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The Michael addition ! of carbon acids to activated olefins is usually catalyzed by
strong bases such as hydroxide or alkoxide ion. In a few cases ! weak bases such as Bu N
(pPK =9.93 in water) 2 and pyridine (pK =5.25 in water) 3 have been used and more recently
reactions catalyzed by fluoride ion4 (pK = 3.7 in water) 5 and Et, N 6 (pK =10.7 in water) 2
have been investigated in some detail. It is now reported that this reaction is catalyzed by
a group of very weak bases - the tertiary phosphines. For the particular compounds used
in this work the following pK values (in 2:1 EtOH/HQO) have been reported 7 - BuSP (6‘.00),
MeEPhP (4.18), MePhQP (presumably similar to that of EtPhaP, i.e. <2.60), PhsP (<2.60).

The present results (Table 1, reactions 1-5) show that Bu, P is an effective catalyst
for the addition of 2-nitropropane to ethyl acrylate in a variety of solvents. It is noteworthy
that both fluoride ion4 and Et,N 6 were effective only in polar solvents such as ethanol.

In tetrahydrofuran (THF) or dioxane no reaction occurred. Increasing substitution of alkyl
groups on the phosphorus atom by aryl ones leads to decreasing activity and yields (Table 1,
reactions 6-8). However, even with Ph P a good yield can be obtained using excess 2-nitro-
propane as the solvent (Table 1, reaction 9). Michael adducts are similarly obtained from
other activated olefins (Table 1, reactions 10-13). These results with 2-nitropropane are
presented as typical examples. Similar reactions have been observed with a variety of
carbon acids [e.g., CHaNOE, CHa(Cone)a’ CHe(COMe)z, PhPCHCN]. An example using
dimethyl malonate is reported in detail in the Experimental section,

In contrast to the catalytic effect of Me PhP, Me_PhN (pK =4.13 in 2:1 EtOH/Hzo) 7
is completely ineffective, in spite of the similarity in basicities. However, tertiary phos-
phines are much stronger nucleophiles than the analogous amines (e. g., the rate of quar-
ternization of EtzPhP by EtI is >500 times faster than that of EtQPhN 8). These data suggest
that the tertiary phosphines behave as nucleophiles rather than bases in the present syétems./
The mechanism shown below is consistent with this and since intermediates such as (I) are
known to be formed in the tertiary phosphine catalyzed dimerization of activated olefins, 9
it would appear to be a reasonable interpretation of the present results. Although no

strong base is added, it is evident that one is generated in situ with the formation of (I).

3597



3598 No, 37

. -

RP + CH, =CHX = R,PCH CHX ()
+

(D + YH = RPCHCHX + Y~

Y- + CH=CHX - YCH,CHX

YCHCHX + YH - YCHCHX + Y-

It is intriguing to note that initial attack occurs upon the activated olefin, whereas in the

normal mechanism : it is the carbon acid that is attacked first.

TABLE 1. Michael addition of 2-nitropropane to activated olefins (2)

Reaction Yield of

Reaction Olefin Catalyst Solvent Time Adduct
(mmoles) {hrs.) (%)
1 CH,=CHCO,_Et PBu, (0.5) THF 1.5 82
2 i n Dioxane " 89
3 " " Benzene " 88
4 " " Cyclohexane " 90
5 " " Hexane " 86
6 " PMeZPh (1) THF " 79
7 " PMe Ph_ (5) THF 20 80
8 " PPh, (10) THF 160 36
9 " " excess 24 78
Me_ CHNO,
10 CH2=CHCOMe PBu3 (1) THF 1.0 70
11 CH_=CHCN PBu, (0.5) THF 1.0 21
12 Me CH=CHCN PBu_ (1) excess 16 75
Me, CHNO
2
13 CH,_ =C(Me)CN PBu_ (10) " 20 33

{(a) Reactions were carried out by addition of the catalyst (no. of mmoles shown) to a
solution of the olefin (100 mmoles) and 2-nitropropane (100 mmoles) in the solvent
(20 ml) at room temperature. When excess 2-nitropropane was used as the solvent
a total of 25 ml was added. Adducts in the yields shown were isolated by direct
distillation after addition of Mel to remove the phosphine,
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EXPERIMENTAL
10 . 1
The adducts of 2-nitropropane with ethyl acrylate,  methyl vinyl ketone ™ and acrylo-,
crotono- and methacrylonitriles 12 were identified by comparison with authentic samples made

by literature methods and by their nmr spectra (Table 2).

TABLE 2. Nmr spectra of the compounds MezC(NO?)CHpR‘3 CHYRYX

A dduct Chemical Shiifts (2)
rP R® X Me,C uP rP H? R? x
H H COREt 1.60(s) 2.30(s) - 2.30 (s) - 1.23 (t)
’ 4.11 (g
H H COMe 1.57(s) 2.0-2.8(m) - 2.0-2.8 (m) - 2.15 (s)
H H CN 1.63(s)  2.37 (m) - 2.37 (m) - -
Me H CN 1.57 (s) 2.0-3.0 (m) 1.17(d)  2.0-3.0 (m) - -
H Me CN 1.68 (s) 2.0-3.1 (m) - 2.0-3.1(m) 1.38(a) -
1. 73 (s)

(2) In ppm downfield from internal Me Si reference, measured in CDCls solution at 60 MHz.
Relative areas were those expected. Abbreviations: s = singlet, d = doublet,

t = triplet, q = quartet.

The following example is presented as typical of the experimental technigue.

Addition of dimethyl malonate to methyl acrylate.

Tributylphosphine (50 mg; 0.25 mmole) was added to a mixture of the malonate (6.6 g;
50 mmoles) and acrylate (8.6 g; 100 mmoles) esters in acetonitrile (25 ml) under a nitrogen
atmosphere, Heat was evolved. After 2 h, when the mixture had returned to room tempera-
ture a few drops of methyl iodide were added. The mixture was evaporated and distilled giving
trimethyl 1,1,3-propanetricarboxylate [2.0g; 18%; b85-91° (0.2 mum); found: C 49.1, 49. 2;
H, 6.3, 6.4. C, H ,O, requires C, 49.5; H, 6.5%7 and tetramethyl 1,3,3,5-pentanetetracarboxylate
[12.3 g; b 135-6° (0.2 mm)]. The laiter solidified on standing and was recrystallized from
cyclohexane/benzene (70/30) to give the pure compound as diamond shaped plates [10.1 g;
66%; m. 58-9°; found: C, 51.1, 51.3; H, 6.4, 6.5. C,,H, O, requires C, 51.3; H, 6.6%]
The former, (Me? 0 CO)_CH® cHE cHL cooMeP, showed nmr bands (in ppm downfield from
Me, Si in CDCl,, 60 MHz) at 1.9-2.5 (m, HC), 3.38 (t, H®), 3.63 (s, MeD) and 3. 70 (s, MeA)
the latter, (MeAOCO) c(CHE cHP COOMeC) , bands at 2.13 (s, HB), 3.53 (s, Mefor Mel)
and 3. 63 (s, MeC or MeA).
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