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Abstract 

Dodecacarbonyltriruthenium (Ru,(CO),,) showed high catalytic activity for the 
first one-to-one addition of N-substituted formamides to both terminal and internal 
olefins at 180-200 o C under a carbon monoxide pressure of 20 kg cm- 2. The 
addition of N-metylformamide to cyclopentene afforded N-methylcyclopentane- 
carboxamide in 90% yield. 

Introduction 

Formic acid and its derivatives, which are easily derived from carbon monoxide, 
are important as sources of functionalized C, units [l]. Isnard et al. recently 
revealed that RuCl,(PPh,), catalyzes the addition of methyl formate to ethylene at 
190-200°C [2]. However, the catalytic activity was rather low and the applicable 
olefin was limited to ethylene. On the other hand, free radical addition of for- 
mamide derivatives to olefins induced by photo-irradiation [3] or radical initiators 
[4] has been well studied, but to our knowledge, a complex catalyzed addition of 
formamide derivatives to olefins has not yet been reported. Here we report the first 
example of transition metal catalyzed addition of N-substituted formamides to both 
terminal and internal olefins, which could be regarded as the catalytic activation of 
a functionalized C-H bond. The reaction mechanism is also discussed. 

Results and discussion 

N-Octyl and N-benzylformarnide reacted with l-hexene as a terminal olefin in 
the presence of a catalytic amount of Ru,(CO),,, to give the corresponding adducts 

(1 + 2) in 63 and 454 o yields, respectively (eq. 1). Results are listed in Table 1. The 
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Table 2 

Effects of reaction conditions a 

Run 

6 

CO pressure Temp. 
(kg cm-‘) (“C) 

0’ 180 

Conv. b 

(W) 

71 

Yield ’ 
(%) 

16 

l/2 d 

63/31 

7 10 200 93 63 68;32 

1 20 200 88 63 61/39 

8 40 200 50 38 48/52 

9 20 160 15 6 50/50 

10 20 180 58 47 52/48 

u N-Octylformamide (5 mmol), 1-hexene (40 mmol), Ru,(CO),, (0.05 mmol) for 24 h. ’ Conversion of 

N-octylformamide determined by GLC. ’ The yield of the adducts (1 + 2) determined by GLC based on 

the amount of N-octylformamide charged. ’ See eq. 1. e Under an argon atmosphere. 

tylformamide and yield of the adducts were low (Run 11 in Table 3). When the 
reaction time was prolonged to 24 h, the yield of the corresponding adducts (1 + 2) 
reached 63% (Run 1 in Table 1). 

Several transition-metal complexes were used as catalyst precursors in the ad- 
dition of N-octylformamide to 1-hexene (Table 3). Although Isnard et al. reported 
that RuCl,(PPh,), catalyzed the addition of methyl formate to ethylene [2], 

RuCl,(PPh,), and Ru(CO),(PPh,), showed no catalytic activity in the present 
reaction (Runs 12, 13). Other transition-metal carbonyls were also inactive in the 
present reaction (Runs 14-19). These results showed that this catalytic reaction was 
characteristic of Ru,(CO),,. 

Although the radical chain mechanism was proposed for both previous reactions 
[3,4], radical initiators (1.0 mol% based on the N-substituted formamide), such as 
a,a’-azobisisobutyronitrile, benzoyl peroxide, and di-t-butyl peroxide were found 
not to induce the present reaction (Runs 20, 22, 24 in Table 4), and combination of 
Ru,(CO),, with these radical initiators did not enhance the yield at all (Runs 21, 23, 
25). Furthermore, addition of 2,6-di-t-butylphenol as a radical scavenger did not 

Table 3 

Activities of several catalyst precursors ’ 

Run Catalyst Conv. b Yield ’ l/2 d 

(48) (S) 

11 Ru,W%, 56 24 69/31 
12 RuCl,(PPh,), 0 0 _ 

13 Ru(C%(PPh,), 33 0 _ 

14 Rh,(CG),, 16 1 o/100 
15 Co,(CO), 2 0 _ 

16 Pe(CG) s 10 0 _ 

17 Pe&G)s 20 0 _ 

18 Pea(CG)t, 23 0 _ 

19 Re&% 15 1 64/36 

y N-Octylformamide (10 mmol), 1-hexene (80 mmol), catalyst (0.3 mm01 as metal atom), CO (30 kg 

cm-*) at 18O’C for 6 h. b Conversion of N-octylformamide determined by GLC. ’ The yield of the 
adducts (1 + 2) determined by GLC based on the amount of N-octylformamide charged. d See eq. 1. 
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affect the reaction (Run 26), so a radical chain mechanism is apparently not 
involved in the present reaction [5 * 1. 

The most plausible route to the adducts is illustrated in Scheme 1. Oxidative 
addition of the N-substituted formamide to an active catalyst centre affords the 
hydridocarbamoyl intermediate (3) [6]. Coordination of olefin to 3 and insertion of 
the olefin into the hydrido-metal bond then provides the isomeric alkylcarbamoyl 
species (4a, 4b). The adducts are then formed via a reductive elimination. A 
hydridocarbamoyl intermediate (3) has been isolated and the reaction sequences 
involving 3 have been outlined in a previous study [7]. Furthermore, in the present 
reaction, carbon monoxide pressure was essential for the catalytic activity (vide 
supra). It is suggested that carbon monoxide stabilizes some of the active catalyst 
species such as Ru(CO), and Ru,(CO),,, (which were identified in the present 
reaction as FT-IR absorption bands at 1985 cm-’ [8] and at 2061,2035,2018 cm-’ 
[9] respectively, and/or promote the reductive elimination (last step in Scheme l), 
and/or suppress the decarbonylation and decomposition of the N-substituted 
formamide (results of the run under an argon atmosphere: Run 6 in Table 2). In the 
course of the reaction, no decarbonylation of the N-substituted formamide to the 
corresponding amine and carbon monoxide was observed irrespective of whether 
olefin was present or not, showing that the present reaction proceeds via the direct 
addition of N-substituted formamides to olefins under carbon monoxide. 

Experimental 

Materials 
The reagents used were purified by distillation under argon. N-Substituted 

formamides were prepared by a method described by Moffat [lo]. Carbon monoxide 
(> 99.9%) was used without further purification. RuCl,(PPh,), [ll], Ru(CO),- 

(PPh,), WI, QACO),, P31, FeKO), 1141, Fe,KOh P51 were prepared by 
published procedures. RuCl s . nH,O (mainly n = 3) was purchased from Mitsuwa 
Chemicals and Ru,(CO),,, Fe(CO),, Co,(CO),, Re,(CO),, were purchased from 
Strem Chemicals and were used without further purification. 

General procedure 
A mixture of olefin (40 mmol), N-substituted formamide (5 mmol) and Ru3(C0)i2 

(0.05 mmol) was placed in a 50-ml stainless steel autoclave (Yuasa Giken; SUS 316) 
equipped with a glass liner and a magnetic stirring bar. The unit was sealed and 
then purged three times with 10 kg cm-’ pressurization-depressurization cycles of 
carbon monoxide. The reactor was then pressurized to 20 kg cm-’ with carbon 
monoxide (at room temperature), and the autoclave was heated to 180-200” C 
within 15 min with stirring, and held at this temperature for 24 h. The reaction was 
terminated by rapid cooling, and gaseous products were discharged. The resulting 
orange solution was analyzed by GLC and FT-IR. 

Analytical procedure 
The products were isolated by vacuum fractional distillation and/or medium 

pressure column chromatography (absorbent: silica gel or aluminium oxide; eluent: 

* Reference number with asterisk indicates a note in the list of references 
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‘H NMR spectrum was consistent with it in the literature [16]. IR (KBr): v(N-H) 
3273.4, v(C=O) 1641.5, 6(N-H) 1556.7 cm-‘. Found, C, 77.37; H, 9.00; N, 6.15. 
C,,H,,NO talc: C, 77.38; H, 8.81; N, 6.45%. 

N-Methylcyclopentanecarboxamide. Pale-yellow crystals. m.p. 56.0-57.5 o C. i3C 
NMR (CDCl,): 6 26.0 (t, CH,(CH,),CH,CHCO), 26.1 (q, NHCH,), 30.5 (t, 
CH,(CH,),CH,CHCO), 45.5 (d, CH), 177.2 (s, C=O). ‘H NMR (CDCl,): 6 
1.47-1.98 (m, 9H, CH,(CH,),CHCO), 2.76 (d, 3H, NHCH,), 7.29 (br, lH, NH). 
IR (KBr): v(N-H) 3300.4, v(C=O) 1639.6, 6(N-H) 1558.6 cm-‘. Found: C, 65.90; 
H, 10.43; N, 11.15; 0, 12.76. C,H,,NO talc: C, 66.11; H, 10.30; N, 11.01; 0, 
12.58%. 
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