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Imido Alkylidene Bispyrrolyl Complexes of Tungsten
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We have prepared tungsten bispyrrolyl (Pyr) or bis-2,5-dimethylpyrrolybfMe complexes W(NAr)-
(CHCMePh)@*-Pyryp(DME) (1), W(NAr)(CHCMePh) @ -Me:Pyr)(75-MezPyr) (2), W(NArc)(CHCMey)-
(7*-Pyr)(DME) (3b), and W(NAg))(CHCMe;)(n'-MePyr)(7>-Me,Pyr) (4) (Ar = 2,6-diisopropylphenyl,
Arc = 2,6-dichlorophenyl) in excellent yields by treating the appropriate W(NR)(CHBRWET),-
(DME) species with LiPyr or LiMgPyr. Compound® and4 react with ethylene slowly to yield stable
methylene complexes, W(NAr)(GHr*-MePyr)(;5-Me,Pyr) (6) and W(NAI)(CHy)(n-Me Pyr)(;°-
MezPyr) (6). In contrast, treatment of what is believed to be a fortuitous 1:1 mixtur8boand
[W(NAr ci)(CHCMes) (17*-Pyr)] [W(NAr ¢))(CHCMes) (17*-Pyr) (7°-Pyr)] with ethylene leads to formation
of [W(u-NArc)(n1-Pyr)]2 (7) in moderate (54%) yield. Compoun@sand 4 react with [HNMePh]-
[B(Arg)4] (Arg = 3,5-(CR)2.CsH3) in dichloromethane to yield cationic species that containgakle,-
Pyr ligand and one 2,5-dimethylpyrrolenine ligand formed through addition of a proton to C(2) of a
dimethylpyrrolyl ligand, e.g., [W(NA¢)(CHCMe;)(MezPyr{ NCy(Hs-2,3,4)(Me-2,5} ] ' [B(Are)4] ™ (9).
X-ray studies were carried out dn 2, 6, 7, and9.

Introduction complexes to SiOH on a silica surfat®/e became interested
in extending this type of chemistry to tungsten. In this paper
We reported recently that bispyrrolyl (or bispyrrolie)  we report W(NR)(CHCMgR')(pyrrolyl), complexes where R
molybdenum complexes can be prepared that have the empiricals 2,6-diisopropylphenyl or 2,6-dichlorophenyl and the pyrrolyl

formula Mo(NR)(CHCMeR')(pyrrolyl), (where pyrrolyl = is Pyr or MePyr, along with some reactions involving them.
NC4H4 (Pyr@ or 2,5-NGH;Me, (MeoPyr)2 R = Ph or Me,
and R= 2,6-diisopropylphenyl, 1-adamantyl, or 2-&kH,). Results

An X-ray study of Mo(N-2,6-PrCsHz)(CHCMePh)(Pyr)
showed it to be a dimer in which the coordination at one end is
of the type Mo(NAr)(CHCMePh)@;*-Pyr)@®-Pyr), where Mo

has an 18-electron count, and that at the other end is of the
type Mo(NAr)(CHCMePh)(;*-Pyr)(donor), where the lone pair (CHCMe,Ph)(Pyry(DME) (1) in 80% yield (eq 1). Compound
on the nitrogen atom in the®-Pyr ligand is bound to the se_cond 1 can be recrystallized from pentane. An X-ray. study showed
Mo. Low-temperature NMR spectra are consistent with the 1to have a structure analogous to that of Mo(NAr)(CHGMe

dimer being the lowest energy species in solution. In contrast, (OTHADME) S i.e., a distorted octahedron containingsgn
low-temperature NMR studies of Mo(NR)(CHCIME)(Me.- alkylidene ligand,trans 5*-pyrrolyl ligands, and dimethoxy-

Pyr), species suggested that they are knomers of the type  gthane boundransto the imido and alkylidene ligands (Table
Mo(NR)(CHCMeR')(i7*-MePyr)(7>-MePyr)* Both Pyr and 1 and Figure 1). Bond distances and angles are unexcepfional.
MeZPyr CompleXeS are h|gh|y fluxional on the NMR time scale (See figure Caption for selected Va|ues_) Compo[]”hhs an

in solution at room temperature as a consequence of intercon-18-electron count at the metal if the lone pair on the imido

Synthesis of Pyrrolyl Complexes That Contain the NAr
Ligand. The reaction between W(NAr)(CHCMRh)(OTf)-
(DME) (Ar = 2,64-Pr,CgHz, OTf = OSQCF3)® and 2 equiv
of LINC4H4 in toluene at 20°C produces yellow W(NAr)-

version ofy®-pyrrolyl andz®-pyrrolyl ligands. The Pyr and Me nitrogen is included.

Pyr complexes are of interest in their own right in view of the

paucity of pyrrolyl complexes in general, and especially those ‘?‘

of Mo and W. However, we are interested in pyrrolyl complexes +2LiINCH, Me I\ll ‘\\\\NC4H4
primarily as precursors to monoalkoxide or bisalkoxide com- wNAr)(CHCMe,Ph)(OTf),(DME) —— 3 00— W '=CHCMe,Ph
plexes that are formed upon addition of alcohols to bispyrrolyl toluene { M

-2 LIOTf C4H,NT—O~pe
1

complexes in solutiock® or upon addition of bispyrrolyl

* Corresponding author. E-mail: rrs@mit.edu. o i
(1) In analogy with cyclopentadienide, “pyrrolide” describes an often The proton NMR spectrum dfat 20°C in GeDg shows sharp

main group salt containing the anion of pyrrole, e.g., lithium pyrrolide. resonances for two types of pyrrolyl protons at 6.77 and 6.44
“Pyrrolide” has also been employed to describe transition metal species,
sometimes regardless of the hapticity and mode of coordination of the  (4) Blanc, R.; Berthoud, R.; Salameh, A.; Basset, J.-M.; CefpeC.;
pyrrolide. However, in analogy with cyclopentadienyl, “pyrrolyl” appears  Singh, R.; Schrock, R. RI. Am. Chem. So007, 128 8434.

to be the preferred term for transition metals. Therefore “pyrrolyl” is the (5) Schrock, R. R.; DePue, R. T.; Feldman, J.; Yap, K. B.; Yang, D. C.;

descriptor employed in this paper. Davis, W. M.; Park, L.; DiMare, M.; Schofield, M.; Anhaus, J.; Walborsky,
(2) Hock, A.; Schrock, R. R.; Hoveyda, A. H. Am. Chem. So2006 E.; Evitt, E.; Kriger, C.; Betz, POrganometallics199Q 9, 2262.

128 16373. (6) Schrock, R. R.; Murdzek, J. S.; Bazan, G. C.; Robbins, J.; DiMare,
(3) Singh, R.; Czekelius, C.; Schrock, R. R.;'NMu, P.Organometallics M.; O’'Regan, M.J. Am. Chem. S0d.99Q 112 3875.

2007, 26, 2528. (7) Schrock, R. RChem. Re. 2002 102 145, and references therein.
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Table 1. Crystal Data and Structure Refinement for W(NAr)(CHCMe ,Ph)(n*-Pyr)(DME) (1) and

W(NAr)(CHCMe ,Ph)(;'-Me,Pyr)(15-Me,Pyr) (2a)2

1 2a
empirical formula GaHa7N30,W CszaHasN3W
fw 713.60 679.58
cryst syst monoclinic monoclinic
space group P2(1)h P2(1)in

unit cell dimens

a=11.4402(10) A
b=18.7872(17) A
c=15.4030(14) A

a=9.8595(8) A
b=30.930(3) A
¢=10.6710(8) A

o =90° o =90°
B =92.817(2) S =108.8770(10)
y =90° y =90°
volume 3306.6(5) A 3079.1(4) R
z 4 4
density (calcd) 1.433 Mg/tn 1.466 Mg/n?
absorp coeff 3.526 mmt 3.777 mntt
F(000) 1448 1376
cryst size 0.20< 0.15x 0.10 mn? 0.20x 0.15x 0.10 mn?
6 range for data collection 1.71t0 2948 2.121t0 29.57
index ranges —15=<h=<15 —13<h=13
—26< k=26 —42<k=<42
—21=<l=21 —14=<1=<14
no. of reflns collected 71413 68 232
no. of indep reflns 9193H(int) = 0.0634] 8621 R(int) = 0.0455]
completeness tlmax 100.0% 99.8%
max. and min. transmn 0.711 and 0.540 0.7038 and 0.5188
no. of data/restraints/params 9193/1/372 8621/1/356
goodness-of-fit orfF2 1.018 1.045
final Rindices | > 20(1)] R1=0.0224 R1=0.0197
wR2=0.0535 WR2= 0.0440
Rindices (all data) R* 0.0280 R1= 0.0231
wWR2=0.0564 WR2= 0.0454
largest diff peak and hole 1.029 and.785 e A3 0.826 and-0.924 e A3

a|n both cases the temperature was 100(2) K, the wavelength was 0.71073 A, the absorption correction was semiempirical from equivalents, and the

refinement method was full-matrix least-squaresFén

Figure 1. Molecular structure of W(NAr)(CHCM#£h)(Pyr)-
(DME) (1) in the solid state. Hydrogen atoms are omitted for clarity;
thermal ellipsoids are drawn at the 50% probability level. Selected
bond lengths [A] and angles [deg]: YWC(1) = 1.905(2); W-N(1)

= 1.7422(17); W-N(2) = 2.1144(17); W-N(3) = 2.1221(18),
W—-0(1) = 2.3446(15); W-0O(2) = 2.3374(15); N(1)W—C(1)

= 101.86(8); N(1yW—0(1) = 167.77(7); N(2rW—N(3) =
155.97(7); C(1yW—0(2) = 159.59(8); W-C(1)—C(2) = 146.60-
(16); W—N(1)—C(11) = 175.61(15).

ppm, a resonance for tteynalkylidene proton at 10.58 ppm
(Jcn = 121 Hz), and one set of resonances for the coordinated
dimethoxyethane; no resonance for #gi alkylidene proton
can be observed. A fluxional process that is rapid on the NMR
time scale at room temperature is responsible for the NMR
observations at 20C. At —50 °C singlet resonances are
observed for each of the methyl and methylene groups in bound
dimethoxyethane, consistent with the observed structure in the

solid state. At=63 °C spectra are observed that reflect a slowing
of rotation (on the NMR time scale) of the imido ligand about
the N—C axis and a slowing of rotation of each pyrrolyl ligand
about its W-N axis (see Experimental Section).
W(NAr)(CHCMe,Ph)(OTf,(DME) also reacts with 2 equiv
of Li-2,5-Me;NC4H4 in toluene to give yellow W(NAr)-
(CHCMePh)(MePyr), (28) in 70% yield (eq 2). Complega
can be recrystallized readily from pentane. An X-ray study
revealed thaRa has a pseudotetrahedral structure (Table 1 and
Figure 2) in which one pyrrolyl ring ig*-bound and the other
is 775-bound. Two “short” (W-C(31)= 2.370(2) and W-C(33)
=2.3667(19) A) and two “long” (W-C(34) = 2.4674(19) and
W—C(35)= 2.4928(19) A) W-C bond distances are observed
to the carbon atoms in th@-bound pyrrolyl ring, although the
C—N bond distances within thg>-pyrrolyl ring are essentially
the same (C(35)N(3) = 1.379(3) A; C(313N(3) = 1.389(3)
A). The W—N distance (W-N(3)) is 2.4381(17) A. Steric
interactions are likely to be responsible for the slightly “slipped”
nature of then5-Me,Pyr ligand. An 18-electron count is also
reached irRa. It should be noted that th&carbon atom of the
alkylidene ligand lies in the C(W—N(1) plane. Therefore
the orientation of the alkylidene ligand appears to be controlled
by the imido ligand, not by the (arguably) “metallocene-like”
nature of the (imido)W>-pyrrolyl) unit.

Ar
|
N

+ 2 LiMe,Pyr D I
W(NAr)(CHCMe,Ph)(OTf),(DME) —————> @NH!--W\/CMeZPh
toluene ()
-2 LiOTf R <]

2a

Complex2a also shows fluxional behavior at 2€ on the
NMR time scale. Only broad pyrrolyl CH and Glfesonances



5704 Organometallics, Vol. 26, No. 23, 2007 Kreickmann et al.

CD.Cl, are analogous to those fibra fluxional process at room
temperature is consistent with partial dissociation of DME,
thereby equilibrating the two ends of DME, while at low
temperatures DME is strongly bound on the NMR time scale.
The reaction between W(NA)(CHCMe;)(OTf)(DME) and
2equivofLi-2,5-MeNC,Hjintoluene gave W(NAy)(CHCMey) (Mex
Pyr), (4) as a yellow powder in 82% vyield on a 12.5 mmol
scale. All NMR data suggest thdthas a structure analogous
to 2 (eq 2). At 22°C in CD,Cl, the 'H NMR spectrum of4
exhibits a broad alkylidene resonance at 11.09 pfisu(=
128 Hz) as well as broad singlets for the pyrrolyl CH and methyl
protons, consistent with a fluxional process in which tfie
pyrrolyl and#°-pyrrolyl rings exchange. At60 °C, the proton
NMR spectrum of4 is consistent with a molecule with no
symmetry and restricted rotation about the imide®land the
nt-pyrrolyl N—W bond. It is especially clear in this case (vs
Figure 2. Molecular structure of W(NAr)(CHCM#h)(MePyr), the low-temperature spectrum @@&) that the two pyrrolyl
(2a) in the solid state. Hydrogen atoms are omitted for clarity; ligands give rise to four sharp resonances for the methyl groups
thermal ellipsoids are drawn at the 50% probability level. Selected (at 2.93, 2.10, 1.90, and 1.52 ppm) and four sharp resonances
bond lengths [A] and angles [deg]: WC(1) = 1.932(2); W-N(1) for the pyrrolyl protons in the 3 and 4 positions (at 6.36, 6.06,
= 1.7541(16); W-N(2) = 2.0733(17); W-N(3) = 2.4381(17); 585 and 5.78 ppm) in the low-temperature limiting spectrum.
W=C(31) = 2.370(2); W-C(33) = 2.3667(19); W-C(34) = The chemical shift of the alkylidene resonance is essentially
2.4674(19); W-C(35) = 2.4928(19); N(3)C(31) = 1.389(3); . : ith temperature betweer60 and 20°C. No
C(31)-C(33)= 1.412(3); C(33) C(34)= 1.426(3); C(34yC(35) ~ variant wit P ey
= 1.405(3); C(35)N(3) = 1.379(3); C(1)} W—N(1) = 99.16(8); aIkyllder)e H resonance could be found _for toeti isomer.
C(1)-W—N(2)=100.45(7); N(LXW—N(2) = 102.09(7); W-C(1)— Re.actlons of Pyrrolyl Complexes Wlth Ethylene.The
C(2) = 135.77(15); W-N(1)—C(11) = 177.15(14). reaction betweef and 1 atm of ethylene indDs is exceedingly
slow at 22°C. However, at 60C 2b reacts with ethylene (1
are observed for protons in equivalent pyrrolyl ligands as atm) cleanly and virtually completely to yield the product of
a consequence of interconversion f and n® forms. At the initial metathesis reaction and a methylene spesiéq
—70°C, four sharp resonances are observed for protons on the3). Compounds can be isolated as a yellow powder in 65%
pyrrolyl rings, consistent with the structure observed in the solid
state, with the metal center being chiral, and withiih@yrrolyl
rotating slowly about the WN bond on the NMR time scale :
—70 °C. Two resonances at 2.35 and 2.10 ppm can be ‘:(N' ' CMe; —— ‘§(N"'W§CH2
assigned to the methyl groups of the-coordinated pyrrolyl /%\ o 60°C. 24h ﬁ\, ®
ring, but other resonances between 1.77 and 0.91 ppm cannot -CH2=chMe3 5
be assigned unambiguously. Nevertheless, the number of
resonances and their integrals-af0 °C are consistent with  yield. It will be shown below that the structure of the analogous
the structure observed in the solid state. Similar NMR behavior NAr¢, species is the same as that proposedsfan eq 3. At

Ar Ar
+ C,H, (1 atm)

has been observed for Mo(NR)(CHCR/RE)(Me,Pyr), com- —40 °C the crucial features of the proton NMR spectrum are
plexes in solutior¥, which suggests that they have structures methylene proton resonances at 12.03 and 10.97 ppm, pyrrolyl
analogous to that found f&a. proton resonances at 6.46, 5.82, 5.79, and 5.66 ppm, and pyrrolyl
W(NAr)(CHCMes)(OTf)2(DME) also reacts with 2 equiv of  methyl resonances at 2.93, 2.07, 1.84, and 1.58 ppm.
Li-2,5-Me;NC,Hjintolueneto give yellow W(NAr)(CHCMg(Me- A solution of4 in tetrahydropyran (THP) reacts with ethylene
Pyr) (2b) in 79% yield. Compoungb is entirely analogous to  over a period of 4 days to yield a mixture of tungsten-containing
2a. species. (THP has been found to be superior to THF in situations
Synthesis of Pyrrolyl Complexes That Contain the NAg, where formation of polyTHF appears to complicate work¥ip.)
Ligand. The reaction between W(NA)(CHCMes)(OTH),- Workup of the crude product mixture led to isolation of the 18

(DME)® and 2 equiv of LiINGH, in toluene gave a product valence electron methylidene complex W(NMCH>) (71-Me,-
whose proton NMR spectra at room temperature are consistentPyr)(;>-Me,Pyr) (6) as yellow crystals w a 3 mmol scale in
with a W(NArc))(CHCMes)(Pyr), compound that contains 0.5  32% yield (eq 4). The methylidene protons appear as sharp
equiv of dimethoxyethane3g). Upon recrystallization oBa

from pentane in the presence of DME, W(NA(CHCMes)- AfCl e

(Pyr»(DME) (3b) was isolated in the form of yellow-orange *CHinTHP - N
microcrystals in 68% yield on a 3.7 mmol scale. Proton NMR :EN' W\ CMe; — = = N~ w§

) ; CH
studies of3b suggest that it has a structure analogousk fbhe # Ny - CH;=CHMe; /t 2 C)
precise nature oBa could not be elucidated through NMR
studies; we propose th&ais a fortuitous~1:1 mixture of3b 4

and fluxional [W(NAIg)(CHCMes) (7 -NC4H4)2][W(NAr ¢))-

(CHCMQg)(??l'NC4H4)(7]5-NC4H4)], acompound whose structure doublets in thedH NMR spectrum at 20C (12.55 and 10.98
would be analogous to that reported for [Mo(NAr)(CHCMe  PPM,2Jun = 7.6 Hz,"Jciy = 145 Hz). At 20°C the four methy!
Ph)(1-NC4sH4)2][Mo(NAr)(CHCMe2Ph)(1-NCuH4) (75- groups of the two 2,5-dimethylpyrrolyl ligands give rise to one
NC4H.,)].2 Variable-temperature proton NMR spectra3if in broad resonance at 2.3 ppm in thé NMR spectrum, and the
protons in 3- and 4-position of the 2,5-dimethylpyrrolyl ligands
(8) Arndt, S.; Schrock, R. R.; Mier, P.Organometallic2007, 26, 1279. vanish in the baseline. At20 °C all protons appear as sharp
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Figure 3. Molecular structure of W(NA#)(CH,)(MezPyr), (6) in

the solid state. One of the two independent molecules is shown.

Hydrogen atoms are omitted for clarity; thermal ellipsoids are drawn
at the 50% probability level. Selected bond lengths [A] and angles
[deg]: W—C(1) = 1.941(5); W-N(1) = 1.754(4); W-N(2) =
2.069(4); W-N(1)—C(11) = 175.5(4).

resonances in theH NMR spectrum (CBCl,). Four singlets
are found for both the four methyl groups and the four aromatic
protons of the two 2,5-dimethylpyrrolyl ligands, whereas the

Organometallics, Vol. 26, No. 23, B0J0b

Figure 4. Molecular structure of [W{-NArc)(Pyr)]2 (7) in the
solid state. Hydrogen atoms are omitted for clarity; thermal
ellipsoids are drawn at the 50% probability level. Selected bond
lengths [A] and angles [deg]: WN(1) = 1.920(2); W-N(1) =
2.023(2); W-N(2) = 2.017(2); W-N(3) = 2.013(2); W-CI(1) =
2.5687(6); W-W' = 2.5080(3); CI(1yW—N(1) = 176.50(6);
N(2)—W-—N(1) = 114.40(9); N(2)-W—N(3) = 123.17(10).

crystals. The'H NMR spectrum of the purple microcrystals in
THF-dg is consistent with this product being an alkylidene-free

resonances of the methylidene protons were found to bedimer, [W(u-NArc)(NCsHa)o]2 (7), in which rotation about the

essentially invariant with temperature within the range examined

(—60 to +60 °C). The fluxionality of6 resembles that fos.
Single crystals ob suitable for X-ray crystallography were

grown from a toluene solution at40 °C. The structure of the

methylidene complex shown in Figure 3 is analogous to the

structure of2a described earlier. The ¥C bond (1.941(5) A)

is slightly longer than the WC bond in2a (W—C(1) = 1.932-

(2) A), but shorter than the FaC bond in Taf5-CsHs)2(CHo)-

(CHs) (2.026(10) A)? Bending of the NAg ligand in6 (W—

N(1)—C(11)= 175.5(4)) is significantly less pronounced than

in related tungsten complexes that contain the 2,6-dichloroimido

ligand such as W(NA)(CsHe)(Biphen) (158.9(3)) (Bipher?~

= 3,3-di-t-Bu-5,5,6,6-tetramethyl-1,biphenyl-2,2-diolate)®
Although the methylene protons @were not found, we assume
that they lie in the &W—N plane on the basis of what is found
in 2a.

Complex6 reacted immediately with*CH,=13CHj to give
the 13C-labeled analoguest, eq 5), which could be isolated on
a 200 umol scale in 97% yield. The immediate reaction of
W(NATrc)(CHy) (7 -MezPyr)(;°-MezPyr) with 13C-labeled eth-
ylene to yield W(NAg)(*3CH,)(171-MezPyr) (7°-MezPyr) almost
certainly can be ascribed to the ready formation of 14-electron
W(NATrc)(CHy)(n1-MezPyr), with which ethylene then reacts
rapidly. No tungstacyclobutane intermediate is observed.

f?ra
N

Arg

13CH,=13CH, '

Il S E—— | .
ON”‘W§CH2 -— ON...W\

~
CH,~CH, CH,
) o ﬁ

When an NMR sample dain CsDs was exposed to 1 atm
of ethylene at 22°C, the color of the solution immediately
changed from yellow-orange to purple. After 1 h, a purple

()]

supernatant was decanted away from a crop of purple micro-

N—C bond of the imido ligands is not restricted by coordination
of anortho chlorine to W (eq 6). Purplé& could be isolated in

Cl Cl

- )
it \ N',&,/N\W\\N /
L4 ~
-2 Me;CCH=CH, @I v ‘\ I“I:\>
— —

Cl Cl

+ C,H, in C¢Dg
3a

(©6)

7

54% yield upon reaction dda with ethylene in benzeneona 1
mmol scale. In an analogous experiment whé&e was
employed instead @a, no7 could be isolated and the products
could not be elucidated. We propose that in the reactiodaof
with ethylene, effectively only the DME-free dimer, [W(NA)-
(CHCMe3)(Pyr)]2, is converted into W(NA&)(CHy)(Pyr),
which then decomposes bimolecularly to yiglénd ethylene
readily into [W(u-NArc))(Pyr)].. The reaction betweeh and
ethylene (1 atm) led to a mixture from which no product could
be identified readily.

Single crystals of7 suitable for X-ray crystallography were
obtained by slow diffusion of ethylene into a toluene solution
of 3a The structural features of [W{NArc)(Pyr)]z in the solid
state (Figure 4) are reminiscent of those for purple gW(
NArc){ OC(CR).CMes} 5]2.8 The interatomic W-W' distance
in [W(u-NArc)(NC4H,)2]2 (2.5080(3) A) is slightly longer than
in related [W(NR)(OR)], complexes that contain an unsup-
ported W=W double bond (2.4445(3)2.4925(3) A)1° All non-
hydrogen atoms of the imido group Tlie approximately in a
plane that is orthogonal to the plane that contains both tungsten
atoms and the four pyrrolyl nitrogen atoms. The geometry
around each tungsten atom is approximately a trigonal bipyramid

(9) Schrock, R. R.; Guggenberger, L.J.Am. Chem. Sod.975 97,
6578.

(10) Lopez, L. P. H.; Schrock, R. R.; Mar, P.Organometallic2006
25, 1978.
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Figure 5. Molecular structure of the cation in [W(NA)-
(CHCMe3)(MezPyrf NC4(Hs-2,3,4)(Me-2,5} ] *[B(Arg)s]~ (8) in
the solid state. Hydrogen atoms except for H(25) are omitted for
clarity; thermal ellipsoids are drawn at the 50% probability level.
Selected bond lengths [A] and angles [deg]—®(1) = 1.927(3);
W-—N(1) = 1.753(3); W-N(2) = 2.136(3); N(2)-C(22)= 1.313-
(4); C(22)-C(23) = 1.458(5); C(23) C(24)= 1.327(6); C(24y
C(25) = 1.494(5); C(25rN(2) = 1.492(4); W-N(1)—C(11) =
177.1(3); W-C(1)—C(2) = 139.2(2); C(24)C(25)-N(2) = 103.1-
(3); N(2)—C(25)-C(26)= 113.2(3); C(24y C(25)-C(26)= 113.5-
(3).

with one bridging chloride and one imido nitrogen atom in the
apical position; equatorial positions are occupied by the other
bridging imido nitrogen and two pyrrolyl nitrogens. The
“equatorial” W—N(1) distance is shorter (1.920(2) A) than the
“axial” W'—N(1) distance (2.023(2) A) in the bridging imido
ligands. A greater degree af bonding to the nitrogen in an
“equatorial” position around W(1) is believed to be the reason
for the shorter W-N(1) bond. The W-CI distance (W-CI(1)

= 2.5687(6) A) is shorter than that {iW(u-NArc)[OC(CFs)2-
CMey]2}» (2.6136(5) A) and the MeCl bond length in the
Schiff base complex Mo(fgHsCI,N)CI(CO); that contains a
dative aryl Cl to Mo interaction (2.624(1) A}.As in [W(u-
NArc){ OC(CFs)2.CMes} 2], the chlorides (CI(1) and CI() are
bound in approximately axial positiongans to the imido
nitrogens.

Protonation of Pyrrolyl Complexes. Our interest in prepar-
ing (rare) cationic imido alkylidene complexes led to an
exploration of the reaction betwedrand [HNMePh][B(Arg)4]
(where Ag = 3,5-(CR),CgH3) in dichloromethane; the cationic
speciesB shown in eq 7 is obtained as yellow crystals in 69%
yield on a 1 mmol scale. Single crystals suitable for X-ray

[HNMe,Ph][B(Arg),]
Arg
N - NMe,Ph Argy
I - > H N )
[B(Arg)4]
ON ‘I’V& CMe;  CH,CL RN i
7] S—CMe, )

\ \% 3

crystallography were grown from dichloromethane-at0 °C.
A drawing of the structure of the cationic complex is shown in
Figure 5. The cationic portion & can be described as a Lewis
base (L) adduct of a tungsten imido alkylidene-pyrrolyl
complex, i.e., [W(NAg)(CHCMes)(MezPyr)(L)]t, where L is

(11) Harrison, R.; Arif, A. M.; Wulfsberg, G.; Lang, R.; Ju, T.; Kiss,
G.; Hoff, C. D.; Richmond, T. GJ. Chem. Soc., Chem. Commu®992
1374.
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the 2,5-dimethylpyrrolenine that is formed upon protonation of
C(2) in a 2,5-dimethylpyrrolyl ligand. The metric parameters
of the substituted five-membered heterocycle are consistent with
this scenario. The bond lengths N{Z3(22) (1.313(4) A) and
C(23)-C(24) (1.327(6) A) are indicative of double bonds,
whereas C(22YC(23) (1.458(5) A), C(24)C(25) (1.494(5) A),
and C(25%-N(2) (1.492(4) A) are shorter than normal single
bonds. A similar alternation of bond lengths has been observed
in pyrrolenine complexes such as [Re(PRI:ECI(NC4Hs)] .12

The angles at C(25) indicate largely3spybridization of C(25)
(C(24)y-C(25)-N(2) = 103.1(3}, N(2)—C(25)-C(26)= 113.2-
(3)°, and C(24)C(25)-C(26) = 113.5(3}). The neopentyl-
idene ligand adopts theyn conformation with respect to the
imido group and the WC(1) bond length is 1.927(3) A. The
W—N(2) distance (2.136(3) A) should be compared with the
W—Npyrazoiedistance of 2.311(6) A in [W(NAr)(CHCM#h)-
(Tp')(3,5-dimethylpyrazole)][OTf] ~, which was formed in low
yield in the reaction between W(NAr)(CHCNRN)(OTf)-
(dimethoxyethane) and KT§Tp' = hydrotris(3,5-dimethyl-1-
pyrazolyl)borate}3 We cannot say whether thgl-pyrrolyl
ligand is protonated initially at C(2) or whether thepyrroly!
ligand is protonated at nitrogen followed by rearrangement to
dimethylpyrrolenine.

TheH NMR spectrum of8 in CD,Cl, is consistent with the
structure observed in the solid state. The resonance for the proton
on C(25) (Figure 5) appears as a multiplet at 4.48 ppm. The
protons in the 3 and 4 positions of the dimethylpyrrolenine
ligand appear at lower field (7.83 and 6.75 ppm) relative to
those of the dimethylpyrrolyl ligand (6.63 and 6.20 ppm). The
IH NMR spectrum exhibits four methyl resonances between 3.05
and 1.42 ppm for the two heterocyclic ligands. The doublet at
1.42 ppm $Jyn = 7.6 Hz) can be assigned to the methyl group
on C(25) of the dimethylpyrrolenine ligand.

Proton and carbon NMR spectra®fn THF-dg suggest that
1 equiv of 2,5-dimethylpyrrole is formed along with what we
propose is a cationic species that contains coordinated THF,
i.e., [W(NArc)(CHCMes)(MeaPyr)(THF-dg)] T[B(Arg)4] —. We
did not attempt to isolate this species. In theNMR spectrum
at 20°C the alkylidene proton resonance is found at 11.09 ppm
(Men = 119.2 Hz,Wwy = 11.9 Hz) in the!H NMR spectrum
and the alkylidene carbon resonance at 285.8 ppm ifdbe
NMR spectrum. In théH NMR spectrum the aromatic protons
of the dimethylpyrrolyl group appear as multiplets at 5.87 and
5.74 ppm, and the methyl groups as singlets at 2.45 and 2.24
ppm. Resonances at 5.32 and 2.14 are indicative of free 2,5-
dimethylpyrrole. We propose that 2,5-dimethylpyrrole is formed
when THF displaces 2,5-dimethylpyrrolenine, which then
rapidly rearranges to 2,5-dimethylpyrrole.

Compound2b reacts with [HNMePh][B(Arg)4] in dichlo-
romethane to yield the WNAr analogue 9) of the cationic
species3 shown in eq 7. The NMR spectra 8fare entirely
analogous to those @&, the pyrrolenine-EIMe resonance is
found at 4.46 ppm and the Qe resonance at 1.44 ppm in the
proton NMR spectrum in CECl,. Compound9 has limited
stability in CD,Cl,, decomposing partially overnight at 22;
the nature of the decomposition product or products was not
investigated.

Discussion

Tungsten pyrrolyl complexes are rare. Dias and co-workers
reported that treatment of WA{DME) with 2 equiv of Li-

(12) Rakowski DuBois, M.; Vasquez, L. D.; Peslherbe, L.; Noll, B. C.
Organometallics1999 2230.

(13) Blosch, L. L.; Gamble, A. S.; Abboud, K.; Boncella, J. M.
Organometallics1992 11, 2342.
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2,3,4,5-NGMe, produced diamagnetic WE-NC4Me,),Cl; in 14-electron W(NR)(CHR(*-Me,Pyr), species are likely to be

6.5% yield!* Alkylation of W(#5>-NC4Mey4),Cl, with LiMe intermediates in the fluxional process that involves intercon-

produced Wg5-NCsMeq),Me,, also in low yield (15.8%). No  version of !~ and 5%pyrrolyl ligands. Second, although

X-ray study of either compound was reported. Mayr reported bispyrrolyl complexes appear to be relatively unreactive toward

the synthesis and X-ray structure of W(CPh)(BRMEO)(Pyr)® ordinary internal and terminal olefins, they will react with

in which theny*-pyrrolyl ligand is boundransto the benzylidyne ethylene under forcing conditions. Third, metallacyclobutane

ligand with a W=N bond length of 2.238(6) A. We could find  bispyrrolyl complexes are disfavored relative to alkylidenes,

no example of a W(VI) complex in the literature that contains most likely for steric reasons. Finally, the MRyr methylene

a monodentate pyrrolyl, although Odom has prepared M§NR) species do not decompose readily in a bimolecular fashion, again

(dpma) complexes for all group VI metals where dpmal,N- for steric reasons and because the concentration of 14-electron

di(pyrrolyl-o-methyl)N-methylamine'® The only example of ~ W(NR)(CH,)(r'-Me,Pyr), species in solution is low. In effect

a molybdenum pyrrolyl complex other than the Mo(VI) species the steric demands ofy>-pyrrolyl ligands and the ready

we have preparéd is Mo{HB(3,5-M&C3N,H)s} (NO)(1- interconversion ofy!- and n°-pyrrolyls creates a type of

NC4H,),. 1718 “intramolecular protection” against bimolecular decomposition
Isolable high oxidation state methylene complexes of Mo or of alkylidenes, yet 18 pyrrolyl can access species with ael4

W are also rare. W(O)(ChH(PE%).Cl, (18e count) could be count. Less significant steric hindrance at the metal in W(NAr-

isolated upon treating W(O)(CHCMEPES).Cl, in dichlo- c)(CH)(n*-Pyr), and perhaps also intermolecular -6V

romethane with ethylene in the presence of a trace of Al interactions explain why W(NAy) species decompose bimo-

It could be isolated when the reaction was carried out in benzenelecularly to dimers that contain bridging imido ligands (eq 6).

in the presence of 1/3 equiv of AIEH® W(NAr)(CH2)(OR)- Circumstances that make possible the isolation of a relatively
(PMe;) complexes (Ar= 2,6-diisopropylphenyl, R= OCMe- stable methylene species upon reaction of a neopentylidene or
(CRs)2 or OC(CRCR,CR:)(CFs),) were isolated upon treatment  neophylidene species with ethylene, especially under the condi-
of the tungstacyclobutane complexes, W(NAr)(CH,CH,)- tions observed fob (60 °C), are rare. Formation of W(O)-

(ORY),, with trimethylphosphiné! They are unusually stable for ~ (CH)(PEg).Cl, upon treating W(O)(CHCMg(PEg).Cl, in
16-electron complexes, most likely because of tight binding of dichloromethane with ethylene in the presence of a trace of
PMe; and significant steric demands of the other ligands present AICI; is one other example that was noted abtive.

that prevent bimolecular decomposition. Mo(NAr)(§dCMe- As mentioned in the Introduction, we are interested in pyrrolyl
(CR3)2]2(dimethoxyethane) can be observed in ddagupon complexes as precursors to alkoxides formed upon addition of
addition of ethylene to Mo(NAr)(CHCMg{OCMe(CR)2].. 1 or 2 equiv of an alcohol, or to cationic alkylidene complexes
Upon addition of 2,2bipyridyl to the solution, Mo(NAr)(CH)- upon addition of acid in which the anion is relatively nonco-

[OCMe(CFs)4]2(bipy) could be isolated and characteriZéd.  ordinating?®> Although there are numerous reports in the
Finally, W(NArc))(CH,CH,CH,)(Biphen) decomposed to yield literature concerning pyrrolenine (also called 2H-pyrrole) com-
(inter alia) the dimeric, heterochiral methylene complex [W(NAr- plexed with Lewis acids and transition metals, pyrrolenine has
c)(Biphen)@-CHy)]2 (Arc = 2,6-ChCeH3, Bipherf~ = 3,3- never been observed in free foffhCalculations place the
di-t-Bu-5,8,6,6-tetramethyl-1,kbiphenyl-2,2-diolate), which difference in the energy of pyrrolenine versus pyrrole between
was characterized crystallographica®Heterochiral [W(NAr- 10.0 and 19.3 kcal/maF~20 Reaction of pyrrole with B(gFs)s
c)(Biphen)-CH,)]» was found to decompose to yield homo- leads to formation of a pyrrolenine addd&fThis adduct also
chiral [W(NArg)(Biphen)b(u-CH,CH,), necessarily through  can be isolated upon treatment of Li pyrrolide with Bg)s,
cleavage of the heterochiral dimer and recombination of 14- followed by addition of HCEL-32Several examples of formation
electron W(NAg)(Biphen)-CH,) fragments. Although at least ~ of pyrrolenine complexes upon protonation of a coordinated
some of the above species almost certainly would yield crystals pyrrolyl are known for O$334 Rel23536 and W36 Usually
suitable for an X-ray study, to our knowledge 18-electron pyrrolenine binds to the metal center through the nitrogen, but
W(NArc)(CH,)(MesPyr), is the only monomeric methylene it also is known to bind through @-carbon atort?3%37or to be

complex of W(VI) that has been characterized crystallographi-
cally. (24) Schrock, R. R.; Rocklage, S. M.; Wengrovius, J. H.; Rupprecht,
. . . G.; Fellmann, JJ. Mol. Catal.198Q 8, 73.
The isolation of bispyrrolyl methylene complexes that are ~"(35) jiang, A. J. Unpublished results.
relatively stable toward bimolecular decomposition results from  (26) Elguero, J.; Marzin, C.; Katritzaky, A. R.; Linda, P. [fhe

an unusual combination of circumstances. First, although the XgUtomeri_SmHOtf HEIGTQCéﬂBK_aEmZEYY AI- 13;& BSU“QH,P A. J.-,NEO'S\-(; .

MezPyr complexes are relatively unreactive 18-electron species, {gya - ooy ore ZNEMISI: SUPPL 4, Academic Fress: Tew rork,
(27) Dubnikova, F.; Lifshitz, AJ. Phys. Chem. A998 102 10880.

(14) Ascenso, J. R.; Dias, A. R.; Ferreira, A. P.; Galvao, A. C.; Salema, (28) Somers, K. R. F.; Kryachko, E. S.; CeulemansJAPhys. Chem.

M. S.; Veiros, L. F.Inorg. Chim. Acta2003 356, 249. A 2003 107, 5427.
(15) Mayr, A.; Lee, T.-Y.Inorg. Chim. Actal996 252 131. (29) Martoprawiro, M.; Bacskay, G. B.; Mackie, J. £.Phys. Chem. A
(16) Ciszewski, J. T.; Harrison, J. F.; Odom, A.lbhorg. Chem2004 1999 103 3923.

43, 3605. (30) Karpfen, A.; Schuster, P.; Berner, H.Org. Chem1979 44, 374.
(17) Al Obaidi, N.; Brown, K. P.; Edwards, A. J.; Hollins, S. A.; Jones, (31) Guidotti, S.; Camurati, I.; Focante, F.; Angellini, L.; Moscardi, G.;

C. J.; McCleverty, J. A.; Neaves, B. @hem. Commuril984 690. Resconi, L.; Leardini, R.; Nanni, D.; Mercandelli, P.; Sironi, A.; Beringhelli,
(18) Al Obaidi, N.; Chaudhury, M.; Clague, D.; Jones, C. J.; Pearson, J. T.; Maggioni, D.J. Org. Chem2003 5445.

C.; McCleverty, J. A;; Salam, S. ®alton Trans.1987 1733. (32) Hill, M.; Kehr, G.; Frdnlich, R.; Erker, G.Eur. J. Inorg. Chem
(19) Schrock, R. R.; Rocklage, S. M.; Wengrovius, J. H.; Rupprecht, 2003 3583.

G.; Fellmann, JJ. Mol. Catal.198Q 8, 73. (33) Myers, W. H.; Koontz, J. I.; Harman, W. 0. Am. Chem. Soc.
(20) Wengrovius, J. H. Ph.D. Thesis, Massachusetts Institute of Technol- 1992 5684.

ogy 1981. (34) Hodges, D. M.; Gonzalez, J.; Koontz, J. |.; Myers, W. H.; Harman,
(21) Schrock, R. R.; DePue, R. T.; Feldman, J.; Schaverien, C. J.; Dewan, W. D. J. Org. Chem1995 2125.

J. C.; Liu, A. H.J. Am. Chem. S0d.988 110, 1423. (35) Johnson, T. J.; Arif, A. M.; Gladysz, J. Rrganometallics1993
(22) Fox, H. H.; Lee, J.-K.; Park, L. Y.; Schrock, R. Brganometallics 4728.

1993 12, 759. (36) Myers, W. H.; Welch, K. D.; Graham, P. M.; Keller, A.; Sabat,
(23) Arndt, S.; Schrock, R. R.; Mier, P. Organometallics2007, 26, M.; Trindle, C. O.; Harman, W. DOrganometallics2005 5267.

1279. (37) Aumann, R.; Fiblich, R.; Zippel, F OrganometallicsL997, 2571.
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n?-coordinated through a<€C or C=N bond33:34:38|n view of turned orange as a white precipitate began to form. Stirring was
the isolation of the 2,5-dimethylpyrrolenine addugtand 9 continued overnight at ambient temperature, and the mixture was
we must consider the possibility that facile protonation of filtered through Celite. The solvent was removiedvacug and
pyrrolyl ligands is the consequence of addition of a proton the residue was extracted with pentane (20 mL). The extract was
directly to C(2) in anyt-pyrrolyl or #5-pyrrolyl complex. We filtered through Celite, and the solvent was removed from the filtrate
suspect that in certain circumstances attempts to protonate &0 Yield an orange powder. The crude product was recrystallized
pyrrolyl ligand in an imido alkylidene complex with other ~from pentane at-40 °C to form orange crystals; yield 650 mg
“acids” such as ROH might lead to formation of a pyrrolenine (910 mmol, 80%):*H NMR (300 MHz) 5 10.86 (s, 1H, GiC-
complex® and that this species might be relatively unreactive (CHa)2Ph), 7.55 (dd, 2H, Ar-H), 7.26 (t, 2H, Ar-H), 7.£17.07 (m,
toward some olefins in metathesis reactions. Generally speaking3H: Ar-H). 6.97 (dd, 1H, Ar-H), 6.80 (t, 4H, pyr-H), 6.50 (t, 4H,

however, a donor functionality (even THF) can displace the Fc)))g-|H)723§69 (Siﬂt’ é&gs-ﬁccﬁ)g’(:if?l(;g6H'6(|-E||385(|;|25H2:
pyrrolenine, thereby allowing it to rearrange to the pyrrole. It 3, 2.36 (s, 4H, z- 2 ), 1.83 (s, 6H, (B)2

-1
remains to be determined under what conditions relatively Ph); C NMR (75 MHz) 6 278.8 CHC(CHg):Ph), 152.2, 150.5,

. . . S 149.3, 134.6, 128.6, 127.4, 126.5, 126.1, 123.4, 108.9, 70.9, 61.7,
unreactive pyrrolenine complexes might lead to complications 53.8, 32.9, 27.2, 25.2H NMR (tolueneds, 500 MHz, —60 °C)
in metathesis reactions. 00 e 1 IR y i

. reactions. 10.90 (s, 1H, GBICMePh), 7.45 (d, 2H, Ar-H), 7.20 (s, 2H, Ar-

An interesting finding is that the Mo analogues of the W ) 703 (t, 1H, Ar-H), 6.93-6.83 (m, 3H, Ar-H), 6.74 (s, br, 4H,
complexes damot react with ethylene to produce methylene pyr-H), 6.56 (s, 4H, Pyr-H), 3.67 (sept, 2HHQCH),), 2.78 (s,
species under similar conditiof$.When a temperature is  3H, OQCH3), 2.38 (s, 3H, OEly), 2.12 (s, 2H, OEl,), 1.80 (s, br,
reached that leads to some reaction with ethylene, largely CHC(CH;),Ph and O®l,), 1.20 (dd, 12H, CH(Els),). Anal. Calcd
decomposition is observed. Evidently the initial reaction of the for C3,H4/N;O,W: C 57.23, H 6.64, N 5.89. Found: C, 57.06; H,
neopentylidene or neophylidene complex with ethylene is too 6.55; N, 5.81.

slow and decomposition of the resulting methylene species is  w(NAr)(CHCMe ,Ph)(Me,Pyr), (2a). A cold solution of
too fast to observe any significant buildup of intermediate W(NAr)(CHCMePh)(OTfL(DME) (1 g, 1.136 mmol) in toluene
methylene species. (15 mL) was added to a cold-@5 °C) suspension of LigH,Me;
The observations reported here raise a couple of interesting(216 mg, 2.273 mmol) in toluene (5 mL). The compound was
questions. First, do one or both MRyr ligands in W methylene  prepared as described farand isolated as orange crystals (540
species protonate readily to yield mono- or bisalkoxide (or Mg, 795 mmol, 70%):*H NMR (300 MHz)¢ 10.58 (s, 1H, EIC-
diolate) methylene species and how do those species decomposéHa)2Ph), 7.36 (d, 2H, Ar-H), 7.15 (d, 2H, Ar-H), 7.6&.01 (m,
in the absence of substrates with which they would react (e.g., 4H. Ar-H), 5.95 (s, 4H, Pyr-€), 3.49 (sept, 2H, B(CH),), 2.14
alkenes of alkynes)? Second, in view of the high reactivity of (S; 12H, Pyr-Gls), 1.67 (s, 6H, CHC(€3),Ph), 1.56 (d, 12H, CH-
mono- or bisalkoxide methylene species, would bispyrrolyl (CHs)2): C NMR (75 MHz)$ 277.2 CHC(CHy),Ph), 149.5, 149.1,
methylenespecies be the preferred initiators in a variety of 148:9 (Ar-C), 144.1 (Pyr-C), 126.5, 125.0, 124.4, 124.0, 121.6 (Ar-
catalytic studies in which a catalyst is prepared through addition ©): 105.2 (Pyr-C), 53.3, 30.8, 25.7, 22.4, 16.2 (Pyr-€);NMR
of alcoholsin situin the presence of substrates? Studies directed ((01Uenees, 500 MHz,~70°C) 0 10.87 (s, 1H, GICMe;Ph), 7.24

toward answering these and related questions are under way:(f:_’| 2;’_'?_6' H6)5B%§ (IHZEy;AIr—l;_DG gég?s(tiﬁHﬁ }’/Ard‘ :__:)) gfg (gmiH

) ) Pyr-H), 4.93 (s, 1H, Pyr-H), 3.50 (sept, 1HHCCH,),), 3.26 (sept,
Experimental Section 1H, CH(CHa),), 2.35 (s, 3H, Pyr-@3), 2.10 (s, 3H, Pyr-€l), 1.77
. (s, 3H), 1.75 (s, 3H), 1.59 (s, 3H), 1.51 (s, 3H), 1.24 (d, 6H), 1.08
General Procedures.All operations were performed under a (d, 4H), 0.91 (s, 2H).

nitrogen atmosphere in the absence of oxygen and moisture in a . i
glovebox or using standard Schlenk procedures. The glassware, W(NAr)(CHCMe 5)(MePyr) (2b). A cold solution of W(NAr)

including NMR tubes, were flame- and/or oven-dried prior to use. (CHCMe;)(OT1)>(DME) (650 mg, 0.795 mmol) in toluene (15 mL)

Benzene, ether, dichloromethane, pentane, and toluene were delVas added 10 a cold{35 °C) suspension of LINME&,H, (161

gassed with dinitrogen and passed through activated alumina™9: 1.59 mmOD n Foluene (5 mL). The SOI.Ut'.On trned orange,
columnsH and*3C NMR spectra were acquired inDs at 20°C and a white prec_lpltate began to form. Stirring was cont_lnued
(unless otherwise noted) using a Bruker 400 or Varian 300 or 500 overnight aF ambient temperature, ar_ld the solution was_ﬂltered
spectrometersd 400 MHz, 13C 100 MHz) and referenced to the through Celite. The solvent was removiadvacuq and the residue
residual protio solvent peaks. Coupling constanis.) were was extracted with pentane (20 mL): The extract was passed through
determined on a Bruker Avance 600 spectrometer through HMQC Celite, and _the solvent was r_emovn?dyacuoto y|eld°an orange
studies. Elemental analyses were performed by H. Kolbe Mik- powder, which was recrystallized from peontane—ao C to form
roanalytisches Laboratorium, 'Nheim an der Ruhr, Germany. orange crystals (388 mg, 0.628 mmol, 79%j NMR (300 MHz)

Neopentylmagnesium chloride was titrated with butanol in diethyl g |':|LOA49H(S’61(|)-|O, @'Cil(g"’;)3),é-3g 4(1% 2H, Arz-g),a?((:)ﬁ&%z(;né
ether solution using 1,10-phenanthroline as an indicator immediately > r-H), 6.00 (s, 4H, Pyr-8), 3.48 (sept, 2H, B(CH),), 2.

. , 12H, Pyr-Gis), 1.20 (s, 9H, CHC(El5)3), 1.14 (d, 12H, CH-
prior to use. W(NAg)(CHCMe&)(OTf)(DME) was prepared ac- (s i
cording to published proceduré®yrrole and 2,5-dimethylpyrrole (CHa)2); *5C NMR (75 MHz) 279.9 CHC(CHy)y), 151.6, 146.5

were purchased from Aldrich and distilled from Captior to use. (Ar—H), 140.1 (Pyr-C), 127.5, 124.1, (Ar-C), 108.4 (Pyr-C), 49.4,

All other reagents were obtained from commercial suppliers and 34-6: 28.2, 24.9, 19.1 (Pyr-C). Anal. Calcd fopssNsW: C,
used as received unless otherwise noted. 56.51; H, 7.02; N, 6.80. Found: C, 56.18; H, 7.10; N, 6.72.
W(NAr)(CHCMe ,Ph)(Pyr)»(DME) (1). A cold solution of W(NAr ¢))(CHCMe3)(Pyr)o(DME) (3a/3b). Toluene (80 mL)
W(NATr)(CH,CMePh)(OTf(DME) (1.00 g, 1.136 mmol) in was added toamlxture.ofW(NArCI)(CHCMDéOTf)z(DME) (3.00
toluene (15 mL) was added to a colé-g5 °C) suspension of ~ 9» 3.74 mmol) and LiNGH, (546 mg, 7.48 mmol), and the

LINC4H4 (166 mg, 2.273 mmol) in toluene (5 mL). The solution suspension was stirredrf@ h at 25°C. The colorless deposit was
filtered off and washed with toluene (5 mL) to give an orange

filtrate. All volatiles were removed from the filtrate under reduced
pressure to leave behind an oily yellow-orange residue. Trituration
(39) Marinescu, S.; Singh, R. Unpublished observations. with pentane (40 mL) produced a yellow-orange powder, which

(38) Pilyugina, T. Ph.D. Thesis, Massachusetts Institute of Technology,
2007.
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was isolated by filtration and washed with pentanex(320 mL).
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(WCHy), 151.2, 149.3, 144.2, 141.2, 135.2, 134.7, 125.2, 122.0,

On the basis of elemental analysis and recrystallization to give 108.4, 107.1, 102.4, 97.1, 27.1, 23.0, 22.3, 20.3, 18.2, 17.7, 12.5.

W(NAr¢)(CHCMes)(NC4Ha)(DME) (see below), the crude product
was assigned to be an approximate 1:1 mixture (per W) of
W(NAr¢)(CHCMes)(NC4H4)2(DME) and [W(NAr)(CHCMey)-

W(NAr ¢)(CH2)(MezPyr), (6). A thick-walled 250 mL glass
vessel was charged with a solution of W(NA(CHCMe;)(Me,-
Pyr), (2.00 g, 3.32 mmol) in tetrahydropyran (100 mL). The mixture

(NC4Ha)2]2. The crude product mixture was suspended in pentane was degassed by three freezmimp—-thaw cycles and then cooled

(40 mL), and DME (3 mL) was added. After the suspension was
stored at-40 °C overnight, analytically pure W(NA)(CHCMe;)-
(NC4H4)2(DME) was obtained as an orange-yellow microcrystalline
deposit (1.62 g, 68% yield)*H NMR (CD,Cl,) 6 10.57 (s cn =
112.4 Hz, 1H, WCH), 7.24 (BJqy = 7.9 Hz, 2H, NAg-3 and
NArgi-5), 6.96 (t,3Jun = 7.9 Hz, 1H, NAg-4), 6.86 (br, 2x 2H,
NC,4Hy), 6.07 (br, 2x 2H, NGHy), 3.66 (s, 2x 3H, DME), 3.30

(s, 2x 2H, DME), 1.25 (s, 9H, CHCH3); H NMR (CD,Cl,, T=
—60 °C) 6 10.63 (s, 1H, WCH), 7.22 (BJyy = 8.1 Hz, 2H,
NArg-3 and NAg-5, NCjHy), 6.95 (t,3Jun = 8.1 Hz, 1H, NAg-

4), 6.81 (s, 2x 2H, NC4Hy), 6.00 (s, 2x 2H, NC4Hy), 3.94 (s,
3H, OMHy), 3.60 (s, 2H, OEly), 3.35 (s, 3H, OEly), 2.81 (s, 2H,
OCH,), 1.16 (s, 9H, CHC(El3)3); 3C NMR (CD.Cl,) 6 284.4 (s,
Wwe = 179.8 Hz,%Jcy = 112.4 Hz, WCH), 149.9, 135.1, 133.7,
128.5,126.5,108.1, 72.1, 61.3, 47.0, 33.3. Anal. Calcd taH&-
CI,N3O,W: C, 43.42; H, 4.91; N, 6.60. Found: C, 43.18; H, 4.99;
N, 6.72.

W(NAr ¢)(CHCMe3)(MesPyr), (4). Toluene (160 mL) was
added to a mixture of W(NAY)(CHCMey)(OTf)(DME) (10.0 g,
12.5 mmol) and LiINGH;Me, (2.60 g, 25.7 mmol), and the
suspension was stirredrfé h at 25°C. The colorless deposit was
filtered off and washed with toluene (50 mL) to give a dark yellow

to —78°C. The reaction mixture was exposed to ethylene (1 atm),
sealed, and warmed to 2E. After stirring for 4 days, all volatiles
were removed under reduced pressure to leave behind an oily dark
yellow residue. Trituration with pentane gave a yellow-brownish
powder, which was washed with pentane X310 mL). Recrys-
tallization of the crude product (1.42 g) from toluene (30 mL) gave
W(NATr¢))(CHy)(MeyPyr), as yellow crystals (585 mg, 32%)H
NMR (THF-dg, T=60°C) 6 12.27 (d 2Jun = 7.3 Hz, 1H, WCH),
10.93 (d,234y = 7.3 Hz, 1H, WCH), 7.32 (d,2Jyn = 8.1 Hz, 2H,
NArc-3 and NAg-5), 6.99 (t,3Jyn = 8.1 Hz, 1H, NAg-4), 6.04

(br, 4H, NCHy), 2.15 (br, 4x 3H, NCH;Mey); *H NMR (CgDs,
20°C) 0 12.55 (d,2Jyn = 7.6 Hz, ey = 147.3 Hz, 1H, WCH),
10.98 (d,2Jyy = 7.6 Hz, ey = 144.5 Hz, 1H, WCH), 6.82 (d,
8Jun = 7.9 Hz, 2H, NAg-3 and NAg-5), 6.18 (t,3Jun = 7.9 Hz,

1H, NArg-4), 2.33 (br, 4x 3H, NGH,Me,); the NGH;Me;
resonances were obscured by the resonances of the 2,6-dichlor-
oimido group;**C NMR (THF-dg, 20°C) 6 255.4 (s,}Jwc = 159.5

Hz, WCH,), 150.5, 133.0, 129.3, 126.7, 109.5 (br), 19.5 (Bi;
NMR (CD,Cl,, —20°C) ¢ 12.44 (d,2Jyy = 7.6 Hz, 1H, WCH),
10.92 (d,2J4y = 7.6 Hz, 1H, WCH), 7.32 (d,3Jun = 8.1 Hz, 2H,
NArc-3 and NAg-5), 6.99 (t,3Jyn = 8.1 Hz, 1H, NAg-4), 6.55

(m, 1H, NGH,), 5.91 (m, 1H, NGH,), 5.84 (m, 1H, NGH,), 5.81

(m, 1H, NGHy), 2.92 (s, 3H, NGH;Me,), 2.12 (s, 3H, NGH:Me,),

filtrate. All volatiles were removed under reduced pressure to leave 1 gg (s, 3H, NGH.Mey), 1.61 (s, 3H, NGH,Me,). Anal. Calcd for

behind a dark yellow oily residue. Trituration with pentane (50 mL)
produced a yellow powder, which was isolated by filtration and
washed with pentane (50 mL); yield 6.17 g (82%H NMR (CD,-
Cly) 6 11.09 (br s ey = 127.3 Hz, 1H, WCH), 7.32 (Fuy =
8.1 Hz, 2H, NAg-3 and NAg-5), 7.03 (t,%Jyn = 8.1 Hz, 1H,
NArg-4), 6.03 (br, 2x 2H, NCH;Mey), 2.19 (br, 4 x 3H,
NC;H,Mey), 1.18 (s, 9H, CHCEl3); *H NMR (CD,Cl,, T = —60
°C) 0 11.24 (s, 1H, WCH), 7.32, (#)un = 8.1 Hz, 1H, NAg-3),
7.27, (d,3Jyn = 8.1 Hz, 1H, NAg-5), 7.02 (t,3J4y = 8.1 Hz, 1H,
NArc-4), 6.36 (s, 1H, NGgH;Mey), 6.06 (s, 1H, NGH,;Me,), 5.85
(s, 1H, NCH:;Me,), 5.78 (s, 1H, NGH:Me,), 2.93 (s, 3H,
NC4H:Me,), 2.10 (s, 3H, NGH;Me,), 1.90 (s, 3H, NGH,Me,), 1.52
(s, 3H, NGH,Me,), 1.08 (s, 9H, CHCEl3); *H NMR (CD.Cl,) 6
289.5 (br,YJcy = 127.3 Hz, WCH), 150.1, 132.4, 129.0, 126.1,
106.9, 48.7, 33.9, 18.7. Anal. Calcd fop#H,4CI-N3W: C, 45.87;
H, 4.85; N, 6.98. Found: C, 45.73; H, 4.22; N, 6.87.
W(NAI)(CH 7)(MezPyr), (5). W(NAr)(CHCMe;)(MezPyr), (350
mg, 0.567 mmol) was dissolved in benzene (15 mL), and the
solution was degassed by three freepamp-thaw cycles and
cooled to —78 °C. The reaction mixture was exposed to an
atmosphere of ethylene (1 atm) and stirred for 48 h at@O0The
solvent was removeih vacug and the brownish residue was

ClgH210|2N3W: C, 41.79; H, 3.88; N, 7.69. Found: C, 42.07; H,
3.78; N, 7.48.

W(NAr ¢)(33CH,)(MeoPyr), (6%). A degassed solution of
W(NArc)(CHp)(MeyPyr), (113 mg, 207 umol) in methylene
chloride (15 mL) was treated witRCH,=3CH, (~12 equiv). After
the solution was stirred for 20 min at 2&, it was degassed and
treated with another 12 equiv 8ICH,=3CH,. The reaction mixture
was stirred for 20 min at 2%C, and all volatiles were removed to
yield yellow microcrystals, which were washed with cold toluene
(1.5 mL); yield 110 mg (97%).

[W(u-NAr c)(Pyr)2l2 (7). A degassed solution of “W(NA)-
(CHCMe3)(NC4H4)2(DME)o 5" (3a, 500 mg, 846:mol) in benzene
(20 mL) was exposed to ethylene (1 atm), and the reaction mixture
was stirred at 28C for 24 h. The supernatant was decanted from
purple microcrystals, which were washed with pentane (5 mL); yield
216 mg (54%):'H NMR (THF-dg) 6 8.00 (br, 2H, NAg-3 and
NArci-5), 7.22 (t,3J4y = 8.1 Hz, 2x 2H, NArgi-4), 5.94, 5.49 (s,
2 x 4H, NGH,). Due to the insolubility of [W(NAg)(u-NC4Ha)] 2,
a complete set of NMR spectra could not be obtained. Anal. Calcd
for CagH22ClaNgWo: C, 35.33; H, 2.33; N, 8.83;. Found: C, 35.15;
H, 2.38; N, 8.75.

In an analogous experiment whe3k was employed instead of

washed with pentane. Tituration of the crude product with pentane 3a, no [W(u-NAr)(NC4Ha)-]» could be isolated.

gave pure W(NAr)(CH)(MezPyr), as a yellow powder (206 mg,
0.369 mmol, 65%):!H NMR (CD,Cl,, 300 MHz, 20°C) 6 12.12
(d, 2y = 7.3 Hz, 1H, WCH), 11.10 (d,2)yn = 7.3 Hz, 1H,
WCH,), 7.07-6.97 (m, 3H, Ar-H), 5.90 (s, br, 4H, Pyr-CH), 3.61
(sept, 2H, GI(CHg),), 2.18 (s, br, 12H, Pyr-B3), 1.13 (d, 12H,
CH(CHs),); 'H NMR (CD,Cl,, 500 MHz,—40°C) 6 12.03 (d, 1H,
WCHy), 10.97 (d, 1H, WCH), 7.17-7.09 (m, 3H, Ar-H), 6.46 (s,
1H, Pyr-CH), 5.82 (s, 1H, Pyr-CH), 5.79 (s, 1H, Pyr-CH), 5.66 (s,
1H, Pyr-CH), 3.53 (m, 2H, B(CHs),), 2.93 (s, 3H, Pyr-Ch), 2.07
(s, 3H, Pyr-CH), 1.84 (s, 3H, Pyr-Ck), 1.58 (s, 3H, Pyr-Ch),
1.20 (d, 6H, CH(®l3)2), 1.03 (d, 6H, CH(E13),); 1°C NMR (CD»-
Cl, 75 MHz, 20°C) 6 253.3 (wc = 164 Hz, W=CH,), 150.4,
145.4, 126.1, 122.7 (Ar-C), 27.CH(CHjz),), 23.5 (CHCHs3)),
18.3 (br, Pyr€Hjz); 13C NMR (CDCly, 125 MHz,—40°C) 6 252.6

[W(NAr ¢;)(CHCMe3)(MezPyr){NC4(H3-2,3,4)(Me-2,5} ] *-
[B(Arg)s~ (8). A stirred solution of W(NArCI)(CHCMg)(Me,-
Pyr), (500 mg, 83Q«mol) in CH,CI, (20 mL, —40 °C) was treated
with neat [HNMePh][B(Arg)4] (818 mg, 830umol). After the
reaction mixture was stirred fdl h at 25°C, all volatiles were
removed under reduced pressure to leave behind a yellow powder,
which was washed with pentane 35 mL). The crude product
was dissolved in CECl; (5 mL), and a layer of pentane (10 mL)
was added. After it was kept for 3 days-a#l0, yellow crystals
were obtained from the reaction mixture and washed with pentane/
CH.Cl, (1:1 mixture, 3x 1 mL, —40°C) to yield analytically pure
[W(NAr ¢)(CHCMes)(NCyHoMex-2,5Y NCy(Hs-2,3,4)(Me-2,5) -
[B(Argp)4 (843 mg, 69%): IH NMR (CD,Cl;) ¢ 12.06 (s, 1H,
WCH), 7.83 (d,2Jun = 5.3 Hz, 1H, NGH3-4), 7.72 (m, 4x 2H,
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Table 2. Crystal Data and Structure Refinement for W(NAr¢))(CH2)(MezPyr), (6), [W(u-NAr ¢)(Pyr)2]» (7), and

[W(NATr ¢))(CHCMe3z)(Me Pyr){NC4(Hs-2,3,4)(Me-2,5)} | '[B(Ar g)a] ~ (8)?

6 7 8
empirical formula GgH21C|2N3W C33H33C|4N 6W2 C55H428C|2F24N 3W
fw 546.14 1083.20 1466.48
temperature 90(2) K 193(2) K 90(2) K
cryst syst orthorhombic tetragonal _triclinic
space group Pca2(1) P4(2)in P1

unit cell dimens

volume

z

density (calcd)

absorp coeff

F(000)

cryst size

6 range for data collection
index ranges

no. of refins collected

no. of indep reflns
completeness t = 29.57
max. and min. transmn

no. of data/restraints/params

goodness-of-fit orfF2
final Rindices | > 20(1)]

Rindices (all data)

abs struct param
largest diff peak and hole

a=14.205(4) A
b=12.476(3) A
c=21.561(6) A
o =90°

B =090

y =90°
3821.2(18) A

8

1.899Mg/fn
6.332 mnt
2112
0.15¢ 0.15x 0.04 mn?
2.17t029%57
—-19<h=19
—-17<k=17
—-29=<1=<29
80 281
10 714K{int) = 0.0758]
100.0%
0.7858 and 0.4501
10 714/1198/546
1.016
R1=0.0261
wR2 = 0.0608
R%* 0.0336
WR2 = 0.0646
0.051(9)
1.129 and..101 e A3

a=13.2320(9) A
b=13.2320(9) A
c=21.4103) A
a=90°

B=90

y =90°
3748.7(6) B

4

1.919Mg/n¥
6.454 mnT!
2076
0.30x 0.20x 0.15 mn¥
2.181t029.57
—-18<h=<18
—-18< k=18
—29<1<29
82 886
5251 R(int) = 0.0460]
100.0%
0.4444 and 0.3859
5251/112/269
1.108
R1=0.0197
wR2=0.0408
R1=0.0303
WR2= 0.0455

0.425 and-0.628 e A3

a=12.699(3) A
b=13.444(4) A
c=17.522(4) A
a = 90.570(4%
B =105.392(4
y = 95.365(5)
2869.8(13) R

2

1.697Mg/n?
2.224 mnrt
1444
0.25x 0.20x 0.15 mn¥
1.52t029.57
—-17<h=<17
—18< k=18
—24<1<24
63 761
16 060R(int) = 0.0536]
99.7%
0.7314 and 0.6063
16 060/3020/932
1.052
R1= 0.0368
wR2=0.0963
R1=0.0413
wR2=0.0995

3.127 and-1.188 e A3

a|n all cases the wavelength was 0.71073 A, the absorption correction was semiempirical from equivalents, and the refinement method was full-matrix

least-squares oR2.

Are-2 and Ag-6), 7.56 (br, 4H, Ag-4), 7.34 (d,%Jyy = 8.1 Hz,
2H, Arg-3 and Agi-5), 7.13 (t,3Jyn = 8.1 Hz, 1H, Ag-4), 6.75
(dd, 33y = 5.3 Hz, 1.3 Hz, 1H, NGH3-3), 6.63 (d 34y = 2.5 Hz,
1H, NC4Hy), 6.20 (d,3Juy = 2.5 Hz, 1H, NGH,), 4.48 (m, 1H,
NC4H3z-2), 3.05, (sdwec = 15.2 Hz, 3H, NGH,CH3), 2.57 (d,*Jun

= 2.8 Hz, 3H, NGH3CHy), 2.26 (s, 3H, NGH,CH3), 1.42 (d,2JuH

= 7.6 Hz, 3H, NGH3CH,), 1.15 (s, 9H, CHCEj3). Anal. Calcd
for CssH4BCLFo4NsW: C, 45.05; H, 2.89; N, 2.87. Found: C,
45.00; H, 2.85; N, 2.82.

[W(NAr)(CHCMe 3)(Me2Pyr){NC4(Hz-2,3,4)(Me-2,5)}]*-
[B(Arg)a]~ (9). [HNMe,Ph][B(Arg)4] (226 mg, 0.23 mmol) was
added to a stirred solution of W(NAr)(CHCM)éMe,Pyr), (142
mg, 0.23 mmol) in cold {40 °C) CH,Cl, (10 mL). The solution
immediately turned red and was stirred overnight at ambient
temperature. All volatiles were removédvacuq and the reddish-

brown residue was washed with pentane. Yellow crystals were

obtained from a solution of the crude product in £iH/pentane
(1:1) at—40°C (148 mg, 0.1 mmol, 43%)*H NMR (CD.Cl,) o
12.25 (s, 1H, GICMes), 7.93 (d,2Juy = 5.3 Hz, 1H, pyrrolenine-
H1), 7.77 (m, 8H, (BA§-CH), 7.60 (s, 4H, (BA)-CH), 7.26-
7.16 (m, 3H, Ar-H), 6.83 (dd®Jyn = 5.3 Hz,3J4y = 1.3 Hz, 1H,
pyrrolenine-CH), 6.52 (d3Juy = 2.2 Hz, 1H, Pyr-CH), 5.98 (d,
3Jyy = 2.2 Hz, 1H, Pyr-CH), 4.46 (m, 1H, pyrrolening-®e),
3.08 (s, 3H, Pyr-El3), 2.91 (s, br, 2H, €(CHy),), 2.68 (d,*Jyn =
2.9 Hz, 3H, pyrrolenine-85), 2.26 (s, 3H, Pyr-Ch), 1.44 (d,23un
= 7.7 Hz, 3H, pyrrolenine-CHHB3), 1.19 (s, 9H, CH(#5)3), 1.17
(s, br, 12H, CH(@3)2); 3C NMR (CD.Cl,) 6 299.6 CHCMes),
190.8 (pyrrolening==N), 166.7, 151.8, 140.6, 134.9, 130.1, 128 .4,

(H3-2,3,4)(Me-2,5}|[B(Ar £)4] were dissolved in THFel: 'H NMR
(THF-dg) 6 11.09 (sXJcy = 119.2 Hz Jwy = 11.9 Hz, 1H, WCH),
7.82 (m, 4x 2H, Are-2 and Ag-6), 7.61 (br, 1H, Ag-4), 7.45 (d,
3Jun = 8.1 Hz, 2H, Ag-3 and Ag-5), 7.19 (t,3J4y = 8.1 Hz, 1H,
Arg-4), 5.87 (m, 1H, NGHy), 5.74 (m, 1H, NGH,), 2.45 (s, 3H,
NC;H,CHg), 2.25 (s, 3H, NGH,CH3), 1.31 (s, 9H, CHCEl3); 13C
NMR (THF-dg) 6 285.8 (br}Jcy = 119.2 Hz, WCH), 162.9 (quart,
g = 49.6 Hz, Ag-1), 149.7, 135.7 (br, A¥2 and Ag-6), 135.0,
131.1, 130.1 (quartJec = 30.7 Hz, Ae-3 and Ag-5), 125.9, 125.6
(quart,3Jcg=271.4 Hz, CR), 118.3 (m, A¢-4), 111.1, 110.9, 106.1,
49.6, 33.0, 18.9, 15.4, 13.1. One equivalent of 2,5-dimethylpyrrole
was formed in the process.

Xray Crystallography. Crystals for the X-ray studies were
obtained from the solvents employed in each case. (See the
Experimental Section above.) Low-temperature diffraction data were
collected on a Siemens Platform three-circle diffractometer coupled
to a Bruker-AXS Smart Apex CCD detector with graphite-
monochromated Mo ¥ radiation § = 0.71073 A), performing-
andw-scans. The structures were solved by direct methods using
SHELXS" and refined againgt? on all data by full-matrix least-
squares with SHELXL-97* All non-hydrogen atoms were refined
anisotropically. All hydrogen atoms (except hydrogen atoms on
carbon that binds directly to tungsten, which have been taken from
the difference Fourier synthesis and refined semifreely with the
help of distance restraints) were included into the model at
geometrically calculated positions and refined using a riding model.
The isotropic displacement parameters of all hydrogen atoms were
fixed to 1.2 times th&J value of the atoms they are linked to (1.5

123.8,123.0, 117.7, 104.6, 102.9, 89.1, 52.3, 34.4, 32.0, 28.0, 23.1,

22.5,19.7, 16.1, 15.1, 14.0.
Observation of [W(NATr ¢)(CHCMez)(Me,Pyr)(THF- dg)y] *-
[B(Ar £)4] . Yellow crystals of [W(NAg)(CHCMe;)(Me;Pyr}{NC,-

(40) Sheldrick, G. MActa Crystallogr. A199Q 46, 467.
(41) Sheldrick, G. M.SHELXL 97 Universita Gottingen: Gitingen,
Germany, 1997.
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times for methyl groups). Details of the data quality and a summary and displacement parameters as well as rigid bond restraints for
of the residual values of the refinements are listed in Tables 1 anisotropic displacement parameters.
and 2.

The asymmetric unit of the structure of W(NA(CHz)(Me- Acknowledgment. R.R.S. thanks the National Science
Pyr), contains two molecules. One of the two crystallographically Foundation (CHE-0554734) for supporting this research. S.A.
independent molecules is well-behaved, while the other one showsgng T.K. thank the Alexander von Humboldt Foundation for
whole molecule disorder. The ratio between the two components sypport through Feodor Lynen Research Fellowships.
was refined freely and converged at 0.832(9). Equivalent atoms of
the two components of the disordered molecule were constrained Supporting Information Available: Labeled thermal ellipsoid
to hav_e identical anisotropic_ displacement parameters, and Sim"aritydrawings, crystal data and structuré refinement, atomic coordinates
restraints on %2 and 3 d|stances and dls.placement.parameters and equivalent isotropic displacement parameters, bond lengths and
as well as rigid bon_d restraints _for an|so_trop|c _d|splacement angles, and anisotropic displacement parameters for all crystallo-
parameters were applleq. No restramts on anisotropic dlsp.l"’“.:err.'emgraphically characterized compounds. This material is available free
parameters were applied to thg first mol.ecule and similarity of charge via the Internet at http://pubs.acs.org. Data for W(NAr)-
restraints only insofar as geometrically relating the two crystallo- (CHCMePh)(-Pyr,(DME) (06238), W(NAr)(CHCMePh)(Me-
graphically independent molecules. All bond lengths and angles Pyr), (07007) W(NAe.)(CHz)(MezP;/r)g (07053), [Wgi-NArg)-
specified and discussed throughout this publication are those Of(PyI’)z]z (062i1) and [W(NA<IE|)(CHCM%)(M92,PW){ NCa(Hs-
the nondisordered molecule. The structure was refined as a racemic, 3 4)(Me-2 5)}]4[B(Arp)4]* (07043) are also available to the
twin; the twin ratio converged at 0.051(9). pht;lic at httb://WWW.reciprocaInet.org/.

Several disorders in [B(AJ4] ~ in the structure o8 were refined
with the help of similarity restraints on-12 and 13 distances OM7006985



