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Abstract 

The novel optically active phosphine, bis( 8-phenyloctyl) (Menth)phosphine, (Menth = lR,3R,4S( - )menthyl) is synthe- 
sized and sulfonated under mild conditions to yield the corresponding sulfonated phosphine, disodium bis-( 8-(pura-sulfonato- 
phenyl)octyl) (Menth)phosphine. The water soluble phosphine is used to generate an aqueous-methanol rhodium catalyst for 
the hydroformylation of styrene. The catalyst shows high catalytic activity, but virtually no optical induction. Normal to branch 
ratios for the hydroformylation of styrene are in the range 0.35 to 0.5. The catalytic data with TPPTS is given for comparison. 
TPPTS yields catalysts that are less active under two phase reaction conditions and slightly less selective for formation of 2- 

phenylpropanal. 

A great deal of research interest has recently 
focused on the development of water soluble tran- 
sition metal complexes as catalysts for the hydro- 
genation and hydroformylation of olefins [ l-91. 
In addition to the environmental benefits of water 
based processes, the ease of catalyst separation 
from water immiscible products provided by these 
complexes may reduce the cost of commercial 
homogeneous catalytic processes. With water sol- 
uble catalysts there is evidence that reaction 
occurs in the aqueous phase [ 4,9]. For this reason 
the application of water soluble hydroformylation 
catalysts has been limited to propylene, which has 
sufficient water solubility to provide good reaction 
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rates [ 21; reaction rates are low in a two phase 
system with higher olefins as the substrate. 

Several approaches have been taken to increase 
the reaction rate of a higher olefin with a water 
soluble hydroformylation catalyst. For example, 
in those catalysts that contain TPPTS, trisodium 
salt of trisulfonated triphenylphosphine, the 
sodium ion may be replaced by a quatemary 
ammonium cation [ lo]. This allows the catalysis 
to be done in a homogeneous reaction environ- 
ment in a polar solvent such as an alcohol. Sur- 
factants have been added to two phase reaction 
mixtures in order to increase reaction rates [ 111. 
Another approach involves the immobilization of 
water soluble catalysts in a supported aqueous 
phase on a high surface area hydrophilic solid 
[ 121. These supported aqueous phase catalysts 
have proven very effective for the application of 
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water soluble catalysts to the hydroformylation of 
higher olefins. 

Another modification that retains the two 
immiscible phases reaction format involves the 
use of surface active phosphines [ 13,141. 
Although the mode of action in these systems is 
not known at this time, it is clear that significant 
rate enhancements can be observed. For example, 
the tripyridylphosphine has been modified as 
shown in Eq. 1 to yield a sulfonated surface active 
phosphine, 1 [ 131 (Scheme 1) . Rhodium com- 
plexes of 1 in the presence of excess phosphine 
are thought to form micelles. 

Recently we reported the aqueous phase hydro- 
formylation of octene- 1 with rhodium complexes 
of trisulfonated tris ( ephenylalkyl) phosphines 
[ 141. The results show an increase in reaction rate 
as the alkyl chain length, and hence the surface 
activity, increases. 

Asymmetric hydroformylation is of importance 
due to the potential for the enantioselective prep- 
aration of compounds of pharmaceutical interest 
[ 15-191. In this regard there has been some 
notable success with rhodium complexes of che- 
lating chiral phosphites [ 18,191. Here we report 
the preparation of a surface active monodentate 
phosphine that bears a chiral menthyl moiety, and 
its use in the hydroformylation of styrene. The 
catalytic results are reported in aqueous methanol 
which is immiscible with styrene and the phen- 
ylpropanal hydroformylation products. 

1. Experimental section 

All reactions and analyses were carried out 
under an argon atmosphere by standard Schlenk 
techniques. All solvents used in experiments were 
freshly distilled under N2 to remove oxygen. All 
chemicals were purchased from Aldrich and used 
without further purification. 

The high pressure hydroformylation reactions 
were performed in 30 ml stainless steel reaction 
vessels equipped with high pressure gauges. The 
temperature of the catalytic reactions was con- 
trolled by an Omega CN 2000 temperature process 
controller and a silicon oil bath; n/b ratios and 
yields of the reactions were determined by gas 
chromatography on a Varian 3300 chromatograph 
equipped with an HP 1 column (25 m X 0.32 
mm X 0.52 Frn) and FID detector; the carrier gas 
was helium. 

The enantiomeric excess (ee/%) of 2-phenyl- 
propanal was determined by optical rotation by 
comparison with the reported rotation of 2-phen- 
ylpropanal [ 201. 

Abbreviations: 
Menth = lR,3R,4S( - )menthyl. IR data; vs, very 
strong; w, weak; NMR; s, singlet; d, doublet; t, 
triplet; q, quartet; quin, quintet; carbon numbering 
scheme: 

10 11 
P-c-c-c-c-c-c-c-c 9 12 

12345678 
-0 14 13 

Preparation of l-Bromo-8-phenyl octane (2). 
1,8-Dibromooctane, 200 g (0.73 mol), and 200 
ml of diethyl ether were placed into a three-neck 
flask equipped with reflux condenser and equal- 
pressure dropping funnel. After the addition of 
200 ml of 1.8 M PhLi in cyclohexane the reaction 
was heated at reflux for 24 h. Lithium bromide 
was removed by filtration and the solvent removed 
by distillation. The resulting oil was vacuum dis- 
tilled, and the fractions were checked by GC. The 
fraction collected at 160-165°C and 3 Torr con- 
tained C6H5 ( CH2) sBr; yield, 22 g (23% based on 
PhLi). Colorless oil, bp (3 Torr): 160-165°C. 
$‘: 1.5220. ‘H NMR S ( CDC13) : 1.21-1.49 (m, 
8H, C(3)&-C(6)H,), 1.6 (quin, Jnn=6.6 Hz, 
2H, C(7)&), 1.82 (quin, JHH=7.4 Hz, 2H, 
C(2)&), 2.59 (t, JHH=7.4 Hz, 2H, C(8)&), 
3.37 (t, Jnn=6.6 Hz, 2H, C(l)&), 7.03-7.40 
(m, 5H, C&Z,). 13C NMR S ( CDC13) : 28.23 (s, 
C(4)H,),28.77 (s,C(5)H,),29.28 (s,C(3)H,), 
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29.35 (s, C(6)H,), 31.50 (s, C(7)H2), 32.90 (s, 
C(2)H,), 33.94 (s, C(l)H,), 36.01 (s, 
C(8)H&jH,), 125.64 (s, C(U)H(C,H,)), 
128.30 (s, C( ll)H+C( 13)H(C,H,)), 128.43 
(s, C( lO)H+C( 14)H(C,H,)), 142.60 (s, 
C(8)H,C(9) (GH,) ). MS mlz: 
(M-H+) =268. 

Synthesis of bis( 8-phenyloctyl)menthyl phos- 
phine (3a). Bis ( 8-phenyloctyl) menthyl phos- 
phine was prepared from the reaction of 
C6H5 ( CH2) ,MgBr and (Menth) PC& in ether 
[ 2 1 ] . After fractional crystallization from pentane 
at - 80°C the pure product is obtained as a col- 
orless oil in 45% yield upon warming to room 
temperature. Colorless oil, d (g/ml): 1.095. 
[(Y]: (CH#&): -52.2”. ‘H NMR 6 (CDCl,): 
0.65-1.72 (m, 47H, 2X(C(l)&- 
C(:7)H,) +C,,,H,,(Menth)), 2.49 (t, &=8.1 
Hz,4H,C(8)UZ),7.15-7.22 (m, 10H,2XCa5). 
13C NMR S (CDC&): 11.02 (s, 
CI-I&H( Menth) ) , 14.17, 15.25 (s, 
(CH,)&H(Menth)), 26.72 (s br, C( l)H,P), 
27.51 (s br, C(2)H,C(l)H,P), 29.39 (m, 
C(3)H,-C(6)H,), 31.57 (s, C(7)H,), 36.08 (s, 
C(~)HK,HS), 45.07 (d, Jpcp=9.1 Hz, 
CI-IP(Menth)), 125.63 (s, C( 12)H(C,H,)), 
128.30 (s, C( 11+ 13)H(C,H,)), 128.42 (s, 
C(lO+ 14)H(C,H,)), 142.91 (s, 
C(8)H,C(9)(C,Hs)). “P NMR S (CDCI,): 
-31.51 (s). 

Synthesis of pg-disulfonated bis( 8-phenyloc- 
tyl) menthylphosphine (3b). The sulfonation of 
bis ( 8-phenyloctyl) menthyl phosphine (3a) was 
carried out in concentrated HzS04. Typically 5 g 
(8.5 mmol) of 3a was dissolved in portion in 20 
ml of concentrated H,SO, at room temperature. 
The sulfonation was complete after 2 h as deter- 
mined by ‘H and 3’P NMR and was quenched by 
the slow addition of 20% NaOH at 0°C. The vol- 
ume of the reaction solution was reduced to ca. 30 
ml and then 300 ml of methanol was added and 
the mixture brought to reflux. After filtration the 
solid was further extracted with 200 ml of 1O:l 
hot methanol/water. The extracts were combined 
and reduced in volume to 50 ml. Addition of 250 
ml of acetone yielded p,p-disulfonated bis( 8- 

phenyloctyl) menthyl phosphine in ca. 90% 
purity. Further purification was achieved by 
recrystallization from ethanol. The yield of 3b was 
65% based on (Menth)P[ ( CHz)&H512. White 
crystals, mp>300”C. [cy]: (CH,OH): -31.5. 
‘H NMR 6 (D,O): 0.81-2.95 (m br, 51H, 
2X (CH,),+Menth), 6.91-7.15, 7.58-7.72 (m, 
8H, 2x&&). “‘PNMR S (D,O): -31.60 (s). 
MS FAB (glycerol matrix) ml.21 
(M+H) + =753; 731, 689, 651, 315, 205, 137, 
115. (The FAB mass spectra show the molecular 
ion plus a proton. The fragmentation processes 
give peaks at ( + Naf -H+), (-Na++H+), 
and ( - S03Na + H + ) . The cleavage of the men- 
thy1 group results in a (menthene - H+ ) fragment 
(137)). 

Preparation of trans-&PdCl, (L = (Menth) 
P[(CH,)&H5],) (4). The bis(phosphine)- 
palladium complexes of the nonsulfonated ligands 
were prepared in chloroform at room temperature 
from ( PhCN) ,PdC& by literature procedures 
[ 22,231. The purpose of the preparation of this 
compound was to estimate the steric size of the 
phosphine. The compound was isolated as an oil 
and thus was not subjected to analysis beyond 
recording its 3’P NMR spectrum. Only one signal 
was observed consistent with formation of the 
trans complex. “P NMR 6 (CDC13): 14.18 (s). 

Synthesis of L,.Ni(CO),_, (L= (Menth)P 
[CH2)8C&5]2, y=l, 2) (5a, 56). The com- 
plexes LNi (CO) 3 and L2Ni ( CO) 2 were prepared 
from the nonsulfonated ligand in CH,Cl, follow- 
ing literature procedures [ 23-251. The complexes 
were characterized by their infrared spectra in the 
carbonyl region and by 3’P NMR spectroscopy. 
Both of the nickel complexes 5a and 5b were 
isolated as oils; the compounds, 5a and 5b could 
be isolated free from one another, as judged by 
3’P NMR spectroscopy, but not free of solvent. 
The purpose of preparation of 5a was to estimate 
the Tolman electronic parameter by infrared spec- 
troscopy. The purity of the complex was judged 
to be sufficient for this purpose. 

(Menth)P[(CH,)8C6HS]2Ni(C0)3 (5a). IR 
(cm-‘, CH,Cl,) v(C0): 2059.57 (w), 1980.47 
(vs). 3’PNMR 6 (CD&l,): 21.57 (s). 
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I(Menth)P(CH,),C,H,l,l,Ni(CO), (Sb). (Menth) P [ ( CH2) &H5] 2 phosphine has a basic- 
IR (cm-‘, CH,Cl,) v(C0): 1981.41 (vs), ity similar to that of tri-isopropyl phosphine 
1913.19 (bs). 31PNMR S (CD,Cl;?): 21.03 (s). (XP(ipr), = 3.45). 

Catalytic reactions. The following stock solu- 
tions were prepared for the catalytic hydrofor- 
mylation reactions: Rh(acac) (CO),, 0.01 M in 
methanol, (Menth)P [ ( CH2) s&H,-p-S03Na] 2, 
0.05 M in H,O; and TPPTS, 0.05 M in H20. The 
appropriate components of the reaction were com- 
bined at room temperature in a 30 ml stainless 
steel vessel under CO; nonane, 0.30 ml was added 
as an internal standard for GC analysis; HZ0 an 
toluene were added to adjust both water and 
organic phases to 2 ml and a total volume of 4 ml. 
The vessel was then closed, pressurized with 
CO:H2 ( 1: 1) to 200 psig and placed in a silicon 
oil bath which had been set at reaction temperature 
( 120°C). In all reactions, the stirring rate was kept 
at same value, 260 rpm. After the appropriate reac- 
tion time the vessel was removed from the bath, 
cooled to room temperature and depressurized. 
The organic phase, which was colorless, was taken 
for analysis. The organic phase, when reintrodu- 
ced to the reactor, showed no activity for the 
hydroformylation of 1-octene indicating that the 
ligand system is fairly efficient at keeping the rho- 
dium in aqueous-methanol. 

The steric parameter, ho, was determined 
spectroscopically by the 31P NMR chemical shift 
correlation method described by Bartik and 
Himmler for the compounds, truns-L*PdCl, [ 261. 
In this manner the Tolman cone angle for 3a was 
found to be 138”. 

A comparison of the electronic (x) and steric 
&or_ parameters for the series P[ (CH,),C,H,] 3 
and P[ (CH,), C6H4-P-S03Na13 x= 1, 2, 3, 6 
shows that the sulfonated and nonsulfonated phos- 
phines that contain three or more methylene 
groups are nearly identical with respect to x and 
ho,_. Therefore the x and her_ were determined 
for the nonsulfonated phosphine, 3a, only. 

2. Results 

Styrene hydroformylation. The time depend- 
ence for the styrene hydroformylation by 
Rh(acac)(CO), and (Menth)P[(CH,),C6H,-p- 
SO,Na] 2 as the in situ catalyst is presented in Fig. 
la. In these reactions the ligand to rhodium ratio 
is 3: 1. Good catalytic activity is observed. For 
comparison, similar catalytic data for the hydro- 
formylation of styrene with TPPTS at the same 
ligand to rhodium ratio is shown as Fig. lb. Reac- 
tion rates with TPPTS are clearly lower than that 
obtained with the surface active phosphine, 3b. 
With both ligands, the normal to branch ratio 
drops slightly as styrene conversion increases. 

Electronic and steric character of 3a. The elec- 
tronic and steric character of 3a was evaluated 
experimentally as described previously [ 231. It is 
known, that the v (CO) Ai stretching frequency 
of PR,Ni( CO), complexes correlates with the 
electronic character of the phosphorus ligands 
[ 251. Tolman defined the electronic parameter x 
for PR3 as: 

where the stretching frequencies are measured in 
CH$& [ 24,251. We determined the electronic 
parameter of 3a to be 3.47. Thus the new 

The activity of the catalysts is presented as a 
function of ligand/Rh in Fig. 2 for both 2 and 
TPPTS. These data were generated a constant 
reaction time, 2 h for (Menth) P [ ( CH2) aC6H4-p- 
SO,Na] 2 and 8 h for TPPTS. When L = TPPTS, 
yield of aldehyde reaches its maximum value at 
L/Rh = 3 and drops slightly as a function of L/ 
Rh thereafter. (Menthyl)Pl (CH,), 
CsH,S03Na] 2 shows a different trend in conver- 
sion as a function of ligand concentration. The 
maximum yield of aldehydes, about 90%, is 
achieved at a L/Rh ratio of approximately two. 
The yield drops to about 50% at L/Rh of 5 and 
remains virtually unchanged throughout the 
remaining course of L/Rh variation. 
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Fig. 1. (a) Yield of aldehydes and n/h ratio as a function of time in 
the two phase hydroformylation of styrene with Rh( acac) ( CO)z and 
3h at a P/Rh ratio of 3. Styrene/Rh=XO; 120°C. 14 atm CO:H*, 
1: 1. (b) Yield of aldehydes and n/b ratio as a function of time in 
the two phase hydroformylation of styrene with Rh( acac) (CO), and 
TPPTSataPkhratioof3. Styrene/Rh=SlO; 120°C. 14atmCO:H2, 
1:l. 

Reaction selectivity is indicated in Figs. 1 and 
2 only as the n/b ratio. The possibility exists with 
the menthyl phosphine, 3b, that optical induction 
in the formation of 2-phenylpropanal may lead to 
the preferential formation of one enantiomer. 
Thus the optical purity of the products was inves- 
tigated. Unfortunately no significant enantiomeric 
excess was observed by optical rotation in any of 
the reactions with 3b as the ligand. 

3. Discussion 

The initial turnover frequencies, as estimated 
from the initial slopes in Figs. la and lb, are 245 

80 -0X 

60 -06 
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Fig. 2. a. Yield of aldehydes and n/b ratio as a function of ligand to 
rhodium ratio at a constant reaction time of 2 h with catalysts derived 
from Rh(acac)(CO), and 3b. Styrene/Rh=500; 12O”C, 14 atm 
CO:H2, 1:l. (b) Yield of aldehydes and n/b ratio as a function of 
ligand to rhodium ratio at a constant reaction time of 8 h with catalysts 
derived from Rh( acac) (CO), and TPPTS. Styrene/Rh = 500; 
120°C 14 atm CO:H2, 1:l. 

mol aldehyde (mol - ’ Rh) h - ’ and 100 mol alde- 
hyde (mol - ’ Rh) h - I for ligand 2 and TPPTS 
respectively at a L/Rh ratio of 3. While a differ- 
ence in rate may be expected between a trialkyl- 
phosphine and a triarylphosphine for the rhodium 
catalyzed hydroformylation of olefins it can be 
argued that the higher rate is expected for the latter 
[ 2 11. In the comparison above, the more surface 
active phosphine, 3b, shows the higher rate, in 
spite of the fact that it is a trialkylphosphine. 

The mechanism for the increase in rate is not 
clear at this time. It was argued that those sulfo- 
nated tripyridyl phosphines with a long alkyl 
chain, 1, form micelles and thus show increased 
reaction rates over their nonsulfonated analogs 
[ 141. In addition to increased reaction rates evi- 
dence for micelle formation was argued based on 
the increased solubility of water insoluble com- 
pounds in the reaction medium. When the aque- 
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ous/nonaqueous mixtures form stable emulsions 
the reaction rates decreased dramatically [ 141. In 
the example presented here after reaction the 
nonaqueous and aqueous phases rapidly separate 
and the color associated with rhodium complex 
formation is exclusively in the aqueous phase. No 
evidence for the formation of an emulsion was 
observed. In favor of some degree of phosphine 
aggregation in the aqueous phase for 3b is the fact 
that the water insoluble dye Orange-OT dissolves 
in dilute aqueous solutions of 3b [ 271. Studies 
are in progress to measure directly the degree of 
aggregation of this phosphine and related surface 
active phosphines in aqueous solution. 

Although the phosphine is chiral no optical 
induction is observed in 2-phenylpropanal. This 
is not surprising in that monodentate chiral phos- 
phines generally perform poorly in asymmetric 
hydroformylation [ 281. 
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