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SUMMARY: Stable chelated alkyl palladium 11 complexes di-p-chloro-bis{2-methoxy-2-
methyl1-3-N,N-dimethylaminopropyl)dipalladium (1) and di-p-chloro-bis(2-methoxy-3-N,
N-dimethylaminopropyl)dipalladium (3) react with simple vinyl ketones to produce,

in high yield, adducts derived by olefin insertion into the carbon-paliadium ¢ bond.

-Stable alkyl palladium complexes containing chelating amino functionality have
been known fTor some time.3 Despite their ready availability and possible potential
as intermediates in organic synthesis, only their reaction with carbon monoxide
has been studied.4 We wish to report the initial results of our studies designed
to further explore the chemistry of such complexes.

The insertion of olefins, particularly vinyl ketones and esters, into aryl
palladium complexes, generated in situ from palladium chloride and aryl mercurials,
t0 give styrene derivatives, has been studied in detai].s Aryl palladium complexes
containing chelating ortho benzyiic amines add to vinyl ketones io give high ylelds
cf B-phenyl enones.6 It has recently been reported that vinyl mercurials undergo
a similar reaction with vinyl ketones in the presence of lithium tetrachloropaliadate
to provide w-allylic complexes.7 Few examples of olefin insertion into alkyl palladium
cemplexes have been observed,8 presumably due to the lability of these complexes with
respect to B-elimination.

We have found that alkyl palladium complexes stabilized by chelating amino
functionality react with vinyl ketones to give adducts derived by clefin insertion
into the palladium-carbon o bond. Thus, treatment of di-u-chloro-bis(2-methoxy-2-

methyl-3-N,N-di-methylaminopropyl)dipalladium (,]')3 with methyl vinyl ketone (8 equiv)
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5 for § hr leads to the produc

in refluxing benzene containing excess triethylamine
of enone Za (R'=R"=H, R' Q"'-CH3) bp 95°/1mm; ir (Cu.l ) 6.00 1; nmr {CDCI ) 1.13
(s, 3) 2.24 (s, 3), 2.30 (s, 8), 2.50 (d, 2, J=7Hz), 3.21 (s, 3) 6.12 (d, 1, J=17H
6.88 (m, 1): in 86% isolated yield. That this .reaction is applicable to other vin

ketones as well as the analogous di-u-chlora-bis(2-methoxy-3-N,N-dimethylamino-
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propyl)dipalladium (g)3 is illustrated by the resuits listed in the Table. Isola-
tion and purification of enones 2a-f is hampered by their sensitivity to acid and
their thermal instability,g factors which at least partially account for lowered
yields in some cases. Furthermore, Tow molecular weights and water solubility of
the B-alkoxy amino ligands serve to prevent aﬁa]ysis of the fate of these fragment
other than enone insertion.

Similarity to the previously described6 insertion of enones by stable o-aryl
palladium complexes containing chelating amino functionality may be observed.
However, although enone addition to o-aryl complexes is accelerated in the presen
of acetic acid, no recognizable enone addition products from o-alkyl complexes ca
be isclated under these conditions. Indeed, enone 2a is itself converted to a
number of products upon dissolution in acetic acid; neither ] nor 3 is stable to

these conditions.

-

Attempted addition of J or 3 to enones containing either a- or 8-substituent
nas proved fruitless; neither 3-pentene-2-one nor 3-phenyl-3-butene-2-one lead tc
adducts upon treatment with ] or 3 in refluxing toluene or benzene. Cyclopentenc
and cyclohexenone also fail to give addition products. Other electron deficient
olefins are less satisfactory than vinyl ketones: ethyl acrylate reacts with

4 or 3 to produce an adduct in ~15% yield; use of acrylonitrile does not lead to

an isolable adduct. Neither l nor 3 is inert to these conditions in the absence
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Table
Palladium Adduct® h
Complex Enone R R'* R'" R*'f % Yield
d Methyl vinyl ketone gg;CH3 H H CH3 86
4 Ethyl vinyl ketone %&;CH3 H H C2H5 60
d n-Hexyl vinyl ketone ,gg;CH3 H H C6H13 2s¢
¥} 3-Pentene-2-one %Q;CH3 CH3 H CH3 0
2 Hethyl vinyl ketone 2g:H H H CH3 70
K Ethyl viny! ketoqe RAfH H H CZHS 50

(a) Structures consistent with ir, nmr, and mass spectra. A1l new compounds
give correct analytical data. Only trans-adducts have been isolated, cis adducts
have not been detected. (b) Based on palladium complex. {c) Toluene, triethyla-
mine, reflux 3 hr; 0.9 mol equiv enone.
of enone: Decomposition of }, requires 3 hr in refluxing toluene (very sSlow
decomposition in refluxing benzene); decomposition of 3 requires ca. 15 hr in
refluxing benzene, 45 min in refluxing toluene.

Surprisingly, neither of the complexes 4 or 2, derived from allylic su]‘Fides,"0
adds to enones. Either 4 or 5 gives rise to a plethora of unidentified products
{no detectable enone addition product) upon treatment with methyl vinyl ketone in

refluxing benzene or toluene. Although both 4 and 5 are moderately stable in

acetic acid solution, neither produces an adduct with methyl vinyl ketone within 24 hr
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In an effort to extend the ketovinylation reaction to complexes bearing carbon

substituents at C-3, we decided to prepare complex £- Surprisingly, the procedure
Hy
= MeCH CHy0
LiZPdCI4
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of Cope, et. él.3 (which gave rise to complexes }, 3, 4, and R in excellent yield
when applied to 1-dimethylamino-trans-2-butene, gave § in only ca. 10z yield, alo
with many other unidentified products. We have not bsen able to study ketovinyla
of § due to this difficulty. ‘

Thus, it appears that further study of ketovinylation of o-alkyl palladium
complexes must await the development of new methodology for the preparation of the
complexes. We are currently exploring the introduction of nucleophiles other tha
nethanol into complexes similar to ] and 3. Applications of these processes to ti
synthesis of natural products wili be the subject of future communication.
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