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As part of our continuing studies of polymer-supported pericyclic reactions for preparing biologically
interesting heterocyclic compounds, we have introduced a traceless solid-phase synthesis of hexahydrocin-
nolines. We developed a method in which mild reaction conditions can be used for the heteroARiels
reactions on a polymeric support. The dienoic 3-vinyl-2-cyclohexenol attached to a Wang resin through an
ether linkage undergoes {4 2] cycloaddition reaction with several azadienophiles. The highly stereoselective
Diels—Alder reaction showed preferential formation of a single cycloadduct resulting from an anti attack of
the dienophile on the polymer-bound diene. Trifluoroacetic acid-mediated cleavage of the polymer-bound
cycloadducts yields fused nonaromatic hexahydrocinnolines in moderate yields in three steps.

with a high degree of regioselectivity and stereoselectivity N

Introduction o R o
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The simultaneous development of multiple stereocenters N\N>=0 L N
SiNes

makes the DielsAlder reaction one of the most advanta- Ph 6 " o
geous carboncarbon bond-forming reactions in synthetic \ . (ﬁ
organic chemistry. In the hetero-DielsAlder reaction, N o} Ny N. o
various heteroatoms can be incorporated in both the dienoic N F° <Omco H o:%’z H oH
and dienophilic componentsThis methodology has been o o : o

employed successfully for constructing various heterocyclic

ieti i Cintazone Cinoxacin
moieties that constitute the structural skeleton of a large ol moammatory agent  antimicrobial substance  Inhibitor of HSP induction’”

number of natural products and phgrmacologically_ active Figure 1. Some of the synthesized hexahydrocinnolines and
compounds. The development of solid-phase organic syn- examples of biologically active cinnoline derivatives.

thesis (SPOS) has progressed rapidly during recent years,

and many examp]es of po|ymer-supported—}-[[2] Cyc|0ad_ noline-3,5-diones, inhibit the growth of human small-cell
dition reactions have been reported in the literafuks.part ~ lung carcinoma (A549) and induction of heatshock protein
of our Continuing interest in po|ymer-supported HQ_ (HSP 72) Hence, the prOCGdUreS and methods for eﬁlClently

2]-cycloaddition reactiorfsfor the preparation of pharma- Synthesizing and screening these types of heterocycles are
cologically interesting heterocyclic compounds, we report Of considerable importance.
the solid-phase synthesis of hexahydrocinnolines. The cin- The main aim of this study was to develop a practical
noline structure and its various derivatives can be found in synthetic method in which the DietsAlder reaction between
several pharmaceutically interesting compounds (Figure 1).the polymer-bound semicyclic diene and=N-azadieno-
Cintazone for example is a nonsteroidal anti-inflammatory Philes could be performed in parallel mode. 1,2,4-Triazole-
agent® Cinoxacin is a synthetic antimicrobial agent related 3,5-diones (TADs) and other carbonylazo compounds are
to oxolinic and nalidixic acids and is used to treat urinary known to be powerful dienophiles in [# 2]-cycloaddition
tract infections. Certain cinnoline-related compounds are reactions:*>The lower LUMO energy of the #&N bond in
useful as antianxieand antihypertensive ageitRecently, ~ contrast to the corresponding=<C bond in alkene§ allows
two groups have demonstrated the usefulness of the epteactions to proceed more rapidly and often at ambient
oxyquinol scaffold in the synthesis of a structurally diverse temperatures without the need for drastic thermal conditions.
chemical libranyt%1: Some members of these libraries (Figure Therefore, these types of dienophiles would be useful in
1), structurally similar to our hexahydro-1,2,4-triazolocin- Solid-phase cycloadditions as demonstrated by Boldi &t al.
in the synthesis of a triazolopyridazine library. Dienol system
Jar*i.I((I)i-K:LIJT\%TJomcsgisé?gzgff?_ce should be addressed. E-mail: 1 (Scheme 1) is a valuable building block in the synthesis
of natural products via [4+ 2]-cycloaddition reaction¥
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Scheme 1.Preparation of Diene and Dienophiles: Synthesis of Polymer-bound 3-Vinyl-2-cyclohexef-dndl
1,2,4-Triazole-3,5-dione$0
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Table 1. Diels—Alder Reaction between the Polymer-Bound

and steric effecté at the allylic position can control Diene 4 and Various Azadienophiles

diastereoselectivity in the DietsAlder transition states of _ _
semicyclic dienes. Therefore, immobilization of the hydroxy dienophile cycloadduct

functionality in1 to a bulky polymeric moiety could promote M"Y precursor R (vield, %y
better diastereoselectivity and provide a protective group for % gzz n gs (2555)
the allylic alcohol. Here we report our study of the 3 9 Pﬁ 6e ((42))C
intermolecular hetero-DielsAlder reactions between the 4 995 cyclohexyl 6d (30)
electron-deficient azadienophiles and the Wang resin-bound 5 9¢e?2 t-Bu 6e(30)
semicyclic diene. 6 of 3-MeOGH, 6f (33)
7 98 benzyl 69 (53)
: : 8 4-FGH, 6h (40)
Results and Discussion 9 oi 3-NOCeH 6i (30)
The synthesis of dien&'® (Scheme 1) commences with 10 9 5-indanyl 6j (51)

. - . . . 11 9k 5-benzo- 6k (49)
the facile Grignard reaction of readily available 3-ethoxy- 1,3- dioxolyl
cyclohex-2-enon@ and vinylmagnesium bromide, affording 12 9127 4-CiC6H4 61 (35)
a good yield (81%) of 3-vinylcyclohex-2-enor® after 13 9m8 1-naphthyl 6md (49)
purification by vacuum distillation. Reduction of the ketone E ggzg ﬁgg?ylmethyl
3 with LiAIH 4in diethyl ether resulted. in the aI[yhc alcohol 16 indazolinone 11(30)
1 (93%). Curiously, the same reduction step in tetrahydro- 17 maleic hydrazide 12(8)
furan, as a solvent, afforded a mixture bfand partially 18 phthalhydrazide 13(19)

reduced double bond-containing products. The hydroxy group 19 pyrazol!dinéeo-
of 1 was used as an anchor for coupling with the polymeric 3,5-dion
support. aCommercially available? Isolated yields of the purified cy-

: . cloadducts are based on the initial loading of the bromo-Wang resin
Deprotonation of secondary alcohblvas accomplished and are not optimized.Reaction carried %ut at78°C to roor%
by treatment with sodium hydride. The resulting anion was gmp d |nseparable mixture of atropisomers.
linked with the commercially available bromo-Wang ré8in
in the presence of tetna-butylammonium iodide (Scheme color change of the urazol@a—m (from colorless to dark
1). A catalytic amount of 15-crown-5 in THF secured red/violet) during IBD oxidation in situ indicates formation
effective loading?® The commercial availability of the of highly reactive dienophiled0a—m, followed by the
additional azadienophilic precursors (Table 1), urazoles, is hetero-Diels-Alder reaction with polymer-bound dienk
usually restricted. However, preparation of urazoles by Commercially availabl®&-phenyl-1,2,4-triazole-3,5-dione
condensingN-alkyl or N-aryl isocyanates and ethyl hydra- participated effectively in the hetero-Dielélder reaction
zinecarboxylater, followed by cyclization of intermediate  with polymer-bound diend at low temperature<78 °C,
8 in a basic medium (KOH/kD) is straightforward, as  Table 1, entry 3). The [4 2]-cycloaddition reaction was
demonstrated by Cookson et?al(Scheme 1, Table 1). monitored by FT-IR spectroscopy. Appearance of a strong
Purification by recrystallization conveniently afforded N- characteristic carbonyl band at 1710 @nin 5 revealed
substituted urazole3d—o as stable azadienophile precursors. formation of the cycloadduct. Trifluoroacetic acid treatment
Several oxidizing agents, including fuming nitric acid, lead of polymer5 resulted in a traceless cleavage of the benzylic
peroxide, manganese dioxide, lead(lV) acetadet-butyl ether bond, affording a satisfying yield of racemic tricyclic
hypochlorite, and dinitrogen tetroxide, have been used for alcohol6¢'” after chromatographic purification (42%, over
the generation of N-substituted TABSHowever, all of these  three steps). Good purity (688%, HPLC) and formation
reagents, except dinitrogen tetraoxide, form byproducts thatof single diastereomeric cycloadducts were observed as
are difficult to remove or are too reactive toward sensitive judged by TLC and HPLC analyses of the aliquots of the
azo compounds. Hypervalent iodine oxidation with iodo- cleaved crude produc&a—m. The use of a higher reaction
benzene diacetate (IBD) was reported to be a mild andtemperature £10 °C vs —78 °C) did not affect the
nonacidic way for formation of TAD# Intensive and rapid  stereoselectivity of the DietsAlder reaction, and tricyclic
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Figure 2. Lack of free rotation of thed-naphth-l-yl moiety results
in atropisomerism in cycloadduém.

alcohols6a—m were isolated as single diastereomtvsith

moderate yields (Table IN-Aryl TADs gave slightly better

yields (30-53%) compared to thB-alkyl TADs generated

in situ from the correspondinly-alkyl urazoles (26-35%).

No color change was observed, and no hexahydrocinnolines

were isolated upon oxidation of urazo®is—o. The presence

of an electron-rich furan ring i@n could have led to [4+

2] cycloaddition within the reactive azadienophile part and

resulted in the formation of oligomerized starting material

that was isolated as a pale orange, insoluble solid. Interest-

ingly, compoundém with a large naphthyl moiety was

obtained as an inseparable mixture of two diastereomersrigure 3. X-ray crystal structure obcand the molecular structure

distinguished by*H and *C NMR. This can be explained of the two crystallographically independent moleculed bf

by hindered rotation about the naphthy+® bond in6m

(Figure 2). This results in two atropisomeric forms of  The X-ray crystal structure of cycloaddust (Figure 3)

compoundém. confirmed the assignment. After successful reactions with
The stereochemistry of isolated cycloaddusas-m was  TADs 10, we examined the scope of the method by testing

determined by*H NMR studies, which showed that allylic ~ other types of cyclic azadienophiles. Indazolinone, maleic

proton H, resonates as a doublés{_, = 8—10 Hz). This, hydrazide, phthalhydrazide, and pyrazolidine-3,5-dione were

together with a broad ddd of homoallylic methine proton H oxidized by IBD or lead(lV) acetate to the corresponding

indicates that protons Hand H, are trans to each other =~ aza compounds and allowed to react with polymer-supported

(Scheme 2), as was reported previously for the correspondingdiene 4. The heterocycles formedl{—13) were released

solution-phase reactior. from the resin as the corresponding alcohols by treatment

Scheme 2. Solid-Phase Synthesis of Hexahydro-1,2,4-triazolo[1,2-a]cinnoline-1,3-déaes.
R
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Scheme 3.Hetero-Diels-Alder Reaction between Polymdrand Carbonylazo Dienophiles.
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with TFA (Scheme 3, Table 1). The stereochemistry of
cycloadductd1-13was the same as that observed with the
reactions that produceda—m (*H NMR). Curiously,
compoundl1 obtained from a reaction between indazolinone
and polymer-bound diené was isolated as a single regio-

and stereoisomer. The carbonyl group of the indazolone

Kiriazis et al.

(6) Siegfried, A. G. U.S. Patent 3222366, 1965.

(7) Wick, W. E.; Preston, D. A.; White, W. A.; Gordee, R. S.
Antimicrob. Agents Chemothet973 4, 415-420.

(8) Patel, J. B.; Meiners, B. A.; Salama, A. |.; Malick, J. B;
Resch, J. F.; U'Prichard, D. C.; Giles, R. E.; Hesp, B.;
Goldberg, M. E.Prog. Clin. Biol. Res199Q 361, 483—
488.

moiety was located on the same side as the hydroxy group (9) Garcia-Dominquez, N.; Ravina, E.; Santana, L.; Teran, C.;

of the cyclohexanol ring. This was proven by X-ray
crystallographic structural analyses of heterocytli¢Figure

2). Reaction with pyrazolidine-3,5-dione and polymer-
supported diend did not generate detectable amounts of
the cycloaddition product.

Conclusions

In summary, we developed a parallel method for the solid-
phase hetero-DielsAlder reaction between semicylic diene

and carbonylazo compounds. The cycloadducts reported
herein possess the hexahydrocinnoline moiety that could

show potential as a pharmacophoric group in medicinal

chemistry. Although this study used racemic starting materi-

Garcia-Mera, G.; Orallo, F.; Crespo, M.; Fontenla, JAfch.
Pharm.1988 321, 735-738.

(20) Su, S.; Acquilano, D. E.; Arumugasamy, J.; Beeler, A. B;
Eastwood, E. L.; Giguere, J. R.; Lan, P.; Lei, X.; Min, G.
K.; Yeager, A. R.; Zhou, Y.; Panek, J. S.; Snyder, J. K
Schaus, S. E.; Porco, J. Qrg. Lett.2005 7, 2751-2754.

(11) Lei, X.; Zaarur, N.; Sherman, M. Y.; Porco, J. A. Org.
Chem.2005 70, 6474-6483.

(12) For a review on urazoles, see: dRaS. Adv. Heterocycl.
Chem.1997 67, 119-205.

(13) Moody, C. JAdv. Heterocycl. Chem1982 30, 1-45. Our
comparative [4-2] cycloaddition studies between polymer-
supported diené and N-phenylmaleimide (5 equiv, 24
120 °C) gave clearly lower yields (10%) than using the
corresponding azadienophile (PTAD) at low temperature
(40%).

als, the methodology could lead to enantiopure products if (14) Boldi, A. M.; Johnson, C. R.; Eissa, H. Detrahedron Lett.

optically pure 3-vinyl-2-cyclohexen-1-dlwas used. We are

1999 40, 619-622.

currently using the resulting heterocycloadducts as templates (15) Strekowski, L.; Kong, S.; Battiste, M. A. Org. Chem1988

to diversify their chemical structures. These transformations

are likely to provide access to even more functionalized

53, 901-904 and references therein.
(16) Fisher, M. J.; Hehre, W. J.; Kahn, S. D.; Overman, LJE.
Am. Chem. Socdl988 110, 4625-4633.

heterocyclic compounds, and the method developed can be (17) Datta, S. C.; Franck, R. W.; Tripathy, R.; Quigley, G. J.;

used for the synthesis of structurally diverse cycloadduct

libraries.
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