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Ethylene Rearrangements to M—-C, M=C, and M=C Scheme 1

Functionalities over a Tungsten-Oxo Surface R__R
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Generation of M-C, M=C, and M=C functionalities directly —H* =R'=H
from hydrocarbons has been recognized for a long time as a supe-  r'=Me, 9 R'=Me, 7 R=R=H, 11 13
rior feature of heterogeneous catalysts over homogeneous cata-  R*=Et, 10 R'=Et 8 )

lysts! Our molecular approach to metabxo surfacelsuses the [-H" = LiBu; H' = PyH"CI']

preorganized @set of donor atoms derived from calix[4]arene ) ) o ]

tetraanior? Herein, we report how the?d{ p-But-calix[4]-(O)} - complexe§. Thelr dgprptopathn with LiBu at80°Cin toluene .

W] fragment assists a variety of ethylene rearrangements, whichled, via plausible anionic vinyl intermediates, to the corresponding

are very close to those often supposed to occur on metal oxidesalkylidynes7¢ and8, which undergo protonation (PyHCI) to the

or other active surfacés.Such rearrangements (Scheme 1) are corresponding alkylidene§” and 10. The outcome of this

driven by light, acids, bases, or occur under reducing conditions. deprotonatior-protonation sequence is the isomerization of an
Reductions ofl, in the absence of any trapping agent, led to n?-olefin to an aIkyI.idene. This rearrangement, which has been

a variety of W-W bonded dimerg> However, in the presence ~ Proposedlto occur in heterogeneous systems, has seldom been

of ethylene or propylene{ p-But-calix[4]-(O);} W] is intercepted, ~ observed in solutiof.

forming 2 and3, which are rare examples of high-valent alkene ~ Although the reversible coupling of two alkenes at’aretal

— center is a common proce¥scomplexes? and 3 do not react
s Hﬂ:xggﬁy g; Eaalr’riaé””e- wih ethylene and propylene unless a catalytic amount (10%) of
@) (a) Th)(/)mas, J. M.; Thomas, W. Principles and Practice of Na metal is added. The coupling of two alkenes seems to proceed

Heterogeneous Catalysi¥CH: Weinheim, Germany, 1997. (bjechanisms by an electron-transfer catalySi®ccurring via the intermediacy

of Reactions of Organometallic Compounds with Surfa€ede-Hamilton, of a W(V)—alkene complekz Once formed, the metallacycles
D. J., Williams, J. O., Eds.; Plenum: New York, 1989. (c) Kung, H. H. 3 ) . -
Transition Metal Oxides: Surface Chemistry and CatalyBisevier: Am- 4-6'° showed an unprecedented irreversibility to the metal

sterdam, The Netherlands, 1989. (d) Hoffmann,RRlid and Surfaces, A alkene precursor. This irreversibility is supported by the absence

Chemist's View of Bonding in Extended Strucur&®CH: Weinheim,

Germany, 1988. (eTatalyst Design, Progress and Perspee§ Hegedus, (5) Kress, J.; Osborn, J. Mngew. Chem., Int. Ed. Engl992 31, 1585.

L., Ed.; Wiley: New York, 1987. (f) Bond, G. (Heterogeneous Catalysis, Clark, G. R.; Nielson, A. J.; Rickard, C. E. F.; Ware, D. .Chem. Soc.,

Principles and Applications2nd ed; Oxford University Press: New York, Dalton Trans.199Q 1173. Su, F.-M.; Cooper, C.; Geib, S. J.; Rheingold, A.

1987. L.; Mayer, J. M.J. Am. Chem. Sod986 108 3545. Su, F.-M.; Bryan, J. C.;
(2) For related molecular approaches to oxo surfaces binding organometallic Jang, S.; Mayer, J. MPolyhedron1989 8, 1261.

functionalities, see: Chisholm, M. Kkhemtractdnorg. Chem 1992 4, 273. (6) *H NMR for 7 (Py-ds, 400 MHz, 298 K, ppm):5 7.16 (s, 8H, ArH),
Kldui, W. Angew. Chem., Int. Ed. Engll99Q 29, 627. Feher, F. J.; 5.23 (d, 4H,J = 11.7 Hz,endeCHy), 3.91 (s, 3H, WCEl3), 3.25 (d, 4H,J
Budzichowski, T. APolyhedron1995 14, 3239. Nagata, T.; Pohl, M.; Weiner, =11.7 Hz,exaCH,), 1.16 (s, 36H, Bl). 3C NMR (Py-ds, 400 MHz, 298 K,
H.; Finke, R. Glnorg. Chem1997, 36, 1366. Pohl, M.; Lyon, D. K.; Mizuno, ppm): 6 269.3 (WCCHa).

N.; Nomiya, K.; Finke, R. Glnorg. Chem.1995 34, 1413. (7) *H NMR for 9 (C¢Ds, 400 MHz, 298 K, ppm):6 9.93 (g, IHJ=7.4

(3) For organometallic chemistry based on the calix[4]arene skeleton, see: Hz, WCHCHj), 7.06 (s, 8H, ArH), 5.34 (d, 3H] = 7.4 Hz, WCHCH3), 4.93
(a) Giannini, L.; Caselli, A.; Solari, E.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, (d, 4H,J = 12.2 Hz,endeCHy,), 3.23 (d, 4HJ = 12.2 Hz,exaCH,), 1.09 (s,
C; Re, N.; Sgamellotti, AJ. Am. Chem. Sod997, 119 9198, 9709. (b) 36H, BU).

Giannini, L.; Solari, E.; Zanotti-Gerosa, A.; Floriani, C.; Chiesi-Villa, A.; (8) lwasawa, Y.; Hamamura, H. Chem. Soc., Chem. Comm883 130.
Rizzoli, C.Angew. Chemint. Ed. Engl.1997, 36, 753. (c) Giannini, L.; Solari, (9) Freundlich, J. S.; Schrock, R. R.; Davis, W. M. Am. Chem. Soc.
E.; Zanotti- Gerosa, A.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, Gngew. 1996 118 3643. Freundlich, J. S.; Schrock, R. R.; Cummins, C. C.; Davis,
Chem, Int. Ed. Engl.1996 35, 85. (d) Giannini, L.; Solari, E.; Zanotti-Gerosa, = W. M. J. Am. Chem. S0d.994 116, 6476.

A.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, CAngew. Chem.nt. Ed. Engl. (10) Hill, J. E.; Fanwick, P. E.; Rothwell, I. ®rganometallics1992 11,

1996 35, 2825. (e) Castellano, B.; Zanotti-Gerosa, A.; Solari, E.; Floriani, 1771. Hill, J. E.; Balaich, G. J.; Fanwick, P. E.; Rothwell, |*ganometallics
C.; Chiesi-Villa, A.; Rizzoli, C.Organometallicsl996 15, 4894. (f) Gardiner, 1991 10, 3428. Takahashi, T.; Tamura, M.; Saburi, M.; Uchida, Y.; Negishi,
M. G.; Lawrence, S. M.; Raston, C. L.; Skelton, B. W.; White, A.Ghem. E.-I. J. Chem. Soc., Chem. Comm@@89 852. Erker, G.; Czisch, P.; Kger,
Commun.1996 2491. (g) Gardiner, M. G.; Koutsantonis, G. A.; Lawrence, C.; Wallis, J. M.Organometallics1985 4, 2059. Schrock, R. R.; McLain, S.;
S. M.; Nichols, P. J.; Raston, C. Chem. Commurl996 2035. (h) Gibson, Sancho, JPure Appl. Cheml98Q 52, 729. McLain, S.; Wood, C. D.; Schrock,
V. C.; Redshaw, C.; Clegg, W.; Elsegood, M. R.JJ.Chem. Soc., Chem. R. R.J. Am. Chem. S0d979 101, 4558.

Commun.1995 2371. (i) Acho, J. A.; Doerrer, L. H.; Lippard, S. lhorg. (11) Collmann, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RP@nciples

Chem.1995 34, 2542. and Applications of Organotransition Metal Chemistkyniversity Science
(4) Procedure foR: Compoundl (15.28 g, 14.0 mmol) and Na (0.609 g, Books: Mill Valley, CA, 1987; Chapter 4, p 259.

26.5 mmol) were suspended in THF (150 mL)-a25 °C, the flask was (12) Cyclic voltammetry of botf2 and4 shows a reversible I @eduction

saturated with ethylene (vac#d, cycles), and the mixture was stirred-a25 wave at about-1 V (—1.08 and—0.91 V, respectively).

°C for 2 days and then allowed to stand at RT for 1 day, giving a suspension  (13) Procedure fod: Compoundl (4.42 g, 4.0 mmol) and Na (0.194 g,

of a white solid in a dark brown solution. The solid was filtered off, volatiles 8.4 mmol) were suspended in THF (150 mL)&25 °C, the flask was saturated
were removed in vacuo, toluene (80 mL) was added to the residue, and volatileswith ethylene (vac/@H, cycles), and the mixture was stirred-a25 °C for 1

were evaporated again. The residue was dissolved in toluene (350 mL), andday, at 0°C for 12 h, and finally at RT for 1 day. A yellow solid was removed,
the solution was allowed to stand at RT for 2 days. A bit of solid was filtered the resulting red filtrate was taken to dryness, and pentane (50 mL) was added
off, and toluene was evaporated to dryness to give biawrhich was washed to the residue. Orangkwas then collected and dried imcuo(2.76 g, 77%).

with pentane (60 mL) and dried in vacuo (8.48 g, 71%). Anal. Calcd for Anal. Calcd for GgHgoOW: C, 65.16; H, 6.83. Found: C, 64.99; H, 7.05.

CueHse04W: C, 64.49; H, 6.59. Found: C, 64.19; H, 6.9B. NMR (CDCl,, H NMR (CDCl,, 400 MHz, 298 K, ppm):6 7.18 (s, 8H, ArH), 4.31 (d, 4H,
400 MHz, 298 K, ppm):6 7.13 (s, 8H, ArH), 4.41 (d, 4H) = 12.4 Hz, J = 13.2 Hz,endeCH,), 3.80 (m, 4H, GHg), 3.60 (m, 4H, GHg), 3.38 (d,

endeCHy), 3.39 (s, 4H, GH,), 3.26 (d, 4HJ = 12.4 Hz,exoCHy), 1.17 (s, 4H, J = 13.2 Hz,exoCHy), 1.28 (s, 36H, Bl). **C NMR (CDCk, 400 MHz,

36H, Bu). 13C NMR (CDCk, 400 MHz, 298 K, ppm):6 70.0 (GH4, Jew = 298 K, ppm): 6 88.0 (W CH,CH,CH,CH3}; Jew = 72 Hz), 36.47
31 Hz). (W{ CH,CH,CH,CH3}).
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of any alkene redistribution on heatidgand6 together in solution
and by the regioselective obtention ®ffrom the reaction oR
with propylene. The metallacycld undergoes, under mild

conditions, some remarkable transformations, such as the depro-

tonation (LiBu) to the metallacyclopenterdd,'* which can be
reversibly protonated (PyHCI) back to the starting material. The
reversible protonationdeprotonation/alkylidenealkylidyne re-
lationship [/<>9, 8«10, 12<13] seems to be restricted to the
use of calix[4]arene as ancillary ligad#'® Both acid-base
interrelated metallacycle$ and 11, which are thermally stable,
rearrange when irradiated (Xe lamp) to the known alkylidéne
12 and alkylidynel3, respectively. Although the photochemical
generation of alkylidenes from dialkyls is well established,

has never been observed on a metallacycle, where such a reactio
leads to an isomerization; even more interesting is the rearrange-

ment of 11 to 13, which represents the first example of the
photochemical generation of an alkylidyne.

All of the compounds in Scheme 1 have been fully character-
ized ©, and10 by NMR only). The X-ray structure has been
established foR, analyzed as the acetonitrile addddf and4.%”
The structural prototypes of the Yalkylidene and W-alkylidyne
bonded to calix[4]arene have been recently repcttethe picture
of 14 (see Figure 1) shows a symmetrically bondgetthylene
in the metallacyclopropane form [C4%&46, 1.401(4) A] having
trans to it an acetonitrile host&dn the cavity [W—N, 2.291(3)

A], while the calix[4]arene has a regular cone conformation with
the metal 0.277(1) A out of the (lane. The hexacoordination
of the metal in4 (see Figure 2), with two ligands (see the\@
bonds) cis rather than trans asZnand the asymmetric bonding
mode of the metallacyclopentane led to a significant distortion

(14) NMR for 11. *H NMR (Py-ds, 400 MHz, 243 K, ppm):6 13.4 (t,
1H,J = 3.5 Hz, GH,), 7.48 (s, 2H, ArH), 7.46 (s, 2H, ArH), 6.98 (m, 6H,
ArH, C4H;), 5.48 (d, 2H,J = 11.2 HzendeCH,), 4.91 (d, 2HJ = 12.8 Hz
endoCH,), 3.45 (m, 6H,exaCH,, C4H), 2.56 (m, 2H, GH-), 1.42 (s, 9H,
BuY), 1.27 (s, 9H, BY, 0.77 (s, 18H, Bi). 'H NMR (Py-ds, 400 MHz, 298 K,
ppm): 0 13.27 (t, 1H,J = 3.5 Hz, GH;), 7.28 (br, 8H, ArH), 7.02 (m, 2H,
C,4H7), 5.16 (brd, 4HendeCH;), 3.54 (m, 2H, GH,), 3.47 (d, 4HJ = 12.7
Hz, exoCHy), 2.60 (m, 2H, GH;), 1.37 (brd, 36H, B). *H NMR (Py-ds,
400 MHz, 326 K, ppm):6 13.19 (t, 1H,J = 3.5 Hz, GHy), 7.28 (s, 8H,
ArH), 7.02 (m, 2H, GH7), 5.17 (d, 4H,J = 12.2 HzendoCH,), 3.53 (m, 2H,
C4H7), 3.45 (d, 4HJ = 12.2 Hz,exaCH;), 2.60 (m, 2H, GH-), 1.19 (s, 36H,
But). 3C NMR (Py-ds, 400 MHz, 298 K, ppm):6 279 (W[ CHCH,CH,CH}).

(15) Protonation and deprotonation of alkylidynes usually affects the
coordination sphere of the metal. See: Fischer, H.; Hofmann, P.; Kreissl, F.
R.; Schrock, R. R.; Schubert, U.; Weiss, Karbyne ComplexesVCH:
Weinheim, Germany, 1988; Chapter 5, p $8®0.

(16) Van der Schaaf, P. A.; Hafner, A.; Miebach, A.Angew. Chem.,
Int. Ed. Engl.1996 35, 1845. Chamberlain, L. R.; Rothwell, I. P.; Folting,
K.; Huffman, J. CJ. Chem. Soc., Dalton Tran$987, 155. Chamberlain, L.
R.; Rothwell, I. P.J. Chem. Soc., Dalton Tran$987 163. Chamberlain, L.
R.; Rothwell, A. P.; Rothwell, I. PJ. Am. Chem. So4984 106, 1847. Wood,
C. D.; MclLain, S. J.; Schrock, R. R. Am. Chem. S0d.979 101, 3210.

(17) Crystal data foll4: CygHsgNOW-2CsHg, M,, = 1054.1, monaclinic,
space groufP2,/c, a= 17.057(4) A = 15.791(3) Ac = 19.192(4) A =
103.86(2), V= 5018.8)&19) R 'Z =4, Dearca= 1.395 g/cr, F(000)= 2176,
#(Mo Ka) = 0.71068 A,u(Cu Ka) = 23.96 cmt: crystal dimensions 0.20
x 0.25x 0.44 mm. For 7581 unique observed reflectidns 2o(1)] collected
at T = 143 K on a Rigaku AFC6S diffractometer°(3x 26 < 55°) and
corrected for absorption the fin& is 0.025 (wWR2= 0.067 for the 9191
reflections havingl > 0 used in the refinement). Crystal data fdr
CagHsoO4W, M,, = 884.9, triclinic, space groul, a = 12.9481(8) Ab =
13.1863(8) A,c = 13.7972%?) Ao = 97.822(6),8 = 103.845(8), y =
108.501(8J, V = 2110.8(3) &, Z = 2, Daica = 1.392 g/cm, F(000)= 908,
(Mo Ka) = 1.71068 Au(Mo Ka) = 28.34 cmi: crystal dimensions 0.23
x 0.30x 0.52 mm. For 5840 unique observed reflectidns Ro(l)] collected
atT = 295 K on a Siemens SMART CCD {5 26 < 46°) and corrected for
absorption, the finaR is 0.029 (wR2= 0.069 for the 5870 reflections having
| > 0 used in the refinement). For boll4 and 4 absorption correction was
made according to: North, A. C. T.; Phillips, D. C.; Mathews, FASta
Crystallogr., Sect. A: Cryst. Phys., Diffr., Theor. Gen. Crystalld§68 A24,
351-359.
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ﬁelected bond distances (A): WD1, 2.036(2); W+02, 1.867(2); Wt
03, 2.024(2); W04, 1.873(2); WEN1, 2.291(3), WtC45, 2.141-
(4); W1—C46, 2.150(4); C45C46, 1.401(4). Bond angles (deg): C45
W1-C46, 38.1(1); W+O01-C1, 123.7(2); W+02—-C13, 137.6(2);
W1-03-C20, 123.6(2); W+04—-C27, 137.1(2).

Figure 2. ORTEP drawing of complex 4 (50% probability ellipsoids).
Selected bond distances (A): WD1, 1.924(3); W+ 02, 1.858(2); Wt
03, 1.987(3); W04, 1.866(3); W+ C45, 2.174(6); W+ C48, 2.192-
(6); C45-C46, 1.494(11); C46C47, 1.510(11); C47C48, 1.496(9).
Bond angles (deg): C45N1—-C48, 72.9(2); W+ 01—-C1, 149.0(3);
W1-02-C13, 136.9(3); W+ 03-C20, 114.1(2); W+ 04—C27, 134.8-
(2). Disorder involving theert-butyl groups has been omitted for clarity.

of the W-calix[4]arene fragment, the equatorial plane of the
octahedron being defined by O1, O3, C45, and C48. The complex
is very fluctional, exhibiting an apparef, symmetric NMR
spectrum, even at low temperatures (200 K). A lower fluxionality
is observed for the deprotonated metallacylopentehevhich

has a'H NMR spectrum ofCs symmetry below 253 K (above
320 K, the calix moiety has an apparédy, symmetry).

Scheme 1 gives the overall picture of the fundamental
transformations undergone by ethylene and propylene on a
W(IV)—oxo calix[4]arene surface. Although some of these
transformations are known for different metal fragments, the
occurrence both on a single fragment and on a metab surface
is unprecedented.

Acknowledgment. We thank the Fonds National Suisse de la
Recherche Scientifique (Grant No. 20-46'590.96) and Ciba Specialty
Chemicals (Basel, Switzerland) for financial support.

Supporting Information Available: Tables giving crystal data and
details of the structure determination, atomic coordinates, anisotropic
thermal parameters, and bond distances and angléd &nd4 (12 pages).

See any current masthead page for ordering and Internet access
instructions.

JA9734206



