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Summary: The first s-trans-1,3-diene complexes of a first-row methodology for the preparation of unprecedersté@nsdiene
transition metal hae been prepared and characterized both in  complexes supported by the half-sandwich chromium nitrosyl
solution and in the solid state. The unexpected s-trans config- fragment, (GRs)CrNO(s-trans#;*-1,3-diene) (R= H, Me),
uration was obtained from photolytic decarbonylation of ©p analogous to the more familiar secoffdand third-row®
(NO)(CO} (Cp = 1°-CsHs and 77>-CsMes) in the presence of  congeners. Chromiung®-1,3-diene complexes are relatively
conjugated dienes. Relatgé-olefin and;*-2-alkyne complexes  common, but all previously reported chromium diene ligands
have also been prepared. exclusively adopt the-cis configuration®

Althoughs-trans#*-diene complexes of the transition metals ~ The synthesis of chromium diene complexes in this series is
have been known for a quarter centdrf,none have been  complicated by the inherent instability of complexes of the form
reported for the first-row transition metdlss-trans-Diene [(CsHs)Cr(NO)Xo]2 (X = halide, alkyl)! demanding an alterna-
complexes of the second- and third-row transition metals are tive strategy to those used for molybdenum and tungsten.
unusually reactive and undergo a range of interesting transfor- Photolytic carbonyl substitution has been previously demon-

mations, partic_ipating readily in migratory insertion procg%ses (4) (@) CPMo(NO) (s trans 1.3-diene) complexes: Hunter, A. D.; Leg-
and reacting with both Brensted acitland strong Lewis acids,  ,gins p.- Nurse. C. RJ. Am. Chem. S0c1985 107, 1791-1792.

the latter to generate zwitterionic olefin polymerization cata- Christensen, N. J.; Hunter, A, D.; Legzdins, ®xganometallics1989 8,
lysts? Installation ofs-trans-diene functionality on a first-row ~ 930-940. Christensen, N. J.; Legzdins Grganometallics1991, 10, 3070~

PRSI ; ; : 14 3080. (b) CHW(NO)(strans1,3-diene) complexes: Debad, J. D.; Legzdins,
metal, assuming it is possible to do so, is expected to provide P.: Young, M. A.J. Am. Chem. 504993 115 2051-2052. Ng, S. H. K.

very high, and perhaps unique, reactivity. Here we report general adams, C. S.; Hayton, T. W.; Legzdins, P.; Patrick, B.JOAm. Chem.
S0c.2003 125 15210-15223. (¢) Other M&-trans-1,3-diene complexes:
* Corresponding author. E-mail: jeff.stryker@ualberta.ca. Benyunes, S. A.; Green, M.; Grimshire, M. Qrganometallics1989 8,
T University of Alberta X-ray Crystallography Laboratory. 2268-2270. Beddows, C. J.; Box, M. R.; Butters, C.; Carr, N.; Green, M.;
(1) (a) Erker, G.; Wicher, J.; Engel, K.; Rosenfeldt, F.; Dietrich, W.; Kursawe, M.; Mahon, M. FJ. Organomet. Chenl998 550, 267—282.
Kriger, C.J. Am. Chem. So&98Q 102 6344-6346. (b) Erker, G.; Wicher, Vong, W.-J.; Peng, S.-M.; Liu, R.-®rganometallicsl99Q 9, 2187-2189.
J.; Engel, K.; Krger, C.Chem. Ber1982 115 3300-3309. (c) Yasuda, Wang, L.-S.; Fettinger, J. C.; Poli, R. Am. Chem. S04997, 119, 4453~
H.; Kajihara, Y.; Mashima, K.; Nagasuna, K.; Lee, K.; Nakamura, A. 4464. Poli, R.; Wang, L.-S1. Am. Chem. S0d.998 120, 2831-2842. (d)

Organometallics1982 1, 388—-396. Bis(i7*-diene) Mo complex: Wang, L.-S.; Fettinger, J. C.; Poli, R. Meunier-
(2) Recent reviews on transition metatransdiene complexes: (a) Prest, R.Organometallics1998 17, 2692-2701.

Erker, G.; Kehr, G.; Fiblich, R. Adv. Organomet. Chen2004 51, 109— (5) Computational analysis afcis-ands-transdiene coordination: (a)

162. (b) Erker, G.; Kehr, G.; Fhdich, R.J. Organomet. Chen2004 689, Tatsumi, K.; Yasuda, H.; Nakamura, ksr. J. Chem1983 23, 145-150.

4305-4318. (¢) Mashima, K.; Nakamura, A. Organomet. Chen2002 (b) Hunter, A. D.; Legzdins, P.; Einstein, F. W. B.; Willis, A. C.; Bursten,

663 5—12. B. E.; Gatter, M. G.J. Am. Chem. Sod.986 108 3843-4844. (c) See
(3) Fukumoto, H.; Mashima, KOrganometallic005 24, 3932-3938. also ref 4d.
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strated for (GHs)CrNO(COY), 1, providing n?-alkene andj?- providing CpCrNO(CO){*-s-trans2-methylbutadiene) complex
alkyne complexes, although no evidence for a second carbonyl3b in reasonable selectivity. Although the conversion is excellent
substitution has been obtaing¥Unfortunately, however, the  (~90%), the reactions cannot be driven exclusively tosxhe
initial substitution products remain photolabile; reactions can diene. Unfortunately, neither thg-diene nom*-diene product
be run only to low conversions and provide impractically low is indefinitely stable at room temperature as an isolated solid
isolated yields. No previous investigation of photochemical and both suffer diene loss under prolonged vacuum. Nonetheless,
substitution using conjugated dienes has been reported for thisinfrared analysis of the isolategd-butadiene complegain THF
system. shows a single nitrosyl band at 1670 thand no observable
Photolysis of (GHs)CrNO(CO) (1) in the presence of  carbonyl absorption. NMR spectroscopy unambiguously estab-
butadiene (450 W Hanovia Hg,°®) proceeds to give mixtures lishes thes-transconfiguration of the butadiene ligand: all six
of n2-diene complexeg and the desireg*-diene complex3, butadiene hydrogens appear as chemically inequivalent reso-
from single and double decarbonylation, respectiv@I¢on- nances, inconsistent with the higher symmetry ofstasdiene
comitant decomposition is also observed, resulting in extensive complex.
plating of the photolysis apparatus and unacceptably low isolated Photolytic diene substitution in the corresponding penta-

yields. The decomposition of theg?-diene complex2 is methylcyclopentadienyl series is more straightforward, produc-
substantially faster than loss of thé-diene3; in this way, the ing s-transdiene complexes of greater kinetic and thermody-
n*-diene complex3 can be isolated in very pure form, albeitin  namic stability. Although the preparation ofg{@es)CrNO(CO)
very low yield. (4) from chromium hexacarbonyl is inconveniently slow and
low-yielding (48%)! a substantial reduction in reaction time
<> by (5370 nm) and increase in isolated yield can be realized by starting from
/Cl""-co + /\( - i the more labile tricarbonylchromium tris(acetonitrile) complex
oN" V.5 R 950G (-2CO) (eq 2)12 In this way, the addition of gMesLi is complete in
1 ~90% conversion ) less than 20 min at room temperature, and the subsequent
nitrosylation produces complekin 85% yield after isolation
OG|> @P OCID and purificationt?
ON/C{“'CO ¥ ON/C\MCO * ON/CP\;( Li*
= = MeCN
g = R MeCN..| .cO _CpLi THE Q_’ Diazald @ ©
aR=H) 20 | R 2a' 3 (1:1:12) MeON™ [ 00 A T OC/ngco LA ON/C(\;"C")‘CO
b(R=Me) 2b 2b' 3b (1:1:6) 85% .

After extensive optimization, however, conditions for the
high-yield synthesis of;*-diene complexes have been deter-
mined. Photolytic decomposition is completely suppressed under
ultraviolet irradiation through a 370 nm cutoff filter, leading,
in the presence of excess butadiene, to an inseparable mixtur
of CpCrNO(CO)g*-s-transbutadiene) compleg8a, accompa-
nied by only minor amounts of the intermediate CpCrNO(CO)-
(n?-butadienePa/2d, obtained as a mixture of two structurally
ambiguous diastereomers (egtQualitatively similar results
are observed upon photolysis in the presence of isoprene

Photolysis of comple® in the presence of excess butadiene
leads exclusively to the formation of-trans»y*-butadiene
complex5a (eq 3), isolated cleanly and in high yield after
filtration through silica gel and crystallization. The UV cutoff
Silter is superfluous in this series: no decomposition or plating
is observed even after prolonged photolysis through Pyrex
glassware ¥ 36 h). Similarly, substituteg-trans+*complexes
5b and 5c can be prepared by photolysis in the presence of
isoprene and 2,3-dimethylbutadiene, respectively (eg* 3).
‘Complexesaand5b are formed as single isomers, as revealed
by NMR spectroscopy, whereas compkxis formed as a 9:1

(6) () (GHsNCsMes)Cr(PMes)(CaHe): Dohring, A.; Gehre, J.; Jolly,

P. W.; Kryger, B.; Rust, J.; Verhovnik, G. P.Organometallic2000 19, mixture of isomers. Although NMR spectroscopy establishes
388-402. CACr(CO/PR)(diene): Betz, P.; Dring, A.; Emrich, R.; that then*-diene configuration in comple%a and the major
Goddard, R.; Jolly, P. W.; Kiger, C.; Rorfia, C.; Schafelder, K. U.; Tsay,  jsomer of5cis s-trans insufficient information is obtained from

Y.-H. Polyhedron1993 12, 2651-2662. (b) Cr(COYP(OR})(CsHs): . ) .
Wang, N.-F.; Wink, D. J.; Dewan, J. @rganometallics199Q 9, 335- the NMR spectrum to assign the configuration of the complex

340. Kreiter, C. G.; @kar, S.J. Organomet. Cheni978§ 152 C13-C18. 5b (vide infra)1° The minor isomer obcis tentatively assigned

g:r)] Cr(?g%)az(oggae%éffztmgn, m l|<rege(rj, C. ?Mﬂalg SJ. Ortgjargmft.f the s-cis configuration on the basis of chemical shifts very
em. . FIscnler I.; budzwalt, M.; Koerner von Gustort, S : : A

E. A.J. Organomet. Cheml976 105 325-330. Koemer von Gustorf, E.  SiTilar 0 thf known s-cis-dimethylbutadiene complex of

A.: Jaenicke, O.; Wolfbeis, O.; Eady, C. Rngew. Chem., Int. Ed. Engl. molybdenunt® No isomerization is observed in solution at room

1975 14, 278-286. Koerner von Gustorf, E. A.; Jaenicke, O.; Polansky, temperature, suggesting, perhaps surprisingly, thastnens

O. E. Angew. Chem., Int. Ed. Engl972 11, 532-533. (d) Cr(dmpe)- i i imi
(CO)(diene): Kreiter, C. G.; Kotzian, Ml. Organomet. Cheni985 289, Ifson.]lers maly Sg thermOdy?amgga"y fallvored,fSIrpllar to thi more
295-308. (e) Review: Kreiter, C. GAdv. Organomet. Cheni986 26, amiliar molybdenum analogues.Analysis of aliquots taken
297—-375.

(7) Reduction of the Cr(l) dimer [CpCr(NO}P or the anionic complex (11) Malito, J. T.; Shakir, R.; Atwood, J. . Chem. Soc., Dalton Trans.
[CpCr(NO)L~]7in the presence of diene failed to yield tractable products. 1980 1253-1258.
(a) Legzdins, P.; Nurse, C. Rnorg. Chem 1985 24, 327-332. (b) (12) Tate, D. P.; Knipple, W. R.; Augl, J. Mnorg. Chem.1962 1,
Legzdins, P.; McNeil, W. S.; Rettig, S. J.; Smith, K. M.Am. Chem. Soc. 433—-434.
1997 119 3513-3522. (13) This procedure can also be used to obtaigHEICrNO(CO) in

(8) (a) Herberhold, M.; Alt, H.; Kreiter, C. QLiebigs Ann. Chenml976 improved yield (90%), starting from sodium cyclopentadienide.
300-316. (b) Herberbold, M.; Alt, H.; Kreiter, C. Q. Organomet. Chem. (14) The duration of photolysis required for high conversion is highly
1972 42, 413-418. (c) Herberhold, M.; Alt, HJ. Organomet. Chenmi972 dependent on the scale of the reaction, increasing proportionally with
42, 407-412. increasing scale.

(9) Photolyses in the presence of nonconjugated dféhesds to the (15) The coordination of conformationally rigedcisdienes is currently
formation of tethered binuclear bis(monoolefin) complexes, suggesting that under investigation. Preliminary spectroscopic evaluation of the reactions
the remaining CO ligand resists photolytic labilization. of simple cycloalka-1,3-dienes suggests that this system, odigts the

(10) Experimental details and characterization data are provided as formation s-cisy*-diene complexesnstead producing big¢-coordinated)
Supporting Information. bimetallic complexes!
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Figure 2. Solid-state molecular structure eftrans-2,3-dimeth-
ylbutadiene compleXc. Hydrogen atoms of the Cp* ligand are
omitted. Selected bond lengths (A) and angles (deg)-NCr=
Figure 1. Solid-state molecular structure aftransisoprene 1.667(3), O-N = 1.212(3), CrC(1) = 2.222(3), CrC(2) =
complex 5b. Non-hydrogen atoms are represented by Gaussian 2.163(3), CrC(3) = 2.135(3), CrC(4) = 2.235(3), C(1) C(2)
ellipsoids at the 20% probability level. Hydrogen atoms are shown = 1-386(4), C(2)-C(3) = 1.448(4), C(3y-C(4) = 1.401(5), C(2)-
with arbitrarily small thermal parameters. Selected bond lengths C(5) = 1.509(4), C(3y-C(6) = 1.513(4); CF-N—O = 172.6(3),
(A) and angles (deg) GIN = 1679(8), O-N = 1208(9), Cr N—CF—C(l): 10136(13), N‘CF—C(Z): 8858(12), N—CI'—C(3)

C(1) = 2.188(4), CFC(2) = 2.146(6), CrC(3) = 2.080(6), C+ = 108.05(12), N-Cr—C(4) = 89.37(13), C(1}C(2)-C(3) =
C(Z)—C(5) — 1_507(12), C(3‘)’C(4) — 1.317(15); CeN—-0O = (3), C(Z)—C(3)—C(4) = 118.4(3), C(Z)-C(S)—C(B) = 120.4(3),

173.5(12), N-Cr—C(1) = 101.6(6), N-Cr—C(2) = 88.0(4),  C(4)~C(3)-C(6) = 120.8(3).
N—Cr—C(3) = 108.3(4), N-Cr—C(4) = 92.6(3), C(1}-C(2)-C(3)
= 112.7(8), C(1}C(2)~C(5) = 124.1(12), C(3}C(2)~C(5) =
122.7(10), C(2-C(3)-C(4) = 121.7(8).

throughout the reaction of complek with butadiene shows
minor spectroscopic signatures consistent with the formation
of a transienty?-butadiene intermediatél ' (eq 3), formed as

an approximately 1:1 mixture of unassigned diastereoffers.

Sié Z . ;\% hv (pyrex)
ON~ \r'"“CO L 5 °C, CgHg (—CO)

s a (R, R'=H)
b (R = Me, R' = H) . ) )
¢ (R, R'= Me) @ Figure 3. Solid-state molecular structure of twé-allyltrimeth-

ylsilane complex6b/6b. Selected bond lengths (A) and angles

Q, \Q (deg): Cr-N = 1.676(2), O(1}N = 1.198(3), C+-C(1) = 1.856-
| . ] (-CO) ©| (3), O(2-C(1) = 1.149(3), Cr-C(2) = 2.214(3), Cr-C(3) =

o Vo o X co — oy 2.206(3), C(2)-C(3) = 1.380(4), C(3)-C(4) = 1.508(4); Cr-N—
R ON" \ O(1) = 173.0(2), C+C(1)-0(2) = 178.2(3), N-Cr—C(1) =
i I , 60-70% R 92.77(12), N-Cr—C(2) = 102.09(12), N-Cr—C(3) = 93.77(11),

r Sa—c C(2)-C(3)-C(4) = 122.9(3).

(5¢ 9 : 1 w/s-cis) . . . .
otherwise unremarkable, consistent vétlransdiene complexes

of both molybdenum and zirconiu#?

Consistent with the reactivity of the parent (cyclopentadienyl)-
chromium systerf#? (CsMes)CrNO(COY), (4) is strongly resistant
to double carbonyl substitution in the presence of either simple
alkenes or nonconjugated dienes (e.g., 1,5-hexadiene), leading
to monosubstitution products only, even upon prolonged pho-
tolysis in the presence of excess alkene. Thus, photolysis of
dicarbonyl complex4 in the presence of a large excess of
propene or allyltrimethylsilane provideg-alkene complexes
6a and 6b, respectively, each as a mixture of otherwise
unassigned diastereomers (Scheme 1). Spectroscopic analysis
clearly reveals that one diastereomer of each complex is

Single crystals of all threej*-diene complexess were
analyzed by X-ray crystallography. Although the structure of
butadiene compleX6a was complicated by an unresolvable
degree of disorder, the solid-state molecular structures of both
n*isoprene ang*-dimethylbutadiene complex&p and5c have
been determined to high resolution (Figures 1 and®Zjhe
diene orientation in each complex is significantly distorted, but
clearly strans displaying typical dihedral torsion angles of
125.2(11) and 119.3(3), respectivelyl® The structures appear

(16) (a) Crystal data for complexb (C1sH23CrNO, —80 °C): orthor-
hombic, Pnma (No. 62), a = 9.6520(10) A,b = 12.3096(12) A,c =

12.1615(12) AV = 1444.93) B, Z = 4, peaca= 1.312 g cm3, 4 = 0.78 fluxional at room temperature, broadening many of the associ-
mm*i Ri= ?.0418,WR2= 0.1212 502 z 73o|( Fo?)]. (t;) %rystal f;ata for ated signals in botAH and *C NMR spectra and obscuring
complex5c (C16H25CrNO, —80 °C): monoclinic, P2;/c (No. 14),a = ; i _di ;

8.5020(7) Ab = 23.7465(19) Ac = 8.5735(7) A — 116.8897(11, V Lnost of the correlations in the two-dimensional spectra-80

= 1560.3(2) R, Z = 4, pesica = 1.274 g cm®, 1 = 0.726 mm, R; = C, however, both diastereomers of propene comiaxare

0.0466,wR, = 0.1376 Fo? > —30( F?)]. static, with all resonances and correlations clearly resol?ved.
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Scheme 1
/\/R Q‘ Q‘
" + Ty
hv (pyrex) ON/C{ “CO oc/c{ 'NO
5 °C, CgHg (-CO) NC-R NC-R

o a(R=H) 66% 6a (1:1 6a’'
oN~ 1 Cco b(R=TMS) 48%  6b (2:3) 6b’
CcO
4
Me——=—Me ]
Cron,
R
; — ———Me
66 Me—="
49% 7

In solution at room temperature, bajh-alkene complexeéa
and6b suffer from slow dissociation of the alkene. Nonetheless,
crystallization proceeds at low temperature without notable
decomposition and, for allylsilane complék, delivers single
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The unexpected preference fartrans coordination of
conjugated dienes is, among first-row transition metals, unique
to chromium and, among chromium?-diene complexe%,
unigue to this particular half-sandwich nitrosyl coordination
sphere. The mere existencessfransdiene coordination in the
first transition series constitutes a provocative challenge to
standard structural paradigms. This investigation, however,
clearly reveals that there exists no overriding electronic or steric
prohibition on accommodatingttranscoordination in the first
transition series. The role of relative electron deficiency in
promoting s-trans over s-cis coordination, as articulated by
Legzding® and more recently discussed by Mashima and
Nakamura®€ provides a compelling and rational basis for the
discovery of strans-1,3-diene coordination elsewhere among
the first-row transition metals.

For the moment, however, specificrationale fors-trans
diene coordination in (cyclopentadienyl)chromium nitrosyl
complexes remains elusive, warranting further experimental and

crystals comprising a single diastereomer. The structure of this computational investigation. Structural issues notwithstanding,
complex has been determined by X-ray crystallography (Figure s-transdiene complexes of this nominally zerovalent and

3).Y7

Photolysis of dicarbonyl complekin the presence of excess
2-butyne similarly provides only thg?-2-butyne complex,
isolated in modest but reasonable yield. The relatively upfield
alkyne resonances in tA&C NMR spectrum are consistent with
the presence of a simple two-electrangoordinated alkyné?1°

carbonyl-free chromium system are expected to exhibit a range
of interesting and, perhaps, unique reactivity. The results of this
ongoing investigation will be reported in due course.
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