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Summary 

The rhodium catalysed hydroformylation of vinyl ethers ROCH=CH,, where R is 
an alkyl, a benzyl or a phenyl group, has been investigated over the 20-100°C 
temperature range in the presence of Rh,(CO),, or [Rh(CO),C112/PPh3 (l/6) as 
catalytic precursors. A mixture of 2-alkoxy-(or phenoxy)propanal (the a-isomer) and 
3-alkoxy-(or phenoxy)propanal (the P-isomer) is obtained in good yield. The iso- 
merit composition of the aldehydes depends on the structure of the substrate, on the 
catalytic precursor employed, and on the reaction temperature. The a-isomer 
predominates in all the cases, its predominance being greater (i) at low tempera- 
tures, (ii) in the presence of Rh,(CO),, as catalyst precursor, and (iii) when a 
phenyl group is present in the p or y position with respect to the double bond in the 
substrate. Electronic factors arising from the presence in the substrate of the oxygen 
atom and a phenyl group are more important than the steric hindrance of the R 
group in determining the regioselectivity of the reaction. 

Introduction 

Rhodium catalysed hydroformylation of functional olefins is of considerable 
interest because of its wide potential application in organic syntheses [1,2]. Of 
oxygenated unsaturated compounds [3], vinyl ethers, which have received little 

attention [4-71, appear to be interesting substrates. Since the oxygen atom is directly 
bonded to the vinyl group, isomerization, often observed with simple olefins [8], is 
avoided and only two isomeric aldehydes are obtained as products of the reaction. 
The structural features of vinyl ethers make these substrates useful in studies of the 
influence of steric and electronic factors on the regioselectivity of hydroformylation. 
We describe below the results obtained in hydroformylation of simple vinyl ethers 
ROCH=CH,, where R is a phenyl or a benzyl group or one of the alkyl groups from 
a series involving increasing steric hindrance, viz. Me, Et, n-Bu, i-Pr and t-Bu. 
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Results and discussion 

The results obtained, sho\vn in ‘Tables 2 and 3. indicate that the isonrcric 

distribution of the aldehyde\ arising from the hydroformylation of the L in\1 ethers 
depends on the structure of the substrate. on the caralytic precursor cmploycd. and 
on the temperature of the rrxtion. The isomer arising from the attack ()I‘ the form\1 
group on the unsaturated carbon atom hound to the ou~gcrn arom. i.e.. the a-i\omrr. 
predominates in all cases. The isomer distribution is not influenced ty the nature 01 
the solvent used (benzene. n-hcxnne. THF. neat). and i\ independent of the degree oi 
the con\ ersic>n. 

PHYSICAL PROPERTIES OF THt ALKOXY>\L.DEHYDES OBT41YF.I) BY- IIYDROF‘ORM\‘L4- 

T‘ION OF \‘INYL ETHERS (eq. 1 ) ’ 
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TABLE 2 

DEGREE OF REGIOSELECTIVITY OF THE RHODIUM-CATALYSED HYDROFORMYLATION 

OF VINYL ETHERS ” 

ROCH=CH z 

R 
Rh,(CO),* h [Rh(CO),CIl,/PPh,(l/6) ’ 

cu% d RE ’ (Y% d RE’ 

Me 78 56 54 8 

Et 76 52 54 8 
n-BU 76 52 53 6 

i-Pr 72 44 52 4 

t-Bu 63 26 53 6 

PhCH, 76 52 67 34 

Ph 95 90 95 90 

u 10 ml benzene solution containing 0.035 M of substrate; CO/H, (l/l) 100 atm (+5 atm); reaction 

temperature 100°C. ’ 0.020 g (2.7 x lo-* mmol); [substrate]/[Rh] 330. ’ [Rh(CO),Cl], 0.040 g (1.07 X 

10-t mmol) PPh, 0.160 g (6.1 x 10-l mmol); [substrate]/[Rh] 170. d a% = a/(a + p)XlOO. ” Regiose- 

lectivity (RE) = [((u- P)/(a + /3)]~100. 

With the exception of the phenyl vinyl ether the regioselectivity is strongly 
affected by the nature of catalytic precursor. Thus, a greater dominance of the 
ar-isomer was observed on using Rh,(CO),, instead of the Rh/PPh, mixed system. 
As far as the nature of the substrate is concerned, the selectivity towards the 
a-isomer is higher for phenyl and benzyl vinyl ether than for alkyl vinyl ethers. The 
highest value of regioselectivity (90%) was observed in the case of phenyl vinyl ether. 
The structure of the alkyl group bound to the oxygen atom in the alkyl vinyl ethers 
weakly infuences the isomeric distribution of the aldehydes with both the catalytic 
systems (Table 2). In the hydroformylation of t-butyl vinyl ether in the presence of 

I%(C%> the regioselectivity was lower than with primary or secondary alkyl 
vinyl ethers. 

The influence of the reaction temperature on the regioselectivity was studied over 
the range 20-100°C with Rh,(CO),, as catalytic precursor, since this is active in the 
hydroformylation of vinyl ethers even at room temperature. As shown in Table 3 for 

TABLE 3 

INFLUENCE OF THE REACTION TEMPERATURE ON THE REGIOSELECTIVITY IN THE 

RHODIUM-CATALYSED HYDROFORMYLATION OF VINYL ETHERS ’ 

Vinyl ether Reaction Reaction 

temperature time 

(“C) (h) 

Conversion to 

aldehydes 

(%) 

RE 

(%) 

EtOCH=CH, 100 0.5 97 76 52 

EtOCH=CH, 80 0.8 96 77 54 

EtOCH=CH, 50 4.0 90 78 56 

EtOCH=CH, 20 15.0 50 82 64 

PhCH,OCH=CH, 100 0.7 97 76 52 

PhCH,OCH=CH, 80 1.0 97 79 58 

PhCH,OCH=CH, 50 4.5 97 84 68 

PhCH,OCH=CH, 20 15.0 50 h 88 76 

u Rh,(CO),,; CO/H, (l/l) 100 atm (+ 5 atm). b 20% of poly(benzy1 vinyl ether) was formed. 
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Hydroformylation reaction (General procedure) 

A solution of vinyl ether (35 mmol) in benzene (10 ml) was introduced by suction 
into an evacuated 50 ml stainless steel autoclave containing Rh,(CO),, (0.020 g) or 
[Rh(CO),Cl], (0.050 g) and PPh, (0.200 g). Carbon monoxide was introduced up to 
the desired pressure, and the autoclave was locked and heated to the chosen 
temperature and hydrogen was rapidly introduced to give the appropriate gas 
composition. When gas adsorption ceased the autoclave was rapidly cooled and the 
gases were discharged, and the isomeric composition of the aldehydes was de- 
termined by GLC on the crude mixture. The mixture was distilled and pure samples 
of the various aldehydes were obtained either by fractional distillation with a 
spinning column or by preparative GLC. The structure of the products were 
established by ‘H NMR spectroscopy and by their physical constants (Table 1). 

Hydroformylation of methyl vinyl ether. Hydroformylation of this ether gave 

2-methoxypropionaldehyde and 3-methoxypropionaldehyde. The a-isomer was iso- 
lated as a pure sample by distillation: ‘H NMR (60 MHz, CDCl,) S 9.56 (d, lH), 
3.70 (dq, lH), 1.23 (d, 3H), 3.43 (s, 3H); pure P-isomer was obtained by preparative 
GLC (SE30 5 m, 75°C): ‘H NMR (60 MHz, Ccl,) S 9.67 (t, lH), 2.60 (dt, 2H), 3.67 
(t, 2H), 3.30 (s, 3H). 

Hydroformylation of ethyl vinyl ether. The reaction gave a mixture of 2-etho- 
xypropionaldehyde and 3-ethoxypropionaldehyde; preparative GLC (UCON LB 

550X, 3 m. 70°C) gave pure samples of the two products; 2-ethoxypropionaldehyde: 
‘H NMR (60 MHz, Ccl,) S 9.50 (d, lH), 3.60 (dq, lH), 1.18 (d, 3H), 3.53 (q. 2H), 
1.20 (t, 3H); 3-ethoxypropionaldehyde: ‘H NMR (60 MHz, CDCl,) S 9.66 (t. lH), 
2.53 (dt, 2H), 3.70 (t, 2H), 3.46 (q, 2H), 1.13 (t, 3H). 

Hydroformylation of isopropyl vinyl ether. The same experimental conditions 
were used. Preparative GLC (3 m UCON LB 550X 70°C) gave 2-isopropyloxypro- 
pionaldehyde: ‘H NMR (60 MHz, CDCl,) S 9.63 (d, IH), 4.03-3.47 (m, 2H), 1.30 
(d, 3H), 1.16 (d, 6H) and 3-isopropyloxypropionaldehyde: ‘H NMR (100 MHz, 
CDCl,) S 9.70 (t, lH), 2.58 (dt, 2H), 3.73 (t, 2H), 3.90-3.30 (m, lH), 1.16 (d? 6H). 

Hydroformylation of n-butyl vinyl ether. The pure aldehydes were isolated by 
preparative GLC (3 m UCON LB 550X, 100°C) and they were identified as 
2-n-butoxypropionaldehyde: ‘H NMR (60 MHz, CDCl,) S 9.63 (d, lH), 3.70 (dq, 
lH), 1.30 (d, 3H), 3.50 (t, 2H), 1.83-1.33 (m, 4H), 0.97 (t, 3H) and 3-n-butoxypro- 
pionaldehyde: ‘H NMR (60 MHz, CDCl,) S 9.73 (t, lH), 2.63 (dt, 2H), 3.80 (t, 2H), 
3.47 (t, 2H), 1.83-1.33 (m, 4H), 0.93 (t, 3H). 

Hydroformylation of t-butyl vinyl ether. The hydroformylation products, were 
isolated as pure compounds by preparative GLC (3 m UCON LB 550X, SO’C): 
2-t-butoxypropionaldehyde: ‘H NMR (100 MHz, Ccl,) S 9.60 (d, lH), 3.90 (dq, 
lH), 1.18 (d, 3H), 1.20 (s, 1H); 3-t-butoxypropionaldehyde: ‘H NMR (100 MHz, 
Ccl,) S 9.73 (t, IH), 2.56 (dt, 2H), 3.70 (t, 3H), 1.18 (s, 9H). 

Hydroformylation of benzyl vinyl ether. The aldehydes were isolated pure by 
fractional distillation: 3-benzyloxypropionaldehyde: ‘H NMR (60 MHz, Ccl,) S 
9.70 (t, lH), 2.70 (dt, 2H), 3.90 (t, 2H), 4.80 (s, 2H), 7.42 (s, 5H); 2-benzyloxypro- 
pionaldehyde: ‘H NMR (60 MHz, Ccl,) S 9.63 (d, lH), 3.92 (dq, lH), 1.39 (d. 3H), 
4.70 (s, 2H), 7.42 (s, 5H). 

Hydroformylation of phenyl vinyl ether. Pure 2-phenoxypropionaldehyde was 
isolated by distillation of the crude product mixture: ‘H NMR (60 MHz, CDCl,) S 
9.55 (d, lH), 4.55 (dq, lH), 1.41 (d, 3H), 6.6-7.4 (m, 5H). 
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