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Abstract

Six rhodium—carbene complexes (2a—f) have been prepared and the new compounds characterized by C, H, N
analyses, 'H-n.m.r. and >C-n.m.r. Phenylboronic acid reacts with aldehydes in the presence of a catalytic amount of
rhodium(I)-carbene complex, RhCI(COD)(1,3-dialkylbenzimidazolidin-2-ylidene), (2a—f), to give the correspond-

ing aryl secondary alcohols in good yields.

Introduction

The success of every organometallic catalyst system
strongly depends on its availability and hence on
convenient methods for its preparation. Recently,
several efficient transition metal catalysts have been
developed, derived from heterocyclic carbenes [1].
Homogeneous organometallic catalysis have long
depended on phosphine ligands, PR3 [2]. Only recently
have N-heterocyclic carbenes (NHCs) offered the prom-
ise of an alternative ligand environment for organome-
tallic catalysis [3]. These new ligands proved to be
competitive with classical phosphines in many respects
[4]. For example, the synthesis of the carbene precursors
usually involves straightforward nitrogen quaternization
to form N, N’-disubstituted imidazolium salts. Method-
ologies for the metallation of such imidazolium salt
precursors is therefore of substantial current interest and
a number of methods have been established. In their
pioneering work, Lappert and coworkers used electron-
rich alkenes (entetramines) as the ligands [5]. The C=C
double bond in these alkenes could be activated by
various metal salts to give the corresponding metallated
carbenes. By far the most common route to prepare a
metal-carbene bond, however, is the free carbene route,
involving the abstraction of the acidic azolium proton
with BuLi, ‘BuOK or NaH and trapping of the free
carbene, after isolation or in situ, [6] with a metal
precursor [7].

The recent transition metal N-heterocyclic carbene
complexes have been employed as catalysts for Heck and
Suzuki coupling reactions [8], olefin metathesis [9],
hydroformylation, hydrogenation and hydrosilylation
[10, 11], and the copolymerization of ethane and CO [12].

* Author for correspondence

Our contribution to this field started with syntheses of
imidazolidin-2-ylidenes complexes of rhodium(I) and
ruthenium(I) which are capable of catalyzing the
cyclopropanation of styrene with ethyl diazoacetate
[13], intramolecular cyclization of (Z)-3-methylpent-2-
en-4-yn-1-ol onto 2,3-dimethylfuran, and addition of
phenylboronic acid to aldehydes in good yields [14, 15].
A highly effective, easy to handle and environmentally
benign process for palladium-mediated Suzuki cross-
coupling was developed [16]. These complexes are
insensitive to air and moisture and are thermally stable
in both the solid state and in solution. We have now
considered the possibilty of generating heterocyclic
carbenes that have pendent arene group and to evaluate
their ability to chelate the ruthenium atom, stabilize the
complex, or create catalytic activity [17].

Rhodium—carbene complexes have been extensively
studied. However, there are few reports on the catalytic
activity of rhodium-carbene complexes in rhodium-
mediated processes [18, 19]. Miyaura reported that
rhodium catalyzes the addition of aryl and alkenylbo-
ronic acids to aldehydes giving secondary alcohols. The
reactions were facilitated by the presence of an electron-
withdrawing group on the aldehyde and an electron-
donating group on the arylboronic acid, suggesting that
the mechanism involves a nucleophilic attack of the aryl
group on the aldehyde [20]. The finding that these
reactions were run with sterically hindered and strongly
basic ligands attracted the attention of Fiirstner who
subsequently applied N-heterocyclic carbene ligands. An
in situ generated catalytic system for the addition of
phenylboronic acid to aldehydes is the prepared com-
bination of the rhodium salt, 1,3-dialkylimidazolium
chloride and base [21].

Based on these findings and our continuing interest in
developing more efficient and stable catalysts, we wished
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Scheme 1.

to examine whether we could influence the catalytic
activity of rhodium-benzimidazolidin-2-ylidine com-
plexes for the addition of phenylboronic acid to
aldehydes (Scheme 1). We now report: (i) the straight-
forward preparation of new RhCI(COD)(1,3-dialkyl-
benzimidazolidin-2-ylidine) complexes and (ii) their
efficient catalysis for the addition of phenylboronic acid
to aldehydes.

Experimental

All manipulations were prepared by standard Schlenk
techniques under an inert atmosphere of nitrogen with
previously dried solvents. Solvent and reagents were
obtained from Aldrich, Merck and Across Chemicals.
The complex [RhCI(COD)], [22], 1,3-dialkylbenzmidaz-
olinium salts and 1,3-dialkylbenzimidazolidinylidene
(1) were prepared according to known methods [23].
Lr. spectra were recorded as KBr pellets in the 400-
4000 cm™' range on a ATI UNICAM 2000 spectro-
meter. '"Hn.m.r. (400 MHz) and "*Cn.m.r. (100 MHz)
were recorded on a Bruker AM 400 WB FT spectro-
meter with chemical shifts referenced to residual solvent
CDCl;. Microanalyses were performed by the
TUBITAK Analyses Center.

General procedure for the preparation of the
rhodium—carbene complexes

A solution of bis[1,3-dialkylbenzimidazolidin-2-ylidine]
(1) (0.5 mmol) and [RhCI (COD)], (0.5 mmol) in PhMe
(15 cm?) were heated under reflux for 2 h. Upon cooling
to room temperature, yellow crystals (2a—f) were
obtained. The crystals were filtered, washed with Et,O
(3 x 15 cm®) and dried under vacuum.

[ [
RhCI(COD)[CN{CH,CH,N(CH,CHj3),;}CsH,N{CH,CH;N-
(CH,CHj3)2}] (2a)

Yield: 0.25g, 90%, m.p. 140-141°C. Lr., vceny
1474 cm™. (Found: C, 57.6; H, 7.6; N, 9.7.
CyHuuN4ROCI caled.: C, 57.6; H, 7.9; N, 9.9%). 'H-
n.m.r. (CDCls): 6 1.13 (t, J = 7.2 Hz, 12H, CH,CHS); 2.70
(quar., J=3.6 Hz, 8H, CH,CHj3); 2.79 and 3.18 (t,
J=6.8 Hz and J = 7.2 Hz, 4H, NCH,CH,N); 3.29 and
4.55 (t, J = 7.6 Hz, 4H, NCH>CH,N); 7.15 and 7.27 (m,
4H, Cg¢H,); 5.08 and 5.13 (d, J = 6.4 Hz, 4H CHcop);
1.94 (quar, J=8.8 Hz, 4H, CH>cop); 2.38 (m, 4H,
CH>cop). “C-nm.r. (CDCL): 6 196.5 (d, J = 50.3 Hz,
Cearbene);  12.6 (CH,CHs); 48.4 (CH,CHs); 47.6-51.9

OH
[RhCICOD(NHC)] \
—_— C
DME/H,0, 80°C @ \ @
H R

(CH,CH,); 110.1, 122.5, 134,9 (CsHy); 69.0 and 100.4 (d,
J=69 Hz and J=14.5 Hz, CHcop); 29.0 and 33.2
(CHcop)-

| |
RhCI(COD)[CN{CH>CH>OCH;)CsHN{CH>CH,OCH;}] (2b)

Yield: 0.21 g, 86%, m.p.134-136 °C. Lr., vieny: 1476 em ™.
(Found: C, 52.3; H, 6.6; N, 5.7. C,;H3yN,O,RhCl calcd.:
C, 52.5; H, 6.3; N, 5.8%). '"H-n.m.r. (CDCls): 6 3.37 (s,
6H, OCH;); 4.02 (m 4H, NCH,CH,0); 4.84 (m, 4H,
NCH,CH>0); 7.19 and 7.45 (m, 4H, CgH,); 5.17 (t,
J = 5.6 Hz, 4H CHcop); 2.00 and 2.43 (m, 8H, CH>cop).
BC-n.m.r. (CDCls): 6 196.9 (d, J = 51.3 Hz, Ceprenc); 71.8
(OCHy); 48.7 (NCH,CH;0); 59.3 (NCH,CH,0); 110.9,
122.5, 135.6 (C¢Hy); 69.3 and 100.5 (d, J = 6.1 Hz and
J=14.5 HZ, CI—ICOD); 29.0 and 33.1 (CI_I2COD).

| |
RhCI(COD)[CN{CH>CH>CsHs)CsH.N{CH>CH>CsHs}] (2¢)

Yield: 0.26 g,91%, m.p. 192-194 °C. Lr., vcny: 1483 em L.
(Found: C, 64.6; H, 5.9; N, 4.6. C3;H34N>RhCl caled.: C,
64.9; H, 5.9; N, 4.9%). "H-n.m.r. (CDCly): 6 3.16 and 3.53
(t, J=5.6 Hz and J = 6.0 Hz, 4H, NCH,CH,); 3.28 (m.
2H NCH,CH,);4.76 (t, J = 5.6 Hz, 2H, NCH,CH,); 7.12—
7.18 (m, 4H, C¢H,); 7.21 (t, J = 4.0 Hz, 2H, p-CH,CH>-
CeHs); 7.31 (t, J = 7.2 Hz, 4H, m-CH,CH,C4¢H5);. 7.39 (d,
J=72 HZ, 4H, 0-CH2CH2C6H5); 5.19 (m, 4H, CHCOD);
1.96 and 2.37 (m, 8H, CH>cop). *C-nm.r. (CDCl5):
0 196.6 (d, J = 50.3 Hz, Cearpene); 36.4 (NCH,CH,5); 50.6
(NCH,CH,); 110.1, 122.5, 134.8 (CsHy); 69.0 and 100.5 (d,
J=69 Hz and J=14.5 Hz, CHcop); 29.1 and 33.2
(CHaxcop)-

| |
RhCI(COD)[CN{CH-C1oH7}CsH;N {CH,CH,OCH3}] (2d)

Yield: 022 g, 79%, m.p. 187-188 °C. Lr., vy
1479 cm™'. (Found C, 61.6; H, 5.9; N, 4.6. C5oH3,N,OR-
hClcaled.: C, 61.9; H, 5.7; N, 5.0%). '"H-n.m.r. (CDCl5): 6
344 (s, 3H, OCH;); 3.26 (m 2H, NCH,CH-,0); 4.10
(m, 2H, NCH,CH,0); 5.10 (s, 2H, CH,C,oH>); 6.90-8.37
(m, 14H, C¢H4 and CH,C ¢H~); 5.05 and 5.20 (m, 2H,
CHcop); 6.21 (d,2H, J = 6.1 Hz, CHcop); 1.62-2.39 (m,
8H, CH>cop). *C-n.m.r. (CDCly): 6 198.1 (d, J=
50.3 Hz, Cearbene); 71.9 (OCH3); 48.9 (NCH,CH;0); 59.4
(NCH,CH>0); 1109, 122.7, 1359 (CsHy); 50.3
(CH,C,oH5); 123.8, 125.6, 126.4, 127.1, 128.3, 129.2,



130.7, 131.9, 133.9, 135.2 (CH,C,oH>); 69.3 and 69.5 (d,
J=13.7 and 14.5 Hz, CHcop); 100.3 and 100.9 (d,
J=145Hz and J =69 Hz, CHcop); 28.8 and 32.6
(CHzcop)-

| |
RICI(COD)[CN{CH,C1oH)CsHN{CH>C1oH7}] (2e)

Yield: 024 g, 75%, m.p. 278-279 °C. Ir., veny:
1481 cm™'. (Found: C, 68.6; H, 5.6; N, 4.5.
C37H34NLRhCI caled.: C, 68.9; H, 5.3; N, 4.3%).
'H-n.m.r. (CDCl3): 6 4.99 (s, 2H, CH,C,oH7); 6.90-8.35
(m, 14H, C¢H4 and CH,C,oH5); 6.23 (d, 4H, J = 16 Hz,
CHcop); 144229 (m, 8H, CHycop). “C-n.m.r.
(CDCl3): o 199.7 (d, J=51.1 Hz, Ciapene); 50.4
(CH,CoH7); 111.2, 123.0, 135.9 (CgHy); 123.8, 125.7,
126.5, 127.1, 128.5, 129.3, 130.9, 132.1, 133.6, 133.6
(CH,C;oH7); 69.5 and 100.7 (d, J=14.4Hz and
J=06.8 HZ, CHCOD); 28.5 and 32.8 (CH2COD)~

| |
RhCI(COD)[CN{CH>CH,N(CH>CH, )0} CsH N{CH>CH>N
L |
(CH,CH; ),0}] (2f)
L |

Yield: 0.25 g, 84%, m.p. 235-236 °C. Lr., veny: 1477 em ™
(Found: C, 54.6; H, 6.9; N, 9.1. Cy7H49N4O,RhCl caled.: C,
54.9; H, 6.8: N, 9.5%). 'H-n.m.r. (CDCl;): 6 2.68 (m 8H,
NCH,CH,0); 3.75 (t, J=13.7 Hz, 8H, NCH,CH,0);
3.35; 4.78; 2.89 and 3.13 (m, 8H, NCH,CH,N); 7.21
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and7.36 (m, 4H, C¢Hy); 5.12 (m, 4H, CHcop); 2.01 (quar.,
J = 8.4 Hz, 4H, CHycop); 2.43 (m, 4H, CH>cop). C-
n.m.r. (CDCl3): ¢ 197.3 (d, J=50.3 Hz, Cearpene); 57.6
(NCH,CH,0); 67.2 (NCH,CH,0); 46.3 and 54.2
(NCH,CH,N); 110.3, 122.6, 135.0 (C¢Hy); 69.0 and 100.6
(d, J=14.5Hz and J = 6.9 Hz, CHcop); 29.1 and 33.2
(CHaxcop)-

General procedure for Rhodium—carbene catalyzed
addition of phenylboronic acid to aldehydes.

Phenylboronic acid (1.20 g, 9.8 mmol), KOBu-t (4.9
mmol), the substituted aldehyde (4.9 mmol), rhodium
carbene catalyst (1 mol%) and dimethoxyethane (15 cm®)
were introduced in to Schlenk tube and then H,O (5 cm?)
was added. The resulting mixture was heated for 1.0-2.0 h
at 80 °C, cooled to ambient temperature, attracted by
ethyl acetate (30 cm®). After drying over MgSO, the
organic phase was evaporated and the residue was
purified by flash chromatography. The isolated yield
(purity of yield and yields based on aldehydes) has
checked by n.m.r. All reactions were monitored by t.l.c.

Results and discussion

The tetraaminoethene, (/), was synthesised using a
method similar to that reported by Lappert and Co-
workers [23¢] The reaction of tetraaminoethene (/) with
the binuclear [RhCI(COD)], complex proceeded smoothly
in refluxing toluene to give the RhCI(COD)(1,3-dialkyl-
benzimidazolinyliden) complexes (2a—f) as crystalline
solids in 75-91% yields (Scheme 2).

(H3CH,C),N. H;CO.
N 0 N
oS — D
N[N NN
Cl G
(H3CH,C),N OO
(2a) “ 2d)
R R'
o ¥
N \ > L
/ NS
>—RH A ~—— N N - RK
~ \ \ A
N \ 7 N \ 2
& R R
| cl
H,CO +
(2b) (2e)

1/2 [RhCI(COD)],

(1a) R =R'=CH,CH,N(CH,CHj3),

(Ib) R =R'=CH,CH,0CH;

(Ic) R =R = CH,CH,C¢Hs

(1d) R = CH,CH,0CH;, R' = CH,CyoH;

N J (Ie) R =R'=CHyC,oH,
c (If) R =R’ = CH,CH,N(CH,CH,),0 a
M
o N
(2c) 7/ 2

Scheme 2. Synthesis of rhodium—carbene complexes.
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Complexes (2a—f), which are very stable in the solid
state, have been characterized by analytical and
spectroscopic techniques. Rhodium complexes exhibit
a characteristic vncn) band typically at 1474
1483 cm™' [14, 24]. '3C chemical shifts, which provide
a useful diagnostic tool for metal carbene complexes,
show that Cg,, is substantially deshielded. Values of
0("*Ceurp) are in the 196.5-199.7 ppm range and are
similar to those found for other carbene complexes.
Coupling constants J('®*Rh-'3C) for the new rhodium
complexes (2a—f) are comparable with those found for
carbene rhodium(I) complexes. These new complexes
show typical spectroscopic signatures which are in line
with those recently reported for other RhCI(COD)(1,3-
dialkylbenzimidazolidin-2-ylidine) complexes [14, 25].
Although the addition of carbon nucleophiles to
aldehydes is usually a facile process, limits are encoun-
tered that the functionalized organometallic reagents
require. Rhodium complexes (2a—f) were found to be
active catalysts for the addition of phenylboronic acid
to aldehydes and proved to be thermally robust at high
temperature. The addition of phenylboronic acid to
aldehydes proceeds in high yields, quite rapidly even with a
low catalyst loading. The results were summarized in

Table 1. Rhodium—carbene catalyzed addition of phenylboronic acid
to aldehydes

Entry Cat. R Time (h) Yield (%)™
1 2a OCH; 1.5 89
2 2b OCHj; 1.0 92
3 2c OCHj; 1.5 87
4 2d OCH; 1.5 90
5 2e OCHj; 1.5 88
6 2f OCH;, 2.0 90
7 2a 2,4,6-(OCH;)s 1.5 89
8 2b 2,4,6-(OCH3)3 1.0 91
9 2¢ 2,4,6-(OCH;); 2.0 83

10 2d 2.4,6-(OCH3); 2.0 86

11 2e 2,4,6-(OCHs)3 2.0 85

12 of 2,4,6-(OCH3)3 2.0 79

13 2a 3,4,5-(0OCHs;); 2.0 92

14 2b 3,4,5-(OCH3)s 2.0 97

15 2¢ 3,4,5-(OCH,)s 1.0 84

16 2d 3,4,5-(OCHs); 1.5 96

17 2e 3,4,5-(OCHs); 1.5 94

18 of 3,4,5-(OCH3)s 1.0 88

19 2a 2,4,6-(CHs)3 1.5 92

20 2b 2,4,6-(CH3); 1.0 97

21 2c 2,4,6-(CHs)3 2.0 91

22 2d 2,4,6-(CH3); 2.0 85

23 2e 2,4,6-(CH;)s 1.0 91

24 of 2,4,6-(CH;)s 1.0 90

25 2a Cl 1.0 88

26 2b Cl 1.0 94

27 2c Cl 1.0 92

28 2d Cl 1.0 91

29 2e Cl 1.0 89

30 2f Cl 1.0 88

“Tsolated yield (purity of yield checked by n.m.r.).
®Yields based on aldehydes.
°All reactions were monitored by t.l.c.

Table 1. Under those conditions, 4-methoxybenzalde-
hyde, 2,4,6-trimethylbenzaldehyde, 3,4,5-trimethoxybenz-
aldehyde and 4-chlorobenzaldehyde react very cleanly
with phenylboronic acid to give good product yields
(Table 1, entry 2, 8, 14, 20 and 26).

Conclusion

From readily available starting materials, such as
1,3-dialkylbenzimidazolinylidene, six rhodium—carbene
(2a—f) have been prepared and characterized. Also a
convenient and highly user-friendly method for the
addition of phenylboronic acid to aldehydes is pre-
sented. The procedure is simple and efficient towards
various aryl aldehydes and does not require induction
periods. Future investigations are aiming at the devel-
opment of an asymmetric version of this process.
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