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Catalytic isomerization of unsaturated alcohols to the corresponding carbonyl compounds with Rh(ClIO),(COXPPhj), (1) and
{Rh(COXPPh3)3]C10, (2) is faster under hydrogen (where hydrogenation also occurs to give saturated alcohols) than under
nitrogen. The isomerization under hydrogen seems to occur through an alkylhydridorhodium(III) complex which also under-
goes reductive elimination to give hydrogenation products, saturated alcohols. The isomerization under hydrogen is faster
with 2 than with 1, which is understood by acceleration of the last step, enol formation by PPhj dissociated from 2 and pre-
sent in the reaction mixture when 2 is used as catalyst. Relative rates of the isomerization observed for different unsaturated
alcohols are interpreted by steric effects of substituted groups and numbers of hydrogens to be abstracted by the rhodium of
the intermediate, alkylhydridorhodium(III) to undergo the reductive elimination to give enol which is then rapidly converted
into a carbonyl compound. It has been observed that the hydrogenation is relatively significant when reactions occur slowly
whereas the isomerization is predominant when reactions proceed rapidly.

Introduction

Although most catalytic systems for the isomerization of
unsaturated alcohols to the corresponding carbonyl com-
pounds require high temperature to obtain high yields,! rho-
dium(I) complexes, Rh(CIO)COXPPhy (1) and [Rh(CO)
(PPh,);IC1O, (2) catalyze the isomerization of unsaturated
alcohols at room temperature under nitrogen.? The isomeri-
zation of unsaturated alcohols with 1 and 2 was reported to be
initiated by a double bond migration followed by relatively
fast ketonization of the intermediate, enol to the carbonyl
compounds where an allylhydrodirhodium(III) complex was
suggested to be the intermediate for the first step (double
bond migration).? During the investigation of more effective
catalytic systems for the isomerization of unsaturated alco-
hols to carbonyl compounds, we have found that under hy-
drogen, the catalytic isomerization of unsaturated alcohols
with 1 and 2is faster than that under nitrogen, and the hydro-
genation to give saturated alcohols also simultaneously occur
{equation 1). In this paper, we wish to suggest an alkythydri-
dorhodium(I1T) complex as the intermediate for the first step
{(double bond migration) of the isomerization (as well as the
hydrogenation) which also, like under nitrogen,? involves two
steps, double bond migration and ketonization of enols (see
equation 1). We also wish to discuss the relative rates of
isomerization and hydrogenation with respect to the nature
of catalysts 1 and 2 and substrates.
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Table 1. Isomerization and Hydrogenation of Unsaturated Alco-
hols (6.0 mmol) with Rh(C10,XCO(PPhy); (1) (0.2 mmol) and [Rh(CO)
(PPh3)3]C10, (2) (0.2 mmol) in CDCl3 (5.0 mJ) at 30 °C under Hydro-
gen, C =catalyst 1 or 2. (In Parentheses are the Data Obtained under
Nitrogen.)?

C reactant product yield, % time, hr?

1 CH,=CHCH,0OH CH;CH,CHO 69(63)  7(14)

2 " 83(95)  3(5)
CH4CH,CH,0H 12

1 CHy=C(CH3)CH,OH¢ (CH3),CHCHO 100(100) 0.5(0.5)

2 " 100(100)  0.5(0.5)

1 CH,=CHCH(CH9OH CH3;CH,COCHj3 88(91) 20(43)
CH3CH,CH(CHyOH 12

2 CH,CH,COCH; 81(92)  5(10)

CH3CH,CH(CH)OH 17

1 CH,CH=CHCH,OH CH,CH,CH,CHO  64(64) 60(100)

2 CH,CH,CH,CHO  20(78) 12(80)
CH,CH,CH,CH,OH 62

aConsiderable amounts of non-volatile oligimers were observed in
cases where the total amount of products is far below the amount of
the reactants. ?Elapsed time until the reactant (95%) disappeared in
the reaction mixture. ‘Reference 4.

Experimental

Materials and Instruments. Rh(CIO)(CO)PPhy, (1)
and [Rh(CO)(PPhj),]JCIO, (2) were prepared by the literature
methods.? Unsaturated alcohols were purchased from either
Aldrich or Fluka and used without further purification. Pro-
ducts of isomerization and hydrogenation were analyzed by
IH NMR (Varian 60 MHz, EM-360) and GC (Varian 3700).

Catalytic Reactions. These reactions were followed in
the same manner as previously described for the isomeriza-
tion of unsaturated alcohols® except that the reactions in this
study were carried out under hydrogen.
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Figure 1. Catalytic Reactions of CHy = CHCH,0H (6.0 mmol) with
[Rh(COXPPh3)3]C10, (0.2 mmol) in CDCl3 (5 m)) at 30 °C under Hy-
drogen (Py,+ vapor pressure of solution = 1 atm). CHz = CHCH,0H,
-0-0-; CH3CH,CHO, -a-A-; CH3CH,CH,0H, -0-0-.
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Scheme 1. Suggested Reaction Pathways for the Isomerization
{double bond migration) and Hydrogenation of Unsaturated Alco-
hols with Rh(CIOMCOXPPhy); (1) and [RnCOXPPhy);]CI0, (2)
under Hydrogen.

Results and Discussion

Data for the catalytic reactions of unsaturated alcohols
with 1 and 2 under hydrogen are given in Table 1, and Figure
1 shows the reaction curves for CH, = CHCH,OH (3a) with
2. It is evident in Table 1 and Figure 1 that the isomerization
is faster under hydrogen than under nitrogen. This observa-
tion suggests that somewhat different reaction pathways for
the isomerization under hydrogen from those under nitro-
gen.? Accordingly, one may readily assume the mechanism
involving an alkylhydridometal complex for the catalytic
reactions with 1 and 2 under hydrogen while an allythydri-
dometal complex was suggested as the intermediate under
nitrogen.? It has been found, in separate experiments, that
the hydrogenation of saturated carbonyl compounds to satu-
rated alcohols with 1 and 2 under the atmospheric pressure
of hydrogen at 30 °C is so slow that no detectable amounts of
the products (saturated alcohols) are obtained for 24 hours. It
is, therefore, conceivable that the isomerization and the
hydrogenation with 1 and 2 under hydrogen occur simultane-
ously and the saturated alcohols in Table 1 are not the hy-
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drogenation products of the isomerization products, carbo-
nyl compounds. A considerable amount of a simple enol,
(CH,,CH = CHOH (4¢)* was actually detected during the
isomerization of 3¢ to 5¢ with 1 and 2 under hydrogen.®

Now, the data in Table 1 may simply be explained by the
reaction pathways in Scheme 1. In fact, we have already sug-
gested an alkylhydridorhodium(III) species (like 7 in Scheme
1) as the intermediate for the isomerization of 3c¢ to
(CH,),CHCHO (5¢) with 1 under hydrogen® and hydrogena-
tion of 3-phenylprop-2-en-1-ol to 3-phenylpropanol with 2
under hydrogen.” Then the isomerization products, 4 rapidly
undergo the ketonization to produce the corresponding car-
bonyl compounds as we have suggested.*®

Scheme 1 also readily explains the hydrogenation pro-
ducts, 6 (see Table 1) since the saturated alcohols, 6 and 1 (or
2) would be simply the reductive elimination products of 7.
Relative rates of the isomerization and hydrogenation for dif-
ferent unsaturated alcohols (data in Table 1) with 1 and 2
may be understood according to the suggested reaction path-
ways in Scheme 1.

It is seen in Table 1 that the isomerization under hydro-
gen is faster with 2 than with 1 as observed for the reactions
under nitrogen.? This may be understood in terms of relative
ease of the last steps (7—=1+4+Hyand 7+ PPhy -2 +4 +
H,) since the formation of 7 in the reaction of 1 with 3 could
not be slower than that in the reaction of 2 with 3. (It is
well-known that the perchlorato group of 1 is so readily
replaced by an alcohol to give [Rh(alcohol(CO)PPh,),|CIO,*
and the dissociation of PPh, from 2 to produce 1 is so signifi-
cant that the concentration of 1 is actually higher than that of
2 in chloroform.* In the reactions with 2, the production of
carbonyl compounds, 4 would evidently be accelerated by
PPh, dissociated from 2 and present in the reaction mixture
while in the reactions with 1, no such effect is expected.

A part of relative rates of the isomerization for several un-
saturated alcohols with 1 and 2 (Table 1) may be rationalized
by the relative ease of the last step (formation of enol, 4) as
shown in the previous paper;? the faster rates for CH, =
C(CH,CH,0OH (3¢) than those for CH,=CHCH,0H (3a)
seem to be due to the steric effect of the methyl group of 3¢
which would facilitate the enol formation from 7.

The fact that the rates of the isomerization of secondary
alcohol, CH, = CHCH(CH3)OH (3b) are slower than those of
CH, = CHCH,OH (3a) (Table 1) could be understood by the
numbers of hydrogens to be abstracted to rhodium to pro-
duce 4: there is only one hydrogen for rhodium in 7 to ab-
stract to give 4 when R!' = R?=R3®=H, R*= CH; while two
hydrogens are avaiable for rhodium in 7 to yield 4 when R! =
R%=R3=R*=H. The slowest rates for the inner olefinic
alcohol, 3d are unambiguously interpreted by the difficulty of
forming 7 compared with the other terminal olefinic alcohols
in Table 1.

It is interesting to notice that the hydrogenation is
relatively significant when reactions occur slowly (as for
CH,CH = CHCH,OH) whereas the isomerization is predomi-
nant when reactions proceed rapidly (as for CH, = C(CH,)
CH,OH).

The ratio of isomerization product to hydrogenation pro-
duct for each unsaturated alcohol may be affected by various
factors such as relative stabilities of isomerization products
to hydrogenation products and the numbers of hydrogens to
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be abstracted by rhodium in 7. Greater formation of hydro-
genation products with 2 than that with 1 (Table 1) is explain-
ed in the same manner as discussed for isomerization above.

Finally, it should be mentioned that it is also possible to
obtain a small amount of the carbonyl compounds (Table 1}
via the allyhydridorhodium(IIl) intermediate even under hy-
drogen.
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Square planar nickel(II) and copper(Il) complexes of 14-membered macrocyclic ligands containing various alkyl pendant
arms at the uncoordinated nitrogen atoms, 1,8-dipropyl, 1,8-dibutyl, 1,8-bis(2-methylpropyl), 1,8-bis(2-ethylhexyl), and
1,8-dibenzyl-1,3,6,8,10,13-hexaazacyclotetradecane have been prepared from the template condensation of ethylenedi-
amine, formaldehyde, and appropriate primary amines in the presence of the metal ion. The spectroscopic and electrochemi-
cal properties of these complexes are similar to those of tetraaza macrocyclic complexes and are not affected significantly by

the nature of the alkyl groups.

Introduction

Metal template syntheses often provide selective routes
toward the products that are not obtainable in the absence of
metal ion. Especially, template reactions involving formalde-
hyde and amines facilitate the preparation of saturated poly-
aza multidentate, macrocyclic, and macropolycyclic comple-
xes.”7 The reactions are simple {*‘one pot reaction’’), cheap,
and high yielding.

Previously, we synthesized Ni(II) and Cu(II) complexes of
fully saturated 14-membered hexaaza macrocyclic ligands A
and B from the template condensation reaction of ethylene-
diamine, formaldehyde, and appropriate primary amines,
and compared their properties with those of tetraaza macro-
cyclic complexes.® Although it has been known that number
of methyl groups at the carbon or nitrogen atoms of the tetra-
aza macrocyclic ligands affect the spectra and the electroche-
mical properties of the complexes,®!® the effects of the
nature of the alkyl groups on the properties of the complexes
have rarely been studied. Therefore, we have been intere-
sted in the syntheses and comparison of the preoperties for
the complexes of macrocyclic ligands C-G, 1,8-dipropyl,

1,8-dibutyl, 1,8-bis(2-methylpropyl), 1,8-bis(2-ethylhexyl),
and 1,8-dibenzyl-1,3,6,8,10,13-hexaazacyclotetradecane,
that contain various alkyl groups at the uncoordinated nitro-
gen atoms.

A: R=CH;. B: R=CH,CH;. C: R=CH,CH,CH;. D:
R =CH,CH,CH,CH;. F: R=CH,CH(CH;);. F: R=CH)CH
(CH,CH)CH,CH,CH,CH;. G: R = CH,C4Hs.

Experimental
Materials. All chemicals and solvents used in synthesis

were of reagent grade and were used without further puri-
fication. Solvents used in spectral measurements were puri-



