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The reaction of [W(N-2,6-Pr,CHs)(CHCMe,Ph)(OTf),(DME)]
(DME = 1,2-dimethoxyethane, OTf = CF;SO;) with the N-
heterocyclic carbene (NHC) 1,3-bis(2,4,6-

trimethylphenyl)imidazolidin-2-ylidene (IMesH,) leads to DME
activation followed by transmethylation and in due consequence
to the formation of the N-heterocyclic olefin complex [W(N-2,6-
iPr,CHs)(CHCMe,Ph)(OTH),(IMesH,CH,)] along with [W(N-2,6-
iPr,C¢Hs)(CHCMe,Ph)(OTf){IMesH,)(x*-O(CH,),0Me)], [1,3-
bis(2,4,6-trimethylphenyl)-2-methylimidazolidinium® (OTf)] and
[1,3-bis(2,4,6-trimethylphenyl)-2-H-imidazolidinium® (OTf)]. A
reaction pathway is proposed and confirmed by the use of B
labelled compounds; structures of the products were verified by
NMR and/or single-crystal X-ray analysis.

Tungsten imido alkylidene complexesl'15 complement the

corresponding Mo-based systems and have been successfully
used in stereoselective metathesis
polymerization (ROMP)16
metathesis.”” We recently accomplished the synthesis of
molybdenum imido alkylidene N-heterocyclic carbene (NHC)
and tungsten oxo NHC complexes,ls'26 which greatly extended
the base of both neutral and cationic Mo and W alkylidene
catalysts. Their high productivity, especially when supported
on silica’”’ and their substantial functional group tolerance
confirms the high potential of this new class of olefin
metathesis catalysts. Upon extension to tungsten
alkylidene NHC complexes,zs’ 2 however, an unexpected
reaction occurs in case the synthetic route employed for the
synthesis of the analogous molybdenum imido alkylidene NHC
complexes is used. Thus, reaction of the bistriflate precursor
[W(N-2,6-Pr,CsHs)(CHCMe,Ph)(OTf),(DME)]® with 1 equiv. of

ring-opening

and in Z-selective olefin cross

imido
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1,3-bis(2,4,6-trimethylphenyl)imidazolidin-2-ylidene (IMesH2)3O

did not lead to the desired tungsten imido alkylidene NHC
complex; instead, the N-heterocyclic olefin (NHO) complex
[W(N-Z,6-iPr2C6H3)(CHCMe2Ph)(OTf)z(IMesHZCHZ)] as well as
[W(N-2,6-Pr,C¢Hs)(CHCMe,Ph)(OTF)(IMesH,)(x*-O(CH,),0Me)],
[1,3-bis(2,4,6-trimethylphenyl)-2-methylimidazolidinium® (OTf
)] and [1,3-bis(2,4,6-trimethylphenyl)-2-H-imidazolidinium®
(OTf)] formed. While the formation of tungsten imido
alkylidene monoalkoxide complexes from a DME-precursor
using thiolate-based ligands in the synthesis of tungsten imido
alkylidene complexes has been reported recently by Copéret
et aI.,31 formation of a tungsten imido alkylidene
N-heterocyclic olefin (NHO) complex such as 4 from the
corresponding NHC precursor has, to the best of our
knowledge, never been demonstrated before. This is surprising
since the extent of this reaction suggests that such C-O
activation might occur more frequently than expected.
Notably, without the metal complex, such C-O activation was
not observed clearly underlining the active role of the metal
comlex. In view of this equally unusual and interesting reaction
we carried out further investigations to elucidate the
underlying reaction mechanism. In order to increase the yield
of 2, 3 and 4, the bistriflate precursor [W(N-2,6-
iPrZCGH3)(CHCMe2Ph)(OTf)2(DME)] was reacted with 2 equiv. of
IMesH, in benzene. After partial removal of the benzene,
compounds 1-4 could indeed be isolated and were
successfully characterized by single-crystal X-ray analysis. We
propose formation of compounds 1 - 4 according to Scheme 1.
Thus, reaction of [W(N—2,6—iPr2C6H3)(CHCMe2Ph)(OTf)Z(DME)]
with IMesH, results in the intermediary formation of the
corresponding NHC-complex with either free or coordinated
DME. DME then reacts with either coordinated or free NHC via
C-O activation to yield compounds 3 and 2. Free NHC then
deprotonates compound 3 to form complex 4 and compound
1. Compound 4 crystallizes in the triclinic space group PT
a=1206.93(8) pm, b=1291.79(9) pm, c¢=1882.10(13)pm,
o =79.289(3)°, f=83.831(4)°, y=65.484(3)°, Z=2. Relevant
bond lengths and angels are summarized in Figure 1. In the
solid state, complex 4 has a square pyramidal (SP)
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Scheme 1. Formation of compounds 1 —4 and proposed reaction mechanism.

configuration32 (r = 0.02) with the imido ligand in the apex and

one triflate trans to the alkylidene and the other triflate trans
to the N-heterocyclic olefin (NHO) ligand. The NHO ligand is
sp3—hybridized at the methylene moiety, which indicates full
charge separation and formation of a covalent bond to the
metal centre, as shown earlier for other NHO complexes by
our groung. The alkylidene is observed in a syn-configuration,
both in the solid state and in solution as confirmed by NMR
data in CD,Cl, (IJC_H =112.2 Hz)33. The structure of compound 3
was also confirmed by single-crystal X-ray analysis (see
Figure S28, S.1.).

In the reaction of the bistriflate precursor with IMesH,,
complex 2 is the main product. Samples of 2 were obtained by

Figure 1. Single crystal X-ray structure of complex 4. Relevant bond
lengths (om) and angles(°):  W(1)-N(3) 172.35(18), W(1)-
C(34) 189.0(2), W(1)-O(1) 209.50(14), W(1)-O(4) 219.77(14), W(1)-
C(46) 223.7(2), N(3)-W(1)-C(34) 101.68(8), N(3)-W(1)-
0(1) 111.10(7), C(34)-W(1)-O(1) 95.43(7), N(3)-W(1)-0(4) 111.07(7),
C(34)-W(1)-0O(4) 147.20(8), 0O(1)-W(1)-O(4) 74.97(5), N(3)-W(1)-
C(46) 98.77(8), C(34)-W(1)-C(46) 93.84(8), 0(1)-W(1)-
C(46) 146.07(7), O(4)-W(1)-C(46) 79.64(6).

2 | Chem. Commun., 2017, 00, 1-4

extracting the reaction mixture with benzene followed by
crystallization form CH,Cl,/diethyl ether. It crystalizes in the
monoclinic space group P2,/n a=1621.73(8) pm,
b =1754.02(9) pm, c=1719.66(9) pm, a = 90°, f = 109.557(2)°,
y=90°, Z=4. Relevant bond lengths and angles are
summarized in Figure 2. In the solid state, the alkylidene
adopts the anti configuration. The complex forms a distorted
square pyramidal (SP) configuration32 (r=0.22). The alkylidene
forms the apex and the cationic complex is stabilized by the
ether moiety of the DME-derived alcoholate trans to the NHC.
Solution NMR data in CD,Cl, also show the alkylidene in the
anti-configuration (1JC_H =139.3 Hz)33. The shift in the °F NMR
(0 =78.95 ppm, CD,Cl,) indicates weakly coordinated triflate
and suggests the formation of a highly polar, almost cationic

Figure 2. Single crystal X-ray structure of complex 2. Relevant bond
lengths (pm) and angles (°): W(1)-N(3) 1.779(3), W(1)-O(1) 1.906(3),
W(1)-C(37) 1.939(4), W(1)-C(1) 2.207(4), W(1)-O(2) 2.233(3), N(3)-
W(1)-O(1) 144.09(14),  N(3)-W(1)-C(37) 100.63(16), O(1)-W(1)-

C(37) 111.81(16), N(3)-W(1)-C(1) 100.02(16), 0(1)-W(1)-
C(1) 89.20(14), C(37)-W(1)-C(1) 100.35(16), N(3)-W(1)-
0(2) 87.40(15), 0(1)-W(1)-0(2) 73.05(13), C(37)-W(1)-

0(2) 99.07(15), C(1)-W(1)-0(2) 157.51(14).

This journal is © The Royal Society of Chemistry 2017
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Figure 3. Comparison of unlabelled 2 (bottom) with **C-labelled 2
(top). * 3C-labelled carbon in 2. ** 3C-labelled carbons of 3
(impurity).

species at room temperature with weakly coordinated triflate.
Notably, both 1 and 3 crystallize together with 2. As a
consequence of this particular crystallization behaviour, it was
impossible to isolate pure samples of 2 for NMR
measurements or elemental analysis.

In order to confirm the proposed reaction mechanism, the
BC-labelled version of the bistriflate precursor was
synthesized3 using 9 equiv. of 30% 3C.labelled DME and
reacted with 2 equiv. of IMesH, in benzene as described
before. All products were isolated and compared to the non-
labelled ones. In the *C labelled precursor the methyl groups
of DME are clearly visible at = 64.4 and 67.8 ppm (Figure S17,
S.I.). For compound 3, the 3C-reinforced signal for the 2-
methyl group is observed at 6 =11.6 ppm (Figure 3), which
makes it clear that it forms via reaction of the NHC with DME.
The second methyl group of the DME in compound 2 is still
visible at § = 64.6 ppm (Figure 3).

Formation of the 2-methylimidazolidinium salt 5 was also
observed in case 1,3—bis(2,6—iPr2C6Hg)imidazolidin—Z—yIidene
(IDipsz)30 was used as NHC; however, with this particular NHC
the by-products could no be isolated in pure form. However,
removal of one methyl group of the DME ligand in the
precursor by IDippH, was again verified using the 3¢ labelled
precursor (Figure S27, S.l.). Complementary, the structure of
compound 5 was also confirmed by single-crystal X-ray analysis
(Figure S29, S.1.).

In conclusion, the reaction
'Pr,C¢H3)(CHCMe,Ph)(OTf),(DME)]  with
IDippH, results in C-O activation, transmethylation,
formation of the NHO- instead of the NHC complex.
Transmethylation from the DME ligand during the reaction
with an NHC was unambiguously demonstrated by following
this untypical reaction pathway of a bistriflate precursor and
an NHC through B¢ labelling. Our experiments allow for a
deeper insight into the syntheses of tungsten imido alkylidene
NHC complexes. This knowledge will help for prospective
synthesis of both, molybdenum and tungsten imido alkylidene
NHC and NHO complexes in terms of understanding reaction
pathways and for avoiding unwanted side reactions.

of  [W(N-2,6-

either IMesH, or

and

This journal is © The Royal Society of Chemistry 2017

Experimental

1,3-Bis(2,4,6-trimethylphenyl)-2-H-imidazolidinium triflates
(1).  W(N-2,6-Pr,CeHs)(CHCMe,Ph)(OTf),(DME) (292 mg,
0.33 mmol) was dissolved in 5 mL benzene. To this stirred
solution, 1,3-bis(2,4,6-trimethylphenyl)imidazolidin-2-ylidene
(IMesH;) (204 mg, 0.67 mmol) dissolved in 1 mL benzene, was
added drop wise. The reaction mixture was stirred for 3 h at
room temperature. After partial removal of the benzene under
reduced pressure the reaction mixture was filtered. The
obtained white solid was crystallized from CH,Cl, and diethyl
ether to get analytical pure product (15.3 mg, 10%): "H NMR
(400 MHz, CD,Cl,) &6 =8.22 (s, 1H, N-CH-N), 7.04 (s, 4H, Ar),
4.47 (s, 2H, CH,), 4.46 (s, 2H, CH,), 2.35 (s, 12H, Me), 2.33 (s,
6H, Me)ppm; FNMR (376 MHz, CD,Cl,) &=-79.21 ppm;
3C NMR (101 MHz, CD,Cl,) & = 159.8 (N-C=N), 141.6 (ipso-N-
Mes), 135.6 (CAr), 130.6 (CAr), 130.5 (CAr), 52.1 (CH,-CH,),
21.4 (MeAr), 18.0 (MeAr) ppm; elemental anal. calcd. (%) for
CyH,7F3N,05S: C, 57.88; H, 5.96; N, 6.14. found: C, 57.83; H,
5.883; N, 6.10.

1,3-Bis(2,4,6-trimethylphenyl)2-methylimidazolidinium
triflate (3). W(N-2,6-"Pr,CqHs)(CHCMe,Ph)(OTf),(DME) (292 mg,
0.33 mmol) was dissolved in 5 mL benzene. To this stirred
solution, IMesH, (204 mg, 0.67 mmol) dissolved in 1mL
benzene, was added drop wise. The reaction mixture was
stirred for 3 h at room temperature. After partial removal of
the benzene under reduced pressure, the reaction mixture was
filtered through a pad of celite and the residual solvent was
removed in vacuo from the obtained clear solution. The yellow
solid was suspended in 1 mL benzene and filtered. The
resulting white solid was dried in vacuo and crystallized from
CH,Cl, and diethyl ether to get analytically pure compound
(208 mg, 66 %): "H NMR (400 MHz, CD,Cl,) & = 7.08 (s, 4H, Ar),
4.42 (s, 4H, CH,), 2.34 (s, 6H, Me), 2.30 (s, 12H, Me), 1.77 (s,
3H, Me)ppm; FNMR (376 MHz, CD,Cl,) &=-78.97 ppm;
3C NMR (101 MHz, CD,Cl,) & = 167.9 (N-C=N), 141.8 (ipso-N-
Mes), 135.6 (CAr), 130.9 (CAr), 130.2 (CAr), 50.7 (CH,-CH,),
21.4 (MeAr), 17.7 (MeAr), 11.6 (N=C-Me) ppm; HRMS (ESI):
m/z calc. for C,5H,9N>": 321.2325, found: 321.2325.

W(N-2,6-Pr,C¢Hs)(CHCMe,Ph)(OTf),(IMesH,CH,) (4). W(N-2,6-
iPrZCGH3)(CHCMe2Ph)(OTf)2(DME) (292 mg, 0.33 mmol) was
dissolved in 5mL benzene. To this stirred solution, IMesH,
(204 mg, 0.67 mmol), dissolved in 1 mL benzene, was added
drop wise. The reaction mixture was stirred for 3 h at room
temperature. After partial removal of the benzene under
reduced pressure, the reaction mixture was filtered over a pad
of celite and the residual solvent was removed in vacuo from
the obtained clear solution. The residual yellow solid was
dissolved in 1mL CH,Cl, and a mixture of W(N-2,6-
"Pr,CsH3)(CHCMe,Ph)(OTf)(IMesH,)(k*>-O(CH,),0Me)  (2) and
1,3-bis(2,4,6-trimethylphenyl)-2-methylimidazolidinium triflate
(3) was precipitated with diethyl ether. The liquid phase was
decanted off and the solvent was removed in vacuo from the
The yellow solid was
suspended in diethyl ether and passed over a pad of celite to

obtained clear solution. residual

Chem. Commun., 2017, 00, 1-3 | 3
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remove residual 2 and 3. The solvent was again removed in
vacuo and the residual yellow compound was crystallized in
diethyl ether and n-pentane to get the product as yellow
crystals (36.6 mg, 10 %): "H NMR (400 MHz, CD,Cl,) & = 8.18 (s,
1H, W=CH), 7.36-7.31 (m, 2H, Ar), 7.25-7.20 (m, 2H, Ar),
7.11-7.04 (m, 4H, Ar), 6.99 (s, 2H, Ar), 6.89 (s, 2H, Ar), 4.23 -
3.98 (m, 4H, CH,), 3.26 (sept, 2H, 'Pr, *Jy = 6.81 Hz), 2.32 (s,
3H, Me), 2.31 (s, 9H, Me), 2.09 (s, 6H, Me), 1.91 (dd, 2H, CH,,
2Jn=12.67, “y=23.13 Hz), 1.40 (s, 3H, Me), 1.31 (s, 3H,
Me), 0.99 (d, 6H, 'Pr, )y, =6.83 Hz), 0.82 (d, 6H, 'Pr, *J,.
4 = 6.78 Hz) ppm; °F NMR (376 MHz, CD,Cl,) 6 = -76.74 ppm.

1,3-Bis(2,6-iPr2C6H3)-2-methyIimidazolidinium triflate  (5).
W(N-2,6-'Pr,CHs)(CHCMe,Ph)(OTf),(DME) (245 mg,
0.281 mmol) was dissolved in 5 mL benzene. To this stirred
solution, 1,3—bis(2,6—iPr2C6H3)imidazolidin—2—y|idene (IDippH,)
(220 mg, 0.563 mmol) dissolved in 1 mL benzene was added
drop wise. The reaction mixture was stirred for 3 h at room
temperature. The resulting white solid was filtered off and
dried in vacuo. The white solid was crystallized from CH,Cl,
and diethyl ether to get analytical pure compound (277 mg,
90%): 'HNMR (400 MHz, CDCl;) 6=7.52 (t, 2H, Ar, *J,
w=7.82 Hz), 7.32 (d, 4H, Ar, *J, = 7.82 Hz), 4.56 (s, 4H, CH,),
2.89 (sept, 4H, 'Pr, *J, =6.83 Hz), 1.74 (s, 3H, Me), 1.39 (d,
12H, 'Pr, )y = 6.78 Hz), 1.24 (d, 12H, 'Pr, °J,4, = 6.88 Hz) ppm;
F NMR (376 MHz, CDCl5) & = -78.33 ppm; >C NMR (101 MHz,
CDCl3) 6=167.5 (N-C=N), 146.2 (ipso-N-Mes), 131.9 (CAr),
129.2 (CAr), 125.7 (CAr), 53.2 (CH,-CH,), 29.2 (MeAr), 24.9
(MeAr), 24.4(N=C-Me) ppm; HRMS (ESI): m/z calc. for
CosHa1N,": 405.3270, found: 405.32665.

*Corresponding author: michael.buchmeiser@ipoc.uni-stuttgart.de

Financial support by the Deutsche Forschungsgemeinschaft (BU
2174/22-1) and XiMo AG, Switzerland, is gratefully acknowledged.

References

1. S. F. Pedersen and R. R. Schrock, J. Am. Chem. Soc., 1982,
104, 7483.

2. S. M. Rocklage, R. R. Schrock, M. R. Churchill and H. J.
Wasserman, Organometallics, 1982, 1, 1332-1338.

3. R. R. Schrock, R. T. DePue, J. Feldman, K. B. Yap, D. C.

Yang, W. M. Davis, L. Park, M. DiMare and M. Schofield,
Organometallics, 1990, 9, 2262-2275.
4, R. R. Schrock, J. Molec. Catal. A: Chem., 2004, 213, 21-30.
5. B. Rhers, A. Salameh, A. Baudouin, E. A. Quadrelli, M.
Taoufik, C. Copéret, F. Lefebvre, J.-M. Basset, X. Solans-
Monfort, O. Eisenstein, W. W. Lukens, L. P. H. Lopez, A.
Sinha and R. R. Schrock, Organometallics, 2006, 25, 3554-

3557.

6. S. Arndt, R. R. Schrock and P. Miller, Organometallics,
2007, 26, 1279-1290.

7. T. Kreickmann, S. Arndt, R. R. Schrock and P. Muller,
Organometallics, 2007, 26, 5702-5711.

8. A.J. Jiang, J. H. Simpson, P. Miiller and R. Schrock, J. Am.

Chem. Soc., 2009, 131, 7770-7780.

4 | Chem. Commun., 2017, 00, 1-4

Page 4 of 5

View Article Online
DOI: 10.1039/C7CCQ07471A

9. L. C. H. Gerber, R. R. Schrock and P. Miiller,
Organometallics, 2013, 32, 2373-2378.

10. J. C. Axtell, R. R. Schrock, P. Mdiller, S. J. Smith and A. H.
Hoveyda, Organometallics, 2014, 33, 5342-5348.

11. J. C. Axtell, R. R. Schrock, P. Mdller and A. H. Hoveyda,
Organometallics, 2015, 34, 2110-2113.

12. H. Jeong, R. R. Schrock and P. Miiller, Organometallics,
2015, 34, 4408-4418.

13. R. R. Schrock, ed., The Discovery and Development of

High-Oxidation State Mo and W Imido Alkylidene
Complexes for Alkene Metathesis, Wiley-VCH, Weinheim,

2003.

14. R. R. Schrock and A. H. Hoveyda, ; Angew. Chem. Int. Ed.
2003, 42, 4592-4633, 2003, 115, 4740-4782.

15. R. R. Schrock, Chem. Rev., 2009, 109, 3211-3226.

16. R. R. Schrock, Dalton Trans., 2011, 40, 7484-7495.

17. H. Jeong, D. J. Kozera, R. R. Schrock, S. J. Smith, J. Zhang,
N. Ren and M. A. Hillmyer, Organometallics, 2013, 32,
4843-4850.

18. J. Beerhues, S. Sen, R. Schowner and M. R. Buchmeiser, J.
Polym. Sci. A: Polym. Chem., 2017, 55, 3028-3033.

19. M. R. Buchmeiser, S. Sen, C. Lienert, L. Widmann, R.

Schowner, K. Herz, P. Hauser, W. Frey and D. Wang,
ChemCatChem, 2016, 8, 2710-2723.

20. M. R. Buchmeiser, S. Sen, J. Unold and W. Frey, Angew.
Chem. Int. Ed., 2014, 53, 9384-93882.

21. I. Elser, W. Frey, K. Wurst and M. R. Buchmeiser,
Organometallics, 2016, 35, 4106-4111.

22. K. Herz, J. Unold, J. Hanle, W. Frey and M. R. Buchmeiser,
Macromolecules, 2015, 48, 4768-4778.

23. C. Lienert, W. Frey and M. R. Buchmeiser,
Macromolecules, 2017, 50, 5701-5710.

24, S. Sen, R. Schowner and M. R. Buchmeiser, Monatsh.
Chem., 2015, 146, 1037-1042.

25. S. Sen, R. Schowner, D. A. Imbrich, W. Frey and M. R.
Buchmeiser, Chem. Eur. J., 2015, 21, 13778-13787.

26. R. Schowner, W. Frey and M. R. Buchmeiser, J. Am. Chem.
Soc., 2015, 137, 6188-6191.

27. M. Pucino, V. Mougel, R. Schowner, A. Fedorov, M. R.

Buchmeiser and C. Copéret, Angew. Chem. Int. Ed., 2016,
55, 4300-4302.

28. D. A. Imbrich, I. Elser, W. Frey and M. R. Buchmeiser,
ChemCatChem, 2017, 9, 2996-3002.

29. D. A. Imbrich, W. Frey, S. Naumann and M. R. Buchmeiser,
Chem. Commun., 2016, 52, 6099-6102.

30. A. ). Arduengo llI, R. Krafczyk, R. Schmutzler, H. A. Craig, J.

R. Goerlich, W. J. Marshall and M. Unverzagt,
Tetrahedron, 1999, 55, 14523-14534.

31. F. Allouche, V. Mougel, W. Griining and C. Copéret, Oil
Gas Sci. Technol. — Rev. IFP Energies nouvelles, 2016, 71,
22.

32. A. W. Addison, T. N. Rao, J. Reedijk, J. van Rijn and G. C.
Verschoor, Dalton T., 1984, 1349-1356.

33. R. R. Schrock, W. E. Crowe, G. C. Bazan, M. DiMare, M. B.
O'Regan and M. H. Schofield, Organometallics, 1991, 10,
1832-1843.

Graphical Abstract

This journal is © The Royal Society of Chemistry 2017


http://dx.doi.org/10.1039/c7cc07471a

Published on 18 October 2017. Downloaded by University of Newcastle on 19/10/2017 02:39:31.

ChemComm

Journal Name

" i
N f/'@'oj

N A

‘Mes Mes’NTg

This journal is © The Royal Society of Chemistry 2017

CMe,Ph ™ @
I N N-
N [0 SOt Mes~ "5 "Mes PhMe,C e Y OTF
e SW.

@
‘MeseOTf Mes N7 N -Mes

©°0Tf

-/

COMMUNICATION

Chem. Commun., 2017, 00, 1-3 | 5


http://dx.doi.org/10.1039/c7cc07471a

