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Abstract; Palladium(0) catalysis in the title reaction causes the release of methacrolein which compeies effectively with the m-
allyl species in product formation, a bicycloannulated devivative, when DB is used as hase

In connection with a synthetic problem aimed at the rapid construction of various 1-carbomethoxy 3-
methyl bicyclo[3.3.1] non-3-ene-9-ones (1) in order to generate analogs of huperzine-A (2) for testing!, a
palladium catalyzed bicycloannulation reaction attracted our attention. The latter involved the reaction of
allylic 1,1-diol diacetates with the pyrrolidine enamine of cyclohexanone under the catalysis of palladium(0)
to yield a bicycloannulated product in one siep?. Although the mechanism proposed appeared surprising the
reaction was nonetheless interesting and the vields acceptableZ. We therefore atternpted a similar reaction
using substituted B-ketoesters and BSA or DBU as a basc. Table 1 shows the results of the Pd(0) catalyzed
reaction of the allylic 1,1-diacetate with various B-ketoesters?. In all cases using BSA as the base (entries 1-4),
the reaction stopped at the monoalkylation product and, in all cases also, alkylation took place from the less
hindered 3-position of the allylic 1.1-diacetate as observed by Trost and Vercauteren for related hindered
systems®. On the other hand, results also show the marked influence of changing the base for a stronger one.
Under the same reaction conditions, but using DBU as base (entries 5-8), a bicycloannulation reaction,
analogous to that reported for enamines?, is observed with unoptimized yields varying from 59% to 71%.
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Much to our surprise, the monoalkylated compounds of entries 1 and 4 could be cyclized by treating
them under the DBU conditions of entry 5 or simply in presence of DBU under refluxing toluene for 19.5 h.
Therefore, the monoalkylation products of Table 1 are possible intermediates in the bicycloannulation
reaction. Furthermore, the isolation of 18% of aldol in entry 7, suggested that methacrolein and acetic
anhydride may be liberated under the reaction conditions and that these reagents may compete effectively with
the w-allyl species in product formation when DBU is used as base.

This paper is dedicated to professor Zdenek Valenta on the occasion of his 65" birthday.
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TABLE 1.  Influence of the Base on the Reaction of B-Ketoesters with
Methallyl-1,1-Diacetate in Presence of Palladium.

[ Entry Model Base* | Time (h) Product l Yield
b (Rt

i Co L, Me 0.5 e o ) 41
1 . sz BSA 1.0¢ CO4Me 40¢

() 29.0¢ © 86°

e

@—CU 5 Me Ac O 2
2 R Rl BSA 30 C()l\le ﬁ{)
R=H.R;=CH, RTR

3 RR, = -O(CH)),0- BSA 16.0 RR = -O(CH,),0- 66
4 RR = CH, BSA 16.0 RR,= CH, 48

[¢]

04 Me Ac(
5 o2 DBU 21 64
o COpMe
Q
(844} 2\48
6 ROR, DRU 16.0 71 Ry= Ac
R=H, R, =CI,
7 RR, = -O(CH,),0- DBRU  16.0 RR,= -O(CH,),0- 51 Ry= Ac
18 R,=H

8 RR,= CH, DBU 16,0 RR,= CH, 59 R,= Ac

a: Solvent used is refluxing dioxane; refluxing toluene gives compargble results. see ¢ inenry 1.
h: Yields (isolated) are not optimized. ¢: Solvent used is refluxing (oluene,

A series of nmr experiments was therefore carried out to test this hypothesis and the results are
prescnted below.

Exp 1. (PA{OAc), + Ph,P + Tol-dg30 min R.T. + (DBU + diacetate + -ketoester of entry 4 + Tol-dy)

After 10 min reflux, 'H nmr of aliquot shows starting B-ketoester, methacrolein, signals characteristic
of R-CH,CH(CH,)CHO and almost complete disappearance of the starting diacetate. After 60 min reflux, nmr
shows diminished starting B-ketoester and methacrolein  signals, some R-CH,CH(CH,)CHO, the
bicycloannulated product and a small amount of the monoalkylated product. The spectrum of course shows a
number of other unidentified peaks and unfortunately, the region around 2 ppm is o complex to ascertain
whether acetic anhydride is also present as hypothesized. A P'C spectrum however allows unambiguous
characterization of thig anhydride in the mixture.
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In order to probe the potential role of DBU in the release of methacrolein and acetic anhydride,
experiments 2 and 3 were performed.

Exp 2. (Pd(DAc), + PhyP + Tol-d )30 min RT. + (diacetate + Tol-dy)

After heating the mixture at 75°C for 5 min, no change appears in the 'H and 2C nmr spectra. After 5
min of refluxing, traces of methacrolein and acetic anhydride appear in the 'H and *C spectra. After 24 h of
reflux, the amount of 1,1-diacetate has greatly diminished with respect to methacrolein and acetic anhydride
and the latter two are in a ratio of ~1:2 which suggests that acetic anhydride accumulates as the 1,1-diacetate
decomposes and methacrolein polymerises, probably under the influence of Ph,P. A number of unidentified
peaks may be due to this reaction.

Exp 3. (PA(OAc), + Ph,P + Tol-d)30 min R.T. + (diacetate + Tol-d,)

After refluxing for 10 min a mixture identicat to that of experiment 2. 'H and 1’C spectra show small
amounts of methacrolein and acetic anhydride, and mostly the starting 1,1-diacetate. Then, one equivalent of
DBU is added and the mixture heated to reflux for an additional 10 min period; 'H and '*C spectra show large
amounts of methacrolein and acetic anhydride and almost no more 1,1-diacetate. This therefore shows the
implication of DBU in the methacrolein releasing reaction; it was further ascertained that palladium is
nccessary for this reaction to take place.

Exp 4. (Pd(OAc), + PhyP + Tol-d )30 min R.T. + (BSA + diacetate + B-ketoester of entry 4 + Tol-d)

Experiment 4 was done in order to establish whether methacrolein and acetic anhydride are also
formed in the case of BSA as base. After 10 min of reflux, 'H and *C nmr spectra establish the presence of
methacrolein and the monoalkylated product but no acetic anhydride; also, as expected, no free starting p-
ketoester is present, it scems to have been completely converted to the corresponding silylenol cther. After 55
min of reflux, methacrolein is always present as well as the monoalkylated product. No trace of annulated
product or other alkylated aldehyde is present.

Exp 5. (B-ketoester of entry 1 + CH,=C(CH)CHO + BSA + Ac,O + Tol-dy)

Experiment 5 was done in order to verify whether methacrolein could be involved in the formation of
the monoalkylated product. After 18 h of reflux, a 'H nmr spectrum shows the silylenol ether corresponding
1o the starting f-ketoester and no other new product corresponding to alkylated starting material.

In presence of DBU, nmr experiments 1-3 therefore demonstrate the intervention of a competing
mechanism (path a), whereby methacrolein and acetic anhydride liberated via the initial m-allyl derivative’
lead, by base catalyzed 1.4-addition followed by aldolization and acetylation, to the observed
bicycloannulated product as shown in Scheme 1. This was substantiated by treating the B-ketoester of entry 5
with corresponding amounts of methacrolein, acetic anhydride and DBU, mimicking the conditions of entry 3,
and refluxing the mixture in dioxane for 2.1 hours and obtaining 79% of bicycloannulated product. Path b, on
the other hand, should normally lead to the monoalkylation product which is observed to the extent of a few
percent under DBU conditions, but, as indicated above, this product cyclizes under those conditions and
therefore is an intermediate. The relative contribution of both pathways to product formation remains to be
established but, as observed, release of methacrolein and acetic anhydride appears very rapid.

On the other hand, in presence of the weaker base BSA, nmr experiments 4 and 5 show that: although
methacrolein is formed in a side reaction (path a), it does not react with the silylenol ether of the B-ketoester
and therefote the monoalkylation product, the sole product observed, results from the normal reaction
involving the m-allyl derivative (path b) as shown in Scheme 2.

CONCLUSION: The above demonstration of the methacrolein release in the reaction of methallyl-1,1-
diacetate with PA(0) and the intervention of a hidden mechanism of alkylation under DBU catalysis suggests
avenues for future work and caution in the application and interpretation of the title reaction.
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Scheme 1. Partial mechanism of bicycloannulation in presence of DBU.
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Scheme 2. Partial mechanism of alkylation in presence of BSA.
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