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Electronic Effects in Asyntmttic Catalysis: Hydroformylation of Olefins 

The development of better asymmetric hy~f~ylation catalysts continues to be a challenging 

problem, because the chemoselectivity (eg. hydMormylation pmducts versus hmgenation products), the 

regioselectivity (branched versus linear aldehyde formation)), and the enautioselectivity must all be excellent in 

order to have a viable co mmercial process.l The pioneering work in the asymmetric hytiformylation of 

olefiis involved the use of platinum calatlysts in the presence of Lewis acids.2 but the overall selectivity using 

these platinum systems still remains modest. Rhodium systems have since b:n demonstrated to provide 

excellent ch~~l~~~ and regiosele&vity in the hy~~y~ti~ naction~3~4 and most receutly, high 

enanti~l~vities have been mported with bidentate phosphite~ and mixed b&Mate phosphWphosphi& 

ligands. Previouslyz we reported the application of carbohydrate diphosphinites such as 17 in the NIco)- 

catalyzed hydration of vinylarenesg and discovered that el~~~ficient aryl groups at phospltorus 

such as lb and lc pxwided higher ~~ti~l~~ties. Only a few other examples of the extant of 

selectivity in disc catalysis by electmnic tuning of ligands have been mported.9v1* Herein, we describe 

the utiLimtion of e&y modified ligaeds 1 in the asymmetrk hy~f~y~~~ of olefins and the effwt of 

changing the aryl groups at phosphorus. 
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Initially, the use of Pt-catalysts was explored, but the ehemo-, ngio-, and e~ti~~ti~~ of the 

hy~fo~ylati~ reaction was quickly found to be poor in accord with many of the prevksly used Pt 

systems.‘2 For example, the hydrof~ylation of Wnethoxy-2-vinylnapthalene (2s) using complex 

~la]PtCl$f with l-5 cq ofSnCl2 in benzene at 60 oCundcr2MKlpsi ofH$COprovided a 91:39:1Omixtuteof 

branched al&hyde 3a, liuear aldehyde 4a, and hydrogenated product Sa in 100% conversW.1~ In this case 

less than 5% M: was observed for 38. Unruly, the more ekcmm&Rcient ~p~~~ lb lnwided a 

49:18:33 mixture of 3b (6% ee). 4b, and R, when 2-~yl~~~~ (Zb) was hail uttder the 

above conditions. 
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These poor results with the Ft catalysts prompted us to investigate the comaponding cationic rhodium 

systems [l]Rh(COD)BF4 (see Table). 13 Encouragingly, the rhcdium catalysts provided good yields of the 

desired branched aldehydes under very mild conditions (see Table). Using the rhodium catalysts, we clearly 

saw an krease in the enantioselectivity of the hy&oformyladon reaction when the aryl group at phosphorus 

was changed from the simple phenyl derivitive la to the more electron-deficient 3,5- 

bis(trifluoromcthyl)phcnyl lb. For example, in benxene 3b was obained in 10% ee when la (entry 1) was the 

ligand in the hydroformyladon of 2b. whereas a 38% a for 3b (entry 2) was obtakd when fb was employed. 

Thus, the enantioselectivity of the rhodium-catalyxed hydrofoxmylation reaction is sensitive to the electronic 

nature of the phosphinite l&and in a fashion similar to the Ni(O)-catalyxcd hydrocyanation maction.*J4 

2a.R=CH30 
b.R=H 

Next, optimization of the reaction conditions using the electron-deficient ligand lb was undertaken. 

Solvent effects were found to he very important in the enuntioseZectivffy of the hydrofcnmylation reaction, 

although the solvent had little effect on the regiosclcctivity of the reaction. Typically *% of the product was 

the branched aldehyde 3b. For example, under identical conditions (1600 psi H2/co, room temperatum. 18h). 

in the hydtoformylation of 2b using ligaud lb, the ee of 3b increased from 12% in THF (entry 6), to 38% in 

benzene (entry 2), to 51% in hexane (entry 3). These results are similar to the hydrocyanation reaction,9 

where nonpolar solvents provide higher ec’s. The Hz/CO pressure was also found to change the 

enantioselectivity of the hydroformylation of 2b. Using the best solvent, hexane, the ee of 3b was 

approximately the same at 500 and 1600 psi (49 and 51% ee, respectively), but dropped off to 31% at 2400 

psi. Racemization of the product aldehyde has been reported to he a major problem,l~ so the reaction was 

performed in hexane and CH(OEt)3 (10 eq) to trap aldehyde 3b as the corresponding aceta& however, only a 

17% ee was ~btained.~~ Thus, the presence of triethyl orthoacetate appears to be detrimental in this ease. 

Attempting to mducc the aldehyde products to the corresponding primary alcohols in situ by using Et3SiH as 

the solvent (a presumably nonpolar solvent) provided the most remarkable result. In this case, no reduction to 

the alcohol was observed, but the enantiosclectivity of the reaction increased to 72% et-l6 

In the present study, it became clear that it was impossible to gauge the electronic effect on the multitude 

of individual steps (viz. CO insertion, alkyl migration, reductive elimination, etc.) in the hydroformylation 

reaction. Nonetheless, from a practical standpoint it is useful to estimate the overall effect, so a series of 

ligands 1 with electron-withdrawing and electron-donating sryl groups were investigated in the Rh~atalyxed 

hydroformylation of 2a (see Table, entries 9-U)). These reactions were performed in hexane and the pressure 

of Hz/CO was varied We contirmed that the ec was not only dependent on the ligand, but that the HdC!O 

pressure also had a major impact on the obsetved ee. However, an overall trend can he established since at 

any given pressure of Hg/CO, the mom electrondeficient phosphinites bis(trifluromcthy1) derivative lb and 

difluoro derivative lc typically provided higher et’s than the corresponding ligands with simple phenyl la or 

with the dimethyl derivative Id, For example, at 1600 psi the ee of 3s increases frompmctklly0to10to25 
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to 395, when using ld, la, lc and lb, respectively. A nxm cutiousresultisthatcachligandappcatstohave 

a maximum effect on the enantiosclcctivity occurring at 1600 psi of HtiCXI with a ==whatsharprpeg 
except for the difluoro daivative lc, which pmvides similar cc’s over a tmmkr prcssum range. Because low 

convdutls WQC obtained in hcxanc, most likely amising fkom catalyst sohlbility probkms, m peSxmcd the 

rcactionsinlTiFandfoundasimilarucndTortheelammiceffcct. 

IhMe: Asynmmdc Hydmfmnylation of 2 using [1]Rh(COD)BF4 
Entry substrate Ligand solvent 

. 
psi) collversion(9b). 3az@ 

1 2b la Benzene 1600 20 95:s 
2 2b lb 
3 2b lb 
4 2b lb 
5 2b lb 
6 2b lb 
7 2b lb 
8 2b lb 
9 2a ld 
10 2a la 
11 2s lc 
12 2a lb 
13 2a ld 
14 2a la 
15 2a lc 
16 2s lb 
17 2a Id 
18 2a la 
19 2a lc 
20 2a lb 
21 2a ld 
22 2a la 
23 2a IC 

Benzene 
HCxallC 
Hcxane 

Hexane + CH(OEth 
EtgSiH 
Hcxiule 
HCXanC 
Hcxane 
Hcxane 
Hexane 

Hcxane 
Hcxane 
HCXallC 
Hcxane 
HCXaXlC 
Hexanc 

43 
53 
100 
80 
71 
85 
24I 

d 
d 
d 
73 
d 
d 
d 
73 
d 
d 
d 
31 
d 
18 
38 

977:3 
%:4 
95:s 
96z4 
97:3 
95:s 
95:s 
tl.d 
n.d 
n.d 

9o:lO 
n.d 
n.d 
n.d 
946 
n.d 
n.d 

;& 
n.d 
94~6 
95:s 

38 
51 
49 
31 
12 
17c 
72 

<l 
nd. 
24 
12 
a 
10 
25 
39 
<l 
7 
16 
12 
Q 
8 

<1 
24 2a lb 500 35 95:s 24 

‘ll.d.(ootdclm&mq. bI3etamimdbyHRX:(tca~~12).=DetanintdbylHNMR~gEo@fch. 

Finally, the hydroformation of other olefins was explored briefly (hexanc, 1600 psi) using 

[lb]Rh(COD)BFs as the catalyst olefh (branchedzlinear, cc). styrcne (96~4, 24%), Cmcthylstymne (94:6. 

30%). vinyl acetate (92~8.14%). 

In conclusion, we have shown that diphosphinites 1 arc good ligands in the rhodium-catalyzed 

hydroformylation of olefins providing high regio- and chetuoselcctivity for branched aldehyde products 3. 

although the enautiosclectivity remains modenate. We have also demonsuatcd that the cnantios&ctivity can 

indeed be influenced by the electtonic nature of the metal catalyst. Further studies are in progress. 
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