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Summary: Readily:ailable N-heterocyclic platinum complexes
provide actwe catalytic species for 1,2-diboration and anticipate
a wide range of applications in alkenes and alkynes. Unprece-
dented catalytic BB addition of heteroatom-containing sub-
strates preided high selectiity into organosulfur-diboronate
esters. Their in situ basic oxidation afforded the desired 1,2-
dihydroxysulfones in high yields.

The special electronic and steric properties induced by
N-heterocyclic carbenes (NHCs) are affording new bases for
the preparation of complexes with enhanced catalytic activity,
which now have widespread applications in a large number of
organic reaction$ln the field of catalyzed diboration reactions,
the success of the process is based on the cleavage oftBe B
bond by low-valent metal centérand the kinetic lability of
the resulting bis(boryl) complexésThe combination of these
two facts guarantees the activation of tetraalkoxy- and tetraaryl-
oxydiboranes by oxidative addition, despite their relatively high
B—B bond energy,and also the B-C reductive elimination to
afford synthetically suitable stereodefined organo-1,2-diborane
compounds$. The acceptance of the advantageous metal-
promoted 1,2-diboration versus the uncatalyzed reattiais
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motivated researchers to find a suitable active catalytic systemaddition to aryl allylic sulfones to achieve, after oxidative

since Miyaura and Suzuki's first repdrEven the asymmetric
version of the reaction has recently acquired special signifi-
cance® While all efforts have been focused on metghosphine
complexes,we recently described a series of NHC-based Ag(l)
and Au(l) complexes that cleanly performee-B addition to
alkenest® Our ongoing research in this field is now aimed at
using a series of Pt(6)NHC complexes in the 1,2-diboration
of alkynes and alkenes. We point out the first example 688
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workup, an alternative method for obtaining 1,2-dihydroxy-
sulfones as valuable intermediates for functionalized cyclic
ethers and lacton&s(Scheme 1).

The NHC-platinum compoundd—3 were synthesized by
transmetalation from the corresponding silver carbenes, as
shown in Scheme 2. The three complexes were obtained to study
how the electronic nature of the NHC ligand affects the catalytic
performances. Compleékhas already been report&dalthough
we have changed the preparation procedure. To the best of our
knowledge, this is the first example of a silver transmetalation
to platinum(0). Complexe$ and2 were characterized by NMR

(8) (a) Morgan, J. B.; Miller, S. P.; Morken, J. B. Am. Chem. Soc.
2003 125 8702. (b) Trudeau, S.; Morgan, J. B.; Shrestha, M.; Morken, J.
P.J. Org. Chem2005 70, 9538. (c) Raritez, J.; Segarra, A. M.; Fernandez,
E. Tetrahedron: Asymmetrg005 16, 1289.

(9) (@) Marder, T. B.; Norman, N. CTop. Catal. 1998 5, 63. (b)
Ishiyama, T.; Miyaura, NChem. Rec2004 3, 271.

(10) (a) Rarmez, J.; Corbém, R.; SanauM.; Peris, E.; Fernandez, E.
Chem. Commur2005 3056. (b) Corb€ma, R.; Ranmnez, J.; Poyatos, M.;
Peris, E.; Fernandez, Hetrahedron: Asymmetr006 17, 1759.

(11) (a) Jin, C.; Ramirez, R. D.; Gopalan, A. ®Retrahedron Lett2001,

42, 4747. (b) Gonzalez, S. S.; Jacobs, H. K.; Juarros, L. E.; Gopalan, A. S.
Tetrahedron Lett1996 37, 6827.

(12) (a) Marko, 1. E.; Sterin, S.; Buisine, O.; Mignani, R.; Branlard, P.;
Tinant, B.; Declercq, J. FScience2002 298 204—-206. (b) Berthon-Gelloz,
G.; Buisine, O.; Briere, J. F.; Michaud, G.; Sterin, S.; Mignani, R.; Tinant,
B.; Declercq, J. P.; Chapon, D.; Marko, I. E.Organomet. Chen2005
690, 6156-6168. (c) Buisine, O.; Berthon-Gelloz, G.; Briere, J. F.; Sterin,
S.; Mignani, G.; Branlard, P.; Tinant, B.; Declercq, J. P.; Marko, CEem.
Commun.2005 3856-3858. (d) Marko, I. E.; Sterin, S.; Buisine, O
Berthon, G.; Michaud, G.; Tinant, B.; Declercq, J.&lv. Synth. Catal.
2004 346, 1429-1434.

© 2006 American Chemical Society

Publication on Web 10/21/2006



5830 Organometallics, Vol. 25, No. 24, 2006 Notes

Table 1. 1,2-Diboration of Alkynes with Pt(0)-NHC?2

entry Pt(0y-NHC substrate diboron time (h) conversion (9%6)
1 2 PhCCPh B(pin)2 24 4
2 A PhCCPh B(pin). 24 39
3 2 PhCCPh B(pin), 24 60
4 1 PhCCPh B(pin), 24 41
5 3 PhCCPh B(pin)2 24 19
6 2 PhCCPh B(caty 5 >95
7 2 p-(CFs)PhCCPIp(CFs) Ba(cat) 5 >95
8 2 p-(CF)PhCCPp(OMe) By(cat) 5 50
9 2 p-(OMe)PhCCPh B(caty 5 57

10 2 PhCCH B(pin), 24 3
11 2 PhCCH B(cat) 8 99
12 2 p(CF3)PhCCH B(caty 8 99
13 2 p(Cl)PhCCH B(cat) 8 99
14 2 p(OMe)PhCCPh B(cat) 8 99

a Standard conditions: 5 mol % of Pt(ONHC catalytic system, alkyne/diboron, 1:11625 °C. PConversion ortis-alkenyl bis(boronate) esters, based
onH NMR. Solvent: THF.fSolvent: CHCN. 9Solvent: toluene.

Table 2. 1,2-Diboration of Alkenes with Pt(0}-NHC and

Bz(Cat)za
conv bis(boryl) alkane

Pt(0)-NHC substrate (%0)° (%)P

1 PhCH=CH, 88 42

2 PhCH=CH, 97 66

3 PhCH=CH; 94 54

2 PhCH=CH, 85 58

2 PhCH=CH,

2 p-(F)PhCH=CH, 91 67

2 p-(MeO)PhCH=CH, 85 62

2 vinylcyclohexene 100 21

2 3,3-dimethylbutene 100 11

a Standard conditions: 5 mol % of Pt(GNHC catalytic system; alkene/
diboron, 1:1.1,T 25 °C reaction time 4 h, solvent THEConversion and
selectivity based oAH NMR. cSolvent: toluenedSolvent: CHCN.

other imidazolylidenes and electronically similar to phosphines,
Figure 1. Molecular diagram ol (50% probability level, Hatoms  as has been observed for other chlorinated-NHC compféxes.
omitted). Selected bond lengths (A) and angles (deg): P€{)) The Pt(0>-NHC complex 2 was initially tested in the
igg;g% E}Eg_g(é)) iggg% (F;t((zl;)g((g)) 12;522((163) %((gg% diboration of alkynes using diphe_nylacetylene and phenylacetyl-
1:407(9): C(6)-C(7) 1:418(9); C(4-}Pt(1)—'C(1)—N(’2) 78.6(6), ene as model substrat_es for internal and terminal alkynes,
C(G)—Pt(l)—C(l)—N(Z) —102.1(6),0. 80.3.a= ang|e between the respectlvely. As shown in Table 1, THF was the most suitable

imidazolium ring plane and they plane of the metal complex. solvent for conducting (at room temperature) the clean addition
of bis(pinacolato)diboron, #pin),, to alkynes with the forma-
and elemental analysis. The most significant feature of the tion of thecis-alkene bis(boronate) esters (entries3). How-
13C{1H} NMR spectrum is the signal @t 185.5 (1) and 183.5 ever, conversion depends on the electronic properties of the
(2), with coupling constants that confirm Pt bindinge_c = NHC ligand, and the electron-releasing triazolylidene carbene
1392 Hz,1; Wpic = 1390 Hz,2). ligand in complex2 was the most suitable, as expected (entries
3—5). Thus, we selected compl@fdor further studies, and the

Single crystals ofl. were obtained only by slow evaporation . ) X
g y y oy b use of the most reactive bis(catecholato)diboron(c&),

of a concentrated dichloromethane solution. The molecular o . . :
diagram (Figure 1) shows that the coordination is trigonal planar 20wed quantitative conversions of diphenylacetylene in 5 h
at the Pt(0) center. The angle of the plane defined by the azole(entry 6). o ) . .
ring is almost perpendicular to the platinum coordination plane ~ When the significance of the electronic parameters in this
(. = 80.3). The shortest interactions between both ligands arise Process was reinforced, we pbserved that the Igss electron rich
from the pseudoaxial methyl groups of the dvtms and the the diarylalkyne was, the higher the product yield (Table 1,
wingtips of the NHC ligand. The platinuscarbene distance ~ €ntries 79). This is in agreement with Marder’s observgtlé‘f'?s.

is in the expected range (PCcarbene= 2.037(6) A). The &C R_emarkably, compl@Q performed a total conversion on
bond distance of the terminal vinyl groups provides a direct diborated product, with the less reactive substrate, phenylacetyl-

measurement of platinum back-bonding in the olefin delocalized €ne. tolerating even electron-donating and electron-withdrawing
7 orbital. Marko et al. have reported a series of similar com- Moieties in the substrate (entries-iD4). Conversions were

plexes for which the &C distances range from 1.42 to 1.49 A,
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Table 3. 1,2-Diboration of Aryl Allylic Sulfones with Pt(0)—NHC?2

arylallylic sulfone/ conv bis(boryl)
Pt(0)-NHC substrate diboron (%)° alkane sulfone (%)
1 PhSQCH,CH=CH, 1:11 90 75
2 PhSQCH,CH=CH. 1:11 69 71
3 PhSQCH,CH=CH, 1:1.1 87 85
1 PhSQCH,CH=CH. 1:2 100 90
1 p-(Me)PhSQCH,CH=CH, 1:2 100 91
1 p-(Cl)PhSQCH,CH=CH, 1:2 100 94

a Standard conditions: 5 mol % of Pt(GNHC catalytic system; diboron, bis(pinacolato)diboron(f#n),); aryl allylic sulfone/diboron, 1:1.1T 80 °C,
reaction time 16 h, Solvent toluerConversion and selectivity based &1 NMR.

calculated on the basis of thd NMR. However, to test whether  terminal group in the allylic system facilitated the simultaneous
the substrate could be pumped off during the sample preparationB—B catalytic addition to the €C bond without any undesired
we carried out the same catalytic reaction undemTHF, and byproduct formation due to the isomerization of the double bond.
no changes in the conversion were detected. To broaden theAs shown in Table 3, Bpin), was added quantitatively under
scope of the catalytic performance of our P{BHC com- optimized conditions (toluene, 8C, 16 h), in the presence of
plexes, we went on to study alkenes. Comptexas found to complexesl—3, and catalytic systert proved to be the most
be an excellent catalyst precursor that allowed styrene to besuitable for this transformation. However, small percentages of
diborated at room temperature withd h (Table 2), with THF monoalkylboranes were observed as a subsedienélimina-
being the solvent of choice. However, other alkylborane tion competitive pathway. It is interesting to note that the aryl
byproducts were observed, probably arising freHH elimina- allylic sulfones could not be diborated with metghosphine
tion pathways that compete with the diboration catalytic c§cle. catalytic systems based on rhodium or platinum complexes such
Electron-poor vinylarenes showed a slight decrease in bis- as [RhCI(PPEs], [Rh(cod)(PPB)s]BF4, or Pt(PPB)s. An excess
(boryl)alkane formation. Extension to aliphatic alkenes was also of diboron leads to total conversion, even with electron-donating
possible, but greater percentages of byproducts were formedor electron-withdrawing moieties in the substrate.
Thus, platinum-carbene-catalyzed diboration improves the  This study opens up new perspectives for future applications
B—B addition with Pt(PP$)4® and [Pt(PPk)>(C,H4)]*6 and is of metal-mediated synthesis toward chiral nonracemic 1,2-

an alternative to the more classical base-free platiitand dihydroxysulfones when asymmetry can be induced through the
mono(phosphine)platinum complex¥salthough the latter chiral N-heterocyclic carbenes, as an alternative to the Sharpless
provided slightly faster performances. asymmetric dihydroxylation method or the hydrolytic resolution

The Pt-NHC-catalyzed 1,2-diboration reaction makes it Of époxysulfones with Jacobsen’s catalyst. We are also studying
possible for us to use our preliminary findings on alkynes and the in situ intramolecular cyclization of bis(boryl)alky! sulfones
alkenes to generate a useful method for preparing b|s(b0ryl)_ to pI‘OVIde suitable routes for pl‘epal’lng functionalized d|hydr0'
alkane sulfones that can be easily converted into 1,2-dihydroxy- furans.
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