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In this paper the reactivity of the previously reported metallacyclopentane complex [Mo@\NRte4-
SiN),CsH4)(CHy)4] (1) is reported. Compleg reacts with acetylenes via ethylene exchange to form novel
Mo imido metallacyclopentene complexes, [Mo(NRR)1es;SiN),CsH4)(CRCR(CH,)2)4] (R = Ph, R
=H, 4a R =H, R = Ph,4b; R, R = COEt, 4¢). The kinetics of the formation ofc from 1, in the
presence of excess diethyl acetylenedicarboxylate (DEAC), was examined. The activation parameters
for the formation of4c were found to beAH* = 20.5(2.3) kcal moi! and ASF = —14.8(6.6) cal (mol
K)~1. The metallacyclopentadiene complex [(NPh)Mo(C(Ph)CHCHC(PR)¥esSiN),CsHa}] (7) was
synthesized by the oxidative coupling of two phenylacetylene molecules. Compoisndctive as a
catalyst for the cyclotrimerization of phenylacetylene. X-ray crystal structurgsia and7 are reported.

Introduction lacked the inherent stability of the molecules synthesized in our
o . group and decompose vizhydrogen transfer, resulting in the
Metallacyclopentane complexes were originally observed in formation of butene. Our complexes differ from Schrock’s in
our laboratories as species that result from the deactivation of e nature of the chelating ancillary ligand. The diamide ligand
W(VI) alkylidenes during olefin metathesis reactions in which {0-(MesSiN),CsH4} 2 is crucial in stabilizing the high oxidation
ethylene is formed:3 Since these initial studies, we have been giate of the metal through donation of the diamide lone
able to isolate and characte.rize metallacyclopentane .co.mplexe%airs_ls—zz It appears that the alkoxidé24 biphenolate, and
of W and Mo by more direct methods. Group 6 imido binaphtholate ligand$121416.11n Schrock’s metathesis catalysts
metallacyclopentane complexes are rare, and our complexes are
unusual in that their inherent stability toward decomposition (g) Tsang, w. C. P.: Hultzsch, K. C.; Alexander, J. B.; Bonitatebus, P.
by either 8-hydrogen elimination/abstraction ¢#-carbonr- J.; Schrock, R. R.; Hoveyda, A. H. Am. Chem. So2003 1259), 2652~

carbon bond cleavage allows them to be readily isolated and2666.
characterized. (9) Schrock, R. RChem. Re. 2002 1021), 145-179.

o (10) Schrock, R. RDalton Trans.2001(18), 2541-2550.
Schrock and co-workers have also observed group 6 imido  (11) Hoveyda, A. H.; Schrock, R. RChem. Eur. J2001, 7(5), 945-
metallacyclopentane complexes that resulted from the decom-950.

; ;  B17 (12) Tsang, W. C. P.; Jamieson, J. Y.; Aeilts, S. L.; Hultzsch, K. C;
postion of alkylidene speciés:’ These complexes, however, g = R'; Hoveyda, A. Horganometallic2004 23(), 1997-2007.

(13) Schrock, R. R.; Duval-Lungulescu, M.; Tsang, W. C. P.; Hoveyda,
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are not as effective at donation and thus do not stabilize the
high oxidation state of the metal.

Transition-metal metallacycles have been implicated as
important species in many catalytic and stoichiometric conver-

sions of organic fragments. One such process is the metal-

mediated cyclooligomerization reaction of alky#&s33 In the
well-known mechanism for this reaction, metallacyclopentenes,

metallacyclopentadienes, alkyne, and arene complexes have been

cited as key intermediat@%:2%33-43 Recent research in this field
has focused on controlling the regioselectivity of the cycloo-
ligimerization reaction. This has been achieved by developing
ligand sets with steric properties that promote highly selective
carbonr-carbon bond forming reactions. In these reactions, low-
valent transition metals mediate the formation of metallacycles
from saturated organic substrates. TakaHéstHi and La-
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dipo?>5556 have utilized this chemistry in the synthesis of
substituted arenes, pyridines, and other useful organic molecules.
In Takahashi’'s work, the preparation of multisubstituted benzene
and pyridine derivatives was achieved in a one-pot synthesis
through the use of unsymmetrical metallacyclopentadienes
obtained from the intermolecular cross-coupling reaction of two
different alkynes and subsequent treatment with a third alkyne,
or nitrile, in the presence of CuCl or Ni(PRCl,. The
development of methodologies that would afford the stereose-
lective synthesis of metallacycles is an important area of research
and warrants further study.

We have recently reported a method for the synthesis of group
6 imido diamido olefin complexes f¢-olefin)Mo(NPh)E-(Mez-
SiN),CeHa)] (3: olefin = ethylene 8a), isobutylene §b), styrene
(3¢), propene 8d)), from [Mo(NPh)E-(MesSiN),CsH4)Clo-
(THF)] (2).# In exploring the reactivity of these complexes, we
became interested in developing the chemistry of group 6
metallacycles containing imido and bis(amido) chelating ligands
because of the potential use of these compounds in organic
Synthesi§_l,33,44,5254,57

In this paper, we examine the chemistry of the metalla-
cyclopentane complex [Mo(NPy(MesSiN),CsH.)(CH,)4] (1).
The synthesis of the metallacyclopentene complexes [Mo(NPh)-
(O-(ME3SIN)2C5H4)(CHRCHR(CH2)2)4] (4) from 1 by the
exchange of ethylene with an alkyne molecule is reported. We
also examine the synthesis and reactivity of the novel metal-
lacyclopentadiene complex [Mo(NPb)(Me3SiN),CeHa)(C(Ph)-
(CH)(C(Ph))] (7) by the [2+ 2] cycloaddition reactions of two
alkyne moieties. In addition, X-ray crystal structureslpflb,
and7 are reported.

Results and Discussion

Synthesis of Metallacyclopentene Complexesieating a
toluene solution of the metallacyclopentane compleat 80
°C with 1 equiv of an alkyne results in the synthesis of the
metallacyclopentene compléx(Scheme 1). The reaction with
phenylacetylene results in a 1:4 mixture of the two regioisomers
4a and4b. The phenyl substituent of the metallacyclediais
in the a-position, while the phenyl substituent #b is in the
p-position.

(52) Duan, Z.; Nakajima, K.; Takahashi, Them. Commur2001(17),
1672-1673.

(53) Xi, C. J.; Kotora, M.; Nakajima, K.; Takahashi, J. Org. Chem.
200Q 65(4), 945-950.

(54) Takahashi, T.; Sun, W. H.; Nakajima, €hem. CommurL.99916),
1595-1596.

(55) Ozerov, O. V.; Patrick, B. O.; Ladipo, F. 7. Am. Chem. Soc.
2000 12227), 6423-6431.

(56) Ozerov, O. V.; Rath, N. P.; Ladipo, F. J. Organomet. Chem.
1999 586(2), 223-233.

(57) Vollhardt, K. P. CAngew. Chem., Int. Ed. Endl984 23(8), 539~
556.
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Scheme 3 preferentially to the Mo center.
Ph Ph Similarly, complex4a can be isolated as a single isomer by
N/ N/ taking advantage of the steric environment around the metal
Messi\ /// MesSi / center. As outlined in Scheme 4, exposure of the phenylacety-
Me3Si —Moee 2 eqvs EtMgCl Me3Si\ __Mo_ H lene complex [g?-phenylacetylene)Mo(NPHK{(MesSiN),CsHa)]
N } Cl -78%C N WH (6), generated in situ from the isobutylene complél, to
o] 3a hH ethylene results in the isolation db. The resonances for the
Q metallacycle fragment ofa are observed at 3.32, 3.06, 2.74,
2 + Ethane and 1.66 ppm in théH NMR spectrum. The vinylic proton is
o 2.0 equs CI, observed as a broad singlet at 5.84 ppm. Resonances for the
Phenyl acetylene mMg?* S|M¢3 protons are observed as smglets—@:OG_and 0._32 ppm.
VesSi //N In this case, ethylene copples to the I_ess_sterlca_lly hm_dered side
MeZSi\ /Mo/ of the phenylacetylene ligand, resulting in therientation of
N + ethylene the phenyl substituent in the metallacydia Although4aand
E 4b can be synthesized separately, we have not observed any
4b Ph tendency for interconversion of these two isomers at room

temperature over long periods of time (months).
X-ray Crystal Structure of 4b. The identity of4b was also

The equilibrium between metallacyclopentanes and bis- confirmed'by X-ray diffraction anglysis. X-(ay-quality crysta!s
(ethylene) complexes has been extensively stu#figd.It has were ot_)talned by slow evaporat|on_of a diethyl ether solution
been demonstrated in our laboratories that heatirig the of 4b. Figure 1 shows the thermal ellipsoid plot4ls. Complex
presence of a Lewis base (P§leesults in the formation of the
ethylene comple% as a phosphine adduct (Schemé-2Jhese
results suggest thatis a precursor to the ethylene complx
and that this complex can be trapped in the presence of Lewis
bases.

Complex 3a can also be generated from the dichloride
complex2 and ethylmagnesium chloride, as outlined in Scheme
3. We have successfully isolated olefin complexes using this
method in the pas€>° This ethylene complex can be trapped
in the presence of donor ligands such as pPifed acetylenes.
This strategy was employed to synthesize the metallacyclopen-
tene complexdb as a single isomer. The resonances for the
metallacycle fragment for this compound were observed as
eight-line patterns at 3.70, 3.38 (2H overlapping), and 1.35 ppm
in theH NMR spectrum. The vinylic proton from the acetylene
ligand was observed downfield at 8.47 ppm. In addition, two
peaks were observed for the Siptesonances at 0.43 and 0.40
ppm. The strategy employed in Scheme 3 takes advantage of
the steric environment around the metal center to promote the
stereoselective formation of the metallacycle. Phenylacetylene
adds to3ain a manner that minimizes the interaction between
the phenyl substituent and the bulky SiMgoup. This results

Figure_l. Thermal ellipsoid plot of#tb (50% probability thermal
(58) Ortiz, C. G.; Abboud, K. A.; Boncella, J. MDrganometallics1999 ellipsoids). Selected bond lengths (A): MbI(1) = 1.7305,
18(21), 4253-4260. Mo—C(19)= 2.1520(2), Me-C(22) = 2.175(2), C(19)-C(20) =
(59) Ortiz, C. G. Ph.D. Thesis, University of Florida, 1999. 1.344(3), C(20y-C(21) = 1.504(3), C(21)C(22) = 1.531(3).
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Scheme 5 25
DN 2
MoV

4

4b exhibits a pseudo-square-pyramidal structure with the imido
ligand occupying the apical position of the square pyramid. The 0 ‘ ‘
Mo—N(1) bond length of 1.731(2) A is comparable to MW 0 1000 2000 3000 4000 5000 6000 7000 8000
triple-bond lengths in the imido complexes seen in our group. Time (s)

The bond lengths in the me:tallacycle confirm the predicted Figure 2. First-order kinetics for the formation @fc, where [L];
arrangement of double and single bonds: i.e., the arrangement=concentration ofl obtained from the value of the integral for
of two long C-C bonds (C(20yC(21) = 1.504(3) A and  the SiMe peaks in the starting material at tirve t seconds and
C(21)-C(22)= 1.531(3) A) and one short-€C bond (C(19) [1]o = concentration ofl obtained from the value of the integral
C(20)= 1.344(3) A) confirms the metallacyclopentene descrip- for the SiMe peaks of the starting material at tire0 s.

tion of this complex. As described fof dialkyl complexes of
this type, the diamide ligand is substantially folded (fold angle

MoV

(Ln[1]¢Ln[1]o)

Table 1. Dependence of DEAC on the Formation of 4c

135.6); this has been attributed to donation of the diamide lone- [PEAC] (M)  ratek (10*'s™) [DEAC] (M) ratek(10's™)
pair electrons into a metal d orbital of appropriate symmetry. 0.974 3.19(4) 1.99 2.98(3)
Complex4b represents the first example, to our knowledge, of 1.44 2.86(8) 2.60 2.98(11)

a crystallographically characterized metallacyclopentene com-

Table 2. Dependence of Ethylene on the Formation of 4c
plex of Mo. In fact, the only other metallacyclopentene P 4

complexes that have been observed have occurred in our, ethylene pressure (psi) reig10* s

laboratories in the reaction of the styrene compBexwith 0 2.78(8)

diphenylacetylen&® 20 2.99(1)
phenylacety 30 3.06(3)

Kinetics and Mechanism of the Thermal Rerrangement ] ) )
of 1. The observation that heating the metallacyclopentane ~The mechanism and rate law depicted in Scheme 6 account
complexl can induces-C—C bond cleavage of the metallacycle ~for the observation that the formation 4¢ does not depend on
and the elimination of ethylene is consistent with the observation the concentration of substrate (DEAC) or ethylene. The derived
that metallacyclopentane complexes may exist in equilibrium ate expression in Scheme 6 assumes steady-state concentrations

with a bis(ethylene) species, as depicted in Scheme 5. of 1b and 1(:. If ks is large and i§ noF thg rate-determining step
The reaction depicted in Scheme 5 represents a formal ©f the reaction, then the reaction is first order ij gnd no
reduction of the Mo center by two electrons,&€—C bond dependence on [DEAC] should be observed.

cleavage reduces the metal center from Mo(VI) to Mo(IV). The  The kinetic data are consistent with the proposed decomposi-
syntheses of complexesand5 in Schemes 2 and 3 suggest tion of the metallacyclopentane fragment \iaC—C bond
that heat is required in order to indugeC—C bond cleavage ~ Cleavage to a bis(ethylene) species prior to the rate-determining
of the metallacyclopentane. This implies that the equilibrium Step. The observed activation parameters are a combination of
depicted in Scheme 5 lies largely toward the metallacyclo- the elementary steps depicted in this mechanism. The negative
pentane species. To confirm the existence of this equilibrium, €ntropy of activationAS', is consistent with the formation of
and to clarify the mechanism of ethylene exchange in the @ highly ordered transition state during the thermal rearrange-
metallacyclopentane complex, we undertook kinetic studies for ment of1 or the associative displacement of ethylene by solvent
the reactions of with diethyl acetylenedicarboxylate (DEAC).  (C7Dg) in the rate-determining step. The rate expression in
The kinetics of the thermal disruption of the metallacycle of Scheme 6 suggests there is no dependence on [DEAG]sf
1in CsDg were examined by following the disappearance of rapid.Therefore, the incoming alkyne (DEAC) is not present in
the SiMeg peaks of the starting material usingd NMR the rate-determining step of this reaction.
spectroscopy in the presence of excess DEAC. The data points 129
were obtained by plotting the value of the integral for this peak

with respect to time for more than 3 half-lives. -12.5
The temperature dependence for the conversioh wf 4c
was determined by following reactions of@ solutions ofl -13.0 1

(0.020 M) with DEAC (1.40 M) in the NMR probe at
temperatures between 335 and 356 K (three samples at eachd .13 -
temperature). The disappearancd @fllows first-order kinetics
(Figure 2) with a rate constant at 342 Klof= 3.3 x 1074s™1 140 4
(tzz = 2.1 x 1@ s). The reaction rate is independent of the
concentration of DEAC (Table 1) and the concentration of
ethylene (Table 2). The energy of activatidxG*, corresponds

to 17.5 kcal/mol at 342 K. Activation parameters (Figure 3)

Ln(

-14.5 1

obtained from an Eyring plotASF = R[(intercept)— 23.76]; 2810663 2861263  2.0197e:3  2.9860e:3
AH* = —R(slope)), for the formation ofc from 1 are AH¥ = 4
20.5(2.3) kcal moft and ASF = —14.8(6.6) cal (mol Kj™. 1/T sec
Figure 3. Eyring plot for the reaction of with DEAC. Activation
(60) Mills, R. C.; Abboud, K. A.; Boncella, J. MOrganometallic200Q parameters:AH* = 20.5+ 2.3 kcal mot! andAS* = —14.8+

19(16), 2953-2955. 6.6 cal (mol K) 1,
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Scheme 6 Scheme 8
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kat ke Table 3. Kinetics for the Formation of Metallacyclopentene
Scheme 7 Complexes
Ph Ph AH*  errorAH* error
N/ / (kcal (kcal AS (cal AS (cal k(obsd)
I\'\lllleii\ M/// Me33i\ / complex mol™?) mol~1) (molK)™1) (molK)™}) (10*s™
SN =y MesS\ Mo . 4c 20.5 2.3 -14.8 6.6 3.34
- isobutylene N N 4d 18.2 1.8 —21.7 5.1 3.43
3b 1* 18.4 2.8 —21.3 8.2 3.01
1+
X-ray Crystal Structure of 1. The synthesis of the metal-
Bp lacyclopentane complekhas been reporteéd;®*however, X-ray
/ T« structural studies on this compound were not performed at that
Me3$i\ N{)‘ time. An X-ray study was performed on a single crystaflof
Measi\:?? 0%, grown from a concentrated pentane solution-&0 °C. The
thermal ellipsoid plot ofl is depicted in Figure 4.
1 Complex 1 has a pseudo-square-pyramidal coordination
2y geometry with the imido ligand occupying the apical position.

The Mo—N(1) bond (1.728 A) is within the normal range for a

To probe the dependence of the reaction on substrate weMO—N triple bond. The Me-diamide bonds MeN(2) and
examined the ethylene exchange in the metallacyclopentaneM0—N(3) (2.010 and 2.015 A) are also within the normal range
complex1*, where the metallacycle protons are fully deuterated. for Mo—N single bonds. The MeC(13) and Me-C(16) bonds
Complex1* was synthesized by methods similar 1pin that (2.187 and 2.191 A) are typical of MeC single bonds.
the isobutylene compleb was treated with excess;0,
(Scheme 7). The kinetics of ethylene exchange for this complex
was examined by monitoring the appearance of the metallacycle
ring protons inl over several half-lives.

We also examined the kinetics of ethylene exchange in the
reaction of1l with diphenylacetylene (DPA). As outlined in
Scheme 8, heating/Dsg solutions ofl (0.020 M) in the presence
of excess DPA resulted in the formation of the previously
reported diphenylacetylene complexf{diphenylacetylene)-
Mo(NPh)(@-(MesSiN),CsH4)] (6b) and the metallacyclopentene
complex [Mo(NPh)¢-(MesSiN),CeHa)(CH(Ph)CH(Ph)(CH)2)4]

(4d). Complex4d was not isolated but was identified by the
comparison of itsTH NMR spectrum with the spectra of
complexedda—c. The kinetics of the formation of the mixture
of 4d and6b was observed by monitoring the disappearance of
the SiMe protons ofl over several half-lives.

Activation parameters were also obtained for the exchange
of ethylene withl* and the formation oftd/6b at temperatures
between 335 and 356 K. As shown in Table 3, the rate constants
and activation parameters for the formation1df and 4d/6b
are similar to those found for the formation 4. These data  Figyre 4. Thermal ellipsoid plot oft (50% probability thermal
suggest that the kinetics of ethylene loss frbis independent  ellipsoids). Selected bond lengths (A): Moy (1) = 1.728(2),
of the nature of substrate and confirms the absence of substratevo(1)—N(2) = 2.010(2), Mo(1>N(3) = 2.015(2), Mo(1}C(13)
in the activated complex. = 2.187(2), Mo(1)-C(16) = 2.191(2).
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Scheme 9
N e D
M,o/ P=-H /' 4 \\\ "
\/ - ethylene % _—
P o H

Mo@ Ph—=-H - ethylene

Ph\ Ph>\m
PH P

Scheme 10

Ph

Figure 5. Thermal ellipsoid plot of7 (50% probability thermal
ellipsoids). Selected bond lengths (A): Mbl(1) = 1.731(2), Mo~

N(2) = 2.008(2), Mo-N(3) = 2.002(2), Me-C(19) = 2.197(3),
Mo—C(22) = 2.188(3), C(19)-C(20) = 1.335(4), C(20)C(21)

= 1.455(4), C(21)C(22) = 1.339(4).
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Scheme 11

Synthesis and Reactivity of a Metallacyclopentadiene
Complex. Our success in synthesizing metallacyclopentenes
inspired us to pursue the subsequent synthesis of metallacycloMe:Si
pentadiene complexes. One can envision the formation of Messx .
metallacyclopentadienes from metallacyclopentenes by the
sequentiabr ligand exchange of an ethylene molecule from a
metallacyclopentene, as outlined in Schenfé However, no
p-C—C bond cleavage of the metallacyclopentenes was observed
when4 was heated at 80C in the presence of an alkyne for

(J0C

xs phenyl acetylene
_—

J

<+

weeks.
Metallacyclopentadienes can be synthesized, however, from O
the [2 + 2] coupling reactions of terminal acetylenes. Thus,
treatment of a pentane solution of the isobutylene complex 1: 1 mixture of 2

isomers

with 2 equiv of phenylacetylene afforded the metallacyclopen-
tadiene complex [(NPh)Mo(C(Ph)CHCHC(PH)(MesSiN),- . .
CeHa}] (7) in 40% yield (Scheme 10). THed NMR spectrum Metallacyclopentadiene complexes have been implicated

of 7 showed a singlet£0.07 ppm, 18H) for the SiMgorotons. as important intermediates in the cyclotrimerization of
A sharp singlet (g.4é(ppm ng) assiz;ned to ﬁ}zb?gtons of acetylened2-33.57.61\When7 (0.008 mmol) was allowed to react

the metallacycle characterizes the!' orientation of the phenyl n z:n NMR tube with excess phenylacetylgne (.1'56 mmol) at
substituents. An examination of the reaction mixture revealed 80 °C for 24 h, a 50:50 mixture of two cyclotrimerized products,
that small amounts of the,3 and/3,3 isomers may also form 1,2,4-tr|phenylbenzene.and .1.,3,5-tr|phenylbenzene, was pro-
during the course of this reaction. However, we were not able QUced (Scheme 11} as |deqt|f|ed by mass spectrometry).. Thgre
to isolate any of these isomers from the reaction mixture and IS N© évidence of the formation of poly(phenylacetylene) in this

the low yield of these complexes in this reaction prevented their reaction. _Thus, there IS good chemoselequ_vlty toward cyclo-
complete spectroscopic characterization. trimerization but essentially no regioselectivity of the benzene

X-ray Crystal Structure of 7. Single crystals of7 were isomers that are formed. We are currently investigating the utility

obtained from slow evaporation of a concentrated diethyl ether of 7 as a potential cyclotrimerization catalyst.
solution (Figure 5). CompleX was found to have a pseudo- .
square-pyramidal geometry in which the imido group occupies Summary and Conclusions
an apical position. The MeN(1) bond length is 1.731 A,
consistent with a metalnitrogen triple bond. The MeN(2)
and Mo—N(3) bonds (2.008 and 2.004 A) are consistent with

This work is a continuation of our studies on the effect of
the ancillary ligand o-(MesSiN),CsH4} 2~ on the properties and
S reactivity of group 6 imido complexes. We have demonstrated
Mo—N(diamide) bonds. The MeC(22) and Me-C(19) bonds  544in that diamide donation in these complexes has a profound

are within the range for MeC(sp) bonds. The bond lengths  offact on the reactivity and stability of this family of compounds.
within the metallacycle reflect the localization expected for a Tpis allows us to access chemistry that is usually associated
metallacyclopentadiene fragment: i.e., two short@bonds

(C(19)-C(20) = 1.335 A and C(21C(22) = 1.339 A) and (61) Smith, D. P.; Strickler, J. R.; Gray, S. D.; Bruck, M. A.; Holmes,
one long G-C bond (C(20y-C(21) = 1.455 A). R. S.; Wigley, D. E.Organometallics1992 11(3), 1275-1288.
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with late transition metals, as donation by the ligands Table 4. Kinetic Analysis for the Reaction of DEAC with 12
attenuates the high charge of the species encountered. Molyb- (k) kqun#1) (18sY)  k(run#1) (1dsY)  k(run #1) (1852
denum metallacycles have been proposed as intermediates in

) . . e . 9.81 10.6 11.9
olefin metathesis reactions, and specifically metallacyclopentane 349 5 5.78 7.02 772
species have been observed as decomposition products of groups42.5 3.79 3.49 2.73
6 alkylidenes'? An understanding of the chemistry of these 334.8 1.67 1.67 1.74

species is therefore important in the development of metathesis  agyring plot analysis:AS' = —14.7+ 3.0 cal (K moly’}; AH* = 20.5
catalysis involving terminal olefins, where ethylene may form =+ 1.0 kcal mof®.

during the reaction.

123.7,125.9, 125.6, 126.0, 126.2, 126.4, 127.5, 129.2, 135.0, 135.2,
141.2,147.8, 158.1, 168.5, 172.0. Anal. Calcd fegHz,M0Op sNs-

Si;: C, 59.58; H, 6.95; N, 6.95. Found (this molecule was isolated

All operations were conducted under an inert atmosphere using With /2 molecule of diethyl ether): C, 60.68; H, 6.76; N, 6.93.
standard Schlenk techniques or in a nitrogen-filled drybox. Diethyl  [(NPh)Mo(C(CO2E)C(CO2E)CH ;CH,)(0-(Me3SiN).CeHo)]
ether, pentane, toluene, and tetrahydrofuran were distilled under(4)- A toluene solution ofl (0.521 g, 1.06 mmol) was heated for
nitrogen from sodium or sodium benzophenone ketyl, stored over 12 h at 72°C with diethyl acetylenedicarboxylate (0.186 mL, 1.16
molecular sieves, and degassed prior to use. Ethylene was predried"mol) in a sealed ampule. The vessel was then cooled and the
by passing the gas through a column of molecular sieves. NMR toluene removed in vacuo to afford an orange solidaf The
spectra were recorded on Varian (300 MHz) Gemini300, VXR300, orange solid was then dissolved in pentane and recrystallized at
and Mercury300 instruments. Chemical shifts were referenced to —/8 °C to afford 4c as an orange solid in 62% yieléH NMR
the residual protons in the deuterated solvents and are reported ifCeDs): 0 0.30 (s, 9H, SiMg), 0.33 (s, 9H, SiMg), 0.87 (t, 3H,
ppm relative to TMS. Elemental analyses were performed by CHs, J=7.1Hz), 1.17 (m, 1H, metallacycle proton), 1.27 (t, 3H,
Complete Analysis Laboratories Inc., Parsipanny, NJ. CH, J= 7.1 Hz), 3.09 (ddd, 1H] = 15.8, 6.1, 3.8 Hz, metallacycle
[(NPh)Mo(C(Ph)C(H)CH ,CH.)(0-(MesSiN),CsHa)] (4a). In a proton), 6.81 (m, 1H, phenylimido para proton), 7.00 (overlapping
sealed ampule, a pentane solution3af (0.500 g, 1.013 mmol) multiplets, 4H,0-pda protons and phenylimido meta protons), 7.20
was frozen and evacuated. The vessel was then cooled and th(ﬁw’e?\;‘li n:ici) Zf?r]oH;;ocznpnd)aYpégt(();)’llg.588(z(jﬁizupjagiatgﬁ),
mixture thawed. The neck of the vessel was flushed with dry Pl P O i y
ethylene for 3 min. Ethylene gas was then added (15 psi) to the 1C NMR (C/Dg): 0 184.1,176.1, 164.2, 157.9, 150.1, 134.3, 130.6,
solution, and the mixture was stirred for 12 h. The volume was 128.2, 128.9, 127.8, 127.7, 126.4, 125.6, 122.0, 60.3, 60.1, 53.7,

reduced in vacuo and the temperature lowered78 °C. Orange ~ 41-2, 14.8, 14.5,1.43. Anal. Calcd foedHMON;OSk: C, 52.9;
crystals ofda quickly precipitated from solution and were isolated H, 6.50; N, 6.61. Found: C, 52.86; H.’ 6.24; N, 6.90.
in 80% yield.?H NMR (CeDe): o —0.07 (s, 9H, SiMg), 0.33 (s, [(NPh)Mo(C(Ph)CHC(Ph))(o-(MesSiN).CsH2)] (7), Phenyl-
9H, SiMe), 1.66 (dt, 1H,J = 11.8, 5.9 Hz), 2.74 (dddd, 1H,= acetylene (0.90 mL, 4.06 mmql) was _added tg a per_1tane solution
17.9, 7.2, 5.1, 2.8), 3.05 (dddd, 18,= 17.6, 7.2, 6.6, 2.3 Hz), of 1.00 g (2.03 mmol) oBb,_Wlth stirring. An immediate (_:olor _
3.32 (dddd, 1HJ = 11.7, 5.4, 2.7, 0.9 Hz), 6.84 (t, 1H,= 2.4 change from green to yeIIOW|sh.brown occurred. The reaction mix-
Hz), 6.87-7.55 (aromatic), 7.24 (dd, 1H, phenyl ortho protdr= ture was stirred fot/, h, aft_er which the so_lutlon was concentr_ated
8.5, 1.5 Hz), 7.33 (dd, 1Ho-phenylenediamine protod, = 8.0, by removal of the solvent in vacuo. Coollng{cYS_"C resulted in
1.6 Hz), 7.37 (dd, 1Hp-phenylenediamine protod, = 8.0, 1.6 the appearance of brown. crystals ofin 40% yield. 'H NMR
Hz), 7.54 (dd, 1H, phenylimido ortho protoh= 8.4, 1.3 Hz)13C (CeDe): 6 -0.07 (s, 18H, SiMg), 6.48 (s, 2H, metallacycle), 6.85
NMR: & 1.1, 1.5, 40.1, 56.5, 122.7, 125.0, 125.4, 122.8, 126.0, /78 (aromatic):*C NMR (GiDe): 1.3, 124.7, 125.9, 126.6, 127.4,
126.5,127.4,129.4, 132.6, 135.1, 151.8, 157.2, 158.0, 188.6. Anal.129-5, 130.7, 142.2, 154.2, 192.7. Anal. Calcd fasHGoMoN;-
Calcd for GgHsMoN;Siy: C, 59.24; H, 6.57; N, 7.40. Found: ¢, S% C.63.63,H,6.12'N, 6.55. Found: C, 62.74; H, 6.24; N, 6.61.
58.97: H, 6.73; N, 7.65. Kinetic Studies.NMR tube samples were prepared by dissolving
[(NPh)Mo(C(H)C(Ph)CH 5CH2)(0-(MesSiN),CeH.)] (4b). 1 (ca. 10 mg, 0.020 mmol) and mesitylene (13:89, added as

: an internal standard, in 1.0 mL of;Og in the glovebox. Diethyl
Method 1. A purple EtO solution of2 (3.00 g, 5.17 mmol) was .
cooled to—78 °C and treated with 5.17 mL of EtMgE(2.0 M acetylenedicarboxylate was added to the NMR tube, and the tube

- : i was then capped. The concentration of DEAC was obtained by
solution in ExO). An immediate color change from purple to red . .
occurred. and the solution was stirred 8T8 °C for 30 min plotting the values of the integral for the DEAC ethyl group for
Phenyla(;etylene (0.52 mL, 6.20 mmol) was then added ar;d theknown concentrations of DEAC versus the integrals for the; CH
solution was warmed to room temperature. The solution was stirred prot_ons of mesitylene. The NMR probe was eqwhbr_ated to the
overnight, and the solvent was then removed in vacuo. Complex desired temperature, and the sample was then loaded into the probe.

4b was then extracted with a toluene/pentane solution. The soIventApprOX'mater 120 spectra were recorded over the duration of 3

A i . ; ._half-lives. The value of the integral for the SiMprotons of the
was removed in vacuo, and a red solid was obtained. Washing thlsstartin material was recorded for each spectrum. The observed
solid with cold pentane affordedb in 40% yield. 9 P :

. rate constants were obtained by plotting In(integral) vs time. Three

Method 2. In a sealed ampule a toluene_ solution100.50 g, samples were performed at each temperature, and the rate constants
1.013 mmol) was heated for 12 h at 7@ with phenylacetylene reported were the average of three runs. Activation parameters were
(0.27 mL, .1'21 mmol). The vessel was then _cooled and t_he tOIueneobtalined by measuring the rate constants at four different temper-
removed in vacuo to afford an orange solid that consisted of a atures. A plot of Ink/T) vs 17T (K), results in a line with a slope of
mixture of 4b (20%) and4a (80%). The orange solid was then  _ \p/R and an intercept Q&S*/R,-l- 23.76. Reported errors in the
dissolved in .pentane and recry§talllzed—e7t8 "Clo aff_ord4b. H rate constants represent the standard deviation from the least-squares
NMR (CeDg): 0 0.40 (s, 9H, SiMg), 0.43 (s, 9H, SiMg), 1.34 fit of the experimental data. Reported errors in the activation
(dt, 1H,J =12.2, 6.1 Hz), 3.35 (ddd, 1H, = 11.9, 6.1, 1.2 Hz), parameters are obtained from all experimental data (12 points in

3.41 (ddd, 1HJ = 16.8, 7.2, 1.4 Hz), 3.70 (dddd, 1d,= 17.1, the Evrina blof). using @. Data for th tudi Lo
8.2, 6.0, 2.3 Hz), 6.82 (it, 1H, phenylimido para protdrs 7.4, T:bley:_ng ploy, using @. Data for these studies are given in

1.2 Hz), 6.99-7.14 (ov, mult, 7H), 7.367.46 (ov, mult, 4H), 7.54
(dt, 2H, phenylimido ortho proton] = 7.2, 1.8 Hz), 8.47 (d, 1H, Acknowledgment. We wish to acknowledge the National
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