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RHODIUM(I)-CATALYZED REACTION OF 2-PROPENYL CHLOROACETATE.
FORMAL ELIMINATION OF ALLENE AND
INSERTION INTO THE C-O BOND OF THE ESTER FUNCTION
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Treatment of 2-propenyl chloroacetate with catalytic amount of
RhCl(PPh3)3 in boiling tetrahydrofuran gave 2-methylene-4-pentenyl
chloroacetate, a product which is derived via a formal insertion of
allene unit into the C-0 bond of the starting chloroacetate, with

concomitant formation of chloroacetic acid.

Recently, palladium-promoted C-O bond cleavage of allylic alcohol derivatives

such as ethers and esters has extensively been utilized in various synthetic trans-

formationsl); it is generally accepted that subsequently formed m-allylpalladium

2)

intermediates play the key role in these reactions. Rhodium catalysts, however,

have rarely been utilized in such reactions that accompany the C-O bond fission of
allylic compounds.3’4)
We report here a rhodium(I)-catalyzed reaction of 2-propenyl chloroacetate (1)
to give 2-methylene-4-pentenyl chloroacetate (2) and chloroacetic acid (3) (Scheme
1). A part of 2 was isomerized to 2-methyl-2,4-pentadienyl chloroacetate (4) under

the reaction conditions.
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In a typical example, a solution of 1 (8.81 mmol) in THF (5 ml) in the pres-
ence of RhCl(PPh3)3 (0.143 mmol) was refluxed for 3 h under a nitrogen atmosphere.
GLC analysis of the resulting reaction mixture showed the presence of 2 (1.33 mmol)
and 4 (0.214 mmol) with the conversion of the substrate 1 of 52%. After the usual
work-up (dilution with hexane to precipitate the catalyst, washing with aqueous 1
M NaHCO3 and then water, and drying over Na2804), removal of solvents under re-
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Table 1. Rhodium-Promoted Reaction of 2-Propenyl Chloroacetate?

Rh~-Complex Solvent Temp/°C Time/h Conversion/% 2Yie1d/§

RhCl(PPh3)3 THF 66 1 37 21 3.3
THF 66 3 52 30 4.9
THF 66 8 59 33 6.1
THF Ambient 72 3.2 3.2 0
THFP) 66 3 2.8 0 0
Dioxane 101 3 71 28 4.9
Dioxane 66 3 68 30 3.9
Toluene 111 3 55 26 5.3
Toluene 66 3 38 15 2.5
Benzene 80 3 57 23 4.8
Acetonitrile 82 3 33 7.7 0.8

RhH(PPh3)4 THF 66 3 39 16 1.5

RhCl(CO)(PPh3)2 Toluene 111 3 7.9 3.0 0

Rh(cyclooctene)ZCl/ Benzene 80 3 0 0 0

(dpe)2
RhC1l,- 3H,0 Toluene 111 3 0 0 0

3 772
a) 1, ~9 mmol; solvent, 5 ml; 1/[Rh]=65. Conversion of 1 and yields of 2 and 4

were determined by GLC based on the 1 charged. dpe = 1,2-bis(diphenyl-
phosphino)ethane. b) Allene was bubbled into the reaction mixture.

duced pressure followed by preparative GLC (Silicone DC-550) afforded analytical

samples of 2 and 4, which were characterized by elemental analysis and spectral

studies.S) 3)
Among the rhodium complexes examined, only RhCl(PPh3)3 and RhH(PPh3)4 showed

From the aqueous washings was recovered chloroacetic acid (3).

appreciable activity for the reaction of 1 (Table 1). The reaction scarcely pro-
ceeded at ambient temperature in THF. Elongation of the reaction period in boil-
ing THF or variation of the medium hardly improved the conversion of 1 and yields
of 2 and 4. Judging from the amount of reacted 1, the turn-over number of the cat-
alyst was estimated to be 40-45 at most. It seemed that an active catalyst spe-
cies was converted into poorly active complex, RhCl(CO)(PPh3)2, at a rather early
stage of the reactions) (see Table 1).

Palladium- and nickel-phosphine complexes, such as Pd(PPh3)4, Pd(dpe)z,
PdClz(PPh3)2, Ni(dpe)z, and NiClz(PPh3)2, gave no trace of 2 or 4 (THF, reflux, 3
h). 1In the presence of RuClz(PPh3)3 (2 mol%), heating of a solution of 1 in tolu-
ene at reflux for 8 h caused complete migration of the double bond to l-propenyl
chloroacetate without C-0 bond fission.7)

Table 2 shows the RhCl(PPh3)3-promoted reaction of several allylic alcohol
8)

9)

derivatives. 2-Propenyl dichloroacetate gave 2-methylene-4-pentenyl dichloro-
acetate (11).
in the order of 1>6>>5. Though 2-methyl-2-propenyl chloroacetate (8) was recover-

ed unchanged, almost all of 2-butenyl chloroacetate (7) was cleaved into butadiene

Based on the substrate consumed, the reactivity of the esters was
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Table 2. RhCl(PPh3)3—Promoted Reaction of Allylic Compoundsa)

Conver- .
Substrate Solvent sion/% Product(s) [Yield/%]
CH3COOCH2CH=CH2 (5) THF <1

_ b) - =

CH3COOCH2CH—CH2 (é) } THF {58 CH3COOCH2C(—CH2)CH2CH—CH2 (lg) [58]
ClCHZCOOCHZCH=CH2 (l) 88 ClCHZCOOCHZC(=CH2)CH2CH=CH2 (g) [17]
C12CHCOOCH2CH=CH2 (E) Dioxane 36 C12CHCOOCH2C(=CH2)CH2CH=CH2 (ll) [15]
C1CH,COOCH,CH=CHCH, (7) Dioxane 92 CH,=CH-CH=CH,
ClCHZCOOCHZC(CH3)=CH2 (g) THF 0
PhOCH2CH=CH2 (9) Toluene 69 PhOCH=CHCH3 (12) [69]

a) Substrate, ~9 mmol; [Subs]/[Rh] =65; solvent, 5 ml; reflux, 3 h. Yields were
determined by GLC based on the substrate charged. b) A mixture of 5 (9 mmol)
and 1 (9 mmol); [5 + 1l1/[Rh] = 65; solvent, 10 ml.

and 3. Phenyl 2-propenyl ether was isomerized to l-propenyl ether (;g).lo)

It should be noted that 2-propenyl acetate (5) did not react by itself. 1In
the presence of 1, however, 5 gave the corresponding formal allene insertion prod-

11) in a fairly good yield. The fact

uct, 2-methylene-4-pentenyl acetate (10),
that all of the reacted 5 was converted to 10 clearly shows that the allene moi-
ety in 10 originated from 1. It is also interesting that reactivity of 1 itself
was somewhat enhanced by the co-existence of 5 with preferential insertion of al-
lene residue into the C-O bond of 5.

It has been known that rhodium complexes are highly effective catalyst for
oligomerization of allene.lz) Thus, treatment of 1 with RhCl(PPh3)3 in the pres-
ence of allene caused oligomerization of the latter only, leaving the ester 1 al-
most intact (Table 1). This may exclude the intermediacy of free allene in the
course of the reaction depicted in Scheme 1. Although further experiments need to
be performed in order to gain additional insight into the process, a tentative re-
action path is shown in Scheme 2. Oxidative addition of the allylic ester 1 to
Rh(I)-species will form the wm-allylic complex ;§.3a) Abstraction of the C2-proton
by chloroacetate anion may give chloroacetic acid and allene residue complexed with

’
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rhodium (14). Interaction of 14 with allyl ester 1 or m-allyl species 13 may give
rise to another w-allylrhodium complex 15, and reductive elimination of 2 will re-
generate active Rh(I)-species.

Release of a B-methylene proton of m-allylpalladium species has been well dem-

13) To our knowledge, how-

onstrated to give 1,3-diene in the palladium chemistry.
ever, elimination of allene unit from m-allyl-metal complexes, even though in a

formal sense, seems unprecedented.
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