2840

(14) Cf. Whitlock, H. W., Jr.;

3600.

Muller, E.; Heischkeil; Bauer, M. Justus Liebegs Ann. Chem. 1964, 677

55.

It should be emphasized that we cannot rule out the possibility that for-

mylation of the aromatic ring might have occurred under the various re-

action conditions but that other functionalities were perturbed. We can only

state with certainty that in no case were we able to detect the presence

of pretazettine (2) or its O-methyl ether (19), both of which were available

to us through the courtesy of Professor P. Scheuer and Professor E. Fu-

rusawa of the University of Hawaii.

The TLC (acetone) of the reaction mixture prior to the total consumation

of 4a indicated the presence of the mixed orthoformate 4e which had been

independently prepared and characterized by the reaction of 4a with tri-

methylorthoformate and aluminum chloride at 100 °C. Following an

aqueous workup, the TLC of the crude product showed only 20 and no trace

of de.
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A 1,3-0- to - C-Alkyl Shift Catalyzed by Palladium
Sir:

1,3-Alkyl shifts as in eq 1 represent a class of reactions that
generally require rather stringent conditions to perform.! Such
/\X - . ~
| > ()
R R
a result stems from the requirement that, for an orbital sym-
metry allowed reaction, an inversion must accompany the 1,3
migration (either antarafacial with respect to the allyl unit or
inversion at the migrating center) or the reaction must proceed
via nonconcerted pathways. The classic contest between O and
C alkylation with 3-keto esters generates the need for a reac-
RO
X COZCH3

?

RUOC H

|
;

o
" )J\(COZCH3
Rl

tion that would allow conversion of the O-alkylated product
into the C-alkylated product. Only when R’ = allyl does such
a reaction occur but with inversion of the allyl residue via a

_
\

3

RH
o o/m\ o
R RH - R/S Rll --?—-)R
Co,c H, Coc H, COLH,

Claisen rearrangement.2 We report herein that palladium(0)
catalyzes a 1,3 shift with no allyl inversion which has led to a
new cyclopentanone synthesis.

Alkylidenetetrahydrofurans such as 1 undergo thermal re-
arrangement to cycloheptanones (e.g., 4) as reported by

Qcm A W\/ (PhP)Pd q/

Rhoalds.3 On the other hand, subjection ofl (R=C;3Hs)to6
mol % of tetrakis(triphenylphosphine)palladium (3) in re-
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fluxing DME led to the cyclopentanone 2 (R = C,Hs) whose
spectral data compared excellently with those of an authentic
sample of 2 (R = CH3).# No trace of the cycloheptenone 4 was
seen.

The generality of this 1,3 shift was explored with substrates
5-8.3% Isomerization of 5 to 9 with 3 as catalyst proceeded

’ COZCH3
0 HyCOLC
77 /s
3
5 R COZC H3 3
} R
o H3C0,C
81-79 % 3
10 j )
. (PrPCHORFPR) P
6 R=H 13 10,R=H
7,R= CH, 11, R=CH,
H3C02C l O
0 69 °/, COZCH
AL 13 2~ Sy
OCH_Ph 0]
8 5 2 CHzph

smoothly in Me;SO at 120 °C to give 9948 as a 1:1 Z/E mix-
ture. Use of bis{1,2-bis(diphenylphosphino)ethane]palladium
(13)7 as the catalyst effected the reaction somewhat more
rapidly. Performing the reaction with 3 as catalyst in DMF
with the addition of anhydrous zinc chloride gave 9ina Z/E
ratio of 3.5:1. Interestingly, isomerizing 7 with 3 gave very poor
results, whereas, using the diphos catalyst 13, the reaction
proceeded smoothly at 50 °C in Me;SO to give 11368 in a 3.5:1
Z/E ratio. Use of pyridine-Me,SO, acetonitrile, or DMF as
solvent was somewhat less satisfactory and gave Z/E ratios of
2.7:1, 2:1, and 2:1, respectively. Replacing the methyl group
in 7 by hydrogen, i.e., 6, produced the isomerized product 10
with a Z/E ratio of ~1:13. However, in this case. it was not
possible to ascertain whether this was simply a result of
equilibration of a kinetically formed product mixture. Isom-
erization of 8 with 13 as catalyst in dioxane gave the prosta-
glandin A, intermediate® 1256 in excellent yield.192 Use of
catalyst 13 (3-6 mol %) in Me,SO at 60 °C effected the re-
arrangement of 1to 2 (R = C;Hs) in 80% yield.

These results are especially interesting in light of the re-
ported failure of 14 to cyclize to 15.° We, too, failed in our

0 0. CH
OZCZHS 0 R0
CO C H

N —_—

6]

GH3
16 ) R= —SI C(CH3)3

. CeMy 5 CH;
1 b)R= -A

attempts to cyclize similar substrates—only the O-alkylated
products were obtained. Indeed, treatment of 16b with NaH
or triethylamine and catalyst 3 led to O-alkylated product 5.
The alkylidene tetrahydrofuran § was best prepared by
treatment of 16a with 10 mol % ferric chloride in acetic
anhydride!%® (60%) at 0 °C and could then be isomerized with
palladium(0) to the desired C-alkylated product 9. Similarly,
19, 20, and 22, did not undergo C alkylation, but were con-
verted in excellent yields into the O-alkylated precursors 6, 7,
and 8, respectively, upon treatment with boron trifluoride
etherate. Thus, this new reaction provides, in one class of
substrates, a solution to the persistent problem of O vs. C al-
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COZCH3
o]
o ", HO R
S several =
/Gij * I steps
17 18 19 R=H
20,R= CH
3
0 COZCH3
CeH several
5 + 18 __severat 0
OCH.Ph steps ™
2 CgHn Z
OCHzF’h
21 2

kylation of B-keto esters. The fact that 19, 20, and 22 are
readily available from the ketones 17 and 21 using a new
conjunctive reagent 181! makes this 1,3 shift a lynchpin in a
new cyclopentanone synthesis. The formation of 10, 11, and
12 illustrate applications of this new methodology in prosta-
glandin® and steroid synthesis.

The mechanism of this 1,3 shift can be thought to involve
an oxidative addition of the allyl ether to palladium(0) as in
eq 2 to form a zwitterion 23.12 This intermediate collapses by

COLCH3

° ®
COCH,

23

C alkylation to form the observed product. The regiochemistry
of the collapse is quite interesting in that a five-membered-ring
product is observed, even in the case of R” = H where seven-
membered-ring formation could have proceeded by attack at
the less hindered carbon of the allyl unit.!? These results stand
in stark contrast to cyclizations to form lactones in which the
larger of the two possible ring sizes dominates even when an
eight-membered ring results rather than a six.!# Applications
and additional mechanistic studies into this metal-catalyzed
1,3 shift are underway.!® This new reaction illustrates an
ability of a transition metal to change the normal rules of re-
activity of an organic system.
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A New Diene Synthesis via Organopalladium Chemistry
Sir:

Approaches to dienes via carbonyl olefination procedures
usually lead to stereoisomeric mixtures. We report here that
a new palladium catalyzed decarboxylative elimination of the
adducts from enals and carboxylate enolates, a prototype for
transition metal catalyzed fragmentation reactions, can lead

to a highly stereocontrolled diene synthesis from erythro-threo
mixtures as outlined in eq 1. This new fragmentation reaction

OAc
SO, N e =
COé COE

has also generated a cyclohexadiene synthesis in conjunction
with Diels-Alder reactions. Application of this method to a
synthesis of the insect sex pheromones bombykol! and co-
dlemone? is also reported. We believe that this study represents
the first case of activation of a substrate for loss of CO; by
palladium catalysts.

Reported methods3-3 that effect the elimination of 3-hy-
droxycarboxylic acids to olefins do so with high stereospeci-
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