
Journal of OrSsmomewttic Ckmisq 532 (1997) Zht-265 

Preliminary Communication 

Heterocyclic carbenes ‘. One-pot synthesis of rhodium and iridium 
carbene complexes 

Christian Kijcher, Wolfgang A. Herrmann * 

Rhodium carbine complexes of the type Rh(XXq’-1.5.codXL,,,,) (X = halide anion. L_,+_ = imidazok. triazole. pymok atad 

benzimidank cwbene) are directly accessible from [RM$-IS-codKII, fallowing B simple new one-pot synthesis. A slurry of ibis 
complex in ethanol is successively treated with an cxc.% of both sadium ethoxide and kteroaromatic azalium salt. An in situ formed 
rhodium ethoxide complex acts as depmtoneting agent. Cyclwctadiene may be displaed by two molecules of carbon memx&k yielding 

complexes UP the type Rh(CO),X(L,,, ), and one carbon monoxide ligand may again be replaced by phosphiws M pbospbiw to y&d 
rr,,~.~-Rh(CO)X(L,,,,ML~). The described method also works for snaloSour iridium complexes. Tbc u-dow/wacceptw chaacte~ 

istics of imidazale carbenes are compared with those of phosphines. 

Kewords: Curhenes; Hetemcycles: Hetemcyclic carbener: Rhodium: bidmm 

1. Introduction 

In 1968 Wanzlick and ijfele found that heterocyclic 
carbenes derived from imidazolium and pyrazolium salts 
form extraordinarily stable transition metal complexes 
[I ,2]. Free carbenes of the imidazoline- and imidazoli- 
dine-2-ylidene type were isolated much later by Ar- 
duengo and coworkers [3.4]. We founti rhat imidazoline- 
2-ylidenes are advantageously synthe! z,ed from azolium 
salts in mixtures containing liquid ammonia, often within 
a few minutes at - 35 “C. We were thus able to syntbe- 
size tempr;rture-sensitivr. functionalized and chiral free 
carbenes in excellent yields [5.6]. We also reported on 
carbene complexes of high and low oxidation state 
bansition metals [‘Il. the latter being extremly stable [6]. 
Finally. transition Group 8-10 carbene complexes are 
excellent catalysts in B number of coupling reactions [8]. 

Canriponding author. 
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2. Results and diseu&uu 

The principle of the new synthesis is based on the 
conversion of an organometallic halide precwsor into a 
corresponding alkoxide, which latter species - possibly 
generated only in situ - has a sufftcient basiiity to 
deprotonate the N-hetemcyclic azolium salt. At the 

Same time, the alkoxide ligand is replaced by the car- 
beoe ligand thus generated. 

An illustrative example for the new procedure is 
presented in Scheme 1. Here, the chlommadium and 
-iridium complexes la and lb, respectively. are SE- 
pended in ethanol and treated with four equivalents of a 
I M solution of sodium &oxide in the same solvent. 
The formation of alkoxy complexes, e.g. 2a.b. is i&i- 
cared by a colour change of the orange shmy into bri& 
yellow within Smin. In the next step, four equivalents 
of l.3-bis(dipheenylmethyl)imidazolium bromide are 
added in one portion. The reaction mixture is then 
nllowed to react at 60°C for two days. After washing 
with methanol. the rhodium and iridium complexes 3ab 
are obtained in 94 and 95% yield respectively. l%ese 
compounds are stable to air and moisture, even in 
solution. 

0022.32SX/97/$17.a)CopyriSht 0 1997 Publisbed by Elwirr Swnce S.A. All rigbe wened. 
P,, S0022-328X(96)06732-0 



Quite a number of new carbene complexes has thus 
become available. Examples are the imidazol-derived 
rhodium complexes 4 and 5. but also the triazole-, 
benzimidazole- and pyrazole-derived rhodium carbenes 

6-8. 

An, Cn, 

6 , a 

Further ucidic protons like in the methylene group of 
complex 4 do not interfere with carbene complex forma- 
tion. The triazole cnrbone complex 6 was synthesized as 
described above for the imidazole curbone complexes. 
In the case of 7. u stoichiometric amount of MN-di- 
metbylbenzimidazolium iodide is required. otherwise 
dicarbene complexes are formed & well. A more !-both- 
ous synthesis of benzimidazolr-type carbene complexes 
was previously reported by Luppen and coworkers [Y]. 
In contrast. pyrazole carbene complex 8 requires a 
higher excc~ of NWdimethylpyrazohum iodide as well 

as longer reaction times. The renction rate decreases in 
the order benzimidazole > triazole > imidazole > 
pyrazole with decreasing acidity of the corresponding 
azolium salt. In every case square-planar mono-carbene 
complexes of the type RhXfn’- IS-codXL,,,,,,,,) were 
obtained. with X representing the heaviest halide anion 
present in the reaction mixture. 

Aithough an excess of sodium ethoxide and azolium 
salt was used in the synthesis of imidazole, triazole and 
pyrazole carbene _omplexes, we never observed the 
formation of cationic dicarbene complexes of the type 
[Rh(rl’-l.S-CodXL,,,,,,,), 1+X-. However, imidazole 
carbene complexes of this kind are formed quantita- 
tively when [Rh(n’-IS-cod)CI], is treated with two 
equivalents of a sterically not very demanding free 
carbene such as l.3-dimethylimidazoline-2-ylidene [6]. 
Thus, the intermediate formation of free carbenes can 
be ruled out. at least in the case of imidazole carbene 
complexes. 

From Rh(XXs-cod)(L,,,,,,,), e.g. 31% cyclooctadi- 
ene may be displaced by two molecules of carbon 
monoxide to yield compound 9 with v(CO) = 2078. 
2015 [cm-‘]. indicating a cis-configuration. One carbon 
monoxide ligand may again be replaced to give the 
trat,s-carbene/phosphine or phosphite complexes 1Oa 
and lob (r.t.. CHCI,): 

The donor/acceptor characteristics of different lig 
ands L can be qualified with the example of warts- 
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Rh(CO)X(L),: the CO stretching frequencies are sensi- 
tive to the electron density at the metal. It can be seen 
that imidazole .xbenes induce a significantly higher 
electron density at the rhodium center than the standard 
phosphine ligands PMe, and PCy, (Table I ). 

3. Spectroscopic and analytical data 

3.1. Brotno(~‘-l.5-cyclooctn~lieneJf1.3-bis(diphe~~yl- 
tnethylJimidaioline-2-ylidene)rhodirrmfl) (3~) 

‘H NMR (4OOMHz. CDCI,, 25°C): S [ppm] 1.40 
(br. 2H. CODn,,v), 1.76 (hr. 4H, COD,,,,), 7.23 (br, 2H. 
COD&, 2.76’ (br, 2H, COD,,,,,). 5.17 (hr. 2H. 
COD,,,,,), 6.71 (s, 2H, NCHCHN), 7.27-7.41 (m, 
20H. C,H,). 8.25 (s. 2H, NCfZ(C,H,)). 

‘?(‘H) NMR (100.5 MHz, CDCI,. 25°C): S [ppml 
28.84, 32.22 (s each. CODa,,Y). 67.23 (s, NCH(Phj2), 
70.15 (d, ‘.f(C-Rh)= 13.8HL. CODv,ny,!, 97.60 (d, 
‘W-RU = 6.4Hz. COD,,,,,). 97.72 (d. J(C-Rh) = 
6.4Hz. COD,,,,,), 120.44 (s, NCHCHN), 126.59. 
127.58. 128.05. 128.46, 128.71. 129.66. 139.98, 140.21 
(s each. NCH(CtiH,j2, Ph groups not equivalent), 
185.30 (d. ‘J(C-Rh) = 51.5 Hz. NC<,,,N). 

IR (KBr): Y [cm-‘] 3164, 3136. 3061. 3052. 3025, 
2937,2914, 2871.2828, 2822. 1494, 1453, I41 1. 1397, 
1278, 1236. 1208, 1181, 1078. 1028, 750. 725. 717. 
697. 

Anal. Found: C. 64.16; H, 5.18: N, 3.99. 
C,,H,,N?BrRh (691.52) Calc.: C, 64.27; H, 5.25; N. 
4..0570. 

3.2. Bronrofq’-I.5-cyclooctadieneJ~1.3-bistdiphenyl- 
methytJimidazolifre-2-yl;deneJiridilsn(lJ 136) 

‘H NMR GWOMHZ, CDCI,. 25°C): S [ppm] 1.09 
(br, 2H. COD&. 1.63 (br. 4H. COD,,,,). 2.12 (br, 2H. 
COD&. 2.42 (bt. 2H. COD,,,,,), 4.79 (br, 2H. 
COD,,,,,). 6.78 (s. 2H. NCHCHN), 7.29-7.45 (m. 
ZOH, C&,. 8.12 (s. 2H, NCH(C,H,)). 

“C(‘H) NMR (100.5MHz. CDCI,. 25°C): S [ppml 
29.53, 32.91 (s each, COD>,, ), 53.75 (s, COD. ,“,, 1. 
66.87 (s. NCH(Ph),), 84.10 &, COD,,,,,). 120.07 (s, 
NCHCHN). 126.9L 127.58, 128.07. 128.49, 128.71, 
129.50. 139.98, 140.12 (s each, NCH(C,H,),. Ph 
groups not equivalent). 182.20 (s. NC,,,,N). 

IR (KBr): Y [cm-‘] 3062. 3027. 2915, 2869, 2827, 
1979. 1933, 1903. 1495, 1451, 1413, 1403, 1382, 1323, 
1277. 1236, 1208, 1182. 1077. 1031, 751. 721, 695, 
603, 469. 

’ H NMR (4OOMHz. CDCI,, 25 “C): S [ppm] 6.79 (s. 
2H. NCHCHN), 7.13 (d. JH, ‘I(H-HI = 7.3Hz. 

NCH(C,ZZS)I). 7.33-7.41 (m. 16H. NCH(C,H,)2), 7.59 
(s. 2H, NCH(C,Y,)I). 

“Cl’ H) NMR ( 100.5 MHz. CDCI,. 25°C): S [ppm] 
68.02 (s. NCHW,,H&), 120.58 ,J. NCHCHN). 
127.38. !28.01, 128.58. 128.75. 129.61. 138.26, 138.82 
(n each, NCH(C,H& Pb groups not 
176.99 (d, ‘J(C-Rh) = 43.2 Hz. CO). 180. 
Rh) = 78.1 Hz, CO). 186.15 (d. ‘J(C-Rh) = 54.2Hz, 
NC,,,N). 

IR (KBr): Y [cm-‘] 3165. 3135, 3058, 3027. 2923, 
2078.2015, 1495, 1451, 1418, 1385. 1277, 1203. 1187. 
1164. 1077. 1031. 751,720.697. 

Anal. Found: C. 58.73: H. 4.06; N. 4.34. 
C,, H?,N,O?BrRh (639.35) Calc.: C. 58.24; H. 3.78: N, 
4.38=& 

‘H NMR(4OOMHz. CDCI,. 25°C): 6 [ppm]6.81 (s, 
2H. NCHCHN), 7.23-7.65 (m, 35H. NCH(C,H,&. 
l-W+,. 8.14 (s, 2H. NCH(C,H,),). 

C( HI NMR (100.5 MHz. CDCI,. 25°C): d tppml 
67.73 (s. NCH(C,H,),), 119.87 (s, NCHCHN), 
127.51. 127.68, 127.78, 128.11, 128.43, 128.52, 129.48. 
129.74. 134.04. 134.48. 139.21, 139.69 (NCH(C,H,)>. 
P(C,H,),). 183.46 (dd. ‘BC,,,,-Rh) - 45.0 Hz. 
‘./(C,,,-P) = 119.0 Hz), 184.35 (dd. ‘J(CO-Rb) = 
80.0 Hz, ‘./&IO-P) = 15.6 Hz). 

“P NMR (162MHz. CDCI,. 25Y): S [ppn] 32.2 
(d, ‘I(P-Rh) = 115.5 Hz). 

IR WBr): Y [cm-‘] 3162. 3135. 3058. 3027. 3OW 
1968, 1495. 1480, 1449, 1433. 1415, 1205, 1185, 1159, 
1092, 1028.751.726.695. 564, 523. 

Anal. Found: C, 65.94: H. 4.50: N. 3.16; P, 3.49. 
C,,H,N,POBrRh (873.63) Calc.: C. 65.99; H, 4Jo: 
N. 3.21: P, 3.554. 

3.5. Bromocorbon?l-truns-(triphen?lphosphit@ni,3- 
bis~diphenylmet~t~lJi~~~ida;oline-2-y~idene~rh~i~l~ 

(ZobJ 

‘H NMR WOMHz. C,D,, 25-C): S tppml6.43 (s. 
2H. NCHCHN), 6.73-7.57 (m, 35H. NCH(C,ZZ&. 
PtoC,ZZ&. 7.78 (8. 2H. NCZZ(C,H,):). 

“CI’H) NMR (100.5MH2, C,D,. 25°C): S [ppnl 
67.95 (s, NCH(C,H&). 120.14 (s. NCHCHN). 
122.23, 124.66. 125.64. 128.41. 128.51. 128.73, 128.84. 
129.28, 129.60. 129.83. 130.08. 130.78. 139.60. 139.73. 
152.28, 152.32 (NCHW,H,),, P~oc,H,)~). 

“P NMR (162MHz. C,D,. 25’0 8 [ppn] 126.9 
(d, ’ AP-Rb) = 200.7 Hz). 

IR (KBK): Y [cm-‘j 3166. 3138, 3061. 3027. 1994. 
1587, 1487. :45l. 1413. 1382. 1187. 1162. 1023. 908. 
885.785, 749. 733. 721, 630.659.618. 600. 559.495. 
467. 



Anal. Found: C. 62.66; H, 4.30; N, 2.88. 
C,H,,N,P,O,BrRh (921.63) Calc.: C. 62.56; H. 4.27; 
N, 3.04%. 

‘H NMR (4OOMHz. CDCI,, 25’C): S [ppm] 1.8-2.4 
(m. 16H. COD,,,). 3.33 (br. 4H, COD,,,,,), 4.01 (s, 6H. 
NCH,).S.Il (br,4H,COD,,,,,). 6.75(s. 2H. NC&N), 
7.38. 7.70 (s each. 2H each, &CHCHN). 

“C(‘H] NMR (lOO.5MHz. CDCI,. 25°C): S [ppm] 
28.69. 29.31, 32.14. 33.24 (s each. COD,,,,,, 37.81 (s, 
NCHJ. 62.61 (s. NCH>N). 69.20 (d, J(C-Rh)= 
13.8Hz. COD,,,,,), 70.18 (d, ‘J(C-Rh)=l4.7Hz. 
COD,,,,,). 98.63 (d. ‘J@-Rh) = 6.4Hz. COD,,,,,), 
99.31 (d. ‘JGRh) = 6.4Hz. COD&. 121.04. 123.46 
@&,$ICHCHN), 183.11 (d. J(C-Rh) = 50.6Hr. 

Ii?&): r [cm-‘] 3156, 3101. 3087, 2985. 2930, 
2913. 287% 2827, 14% 1383. 1225. 1119. 958. 760, 
75 I, 696. 674. 482. 440. 

Anal. Found: C. 39.86; H, 4.65: N. 7.20: Rh. 27.8. 
C,H,,N,Br,RhZ (758.21) Calc.: C. 39.60: H. 4.79: N. 
7.39: Rh. 27. I %. 

1H NMR (400MHz. CDCI,. 25°C) 8 [ppml: 2.0-2.7 
(m. COD,,,,,), 3.44._5.14 (COD,,,,,). 5.74 (s, 2H. 
NCI-I+r). 6.06 (dd, -J(H.H)= 12I-iz, 2H, NCH,Ar), 
7.44, 8.14 (s, IH. NCH). 7.0 (d. 4H. ‘./(H,H) = 8 Hz). 
7.9 (d. 4H. ‘J(H,H) = 8Hz). 

“C{‘H] NMR (IOO.SMHz. CDCI,. 25°C): S [ppm] 
28.33. 32.35 (s each. COD ,,,,, 1, 53.08, 56.00 (s each, 
NCHC,H,R), 68.06 (d, ‘J(C-Rh) = 12.9 Hz, 
COD, ,“,, ), 96.82 (s, COD,,,,,), 121.87. 122.83 (s each, 
NCHCHN). 125.72. 125.9% 126.11, 12i.23. 134.93. 
136.37. 147.37, 148.33 (s each. NCHC,H,R groups not 
equivalent). 181.80 (d. ‘J(C-Rh) = 51.5 Hz, N&N). 

‘H NMR GlOOMHz, CDCI,, 25°C): S [ppm] 1.80- 
2.31 (br. SH, COD,,,,). 3.45 (m, ZH, COD,,,,,,), 3.96, 
4.09. 4.17, 4.20 (s each, 6H. NCH,), 5.24 (s. 2H, 
COD,,, ,), 7.88(s. IH. NCHN). 

‘“CI’H] NMR ( 100.5 MHz, CDCI ?. 25 “Cl: fi [ppm] 
29.33, 29.46. 32.09. 32.26 (s each, CODS,,,,), 35.1 I. 
35.56, 39.64. 39.80 (s each. NCH,). 71.52 (d, ‘J(C- 
Rh) = 13.8 Hz. COD,,,,,,). 72.06 (d. ‘J(C-Rh) = 
13.8 Hz, COD, ,““, ), 97.43 cd, ‘J(C-Rh) = 6.4 Hz, 
COD, ,“,: ). 92.52’ (d, ‘J(C-Rh) = 7.4Hz. COD,,,,,), 
142.86.c~. NCHNL 144.17 (s. NCHN), 186.1 I (d, 
‘I(C-Rh) = 42.6Hz. NC&!). 

IR (KBr): v [cme’] 3125, 2988. 2923, 2875, 2824, 
1541, 1469, 1382, 1341, 1215, 1108. 1041. 959, 859, 
764,692.677, 641, 480,459,441. 

Anal. Found: C, 32.66; H, 4.21: N, 9.61; Rh, 23.5; I, 
29.25. C,zH,,N,IRh (435.1 I) Calc.: C. 33.13: H, 4.40: 
N, 9.66: Rh, 23.7; I, 29.17%. 

‘H NMR (4OOMHz, CDCI,, 25°C): 6 [ppm] 1.85 
(m, 2H, COD,,, ). 2.03 (m. 2H, Cog,,,). 2.37 (m, 4H. 
CODS,,,). 3.51 rbr, 2H. COD,,,,,), 4.18 (s, 6H. NCH,). 
5.33 (br. 2H, COD,,,,,), 7.24 (m, 4H, C,H,). 

“C{‘H] NMR (lOO.5MHz, CDCI,. 25°C): S [ppm] 
29.43, 32.26 (s each, COD,,,,), 34.64 (s, NCH,), 71.73 
(d, ‘./CC-Rh) = 13.8 Hz, COD,,,,,). 98.03 (d, ‘kc-Rh) 
=6.4Hz. COD,,,,(), 109.05, 122.14, 135.43 (s each, 
C,H,), 196.43 (d, J(C-Rh) =47.X Hz, NC,.,,,N). 

Anal. Found: C, 42.50; H. 4.84; N, 5.50: I, 24.72. 
C,,H,,N,IRh (484.19) Calc.: C. 42.17: H. 4.58; N. 
5.79; 1, 26.21%. 

‘H NMR(400MHz, CD&12, 25°C): S [ppm] l.23- 
2.34 (hr. COD,,,,,, 3.43 (tn. 2H, COD,,,,,,). 3.82. 4.28 (s 
each. 6H, NCH,). 5.08 (s, 2H. COD,,,,,), 6.25, 7.23 (d 
each, 2H. ‘J(H.H) = 3. I Hz. C HC H). 

“C{‘H] NMR (100.5 MHz, CD&I,. 25°C): fi [ppm] 
29.95. 32.81 (s each. COD,,,,), 36.41. 39.88 (s, NCHJ, 
72.34 (br. COD, _,“,, ), 94.89 (d. ‘J(C-Rh)= 6.4Hz. 
COD ,,“,, ), 114.15 (s, CH), 133.70 (s, CH), 187.50 (d. 
‘.I@-Rh) = 43.2Hz. NC,,,,N), [DMsO-~/J: 182.60 (d, 
‘J(C-Rh) = 43.2 Hz, NC,,,,N). 

IR (KBr): v [cm-‘] 3119. 3104, 2977, 2927, 2869. 
2819. 1556. 1541, 1520, 1474, 1425, 1382, 1359, 1297, 
1277, 1156, 1077,926, 795. 780.439. 
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