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Abstract- Two different types of [2.3.3]ecyclazinone
isomers were obtained by methods based on the
HWestphal condensation. 2,6-Dialkylpyridinium salts
wWere condensed with 1,2-acenaphtenequinone to
produce [2.3.3]cyclazin-l-cne derivatives. By a
similar Process, a quinclizinium-l-olate was
prepared, which was cyclized with DMAD yvielding a

[2.3.3)eyclazin-6—one derivative.

As the result of our interest in the use of cycloimonium ylides in the synthesis
of hetercocyclic compounds, we have focussed our attention in the Westphal
condensationl+2 as one of the simplest methods to produce bicyclic systems with
gquaternary nitrogen in bridgehead position [Scheme 1). In previcus papers 5 we
have reported how the method can be sucessfully applied to different azinium salts

producing different fused heterocycles.
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[2.3.3]Cyclazinones are unsaturated triclyclic molecules held planar by three
covalent bonds to an internal nitrogen atom’. Leaver and col. have developed two
alternative routes to synthesize these ring systems starting with indolizine® and
quinolizine derivatives?. Recautlrlﬂ Miki and col. have used the indolizine
approach to obtain several 3— and 5—oxo derivatives.

In the present paper we report our quinolizine approach using the Westphal
condensation as the key step in the synthesis of [2.3.3]cyclazin-1- and -6-ones.
When l-ethoxycarbonylmethyl-2,6-dimethylpyridinium bromide (la, R1=R2=R3-pi-gS-g,
Scheme 2) was refluxed with 1,2-acenaphthenegquinone in the presence of di-n—-butyl-
amine, a deep purple precipitate was formed which did not show any methyl signals
in the lH-nmr spectrum. The formation of the [2.3.3]cyclazin-l-one derivative 3a
can be rationalized as it is represented in Scheme 2. The Westphal condensation
between the pyridinium salt and acenaphtenequinone gave the 4—ethoxycarbonyl-
6-methylquinolizinium salt which, under reaction conditions, underwent an
intramolecular Claisen process, yYielding the cyclazinone 3a.
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Other 2,6-dialkylpyridinium salts 1, which can be easily prepared by reaction of
the corresponding pyridine derivatives with ethyl bromoacetate underwent similar
results, when they were treated with 1,2-acenaphtenequinone in basic medium. This
method allows a one step synthesis of [2.3.3]cyclazin—l1-one derivatives starting

with a monocyclic precursor.
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Table 1

Comp. Reaction Yield

No. RL R2 . R4 R® X time(h %) mp (°C)
la H H H H H Bra 2 52 201-202
b H H CHy H H Brb 16 B0 104-106
lc H H CgHs H H BrP 4 74 125-126
14 H H H - ICHp) 3~ BrP 8 51 135-136
le -I[CHg) 3- H - (CHg) 3~ BFg 24 40 145-147
1f OCOCH3 H H H H Br@ 96° 40 138-140
4a H H H H H Br 3 67T 315-317
4b H H CHq H H Br 3 67 *360
4c H H Cglls H H Br 3.5 61 237-238
44 H H H - (cH3) 3= Br 2.5 41 3z1-322
4e = I(CHz) 35— H - [CHp) 3~ Br 3 35 310-312

MHotes: @ Acetone as reaction solwvent. b pcetonitrile as reaction solvent.

€ Room temperature.

It should be noted that by starting with 14 we have only cbtained the cyclazinone
3d (Scheme 3] without any traces of the isomer 34" as the result of a Westphal
kinetically-controlled condensation. All cyclazinone derivatives 3 were isclated

as hydrobromides 4, for analytical characterization.
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By using a simple retrosynthetic scheme, we thought that other cyclazinone
derivatives, such as [2.3.3]cyclazin-6-ones, could be obtained from a simple
gquinolizinium precursor, as gquinelizinium—-l-olate, by means of a 1,3-dipolar

cycloaddition process (Scheme 4).
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Scheme 4

The only previous r-f-rnn:-g for the synthesis of this type of cyclazinone

describes its formation as a minor product by nucleophilic attack over a

cyclazinium salt. In Scheme 5, 1t 1s represented the synthesis of the
[2.3.3]eyclazin-6-one derivative 7. The Westphal condensation between Z-acetoxy-
methylpyridinium bromide 1f and 1,2-acenaphthenequinone in basic medium of sodium
acetate yvielded the 4—-etoxycarbonylquinolizinium—l-olate 5 which upon reflux with
40% hydrobromic acid produced 6 in fairly good yield. Some of these guinolizinium
salts have been previously described by Krﬁhnka,ll but only the 2,3-diphenyl

derivative was obtained in good yield. Unfortunately, we could not reproduce their

results.
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ii)] Hydrobromic acld, reflux
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111} Sodium carbonate/Acetonitrile 7

iV) DMALD, reflux Scheme 5
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HWe have carried out cycloaddition reactions with the conjugated heterocyclic
mesomeric betaine derived from 6, The reaction with DMAD (Scheme 5] yielded the
[2.3.3]cyclazin-6-one 7 (G=G'= CO;Me] in 20% yield, although part of the hetero-
betaine precursor was recovered at the end of the process (see experimental part].
Other dipolarcphiles, such as methyl propliolate and phenyl isothiocyanate, have
been tested, but in both cases more than 80% of the starting hetercbetaine was
recovered.

From COSSY experiments, it has been possible to assign all the proton resonances
for these derivatives (Table 2). The lH-nmr (DMS0-dg) of 4b shows a clear
difference between 7-H and 12-H from the acenaphthene molety ( 4= 0.2 ppm, see
table 2) and the high-field doublet ca. &= 8.35 ppm should be assigned to 12-H due
to the proximity of the hydroxyl group. The other protons from this part of the
molecule appear as a distorted triplet [ca. 4= 7.68 ppm) for 8-H and 11-H, and two
overlapped doublets (7.97 and #8.01 ppm) for 9-H and 10-H. 2-H and 6-H rescnances
appear as two singlets at 7.12 and 9.27 ppm and finally, 3-H and 5-H from the
pyridinium molety, appear as a broad singlet ca. &= 8.09 ppm. Similar features can

be cobserved for the other 4 derivatives.

Table 2

R 14-Nmr (4 ppm)
2-H 3-H S5-H 6-F 7-H 8-H 9-H 10-H 11-H 12-H Other ones
CHy 6.79 8.09 8.09 8.87 8.15 7.56 7.97-7.89 7.56 8.35 2.74 (CHj)
CgHs 6.81 8.60 8.59 8.91 8.07 7.45 7.84-7.75 7.45 8.25  7.95-7.98 (Hy: g')

7.63-7.66 (H3r g4 5]
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Melting points were determined on a Buchi SMP-20 and are uncorrected. Ir spectra
were recorded on Perkin-Elmer 700 or 1310 spectrophotometers. LlH-Nmr spectra wers
obtained on a Varian FT-80 instrument at 80 MHz and a Bruker AC 200F instrument at
200 MHz using TMS as internal reference. Satisfactory microanalyses were obtained

for all new compounds described, within 0.4% error.

General Procedure for Preparation of 4-Substituted 2,6-dialkyl-l-etoxycarbonyl—
methylpyridinius Salts (Table 1, Compounds 1) .

The pyridine derivative (0.22 mmol]l and ethyl bromcacetate (0.2 mmol] were
refluxed in the indicated sclvent (10 ml] (except with 1f). The isclated salt was
crystallized in the solvent mixture cited in Table 1.

la: mp 201-202°C (1it .3 201-202°C) ethancl-ethyl acetate]; ir Tmax I(KBr) 1630
[C=N*=), 1750 (C=0] cm™l; lH-nmr (DMSO-dgld 1.30 (3H,t,J=7.0Hz|, 2.91(6H,s). 4.35
(2H,q,J=7.1Hz] , 5.75 |2H,s), 8.0-8.7 (3H,m).

1b: mp 104-106°C (ethanol-ethyl acetate); ir rga, (KBr] 1635 iC=N*=) , 1730 IC=0]
em™1; lH-nmr (DMSO-dg)d 1.31 (3H,t,J=6.9Hz), 2.50 (3H.s), 2.68 (6H,s), 4,22 (2H,q,
J=6.9Hz), 5.51 (2H.s), T7.79 (2H.s). (Pound: C, 49.79; H, 6.41; N, 4.66. Calcd for

CyzH1pNOgBr: C, 50.01; H, 6.30; N, 4.86).
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lc: mp 125-126°C (acetone—ethyl acetate]l; Ir rpay (EBr] 1632 (CeN+=), 1739 (C=0]
em~1; ly-nmnr (DMSO-dgld 1.29 (3H,t,J=6.9Hz), 2.89 (6H,s), 4.30 (2H,q,J=7.0Hz|,
5.64 (2H,s), 7.5=7.7 (3H.m}, 7.9-8.2 (3H.,m}, ©.47 (2H.,s}. [Found: C, 58.08; H,
5.88; N, 4.25. Calecd for CyqHygNOzBr: €, 58.29; H, 5.76; N, 4.00).

1d: mp 135-137°C (ethancl-ether); ir rmay (KBrl 1595 (C=N*=), 1743 [C=0| em™1;
lH-—nmr [DMSO-dglé 1.27 (3H,t,J=7.0Hz), 1.6-1.9 (4H.m), 2.77 (3H.s)., 2.8-3.2
(4H,m), 4.28 |(2H,q,J=7.0H=j, 5.61 (2H.,s), 7.93 |(1H.d,J=B.2Hz}, 86.34 (1H.4d.
J=8.2Hz) . (Found: C, 53.70; H, 6.30; N, 4.54. Calcd for CpqHygNOgBr: €, 53.51; H,
6.42; N, 4.486]).

le: mp 145-147°C lethanol-ether); IT ypay (KBrl 1595 (C=N*=), 1743 (C=0} em-1;
lg—nmr (DMS0-dg) & 1.25 (3H,t.J=6.9Hz), 1.7-1.8 [BHE.m), 2.9-3.0 (8H.m), 4.15 (2H,q,
Ju6.9Hz) , 5.49 [2H,=], 8.12(1H,s). (Found: C, 56.35; H, 6.52; N, 4.05. Calcd for
Cqy7Hg4NOoBFy: C, 56.53; H, 6.70; N, 3.88).

1f: mp 138-140°C (acetone); ir ypay (KBr) 1620 (C=N*=), 1740(C=0) ca™l; lH-nmr
(DMSO0-dgl 8 1.30 (3H,t,J=6.9H=z), 2.12 (3H.s!, 4.28 (2H,q,7=6.9Hz]., 5.62 [2H,s].
5.90 (2H,sl, 8.2-8.4 (2H,m), B.B1 [1H,t,J=7.0H=z}. 9.30 (1H,d,J=5.8Hz]. (Found: C,

45.33; H, 5.12; N, 4.28. Calcd for CyqHygNO4Br: C, 45.30; H, 5.07; N, 4.40).

General Procedure for the Preparation of 1-Hydroxy[2.3.3]ecyclazinium Salts

[Table 1, Compounds 4] .

The pyridinium salt 1 (2 mmol] and 1,2-acenaphtheneguinone (2 mmol] were suspended
in 28 mixture (1:2) of ethancl/acetone (15 ml}] and di-n—butylamine (2 mmol] was
added. The reaction mixture was refluxed for the time described in Table 1. The
suspension was concentrated to dryness and the residue triturated with water. The
dark brown solid was filtered, diluted with acetone and was then acidified with
47% hydrobromic acid. Finally the mixture was concentrated to dryness, and the
residue was washed with acetone (3x20 ml) and then filtered. Crystallization from
the adecuate solvent yYielded the title compounds in analytical grade.

4a: mp 315-317°C [ethanol-hydrobromic acid); ir Tpax (KBrl 1621 (c=N*=) cm™1;
lHnur (DMSO-dglé 7.12 (1H,s), 7.68 [2H,t,J=6.8Hz), 7.97 ([1H,d,J=8.5Hz), 8.0l
[1H,4, J=g8.5H=z)], 8.29 [1H,s,J=7.0Hz), 6.5-8.6 (4H.m), 9.27 1H,.=s) . [Found: C,

65.74; H, 3.61 N, 3.58. Calcd for CpyH;pNOBr.1/2H;0: C, 65.80; H, 3.42; N, 3.65].
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4b: mp »360°C (ethanol-hydrobromic acid); ir Tgpgy (KBr) 1627 (C=N+.) cp~1l: lg-nmr

(DMSO—dg) & 2.74(3H,s), 6.79 (1H,s), 7.60 (2H,t,J=7.2H=), 7.91 (1H.4,J=7,7THz].
7.95 (1H.d,J=7.5Hz), 8.1-8.2 (3H,m), 8.35 (1H,d,J=7.0Hz), 8&.87 (1H,s). [Found: C.
64.40; H, 4.17; N, 3.22. Calcd for CpgHyNOBr.4/3Hg0: C, 64.08; H, 4.07; N, 3.39).
4ct mp 237-238°C (methanol-hydrobromic acid); ir ypay (KBr) 1626 (CsN*=) cm™1;
lj-pmr |DMS0O-dglé 6.81 [1H,s), 7.48 (2H,t,J=7.2Hzl, 7.6-7.7 (3H,m), 7.77 (1H.4.
J=8.5Hz}, 7.81 (iH.d,8.5Hz), 7.9-8.0 (2H,m), 8.06 (1H,d4,J=7.0Hz), 6.26 (1H.,d,
J=7.1H=z), 8.59 (1H.s}l, ©.60 (1H,s), ©.91 (1H,=). (Found: C, 71.70; H, 3.88; N,
2.83. Caled for Cy7H;gNOBr: C, 72.01; H, 3.58; N, 3.11).

4d: mp 321-322°C (acetone—hydrobromic acid) ; ir rggy (KBrl 1585 (C=N*=} cm~1;
1H-nar (DMSO-dgl 4 2.1-2.2 (2H.m), 2.9-3.1 (2H.,m], 3.2-3.3 (2H,m), 7.76I2H,t,
J=7.5H=z), 8.07 |(1H.d4,J=8.0Hz], 8.11 (1H,d,J=8.0Hz), 8.3-8.4 (2H,m), 8.45 [1H.4d,
J=8.5Hz] , 8.61 (1H,d4,J=7.0Hz). 9.16¢ (1H,s). |Found: C, 65.91; H. 4.18; N, 3.21.
Calcd for CgogHygNOBr.4/3H20: C, 65.76; H, 4.28; N, 3.19).

d4e: mp »310-12°C (ethanol-hydrobromic acidl; ir Tpay (KBr) 1583 (C=N*=) cm™1;
19-nmr (DMSO-dg) & 1.8-2.0 (4H,m), 2.9-3.2 (BH,m), 7.5-8.4 (TH.m). (Found:

€, 71.058; H, 4.30; N, 2.82. Caled for CpyqHpgNOBr: C, 71.37; H, 4.44: N, 3.08).

8-Ethoxycarbonylacenaphtho [1,2-blquinclizinlum-l-clate 5. Equimclecular amounts

(2 mmoll of 19, 1.2-acenaphthenequinone, and anhydrous sodium acetate were
suspended in acetone. The mixture was refluxed for 3 h. The precipitate was
filtered and washed with water (20 ml). Yield 82%; mp 186-1B8°C (acetone); ir Tpgy
(KBr] 1586 [C=0), 1710 [C=N*=) cm™l; lH-nmr (DMSO-dglé 1,43 [3H,t,J=T7.0Hz), 4.40
{2H,q,J=7.0Hz), 7.7-6.4 (8H,m), 8.84 (1H.,d,J=8.2Hz), 9.12 (1H,d,J=7.1Hz]; (Found:
€, 77.25: H, 4.50; N, 4.02. Calcd for Cy;H1sHO3: C, 77.40; H, 4.43; N, 4.10].

1-Hydroxyacenaphtho [1,2-blquinolizinium bromide 6. The quinolizinium-l-olate 5

(1 mmol] was suspended in 48% hydrobromic acid (10 ml) and refluxed for 6 h. The
yellow precipate formed was isclated by filtration. Yield B83%; mp >250°C (from
hydrobromic acid); it 7Tpay (KBr] 1638(C=N*=] cm~l; lH-nmr (DMSO-dglé 7.8-8.6
(8H,m}. ©.78 |[1H,d, J=8.BHz),., 9.28 (1H,d.J=6.1Hz). 9.83 (1H.,s): (Found: C, 63.80;
H, 3.65; N, 3.95%. Calcd for CjgH;;NOBr.1/2H30: C, 63.52; H., 3.37; N, 3.90].

Heactlion between l-Hydroxygquinolizinium bromide & and DMAD. Egquimolecular amounts

(2 mmol) of 6 and sodium carbonate were suspended in dry acetonitrile (5 ml) and
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DMAD (6 mmol) was added. The reaction mixture was refluxed for 24 h. The solution
was filtered, and the solid was transformed into the corresponding bromide by
hydrobromic acid treatment. A sample of it resulted identical to 6 by ir and nmr
(Yield 60%; mp »>250°C]). The filtrate was evaporated to dryness, and the residue
WaAS chromatographed on alumina. Elution with dichloromethane afforded
1,2-dimethoxycarbonyl—6H-[2.3.3]cyclazin—6—one 7 in 20% yield. mp T4-T6°C ;ir rpax
(KBr] 1724 (C=0), 1628 (C=0) cm™!; lH-nmr (DMSO-dg) & 3.73 (3H,s], 3.82 (3H,s),
7.2-8.1 (BH,m), 8.40 (1H,d,J=5.6Hz); (Found: €, 73.15; H, 3.50; M, 3.17. Calecd for
CagHigNOg: C, 73.34; H, 3.69; N, 3.42).

ACENOWLEDGEMENTS
The authors wish to thank Comisidén MAsesora de Investigacién Clentifica Técnica

(C.A.I.C.Y.T.] for financial support, and to Dr. J. Ezquerra (Lilly 5.A. Madrid)

for the assistance in the COS5Y experiments.

REFERENCES

1. 0. Westphal, K. Jahn, and W. Heffe, Arch. Fharm., 1961, 37, 294.

a. Dr. A. Wander A-G, Brit. Pat.. 916,507,Jan.23 (1963) (Chem. Abstr., 1963, 59,
3900) .

3. G. Gonzalez-Trigo, M. E. Fombella, J. Alvarez-Builla, B. del Castilleo, A.
Garcia de Marina, and G. A. Avila, An. Ouim., 1981, IIE; 225

4. J. Alvarez-Bullla, G. Gonzalez Trigo, J. Ezgquerra, and M. E. Fombella,
L. Hetrocvcl, Chem.., 1983, 22, 681.

e

5. J. Ezquerra and J. Alvarez—Builla, J, Heterocwvcl. Chem., 1986, 23, 1151.
P

6. C. Galera, J. J. Vaguero, J. L. Garcia Navio, and J. Alvarez-Builla,

L. Heterocvcl, Chem,, 1986, 23, 1889,
i

7. V. Boekelheide and R.J. Windgassen, J, Am. Chem. Soc., 1958, jﬁb 2020.

8. J. W. Dick, W. K. Gibson D. Leaver, and J. E. Roff, J. Chem. Soc,, Perkin
Zrans. 1., 1381, 3130.

9. D. Farguhar, T. T. Gough, D. Leaver, J. F. Miller, J. W. Dick, and M. A.
Jessep, J, Chem. Soc., Perkin Trans., 1. 1984, 2553.

10. Y. Miki, H. Kinoshita, T. Yoshimaru, and 5. Takemura, Heterocvcles, 1937.:&&
199.

11. F. Krohnke, H. Schnegelberger, and W. Weis, Chem. Ber., 1964, 97, 3566.

P

Received, llth August, 1989

— 23T —







