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ABSTRACT: The palladium-catalyzed Ullmann cross-coupling of B-iodo-enones and -acrylates such as 5 (X = I) with o-
halogenated nitroarenes or benzonitriles including 2 affords products such as compound 7. These can be engaged in a
range of reductive cyclization reactions leading to heterocyclic frameworks such as the 3,4-benzomorphan derivative 43.

Sometime ago, we described' the palladium-catalysed
Ullmann cross-coupling of a-iodinated o,B-unsaturated
ketones and related compounds with o-halonitroarenes,
thus providing the corresponding a-arylated enone. The
conversion 1 + 2 — 3 shown in Scheme 1 is representative
of such cross electrophile couplings® that are generally
high yielding and proceed under mild conditions. Fur-
thermore, coupling products such as 3 can be reductively
cyclized to give, for example, the tetrahydrocarbazole 4 in
high yield.

Scheme 1: Previously reported® palladium-catalyzed
Ullmann cross-coupling of compounds 1 and 2 and the
reductive cyclization of product 3 leading to indole 4.
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In the intervening period, we have extended these proto-

cols to the preparation of quinolones, 2-quinolones, phe-
nanthridines, 6(5H)-phenanthridinones, oxindoles, car-
bazoles and carbolines.3 In addition, we have been able to
apply them in total synthesis of a range of natural prod-
ucts and various analogues.# A number of other groups
have also employed these protocols in the synthesis of
various biologically active systems.5

We now report on the effective participation of B-
iodinated o,B-unsaturated ketones and acrylates in relat-
ed processes that have provided a means for the rapid
construction of a diverse range of novel heterocyclic sys-
tems. Our initial studies involved, as shown in Scheme 2,
examining the cross-coupling of the readily available (-
halo-2-cyclohexen-1-ones 5 (X = Br or I)° with o-halonitro-
benzenes 2 and 6 in anticipation of forming the 3-arylated
2-cyclohexen-1-one 7.

Scheme 2: The palladium-catalyzed Ullmann cross-
coupling of B-halo-2-cyclohexen-1-ones 5 with o-
halonitrobenzenes 2 or 6 to form the p-arylated 2-
cyclohexen-1-one 7.
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Products of this type, which have been prepared previous-
ly by less direct methods,” were targeted, as they have
been shown to engage in efficient reductive cyclisation
reactions to form carbazolones, including one that has
served as a precursor to the carbazole alkaloid clausena-
lene.” A series of cross-coupling experiments involving
both the brominated and iodinated forms of coupling
partners, viz. compounds 2, 5 and 6, were examined as
were various coupling conditions. The outcomes of these
trials established that the best coupling partners were the
iodides. Thus, on using these in conjunction with 5 equiv-
alents of copper powder, 5 mol % Pd(dppf)Cl,*CH,Cl, and
DMSO as solvent then the reaction proceeded at 50 °C in
16 h to give compound 7 in 91% yield. The structure of
compound 7 was confirmed by single-crystal X-ray analy-
sis, details of which are provided in the Supporting In-
formation (SI). Cross-couplings involving 5 (X = Br) and 2
or 5 (X =) and 6 required heating to 8o °C and produced
compound 7 in 75% and 83% yields, respectively while
reaction of bromides 5 (X = Br) and 6 under the same
conditions gave product 7 in 79% yield. Attempts were
made to effect a carbonylative cross-coupling of the io-
dinated reaction partners by carrying out the reaction
under a carbon monoxide atmosphere but only product 7
(75%) was obtained. None of the hoped-for diketone was
observed.

Encouraged by these results, we sought to extend them to
the preparation of various related systems. For example,
the readily prepared® B-iodinated 2-cyclopenten-i-ones 8
and g (Figure 1) also engaged in cross-coupling reactions
with compound 2 to give the anticipated products 10
(93%) and 11 (49%), respectively. Each of these was fully
characterized by the usual range of spectroscopic meth-
ods. In a similar manner, the bromonitropyridines 12,3¢
133 and 143¢ were cross-coupled with enone 5 (X = I) and
thus afforded the B-arylated enones 15 (69%), 16 (91%)
and 17 (89%), respectively. B-lodoalkenones incorporating
an exocyclic olefinic residue also participate in these same
types of reactions as evidenced by the successful cross-
coupling of the readily available substrate 18° with arene
13 to give compound 19 (87%), the structure of which was
confirmed by X-ray analysis (see SI).

8 (R=H) 10 (R = H)
9 (R = Me) 11 (R = Me)
(0]
NO, NO,
Br. | N | Sy
X, X,

15(X=N,Y =Z=CH)
16 (Y =N, X =Z = CH)
17 (Z=N, X =Y =CH)

(0] (0] NO,
N =z | SN
Z

18 19

Figure 1: Substrates 8, 9, 12-14 and 18 and the cross-
coupling products 10, 11, 15-17 and 19.

o-lodobenzonitriles also cross-couple with B-iodoenones
as evidenced by the successful reaction of the easily acces-
sible® compounds 20, 21, 22 and 23 (Figure 2) with (-
iodocyclohex-2-en-1-one [5 (X = I)] to give products 24
(40%), 25 (61%), 26 (34%) and 27 (75%), respectively. The
poorer yields associated with these o-iodobenzonitriles-
based couplings are attributed to the weaker electron-
withdrawing capacities of the nitrile group, as compared
to the nitro-group and, therefore, the intervention of
competing homo-couplings of the reaction partners.
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Figure 2: o-Iodobenzonitriles 20-23 and the products, 24-
27, arising from their cross-coupling with 5 (X = I).

B-lodinated acrylates proved to be generally competent
partners in palladium-catalysed Ullmann cross-couplings
with o-iodo-nitrobenzenes and -benzonitriles. For exam-
ple, when methyl (Z)-3-iodobut-2-enoate (28)9 (Figure 3)
was reacted with compounds 13, 14, 20, 23 and 29 under
the usual conditions then the cross-coupling products 30
(84%), 31 (69%), 32 (55%), 33 (43%) and 34 (59%), respec-
tively, were obtained.
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Figure 3: B-lodoacrylate 28 and the products, 30-34, aris-
ing from its cross-coupling with o-iodonitroarenes and -
benzonitriles.

The ethyl B-iodocinnamate (35)° (Figure 4) behaved in a
similar fashion. Thus, cross-coupling of this compound
with o-iodonitro-benzene (2) afforded product 36" (61%)
while the coupling of compounds 15 and 35 gave ester 37
(50%). The analogous reaction of substrates 16 and 35
gave ester 38 (81%).
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Figure 4: B-lodocinnamate 35 and the products, 36-38,
arising from its cross-coupling with certain o-
halonitroarenes.

Many of the cross-coupling products described above en-
gage in useful reductive cyclisation processes and thus
giving rise, in a direct manner, to heterocyclic frameworks
of synthetic and/or biological relevance. For example, on
exposing an ethanolic solution of coupling product 30
(Scheme 3) to iron filings in the presence of acetic and
hydrochloric acid then reduction of the nitro-group oc-
curred with the product aniline undergoing spontaneous
cyclization onto the pendant ester residue and thus form-
ing the 8-azaquinolone 39 in 76% yield.

Scheme 3: The reductive cyclization of the cross-coupling
products 30 and 36 leading to heterocycles 39-41
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Under analogous conditions, cinnamate 36 was converted
into the quinolone 403 (67%) while when the same sub-
strate was exposed to hydrogen in the presence of 10%
palladium on carbon more extensive reduction occurred
to afford the dihydroquinolone 414 (85%). Given the ease
of formation of the substrates through the title cross-
coupling reactions, these conversions provide especially
concise routes to quinolones and their 8-aza analogues,
classes of compounds that have attracted considerable
attention because of, inter alia, their enzyme inhibiting
and DNA intercalating properties.3? 1,8-Napthyridines,
another medicinally significant class of compound,’ are
also available via related protocols as highlighted by the
conversion 19 — 42 shown above. This proceeds in 74%
yield when a mixture of iron powder and calcium chloride
in ethanol is used as the reducing medium and a basic
workup is employed.

Quite distinct reductive cyclisation processes are ob-
served when employing the B-arylated-2-cycloalken-1-one
coupling products as substrates. Thus, as shown in
Scheme 4, exposure of a methanolic solution of com-
pound 7 to hydrogen in the presence of Pd on C afforded
the 3,4-benzomorphan 43 (73%) while analogous treat-
ment of a toluene solution of the same substrate afforded
compound 447 (64%) bearing a bridgehead hydroxyl
group. In a similar manner, a methanolic solution of the
cross-coupling product 10 was converted into the B-
norbenzomorphan 45 (43%). The structures of com-
pounds 43 and 45 were confirmed through X-ray analyses,
details of which are provided in the SI.

Scheme 4: The reductive cyclization of the cross-coupling
products 7 and 10 leading to heterocycles 43-45
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Deoxygenated variants of compounds 43-45 were readily
prepared by the pathways shown in Scheme 5.

Scheme 5: Conversion of the cross-coupling products 7
and 10 into the bridged heterocyclic compounds 52 and 53
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Thus, Luche-type reductions of compounds 7 and 10 af-
forded the corresponding allylic alcohols 46 (96%) and 47
(67%), respectively. These 1,2-reduction products under-
went catalytic hydrogenation (and accompanying hydro-
genolysis of the nitro group) in ethyl acetate to give the
saturated amino-alcohols 48 (75% of a 5:3 mixture of cis-
and trans-isomers) and 49 (51% of cis-isomer only), re-
spectively. The two-fold reduction products 48 and 49
were then converted, under standard conditions, into the
corresponding sulfonamides 50 (82% of a 5:3 mixture of
cis- and trans-isomers) and 51 (85% of cis-isomer only).
Compound trans-50, for which a single-crystal X-ray
analysis was obtained (see SI for details), readily engaged
in a Mitsunobu cyclization reaction on exposure to
Ph,;P/diethyl azodicarboxylate (DEAD) and so affording
3,4-benzomorphan 52 (89%). Unsurprisingly, congener
cis-50 failed to cyclize under these same conditions. On
the other hand, successive treatment of compound cis-51
under Appel conditions using CCl, and Ph;P gave what is
presumed to be the corresponding trans-chloride and on
treating this with potassium carbonate in methanol it
cyclized to give the norbenzomorphan 53 in 86% yield.
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Presumably, these protocols could be readily adapted to
the preparation of the non-racemic forms of these hetero-
cycles through, for example, the enantioselective 1,2-
reduction of the starting enones 7 and 10. Given the ex-
tensive and ongoing interest in benzomorphans and re-
lated systems,™® the processes outlined in Schemes 4 and 5
should be of considerable utility in a range of settings.

The possibilities for reductive cyclization of the above-
mentioned cross-coupling products extend beyond those
delineated above as evidenced, by, for example, the re-
port" that compound 36 (prepared by different means to
those described here) can be engaged in a Cadogan cy-
clisation to give 2-carboethoxy-3-phenylindole in 90%
yield. As such, the work detailed above serves to highlight
the capacities of title cross electrophile coupling reactions
to deliver a wide-range of products capable of engaging in
various useful reductive cyclisation processes and thus
forming new or otherwise difficult-to-access heterocyclic
systems.
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