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Dichlorobis(triphenylphosphine)platinum(II) is an effective catalyst precursor for the carbonylation of organic 
iodides having @-hydrogens on saturated sp3 carbons. The carbonylation under carbon monoxide pressure in 
the presence of alcohol gives esten, and aldehydes are obtain4 by the reaction under carbon monoxide and hydrogen 
pressure. Thus, I-iodohexane is carbonylated to methyl heptanoate in 79% yield in the presence of methanol 
at 120 "C under 70 kg cm-2 of initial carbon monoxide pressure. Heptanal is formed in 86% yield from 1-iodohexane 
at  120 "C under carbon monoxide (50 kg cm-2) and hydrogen (50 kg cm-2). Alkenyl and alkynyl iodides are also 
smoothly carbonylated in the presence of alcohol into the corresponding esters without reduction of unsaturated 
bonds. 

Introduction 
Transition-metal-catalyzed carbonylations of organic 

halides with carbon monoxide are valuable synthetic 
methods for the direct introduction of a carbonyl group 
into organic molecules and have been extensively studied.' 
Thus far, many transition-metal complexes such as iron,2 
~ o b a l t , ~  n i ~ k e l , ~  r h ~ d i u m , ~  and palladium6 are known to 
be active as catalysts. Among them, palladium complexes 
show high catalytic activity under mild reaction conditions 
and are very widely employed. Palladium complex cata- 
lyzed carbonylations of organic halides are extremely useful 
synthetic tools.' In the palladium-catalyzed reactions, 
however, there exists one major limitation. Applicable 
substrates are limited to organic halides such as aryl, 
alkenyl, benzyl, and allyl halides, since the intermediate 
(a-organo)palladium species generated by oxidative ad- 
dition of these halides to active metal centers do not un- 
dergo @-hydride elimination. On the other hand, in the 
case of organic halides having &hydrogens on saturated 
sp3 carbons, palladium catalysts do not afford carbonylated 
products effectively due to the @-hydride elimination of 
(a-a1kyl)palladium species (eq 1). Recently, Alper et al. 

RCHzCH2- I  [Pd] 

(1) 

employed a palladium-rhodium binary catalyst system 
with metal alkoxides as alkoxylating reagents to overcome 
this limitation.8 However, the catalytic activity was not 
satisfactory. Besides palladium-catalyzed reactions, co- 
balt-catalyzed carbonylation of organic halides having 
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Table I. Activities of Several Catalyst Precursors and 
Effect of Bases on the Methoxycarbonylation of 

1-Iodohexane' 
run catalvst base conv,b % yield: % 
1 
2 
3 
4 
5 
6 
7 
8d 
9d 

1 0 d  

KZC03 
NaOAc 
Na2C03 
NaHC03 
KZC03 
K2C03 
KZC03 
KZC03 
KZC03 
,KzCO3 

97 
26 
49 
29 

100 
97 
69 
99 

100 
90 

75 
2 

13 
4 

73 
52 
39 
58 
21 
5 

a I-Iodohexane (IO mmol), catalyst (0.50 mmol), base (12 mmol), 
methanol (40 mmol), and dioxane (15 mL) at 120 "C for 9 h under 
CO (initial pressure 70 kg cm-2). *Conversion of I-iodohexane de- 
termined by GLC, i.e., 100 X (1 - starting material recovered/ 
starting material charged). E Yield of methyl heptanoate deter- 
mined by GLC, i.e., 100 X (product formed/starting material 
charged). dKZC03 (6.0 mmol), MeOH (60 mmol). 

@-hydrogens on sp3 carbons has been r e p ~ r t e d . ~  However, 
the catalytic activity was quite low and rearranged prod- 

(1) (a) Collman, J. P.; Hegedus, L. s.; Norton, J. R.; Finke, R. G. 
Principles and Applications of Organotramition Metal Chemistry; 
University Science Books: Mill Valley, CA, 1987; pp 619-665 and 
749-768. (b) Colquhon, H. M.; Holton, J.; Thompson, D. J.; Twigg, M. 
V. New Pathways for Organic Synthesis; Plenum Press: New York, 19&Q; 
Chapter 6, pp 195-253. (c) Mullen, A. New Syntheses with Carbon 
Monoxide; Falbe, J., Ed.; Springer-Verb: Berlin, 1980; pp 243-308. (d) 
Weil, T. A.; Cassar, L.; Foa, M. Organic Syntheses via Metal Carbonyls; 
Wender, I., Pino, P., Eds.; John Wiley and Sons: New York, 1977; Vol. 
2, pp 517-543. (e) Tkatchenko, I. Comprehensive Organometallic 
Chemistry; Wilkinson, G.,  Stone, F. G. A., Ahl, E. W., Eds.; Pergamon 
Press: New York, 1982; Vol. 8, pp 101-223. 

(2) (a) Collman, J. P. Acc. Chem. Res. 1975, 8, 342. (b) Collman, J. 
P.; Finke, R. G.; Cause, J. N.; Brauman, J. I. J. Am. Chem. SOC. 1977,99, 
2515. (c )  Collman, J. P.; Finke, R. G.; Cause, J. N.; Brauman, J. 1. J. Am. 
Chem. SOC. 1978, 100, 4766. (d) Tustin, G. C.; Hembre, R. T. J. Org. 
Chem. 1984, 49, 1761. 

(3) Heck, R. F.; Breslow, D. S. J. Am. Chem. SOC. 1963, 85, 2779. 
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ucts were obtained in some cases. 
In this paper, we describe the full details on the plati- 

num-catalyzed carbonylation of organic iodides.l0 This 
novel catalyst system achieves effective carbonylation of 
organic iodides having ,&hydrogens on saturated sp3 car- 
bons, as well as the carbonylation of alkenyl and alkynyl 
iodides. 

Results and Discussion 
Carbonylation of Organic Iodides Having B-Hy- 

drogens on Saturated sp3 Carbon. Organic iodides 
having (?-hydrogens on saturated sp3 carbons are smoothly 
carbonylated in the presence of an alcohol and a catalytic 
amount of PtC12(PPh3),. The reaction gave the corre- 
sponding esters at 120 "C in 9 h under 70 kg cm-2 of initial 
CO pressure (eq 2). 

Takeuchi et al. 

n-CgH13COOMe 

Activities of several catlyst precursors and effect of bases 
are examined in the carbonylation of 1-iodohexane (Table 
I). Among the platinum complexes, PtC12(PPh3), and 
Pt(CO),(PPh3), showed high catalytic activity to give 
methyl heptanoate in 75% and 73% yields (runs 1 and 5). 
Under the present reaction conditions, PtC12(PPh3), is 
reduced in situ to Pt(C0),(PPh3), judging from FT-IR 
measurement (1990 and 1950 cm-') of the resulting reac- 
tion mixture (Pt(CO),(PPh,),; lit." 1990 and 1948 cm-'1. 
Other di- and zerovalent platinum complexes were less 
effective (runs 6-8). In  the present carbonylation, palla- 
dium catalysts such as Pd(PPh3), and PdC12(PPh3), were 
totally unsatisfactory in terms of yields and selectivites 
(runs 9 and 10). Furthermore, after the reaction, palladium 
metal was always deposited in these cases. 

In this carbonylations, a base was indispensable to 
scavenge hydrogen iodide generated in the reaction and 
the nature of the base affected the reaction markedly. 
Organic bases such as tertiary amines easily reacted with 
organic iodides to give quaternary ammonium salts prior 

(4) Jolly, P. W.; Wilke, G. The Organic Chemistry of Nickel; Academic 
Press: New York, 1975; pp 294-381. 

(5) (a) Foster, D. Adu. Organomet. Chem. 1979, 17, 255. (b) Woell, J. 
B.; Alper, H. Tetrahedron Lett. 1984,25,3791. (c) Alper, H.; Hamel, N.; 
Smith, D. J. H.; Woell, J. B. Tetrahedron Lett. 1985, 26, 2273. 

(6) (a) Schoenberg, A.; Bartoletti, I.; Heck, R. F. J.  Org. Chem. 1974, 
39, 3318. (b) Schoenberg, A,; Heck, R. F. J.  Org. Chem. 1974,39, 3327; 
(c) J.  Am. Chem. SOC. 1974,96,7761. (d) Galamb, V.; Gopal, M.; Alper, 
H. Organometallics 1983,2,801. (e) Baillargon, V. P.; Stille, J. K. J.  Am. 
Chem. SOC. 1983,105,7175. (0 Crisp, G. T.; Scott, W. J.; Stille, J. K. Ibid. 
1984,106,7500. (g) Martin, L. D.; Stille, J. K. Ibid. 1980,102, 4193. (h) 
Stille, J. K.; Wong, P. K. J.  Org. Chem. 1975, 40, 533. (i) Tanaka, M. 
Tetrahedron Lett. 1979,2601; (j) Bull. Chem. SOC. Jpn. 1981,54,637. (k) 
Kobayashi, T.; Tanaka, M. J.  Organomet. Chem. 1981,205, C27; (1) 1981, 
231, C12; (m) 1981,233, C64; (n) J.  Chem. Soc., Chem. Commun. 1981, 
333. (0) Tamaru, Y.; Ochiai, H.; Yoshida, 2.-I. Tetrahedron Lett. 1984, 
25, 3861. 

(7) (a) Mori, M.; Chiba, K.; Okita, M.; Ban, Y. J .  Chem. SOC., Chem. 
Commun. 1979,698; Tetrahedron 1985,41,375. (b) Chiba, K.; Mori, M.; 
Ban, Y. J.  Chem. SOC., Chem. Commun. 1980,770; Tetrahedron 1985,41, 
387. (c) Ishikura, M.; Mori, M.; Ikeda, T.; Terashima, M.; Ban, Y. J.  Org. 
Chem. 1982,47,2456. (d) Mori, M.; Washioka, Y.; Urayama, T.; Yosh- 
iura, K.; Chiba, K.; Ban, Y. J.  Org. Chem. 1983,48, 4058. (e) Cowell, A,; 
Stille, J. K. J.  Am. Chem. SOC. 1980, 102, 4193. (0 Martin, L. D.; Stille, 
J. K. J.  Org. Chem. 1982, 47, 3630. (g) Takahashi, T.; Ikeda, H.; Tsuji, 
J. Tetrahedron Lett. 1980,21,3885. (h) Takahashi, T.; Nagashima, T.; 
Tsuji, J. Chem. Lett. 1980, 369. 

(8) Hashem, K. E.; Woell, J .  B.; Alper H. Tetrahedron Lett. 1984,25, 
4879. Woell, J. B.; Fergusson, S. B.; Alper, H. J.  Org. Chem. 1985, 50, 
2134. 

(9) Heck, R. F.; Breslow, D. S. J .  Am. Chem. SOC. 1963, 85, 2779. 
(10) Preliminary communication: Takeuchi, R.; Tsuji, Y.; Watanabe, 

(11) Chini, P.; Longoni, G. J .  Chem. SOC. A 1970, 1154. 
Y. J .  Chem. SOC., Chem. Commun. 1986, 351. 

Table 11. Effect of an Amount of Methanol on the 
Methoxscarbonslation of 1-IodohexaneO 

yield,' % run MeOH/mmol % 
11 20 98 61 

1 40 97 75 
12d  60  99 79 
13 120 100 5 
14e 370 100 0 
15f 40 98 72 
169 40 83 48 

a 1-Iodohexane (10 mmol), methanol, PtC12(PPh3)2 (0.50 mmol), 
KzCO3 (12 mmol), and dioxane (15 mL) a t  120 "C for 9 h under 
CO (70 kg cm-2). bConversion of 1-iodohexane determined by 
GLC. Yield of methyl heptanoate determined by GLC. K2C03 
(6.0 mmol). 'In methanol (370 mmol, 15 mL), without dioxane. 
'THF (15 mL) in place of dioxane. #Benzene (15 mL) in place of 
dioxane. 

Table 111. Alkoxycarbonylation of Various Organic 
Iodides" 

run iodide product yield,* % 
17' n-CloH,,I n-Cl0H2,COOMe 68 
18 C6H5(CH2),I C6H5(CH2)2COOMe 56 

2d n-C6H13CH- n-C6H13CH(CH3)COOMe 76e 

2 1  (E)-C,HXH= (E)-C,H,CH=CHC,H,COOMe 65 

lgd CyC1o-C6H11I cyclo-C6H1,COO~e 74e 

(CH3)I 
- I  " _  

CHC,H,I 
22 (Z)-C2HSCH= C2H5CH=CHC2H4COOMe 66e" 

CHCgHaI - .  
23 C6H51 C6HS-COOMe 57 
24h n-C6H131 n-CGH1&00-n-C6Hl3 71 
25' n-C6H131 n-C6Hl3C0OCH(CH3)C2H5 62 

a Organic iodide (10 mmol), PtC12(PPh3), (0.50 mmol), K2C03 
(6.0 mmol), methanol (60 mmol), and dioxane (15 mL) a t  120 "C 
for 9 h under CO (70 kg ern-"). Determined by GLC. Methanol 
(120 mmol). dMethanol (40 mmol). 'Isolated yield. f T H F  (15 
mL). g Z E  = 4:l. 2- 
Butanol was used in place of methanol. 

to the carbonylation. Even 1,8-bis(dimethylamino)- 
naphthalene (Proton Sponge), which is a very strong base 
with pK, 12.34 and only weakly nucleophilic,12 was not 
effective in the present reaction. So, several inorganic 
bases were examined in the reaction. Among inorganic 
bases tried, only K2C03 was effective (run 1). Other in- 
organic bases such as NaOAc, Na2C03, and NaHC03 did 
not give good results (runs 2-4). 

Methanol has a significant influence on the present 
carbonylation (Table 11). When a 4-6 molar excess of 
methanol was used with dioxane as a cosolvent, the yield 
of the ester reached a maximum (runs 1 and 12). As the 
amount of methanol increased, the yield of ester decreased 
drastically (run 13). When the reaction was performed in 
a large excess of methanol (37 equiv and without cosol- 
vent), the ester was not obtained a t  all (run 14). Tetra- 
hydrofuran and benzene also can be used as a cosolvent 
(runs 15 and 16). 

Both the reaction temperature and CO pressure also 
affect the reaction considerably. When the reaction was 
carried out a t  150 "C, selectivity to the ester decreased 
considerably and the yield of the ester was 40%. At 95 
"C, conversion of 1-iodohexane was lowered to 34% and 
the yield of the ester was only 9%. Lower initial CO 
pressure somewhat reduced the yield of ester (60% a t  30 
kg cm-2 of initial CO pressure). 

Various organic iodides were alkoxycarbonylated with 
the present catalyst system (Table 111). 1-Iododecane and 

1-Hexanol was used in place of methanol. 

(12) Alder, R. W.; Bowman, P. S.; Steele, W. R. S.; Winterman, D. R. 
J .  Chem. SOC., Chem. Commun. 1968, 723. 
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Table IV. Effect of Pressure and Composition of Synthesis 
Gas on the Formylation of 1-Iodohexane" 

run CO, kg cm-* Hz, kg cm-2 conv,* % yield,c '70 
26 50 50 99 86 
27 30 30 75 47 
28 70 30 94 81 
29 30 70 55 31 

1-Iodohexane (10 mmol), PtC12(PPh3)2 (0.50 mmol), K2C03 (12 
mmol), and dioxane (15 mL) a t  120 O C  for 9 h. bConversion of 
1-iodohexane determined by GLC. Yield of heptanal determined 
by GLC. 

@-phenethyl iodide gave the corresponding esters in good 
yields (runs 17 and 18). Cyclic and acyclic secondary 
iodides were also smoothly carbonylated to the corre- 
sponding esters (runs 19 and 20). (E)-l-Iodo-3-hexene gave 
(E)-methyl 4-heptenoate exclusively (run 21). On the other 
hand, (Z)-l-iodo-3-hexene gave a mixture of (2)- and 
@)-methyl 4-heptenoate ( Z E  = 4:l) in 66% yield (run 22). 
The following observations clearly indicate that this Z / E  
ratio reflects the thermodynamic stability of the products. 
Namely, during the reaction, the carbonylated product 
(2)-methyl 4-heptenoate was isomerized to the E isomer; 
Z E  was 6 1  after 6 h (total isolate yield 46%) and 4:l after 
9 h (total isolated yield 66%). Furthermore, under the 
reaction conditions, the starting materials, (2)- and (E)- 
l-iod0-3-hexene~ were not isomerized to each other a1 all. 
Iodobenzene was also carbonylated to give the corre- 
sponding ester (run 23). As mentioned above, primary and 
secondary alkyl iodides are effectively carbonylated in the 
present reaction. However, tertiary alkyl iodides such as 
tert-butyl iodide and 2-iodo-2-methyloctane could not be 
carbonylated because of dehydrohalogenation prior to the 
carbonylation. 

In place of methanol, 1-hexanol and 2-butanol can also 
be used and gave the corresponding esters in good yields 
(runs 24 and 25). In palladium-catalyzed carbonylation 
of aryl halides, secondary alcohols favored the double 
~arbony1ation.l~ In the present platinum-catalyzed re- 
action, however, no a-keto esters were found even in the 
presence of secondary alcohol. With tertiary alcohols (2- 
methyl-%propanol) or less nucleophilic alcohol (2,2,2-tri- 
fluoroethanol), the carbonylation did not proceed a t  all. 

The present platinum catalyst system can be applied to 
efficient formylation of alkyl iodides. Under the pressure 
of carbon monoxide and hydrogen (synthesis gas), organic 
iodides having &hydrogens on saturated sp3 carbons are 
smoothly formylated to give the corresponding aldehydes 
in good yields (eq 3). 

(3) 

n-CgH13C HO 

The yields of the aldehyde are influenced by partial 
presswe of carbon monoxide and hydrogen as shown in 
Table IV. Under total initial pressure of 100 kg cm-2 
(COIH, = 1/1 or 7/3), heptanal was obtained in high 
yields (runs 26 and 28). Under lower total initial pressure 
(total 60 kg cm-2, CO/H2 = 1/1) or higher hydrogen partial 
pressure (total 100 kg cm-2, CO/H2 = 3/7), the yield of the 
aldehyde was reduced (runs 27 and 29). When other hy- 
dride sources such as HCOOK, HCOONa, and HCOONH, 
instead of molecular hydrogen were used, the aldehyde was 
not obtained a t  all. 

(13) (a) Ozawa, F.; Kawasaki, N.; Yamamoto, T.; Yamamoto, A. Chem. 
Lett. 1985,567. (b) Tanaka, M.; Kobayashi, T.-A.; Sakakura, T. J. Mol. 
Catal. 1985, 32, 115. 
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Table V. Formylation of Various Organic Iodides" 
run iodide product % 
26 n-C6Hl,I n-C6H13CH0 86 
30 n-ClOHz1I n-CloH21CH0 61 
31 C~HF,(CH~)~I CsHdCH2)zCHO 53 
32 CyClO-C6H111 C ~ C ~ O - C ~ H ~ , C H O  78 
33 n-C6H13CH(CH3)I n-C6H13CH(CH3)CH0 51 

Organic iodide (10 mmol), PtC12(PPh3)2 (0.50 mmol), K2C03 
(12 mmol), and dioxane (15 mL) a t  120 Oc for 9 h under CO (50 kg 
cm-? and H2 (50 kg cm-2). bDetermined by GLC. 

Scheme I 
[PtJ- base 

> m COY 
C O ,  H Y , - H I  

-1 

( V =  -OR,-H ) 

Various organic iodides are effectively formylated by this 
procedure under CO/H2 pressure (Table V). I-Iodo- 
alkanes such as 1-iododecane and @-phenethyl iodide gave 
the corresponding aldehydes in good yields (runs 30 and 
31). Cyclic and acyclic secondary iodides such as iodo- 
cyclohexane and 2-iodooctane were also smoothly for- 
mylated (runs 32 and 33). 

In the present alkoxycarbonylation and formylation 
reactions, the iodides are directly replaced by alkoxy- 
carbonyl or formyl functionalities, and no other regioi- 
somers are obtained. This feature is very important, since 
in hydroesterification or hydroformylation of olefins14 two 
regioisomers are inevitably formed. 

There exists some possibility that  the carbonylation 
occurs after an elimination of hydrogen iodide from the 
substrates (Scheme I). Namely, hydroesterification or 
hydroformylation of olefins generated from organic iodides 
might be operative. Knifton has reported that  the plati- 
num complex showed a high catalytic activity in the hy- 
droesterification of 01efins.l~ Under the present reaction 
conditions, however, the elimination of hydrogen iodide 
from 1-iodohexane did not occur even in the presence of 
a stoichiometric amount of K2C03 (eq 4; the conversion 

of 1-iodohexane was 6.1 %). Furthermore, 1-hexene in 
place of 1-iodohexane did not give the hydroformylated 
product in the presence of the platinum catalyst under the 
CO/H2 pressure (eq 5; see Experimental Section). These 
results exclude the possibility of Scheme I. 

CHO 

The most plausible catalytic cycle is illustrated in 
Scheme 11. Oxidative addition of organic iodides to the 
active platinum center would afford the (cr-alky1)platinum 
intermediate. Insertion of CO into the alkyl-platinum 

(14) (a) Pino, P.; Piacenti, F.; Bianchi, M. Organic Syntheses uia 
Metal Carbonyls; Wender, I., Pino, P., Eds.; John Wiley & Sons: New 
York, 1977; Vol. 2, pp 43-231. (b) CorniLs, B. New Syntheses with Carbon 
Monoxide; Falbe, J., Ed.; Springer-Verlag: Berlin, 1980; pp 1-225. (c) 
Davis, J. A. The chemistry of the metal-carbon bond; Hartley, F. R., 
Patai, S., Eds.; John Wiley & Sons: New York, 1985; Vol. 3, pp 361-389. 

(15) Knifton, J. F. J .  Org. Chem. 1976, 41, 793. 
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Table VI. Methoxycarbonylation of ( E ) -  and (2)-1-Iodo-1-octene" 
run iodide condtnb catalyst CO, kg cmV2 base temp, "C time, h conv: % yield? % 

34 E A Pt(C0)2(PPh3)2 30 K2C03 100 7 92 80 ( O j l O O )  
35 E A Pt(Co)z(PPh3)z 70 K2C03 100 7 94 81 ( O j l O O )  
36 E A PtClz(PPh3)Z 1 Et3N 80 8 43 22 (Oj100) 
37 E B PtClZ(PPhJ2 1 Et3N 80 6 88 73 ( O j l O O )  
38 z A PtClZ(PPhJ2 30 Et3N 100 24 99 87 (79/21) 
39 Z A PtC12(PPh3)2 30 K2C03 100 24 97 76 (68/32) 
40 Z B PtC12(PPh3)2 1 Et3N 80 8 35 31 (87/13) 

"n-C6HI3CH=CHI (2.5 mmol), platinum complex (0.125 mmol). bA,  MeOH (22.5 mmol), base (3.0 mmol), 1,4-dioxane (3.8 mL); B, MeOH 
(3 .0 mL), Et3N (3 .0 mL). CConversion of 1-iodo-1-octene determined by GLC. dYield of methyl 2-nonenoate determined by GLC. Figures 
in parentheses are the ratio of Z / E .  

PtHlLn P t ( R ) I  Ln  

RCOOR' 

R C H O  1 CO 

or 

H 2  

bond followed by nucleophilic attack of alcohol or hydro- 
genolysis with molecular hydrogen provides the esters and 
aldehydes.16 Then, base-assisted elimination of hydrogen 
iodide allows a catalytic cycle to be closed by regenerating 
an active platinum species. The key intermediate in the 
reaction appears to be a (a-alky1)platinum species. Com- 
pared with (a-alky1)palladium species, the platinum ana- 
logues are rather stablela and will not undergo @hydride 
elimination prior to carbon monoxide insertion. This 
property of the platinum intermediate would facilitate the 
successful carbonylation of the organic iodides having 
@-hydrogens on saturated sp3 carbons. 

In the present reaction, only organic iodides could be 
used as the substrates. The corresponding bromides were 
not carbonylated a t  all. In the presence of KI (1 equiv), 

(16) There may be an alternative possibility that the present carbo- 
nylation reactions proceed via (alkoxycarbony1)- or formylplatinum 
species as intermediates (eq 8 and 9). Reductive elimination of RCOOR' 

L n P i ( R ) ( I ) ( C O )  + R'OH 7 L n P i ( R ) ( C O O R ' )  (8) 

L n P I ( R ) ( I ) ( C O )  + t i 2  - L n P t ( R ) ( C H O )  (9) 

or RCHO can give esters or aldehydes as the products. However, it is 
well-known that formyl transition-metal species are thermodynamically 
unstalbe and equilibriums lie far toward hydridocarbonyl, not formyl, 
species." Therefore, provided the same mechanism is operating for the 
present alkoxycarbonylation and formylation reactions, the alkoxy- 
carbonyl and the formyl intermediacies depicted in eq 8 and 9 seem 
unlikely. 

(17) For a review of transition-metal formyl complexes, see: (a) Gla- 
dysz, J. A. Adu. Organomet. Chem. 1982,20,1. (b) Collman, J. P.; Winter, 
S. R. J .  Am. Chem. SOC. 1973, 95, 4089. ( c )  Lane, K. R.; Sallans, L.; 
Squirer, R. R. Organometallics 1985, 4, 408. (d) Reference la,  pp 

(18) Hartley, F. R. The Chemistry of Platinum and Palladium; Ap- 

- H I  

367-372. 

plied Science: London, 1973; pp 330-343. 

Table VII. Methoxycarbonylation of 1-Iodo-1-octyne under 
Various Reaction Conditions" 

run CO, kg cm-2 temp, "C yield,b 70 
41 1 60 OC 

42 20 60 56 
43 30 60 54 
44 80 60 40 
45 30 40 3 
46 30 90 0 

" n-CGHI3C=CI (5.0 mmol), PtC1z(PPh3)2 (0.25 mmol), Et3N (6.0 
mmol), MeOH (45 mmol), and 1,4-dioxane (7.6 mL) were stirred 
for 6 h under carbon monoxide pressure. *Yield of methyl 2-no- 
nynoate determined by GLC. Conversion of 1-iodo-1-octyne was 
100%. 

however, 1-bromohexane was methoxycarbonylated to 
methyl heptanoate in 36% yield; conversion of l-bromo- 
hexane was 95% and 1-iodohexane was also obtained in 
16% yield (see Experimental Section). These results in- 
dicated that the bromide was converted to the corre- 
sponding iodide in situ and the carbonylation of this iodide 
proceeded. 

Carbonylation of Alkenyl Iodides. Carbonylation of 
alkenyl halides,6 as well as aryl, benzyl, and allyl halide, 
has been well-studied commonly with palladium catalyst. 
The present platinum complex system is also effective for 
the carbonylation of alkenyl iodides (Table VI). Both 
organic and inorganic bases could be employed in this 
carbonylation. (E)-1-Iodo-1-octene is carbonylated ex- 
clusively to (E)-methyl 2-nonenoate in good yield. In the 
presence of a small excess (1.2 equiv) of base (condition 
A),  a CO initial pressure higher than 30 kg cm-2 is nec- 
essary to give the esters in good yields (runs 34-36). On 
the other hand, when a large excess of Et,N (8.6 equiv) was 
employed (condition B), the carbonylation proceeded un- 
der an even atmospheric pressure of carbon monoxide 
(balloon) (run 37). The same phenomenon was observed 
in palladium-catalyzed carbonylations.6 

(2)-1-Iodo-1-octene was also carbonylated to the corre- 
sponding ester by the present catalyst system although the 
product was a mixture of the 2 and E ester (runs 38 and 
39). Contrary to the E isomer (run 37), the carbonylation 
was very sluggish under an atmospheric pressure of carbon 
monoxide (run 40). 

Carbonylation of Alkynyl Iodides. Carbonylation of 
acetylenic compounds have been well-studied.le Acetylenic 
compounds, however, are so reactive that it is rather dif- 
ficult to control the reactions.le In carbonylation of ter- 
minal acetylenes, the triple bond was frequently reduced 
to a double bond and a$-unsaturated carboxylic acid 
derivatives were usually obtained.lg We also reported 
platinum complex catalyzed carbonylation of acetylenic 
compounds.20 To  our knowledge, there is only one ex- 

7,9-Hexadecadiyne was obtained in 59% yield. 

(19) (a) Knifton, J. F. J .  Mol. Catal. 1977, 2, 293. (b) Nogi, T.; Tsuji, 

(20)  Tsuji, Y.; Kondo, T.; Watanabe, Y. J .  Mol. Catal. 1987, 40, 295. 
J. Tetrahedron 1969, 25, 4099. 



Pt Complex Catalyzed Carbonylation of Organic Iodides 

Table VIII. Activities of Several Catalyst Precursors and 
Effect of Bases on the Methoxycarbonylation of 

1-Iodo- 1-octyne' 
run catalyst base conv,* % yield,' % 
43 PtClz(PPh3)z EtSN 100 54 

4ad PtClZ(PhCN)z Et3N 100 49 
49 Pt(PPh3)d Et3N 100 19 
50' PtClz(PPhJ2 KzCO3 74 5 
51 PtC1z(PPh3)z pyridine 35 3 

47 Pt(CO)z(PPh3)2 Et3N 100 40 

52 PdClz(PPh3)z Et3N 100 16 

n-C6HI3C=CI (5.0 mmol), MeOH (45 mmol), catalyst (0.25 
mmol), base (6.0 mmol), and 1,4-dioxane (7.6 mL) were stirred at 
60 "C for 6 h under carbon monoxide (30 kg cm-l). bConversion of 
1-iodo-I-octyne determined by GLC. Yield of methyl 2-nony- 
noate determined by GLC. dP(n-Bu)3 (0.60 mmol) was added. 
eKzC03 (3.0 mmol) was used. 

ample where the carbonylation reaction does not involve 
triple-bond reduction.21 Furthermore, there is no pre- 
cedent for the carbonylation reaction of alkynyl halides. 
The present PtC12(PPh3)2-Et3N system showed a high 
catalytic activity in direct conversion of alkynyl iodides 
into acetylenecarboxylic acid esters without triple-bond 
reduction (eq 6). 

Et-jN, - H I 

n-CgH13CXCOOMe 

Table VI1 lists the results of the carbonylation of 1- 
iodo-1-octyne catalyzed by a PtClz(PPh3)2-Et3N system. 
Under an atmospheric pressure of carbon monoxide, the 
carbonylation did not occur a t  all. Instead, 7,g-hexade- 
cadiyne, homocoupling product of 1-iodo-1-octyne, was 
obtained in 59% yield (run 41, eq 7). With an increase 

- 2 1  

in the carbon monoxide pressure, the yield of the carbo- 
nylated product increased. Under 20 kg cm-2 of initial 
carbon monoxide pressure, methyl 2-nonynoate was ob- 
tained in 56% yield together with 1-hexyne (10%) and 
7,9-hexadecadiyne (1 %) as byproducts (run 42). Higher 
carbon monoxide pressure somewhat suppressed the car- 
bonylation (run 44). The reaction temperature is also 
critical. Below 40 O C  or higher than 90 "C, the yields of 
the ester were drastically reduced (runs 45 and 46), whereas 
a t  60 "C the yield of ester reached 56%. 

Activities of several platinum and palladium complexes 
as well as effect of bases were summarized in Table VIII. 
PtC12(PPh3), gave the best result. Pt(C0)2(PPh3)z and 
PtC12(PhCN)2-P(n-Bu)3 also showed good catalytic ac- 
tivities and gave methyl 2-nonynoate in 40% and 49% 
yields (runs 47 and 48), whereas Pt(PPh3), was less ef- 
fective (run 49). As for the bases, Et3N was the most 
effective, while K2C03 and pyridine reduced the catalytic 
activity considerably (runs 50 and 51). The palladium 
analogue, PdC12(PPh3),, was not effective and both yield 
and selectivity of the ester were quite low (run 52). 

2-Propanol can be used in place of methanol and 1- 
methylethyl 2-nonynoate was isolated in 29% yield. 1- 
Iodo-2-phenylethyne can be also carbonylated under the 
same reaction conditions as run 43 and gave the corre- 
sponding ester, methyl 3-phenyl-Zethynoate in 33% yield. 

(21) Tsuji, J.; Takahashi, M.; Takahashi, T. Tetrahedron Lett. 1980, 
21, 849. 
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However, alkynyl bromide such as 1-bromo-2-phenylethyne 
did not react a t  all under the present reaction conditions, 
reminiscent of the no reactivity of the alkyl bromides in 
the present reaction (vide supra). 

Conclusion 
In this study, we have developed novel platinum catalyst 

systems, which show good activities for the carbonylation 
of alkyl, alkenyl, and alkynyl iodides under carbon mon- 
oxide pressure. Noteworthy is that  the present platinum 
catalyst systems successfully overcome the limitation of 
the substrates and realize the effective carbonylation of 
organic iodides having ,&hydrogens on saturated sp3 car- 
bons to  give the corresponding esters and aldehydes 
without &hydride elimination. 

Experimental Section 
Materials. The reagents employed in this study were dried 

and purified before use by the usual procedures. Carbon monoxide 
(>99.9%) was used without further purification. PtC12(PPh3)2,?-2 

Pd(PPh3)4,27 and PdC1z(PPh3)z28 were prepared by the literature 
methods. 1-Iodohexane and iodocyclohexane were commercial 
materials. (E)-l-Iodo-3-hexene, (Z)-l-iodo-3-hexene, 2-iodooctane, 
1-iodooctane, and P-phenethyl iodide were prepared by the lit- 
erature methodz9 from the corresponding alcohols. (E)-1-Iodo- 
l - ~ c t e n e , ~ ~  (Z)-l-iod~-l-octene,~~ l-i~do-l-octyne,~~ and l-iodo- 
2-phenyleth~ne~~ were prepared according to the literature. 

General Procedure.. A 100-mL stainless steel autoclave (Nitto 
Koatsu; SUS 316) equipped with a magnetically driven stirrer 
was used. A glass liner was set in the autoclave and the inside 
of the autoclave was heated by a heat gun (400 W) for 2 min. After 
cooling under an argon stream, the reagents were charged in the 
following order: solvent (15 mL), alcohol (60 mmol), organic iodide 
(10 mmol), KzCO3 (6.0 mmol), PtC12(PPh3)z (0.50 mmol). After 
sealing and flushing with carbon monoxide, the reactor was 
pressured with carbon monoxide to 70 kg cm-2. The autoclave 
was heated to 120 O C  in 10 min and held at this temperature for 
9 h. The reaction was terminated by rapid cooling and the au- 
toclave was discharged. The resulting brown solution was analyzed 
with GLC. The products were isolated by vacuum distillation. 
The identification of the products was confirmed by IR, 'H and 
13C NMR, elemental analyses, and GC-MS. The boiling points 
are uncorrected. The GLC analyses were carried out with Shi- 
madzu GC-4CM and GC-8A chromatographs equipped with 
columns (3 mm X 3 m) packed with PEG-HT (5% on Uniport 
HP, 60-80 mesh), Silicone OV-17 (2% on chromosorb W(AW- 
DMCS), 80-100 mesh), and Apiezon grease L (5% on Neopack 
lA, 60-80 mesh). The IR spectra were measured on a Nicolet 
5MX Fourier transform infrared spectrophotometer. The 13C 
NMR and 'H NMR spectra were recorded at 25.05 and 100 MHz, 
respectively, with a JEOL JNM FX 100 spectrometer. 'H NMR 
spectra (300 MHz) were recorded on a Nicolet NTC-300 spec- 
trometer equipped with a 1180E computer system. Samples were 
dissolved in CDC13, and the chemical shift values were expressed 
relative to Mel& as an internal standard. Elemental analyses 
were performed at the Microanalytical Center of Kyoto University. 
Mass spectra (MS) were obtained on a Shimadzu QP-1000 
spectrometer. 

For products other than listed below, all the spectral ('H and 
13C NMR, and IR) data were consistent with those of authentic 
samples. 

PtClz(A~Ph3)2,'~ PtC12(PC~3)2,~ Pt(CO)2(PPh&2,26 Pt(PPh3)4,26 

(22) Bailar, J. C.; Itatani, H. Inorg. Chem. 1965, 4, 1618. 
(23) Jensen, K. A.; Anorg. Z. Allgem. Chem. 1936,229, 225. 
(24) Yoshida, T.; Otsuka, S. Inorg. Synth. 1979, 19, 105. 
(25) Beck, W.; Purucker, B. J.  Organomet. Chem. 1976, 112, 361. 
(26) Ugo, R.; Cariati, F.; Monica, G .  L. Inorg. Synth. 1968, 11, 105. 
(27) Coulson, D. R. Inorg. Synth. 1972, 13, 121. 
(28) Reference 18, p 458. 
(29) Landauer, S. R.; Rydon, H. N. J. Chem. SOC. 1953, 2224. 
(30) Brown, H. C.; Hamaoka, T.; Ravindran, N. J .  Am. Chern. SOC. 

1973, 95, 5786. 
(31) Dieck, H. A.; Heck, R. F. J .  Org. Chern. 1975, 40, 1083. 
(32) Vaughn, T. H.; Nieulant, J. A. J.  Am. Chem. SOC. 1933,55,2150. 
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Hydroformylation of 1-Hexene in Place of 1-Iodohexane 
(eq 5). A mixture of 1-hexene (9.4 mmol), PtC12(PPh3)z (0.50 
mmol), K2CO3 (6.0 mmol), and dioxane (15 mL) was placed in 
a 100-mL stainless steel autoclave. The reactor was pressured 
with carbon monoxide (50 kg cm-2) and molecular hydrogen (50 
kg cm-2) and stirred at 120 "C for 9 h. No carbonylated products 
were detected by GLC and IR measurements. 

Carbonylation of 1-Bromohexane in the Presence of Po- 
tassium Iodide. A mixture of 1,4-dioxane (7.6 mL), methanol 
(30 mmol), 1-bromohexane (5.0 mmol), K&03 (3.0 mmol), 
PtC12(PPh3), (0.25 mmol), and potassium iodide (5.5 mmol) was 
placed in a 50-mL stainless steel autoclave (Yuasa Giken; SUS 
304) equipped with a glass liner and a magnetic stirring bar. The 
reactor was pressured with carbon monoxide to 70 kg cm-2 and 
stirred at 120 "C for 9 h. 

( E ) -  and (2)-methyl 4-heptenoate: colorless oil; bp 86-88 
"C (37 mmHg); IR (neat) 1742 cm-' ( C 4 ) ;  'H NMR (300 MHz) 
(CDC13) 6 0.96 (t, 3 H, CH,, J = 7.5 Hz), 2.06 (quintet, 2 H, 
CHzCH3,J = 7.5 Hz), 2.35 (m, 2 H, -CHz-), 2.36 (m, 2 H, -CH2-), 
3.67 (s, 3 H, OCH,), 5.25-5.55 (m, 2 H, -CH=CH-); I3C NMR 
(25.05 MHz) (CDCl3) 6 14.27 (4, CH3), 20.49 (t, CH&H,(Z)), 22.72 
(t, CHzCH=(Z)), 25.54 (t, CH&H,(E)), 27.89 (t, CH,CH=(E)), 
34.23 (t, CH2COOMe), 51.48 (q, OCH,), 126.70 (d, -CH=), 133.16 
(d, -CH=), 173.61 (s, C=O). Anal. Calcd for C8H1402: C, 67.57; 
H, 9.92; 0, 22.50. Found: C, 67.39; H, 10.07; 0, 22.25. 

Methyl 2-nonynoate: IR (neat) 1721 cm-' (C=O); 'H NMR 
(90 MHz) (CDCl,) 6 0.89 (t, 3 H, CH,), 1.02-1.73 (m, 8 H, - 
CHz-), 2.34 (t, 2 H, -CH2C=), 3.76 (s, 3 H, OCH,); I3C NMR 

-CH,-), 52.43 (q, OCH,), 72.98 (s, C=CCO), 89.77 (s, -C= 

Isopropyl 2-nonynoate: I3C NMR (25.05 MHz) (CDC13) 6 

(25.05 MHz) (CDCl3) 6 14.03 (4, CH,), 18.67 (t, -CHZ--) 22.54 
(t, -CHz-), 27.59 (t, -CH2-), 28.59 (t, -CHz-), 31.29 (t, 

CCO-), 154.17 (s, C-0). 

13.97 (4, CH3), 18.67 (t, -CHz-), 21.66 (4, CH(CH3)2), 22.49 (t, 
-CHz-), 27.59 (t, -CHz-), 28.53 (t, -CH,-), 31.23 (t, - 
CH2-), 69.45 (d, -COzCH), 73.56 (s, C=CCO), 88.83 (s, C z  
CCO), 153.35 (s, C=O). 

7,9-Hexadecadiyne: colorless oil; bp 130 "C (0.08 mmHg); 
'H NMR (100 MHz) (CDC13) 6 0.89 (t, 6 H, 2 CH,), 1.01-1.52 (m, 
16 H, -CHz-), 2.24 (t, 4 H, 2 --CHzC+; 13C NMR (25.05 MHz) 
(CDC13) 6 14.03 (9, CH3), 19.25 (t, -CHz-), 22.56 (t, -CHz-), 
28.41 (t, -CHz-), 28.56 (t, -CHz-), 31.33 (t, -CHz-), 65.35 
(s, -C=CC=C-), 77.48 (s, -C=CC=C-); MS, m/z  218. 

Methyl 3-phenyl-2-propynoate: colorless oil; bp 130 "C (3 
mmHg); IR (neat) 1717 cm-' (C=O); 13C NMR (25.05 MHz) 
(CDCl,) 6 52.72 (q, OCH,), 80.37 (s, PhC=C), 86.42 (s,=CC02-), 
119.53 (s, phenyl l), 128.52 (d, phenyl 2,6), 130.63 (d, phenyl 4), 
132.92 (d, phenyl 3,5), 154.40 (s, C 4 ) .  Anal. Calcd for C1d-IB02: 
C, 75.0; H, 5.0; 0, 20.0. Found: C, 74.47; H, 5.22; 0, 20.11. 
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Substitution for Q in the systems PhCH=CHQ, Ph,C=CHQ, and PhCZCQ can occur by a free-radical chain 
mechanism where the attacking radical is alkyl (Q = HgX, Bu3Sn, PhSOz, PhSO, PhS, C1, Br, I) or (EtO),PO' 
(Q = HgX, Bu3Sn, I). The Q' radicals formed by @-elimination can generate t-Bu' or (EtO)zPO' by reaction 
with t-BuHgC1, Hg[P(O)(OEt),],, ClHg[P(0)(OEt)2] or by electron transfer between 'HgC1 and (EtO),PO-. With 
Q = PhS or PhSOZ, relative reactivity data indicates that the free radical addition-elimination sequence occurs 
for t-BuLi at 0 or 45 "C and that this process may also be involved in reactions of t-BuMgC1 or tert-butyl cuprates 
with some of the substrates. Ionic reaction of (EtO)zPO- with the three substrates with Q = PhSOz or halogen 
are examined. With Q = PhSOZ, PhCHIP(0)(OEt)z]CH,P(O)(OEt),, Ph,C=CHP(O)(OEt),, and PhC=CP- 
(O)(OEt), are formed in good yield. 

Substitution at an unsaturated carbon atom can occur 
by the addition-elimination of either nucleophiles or 
radicals. Alkyl substitution for a variety of electronegative 
or electropositive substituents in the P-styryl or phenyl- 
ethynyl system occurs by the free-radical chain mechanism 
as shown in Scheme I in a photostimulated reaction with 

Scheme I 
R' + QCH=CHPh - R(Q)CHCHPh 
R(Q)CHCHPh - RCH=CHPh + Q' 

Q' + RHgCl - R' + QHgCl 

(1) Electron Transfer Processes. 45. Work supported by the National 
Science Foundation (Grant CHE-8717871) and the donors of the Petro- 
leum Research Fund, administered by the American Chemical Society. 
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alkylmercury halides.2 In the present paper, we sum- 
marize the results of this homolytic process with t-BuHgC1 
and examine the possibility of homolytic processes being 
involved in the reactions of other organometallic reactions 
and in the reactions involving (EtO),PO- as a nucleophile, 
where the course of the reaction depends upon the struc- 
ture of the substrate and the nature of the leaving group. 

Summary of Reactions with tert -Butylmercury 
Chloride. For substitution by an alkyl radical, the leaving 
group Q in 1-3 can be HgX, BusSn, PhS02, PhSO, PhS, 
C1, Br, or I.2-7 The eliminated radical Q' will regenerate 

(2) Russell, G. A.; Tashtoush, H.; Ngoviwatchai, P. J .  Am. Chem. SOC. 

(3) Russell, G. A,; Ngoviwatchai, P. Tetrahedron Lett. 1985,26, 4975. 
1984, 106, 4622. 
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