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Aldol condensation and hydrogenation of the condensation product have been carried out simultaneously by 
using an immobilized acid catalyst (Nafion-H or Amberlite IR-120) and Pd/C under hydrogen. Acetone was 
converted to 4-methyl-2-pentanone in a one-pot multistep process at  60-140 O C  and 20-300 psi of hydrogen. 
The yields of 4-methyl-2-pentanone were higher than the equilibrium-limited yields of mesityl oxide obtained 
in the absence of the hydrogenation catalyst, demonstrating that the equilibrium to mesityl oxide was shifted 
by mesityl oxide hydrogenation to 4-methyl-2-pentanone. 2-Propanol was the major byproduct because acetone 
hydrogenation was competitive with condensation. High-boiling products, found in aldol condensations, were 
not formed in the condensation-hydrogenation process. Use of RhCl(PPh3)3 or ita polymer-bound analogue as 
the hydrogenation catalyst reduced the amount of acetone hydrogenation but slowed the condensation-hy- 
drogenation reactions. The crossed aldol condensation-hydrogenation of benzaldehyde and acetone gave 4- 
phenyl-2-butanone with Ndion-H and Pd/C. The major side reaction was the competitive hydrogenation of 
benzaldehyde to toluene. The intramolecular condensation of 2,5-hexanedione gave mainly 2,5-dimethylfuran 
while the one-pot condensation-hydrogenation reaction gave 2,5-dimethyltetrahydrofuran. 

The aldol condensation of ketones is the basis for several 
industrial processes such as the synthesis of 1-butanol from 
acetaldehyde via condensation, dehydration, and hydro- 
genation.’ The synthesis of methyl isobutyl ketone and 
4-methyl-2-pentanol from acetone is another example (eq 
1). Aldol condensation of acetone, followed by dehydra- 

0 OH 

tion, gives mesityl oxide. Then mesityl oxide is hydro- 
genated to methyl isobutyl ketone and further to 4- 
methyl-2-pentanol at 150-200 “C over Cu or Ni catalysts.’ 
Recently, a single-step process has been developed which 
uses both zirconium phosphate to catalyze the condensa- 
tion-dehydration and palladium to catalyze hydrogena- 
ti0n.l Both processes occur simultaneously with high se- 
lectivity in an exothermic reaction (AH = -28 kcal/mol). 
Hydrogenation continuously removes mesityl oxide from 
the equilibrium with acetone, allowing a higher methyl 
isobutyl ketone yield per pass. 
Our interest in polymer-bound catalysts2+ and multistep 

sequential catalytic synthesisH has, independently, led to 
the exploration of a similar, single-pot, multistep, catalytic 
synthesis of methyl isobutyl ketone. In this paper we 
present the results of aldol condensations catalyzed by 
polymer-bound acid catalysts (Amberlite IR-1209 and 
Nafion-H’O) carried out in the presence of hydrogen and 
a hydrogenation catalyst (Pd/C or RhC1(PPh3),). Thus, 
simultaneous condensation-dehydration-hydrogenation 
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Nafion-H is the free-acid form of the resin. 

Table I. Effect of Quantity of Catalyst on the 
Condensation of Acetonea 

yield of mesityl oxide, % quantity of 
catalyst, % Amberlite 
of acetone Nafion-H IR-120 

0.1 
0.2 
0.5 
2.0 

4.8 
7.4 

10.6 
19.7 

a Acetone (27.0 mmol), 60 ‘C, 24 h. 

3.2 
5.4 
9.3 

19.8 

Table 11. Effect of Temperature and Time on the 
Condensation of Acetonea 

yield of mesityl oxide, % 

Amberlite 
temp. “C t. h Nafion-H IR-120 

60 1 
6 

1 2  
24 

100 1 
6 

1 2  
24 

140 1 
6 

1 2  
24 

10.5 
18.1 
19.0 
19.7 
10.7 
18.4 
19.3 
19.8 
10.9 
18.7 
18.7 
18.8 

4.6 
10.8 
16.4 
19.8 

5.5 
14.0 
18.8 
19.8 

9.7 
18.2 
18.3 
18.3 

a Acetone (27.0 mmol), 8-SO,H (0.54 mmol). 

was effected in one step in the conversions of (a) acetone 
to methyl isobutyl ketone, (b) benzaldehyde and acetone 
to 4-phenyl-2-butanone, and (c) 2,Ei-hexanedione to 2,5- 
dimethyltetrahydrofuran. Since the aldol condensation 
yields are limited by equilibrium considerations, the 
multistep sequential process is one way to raise yields by 
removing the condensation product from that equilibrium. 
The use of heterogenized catalysts would permit the de- 
velopment of continuous processes. 

Results 
Aldol condensations were catalyzed by both Ndion-H 

and Amberlite Et-120 .solid-phase acid catalysts. Ndion-H 
is a perfluorinated aliphatic ether polymer with pendant 
sulfonic acid groups (CF2S03H) of high thermal (to 205 
“C) and hydrolytic stability. The CFzS03H groups are 
strongly acidic  s super acid^"'^-'^). We employed granular 
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Table 111. Aldol Condensation/Hydrogenation of Acetone Catalyzed by @-SO,H and Pd ICa 
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product yields, % 

Nafion-H Amberlite IR-120 
4-methyl- 4-methyl- 

PH2, Psi temp, "C t ,  h 2-pentanone 2-propanol 2-pentanone 2-propanol 
20 60 6 

12  
24 

20 100 6 
12  
24 

50 100 6 
12  
24 

100 100 6 
12  
24 

100 140 24 

15  
21 
21 
20 
28 
29 
30 
47 
48 
28 
35 
35 

3 

1 
9 

20 
4 

19 
31 
1 2  
31 
37 
22 
37 
45 
45 

11 
21 
21 
1 5  
25 
25 
25 
40 
40 
26 
31  
31 
28 

0.5 
5 

1 5  
1 

14 
34 
18 
31  
42 
22 
42 
47 
48 

a Acetone (27.0 mmol), @-SO,H (0.54 rnmol), Pd (0.054 mmol). 

Table IV'. Product Distribution as a Function of Time in the Aldol Condensation-Hydrogenation of Acetonea 
% yield 

4-methyl- 
mesityl 2-penta- 4-methyl- selectivity ,c 

catalyst t, h acetone 2-propanol oxide none 2-pentanol othersb % 

Nafion-H 3 72 3 3 18 2 2 70 
and f d / C  6 49 12  4 30 3 2 69 

1 2  10 31 4 47 3 4 66 
24 4 37 3 48 3 4 64 

Amberlite IR.-120 3 73  7 3 1 5  0.3 2 67 
and Pd/C 6 51 18 3 25 0.5 2 65 

1 2  21 31 4 40 0.8 4 64 
24 10  42 3 40 1.2 5 60 

a Acetone (27.0 mmol), 8-SO,H (0.54 mmol), Pd (0.054 mmol), H, (50 psi), 100 "C. These are products boiling lower 
Selec- than acetone and are presumed to  be a mixture of propene and propane. No high-boiling products were observed, 

tivity t o  4-methyl-2-pentanone based on acetone consumed. 

samples with titration-determined equivalent weights of 
1100 and 1200 and 30-60-mesh sizes. I t  has been shown 
that Nafion-H is a good catalyst for alkylations,l1J2 me- 
t h y l a t i o n ~ , ~ ~  hydra t i~n , '~  acylation,14 isomerizations,l6,l6 
disproportionations," and other1*,19 reactions. Although 
Ndion-H has not previously been reported to be a catalyst 
for aldol condensations, Amberlite IR-120, a strongly acidic 
sulfonated polystyrene cation-exchange resin of medium 
porosity, has been used in this fashion.% Amberlite IR-120 
granules of 20-50 mesh, having a 5.0-mequiv/g exchange 
capacity computed on an anhydrous basis, were employed 
in this study. 

Aldol Condensation-Hydrogenation of Acetone. 
The conversion of neat acetone to mesityl oxide was cat- 
alyzed at  60 "C by either Nafion-H or Amberlite IR-120. 
As the quantity of catalyst was increased, the rate in- 
creased. The yield of mesityl oxide was equilibrium limited 
to -20% (see Tables I and 11) at  60, 100, and 140 "C. 
However, when Pd/C was used in addition to the resin acid 
and the reaction was pressurized to 20-100 psi with hy- 
drogen, 4-methyl-2-pentanone was obtained, often in yields 
higher than 20%. For example, the yield of 4-methyl-2- 
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(16) Olah, G. A,; Kaspi, J. Nouv. J.  Chim. 1978,2, 581. 
(17) Olah, G. A.; Kaspi, J. Nouv. J. Chim. 1978,2, 585. 
(18) Olah, G. A.; Meider, D. Synthesis 1979, 358. 
(19) Olah, G. A.; Meider, D. Nouv. J. Chim. 1979,3, 269, 275. 
(20) Durr, G. C. R. Hebd. Seances Acad. Sci. 1963,236, 1571. 

108, 671. 

Scheme I 

H2 P d / C  I 
H2 P d l C  I 

P d / C  

H Z  

pentanone, after 24 h at  50 psi of H2 and 100 OC with 
Ndion-H and Pd/C, was 48% vs. the 20% mesityl oxide 
obtained under equivalent conditions without hydrogen. 
Thus, the dual catalyst system increased the yield of 
condensation product by shifting the acetone/mesityl oxide 
equilibrium via hydrogenation of mesityl oxide. Unfor- 
tunately, yields of 4-methyl-2-pentanone greater than 50% 
were not routinely achieved because the hydrogenation of 
acetone to 2-propanol was a major competing reaction. For 
example, a t  50 psi of Hz and 100 "C with Nafion-H and 
Pd/C (where 48% 4-methyl-2-pentanone was obtained), 
the yield of 2-propanol was 37%. Hydrogenation of ace- 
tone was a serious competitor with condensation-hydro- 
genation at  all temperatures (from 60 to 140 "C) and 
pressures (from 20 to 100 psi) studied whether Nafion-H 
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Table V. Ado1 Condensation-Hydrogenation of Acetone Catalyzed by Nafion-H and (PPh ,),RhCla 
'% yield 

mesityl 4-methyl- high 4-methyl- selectivity,b 
PHl 9 Psi t ,  h acetone 2-propanol oxide 2-pentanone boilers 2-pentanol % 

50  3 91 7 1 
6 77 5 1 0  4 43 

12  69 0.3 3 1 9  4 0.7 60 
24 52 3 1 36 4 1.5 74 

100 3 93 2 2 2 36 
6 69 0.5 3 19  6 61 

12  62 0.8 2 26 6 0.6 69 
24 33 3.0 1 47 1 2  1.4 70 

300 3 75 0.5 2 10  1 0  0.7 42 
6 55 2 2 21 1 5  2.5 46 

12  40 4 2 31 17  3.0 52 
24 20 6 2 46 18 4.4 57 

l 0 O C  3 77 0.2 2.3 14  6 0.7 61 
6 61 0.7 1.9 25 9 2.0 65 

1 2  47 2.1 1.0 29 18 2.2 55 
24 27 4.2 0.7 49 27 2.6 67 

Acetone (27.0 mmol), Nafion-H (0.54 mmol), (PPhJRhCl (0.054 mmol), 100 "C. Molar selectivity (50 4-methyl-2- 
pentanone) vs. all other products. 
of Rh) as the hydrogenation catalyst. 

Resin-bound catalyst (@-C,H,PPh,),RhCl was employed (0.21 g of resin, 0.0054 mmol 

or Amberlite IR-120 was employed. Table I11 summarizes 
some representative results. 

The hydrogenation of 4-methyl-2-pentanone to 4- 
methyl-2-pentanol was not a serious competitive pathway. 
As shown in Table IV, only small amounts of 4-methyl- 
%pentanol(0-3%) were formed in reactions carried to high 
acetone conversions at 50 psi of H2 and 100 "C. The overall 
path is summarized in Scheme I. 

In contrast to acid-catalyzed aldol condensations of 
acetone, in which high-boiling products are produced 
("acetone oil"), the simultaneous condensation-hydro- 
genations catalyzed by the resin acid-Pd/C systems gave 
no high-boiling products. This is important because 
high-boiling tarry byproducts from condensations can 
settle on catalyst surfaces and decrease catalyst activity. 
This major advantage of the dual catalyst reaction system 
results because mesityl oxide is removed from the product 
mixture before it can enter into further condensations. 

To reduce the competitive hydrogenation of acetone, 
Wilkinson's catalyst, RhC1(PPh3)3, was used in place of 
Pd/C to catalyze hydrogenation. This homogeneous 
catalyst is known to be highly selective for reducing car- 
bon-carbon double bonds.21 Also it has previously been 
used as a selective hydrogenation catalyst after it was 
immobilized on The multistep reaction sequence 
proceeded slower with RhCl(PPh3)3 (homogeneously) as 
the hydrogenation catalyst than when Pd/C was used. For 
example, in the Nafi~n-H/RhCl(PPh~)~-catalyzed con- 
densation-hydrogenation, 52 % acetone remained un- 
reacted after 24 h (at 50 psi, 100 "C) compared to only 4% 
when the Nafion-H/Pd/C system was used. The selec- 
tivity to 4-methyl-2-pentanone was noticeably better with 
RhCl(PPh3)3 because the competitive hydrogenation of 
acetone is suppressed relative to aldol condensation and 
mesityl oxide hydrogenation. Even at 300 psi and 100 "C, 
only 6.3% 2-propanol was observed after 24 h with the 
Naf i~n-H/RhCl(PPh~)~ system. The hydrogenation of 
4-methyl-2-pentanone was not a serious side reaction. At  
100 "C and 300 psi, the selectivity to 4methyl-2-pentanone 
was 52% at  60% conversion and 57% at  80% conversion. 
At  100 "C and 100 psi the selectivities were 69% and 70% 
at 38% and 67% conversions, respectively. Representative 
results are shown in Table V. 
- 

(21) House, H. "Modern Synthetic Reactions", 2nd ed.; W. A. Benja- 
min: New York, 1972; pp 28-34. 

Scheme I1 
0 n 

PhCH3 - Pd/C PhCHO t )'( ,E a + H2 Ph 

0 

H2O Ph P d / C  

The slower rate of the Nafi~n-H/RhCl(PPh~)~-catalyzed 
reactions might be the result of the lower hydrogenation 
activity of RhC1(PPh3)3 relative to Pd/C. Slower removal 
of mesityl oxide from the aldol condensation would result 
in slower acetone conversion since acetone and mesityl 
oxide are in equilibrium. 

Polymer-bound Wilkinson's catalyst, (@- 
C6H4PPh2)3RhC1, was prepared from a diphenyl- 
phosphinated polystyrene1 ?% divinylbenzene resin by 
ligand exchange as shown in eq 2. The polymer-bound 

t o l u e n e  e x t r a c t  

100 'C, N2 w i t h  benzene 
e C e H 4 P P h z  t RhCI(PPh3)3  - - 

w C 6 H 4 ( P P h z  )3PhCI  (2)  

catalyst had P/Rh ratio of 6, and 26% of the resin's phenyl 
rings were substituted with PPh2 groups. The resin par- 
ticle size was 200-400 mesh. Aldol condensation-hydro- 
genations were run in the rpesence of both Ndion-H and 
the polymer-bound Wilkinson's catalyst a t  100 "C. As can 
be seen from the single example listed in Table V, the 
results were similar to those obtained by using RhC1- 
(PPh3)3 homogeneously, except the use of the anchored 
rhodium resulted in a moderately faster consumption of 
acetone. The product distributions were similar. No ap- 
preciable leaching of rhodium from the polymer was ob- 
served in batch runs carried out a t  100 "C. 

High-boiling products were obtained in reactions cata- 
lyzed by Ndion-H/RhCl(PPh,),. This is not surprising 
since hydrogenation was slower. Therefore, competitive 
condensations of mesityl oxide could occur. 

Crossed Aldol Condensation-Hydrogenation of 
Acetone and Benzaldehyde. The crossed aldol con- 
densation of acetone and benzaldehyde was catalyzed by 
both Nafion-H and Amberlite IR-120 at  60-150 "C 
(Scheme 11). The rate of 4-phenyl-3-penten-2-one for- 
mation was faster with Nafion-H, but the yields were lim- 
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Table VI. Effect of Temperature and Time on the 
Condensation of Acetone and Benzaldehyde 

Catalyzed by Nafion-Ha -_ 
yield of 

benzalacetone, 
temp, "C t ,  h % 

60 1 7 
3 13 
6 1 5  

1 2  1 8  
24 25 
36 27 

100 1 21 
3 26 
6 28 

12  28 
24 28 

150 1 23 
3 27 
6 27 

1 2  28 
24 28 

(I Acetone (1i3.5 mnnol), benzaldehyde (13.5 mmol), 
Nafion-H (0.54 mmol). 

Table VII. Aldol Condensation-Hydrogenation of 
Acetone and Benzaldehyde Catalyzed by 

Nafion-H and Pd/Ca 
yield 

teomP, ace- benzal- benzyl- tolu- 
C t ,  h tone dehyde acetone ene others 
60 1 45 40 11 4 

3 38 18 23 1 9  
6 36 10 27 26 

1 2  36 9 27 27 
24 36 7 27 29 
36 35 6 27 30 

100 1 38 35 24 2 
3 36 17 27 1 8  
6 35 9 29 25 

1 2  34 7 29 28 
24 34 4 29 31 

150 1 43 36 14 6 
3 38 30 21 8 
6 31 18 36 1 2  

1 2  23 8 50 1 5  
24 21 2 51 21 

15OC 24 32 23 32 11 

150e 24 8 0 41 29 
150d 24 1 6  0 53 1 9  

1 
1 
1 
1 
2 
2 
1 
2 
2 
3 
3 
2 
2 
3 
4 
5 
3 
7 
10 

a Acetone (13.5 mmol), benzaldehyde (13.5 mmol), 
Nafion-H (0.54 mmol), Pd (0.054 mmol), H, (50 psi). 

Yield refers to mole percent of each compound vs. total 
moles of all the compclunds present. 
25 psi. H, pressure was 100 psi, and 5% 2-propanol 
was observed. e H, pressure was 300 psi, and 10% 2-pro- 
panol was observed. 

ited to -28% as shown in Table VI for reactions catalyzed 
by Ndion-H. Simultaneous sequential condensation-hy- 
drogenation at 150 "C and 50 psi of Hz with both Nafon-H 
and Pd/C gave a 51% yield of 4-phenyl-2-pentanone, 
demonstrating the equilibrium limitation has been re- 
moved by hydrogenation of the intermediate 4-phenyl-3- 
penten-2-one (see Table VII). However, a major side 
reaction was the hydrogenation of benzaldehyde to toluene. 
This reaction competes with the condensation-hydrogen- 
ation sequence and is especially serious at  lower temper- 
atures. At 150 "C reactions were run at  25,50,100, and 
300 psi of HP. In 24 h the yields of 4-phenyl-2-pentanone 
were 32, 51, 53, and 41%, respectively, and the yield of 
toluene increased from 11 to 29%. At 100 and 300 psi of 
Hz, 5 and 10% yields of 2-propanol were observed. 

H, pressure was 

jc, 0 

Scheme I11 
@-S03H - - a + fiOt H 2 0  

P d / C  HZ I P d l C  H p  I 
Table VIII. Intramolecular Condensation of 

2,bHexanedione Catalyzed by @-SO,HO 
yield, % 

3-methyl- 

temp, dimethyl- pentane- 
2,3- 1 , 2 - ~ y ~ l 0 -  

catalyst "C furan dione 
Nafion-H 100 30 0 

150 29 2 
180 30 3 

Amberlite 100 24 0 
IR-120 150 50 1 

a 2,5-Hexanedione (27.0 mmol), 8 -S03H (0.54 mmol), 
180  89 0.2 

1 2  h. 

Table IX. Intramolecular Condensation-Hydrogenation 
of 2,B-Hexanedione Catalyzed by 

Nafion-H and Pd/Cu 
yield, % 

3- 
% 2,5-dimethyl- methyl- 

C sion furan tanone boilers 
te,m P , conver- tetrahydro- cyclopen- high 

~~ ~ 

150 75 50 2 21 
180 84 54 3 26 

2,5-Hexanedione (27.0 mmol), Nafion-H (0.54 mmol), 
Pd (0.054 mmol), H, (50 psi), 1 2  h. 

Intramolecular Condensation-Hydrogenation of 
2,5-Hexanedione. The cyclization of 2,5-hexanedione to 
2,5-dimethylfuran and 3-methyl-2-cyclopentenone was 
selected as a model intramolecular cyclization (Scheme HI). 
The major product, with either Nafion-H or Amberlite 
IR-120, was 2,5-dimethylfuran. With Nafion-H the total 
cyclization yields appeared limited to about 30% while 
higher yields were achieved with Amberlite IR-120 (Table 
VIII). Cyclization-hydrogenation studies were carried out 
by using the dual Nafion-H and Pd/C catalyst system 
(Table IX). Both 2,5-dimethylfuran and 3-methyl-2- 
cyclopentenone were reduced, giving 2,5-dimethyltetra- 
hydrofuran and 3-methylcyclopentanone, respectively. 
The saturated cyclic product yields increased to -50% 
with the dual catalyst system at 50 psi of H2 and 150-180 
"C. The major limitation was the competitive formation 
of higher boiling products. These products were not 
identified and were presumed to be products resulting from 
acid-catalyzed reactions of the furan. 

In any multistep process using two catalysts, one must 
demonstrate that one catalyst does not affect the progress 
of the reaction catalyzed by the other catalyst. Accord- 
ingly, we demonstrated independently that Pd/C did not 
catalyze the aldol condensation of acetone (110 "C) or the 
crossed aldol condensation of acetone and benzaldehyde 
(100 or 120 "C) in the absence of the acid catalyst. 

Other approaches to multistep reactions using polymeric 
reagents have been developed by others. Leznoff has 
studied a large number of reactions where one function of 
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a difunctional compound is first blocked by reaction onto 
a polymer support.22 The unblocked function is then 
converted to a desired function followed by subsequent 
release (and regeneration) of the first group from the 
polymer in sequential steps. However, each step is con- 
ducted stoichiometrically and independently. Another 
ingeneous use of stoichiometric reactions conducted se- 
quentially and using polymer supports is the "wolf and 
lamb" reaction concept of Patchornik et aLZ3 In this 
approach, two different reagents are anchored to polymers, 
and a reagent acts as a soluble "messenger" between the 
solid phases. A reagent, such as acetophenone, can be 
converted to ita enolate anion by polymeric trityllithium, 
and this enolate may then react with a polymer-bound 
ester in a typical Claison condensation to generate the 
enolate of a 8-diketone in a single pot. By cascading this 
product into a second pot containing polymer-bound hy- 
drazine, for example, diazoles can be produced. However, 
these reactions are not catalytic. Therefore, the sequential 
approach described in this paper is fundamentally dif- 
ferent. 

Experimental Section 
Aldol Condensation of Ketones. In a typical preparation, 

acetone (2.0 mL, 27.1 m o l )  and Nafion-H (0.6504 g, 0.542 -01) 
were charged to a nitrogen-purged Fischer-Porter aerosol com- 
patibility tube. The tube was sealed with a head containing a 
pressure gauge. The tube was warmed to the desired temperature 
and stirred for the specified reaction time. Upon completion, the 
tube was cooled to room temperature. Products were analyzed 
on a Hewlett-Pachard Model 5712A gas chromatograph using a 

in. X 6 ft copper column packed with 15% Carbowax 20M on 
Chromosorb W support [temperature program: from 60 "C (2 
min) a t  8 "C/min to 100 "C]. Each product was identified by 
addition of an authentic sample to the reaction solution, and the 

(22) Leznoff, C. C. Acc. Chem. Res. 1978, 1 1 ,  327. 
(23) Cohen, B. J.; Kraus, M. A.; Patchornik, A. J.  Am. Chem. SOC. 

1977,99, 4165. 

mixture was analyzed with three different temperature programs. 
The product was assigned only when the authentic samples gave 
a single peak with the experimental sample peak at  the three 
different temperature programs used. Quantitative GLC data 
were obtained via electronic integration with a Hewlett-Packard 
Model 3380A reporting integrator. Area-normalization (with 
response-factor correction) calibration techniques were used to 
determine yields and product distributions. The temperature 
program for crossed condensation of benzaldehyde/acetone was 
from 150 "C (2 min) at  8 "C/min to 200 "C. Isothermal (150 "C) 
conditions were employed for the 2,5-hexanedione system. 

Aldol Condensation-Hydrogenation of Ketones. In a 
typical preparation, acetone (5.0 mL, 67.8 mmol), Nafion-H (1.6260 
g, 1.355 mmol), and 10% palladium on activated carbon (0.1442 
g, 0.1355 m o l )  were charged to a nitrogen-purged Fischer-Porter 
tube. The tube was sealed with a head containing a preasure gauge 
and a vent inlet valve. The tube was pressurized and vented three 
times with hydrogen followed by raising of the pressure to that 
desired with hydrogen. The tube was then placed in an oil bath, 
preequilibrated at  the proper temperature, and stirred for the 
desired reaction time. The reaction was conducted a t  constant 
pressure by connecting the reaction tube to a gas reservoir via 
stainless-steel tubing and a pressure-control valve. Thus, the 
pressure to the reaction tube remained constant. The tube was 
then cooled and the gas was vented. The reaction solution was 
filtered and analyzed quantitatively by GLC according to the 
method described above. 
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Alkoxy- or (acyloxy)(2,2,2-trifluoroethoxy)triphenylphosphoranes which were prepared in situ by the ligand 
exchange of bis(2,2,2-trifluoroethoxy)triphenylphosphorane with alcohols or carboxylic acids were found to behave 
as potential alkylating or acylating reagents for the preparation of a variety of esters, amides, sulfides, and ketones. 

The chemistry of phosphoranes has been developed 
mainly for the purpose of studying stereochemistry around 
the phosphorus However, with exception of 
phosphonium salts and phosphoranes with halogen ligands, 
no reports have appeared for the utilization of phospho- 
ranes for synthetic reactions, except those for dehydration 
and/or alkylation leading to  epoxide^,^ esters? ethers,- 
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and  heterocycle^."'^ In fact, reported synthetic routes 
for phosphoranes so far include only (i) the condensation 
of trivalent phosphorus compounds with quinones, a-di- 
ketones or carboxylic acids,l6l7 (ii) the oxidative addition 

(8) Denney, D. B.; Melis, R.; Pendse, A. D. J. Org. Chem. 1978, 43, 
4672. 

(9) Chang, B. C.; Conrad, W.; Denney, D. B.; Denney, D. Z.; Edelman, 
R.; Powell, R. L.; White, D. W. J. Am. Chem. SOC. 1971,93,4004. 

(10) Denney, D. B.; Powell, R. L.; Taft, A.; Twitchell, D. Phosphorus 
1971,1, 151. 

(11) Razumova, N. A.; Samitov, Y. Y.; Vasilev, V. V.; Voznesenskaya, 
A. V.; Retrov, A. A. Zh. Obshch. Khim. 1977,47, 312; 1978,48,91. 

(12) Bone, S. A.; Trippett, S.; Whittle, P. J. J. Chem. Soc., Perkin 
Trans. 1 1977,278; 1977,437. 

(13) Stewart, A. P.; Trippett, S. J.  Chem. SOC. D 1970, 1279. 
(14) Ramirez, F.; Telefua, C. D. J. Org. Chem. 1969, 34, 376. 
(15) Ramirez, F. Ace. Chem. Res. 1968, 1, 168. 

0022-3263/80/1945-5052$01.00/0 0 1980 American Chemical Society 


