Tetrahedron Letters,Vol.28,No.47,pp 5929-5932,1987 0040-4039/87 $3.00 + .00
Printed in Great Britain Pergamon Journals Ltd.
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ISOMERIZATION OF 5-(BROMOZINCMETHYL)-3-
METHYLENEOXACYCLOALKANES
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Summary: 2-(Alkenyloxymethyl)-2-propenylzinc bromides 2a-e and 2-(allylmethylaminomethyl)-2-
propenylzinc (or magnesium) halides 2g rearrange thermally to 5-(1-bromozincalkyl)-3-methyleneoxa-
cycloalkanes 1a-e and 5-(bromozinc[or chloromagnesium]methyl)-3-methylene-N-methylpiperidine 1g;
some of the former can be isomerized by Pd(PPhg),4 to methylenecyclopentanes 3.

Intramolecular magnesium-ene reactions have proven a valuable tool for the synthesis of carbo-
cycles.1 Our interest in synthetic applications of functionalized 2-alkenyimetal compounds2 led us to
explore the feasibility of constructing heterocyclic systems 1 by intramolecular metallo-ene reactions of 2.
We were also aware of the potential of organometallics 1 (X = O), being allylic ethers, to undergo Pd(0)-
catalyzed isomerization to methylenecyclopentane derivatives 3.

X\( CHy) X-(CH,),-CHR'-CR2=CHR3
n
R1
met
R2
CHR3-met
1 2
X n R! R3 R2
a 0O 0 H H H
b o) 0 H H CHg
R2 c 0 0 H CHg H
d 0 0 CgHs H H
3 1. -O- e O 1 H H H
R CHR'-(CHp),-O-met ¢ o . L gy H
g NCH5 0 H H H
3

5929



5930

Starting from 3-chloro-2-chloromethyl-1-propene and the appropriate sodium alkoxides, THF solutions of
2a-f (met = MgCl) were prepared according to standard procedures.2 The Grignard reagents 2a-f (met =
MgCl) were heated to 100 -130 °C for 23 - 86 hours,3 whereafter the reaction mixtures were quenched,
either with CISnMeg or with aqueous NH4CI, and analyzed by GLC. Only in the case of Grignard reagent
2e (met = MgCl) a compound of type 1, 1e (met = MgCl}, was indicated by its stannylation product.4 The
latter, though, was obtained in low yield (15%)5 and was accompanied by many by-products whose
structures were not determined. Breaking of the C-O bond was involved in the formation of the three types
of product obtained from the Grignard reagents 2a-d,f (met = MgCl). Cyclopropanes 4 (0-35%) resuit from
1,3-elimination subsequent to the magnesium-ene reaction anticipated. The dienes 5 (0-20%) and the
trienes 6 (3-26%) are derived from intramolecular and intermolecular Sp2' processes, respectively.
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The predicaments of the oxygen containing Grignard reagents were absent in the nitrogen compound 2g
(met = MgCI).6 Under relatively mild conditions and after quenching with CiSnMeg, N-methyl-3-
methylene-5-(trimethylstannylmethyl)piperidine 1g (met = SnMeg) was obtained in 76% yield. No
by-products were present. Magnesium-ene reactions hold promise as routes to nitrogen heterocycles !

Searching for means to effect cyclization in the case of oxygen systems the Grignard compounds 2a-f
(met = MgCl) were converted in situ 2 into their less nucleophilic zinc derivatives 2a-f (met = ZnBr), which
were then subjected to thermal rearrangement. It was gratifying to note that at 80 °C after 24 hours the
simple allyl and homoallyl ethers 2a and 2e (met = ZnBr) gave only 1a,e (met = ZnBr) in reasonable yield
as indicated by the amounts of the respective tin derivatives obtained after CiSnMe5 quench. The methyl
substituted (2b,c, met = ZnBr) and phenyl substituted (2d, met = ZnBr) allyl ethers required longer
reaction times or higher temperatures. The neopentyl type zinc compound 1b (met = ZnBr) reacted only
slowly with CISnMeg, giving rise to a low yield of its stannylated derivative (31%). 1¢ (met = ZnBr), having
a secondary carbon-zinc bond, did not react at all with CiSnMeg. As far as we know, the reactions of 2b,c
(met = ZnBr) are the first cases of metallo-ene reactions, in which a disubstituted carbon-carbon double
bond, unactivated by strain7, conjugation8 or an intramolecular Lewis base groupg, is the ene part.
However, no reaction could be effected with the cyclohexeny! ether 2f (met = ZnBr).

The amine 29 (met = ZnBr) also afforded the product of intramolecular carbometallation 1g (met = ZnBr) in
fair yield. Reaction conditions and results for 2a-g (met = ZnBr) are compiled in Table 1.
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Table 1. Reaction conditions and products (%)5 of zinc-ene reactions of 2a-g {met = ZnBr) after quench
and aqueous work-up.

Structural T C)  t(h) Quench®  2(met=H)® 1(met=SnMe,) 1{met=H)
pattern

a 80 23 A - 57 -
b 80 45 AC 23 31 18
B 18 - 80
cd 130 22 B . - 508
d 80 48 B 16 - 51 trans, 25 cis
e 80 24 A 24 62 -
t 130 24 A 21 0 0
g 80 24 A 16 64 .

a) A =CISnMeg quench (1.5 equiv., added as 1 M solution in n-pentane, room temperature,1 h stirring),
B = NH4Cl quench. b) Presumably formed during preparation of the Grignard reagents and manipulation
of the small-size samples. ¢) In this instance, 1b (met = ZnBr) was stirred for 22 h with CiSnMeg. d) 93%
trans, 7% cis . €) Only one isomer.

Having found? that allyl ethers bearing a 1-alkenylzinc bromide moiety undergo Pd(0)- catalyzed cycli-
zation, we treated the THF solutions containing 1a-e,g (met = ZnBr) with 5 mol % Pd(PPhg), at 65 °c.
While 1g (met = ZnBr) remained unchanged and 1c¢,d (met = ZnBr) gave unidentified mixtures, 1a, b, e
(met = ZnBr) after 24 (a,e) and 45 (b} hours followed by aqueous work-up gave 3a, b, e (met = H) in yields
of 49, 65 and 71%>. 3a (met = H) was accompanied by 15% of its isomer 7 and 3b (met = H) was
accompanied by 12% of 1b (met = H). By contrast, 3e (met = H) was the sole compound detectable, 2e
(met = H) present in the solution containing 1e (met = ZnBr) apparently having been destroyed under the
conditions of the isomerization reaction.

OH

7

In summary, type-ll metallo-ene reactions in which the reacting allyimetal and ene parts are interconnected
by a chain containing an oxygen (met = ZnBr) or an NCHg link (met = MgCl, ZnBr) can be used for the
construction of oxygen and nitrogen heterocycles. The rates of these cyclizations are much higher than
those of their intermolecular c:ounterpans.10 This has permitted, for the first time, the use of disubstituted
carbon-carbon double bonds lacking any kind of activation as the ene part. Some of the
5-(1-bromozincalkyl)-3-methyleneoxacycloalkanes generated in this way can be isomerized by Pd(0) to
3-methylenecyclopentylalkanols. To our knowledge this is the first case of Pd(0)-catalyzed coupling

between a saturated organozinc compound and an allylic ether.
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