Synthesis of Medium Ring Heterocycles
Using an Intramolecular Heck Reaction
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ABSTRACT
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Heck Reaction

Historically, general convergent syntheses of medium ring heterocycles have been difficult to develop. Herein, we describe the synthesis of
five classes of heterocycles: dihydrodibenzo[b,flazepine, -oxocine, and -thiocine and dibenzo[b,flazepine and -oxepine using a strategy of
alkylation followed by highly selective intramolecular Heck arylation reaction. The hetero-tricyclic compounds were available in only two steps
starting from commercially available starting materials.

Many natural products, drugs, and preclinical leads contain like molecules. In contrast, the intramolecular Heck coupling

medium-size heterocycles fused to aryl rings. For example between aryl halides and-substituted acrylates proceeds

carbamazine (Tegretol), a dihydbiflazeping} is an impor- with high regio- and stereoselectivity for seven- and eight-

tant antiepileptic drug.A general synthesis for seven- and membered rings to give trisubstituted olefinblerein, we

eight-membered heterotricyclic compounds of these classegresent an intramolecular Heck coupling betweearyl-

is missing. Therefore we developed a novel alkylatibteck substituted acrylates and aryl halides using the general

reaction sequence giving access to these important pharmaphosphine-free reaction conditions developed by Buchwald

ceutical building blocks. and co-workersto synthesize compounds such as dihydro-
The intramolecular Heck reaction has been widely used benzop,flazocines.

for the synthesis of cyclic natural produtésd was therefore Aniline derivatives { and2) and phenols3 and4) were

highly attractive. However, whereas intermolecular coupling alkylated in good yield using substituted benzyl bromide

between aryl halides and monoaryl-substituted olefins is to give the product&—8 (Scheme 1).

highly regio- and stereoselectit¢he intramolecular version The Heck reaction was carried out MN-dimethylacet-

proceeds with a wide range of regioselectivity depending amide using CyNMe as a base, RXICI as a promotet,and
on ring size and reaction conditioh3Low regioselectivity

is generally observed for the formation dibergefannulene-
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Scheme 1. Synthesis of Dibenzjfflazocine and
Dibenzop,floxocine Derivative%
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aReagents and conditions: (i),&Os;, acetone, 12 h, 50C,
yields 72-82%; (ii) Pd(OAc) (0.03 equiv), EINCI, Cy,NMe, N,N-
dimethylacetamide, 412 h, 95°C.

Pd(OAc) as precatalyst. All reactions gave thee8do
products9 and 10 exclusively in up to 72% yield. Bromo
analogues and 8 required longer reaction times (12 h) in
contrast to the corresponding iodo compouidand 7 (4
h). The Heck reaction with compourtdgave dibenzdj,f]-
azocine in only 47% yield as the major product along with
the formation of some uncharacterized compounds.

The sequence described could not be applied to the
synthesis of Bl-dibenzop,f]thiocine because thiols undergo

a conjugate addition reaction with the unsaturated esters

under basic condition¥. Instead, 2-iodobenzenesulfonyl
chloride12!* and 2-bromobenzenesulfonyl chloritid were
alkylated with11 under reductive conditioh%to give the
products14 and 15 in 46% and 35% yield, respectively
(Scheme 2).

Scheme 2. Synthesis of
5,5-Diox0-5,6-dihydro-dibenzblf]thiocine-11-carboxylic Acid
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aReagents and conditions: (i) NgPO,, NaSO;, water, 12 h,
60 °C; (ii) 11, acetone, 50C, 12 h; (iii) Pd(OAc) (0.03 equiv),
EyNCI, Cy,NMe, N,N-dimethylacetamide, 12 h, 10C.

Both the iodo and bromo derivativdgl and 15 afforded
cyclic products in good yield when exposed to the Heck
reaction conditions (67% and 69%), giving a novel cyclic
sulfone 16.

3006

All attempts to apply the new method to the synthesis of
nine-membered ringsl{a and 184 failed (Scheme 3).

Scheme 3. Attempted Synthesis of Nine-Membered Rifgs
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a2 Reagents and conditions: (i) Pd(OA¢D.03 equiv), EANCI,
Cy.NMe, N,N-dimethylacetamide, 12 h, 10C.

The standard Heck reaction conditions gave a complex
mixture consisting of intermolecular Heck reaction products,
starting material, and various uncharacterized degradation
products.

In contrast, the synthesis of dibenbd[azepine and
dibenzop,floxepine derivatives could be achieved by varying
the reaction sequence (Scheme 4).

Scheme 4. Synthesis of Dibenzdfflazepine and
Dibenzop,floxepine Derivatives
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21 X = NC(O)OC(CH)3 (82%)
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23 X = OH (82%)
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a2 Reagents and conditions: (i) Pd(OAD.03 equiv), E4NCI,
Cy.NMe, N,N-dimethylacetamide, 12 h, 10C; (ii) TFA, CH.Cl;;
(iii) (b) K3POy, Pd¢-BusP), (0.03 equiv), toluene, 16 h, RC; (c)
K3PO, Pd(OAc) (0.03 equiv), 2-(ditert-butylphosphino)biphenyl
(0.06 equiv), toluene, 16 h, FCT.

The Heck reaction was carried out first, giving a selective
reaction with the aryl iodide in the presence of an aryl
bromide @0). Very good chemoselectivity was observed,
giving products21 and 23 exclusively in 82% vyield.

Applying the Pd{-BusP)-catalyzed amination reaction
conditions developed by Hartwig and co-workéffsiled to
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give the seven-membered ring of compoid Therefore, functional groups. Application of this strategy to the synthesis
the carbamat®1 was deprotected using TFA to give the of a heterocyclic library is under way and will be reported
free aniline22. In contrast to the compouritll, compound in due course.

22 gave the dibenzbjflazepine24in 74% yield. Phenol3
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synthesis of dibenzblflazepine, -oxocine, -thiocine, -azepine,

and -oxepine using transition metal catalysis. The advantages gypporting Information Available: Complete descrip-
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