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Abstract The addltlon of formaldehyde to oleflns 1s efficiently catalyzed by 

RhH2(02COH)[P(l-Pr)3]2 and gives the corresponding aldehydes In neutral solution 

Transltlon metal complexes exhlblt high reactlvitles toward aldehydes under neutral condo- 

tlon The decarbonylatlonl of aldehydes and the hydroacylation2 of oleflns with aldehydes are 

establlshed as valuable synthetic methods. On the other hand, formaldehyde has been rarely 

employed as a raw material for metal-catalyzed organic syntheses 
3 

In spite of its wide uses as 

carbonylatlng or reducing agent for metal complexes Formaldehyde 1s one of the so-called Cl- 

compounds Hence It 1s Important to lnvestlgate the new reactlvltles of formaldehyde In this 

paper we describe a novel carbon-carbon bond-forming reactlon between formaldehyde and olefins 

When a mutture of paraformaldehyde4 (CH20, 5Ommol), 1-hexene (5Ommol), and RhH2(02COH)- 

[P(i-Pr)3]25 (l_) (0 05mmol) In THF (10ml) was heated In a 65ml stalnless steel autoclave with 

stIrrIng at 12O'C for 20h, linear and branched C7-aldehydes were obtained In 384 turnovers per 

rhodium atom as determined on the basis of GC analysis The conversIon of 1-hexene was 59 3%. 

Small amounts of C7-alcohols, C7-carboxylates, and hexane were also formed In the following 

turnover number 
Complexl_ 

C4H9CH=CH2 + (CH20)n - C6H13CH0 + C6H13CH20H + C6H13COOCH3 + 
'gH14 

TurnoverNumber (%llnearproduct) 384 (44) 36 (57) 36 (84) 23 

When RhH(CO)(PPh3)3 was used under the same condltlon, the conversIon was only 6% and the 

turnover number for the C7-aldenydes was 31 The catalysts such as RhC1(PPh3)3 and Ru(C0)3(PPh3) 

were virtually mactlve, and a small amount of hexane alone was obtalned 

In the reaction catalyzed by&, ralslng temperature (15OOC) resulted In a decrease In the 

yield of aldehydes and in an Increase In the formatlon of alcohols and esters A reactlon uT=ng 

1-heptanal(20mmol) Instead of 1-hexene afforded heptanol, and methyl and heptyl heptanoate at 

C6H13CH0 + (CH20)n 
Complex2 

> C6H13CH20H + C6H13COOCH3 -t C6H13COOCH2C6H13 

Yield 42% 28% 5% 
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150°C These facts suggest that in the reactlon of 1-hexene the alcohols and the methyl esters 

are produced by dlsproportlonatlon between the pre-formed C7-aldehydes and formaldehyde 

Analogous dlsproportlonatlon reactlons of aldehydes to give alcohols and carboxyllc aclds6, or 

esters' are known to be catalyzed by rhodium complexes. 

Table Hydroformylation of Oleflns with Paraformaldehyde Catalyzed by RhH2(02COH)[P(i-Pr)3]2 a) 

$q3 - ;yHf+ ;:)$HR;H+ 

2 

;:yo;:, + R1R2CH-CH2R3 

Substrate 
3 

A Selectlvlty to 

R1 R2 R3 Conversion(%) 
b) Yield o" Products s)b)yC) ' Carbonylatlon (%) 

d) 

C4H9 H H 100 67 (41) 4 (61) 13 (80) 3 97 

C6H5 CH3 H 73 54 (97) 12 (95) 28 (95) 5 95 

-(CH2)6- 64 59 12 11 5 94 

'gH5 H H 100 26 (63) 14 (75) 12 (83) 23 69 

H CH3 COOCH3 100 19 (48) 5 17 (43) 49 46 

H 
'gH5 

COOCH 
3 

88 11 2 10 77 23 

a) Reactlon conditions RhH2(02COH)[P(1-Pr)3]2 (0 05mmol), olefIn(20mmol), paraformaldehyde 

(CH20, 5Ommol), THF (lOml), 12O"C, 20h b) DetermIned by GC c) The ratios(%) of 

R1R2CH-CHXR3(X=CH0, CH20H, COOCH3) are shown In parentheses d) (A+B+C)/(&+g+s+e) x 100 ry-.I 

The appllcatlon to several olefrns was examined (see Table) Oleflns having allphatic 

and/or aryllc substltuents underwent the carbon-carbon bond-formlng reactlon exclusively, and 

gave mainly the corresponding aldehydes The reactron has an advantage of occurring under low 

pressures (<lOatm) compared with the hydroformylatlon with CO and H2. However, cr,@unsaturated 

esters were subJected to reduction 
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