326 (14), 298 (29), 270 (93), 242 (29), 184 (24), 158 (33), 101 (38), 59 (100). Anal. calc.
for Cy;H,oFe,0; (437.96): C 46.62, H 2.30; found: C 46.53, H 2.32.

REFERENCES

[1] See e.g. P.W. Jolly, G. Wilke, ‘The Organic Chemistry of Nickel’, Academic Press, New York, 1975, Vol. 2;

E. A. Koerner von Gustrof, F. W. Grevels, L. Fischler, ‘“The Organic Chemistry of Iron’, Academic Press, New

York, 1978, Vol. 1; H. Alper, ‘Transition Metal Organometallics in Organic Synthesis’, Academic Press, New

York, 1976, Vol.1; A.J. Deeming, in ‘Comprehensive Organometallic Chemistry’, Eds. G. Wilkinson,

F.G.A. Stone, and E.W. Abel, Pergamon Press, New York, 1982, Vol.4, p.377; M. A. Bennett, M. . Bruce,

T.W. Matheson, ibid. 1982, Vol.4, p.750; R.D. Adams, J.P. Selegue, ibid. 1982, Vol.4, p.1015; R.D. W.

Kemmilt, D.R. Russel, ibid. 1982, Vol. 5, p.226; R.P. Hughes, ibid. 1982, Vol. 5, p.445; G.J. Leigh, R.L.

Richards, ibid. 1982, Vol. 5, p. 599; P. M. Maitlis, P. Espinet, M.J. H. Russell, ibid. 1982, Vol.6, p.363; F.R.

Hartley, ibid. 1982, Vol. 6, p.732; R. Benny, G. Schroth, J. Organomet. Chem. 1982, 228, 71.

H. Yasuda, A. Nakamura, Angew. Chem. Int. Ed. 1987, 26, 723;J. Chen, Y. Kai, N. Kasai, H. Yamamoto, H.

Yasuda, A. Nakamura, Chem. Lett. 1987, 1545; G. Erker, T. Miihlenbernd, R. Benn, A. Rufinska, Organome-

tallics 1986, 5, 402; G. Erker, R. Lecht, J. L. Petersen, H. Bonnemann, ibid. 1987, 6, 1962; R.J. McKinney,

M. C. Cotton, ibid. 1986, 5, 1080; S. Antebi, H. Alper, ibid. 1986, 5, 596; H. Sotokawa, A. Tajiri, N. Morita, C.

Kabuto, M.Hatano, T. Asao. Tetrahedron Lett. 1987, 28, 5873; A. Tajiri, H. Sotokawa, N. Morita, C.

Kaboto, M. Hatano, T. Asao, ibid. 1987, 28, 6465.

[3] K.K. Cheung, R.J. Cross, K.P. Forrest, R. Wardle, M. Mercer, J. Chem. Soc., Chem. Commun. 1971, 875;
A.R. Manning, J. Chem. Soc., Dalton Trans. 1972, 821; M. Griffiths, S. A.R. Knox, R.F.D. Stansfield,
F.G.A. Stone, M.J. Winter, P. Woodward, J. Chem. Soc., Dalton Trans. 1982, 159; J.A. King, Jr., K.P.C.
Vollhardt, Organometallics 1983, 2, 684, and ref. [2] cited therein; see also: F.A. Cotton, T.J. Marks, J.
Organomet. Chem. 1969, 19,237; F. A. Cotton, D. L. Hunter, P. Lahuerta, J. Am. Chem. Soc. 1975, 97, 1046,
A.P. Humphries, S. A.R. Knox, J. Chem. Soc., Dalton Trans. 1978, 1514; F. A. Cotton, B.E. Hanson, J.R.
Kolb, P. Lahuerta, Inorg. Chem. 1977, 16, 89; G. Deganello, J. Lewis, D.G. Parker, P.L. Sandrini, Inorg.
Chim. Acta 1977, 24, 165; G. Deganello, L.K.K. LiShing Man, J. Takats, J. Organomet. Chem. 1971, 132,
265; A.C. Szary, S. A.R. Knox, F.G.A. Stone, J. Chem. Soc., Dalton Trans. 1974, 662; J. Evans, B.F.G.
Johnson, J. Lewis, R. Watt, ibid. 1974, 2368; M. Rosenblum, B. North, D. Wells, W. P. Giering, J. Am. Chem.
Soc. 1972, 94, 1239; A. Salzer, T. Egolf, W.v. Philipsborn, J. Organomet. Chem. 1981, 221, 351; A. Salzer, T.
Egolf, L. Linowsky, W. Petter, ibid. 1981, 221, 339; C. Elschenbroich, J. Heck, W. Massa, R. Schmidt, Angew.
Chem. Int. Ed. 1983, 22, 330; R.G. Ball, F. Edelman, G.-Y. Kiel, J. Takats, Organometallics 1986, 5, 829; M.
Mena, P. Royo, R. Serrano, M. A. Pellinghelli, A. Tiripicchio, ibid. 1988, 7, 258.

[4] P. A. Elder, B. H. Robinson, J. Chem. Soc., Dalton Trans. 1975, 1771; E. G. Bryan, B.F. G. Johnson, J. Lewis,
ibid. 1977, 144; M. Tachikawa, J.R. Shapley, R.C. Haltiwanger, C. G. Pierpont, J. Am. Chem. Soc. 1976, 98,
4651; E.G. Bryan, B.F.G. Johnson, J. W. Kelland, J. Lewis, M. McPartlin, J. Chem. Soc., Chem. Commun.
1976, 254; P.F. Jackson, B. F.G. Johnson, J. Lewis, P. R. Raithby, G.J. Will, M. McPartlin, W.J. H. Nelson,
ibid. 1980, 1190.

[5] O. Pilet, P. Vogel, Helv. Chim. Acta 1981, 64, 2563.

f6] C. Mahaim, P.-A. Carrupt, J.-P. Hagenbuch, A. Florey, P. Vogel, Helv. Chim. Acta 1980, 63, 1149.

[7] L. de Piccioto, P.-A. Carrupt, P. Vogel, J. Org. Chem. 1982, 47, 3796.

8] A. Chollet, M. Wismer, P. Vogel, Tetrahedron Lett. 1976, 4271; R. Gabioud, P. Vogel, Tetrahedron 1980, 36,
149.

2

—



164 HeLveTicA CHIMICA ACTA — Vol. 72 (1989)

[9] G. Burnier, L. Schwager, P. Vogel, Helv. Chim. Acta 1986, 69, 1310; see also: A. Rubello, P. Vogel, G.
Chapuis, ibid. 1987, 70, 1638.

[10] O. Pilet, P. Vogel, Angew. Chem. 1980, 19, 1003; O. Pilet, J.-L. Birbaum, P. Vogel, Helv. Chim. Acta 1983, 66,
19.

[11] a) Ph. Narbel, T. Boschi, R. Roulet, P. Vogel, A. A. Pinkerton, D. Schwarzenbach, Inorg. Chim. Acta 1979,
36, 161; b) A. A. Pinkerton, G. Chapuis, P. Vogel, U. Hinisch, Ph. Narbel, T. Boschi, R. Roulet, ibid. 1977,
35, 197; ¢) E. Meier, O. Cherpillod, T. Boschi, R. Roulet, P. Vogel, C. Mahaim, A.A. Pinkerton, D.
Schwarzenbach, G. Chapuis, J. Organomet. Chem. 1980, 186, 247; d) G. Erker, K. Engel, P. Vogel, Angew.
Chem. Suppl. 1982, 21, 1746; e) U. Hinisch, E. Tagliaferri, R. Roulet, P. Vogel, Helv. Chim. Acta 1983, 66,
2182.

[12} Ph. Narbel, R. Roulet, E. Tagliaferri, P. Vogel, J. Organomet. Chem. 1980, 194, 103; R. Gabioud, P. Vogel,
A.A. Pinkerton, D. Schwarzenbach, Helv. Chim. Acta 1986, 69, 271; R. Gabioud, P. Vogel, ibid. 1986, 69,
865.

[13] a) R. Roulet, E. Tagliaferri, P. Vogel, G. Chapuis, J. Organomet. Chem. 1981, 208, 353; Ph. Narbel, A. A.
Pinkerton, E. Tagliaferri, J. Wenger, R. Roulet, R. Gabioud, P. Vogel, D. Schwarzenbach, ibid. 1981, 208,
335; b) E. Meier, A.A. Pinkerton, R. Roulet, P. Vogel, D. Schwarzenbach, ibid. 1981, 220, 341; c) R.
Gabioud, P. Vogel, Tetrahedron Lett. 1983, 24, 1983; d) E. Tagliaferri, P. Campiche, R. Roulet, R. Gabioud,
P. Vogel, G. Chapuis, ibid. 1985, 68, 126; ) E. Tagliaferri, U. Hénisch, R. Roulet, P. Vogel, K.J. Schenk,
Hely. Chim. Acta 1985, 68, 1362; f) A. A. Pinkerton, D. Schwarzenbach, R. Gabioud, P. Vogel, ibid. 1986, 69,
305; g) J.-C. Zwick, R. Gabioud, P. Vogel, ibid. 1987, 70, 1072; h) J.-C. Zwick, P. Vogel, V. Mange, G.
Chapuis, ibid. 1987, 70, 1231.

[14] Ph. Narbel, R. Roulet, E. Tagliaferri, P. Vogel, J. Organomet. Chem. 1980, 194, 103.

[15] A. Rubello, P. Vogel, Helv. Chim. Acta 1988, 71, 1268; see also: P.-A. Carrupt, R. Gabioud, A. Rubello, P.
Vogel, E. Honegger, E. Heilbronner, ibid. 1987, 70, 1540.

[16] W.R. Roth, R. Langer, M. Bartmann, B. Stevermann, G. Maier, H. P. Reisenauer, R. Sustmann, W. Miiller,
Angew. Chem. Int. Ed. 1987, 26, 256.

[17] J. A. Berson, IUPAC meeting, Tokyo, Aug. 25, 1986.

[18] P. Caddy, E. O’Brien, M. Green, L.E. Smart, P. Woodward, Angew. Chem. Int. Ed. 1977, 16, 648; W.A.
Herrmann, ibid. 1982, 21, 117.

[19] Y.N. Al-Obaidi, M. Green, N.D. White, J.-M. Bassett, A.J. Welch, J. Chem. Soc., Chem. Commun. 1981,
494,

[20] E. Bonfantini, J.-L. Métral, P. Vogel, Helv. Chim. Acta 1987, 70, 1791.

[21] S.A.E.Knox, J. W. Koepke, M. Andrews, K.D. Kaesz, J. Am. Chem. Soc. 1975, 97, 3942.

[22] F.W. Grevels, H. Flecker, D. Hess, J. Am. Chem. Soc. 1984, 106, 2027.

[23] A.P. Humpbhries, S. A. R. Knox, J. Chem. Soc., Dalton Trans. 1978, 1514.

[24] R. Gabioud, P. Vogel, Helv. Chim. Acta 1983, 66, 1134.

[25] C. Barras, L. G. Bell, R. Roulet, P. Vogel, Helv. Chim. Acta 1981, 64, 2841.

[26] M. R. Churchill, R. Mason, Adv. Organomet. Chem. 1967, 5,93; R. Eiss, Inorg. Chem. 1970, 9, 1650, and lit.
cit. therein; P. Diehl, A.C. Kunvar, H. Zimmermann, J. Organomet. Chem. 1977, 135, 205; F. A. Cotton, G.
Wilkinson, ‘Advanced Inorganic Chemistry’, 3rd edn., Wiley-Interscience, New York, 1972, p. 731; see also:
R. Benn, G. Schroth, J. Organomet. Chem. 1982, 228, 71. .

[27] M. Elian, R. Hoffmann, Inorg. Chem. 1975, 14,1058 ; T. A. Albright, R. Hoffmann, P. Hofmann, Chem. Ber.
1978, 111, 1591.

[28] J. Ioset, R. Roulet, Helv. Chim. Acta 1985, 68, 236.

[29] D.M. Birney, J. A. Berson, Tetrahedron 1986, 42, 1561; J. Am. Chem. Soc. 1985, 107, 4553; R.N. Warrener,
R. A. Russell, I.G. Pitt, J. Chem. Soc., Chem. Commun. 1984, 1675.

[30] J. Wagner, E. Vieira, P. Vogel, Helv. Chim. Acta 1988, 71, 624.





