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Summcrry: Several ruthenium and platinum complexes 
smoothly catalyze the reductive N-heterocyclization of 
N-(2-nitrobenzoyl)amides under carbon monoxide pres- 
sure to afford the corresponding 4(3H)-quinazolinone 
derivatives, including some quinazolinone alkaloids, in 
good yields. 

Transition-metal complexes that can serve as effective 
tools for the synthesis of various heterocyclic ring systems 
have been developed in recent years.' In our studies of 
N-heterocyclization reactions catalyzed by transition- 
metal complexes, and ruthenium complexes in particular, 
we have sought to develop new, useful synthetic methods.2 
We have recently examined the transition-metal complex- 
catalyzed reductive N-heterocyclization of nitro com- 
pounds which occura via an active transition-metal nitrene 
intermediate.3 Here, we report the first ruthenium- 
catalyzed syntheses of 4(3H)-quinazolinone derivatives by 
the reductive N-heterocyclization of N-(2-nitrobenzoyl)- 
amides under carbon monoxide pressure (eq 1). 
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[cat.] = Ru~(CO),~, R(PPh3), etc. 

Many of the quinazolinone alkaloids such as 
t r y ~ t a n t h r i n e , ~ a - ~  ~as ic inone ,~~le  a n i ~ o t i n e , ~ ~  and 
rutaecarpine4g demonstrate important biological activities. 
However, there are few examples of catalytic syntheses of 
these compounds.5 

Representative examples of the syntheses of 4(3H)- 
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Table I. Synthesis of 4(361)-Quinazolinone Derivativer 
from N(2-Nitrobenzoyl)amider in the Presence of 

Rus(CO)lz Catalyst* 

entry substrata 
isolated 

product yield (% 1 

0 

n 

a N-(2-Nitrobenzoyl)amides (2.0 mmol), 1,4-dioxane (10 mL), 
R U ~ ( C O ) ~ ~  (0.067 mmol) under CO (40 kg cm-*) at 140 "C for 16 h. * At 160 OC. Figure in parentheses is GLC yield. 

quinazolinone derivatives employing Ru&0)12 as a cat- 
alyst are summarized in Table I. N-(2-Nitrobenzoyl)- 
amides were smoothly transformed into the corresponding 
4(3H)-quinazolinone derivatives in 68-94 % yield.6 The 
quinazolinones obtained from this reaction are known to 
be versatile intermediates in the syntheses of quinazolinone 
alkaloids. For example, the total synthesis of vasicinone 
via azacyclopentano[2,1-b]-4(3H)-quinazolinone, the prod- 
uct in entry 2, was reported by Onaka et al.? and an 
improved method was later reported by Mori et aL5 

(6) General Procedure. A mixture of N-(2-nitrobenzoyl)amide (2.0 
mmol), RU&O),~ (0.067 mmol), and dry l,4-dioxane (10 mL) was placed 
in a stainlesa steel autoclave (Yuaaa Giken SUS 316) equipped with a 
glass linear and a magnetic stirring bar. The unit waa sealed and purged 
of air by pressurization with carbon monoxide to 10 kg cm-2 and 
depressurization to atmospheric pressure. This presaurization-deprea- 
surization cycle was repeated twice. The reactor was then again 
pressurized to 40 kg cm-2 with carbon monoxide at  room temperature and 
waa heated to 140 OC over 10 min, with stirring. The stirred mixture was 
held a t  this temperature for 16 h. The reaction was then quenched by 
rapid cooling, and the gaseous products were allowed to escape. The 
resultant brown solution waa analyzed by GLC and FT-IR. The products 
were isolated by Kugelrohr distillation. 

(7) Onaka, T. Tetrahedron Lett. 1971,4387. 
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Scheme I 
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Table 11. Catalytic Activities of Several Transition-Metal 
Complexes for the Reductive N-Heterocyclization of 

N-(Z-Nitrobenmyl)-Z-azacycloheptanone* 
entry catalyst (mmol) additive convn (%) yieldb (%) 

8 R u ~ ( C O ) ~ ~  (0.034) 63 60 
9 Ru(C0)3(PPh& (0.10) 64 45 
10 RuC12(PPh3)3 (0.10) 10 9 
11 RuCIz(PPh& (0.10) KzC03' 100 67 
12 Pt(PPh3)r (0.10) 81 76 
13 Pt(C0)2(PPh& (0.10) 69 65 
14 PtCl*(PPh& (0.10) 22 17 
16 PtC12(PPh& (0.10) pyridined 65 60 
16 Pd(PPh3)d (0.10) 34 31 
17 Pd(CO)(PPh& (0.10) 23 19 
18 PdC12(PPh3)2 (0.10) SnCLf 71 13 
19 Fe3(CO)*z (0.034) 14 8 
20 CO2(CO)s (0.050) 9 5 
21 Rh&O)ls (0.017) 6 4 
22 Mnz(CO)lo (0.050) 14 4 

a N-(2-Nitrobenzoyl)-2-azacycloheptanone (2.0 mmol), 1,rtdioxane 
(10 mL) under CO (20 kg cm-2) at 120 "C for 16 h. b Determined by 
GLC. 3.0 mmol. 1.0 mL (12.4 mmol). e 1.0 mmol. 

The present reaction can be applied to a facile synthesis 
of indolo[2,1-blquinazoline-6,12-dione, which is the an- 
tibiotic t r ~ p t a n t h r i n e . ~ ~ ~  As shown in Scheme I, indolo- 
[2,1-blquinazoline-6,12-dione was obtained in 48% yield 
by the reductive N-heterocyclization of N-(2-nitrobenzoyl)- 
isatin, which was easily prepared from 2-nitrobenzoic acid 
and isatin. 

The catalytic activities of several transition-metal 
complexes were examined in the reductive N-heterocy- 
clization of N-(2-nitrobenzoyl)-2-azacycloheptanone (Ta- 
ble 11). Zero-valent ruthenium and platinum complexes 
generally showed high catalytic activity (entries 8,9,  12, 
and 13). Although the catalytic activities of the divalent 
RuC12(PPh3)3 and PtC12(PPh3)2 complexes were low 
(entries 10 and 141, the addition of appropriate bases such 
as K2CO3 or pyridine drastically improved the activity of 
these complexes (entries 11 and 15). Phosphine ligands 
did not affect the reaction. However, the catalytic 
activities of other group VI1 and VI11 metal complexes, 
including palladium complexes which effectively catalyzed 
the reductive N-heterocyclization of N-(Znitrobenzylide- 
nelamines to W - i n d a z ~ l e s ~ ~  and o-nitrostyrenes to 
indoles,3b were quite low. 

When an excess amount (Le., 3 equiv) of pentacarbo- 
nyliion (Fe(C0)5), instead of a catalytic amount of RUB- 
(C0)12, was employed in the reaction of N-(2-nitrobenzoyl)- 
2-azacycloheptanone, azacycloheptano[2,1-b]-4(3H)- 
quinazolinone was obtained in 51 % yield, under an argon 
atmosphere (eq 2). This result suggests that carbon 

monoxide pressure is not always essential to the reaction, 
if enough of the transition-metal carbonyl complex is 
employed. 

The present reaction can be understood by assuming a 
transition-metal nitrene intermediate.* First, deoxygen- 
ative reduction of the nitro group in N-(2-nitrobenzoyl)- 
amide by carbon monoxide would occur to produce an 
active nitrene intermediate.vJ0 It is well-known that 
nucleophilic nitrene complexes react with the carbonyl 
group of aldehydes and ketones to yield the corresponding 
imines.I1 For example, Nugent has reported that the 
reaction of (Me3SiO)2Cr(NtBu)2 with benzaldehyde gives 
a monooxo complex, (Me3SiO)2CrO(NtBu), together with 
the Schiff base, benzylidene-tert-butylamine.Ilb In the 
reaction at hand, the intramolecular metathesis-like 
behavior of the generated nitrene complex with a carbonyl 
group would proceed in a similar manner to give the 
corresponding quinazolinone and transition-metal-oxo 
complex. The oxo complex would be reduced to a zero- 
valent active carbonyl complex by carbon monoxide,12 
completing the catalytic cycle. After the reductive N- 
heterocyclization of N-(2-nitrobenzoyl)-2-azacyclohep- 
tanone (entry l), carbon dioxide was generated and 
detected in the gas phase in 241% yield, based on the 
nitro compound. This result can also be explained by the 
above mechanism.13 

In conclusion, the transition-metal complex-catalyzed 

(8) A similar reaction pathway was proposed in a previously reported 
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pounds catalyzed by transition-metal Complexes. For example, see: (a) 
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Tech. 1974,566. (c) Alessio, E.; Mestroni, G. J. Organomet. Chem. 1981, 
291,117. (d) Cenini, 5.; Crotti, C.; Pizzotti, M.; Porta, F. J. Org. Chem. 
1988,53, 1243. 
(9) pa-Nitrene-rutheniu complexes were isolated from the reaction 
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S.; Sheldrick, G. M.; Clegg, W.; Stalke, D. J. Chem. SOC., Dalton 7"s. 
1983,2339. (c) Crotti, C.; Cenini, S.; Baeeoli, A.; Rindone, B.; Demartin, 
F. J.  Mol. Catal. 1991, 70, 175. 
(10) Although monomericlate-traneition-metal nitrene Complexes seem 

to be unstable, Bergman et  al. have succeeded in the synthesis of Cp*IrNt- 
Bu. (a) Glueck, D. S.; Hollander, F. J.; Bergman, R. G. J. Am. Chem. SOC. 
1989,111,2719. (b) Glueck, D. S.; Wu, J.; Hollander, F. J.; Bergman, R. 
G. J. Am. Chem. SOC. 1991,113,2041. 

(11) (a) Nugent, W. A.; Mayer, J. M. Metal-Ligand Multiple Bonds; 
Wiley-Interscience: New York, 1988. (b) Nugent, W. A. Inorg. Chem. 
1983,22,965. (c) Amdtsen, B. A.; Sleiman, H. F.; Chang, A. K.; McElwee- 
White, L. J. Am. Chem. SOC. 1991,113,4871 and references cited therein. 
(12) (a)  Herrmann, W. A.; Kliethardt, U.; Schiifer, A.; Herdtweck, E. 

Angew. Chem., hat. Ed. Engl. 1986,25,817. (b) Bradford, W.; Nyholm, 
R. S. J. Chem. SOC., Chem. Commun. 1967,384. 
(13) The reductive N-heterocyclization of N-(2-nitrobenzoyl)azacy. 

cloheptane, which has no carbonyl group, afforded the corresponding 
azacycloheptano[2,1-b]-4(3H)-quinazolinone (Ru3(CO)1z catalyst, 200 OC, 
16 h under 40 kg om-* of CO), although the yield of the product was only 
9% (eq 3). This result also suggests the generation of an active nitrene 
intermediate which can insert into a saturated C-H bond14 and excludes 
that the reaction proceeds via the corresponding N-(2-aminobenzoyl)- 
amide. 

(14) Smith, P. A. S. In Nitrenes; Lwowski, W., Ed.; Interecience 
Publishers: New York, 1970; Chapter 4, p 99. 
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reductive N-heterocyclization reaction provides a useful Supplementary Material Available: Characterization data 
method for the synthesis of 4(3H)-quinazolinone deriv- for all products and a general experimental procedure (4 pages). 
atives from N-(2-nitrobenzoyl)amides. Work is now in This material is contained in libraries on microfiche, immediately 
progress to provide definitive mechanistic information and follows this article in the microfilm version of the journal, and 
to apply this reductive N-heterocyclization to the con- can be ordered from the ACS; see any current masthead page for 
struction of additional heterocyclic ring systems. ordering information. 


