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N*-Hydroxy-1,4-benzodiazepines were synthesized in a single step from synthetically versatile acylnitroso-derived hetero-Diels—Alder cycloadducts.
The efficiency of this transformation was found to be dependent on the NH pK, of the cycloadduct sulfonamide.

Compounds containing the 1,4-benzodiazepine core make Acylnitroso-derived hetero-DielsAlder cycloadducts have
up an important class of “privileged” structures with a wide been shown to be valuable synthetic intermediates in the
range of biological activities and therapeutic uses. In addition synthesis of natural product;*2 carbocyclic nucleo-

to their well-known anxiolytic, anticonvulsant, sedative, and sides!314and other biologically important molecul&sWe
muscle relaxant activities found in therapeutics such as envisioned using an appropriately functionalized cycloadduct
Valium,! 1,4-benzodiazepines also demonstrate activities astg arrive at the 1,4-benzodiazepine core irsiagle step.
antibiotics?~* antiulcer agentS.anti-HIV agents)” and ras  Treatment of anthranilic acid based cycloadddcwith
farnesyltransferase inhibitof$.Herein, we wish to report a palladium(0) was anticipated to induce a cycloadduct ring
novel synthetic approach to the important 1,4-benzodiazepineopeninglys—ls followed by an intramolecular nucleophilic
core utilizing synthetically versatile acylnitroso-derived het- 4it4ck on the palladium-allyl complex (2) to form the 1,4-

ero-Diels—Alder cycloadducts. benzodiazepine core (3) (Scheme 1).
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Construction of the appropriately functionalized cycload-
duct (1) began with a 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (EDC) mediated coupling of
anthranilic acid 4) andO-benzyl hydroxylamine (Scheme
2). The desiredd-benzyl hydroxamat® was obtained in

(iii)
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aReagents: (i) NbOBn, EDC, CHCI,, 71%; (ii) Hp, Pd/C,
MeOH, 99%; (iii) cyclopentadiene, NaloPMeOH, HO, 58%; (iv)
Pd(PPR), THF.

OHL

71% yield without the use of any protecting groups on the
anthranilic acid nitrogen. Removal of the benzyl group under
hydrogenolysis conditions gave a 99% vyield of hydroxamic
acid 6. The hydroxamic acid was oxidized to the transient
nitroso species in the presence of cyclopentadiene to give
anthranilic acid based cycloadduttin 58% yield. Dis-
appointingly, treatment of cycloaddutiwith palladium(0)

did not provide the desired benzodiazepiBg. (nstead, a
complex mixture of products was observed.

The inability to induce benzodiazepine formation was
thought to be due, at least in part, to the competitive
nucleophilic attack on ther-allyl complex @) by the
hydroxamate carbonyl oxygen (Scheme 3). This would lead

Scheme 3
NH, O oo
|
pby pao k
O v
1 NHz Q= "PdL,

2
o
7 N — .
- D — Multiple products
e}
NH>» 7

to nitrone7, which in the presence of various olefins in the
reaction mixture could undergo further reaction to form the

To overcome this competitive nucleophile problem, we
envisioned altering thelfa of the anthranilate NH to facilitate
a proton transfer from the amine to the hydroxamate at the
mr-allyl complex @) stage. This would increase the nucleo-
philicity of the anthranilate nitrogen and hopefully lead to
benzodiazepine formation. As a way of lowering the NH
pKa, we envisioned replacing the amine with a sulfonamide.

Thus, N-tosyl cycloadductl1l was chosen as a second
generation test compound to be used in the pursuit of
benzodiazepine formation. Cycloaddadtwas synthesized,
once again, from anthranilic acid), The tosyl group was
introduced by reacting with p-toluenesulfonyl chloride and
sodium carbonate, to give-tosyl anthranilic acid® in 69%
yield (Scheme 4A). An EDC coupling of acid8 and
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aReagents:A (i) TsCl, NaCOs, H,0, A; (ii) HCI, 69% (two
steps); (i) NHOBn, EDC, CHCI,, 81%; (iv) H,, Pd/C, MeOH,
99%; (v) cyclopentadiene, Nal®MeOH, HO, 79%; (vi) Pd-
(PPh)4, THF, A, 20%. B (i) 3-nitrobenzenesulfonyl chloride,
N&CO;s, H0, A; (ii) HCI, 64% (two steps); (iii) NHOTBS, EDC,
CHCly; (iv) 1 M HCI, MeOH; (v) cyclopentadiene, NalPMeOH,
H,0, 81% (three steps); (vi) Pd(PBh THF, A, 38%.

observed complex mixture of products.
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O-benzyl hydroxylamine provide@-benzyl hydroxamat®
in 81% vyield. Removal of the benzyl group under hydro-
genolysis conditions gave hydroxamic agiglin 99% yield.
Oxidation of10in the presence of cyclopentadiene induced
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the acylnitroso hetero-DielsAlder reaction to give a 79%
yield of the desiredN-tosyl cycloadduct1. Encouragingly, Scheme 8
treatment of cycloaddudtl with palladium(0) provided the

targeted benzodiazepid®. While the yield was quite modest NH; O

o)
(20%), the concept of lowering theKp of the nucleophile , g’
[5/ N
o

OuN NO,

X . . . 4 "NH
to induce benzodiazepine formation had been demonstrated. 0 7

0
To increase the yield of benzodiazepine formation, tig p @* N

was lowered further by incorporating a nitro group onto the OaN °

sulfonamide. Once again, starting from anthranilic adig (

the 3-nitrobenzenesulfonamid8was produced in 64% yield NO

(Scheme 4B). Coupling of acid13 with O-tert-butyldim- (i 0=57° .

ethylsilyl hydroxylaminé'? followed by removal of the silyl _ Nw ﬁ

protecting group, provided hydroxamic aci®. Oxidation @;’/

of the hydroxamic acid in the presence of cyclopentadiene d “OH

gave the desired cycloaddul® in 81% yield from acidl3. 22

Treatment of cycloadduci6 with palladium(0) provided _ o ) o
benzodiazepin&7 in 38% yield. Thus, by lowering theia aReagents: (i) 2,4-dinitrobenzenesulfonyl chloride, pyridine,

% (ii 0,
of the sulfonamide through the inclusion of a nitro group, CH:Clz, 56%; (i) PA(PPBa, THF, A, 56%.

the yield of benzodiazepine formation nearly doubled.

Continuing the trend of lowering the sulfonamidé,p2,4- exposed to palladium(0), a gratifying 56% vyield of the
dinitrobenzenesulfonamide cycloaddu2t was targeted.  desired benzodiazepirz2 was obtained. The structure of
Initially, an attempt was made to construct cycloaddzit ~ 22was confirmed by analysis of the X-ray crystal structure
from anthranilic acid 4). Treatment of anthranilic aciat) (see Supporting Information). The increased yield of ben-
with 2,4-dinitrobenzenesulfonyl chloride and sodium carbon- zodiazepine€22 demonstrated a clear trend between thg p
ate did not give the desired sulfonamide, however. Instead,of the nucleophilic sulfonamide and the yield of benzo-
2,4-dinitroaniline20 was obtained, presumably through the diazepine formation.

intramolecular Meisenheimer compled® (Scheme 5% In conclusion, the biologically important 1,4-benzodiaz-
epine template was shown to be accessible from acylnitroso

hetero-Diels-Alder cycloadducts in a single synthetic trans-
formation. Furthermore, a trend was observed between the

Scheme S pKs2t of the cycloadduct sulfonamide and the vyield of
02N NO benzodiazepine formation. As the pkf the sulfonamide
NH, O _ éP decreased, the yield of the reaction increased. An intriguing
@)LOH L g Ne o o, feature of the benzodiazepines formed from the cycloadduct
00 rearrangement is the presence of a hydroxamic acid in the
4 benzodiazepine ring system. This presents the possibility of
18 metal binding and so makes these benzodiazepines interesting
NO, ON NO potential .substrate.s for and inhibitors of metallognzymes such
2 \@ 2 as the zinc containing ras farnesyltransfefagological
OZNEOZ o (i NH O testing against ras farnesyltransferase, as well as broad screen
— testing of the hydroxamic acid containing benzodiazepines,
©)k0@ @AOH is currently under consideration.
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The reactivity of the 2,4-dinitrobenzenesulfonamide sug-
gested a late stage introduction of this group would be Supporting Information Available: Experimental pro-
prudent. Therefore, cycloadduzt was obtained through the  cedures and characterization data for prodicts 8, 9, 11—
treatment of cycloaddudt with 2,4-dinitrobenzenesulfonyl 13, 16, 17, 21, and22. This material is available free of
chloride and pyridine (Scheme 6). When cycloaddiocivas charge via the Internet at http://pubs.acs.org.
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