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Abstract

Reaction of norbornadiene(tetracarbonyl)-chromium (1) and -tungsten (2) with aryllithium reagents,
ArLi (Ar = C¢Hs, 0-,m-,p-CH,C4H,, p-CH,0CH,, p-CF;CcH,), in ether at low temperature, and
subsequent alkylation of the acylmetalate intermediates formed with Et;OBF, in aqueous solution at
0°C gave seven crystalline complexes with the compositions C,Hg(CO);CrC(OC,H;)Ar (4-9) and
C;H4(CO);WC(OC,H)Ar (10) formulated as norbornadiene(tricarbonyl)ethoxy(aryl)carbene]-chro-
mium and -tungsten complexes, respectively. Complex 7 has been characterized by X-ray diffraction.
Complex 7 is orthorhombic, space group P2,2,2; with a=10.372(3), b =12.093(6), ¢ = 14.154(9) /1
V=1775.27 ;\3, and Z=4, final R=0.0529 and R, =0.0562 for 1385 observed reflections. The
1,5-cyclooctadiene(tetracarbonyl)tungsten compound (3) reacts similarly to give analogous carbene
complexes CgH ,(CO);WC(OC,H;)Ar (11-13).

Introduction

In recent years, the syntheses and structural characterizations of olefin-coordi-
nated transition metal carbene complexes and /or their isomerized products have
been studied extensively in our laboratory [1-10]. Several novel isomerization
reactions of olefin ligands have been observed and a series of isomerized carbene
complexes with novel structure has been isolated.

Previously, we reported on the reaction of norbornadiene(tricarbonyl)iron and
1,5-cyclooctadiene(tricarbonyl)iron with aryllithium reagents at low temperature,
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tollowed by alkylation of the acylmetalate intermediates formed with Et,;OBE, to
give novel ring-opened diallyliron complexes [S] (eq. 1) and (n®-arene)dicarbonyl-
iron complexes [8] (eq. 2). respectively.
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We have also reported on the reaction of norbornadiene(tetracarbonyl)molyb-
denum with aryllithium reagents and subsequent alkylation of the acylmetalates
formed with Et,OBF, to give normal olefin-coordinated carbene complexes, nor-
bornadiene(tricarbonyl) ethoxy(aryhcarbencmolybdenum complexes [11]. In an ex-
tension of our research, we chose norbornadiene(tetracarbonyt)-chromium (1) and
-tungsten (2), and 1,5-cyclooctadiene(tetracarbonyl)-tungsten, (1,5-CODIYW(CO),
(3) as the starting materials in order to further investigate the effect of different
cycloalkene ligands and different central metals on the reaction products.

Several norbornadiene(tricarbonyl)ethoxy(aryl)carbene]-chromium and -tungs-
ten. and 1,3-cyclooctadiene(tricarbonyl){ethoxy(ary)carbenc]-tungsten complexes
were obtained by the reaction of compounds 1, 2 and 3 with aryllithium in a similar
manner as previously described [1,5,11]. Here, we report on the synthesis and
crystal X-ray structural determination of these new complexes.

Experimental

General procedure

All manipulations were carried out under a nitrogen atmosphere in reagent
grade solvents by using standard Schlenk techniques. Solvents used were distilled
under nitrogen from the following drying agents: dicthyl ether from sodium
benzophenone ketyl, petroleum cther (30 60°C) from CaH,, and CH,Cl, from
P,Os. The solvents were stored over 4- A molecular sieves under nitrogen prior to
use. The neutral alumina (Al,O,) used for chromatography was deoxygenated at
room temperature in a high vacuum for 16 h, deactivated with 3% w /w nitrogen-
saturated water, and stored under nitrogen. Norbornadiene(tetracarbonvl)-chro-
mium (1) [12] and -tungsten (2) [13], 1.5-cyclooctadiene(tctracarbonyl)-tungsten,
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(1,5-COD)W(CQ), (3) [13], Et,OBF, [14], and aryllithium reagents [15-19] were
prepared by literature methods.

IR, 'H NMR and mass spectra were recorded on a Zeiss Specord-75 spec-
trophotometer, a Varian XL-200 spectrometer, and a Finnigan 4021,/MS /DS
spectrometer, respectively. The melting points were determined in sealed, nitro-
gen-filled capillaries and are not corrected.

1. Preparation of C,Hy(CO);CrC(OC,H,;)CzHs (4). To a solution of 0.030 g
(1.17 mmol) of 1 in 60 ml of ether was added dropwise 1.30 mmol of C,HLi [15]
in 10 ml of ether at —70°C within 15 min. The reaction mixture was stirred at
—65-60°C for 3 h during which time the yellow solution gradually turned dark-red.
After removal of the solvent in a high vacuum at —50°C, to the dark-red solid
residue obtained was added Et,OBF, [14] (ca. 1 g). This solid mixture was
dissolved in 20 ml of nitrogen-saturated water at 0°C with vigorous stirring and the
mixture was covered with petroleum ether (30-60°C). Immediately afterwards,
Et,OBF, was added portionwise, with strong stirring, to the aqueous solution until
it became acidic. The aqueous solution was extracted with petroleum ether. The
combined extract was dried over anhydrous Na,SO,. After vacuum removal of the
solvent, the residue was chromatographed on Al,O; (neutral) at —20°C with
petroleum ether as the eluant. The red band was eluted and collected. The solvent
was removed in vacuo and the residue was recrystallized from petroleum ether/
CH,(l, solution at —80°C to give 0.24 g (50%, based on 1) of orange-red crystals
of 4, m.p. 45-46°C (decomp.). Anal. Found: C, 62.75; H, 4.82; Cr, 11.28.
C1oH30,Cr (362.35) calc.: C, 62.98; H, 5.01; Cr, 11.35%. m/z: 362 (M™), 334
(M*—CO), 306 (M*™—2CO), 278 (M* - 3CO).

2. Preparation of C,Hg(CO);CrC(OC,Hs)C,H,CH0 (5). Similar to the
preparation of 4, the reaction of 0.40 g (1.56 mmol) of 1 with 1.70 mmol of
0-CH,C H,Li [16] at —60-45°C for 4 h, followed by alkylation and further
treatment gave 0.29 g (50%, based on 1) of § as red crystals, m.p. 70-71°C
(decomp.). Anal. Found: C, 63.95; H, 5.42; Cr, 13.11. C,;H,,0,Cr (376.38) calc.:
C, 63.82; H, 5.36; Cr, 13.82%. m/z: 376 (M), 348 (M — CO), 320 (M™* - 2CO),
292 (M* - 3CO).

3. Preparation of C,Hgx(CO);CrC(OC,H;)C4H,CHym (6). The reaction of
0.40 g (1.56 mmol) of 1 with 1.70 mmol of m-CH,C,H,Li [16] was as described in
(1) at —65-50°C for 3.5 h. The subsequent alkylation and treatment as described
for the preparation of 4 gave 0.28 g (48%, based on 1) of orange-red crystals of 6,
m.p. 43-44°C (decomp.). Anal. Found: C, 63.85; H, 5.16; Cr, 14.06. C,,H,,0,Cr
(376.38) calc.: C, 63.82; H, 5.36; Cr, 13.82%. m/z: 376 (M), 320 (M*— 2C0O), 292
(M™—-3CO).

4. Preparation of C,H4(CO);CrC(OC,H;)CsH,CH;p (7). Compound 1 (0.40
g, 1.56 mmol) was treated with 1.70 mmol of p-CH;C¢H,Li [16] at —70-60°C for
3.5 h, followed by alkylation and further treatment as described above for 4 to
yield 0.26 g (44%, based on 1) of red crystalline 7, m.p. 52-53°C (decomp.). Anal.
Found: C, 64.08;, H, 5.40; Cr, 13.30. C,,H,,0,Cr (376.38) calc.: C, 63.82; H, 5.36;
Cr, 13.82%. m /z: 376 (M), 320 (M*—2CO), 292 (M* - 3CO).

5. Preparation of C,Hy(CO);CrC(OC,H;)CsH,OCHp (8). n-C,H,Li (1.82
mmol) [17] was mixed with a solution of 0.24 g (1.82 mmol) of p-CH,OC.H,Br in
20 ml of ether. The mixture was stirred at room temperature for 1 h. The resulting
ether solution of p-CH;OC¢H,Li [18] was treated with 0.40 g (1.56 mmol) of 1 in
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30 ml of ether at —70-50°C for 3 h. Further treatment in a similar manner as
described in the preparation of 4 afforded 0.33 g (54%, based on 1) of 8 as
orange-red crystals, m.p. 60-61°C (decomp.). Anal. Found: C, 61.29; H, 5.20; Cr,
13.25. C,yH,,0:Cr (392.38) calc.: C, 61.22; H, 5.14; Cr. 13.25%. m /72 392 (M),
364 (M= CO), 308 (M*— 3CO).

6. Preparation of C,HJ(CO),CrC(OC,H;)C H,CF-p (9). Compound 1 (0.40
g, 1.56 mmol) was treated, in a similar manner to that described in (1). with fresh
p-CF,C H,Li[19] prepared by the reaction of .40 g (1.78 mmob of p-CF,C, H,Br
with 1.78 mmol of n-C,H,Li, in ether solution at —70-50°C for 3 h to give 0.41 g
(61%, based on 1) of red crystals of 9, m.p. 30-31°C (decomp.). Anal. Found: C,
55.78; H, 3.85; Cr, 11.65. C,,H,;F,0,Cr (430.35) calc.: €. 5582 H, 3.98; Cr,
12.08%. m/z: 430 (M), 346 (M ™ — 3CO).

7. Preparation of C,H (CO)WC(OC.H;)C,H,CHo (10). Similar to that
described in (1), 0.40 g (1.03 mmol) of 2 in ether (50 ml) was treated with
0-CH;C H,Li (.15 mmol) at —60-50°C for 3 h. The subsequent alkylation and
further treatment as described for the preparation of 4 gave 0.32 g (629, based on
2) of orange-red crystals of 10, m.p. 85-86°C (decomp.). Anal. Found: C, 47.34; H.
4.02. CoyH,,O,W (508.23) cale.: C, 47.27; H, 3.97%. m/z: 508 (M "), 480 (M "~
CO), 424 (M* - 3CO).

8. Preparation of CyH,,(CO),WC(OC,H;)Cy H (11). To a solution of 3 (0.30
g, 0.75 mmol) in ether (40 ml) at —78°C was added dropwise 1.0 mmol of C H.Li
within 15 min. The mixture was stirred at — 50-30°C for 3 h during which time the
vellow solution gradually turned red. After removal of the solvent in high vacuum
at —40°C, the red solid residue was dissolved in 20 ml of nitrogen-saturated water
at 0°C and covered with petroleum ether. Immediately afterwards, Et,OBE, was
added portionwise, with efficient stirring, to the aqueous solution until it became
acidic. The aqueous solution was extracted with petroleum cther. After cvapora-
tion to dryness of the extract in racuo, the residue was chromatographed on Al-.O,
(neutral) at —20°C with petroleum ether followed by petroleum ether/ether
(10:1) as the eluant. The red band was eluted and collected. The solvent was
removed 1n vacuo, and the residue was recrystallized from petroleum ether at
—~80°C to afford 0.12 g (32%, based on 3) of red crystals of 11. m.p. 41-42°C
(decomp.). Anal. Found: C, 47.21; H, 4.11. C,,H,,O,W (510.25} calc.: C, 47.08: H,
435%. m/z: 402 (M~ CH,), 374 (M"~CO - C.H ;). 346 (M' - 2C0 ~
CyH o), 268 (W(CO), ™).

9. Preparation of CyH,,(CO);WC(OC,Hs)C,H,CH 0 (12). Similar to the
procedures described above for the preparation of 11, the reaction of 0.30 g (.75
mmol) of 3 with 1.10 mmol of 0-CH,C H,Li at —~40-30°C for 4 h, and subse-
quent alkylation and further treatment gave 0.11 g (28%, based on 3) of 12 as red
crystals, m.p. 52-53°C (decomp.). Anal. Found: C, 47.86; H., 4.45. C,;H,,O0W
(524.28) calc.: C, 48.11; H, 4.61%. m/z: 524 (M), 468 (M * - 2CQO), 440 (M~ -
3C0).

10. Preparation of CyH,,(CO),WC(OC,Hs)C,H,OCHp (13). The reaction of
0.30 g (0.75 mmol) of 3 in 40 ml of ether with fresh p-CH,0OC, H,Li prepared by
the reaction of 0.20 g (1.10 mmol) of p-CH,;OC H,Br with {.10 mmol of
n-C ,HyLi at —50-30°C for 3 h, followed by alkylation and further treatment
stmilar to the procedures described in (8) gave 0.14 g (36%. based on 3) of red
crystals of 13, m.p. 60-61°C (decomp.). Anal. Found: C, 46.75: H, 4.10. C,,H,,0.W
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Table 1
IR spectral data of complexes 4-13

Complex r(CO) (em™ V)
CH,(Cl, Hexane
4 1905vs, 1980vs, 2040vs 1930vs, 1996vs, 2023vs
5 1908vs, 1980vs, 2040vs 1918vs, 1983vs, 2010vs
6 1900vs, 1960vs, 2035vs 1906vs, 1988vs, 2020vs
7 1900vs, 1960vs, 2040vs 1920vs, 1987vs, 2020vs
8 1920vs, 1984vs, 2050vs 1920vs, 1986vs, 2020vs
9 1902vs, 1980vs, 2040vs 1918vs, 1990vs, 2020vs
10 1920vs, 1941vs, 2000vs 1915vs, 1936vs, 2007vs
11 1937vs, 1960vs, 2017vs
12 1860vs, 1900vs, 1980vs
13 1883vs, 1940vs, 2006vs

(540.28) calc.: C, 46.68; H, 4.48%. m/z: 540 (M™), 512 (M*— CO), 484 (M*—
2C0O), 456 (M*—3CO).

Crystal structure determination of 7

Crystals of C,H(CO),CrC(OC,H,)C H,CH;-p (7) suitable for X-ray diffrac-
tion study were obtained by recrystallization from a petroleum ether/CH,Cl,
solution at —80°C. A single crystal of approximate dimensions, 0.25 X 0.35 X 0.66
mm? was sealed in capillaries under nitrogen. The X-ray diffraction intensity data
of 1842 independent reflections, of which 1385 with I > 2.5¢(I) were observable,
were collected with a Nicolet R 3M /E four-circle diffractometer at —90°C using
Mo-K , radiation with a w—26 scan mode within the range 3° < 26 < 42°. The data
were corrected for Lorentz and polarization effects. Complex 7 crystallized in the
orthorhombic system. The crystal data: a = 10.372(3), b = 12.093(6), ¢ = 14.154(9)
10\, V=1775.27 /33, Z =4, D,=1.408 g/cm?, and space group P2,2,2,.

The structure was solved by the heavy-atom method. The positional parameter
of the Cr atom was determined from the Patterson map. After the position of the
Cr atom was determined, the coordinates of the other non-hydrogen atoms were
obtained by Fourier synthesis. The positional and anisotropic thermal parameters
of the all non-hydrogen atoms were least-squares refined. The coordinates of all
hydrogen atoms with isotropic thermal parameters were obtained by theoretical
calculation (C—-H = 0.96 A). The final R factors were R = 0.0529 and R, = 0.0562
with 1385 reflections. The atomic fractional coordinates and equivalent isotropic
temperature factors of the non-hydrogen atoms, and isotropic thermal parameters
of the hydrogen atoms are given in Table 3 and 4, respectively. The bond lengths
and selected bond angles are listed in Table 5.

Results and discussion

Preparation of complexes 4-10

Compound 1 was treated with a ca. 10% molar excess of aryllithium, ArLi
(Ar = C(H,, o0-,m-,p-CH,C,H,, p-CH,O0C(H,, p-CF,C H,) in diethyl ether at
—70-45°C for 3-4 h, and the acylmetalate intermediates formed were subse-
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Table 2
"I NMR spectra of complexes 4-13 in acetone-d, at 20°C (6 ppm), TMS as internal reference
Complex § (evclooletin-proton) 4 (aryl-proton) SLOCH.CH
4 440 (1. 4. 380 (m. 2) 783 (m. 3. 6.630m. ) 383 (g2 122N
13501 2)
3 436 (1), 365 (m, 2) T4 (m ) 370 2L LTy
135002 232 INo-CHLC H )
6 438 (1 ) 3N2 (. 2 7.32(m. 3. 645 (m, 1) 392G 2N LT
1302 233480 3K m-CH L C M)
7 436 (. 4), 363 (m. 2} 720 m. 4y A3 (g, 2L N0 )
1352 240 (s 3 p-CHLC I
8 476 (LA 374 (m, ) TA8 (m, 4} RIS U R TS NS I SUN S ST
1.30{t, ) 3TS (s, I p-CHLOC H )
9 4A5 0L L 370 (m, Y TN 2L 6850 D O (g 2 12300 3
135 (1 2)
10 47604 3740 m. ) TAS{m. 3L 6.66 (m, 1) IROLG 2L 12T
P20 2) 293 (s, 3K o-CH C H)
11 4.62 {(broad singlet. 43 725 (m, 5 SAR (G2 TR AL
3.00 (hos, 8)
12 4.60 (broad singler, 4} 720 (m, ) SA0Gg 2 B2 R
2.64(hs, 8 233 Ao-CH,C H
13 4.62 (hroad singlet. 4) 8.00 (Gl 2). 7.08 (d. 2) ST G NPT R
2.65(hs, ®) 394 Gl 2N p-CHLOC HL )
Table 3
Atomic coordinates (x 10*) and isotropic thermal parameters (2% 105
Atom S \ N o
Cr ROTOCT) HOR2(1 3402(1)
Col(l) SO9T(K)Y H204(6) 4602(5)
Co(2) T729T) 22848
Col3y TINTY H021(5)
O 3767(5) 7 3999(4)
(1) 6248(7) 0448(5) 3328(6)
C(2) 4405(7) 346U T) 06503
C(3) 2747 474U 4R9K(31
[QE)] S259t6) H827(6) 2613(5)
sy 43877 TR07(6) 2738(5)
(o) RY S S197(6) 20245y
(7} ASKRR(T TH20L0) 2005
sy 425248 HOS o) TO08(H)
[«Ch SORIT) 6H246(60) 17745}
CO 2707 ROSR(7) AAR(SY
[QIND] 81326 AU06B(3Y RRESER]
O} TIRNS) 33934 165 H4)
O3) HIOR(G) RUS2(N) 430404
2 1011 306h) AT RENUORY
2 TO458(7) S82806) RRKFIGY
23 G199 Sdlaln) RIEEIR
C24) QOIRTY RUFRITY! DOAHSY
C25) 1200 7) 6760(6) MREIGY R R
C20) 9947() T6046) 2942(3) 332
N T1255(%) a032(7) 6186} A

“ Bquivalent isotropic 17 detined as one-third of the rrace of the orthogonalized {

fensor,
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quently alkylated with Et;OBF, in aqueous solution at 0°C. After removal of the
solvent in a high vacuum at low temperature, the solid residue was chro-
matographed on an alumina column at —20°C, and the crude product was
recrystallized from petroleum ether/CH,Cl, or petroleum ether/ ether solution
at —80°C to give orange-red norbornadiene-coordinated carbene complexes
C,H((CO);CrC(OC, HAr (4-9) in 44-61% yields (eq. 3). However, when
C¢ClsLi was used as nucleophile for the reaction with 1 under the same condi-
tions, no analogous complex was obtained. This may be due to the electron-
withdrawing effect and the steric hindrance of the chlorine atoms.

Unexpectedly, the tungsten compound 2 reacted with aryllithium reagents
under the same conditions only in the case of 0-CH;C H,Li. The acylmetalate
formed was alkylated with Et;OBF, to give the analogous orange-red crystalline
complex C,H((CO);WC(OC,H;)C,H,CH;-0 (10) in 62% yield (eq. 4). However,
C¢H;Li, m-,p-CH,C¢H Li, p-CH,0C,H,Li, and p-CF,C H,Li gave no analo-
gous products owing to the rapid decomposition of the acylmetalate intermediates
formed during the alkylation with Et;OBF, in aqueous solution or in CH,Cl,
solution.

Complexes 4-9 and 10 are formulated as norbornadiene(tricarbonyl)[ethoxy
(aryl)carbene]-chromium and -tungsten complexes, respectively, based on their IR,
'H NMR and mass spectra, and elemental analyses. Product 7 was established by
an X-ray crystallographic study (see below) to have a structure in which the added
ethoxy and aryl groups are at the carbene carbon atom, and the metal atom is
coordinated to the diene portion of the norbornadiene ligand. The IR spectrum
and the solution 'H NMR spectrum are consistent with this structure.

} Et,0 ] Et;0BF,
+ Arli ——— [C,Hy(CO);CrC(OLi)Ar-xEt,0] ——
— 70-45°C 2 H,0. 0°C

br(COL

)
(3)
7 | N \Ar
CO o €O
:Ar=C,H;

:Ar=0-CH;C,H,
:Ar=m-CH,C,H,
:Ar = p-CH,C,H,
:Ar= p-CH,O0C,H,
: Ar = p-CF,C4H,

N -JE- RS B NV | Y -8
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Table 4

Hydrogen coordinates { X 10*) and isotropic thermal parameters (2 x 10%) for 7

Atom X v z [
H(2a) 3884 6119 4146 45
H(2b) 4139 5085 3505 43
H(3a) 3394 4514 1978 ER
H(3h) 4553 5136 5450 43
H(3¢) 4808 4102 4808 i3
H(35) 4539 8341 3239 3y
H(6) 3416 8872 2277 37
H(8) 3990 0401 454 43
H(Y) 3425 5572 1521 R
H(10a) 2308 8738 629 43
H(10b) 2055 7515 313 43
H(10¢) 3208 8181 - 123 43
H(21) 10611 7288 4316 47
H(22) 10826 5378 4026 37
H(23) 9094 4637 3194 37
H(24) 5764 5665 1ad7 A7
H(23) 10393 7071 1544 4R
H(26) 10281 8314 2764 42
H(27a) 11421 5369 22606 46
J27b) 12053 6413 2732 46
“ Equivalent isotropic U defined as one-third of the trace of the orthogonalized U, tensor.

. Ft-O
+ o0-CH,C.H,Li

e
-6l - S0°C

w(co,

[C,H(CO):WC(OL)C H ,CH - xEt,0]

Et ;()BF4

H -0, (\(

CO ¢ co

\
LLJ ocH,
AN )

(.H;‘

(10)

Complexes 4-10 were all soluble both in polar and non-polar organic solvents.
They were sensitive to air and temperature, and decomposed partially on exposure
to air even in the solid state. Complex 9 was extremely sensitive to air and burned
rapidly on exposure to air. The IR spectra (Table 1) of complexes 4-10 showed
three strong CO absorption bands in the »(CO) region which indicated that an
M(CO), (M = Cr or W) moicty exists in these complexes. In the 'H NMR spectra

(Table 2), the chemical shift,

multiplicity and integral intensity of the proton

signals attributed to the norbornadiene ligand are essentially the same as those of
starting material 1, which suggests that the added ethoxy and aryl substituent exert
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Table 5

Bond lengths (A) and selected bond angles (deg) for 7

Cr-Co(1) 1.909(8) Cr-Co(2) 1.905(7) Cr-Co(3) 1.861(8)
Cr-C(1) 1.942(7) Cr-C(21) 2.255(6) Cr—C(23) 2.302(7)
Cr-C(24) 2.295(8) Cr-C(26) 2.241(8) Co(1)-O(1) 1.139(9)
Co(2)-0(2) 1.138(9) Co(3)-0(3) 1.157(9) O-C(1) 1.344(9)
0-C(2) 1.464(9) C(1)-C(4) 1.512(10) C(2)-C(3) 1.478(12)
C(4)-C(5) 1.387(10) C(4)-C(9) 1.392(10) C(5)-C(6) 1.407(10)
C(6)-C(7) 1.366(10) C(TH-C(8) 1.378(11) AT-C(10) 1.507(10)
C(8)-C(9) 1.405(11) C(21)-C(22) 1.557(11) C(21)-C(26) 1.409(11)
C(22)-C(23) 1.535(11) C(22)-C(27) 1.561(11) C(23)-C(24) 1.384(10)
C(24)-C(25) 1.565(11) C(25)-C(26) 1.536(11) Q(25)-C27) 1.544(11)
Co(1)-Cr-Co(2) 171.7(3) Co(1)-Cr-Co(3) 87.8(3) Co(2)-Cr-Co(3) 84.6(3)
Co(1)-Cr-C(1) 86.8(3) Co(2)-Cr-C(1) 89.4(3) Co(3)-Cr-C(1) 86.1(3)

Co(1)-Cr-C(21) 75.1(3) Co(2)-Cr-C(21) 110.0(3) Co(3)-Cr-C(21) 102.9(3)
C(1)-Cr-C(21) 159.1(3) Co(1)-Cr-C(23) 76.8(3) Co(2)-Cr—C(23) 111.2(3)
Co(3)-Cr-C(23) 161.7(3) C(1)-Cr-C(23) 102.7(3) C21N-Cr-C(23) 63.7(3)
Co(1)-Cr-C(24) 111.8(3) Co(2)-Cr-C(24) 76.2(3) Co(3)-Cr-C(24) 158.9(3)
C(1)-Cr-C(24) 102.3(3) C2D-Cr-C(24) 76.0(3) C(23)-Cr-C(24) 35.003)
Co(1)-Cr-C(26) 111.6(3) Co(2)-Cr-C(26) 73.5(3) Co(3)-Cr-C(26) 102.2(3)
C(1)-Cr-C(26) 160.0(3) C(21)-Cr-C(26) 36.5(3) ((23)-Cr-C(26) 74.9(3)
C(24)-Cr-C(26) 64.1(3) Cr-Co(1)-0(1) 175.1(7) Cr-Co(2)-0(2) 175.1(6)
Cr—Co(3)-0(3) 174.2(7) C()-0-C(2) 123.8(7) Cr-C(1)-0 120.8(5)
Cr-C(D)-C(4) 125.0(5) O-C(1)-C(4) 113.9(6) 0-C2)-C(3) 107.0(6)
C(D-C4)-C(5) 121.0(6) C(D-CW)-C® 120.6(6) Cr-C2D-C22) 97.5(4)
Cr-C(21)-C(26) 71.2(4) C(22)-C(21)-C(26) 105.7(6) C2D-CQ22)-C(23) 102.2(5)
C(21)-C(22)-C(27) 100.1(6) C(23)-C(22)-C27)  99.1(6) Cr-C(23)-C(24) 72.2(4)
C(22)-C(23)-C(24) 108.3(6) Cr-C(24)-C(23) 72.8(4) Cr—C(24)-C(25) 95.4(4)
C(23)-C(24)-C(25) 105.0(6) C(24)-C(25)-C(26) 101.8(6) C(24)-C(25)-C(27)  100.0(6)
C(26)-C(25)-C(27) 101.2(6) Cr-C(26)-C(21) 72.3(4) Cr-C(26)-C(25) 98.4(5)
C(21)-C(26)-C(25) 106.8(6) C(22)-C(27)-CQ25)  94.1(6) Cr-C(23)-C(22) 96.2(4)

no significant influence on the proton signals of the cyclodiene ligand. In addition,
in contrast to complexes C,H(CO),MoC(OC,H)Ar and C,Hy(CO);MoC
(OC,H)Ar [11], in the solution 'H NMR spectra, no cis—trans geometrical
isomers arising from the difference in the steric arrangement of the ethyl and aryl
group with regard to the C_,...—O partial double band were observed, perhaps
owing to rapid cis—trans isomerization. The characteristic mass spectral peaks
(m/z) of complexes 4-10 are given in the Experimental section. All of these
complexes showed their molecular ions and the principal fragmentations produced
by successive loss of CO ligand. In addition, the ion peaks of m(CO);*, m(CO),",
m(CO)*, and m* (m = Cr or W) are seen, which further corroborated that a
M(CO), moiety exists in the molecules of complexes 4-10.

Structure of C,Hg(CO);CrC(OC,H)CyH,CHyp (7)

The structure illustrated in Fig. 1 is generally similar to that of the molybdenum
complex C;H4(CO);MoC(OC,H;)C,H,CH;p [11]. In complex 7, the central Cr
atom coordinated to C(1), Co(1), Co(2), Co(3), C(21), C(23), C(24), and C(26)
constructs an eight-coordinating distorted square bipyramid and satisfies the
18-electron rule.
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The Cr—C(CO) distances of 1.909(8), 1.905(7) and 1.861(8) A are slightly shorter
than that of the Cr—C(1).,.,. bond (1.942(7) A. Also the bond lengths of
Cr—C(CO) and Cr—=C(1)_,pene are shorter than that of Mo-C(CO) (1.99-2.07 A)
and Mo-C_ ene (2.06(4) A) in C,H(CO);MoC(OC,H)C H,CH-p. which can
probably be attributed to the difference in atomic radius of Cr and Mo. The four
carbon atoms (C(21), C(23), C(24) and C(26)) of the n()rbomddtcm ligand are =
bonded to the Cr atom with bond lengths of 2.241-2.302 A. In the cyclodiene
ligand, the C(21)-C(26) distance of 1.409(11) A and C(23)-C(24) distance of
1.384(10) A are obviously shorter than the other C»—C distances (1.535-1.565 A),
which indicated that both bonds have double bond character. In molecule 7, the
plane defined by Co(DO(1XCo(2)O(2) is essentially perpendicular to that of
Co(3)O(3)C(1). Moreover, the two planes lie well distributed in the four Cr--C
coordinated bonds (Cr—C(21). Cr—C(23). Cr-C(24) and Cr-C{26)). The molecule
now has a crisscross configuration, so that it has fower cnergy tor a stable
existence.

Preparation of complexes 1113

The reaction analogous to that of norbornadienc(tetracarbonyl)chromium (1)
and -tungsten (2) (eqgs. 3 and 4) also occurs with (1,5-COD)YW(CO), (3). Thus, ca.
509 molar excess of aryllithium rcagents reacted with 3 at —30-30°C during 3-4
h to afford three crystalline complexes with the compositions C H,ACO)WC
(OC,HAr (11: Ar=C Hy; 12: Ar=0-CH,C H,: 13, Ar = p-CH.OC H ) for-
mulated as 1,S-Cyclooctadlan(mcdrh(myl)[ethoxy(dryl)ur benel-tungsten  com-
plexes in 28-32% yields (eq. 5).

The diamagnetic complexes 11-13 are soluble in polar and non-polar organic
solvents. They are very sensitive to air and temperature, similar to the above
norbornadiene coordinated chromium and tungsten carbene complexes. The struc-
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CO CO
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11,0, 0°¢ AN ~ar

CO ¢ CO

11: Ar= C H;
12: Ar=0-CH,C H,
13: Ar = p-CH,OC H,
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Fig. 1. Molecular structure of 7.

ture of complexes 11-13 was determined by IR (Table 1), '"H NMR (Table 2) and
mass spectra, and elemental analyses. In the 'H NMR spectra of the complexes,
the chemical shift, multiplicity and integral intensity of the proton signals at-
tributed to the 1,5-COD ligand are essentially the same as that of 3, which showed
that no isomerization of the 1,5-COD ligand occurred during the reaction of 3 with
aryllithium and the subsequent alkylation with Et;OBF,.

Conclusion

As mentioned in the Introduction, the reaction of the olefin-ligated metaicar-
bonyl compounds with aryllithium reagents and subsequent alkylation reaction
produced normal or isomerized olefin-coordinated metal carbene complexes. The
stability of the acylmetalate intermediates or products depends not only on the
olefin ligand, but also on the central metal atoms. For example, in the case of the
norbornadiene and 1,5-cyclooctadiene ligand, when the central metal is Fe, the
isomerization of the cyclodiene ligand occurred during the reaction to give ring-
opened diallyliron complexes [5] and (n®-arene)-dicarbonyliron complexes [8],
respectively. When the central metal is Cr, Mo [11], or W, no isomerization
occurred during the reaction to afford the normal cyclodiene-coordinated carbene
complexes in which the diene ligand and carbene ligand coexist stably. In general,
the diene-coordinated carbene complexes of the Group VIB metals (d°) are more
stable than those of the Group VIIIB metals (d®), which may be due to the
difference in their outer shell electronic configuration.

With regard to the Group VIB metals (Cr, Mo, and W), the norbornadiene-co-
ordinated carbonyl compounds of Cr and Mo reacted with most aryllithium
reagents (such as C,H;Li, o-m-,p-CH,C,H,Li, p-CH,OC,H,Li and p-
CF;C¢H,Li), followed by alkylation with Et;OBF, to give the norbornadiene-coor-
dinated carbene complexes of Cr and Mo [11], respectively. However, the norbor-
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nadiene-coordinated tungsten compound (2) reacted only with o-CH,C H Li to
give the analogous carbene complex. Similar results were observed in the casce of
the cycloheptatriene ligand. Cycloheptatriene(tricarbonyl)melybdenum treated with
aryllithium reagents followed by alkylation with Et,OBF, gave the cyclohepta-
triene-coordinated carbene complexes [11], while the chromium and tungsten
compounds reacted similarly with aryllithium to afford 7-exo-(lithiumcyclohep-
tatrienc ttricarbonyl-chromium and -tungsten. After trcatment with CH ;L the
7-exo-(methyleycloheptatriene)tricarbonyl-chromivm and -tungsten [20] were ob-
tained, respectively.

On the other hand. for the identical central metal but different olefin-ligated
metal carbonyls, the reactivities with aryllithium reagents are different. For in-
stance, the reaction of 1,3-cyclooctadiene(tetracarbonyDtungsten with arvllithium
such as C HLL 0-CH,C, H,Li, and p-CH,OC H Li, and subscquent alkylation
with Et;OBEF, gave the 1,5-COD-coordinated carbene complexes, while norborna-
dicne compound (2) reacted similarly only in the case of o-CH.C H,Li. In
contrast, C.H Li and p-CH ,0OC H,Li gave no analogous carbene complexes but
decomposition reactions occurred.
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