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Heptahexaenylidene Complexes: Synthesis and Characterization of
the First Complexes with an M=C=C=C=C=C=C=CR; Moiety
(M = Cr, W)
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Silica-induced elimination of dimethylamide from [(CB)C=C);C(NMe,)s]~ [M = Cr (4a), W (4b)]
affords the first isolated and characterized heptahexaenylidene complexesMlEOC=C=C=C=
C=C(NMey);] (5a,h). Complexesda,b were generated by sequential reaction of;8IEC=C);SiMe;
with LiMe-LiBr, [(Me,N)sC]*Cl~, LiBu, and [(CO}M(thf)]. Complex5b is inert in methanol, but adds
dimethylamine across the €&6 bond to give [(COW=C=C=C=C=C{ CH=C(NMe,).} NMe;]. The
reaction of5a,b with LiMe-LiBr and SiQ, generates the heptahexaenylidene complexes {@OL=
C=C=C=C=C=C(Me)NMg] (8a,b). Trapping of8b with HNMe; yields pentatetraenylidene complex
[(CO)sW=C=C=C=C=C{CH=C(Me)NMe;} NMe].

Introduction

Organometallic compounds containing a linear unsaturated
carbon chain are of considerable interest due to their unusual

physical and chemical properties. Carbon-bridged bimetallic
m-conjugated complexes of the type,llCM'L'y] have been
proposed as a new class of one-dimensional molecular Wires.
Rigid-rod polymers such as [MIC=CXC=C], (X being an
aromatic group) can exhibit both liquid crystallfrend nonlinear
opticaP properties similar to those of certain metal acetylitiés.
Mononuclear metallacumulenes of the typeNI=(C),—=
CRy] are of similar chemical and physicochemical intefest.
m-Conjugated (G) moieties allow strong electronic communica-
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tion between the metaligand fragment and terminal functional
groups that can lead to fast and intense nonlinear optical (NLO)
responses. Properly substituted metallacumulenes should possess
several promising intrinsic properties since interaction in these
linear systems is obviously restricted to one dimension. In recent
years some vinylidene complexes & 1) and allenylidene
complexesifi = 2) have also evolved into powerful cataly8ts.
Mononuclear vinylidene complexes have been known since
19727 allenylidene complexes since 19¥@he first examples
of cationic bimetallic butatrienylidene complexes< 3), [Cp*-
(P—P)Fe=C=C=C=C(E)Fe(CO)XCp*]™X~ (P—P = dppe, dippe;
E = H, Me; X = BF;, CRSQO;) were isolated only in 1999.
The synthesis of the first neutral butatrienylidene complex,
trans[CI{ P(-Pr)} 2lr=C=C=C=CPh], including its solid-state
structure was reported in 2009.Since then, a few other
butatrienylidene complexes of irididfand mangane&ghave
been isolated or at least spectroscopically characterized in
solution. Several cationic butatrienylidene complexes of ruthe-
nium and iron were generated in solution by the groups of
Selegué? Brucel* Winter > Dixneuf % and Lapintel” Due to

(6) Recent reviews: (a) Bruneau, C.; Dixneuf, P.Atc. Chem. Res.
1999 32, 311. (b) Katayama, H.; Ozawa, Eoord. Chem. Re 2004 248
1703. (c) Trost, B. M.; Frederiksen, M. U.; Rudd, M. Angew. Chem.
2005 117, 6788;Angew. Chem., Int. EQ005 44, 6630. (d) Bruneau, C.;
Dixneuf, P. H.Angew. Chem2006 118 2232; Angew. Chem., Int. Ed.
2006 45, 2176.

(7) King, R. B.; Saran, M. S]. Chem. Soc., Chem. Comm@f72 1053.

(8) (a) Fischer, E. O.; Kalder, H. J.; Frank, A.;'Ker, F. H.; Huttner,
G. Angew. Chem1976 88, 683; Angew. Chem., Int. Ed. Engl976 15,
623. (b) Berke, HAngew. Chem1976 88, 684; Angew. Chem., Int. Ed.
Engl. 1976 15, 624.

(9) Coat, F.; Guillemot, M.; Paul, F.; Lapinte, @. Organomet. Chem.
1999 578 76.

(10) lig, K.; Werner, HAngew. Chen00Q 112, 1691;Angew. Chem.,
Int. Ed.200Q 39, 1632.

(112) llg, K.; Werner, H.Chem—Eur. J. 2002 8, 2812.

(12) (a) Venkatesan, K.; Femdez, F. J.; Blacque, O.; Fox, T.; Alfonso,
M.; Schmalle, H. W.; Berke, H.Chem. Commun2003 2006, (b)
Venkatesan, K.; Blacque, O.; Fox, T.; Alfonso, M.; Schmalle, H. W.; Berke,
H. Organometallic2004 23, 4661.

(13) Lomprey, J. R.; Selegue, J. Brganometallics1993 12, 616.

(14) (a) Bruce, M. I.; Hinterding, P.; Tiekink, E. R. T.; Skelton, B. W.;
White, A. H.J. Organomet. Cheni993 450, 209. (b) Bruce, M. I.; Ellis,
B. G.; Skelton, B. W.; White, A. HJ. Organomet. Chen2005 690, 1772
and references therein.

© 2007 American Chemical Society

Publication on Web 07/11/2007



Heptahexaenylidene Complexes Organometallics, Vol. 26, No. 17, 20285

Chart 1 Scheme 1
NMe, NMe, Me;Si—C=C—C=C—C=C—SiMe;
(CO)sCr=C_ (COM=C=C=C_ -
NMe, NMe, (1) LiMe-LiBr
1a 2a,b (2) (MezN);CICI
s Me;Si—C =C—C =C—C =C—C(NMey);
M= Cr(a), W (b COpM=C=C=C=C=C n
e oo “NMe; (-80°0) ((21))(LCI:OB)UM(thf)
3a,b 5
the very high reactivity of these complexes, they could be neither
isolated nor spectroscopically detected and therefore were only NMe, ©
trapped with nucleophiles. (CO)M—C=C—C=C—C=C—C—NMe,
Like butatrienylidene complexes, pentatetraenylidene com- sab \NMeZ
plexes (n= 4) are very rare. In 1994 Dixneuf et al. succeeded ’
in preparing and isolating the first stable cationic pentatetrae- 40°c) sio
nylidene complexes: [(§eg)Cl(PMe;)Ru=(C);~CPh]PFs'® l z
andtrans[Cl(dppe}Ru=(C);~=CPh]PFs.1° Two years later the NMe,
first neutral pentatetraenylidene compleans[CI{ P(-Pr)} olr= (CO)M=C=C=C=C=C=C= e
(C)/=CPh],? and three pentacarbonyl pentatetraenylidene \NMez
complexes, [(COM=(C),=C(NMex)R] (M = W, R = NMe,, Sab
CH=C(NMeg,);; M = Cr, R= NMey; see also Chart 3a,b), M = Cr (a), W (b)
were isolated!?? Since then, the synthesis of only five
additional pentatetraenylidene complexes of rhodféiung- = 4) have been prepared and fully characterized. As an example,

sten?* and rheniurf® has been reported. , the series of known bis(dimethylamino)-substituted cumule-
Complexes withm > 4 thus far have not been isolated or nylidene complexes of group 6b metatka{’ and 2a,b and
spectroscopically observed. A hexapentaenylideneruthenium3a’b£21 tungsten complestb is still unknown) is depicted in
complex (= 5), [{Ru}=(C)s=C(H)SiMe;] " ({Ru} = RuCl- Chart 1.
(dppe)), has been proposed recently as an intermediate in the
reaction of [ Ru} (C=C);SiMes] with [{ Ru} =(C),=CMey]* to
give a cationic G-bridged diruthenium comple3t.
Attempts to isolate and characterize heptahexaenylidene
complexes i = 6) have likewise failed until now. The

We have now succeeded in the synthesis, isolation, and
characterization of the first heptahexaenylidene complexes and
report on their properties and on their reactivity.

heptahexaenylidene complex [(GRJ=(C)e=C(NMe,),] was Results
very likely formed in the sequential reaction of the triyneMe . )
Si(C=C)sC(NMe)s with LiMe-LiBr, [(CO)sW(thf)], and BR: The methodology successfully employed in the synthesis of

OEt (see also Scheme 1), but could be neither isolated nor the pentatetraenylidene complexes [(@®)(C);=C(NMe,).]
spectroscopically detected. Once formed, the putative hepta-and in the earlier generation of [(CEY=(C)s=C(NMey);] was
hexaenylidene complex immediately added HNMgenerated modified for the synthesis of the heptahexaenylidene complexes.
in the course of the reactions as a byproduct, and an alkenyl-Monodesilylation of the triyne MgSiC=CC=CC=CSiMe; with
substituted pentatetraenylidene complex was obtaifed. LiMe-LiBr and subsequent reaction with [(IM¢)sC]*CI~

Therefore, until now, mononuclear metallacumulenegyli= afforded MgSIC=CC=CC=CC(NMg,)3 in low yield. After
(C)-=CRy], with up to only five carbon atoms in the chaim( purification, the (trimethylsilyl)heptatriyne was desilylated at
—60 °C with LiBu. When [(CO}M(thf)] was added at-78°C,

(15) (a) Winter, R. F.; Hornung, F. MDrganometallics1997, 16, 4248. the triynyl metalatedta,b were formed. Maintaining the low
(b)(\l’\g)“(tg)ﬂHF;- Eé?téﬁ% %gjfégﬁaCg?%ﬁtZEQ‘tD%(‘:]&eulﬂS%r- somer, | (€Mperature in this reaction step is crucial as is the use of
Chem 1998 565 63. (b) Rigaut, S.: Masstie, J.. Touchard, D.. Filaut, 3 Purified MesSICSCC=CC=CC(NMe); in the previous step.

L.; Golhen, S.; Dixneuf, P. HAngew. Chem2002 114, 4695; Angew. At higher temperature, elimination of NMefrom the terminal
Chem., Int. EJ2002 41, 4513. (c) Rigaut, S.; Perruchon, J.; Le Pichon, carbon atom and readdition at C5 occur. Chromatography of
L.; Touchard, D.; Dixneuf, P. HJ. Organomet. Chen2003 670, 37. the reaction mixture containirga,bat —40 °C on silica induces

(17) (a) Guillaume, V.; Thominot, P.; Coat, F.; Mari, A.; Lapinte,XI. L - L. .
Organomet. Chenl998 565 75. (b) Coat, F.: Thominot, P.; Lapinte, .  €limination of NMe~ which is adsorbed at the stationary phase.

J. Organomet. Chen2001, 629, 39. ‘ The heptahexaenylidene compleXasb (Scheme 1) are finally
49;18) Peron, D.; Romero, A.; Dixneuf, P. Bazz. Chim. 1tal1994 124, obtained as red microcrystalline solids in overall yields (five
(19) Touchard, D.; Haquette, P.; Daridor, A.; Toupet, L.; Dixneuf, P. steps) of about 3%.
H.J. Am. Chem. S0od.994 116 11157. The new complexes are surprisingly stable at room temper-
5 %O) Lass, R. W.; Steinert, P.; Wolf, J.; Werner,Ghem-—Eur. J.1996 ature in the solid state. When heated, they start to decompose
" (21) Roth, G.; Fischer, HOrganometallics1996 15, 1139. only at about 130C (Cr) or 145°C (W). Solutions of5a,bin
(22) Roth, G.; Fischer, HOrganometallics1996 15, 5766. most common solvents are likewise stable for hours. Both
5 6(()273) Kovacik, I.; Laubender, M.; Werner, i@rganometallics1997, 16, complexes were characterized by spectroscopic means. Unfor-
(24) Roth, G.; Fischer, H.. Meyer-Friedrichsen, T.: Heck, J.; Houbrechts, tunately, cr_ystals suitable for an X-ray structure analy5|s could
S.; Persoons, AOrganometallics199§ 17, 1511. not be obtained. Both complexes crystallized in very thin needles

(25) Szafert, S.; Haquette, P.; Falloon, S. B.; Gladysz, J. ®rganomet. only.
Chem.200Q 604, 52.

(26) Rigaut, S.; Olivier, C.; Costuas, K.; Choua, S.; Fadhel, O.; Massue,
J.; Turek, P.; Saillard, J.-Y.; Dixneuf, P. H.; Touchard, D.Am. Chem. (27) Hartshorn, A. J.; Lappert, M. F.; Turner, K. Chem. Soc., Dalton
S0c.2006 128 5859. Trans.1978 348.
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Scheme 2
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The IR spectra oba,b show six absorptions in the range
1800-2200 cntl. Three of the absorptions exhibit the typical
pattern of aC4,-symmetric pentacarbonylmetal fragment and
can be assigned to th€CO) vibrations. The remaining three
absorptions (at 2158/2156, 2107, and 1956 Ynmcan be
assigned ta/(CC) modes. In contrast to twi(CC) vibrations
observed with pentatetraenylidene comple3ab (at 2140 and
1998/1999 cm?), three absorptions are to be expected for the
Cy fragment in5a,b. The »(CO) absorptions are at rather low
energy. They are at wavenumbers similar to thosgegi?! (for
instance y(CO) = 2052, 1972, 1930, and 1902 cit(3a) and
2047, 1927, and 1894 crh(5a)), both Ay absorptions being at
even slightly lower energy. From the positions of these CO
vibrations a very strongr-donor property of the heptahexae-
nylidene ligand can be deduced. dtglonorfr-acceptor proper-
ties are similar to those of the bis(dimethylamino)pentatetrae-
nylidene ligand. Therefore, f&ra,b essentially seven resonance
structures have to be taken into accoutG, Scheme 2), the
dipolar ylide structure8—G substantially contributing to the
bonding situation.

In theH NMR spectra oba,bonly one sharp resonance for
the four N-Me groups is observed. At80 °C, the signal
broadens only slightly, indicating that the barrier to rotation
around the &N(Me), bond is rather low. Analogously, in the
13C NMR spectra only one Me resonance is observed in addition
to peaks for thecis- and trans-carbonyl ligands and seven
resonances for the;@noiety. On the basis of the WC coupling

constants, the resonances of the tungsten-bound carbon atom
(C1) and the adjacent atom (C2) are easily assigned. The

resonance of the terminal%pybridized carbon atom is readily
identified by comparison of the spectrum with the spectra of
the “shorter” cumulenylidene complexes [(GO)=(C),—=
C(NMey),] (n = 2, 4)21 The signals for the remaining carbon

Dede et al.

Scheme 3
NMe,
/ HNMe,
(CO)sW=C=C=C=C=C=C=C —_—
\ NMe,
NMe, Me,N ‘C/
5b Q
/C‘H
(CO)5W=C=C=C=C=Ci
NMe,

6b

Extension of an Mg chain by insertion of €units (MG —

MCs — MCy) lowers the energy of the LUMO and increases
the distance between the centers of positive and negative charge
of the dipole. A bathochromic shift of the MLCT absorption
and an increase in the solvatochromism is to be expected. The
UV —vis spectra are in accord with these expectations. Compared
to those of3a,b, the absorptions at lowest energysaf,b are at
longer wavelengths (e.glmaxin CH2Cl, 474 nm B8a), 550 nm

(5a), 466 nm Bb), 537 nm Bb)). The shift depends on the
solvent and decreases with increasing polarity of the solvent
(e.g.,AE(3a— 5a) = 34.9 kJ/mol in CHCI, and 31.3 kJ/mol

in DMF). The negative solvatochromic effect 5&,b is more
pronounced than that 8&,b (e.g.,Av(CH,Cl, — DMF) = 2490

(3a) and 2780 %a) cm™1). This indicates a polar ground state
and a less polar excited state and is in accord with the dipolar
resonance formB—G (Scheme 2).

Reactions with Nucleophiles.Complex 5b readily adds
HNMe; across the G5C6 bond to give the pentatetraenylidene
complex6b (Scheme 3) presumably by an initial nucleophilic
addition of the amine to C5 of the heptahexaenylidene ligand.
Complex6b was identified by comparison of its spectral data
with those published earli@?.The formation of6b by reaction
of 5b with HNMe, confirms our previous suggestion tHgi is
an intermediate in the synthesis @l from [(CO)}W(thf)], Li-
[C=CC=CC=CC(NMg)s], and BR-OEL.??

Contrary to HNMe, methanol does not react witb at room
temperature. When dissolved in methanol for 90 min, complex
5b was recovered nearly quantitatively. In contrast, most
pentatetraenylideneruthenium complexes were found to add
alkanols either across the €C2 bond to form alkoxycarbene
complexed® or across C3C4 to give alkenyl(alkoxy)alle-
nylidene complexe19.2°

Contrary to the observed nucleophilic addition of HNM
C5 of 5b,%2 carbanions add at the terminal (C7) atom of the
chain. Addition of 5 equiv of LiMeLiBr at —78 °C to violet
solutions of5a,bin THF led to rapid formation of the yellow
triynyl metalatesra,b (Scheme 4). Complexé&,bturned out
to be unstable and could not be isolated; however, they could
be characterized IR spectroscopically(GO) = 2049, 1922,
and 1878 cm! (7a) and 2055, 1916, and 1876 cin(7h); v-
(CC) = 2119 and 1992 cmt (7a) and 2121 and 1992 crh
(7b); in both cases the third band was too weak to be detected).
Rapid chromatography afb on silica at—70 °C gave a blue
solution, its color being presumably due to the heptahexae-
nylidene complex8b (Scheme 4). Comple&b (v(CO)= 2049,
1922, and 1878 cni; »(CC) = 2119 and 1992 crt) was

(28) (a) Romero, A.; Vegas, A.; Dixneuf, P. Angew. Chem199Q
102 210-211;Angew. Chem., Int. Ed. Endl99Q 29, 215. (b) Peron, D.;
Romero, A.; Dixneuf, P. HOrganometallics1995 14, 3319.

(29) (a) Romero, A.; Peron, D.; Dixneuf, P. B. Chem. Soc., Chem.
Commun.199Q 1410. (b) Wolinska, A.; Touchard, D.; Dixneuf, P. H.;
Romero, A.J. Organomet. Cheni991, 420, 217. (c) Pirio, N.; Touchard,

atoms were assigned with the aid of calculated NMR data (seeD.; Dixneuf, P. H.; Fettouhi, M.; Ouahab, lAngew. Chem1992 104,

the Experimental Section).
The absorption at lowest energy in the UVis spectra is
assigned to a metal-to-ligand charge transfer (MLCT) band.

664; Angew. Chem., Int. Ed. Engl992 31, 651. (d) Peon, D.; Romero,
A.; Dixneuf, P. H.Organometallics1995 14, 3319. (e) Touchard, D.; Pirio,
N.; Toupet, L.; Fettouhi, M.; Ouahab, L.; Dixneuf, P. Brganometallics
1995 14, 5263.
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Scheme 4 in accord with the assumption, the IR spectra were similar to
- those of5a,b albeit the “third” v(C;) at about 1956 cm was
LiMe- LiBr /N'V'e? missing presumably due to its low intensity.
Sab ———> Li"|(CO)sM—-C=C-C=C-C=C—C-Me
7ab ez Discussion

Siozj By modification of the procedure published earlier by?2s,
very careful control of the reaction conditions and using silica

,Me instead of BE-OEL in the abstraction of one dimethylamino

(CO)M=C=C=C=C=C=C=C group from the triynyl metalate$a,b, it was possible to prepare
NMe; and isolate the first heptahexaenylidene complexes albeit in only

8ab low overall yield. The thermal stability of the complexes in the

homologous series [(CE)1=(C);=C(NMe,),], containing an
M=W l HNMe, odd number of carbon atoms in the chain, only slightly decreases
on going from carbenen(= 0) via allenylidene it = 2) and

NMe
Me/C/ ’ pentatetraenylidenen(= 4) to heptahexaenylidene (= 6)
Yoo " complexes. From these observations we conclude that complexes
| . )
M=Cr (), W (b) (Cow=c=c=C=c=¢ with an even longer chain of carbon atoms< 8 or 10) should

M be thermally stable once a suitable synthesis has been developed.
€ .
9b However, replacing one of the two stromgdonors NMe by

_ an alkyl or aryl substituent significantly reduces the thermal
unstable and rapidly decomposed on removal of the solvent. stability as has already been observed with the corresponding
However,8b could be trapped by addition of HNM¢o the allenylidene complexe®. The high thermal stability 05a,bis
blue solutions. The product, pentatetraenylidene complex  in accord with predictions based on calculatee-®@(cumule-

(Scheme 4), forr_ned by addition of the gmine across the=C5 nylidene) bond dissociation energies of [(GO}=(C),—CR;]
C6 bond, was isolated and characterized by IR and NMR complexesif = 1—8).32In contrast to the thermal stability, the

spectroscopy. ) o nucleophilicity of these metallacumulenes considerably increases
The»(CO) andy(CC) absorptions 08b are similar to those  when the carbon chain is lengthened, thus causing enhanced

of the related pentatetraenylidene complet@®8 and [(COyW= problems in handling the compounds.

C=C=C=C=C(NEt)(CMe=C{NMe;},)].** The 'H NMR In the series of [(CQM=(C=C),=C(NMe,);] complexes

spectrum indg-acetone at-60 °C shows a singlet ai = 5.31
(relative intensity 1) and five additional singlets for the various
Me groups in the range 2-8.5 (relative intensity 3 each). On
warming the solution to room temperature, the thanethyl
resonances assigned to the terminal Nigeup coalesce and
the other twd\N-methyl resonances broaden. These observations
indicate a lower barrier to rotation around the terminaiN\Me,
bond and a lowerr-contribution from the C(Me)NMgamino
group to the stabilization of the complex. Tthansarrangement

of the NMe group and the €chain at the olefin bond follows
from the similarity of the resonances with those of similarly
substituted allenylidene complexXsvhose structure assign-
ments were established by ROESY NMR experiments and by
X-ray structure analyses. THEC NMR spectroscopic data

x=1 (@), 2 (), 3 (5) the o-donorfr-acceptor properties of
the cumulenylidene ligand are almost independent of the number
of carbon atoms separating the donor group C(Nkgand

the acceptor fragment (CéW. The »(CO) absorptions of all
complexes are nearly identical. These undiminished strong donor
properties are presumably a major factor responsible for the high
thermal stability since the decomposition of most carbonyl
complexes is initiated by MCO dissociation.

In agreement with the IR spectra the resonances of the
carbonyl carbon atoms & 3, and5 are almost unaffected by
the length of the cumulenylidene ligand. The metal-bound C1
atom of the cumulenylidene ligand only slightly shifts to higher
field with increasingn, indicating that insertion of one or two

likewise confirmed the proposed constitutiorotf Analogously ~ C2 fragments into the Mgchain of allenylidene complexes
to the ®H NMR spectrum at room temperature, the terminal Parely modifies the bonding situation.

NMe, group gives rise to only one signal in tHéC NMR The barrier to rotation around the-®IMe;, bond in5a,bis
spectrum. significantly lower than that in the pentatetraenylidene complex
The MLCT absorption of9b in the UV-vis spectra is 3b (AG* = 40+ 1 kd/molf* but higher than in the allenylidene

observed, as expected, at higher energy when compared withcomplex2b.2* Obviously, the importance of-donation from
that of the heptahexaenylidene complgs. Replacing one  the amino groups idb (Scheme 2, resonance forfisandG)
NMe, group in the bis(dimethylamino)pentatetraenylidene is intermediate between that of the complexes with= 2
complex3b by CH=C(Me)NMe, gives rise to a bathochromic ~ and 4.
shift of the MLCT absorptions, whereas displacement by=CH DFT calculation® indicate that, on lengthening the chain
C(NMe); leads to a hypsochromic shift. by G, units, the energy of the LUMO decreases whereas the
When a solution ofsb was treated with LiMeLiBr and energy of the HOMO remains essentially unaffected. As a
subsequently with silica, the color of the solution changed from consequence, the absorption at longest wavelength shifts toward
red-violet to yellow to blue. A similar color change was lower energy (Figure 1). However, the magnitude diminishes
observed when LiM&.iBr was replaced by LiPh and LiBu, with increasing length of the chain (e.g., in @b, Admax =
indicating that the corresponding heptahexaenylidene complexes4200 cnr? for 2a— 3a and 3000 cm! for 3a — 5a).
[(CO)sW=(C)s=C(R)NMeg] (R = Ph, Bu) had been formed.
Both complexes have not been isolated in a pure form. However, 31y see, e.g.: Fischer, H.; Szesni, Goord. Chem. Re 2004 248

1659.
(30) (a) Dede, M. Ph.D. Thesis, Universit&onstanz, 2004. (b) (32) (a) Re, N.; Sgamellotti, A.; Floriani, @rganometallic200Q 19,
Manuscript in preparation. 1115. (b) Marrone, A.; Re, NOrganometallic2002 21, 3562.
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Figure 1. UV —vis spectra of complexeéZa, 3a, and5ain toluene.
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Figure 2. Orbital contributions to the HOMO (a) and LUMO (b)
of complex5a

The analysi& 33 of the electronic structure of M=(C),=
CR;] shows that, in cumulenylidene complexes with an odd
number of carbon atoms, [IM=(C=C),=CR;], the LUMO is
oriented perpendicularly to the ligand plane and is mostly
localized on the odd carbon atoms C1, C3, C5, ... (for the LUMO
of 5asee Figure 2; for a breakdown of the orbital contributions
of chromium and the carbon atoms along the chain to the
HOMO and LUMO of5a and8a see the Supporting Informa-
tion). The HOMO is an in-plane orbital and is mostly localized

Dede et al.

Bis(dimethylamino)allenylidene pentacarbonyl complexes react
with lithium alkyl and aryl compounds by addition of the
carbanion to the C3 atom to give alkynyl metalateaddition

of carbon nucleophiles to C7 dfa,b and subsequent amide
elimination give (dimethylamino)(organyl)heptahexaenyl-
idene complexes, thus constituting a simple substitution ap-
proach to N/C-substituted heptahexaenylidene complexes. An
alternative method for modifying heptahexaenylidene complexes
is probably the insertion of ynamines into the=6867 bond,
affording alkenyl(amino)heptahexaenylidene complexes. The
feasibility of this route has already been demonstrated by the
example of allenylidene and pentatetraenylidene pentacarbonyl
complexeg4+3t

Experimental Section

All operations were performed in a nitrogen atmosphere using
standard Schlenk techniques. Solvents were dried by distillation
from CaH (CH.Cl,, pentane) and sodium/diphenylketyl (THF,
Et,0). The silica gel used for chromatography (Baker, silica gel
for flash chromatography) was nitrogen-saturated. The vyields
reported were not optimized. Instrumentatiotd NMR and13C
NMR spectra were recorded on a Bruker AC 250, Bruker WM
250, or Bruker DRX 600 spectrometer at room temperature unless
mentioned otherwise. Chemical shifts are reported relative to the
residual solvent peaks. IR spectra were recorded on a Biorad FTS
60. MS measurements were carried out on a Finnigan MAT 312
instrument. The UV-vis spectra were recorded on a Hewlett-
Packard 8452A diode array spectrophotometer.

The following compounds were prepared according to literature
procedures: the complexes [GOI(thf)],3* 1,6-bis(trimethylsilyl)-
hexa-1,3,5-triyné® and tris(dimethylamino)carbenium chloriéfe.

All other chemicals were used as obtained from commercial
suppliers.

[7,7-Bis(dimethylamino)heptahexa-1,2,3,4,5,6-enylidene]pen-
tacarbonylchromium (5a). At —78 °C 5.4 mmol of LiMeLiBr
(3.4 mL of a 1.6 M solution in ED) was added to a solution of
1.18 g (5.40 mmol) of (Clk)3SiC=CC=CC=CSi(CH)3 in 50 mL
of THF. The color of the solution changed from slightly yellow to
red. The solution was stirred for 90 min. Then 0.97 g (5.4 mmol)
of [((CH3)2N)3C]Cl was added. Stirring was continued for 90 min

on the even carbon atoms. The calculations also reveal that they; —78°C and then for 12 h at room temperature. The solvent was

contributions from the odd carbon atoms to the LUMO slightly removed in vacuo. The residue was extracted with 150 mL of

increase along the chain but vary only minimally. pentane, and a clear red solution was obtained. The solvent was
In agreement with these calculations pentatetraenylidene com-again removed in vacuo. The resulting black residue was dissolved

plexes were found to ad@®-nucleophiles to either G4 or
(mostly) C3181929N-Nucleophiles were observed to exclusively
addto C3toformalkenyl(amino)allenylidene complebg§21.22.28b.2%
Insertion of an ynamine into the €45 bond affords a

in 60 mL of THF, and 5.4 mmol of I'Bu (3.4 mL of a 1.6 M
solution in hexane) was added-a60 °C. The solution was stirred
for 30 min at—60 °C and for 75 min at room temperature and
then cooled to—78 °C. A solution of 6.00 mmol of [(CQLr-

heptapenta-1,2,3,4,6-enylidene complex. The reaction was sug{THF)] (60.0 mL ofa 0.1 M SO|Uti0? in THF) was added. After 10
gested to proceed by an initial nucleophilic attack at the terminal Min the solution was placed at40 °C on top of a 3 criayer of

(C5) atom?4

As with pentatetraenylidene complexes, HNMeas found
to initially add to the third to last carbon atom of the chain (C3
in 3 and C5 in5). A nucleophilic addition to either C1 or C3
has so far not been observed. Analogously to [bis(dimethylami-
no)allenylidene]- and [bis(dimethylamino)pentatetraenylidene]-

silica wetted with 50 mL of CkCl,. Elution with 450 mL of CH-

Cl, gave a deep violet solution (the first 230 mL of the eluant was
discarded!). The solvent was removed in vacuo, and the residue
was chromatographed at40 °C on neutral AJO3; with pentane/
CH.ClI; (ratio decreasing from 1:1 to 0:1). The red band containing
complex5awas eluted with CKHCI,. Removal of the solvent gave

a red solid. Yield: 50 mg (2.5% based on the hexatriyne).

pentacarbonylchromium and -tungsten, and to the cationic \jp: >130°C dec. IR (THF): »(CO) 2047 m, 1933 vs, 1900 s

pentatetraenylidene complex f@es)Cl(PMe;)Ru=C=C=C=
C=C(CsHsNMe,-4),]PFs,18 bis(dimethylamino)heptahexae-
nylidene complexe$a,b did not react with methanol despite
their high electrophilicity. The addition of carbon nucleophiles

to the terminal carbon atom of the chain also has precedence.,

(33) Auger, N.; Touchard, D.; Rigaut, S.; Halet, J.-F.; Saillard, J.-Y.
Organometallic2003 22, 1638.

cm~%; »(CC) 2156 w, 2107 m, 1956 m crh 'H NMR (ds-acetone,

(34) (a) Strohmeier, W.; Gerlach, KChem. Ber.1961, 94, 398. (b)
Fischer, H.; Reindl, D.; Roth, &Z. Naturforsch 1994 49h 1207.

(35) Thyagarajan, B. S.; Glaspy, P. E.; Baker, E.; BrowrDRy. Mass
Spectrom198Q 15, 224. (b) Rubin, Y.; Lin, S. S.; Knobler, C. B.; Anthony,
J.; Boldi, A. M.; Diederich, FJ. Am. Chem. S0d.991, 113 6943.

(36) Kantlehner, W.; Haug, E.; Mergen, W. W.; Speh, P.; Maier, T,;
Kapassakalidis, J. J.; Buaer, H. J.; Hagen, HSynthesis1983 904.
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250 MHz): 6 3.41 (s, 12H, N(CH),). 13C NMR (de-acetone, 62.5
MHz): 6 43.7 (N(CH),), 43.9 (C6), 55.6 (C4), 82.9 (C3), 96.6
(C5), 97.6 (C2), 153.5 (C7), 167.5 (C1), 2194s{CO), 221.0
(transCO). UV—vis: Amax(log €) 555 (3.945) [toluene], 550 (4.235)
[CH.CI;], 518 (4.177) [EtOH], 477 (4.090) [DMF]. MS (FAB,
NBA): m/z (rel intens) 364 (32) [M], 336 (8) [(M — CO)*], 308
(24) [(M — 2CO)"], 280 (14) [(M — 3CO)'], 252 (37) [(M —
4CO)", 224 (22) [(M — 5CO)'], 173 (35) [(M — 5CO — Cr +
H*)*]. Anal. Calcd for GgH1,CrN,Os (364.3): C, 52.76; N, 3.32;
H, 7.69. Found: C, 52.00; H, 3.94; N, 7.15.
[7,7-Bis(dimethylamino)heptahexa-1,2,3,4,5,6-enylidene]pen-
tacarbonyltungsten (5b) The synthesis 05b from 1.11 g (5.10
mmol) of (CH;)3SIC=CC=CC=CSi(CH)3 in 50 mL of THF, 5.1
mmol of LiMe-LiBr (3.2 mL of a 1.6 M solution in BO), 0.92 g
(5.1 mmol) of [((CH)2N)sC]CI, 5.1 mmol of L'Bu (3.2 mL of a
1.6 M solution in hexane), and 5.30 mmol of [(G@)THF)] (53.0
mL of a 0.1 M solution in THF) was carried out with minor
deviations analogously to that & Instead of 150 mL of pentane,
200 mL was used for the extraction of (gsBIC=CC=CC=
C[N(CHzy)s], and the final reaction mixture was eluted with 600
mL of CH,Cl, instead of 450 mL. Yield: 70 mg (2.8% based on
the hexatriyne). Mp:> 145 °C dec. IR (THF): »(CO) 2052 m,
1927 vs, 1894 m cnt; »(CC) 2158 w, 2107 m, 1956 m crh 'H
NMR (de-acetone, 250 MHz)9 3.42 (s, 12H, N(CH),). 1*C NMR
(ds-acetone, 62.5 MHz)0 43.7 (N(CH).), 46.6 (C6), 56.9 (C4),
83.0 (C3), 96.7 (C5), 95.8 (C2Jwc = 25.2 Hz), 146.7 (C12Jwc
= 103.2 Hz), 153.4 (C7), 198.%i&-CO, Wy = 109.0 Hz), 199.9
(transCO, Wye = 114.0 Hz). UV-Vis: Amax (log €) 541 (3.753)
[toluene], 537 (4.205) [CKCI], 507 (4.088) [EtOH], 470 (4.035)
[DMF]. MS (FAB, NBA): m/z (rel intens) 496 (22) [M], 468
(20) [(M — CO)'], 440 (13) [(M — 2CO)"]. Anal. Calcd for
CigH12N20sW (496.1): C, 38.73; H, 2.44; N, 5.65. Found: C,
39.96; H, 3.11; N, 5.35.
Pentacarbonyl[5-(dimethylamino)-5-[2-(dimethylamino)-2-
methylethenyl]-1,2,3,4-pentatetraenylidene]tungsten (9b)Ad-
dition of 0.21 mL of a solution of MeL:LiBr (1.6 M in Et,O, 0.34
mol) to a solution of 17 mg (34mol) of 5bin 25 mL of THF led
to a quick color change from violet to yellow-brown. The solution
was placed on topfea 2 cmlayer of silica cooled to—70 °C.
Elution with 350 mL of CHCI, (—70°C) gave a deep-blue solution.
When 2.9 mL of HNMe was added, the color of the solution
rapidly changed to yellow. The solution was placed on top of a 10
cm layer of silica cooled te-70 °C. With 450 mL of CHCI, (again
at—70°C) a yellow solution was eluted. The solvent was removed
in vacuo. The residue was chromatographee-a0 °C on silica
with pentane/ChKCI, mixtures of gradually increasing polarity. The

Organometallics, Vol. 26, No. 17, 20280

orange band containingp was collected. Removal of the solvent
gave9b in the form of a red film. Yield: ~10 mg (57% based on
5b). IR (THF): »(CO) 2058 m, 1963 vw, 1922 vs, 1890 m tn
v(CC) 2139 m, 2001 m cnt. 'H NMR (ds-acetone, 250 MHz)?
2.64 (s, 3H, CCHh), 3.30, 3.40 (2s, br, % 3H, C5-N(CH;),), 3.34
(s, br, 6H, CH=CN(CH3)), 5.35 (s, 1H,—CH=). *H NMR (ds-
acetone,—60 °C, 250 MHz): 6 2.61 (s, 3H, CCH), 3.29, 3.40
(2s, 2x 3H, C5-N(CH),), 3.24, 3.45 (2s, X 3H, CH=CN(CHa),),
5.31 (s, 1H,—CH=). 13C NMR (ds-acetone, 150 MHz):6 18.6
(CCH3y), 42.3 (C5-NCHj3),), 41.3, 43.4 (CH=CN(CHy),), 56.9 (C4),
94.9 (C2,2)wc = 25.0 Hz), 96.0 { CH=), 99.8 (C3), 146.7 (C1,
LJwe = 100.9 Hz), 151.6 (C5), 169.5 (G+C), 198.7 €is-CO, Wwc
= 124.2 Hz), 201.1tfansCO, Wy 131.6 Hz). U\V-vis: Amax (log
€) 526 (4.010) [toluene], 477 (4.241) [GEll,], 467 (4.216) [EtOH],
441 (qual) [DMF]. MS (FAB, NBA): m/z (rel intens) 512 (15)
[M*], 484 (13) [(M — CO)*], 456 (10) [(M — 2CO)"], 154 (100)
[(NBA + HT)*]. Molecular weight: 512.2.

Computational Details. All ab initio calculations were per-
formed using Jagu&® (version 5.5.016) running on Linux-2.4.20-
28.7smp on six Athlon MP 2400 dual-processor work-
stations (Beowulf cluster) parallelized with MPICH 1.2.4. Initial
structures were obtained by MM optimization using Hyper-
chem?3® Geometries were optimized using the LACVP* basis set
(ECP for Cr and W, N31G6* for all other atoms) and the BP86
density functional. NMR shielding tensors were calculated at the
same level of theory with Jaguar & at the University of
Erlangen-Nunberg. Chemical shifts were obtained in reference to
calculated tetramethylsilane.
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lated Cartesian coordinates, bond distances, bond angles, and
energies of complexeSa and 8a and breakdown of the orbital
contributions of the metal and the carbon atoms along the chain to
the HOMO and LUMO of these complexes. This material is
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