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Abstract 

Ruthenium complexes with N-(p-toluenesulfonyl)-diamine ligands are efficient catalysts for insertion of carbenes 
generated from diazo compounds into O-H bonds of alcohols. © 1998 Elsevier Science Ltd. All rights reserved. 
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Dirhodium(II) tetracarboxylate-catalysed insertions of carbenes into aliphatic C-H [1] and polar 
X-H bonds [2] have been used increasingly for the synthesis of earbo- and heterocyeles [3, 4]. To our 
knowledge, despite ruthenium is a cheap metal, and many of its complexes readily available, easily 
chemically engineered, and being increasingly popular in cycl0propanation reactions [5, 6], they only 
have scarcely been investigated to date in insertion reactions [5e, 7]. We recently explored the 
synthesis of various ruthenium complexes with N-(p-toluenesulfonyl)-diamine ligands, and used them 
as catalysts or catalyst precursors for olefin cyclopropanation [8]. As a continuation of this research 
we became interested in the addition of diazo compounds to olefinic alcohols in order to assess the 
chemoselectivity between O-H insertion and cycloaddition to the C-C double bond. In this 
investigation, aUyl alcohol was chosen as the model substrate [9]. 
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The following chelate complexes with bidentate TsN-N ligands have been synthesized 
[10] and tested in this investigation, and we found that O-H insertion was highly selective to the 
detriment of olefin cyclopropanation (Table 1). Such chemoselectivity is reminiscent of that observed 

(1) TSN NH 2 (2) TSN NH 2 (3) TsN NH 2 (4) T s N / / - - - ~  

(5) TsN NH 2 

Table 1 

(6) TsN (7) T s N ~ ~ N  ~ (8) T s N ~ N  

Addition of ethyl diazoacetate to allyl alcohol in the presence of ruthenium complexes 1-8 a 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Yield, %b Yield, %b 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Catalyst (TGA) O-H Insertion Cyclopropanation Catalyst (TGA) O-H Insertion Cyciopropanation 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 (221 °C) 80 7.5 5 (211°C) 80 10 
2 (.C) 75 6 6 (269 °C) 56 7 
3 (.c) 57 4 7 (210"(2) 83 4 

4 (185°CC) 82 6.5 8 (2710C) 15 2 
.................................................................................................................................................................................. 

a Reaction conditions : catalyst, 0.005 mmol; allyl alcohol, 20 mmol; ethyl diazoacetate, I mmol diluted by the substrute up to 
I mL; addition time, 4 h; temperature, 60 *C. 

b Based on ethyl dia?nacetate and determined by GLC analysis. 
c A side decomposition of the complex is competitive with arene release. 
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Figure 1 
Influence of the iigands on the decomposition rate of ethyl 
diazoacetate in allyl alcohol in the presence of complexes 
1 (m), 2 (D), 3 (O), and 8 (O), at 60 °C. 

Reaction conditions same as in Table 1. 
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Figum 2 
Influence of the tvmperature on the decomposition rate of 
ethyl diazog:etate in allyl alcohol in the presence of 
complexes 7 (m, 0 ,  A) and 8 (r'l, O, A), at 40 *C (A, A), 
60 °C (O, O) and 80 oC ( I ,  El). 
Reaction conditions same as in Table 2. 
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Table 2 
Effect of the temperature on the yield of the addition of ethyl diazmceta~ to allyl alcohola 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O-H Insertion yield (cyclopropanation yield), %b 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Catalyst Temperature : 40 °C 60 °C 80 °C Reflux. 96 oC 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 27 (2) 80 (7.5) 83 (10.5) c 80 (11) 
7 37 (1) 83 (4) S8 (5.5) 79 (7) 
8 7 (<1) 15 (2) 31 (5) 43 (7) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a,b Reaction conditions same as in Table 1. 
c Catalyst 3 : O-H insertion yield. 85 %; cyclopropanation yield, S %. 

with rhodium carboxylates [9]. 
The st°tic and electronic properties of the ligands have a dramatic influence on the reactivity 

of the ruthenium catalysts. The importance of the bite angle (the angle between the two donor atoms 
of the bidentate ligand and the metal centre) is illustrated by comparing the activity of complexes 1, 2, 
and 3 (Table 1 and Figure 1). Distortions of this angle mostly affected the decomposition rate of the 
diazo compound and hence the overall yield of the reaction, but not significantly the 
chemoselectivity. In the series of complexes 1, 2 and 3, the former was shown to be more efficient 
than the latter. Ligands combining both a tosylanllide and a pyridine (or a quinoline) moiety, 6 and 8, 
gave rise to less efficient catalytic systems (whatever the bite angle of the resulting chelate complex) 
than tosylamide-amine (1-3), tosylanilide-aniline (5), and tosylamide-pyridine (7) derivatives. 

Complexes 1-8 are 18-electron species and, in order to display some catalytic activity, (at least) 
one ligand should be displaced by the diazo compound. According to the literature [11], the resulting 
metal-diazo compound complex should then lose one nitrogen molecule and afford a ruthenium- 
carbene intermediate. In this context, the aUyl group of chelate 4 is an obvious candidate for ligand 
displacement. With the other complexes, the amine, aniline or pyridine moieties could be displaced 
despite their good coordination ability and the entropy effect. Most likely is the release of t h e  

p-cymene ligand, as it was shown for RuCl2(p-cymene)(PR3)-catalysed olefin metathesis [12]. 
Furthermore, the close parallelism observed between the ease with which the arene ligand is 
disengaged fi'om the different RuCl(p-cymene)(TsN-N) complexes reported in Table 1 (as quantified 
by standardised thermogravimetric analyses (TGA)) indicates a direct relationship between arene 
ligand lability and catalyst activity. This is clearly illustrated by complexes 6 and 8 whose 
temperature of release of the p-cymene ligand (270 °C) is much higher than that of the other 
complexes used in this study (Table 1). 

Whatever the actual activation process of these complexes, the most active ones proved to 
efficiently promote carbene insertion into the O.H bond of a variety of substrates. The yields ranged 
from 75 to 95 % provided the temperature be higher than 50 °C (Table 2). 

[Ru] 
R O ~  H + N2CHCO2Et ~ RO~CH2CO2Et + N 2 

60°C 

R = H, Me, Et, Pr,/-Pr, n-Bu, seo.Bu, t-Bu, Ph, Bn, and Ac. 

Primary alcohols were more reactive than tertiary ones, as confirmed by intermolecular competitions 
(Table 3). The reason why stericaUy hindered alcohols such as t-butanol were less reactive likely 
arises from the lower accessibility of the oxygen lone pairs to the electrophilic ruthenium-carbene 
intermediate. 
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Table 3 
Relative reactivities of representative alcohols and styrenea,b 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Catalyst 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Subslzat¢ RuCl(p-cymene)(N-N- 1 ) RuCl(p-cymeae)(N-N-7) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Methanol 1.04 1.12 
Ethanol 1.00 1.00 
Propanol 0.97 0.97 
Isopmpanol 0.63 0.67 
t-Butanol 0.24 0.32 
Allyl alcoholC 0.91 0.89 

Styrene d 0.62 0.96 

a,b Reaction conditions same as in Table I (60 °C). 
c 0.94 with complex 6. 
d With complexes I and 7, cis/trans = 0.51 and 0.53, respectively. 

In conclusion new highly, efficient catalysts for insertion of carbenes into O-H bonds have 
been developed, which display a quite good chemoselectivity towards insertion versus C-C double 
bond cycloaddition. Preliminary experiments also showed that the best ruthenium complexes 
catalysed N-H insertion of carbenes into aniline with excellent yields (85-95 %). These results will be 
reported in due time. 
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