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Abstract: The s 

!in 

thesis of 3-aroylcarbazoles [ 4(a-d)] and the unknown l-aroylcerb- 
aeoles Cz(a-c) has been achieved by the photoivsis of 9-aroylcarbasoles[2(a-d)] 
in polar solvent. Irradiation of 3(8-c) in non-polar solvent afforded regiospecifically 

f$%:rn 3b. 
carbazole (1) and for the first time, 9H-indolo [Z3,2,1-de] phenenthridin-9-one 

The vyeld of 8 was significantly improved by UV exposure of 9-(2-iodo- 
bensoyl)-carbaaole (3e) in zethanol and iodine, without providing any photomigrated 
product. 

The photochemical rearrangement of 9-aroylcarbazoles[3(a-d)], as has been 

recently reported' from our laboratory, culminated in the synthesis of hitherto un- 

known I-aroylcarbasoles[5(a-c)],3_aroylcarbeaoles [-(a-d)] and carbasole (l), dep- 

ending on the wavelength of irradiation (Scheme-l). Our enduring interest in this 

subject led us to study the effects of sensitiser and solvent on the photolysis of 

$a-c) and Le, whereby we could develop, for the first time, from lb and ie, a novel 

and efficient methodology for the synthesis of 9H-indolo [3,2,1-de] phennnthridin-9- 

one* (i), an analogue of naturally occurring canthine group of alkaloids2. 

Irradiation of a mnthenolic solution of 9-benzoylcarbazole (za) in a quarts 

vessel (immersion type) by a medium pressure mercury lemp (4GOW, km, 365-366 nm) 

under nitrogen atmosphere in the preeence of Michler's ketone (MK) as sensitiser 

failed to provide any new result, save the previously isolated' carbazole (1) and the 

photomigrated products 3-benzoyl- (Qe) and 1-benzoylcarbazole (zn) in reasonable 

yield. fhe same result was else obt:lined when irradiation of 3a was carried out in 

methanol alone, using a low pressure mercury lamp (16W, 990:: 254 nm! (Scheme-l). 

We next endeavoured to observe the photochemical behaviour of 2a in non-polar 

solvent such as benzene. Interestingly, the said ghotolysis in the absence or presence 

of sensitiser (MK) at 365-366 nmaeorded 1 and the only migrated product ra (Scheme-l). 

This experimental observation wes also found to be consistent when a benzene solution 

of 3a was expose? to UV rodiation (254 nm). 

The remarkable regiospecificity so observed in the phot.olysis of la in non-polar 

solvent provided a distinct improvement oi our earlier method' Por the synthesis or 

unknown za, when the same was previously obtainell alongwith 1 nnd +=I in the presence 

of methanol/iodine and also presently, in methanol or mathanol/IIK (Scheme-l). 

Table-l collectively presents an overview of all these experiments, Table-2 

enlists the spectral data of the photomigrated products [~(a-d) and r(a-c)] and 
1 

Table-3 recurds a comparative LI RMR de.tn of +I , 5a nnd 2-benxoylcnrbeeole (13). 

* 
Also known as 19-ketophennnthridindocolina4~ 
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AC = 

A c B 

zta-d) 
?(a-d 1 

g: R1=RfR3=H; b: R,=cI I R,~=R~=H 
&:R,=R3=H; R~=OCH.+~:R,=R~=H;R~NO~ 

!_+ k(a-d) + 

$a-d) 

Ita-cl 

A: h3 (254 nm)/CH30H/12; BI hJ (365-366 nm)/CH30A/12; C: h3 (254 nm)/CA300B; 

D: hfi (365-366 nm)/CB30A/MK; Br hd (365-366 nm)/C6H6; P: hd(365-366 nmj/C6E6/MK; 

G: h* (254 nm)/C6H6. 

prepared by the known procedure3 (Scheme-4) alongwith their respective acetyl deri- 

vatives (2, 1 and l4). 

In order to ascertain the generality of this regiospecific migration, we envi- 

saged to investigate the photolysis of z(b-c) in benzene at 254 nm (Scheme-2). While 

the irradiation of 'c afforded 1 and zc as the sole migrated product, photolysis of 

2b yielded 1, zb and for the first time, 

in 23$ yield, mp. 225°(C-P)(lit.4 mp. 

9H-indol~3,2,l-de~heno.nthridin-9-one (2) 

227'), IR(KBr):Jmax 3040, 1695, 1665, 1605, 

1580, 1505, 1465, 
-1 

1445, 1420, 1350, 1340, 1305, 1275, 1160, 810, 765 and 695 cm . 

The 200 MHz 
1 
H NHR spectrum o-r 8 in CIIC13 revealed the presence of four &- 



Studies on enamides-- 3111 

’ + 8 - - 

b : R,=CL; RZ=RfH 

s : R,=R3iH~RfOCH3 - - 

p : R,-I; RZ= R,,=H 

protons St 6 8.05 (lH, dd, J,=8.0 Hz, J2=2.4 Hz, C,-li), 8.07 (lH, dd, J,=8.0 Hz, J2= 

2.4 Hz, C4-Ii), 8.30 (18, dd, J,=8.0 Hz, J2=1.6 Hz, C,3-Ii) and 8.67 (lH, dd, J,=8.0 

As, J2=2.4 Hz, C3-_H), indicating clearly the presence of indolc3,2,1-deshensnthri- 

done moiety. The spectrum could 8180 characteristically account for C7-g and C,o-g 

8t 6 8.83 (lH, dd, J,=8.0 Hz, J2=2.4 Hz) and 8.15 (lH, d, J-8.0 Hz) respectively. 

The remaining aromatic protons were discernible at 6 7.50 (lH, dd, J,=8.0 Hz, J2=2.4 

Hz, C5-g), 7.58 (lH, d, 5~8.0 Hz, C,-II), 7.59 (lH, dd, J,=8.0 Hz, 52-1.6 Hz, C,,-g), 

7.67 (lH, dd, J,=8.0 Hz, J2=2.4 Hz, C6-g) and 7.82 (lH, m) for the C,2-& 

Encouraged by this observation, we incorporated in our ongoing project the photo- 

chemical study of 9-(2-iodobenzoyl)-carbssole (ze), 8s the irradiation of the same 

has not been reported so far 596 . As anticipated, the W exposure of ?a at 254 nm in 

CH3OH/iodine (Scheme-2) led exclusively to the desired phenanthridone (2) in excellent 

yield (67%) alongwith the formation of c8rbasOle (1). 

It is significant to note that the absence of any phofomigrated products in the 

SCHEME-3 

s 
photolysis of le coupled with the higher yield of 2 compared to those of the results 

obtained with zb, paved a superior photochemical p8thwa.y for the synthesis of naturally 

occurring benscanthin-11-one 
7 and their derivatives, studies OP which are presently 

underway in our laboratory. 

The structure of the photoeyclised product (S) has also been confirmed by its 

independent synthesis (Scheme-3), following the reported procedure4. 
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The genesis of the photomigrated producta [ $8-d) and a] in methmol from 

the substrates [ 2(8-d)] '98 nsy be rationalised by 8 normal photo-Fries rearrangement 

either through 8 radical p8thw8y9 

a concerted mechsniam 9 

(Path A) involving the species (L) and (ii) or by 

(Path B) through the intermediooy of (iii) and (iv). These 

mechanistic considerationa have been shown in a generaliaed form in Scheme-5. Furthee 

more, the resrrsngement'of the sroyl group in the presence of methurol/iodine 8t 

254 nm (Method A), for reasons not 80 clear, furnished 3-sroyloarb8aolea[~(8-d)] 

as the sole photomigrated products. This type of ~,S]nigrsfion is well documented 

in literature 10,ll . However, such regioapecificity ~8s not observed when the photo- 

lysis w8a performed in methanol (Method C) or in the presence of aenaitiaer(Hethod D). 

On the other hand, in non-polar solvent (benaene), the sroyl group from 2(a-c) 

possibly migrated regiospecificslly from nitrogen to C, via 8 concerted h-tropic- 

tl,3]ahift (Path B2). It appears, as though, the ao1ven.t controls the reaction 

course as against an insignificant role of the sensitiaer or wavelength of irrsdia- 

tion. 

GcHpIE-4 

C6H$OCI / AU3 

cs* / Rcfl’ux 
* 

2a 

“IO I Ethanolic KOH 
I 

. . 

13 - 

It is also of paramount importance to observe that the absence of eny photomigra- 

ted products in the photolysia of ze, albeit in methanol, in comparison to zb, dis- 

tinctly reflects 8 greater tendency of the iodo-derivative (e) for radical form& 

tion5'6, followed by s concomitant pbotocycliastion (Scheme-5) so as to afford phen- 

anthridone (g) in higher yield. 

Thus, it was observed that the photolysis of 9-arpylcarbazoles, save ze, under 

the aforesaid conblitions offers a convenient methodology for the synthesis of Feroyl- 

carbaxoles (prepared earlier b,v chemical method 
12 

) and the unknovn I-arqylcarbasoles, 



Studiesonenamides-II 

' while ie, uniquely affords 9%indolc3,2,1-deshenanthridin-9-one through a facile 

photocyclisation pathway. 

ScmBlE-5 

2 h3 @-@ + *‘-‘=’ k(a_d) 

Path A 

3779 

z(a-cl 

Path B 

ab : x=cl 

2e:X=1 

EXPERIMENTAL 

The melting points, recorded in H2S04 bath are uncorrected. The IR spectra were 

obtained in a Perkin-Elmer 297 Infrared spectrophotometer, 
1 
H NMR spectra, unless 

otherwise stated, in CDC13 in a Varian XL 200 WHz spectrometer using TMS as internal 

standard, Mass spectra (70 eo) in a Hitachi RMU 6L Mass spectrometer and microanalyses 

were performed using e Perkin-Elmer 240C Elemental anal.yser. The photolysis experi- 

ments were carried out in quartz vessel (immersion type) in the presence of either 

low pressure mercury lamp (16W,>90$ 254 nm, Model 3016) or medium pressure UV lamp 
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TABLE-18 Besults of Photolysis of 9-Aroylcarbaeole< z(a-e)]. 

Snbstrate(3J 
MP.(Solvent) 

Method Carbasole(1) 3-Aroylcarbasole(4J 
(Time Yield: me($) 

1-Aroylcarb~+ Phenanthri- 

in hr) 
BP. (Solvent) 

Eluent Yi.';;u,It(%) 
role(z) done(g) 

MP. (Solvent) MP.(Solvent) 
Yield I mg($) Yield: lag($) 

Eluent Eluent 

(4:) 
360(58) 

P3Bl 

2?;-202o(A-P) 
(lit. mp.203-205°) 

300(30) 
PlB;+B. 

(1:) 
200(32) 202O(A-P) 139O(A-P) 

p3B1 50(5) 150(15) 

PlB3 PlBl 

98O(aq?alc.) (3:) 
300(48) 200(20) 250(25) 

lit.13 mp.98O 
PgBl B P3B, 

(1.0 g; 
(1:) 

200(32) 50(5) 100(10) 

3.69 mmol) P+PgBl P1B4 PqBl 

(1:) 
150(24) lOO(10) 

P+P9Bl PgBl*PqBl 

(1:) 
250(40) 50(5) 
P9Bl PqBl 

(3oG) 
50(8) 80(8) 

P9Bl*P3Bl PlBl 

T;o(Okg;) 
(4) 

lOO(18) 198-2 o -P) 

P3Bl*PlBl 
200 2 
s Q 

. 150(27) 
3.27 mmol) (1:) P3Bl 2?$o &Y) 

PjBq 

1;;; A-7) 

PlBl 

(0.55 g; 
(2;) 

75(25) 52(9) 
1.80 mmol) P9Bl PPl (lit?,$Jo) 2 

P3Bl+PlBl 
200(36) 186-18 O A-P 

50 5) 
c 

(2:) P3Bl+PlBl 
I() - - 

lllO(B-P) 190(35) 

(1.0 g; 
(1:) P3B1 

3.32 mmol) G 145(50) 
(30) P+PgB, 

d (3:) 
350(66) 

P3Bl*PlBl 
195o(crude) 

151°(B-P) 
28 

(1.0 g; 
200(38) 2050 A-P) 

3.16 mmol) (1% P3Bl 60 6) 
P1B3 

88-89~(B-P) (1:) 
201(27) 

P9Bl 

"$3 iy ) 
t P 

,(',;77gj P3Bl*PlBl*PlBJ 
. 

(4OOW, km,, 365-366 nm, Model 3040), manufactured b.y Applied Photophysics Ltd.,England. 

Solvent abbreviations are: A-Acetone; B-Benzene; C-Chloroform; E-Diethyl ether and 

P-Petroleum ether, 60-80' with the subscripts referring to the proportions of the 

solvents used for chromatographic elution (silica gel, 60-120 mesh, BDH). The yield 

denotes the colnbined amounts of cr,vstallised material obtained after chromatography. 
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l PREPABATION OF 9-AROYLCARBAZOLES [-(a-*),2] : 

9-Bonsoylcarbazole (?a)~ C8rbazOIe (1)(3.3 g; 20 mmol) dis8olved in dry benzene 

(20 ml)-DMP (20 ml) ~8s 8ddded to.8 well-stirred suspension of Sodium hydride (1.8 g; 

75 mmol) in dry benzene (20 ml) at room temperature, followed by dropwfse addition 

of benzoyl chloride (+)(2.85 g; 20 mmol) in dry benzene (10 ml) at 0' and kept over- 

night. 

The reaction mixture was decomposed with ice-cold brine (150 ml) and extracted 

to exhaustion with dichloromethane (4x50 ml). The organic layer was washed with dil. 

HCI (2x25 ml), brine (2x25 ml) and dried (N82S04). On removal of solvent 28 vas 

obtained in 6046 yield (3.2 g), crystsllised further from aq. alcohol,mp.98' (lit. 
13 

mp.98'). 

IR(Nujol):3mM 
-1 

1675, 1595, 1445, 1325, 1300, 1150, 1070, 750, 720, 700 cm . 

9-Aroylcsrbrzoles [12(b-e),z] were prepared by the above procedure using !, 

(2.0 g; 12 mmol) and the acid chlorides [ 2(&e)] and of 2-nitrobenzoic ocid,obtsined 

from the respective acids (2.0 g). 

9-(2-Chlorobenzoyl)-carbszole (3b)r Yieldr2.2 g (60%)~ mp. 95' (B-P). 

IR(CHC13) lGmax 
-1 

3070, 3010, 1675, 1595, 1440, 1360, 1090, 1050, 950 cm . 

'H NMB(100 MHZ)Z 8 7.28-7.42 (2H,m), 7.42-7.48 (4E,m), 7.48-7.56 (4H,m), 

8.03 (2H, dd, J,=7.0 Hz, J2=3.0 HZ). 

9-(4-Methoxybenzoyl)-carbazole (20): Yield-2.5 g (6996); mp. 111' (B-P). 

IR(CHC13):+mM 
-1 

3010, 1670, 1605, 1510, 1440, 1320, 1255, 1170, 1030, 840 cm . 

'H NMR(lOO MHz)% 8 3.88 (3H,s), 6.99 (2H, dd, J,=8.0 Hz, J2=l.0 Hz), 7.30-7.44 

(4E,m), 7.57 (2H, dd, J,=7.0 Hz, J2=3.0 Hz), 7.73 (2H, dd, 

J,=8.0 Hz, J2=l.0 Hz), 8.03 (2H, dd, J,=7.0 Hz, J2=3.0 Hz). 

9-(FNitrobenzoyl)-carbazole (zd): Yield=2.65 g (70%; q P. 151' (B-P). 

IR(Nuj0l)r3~~~ 
-1 

3080, 1680, 1615, 1530, 1445, 1365, 1160, 1070, 755, 690 cm . 

'H NMR(lOO MHz)* Fj 7.26-7.40 (4H,m), 7.69 (lH, dd, J,=8.0 Hz, J2=l.0 Hz), 7.90- 

8.01 (4H,m), 8.39 (lI1, d, 5x2.0 Hz), 8.50 (2H, dd, J,=7.0 He, 

J2=2.0 Hz). 

9-(2-Iodobenzoyl)-carbazole (e)r Yieldz3.0 g (63%); mp. 88-89' (R-P). 

IR(ICBr)rJ max 3060, 1670, 1600, 1585, 1490, 1480, 1445, 1360, 1330, 1305, 1210, 

1155, 1085, 1020, 950, 775, 760, 750, 725, 630 cm-'. 
1 
H NMR(200 MHz): cj 7.38 (111, dd, J,=6.8 Hz, J2=1.3 Hz), 7.42 (3H, dd, J,=6.8 HI., 

J2=1.3 Hz), 7.49 (2H, dd, J,=7.3 Hz, J2=l.7 Hz), 7.56 (2H, 

rid, J,=6.8 Hz, J2=1.7 Hz), 7.64 (lH, drl, J,=7.7 Hz, J2=l.7 

Hz), 8.03 (l!l, dd, J,=7.7 Ha, J2=l.3 Hz), 8.05 (2H, dd, 

J,=7.7 Hz, J2=1.7 Hz). 

9-(2-Nitrobenzoyl)-carbazole (2) I Yield=l.5 g(40$);mp.l49'(kP)(Iit? mP*l48-150') 

IR(KEW):J mu 1665, 1570, 1515, 1475, 1440, 1360, 1330, 1305, 1205, 1155, 1065, 
-1 

745, 745, 715 cm . 
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1 
H NMR(200 MHz): 6 7.41 (2H,dd,J,=8.4 Hz, J2=2.3 HS), 7.65 (2B,dd,J,=6.9 Hz, 

J2=2.3 Hz), 7.87 (2H,dd,J,=8.4 Hz,J2=l.5 Hz), 7.89 (2H,ddt 

J,=8.4 Hz, J2=l.5 Hz), 8.05 (2H,dd,J,-7.7 Hz, J2=2.3 BE), 

8.43 (2H,dd,J,=7.7 Hz, J2=2.3 Hz). 

PHOTOLYSIS OF 9-AROTLCARBAEOLBS [-(a-e)] I 

METHOD A: Irradiation with 16W CW lamp using methanol/iodine 

Irradiation of 9-benzoylcsrbszole (3a)r A solution of 2a (1.0 g; 3.69 mmol) and 

iodine (0.5 g; 3.9 mmol) in spectral methanol (350 ml, BDH) was irradiated for 44 hr 

under nitrogen atmosphere. The solvent was distilled off in vaouo and the crude pro- _- 
duct, aiter dilution with water (200 ml) was extracted with dichloromethane (3x75 ml). 

The combined organic layer was washed with saturated sodinm thiosulphate solution 

(3x25 ml), brine (2x25 ml) and dried (Na2S04). Distillation of the solvent afforded a 

brownish-yellow residue whioh was chromatographed, whereby 1 and 3-benroylcarbazole 

(is) were isolated. Table-l presents the experimental result8 and Table-2 enlists the 

spectral data, 

3-Benzoylcsrbazole (ia): 

Found C.83.925, H,5.21$ and N,5.3096. 

C H NO(271.3) requires C,84.11$; H,4.83$ and N,5.16$. 
19 13 

Similar irradiation experiments were performed with z(b-a) (1.0 g) and the results 

are given in Table-l. 

3-(2-Chlorobenzoyl)-carbazole (ib) I 

Found C,74.46$; H,4.24$ and N,4.62$. 

C,9H12NOC1(305.8) requires C,74.64$; H,3.96$ end N,4.5896. 

3-(4_Methoxybenzoyl)-carbazole (2~) t 

Found C,80.15$; H,5.15$ and N,4.45$. 

C20H15N02(301.3) requires C,79.72$;, H,5.,02$ and N,4.65% 

3-(3_Nitrobenzoyl)-carbazole @I): _ Vide Table-l. 

'H NMR (& Table-2) recorded in 100 MHz (d6-DMSO). 

The compound 2e on photolysis under the aforesaid condition yielded 1 and 2. 

9H-Indolo [3,2,1-delphenanthridin-9-~ (2) I _- 
Found C,84.69$; H,4.25$ and N,5.03% 

ClqH,,N0(269.3) requires C,84.74$; H,4.12$ and N,5.20% 

METHOD B: Irradiation with 400W UV lamp using methanol/iodine 

in analogous procedure (cf. Method A) was Pollowed with za (1.0 g; 3.69 mnol) 

and usual work-up and chromatography afforded 1, Qa and 1-benzoylcarbazole (Ia) 

(Table-l and Table-2). 

1-Benzovlcarbazole (za) : 

Found C,83.94$; H,4.858 and N,4.87$. 

C,gii,3NO(271.?) requires C,84.11$; H,4.83$ and N,S.16% 



Studies on enamides 3783 

TABLE-2: Spectral Data of I-~royl{ z( a-c)] and FAroylcsrbszoles [ i( a-cl)]. 

IB(KBr) ‘H NMR 
Product 3pbx(cm-1) 6 ( PP~) 

(J in Iis) 
m/crel. i!Eensity($)] 

s 3240,1640,1610, 7.35-7.39(lH,m),7.52-7.57(4H,m),7.59 27l(M’+, 43),270(100), 

1445,1410,1330, (lH,dd,Jl=7.3,J2=l.7),7.66(lH,d,J=7.6), 195(37),194(98),166 

1270,1245,1130, 7.92(2H,dd,Jl=8.1,J2=l.7),a.05(lH,dd, (84),149(99),139(37), 

955,750,705 J,=8.5,J2=l.7),8.15(lH,dd,Jl=7.7,J2= 105( 22) ,77(22) 

1.7),8.57(lH,br.s),8.66(lH,d,J=l.7) 

2s 3410,3380,1627, 7.29-7.34(1H,m),7.39(lH,dd,Jl=a.l,J2= 271 (M’+, 21),270(100), 

1590,1565,1490, 1.9),7.46-7.52(lH,m),7.55-7.63(3H,m), 253(26),240(72),193 

1445,1315,1265, 7.66(lH,d,J=7.5),7.86(1H,d,J=a.l), (98) ,166(98) ,165(98), 

1220,1115,965, 7.87(2H,d,J=8.1),8.20(lH,dd,Jl=7.5, 148(98) ,139(74) ,195 

840,750,720,700 J2=2.5),a.3Y(lH,dd,Jl=7.5,J2=2.5), (96) ,77(99) 

10.56(lH,br.s) 

4b 3300,1645,1620, 7.33-7.37(lH,m) ,7.47-7.56(7H,m) ,a.01 307(14),305(M'+,42), 

1590,1575,1450, (lH,dd,Jl=8.0,J2=l.7),8.12(lH,dd,Jl= 194(54),149(100),111 

1335,1285,1130, 8.0,5~=1.7),8.57(lH,br.s),a.62(1A,d, (32) ,99(64) ,85(96) 

755,740,705 5~2.6) 

a 3400,1630,1620, 7.30-7.36(lH,m),7~41(lH,dd,Jl=6.a,J2= 

1570,1490,1430, 1.7),7.48-7.55(4H,m),7.56(2H,dd,Jl=6.a, 

1315,1220,1115, J2=l.7),7.63(lH,dd,Jl=6.a,J2=1.7),a.21 

750 (lH,dd,Jl=7.7,J2=2.6),a.41~lH,dd,Jl= 
7.7,J2=2.6) ,10.75(lH,br.s) 

Qc 3220,1640,1600, 3.94(3H,s),7.08(2H,d,J=8.0),7.34-7.38 301 (M’+, 100) ,300(78)) 

1580,1325,1275, (lH,m),7.50-7.58(3H,m),7.96(2H,d,J=a.O), 270(75),195(72),194 

1250,1020,740 8.o2(lH,dd,J,=8.O,J2=2.1),8.16(1H,dd, (99),166(94),149(98), 

Jl=8.0,J2=l.4),8.48(lH,br.s),a.61(lH, 141(24),139(38),135 

d,J=2.8) (98),130(84) ,77(21) 

ic 3420,3400,1637, 3.90(3H,s),7.07(2H,d,J=a.Y),7.32(lH,d, 

1625,1570,1480, J=7.7),7.37(lH,dd,Jl=8.0,J2=L5),7.56 

1260,1250,1175, (1H,dd,Jl=6.8,J2=l.3),7.59(lH,d,J=7.0), 

1020,840,755 7.87(2H,dd,Jl=8.a,J2=3.0),7.a9(lH,d,J= 

8.9),8.lY(lH,d,J=7.1),%36(lH,d,J=7.6), 

10.50(lH,br.s) 

a 3240,1650,1625, 7.18-7.80~.%H,m),7.91(lH,d,J=a.O),7.93 

1575,\ j30,1450, (lH,dd,Jl=a.0,J2=l.a),~~~O(lH~d~l,J~= 

1350,1335,1270, S.o,J2=2.0),8.25(lH,dd,Jl=8.0,J2=2.0), 

1’50,1140,900, 8.47(lH,dd,Jl=8.0,J2=2.0),a.54(lH,d,J= 

820,780,720 1.8),8.64(lH,d,J=2.0),11.84(1H,br.s) 
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TABLN-3: Comparative 
1 
H NMR (ZOO MHz, CDCl3) Spectral Date for I-Bensoyl- (+), l- 

Benzoyl- (a), 2-Benzoylcsrbazole (13) and their respective Aoetyl Derivic 
tivee (a, 1 and *[a (ppm), J in Hz ] 

Compound C,-g C2-E C3-g C4-l! C5-H ca-E c2"r! -NH -NCOCi3 

C6G! 

48 7.66 a.05 - a.66 a.1 5 7.59 7.92 a.57 - 
d aa d dd da dd br.w 

J-7.6 J,=a.5 5~1.7 
J2=1.7 

J,=7.7 
J2=1.7 

J,=7.3 
J2=l.7 

J,=8.1 
J2=l.7 

28 - 7.86 7.49 a.39 a.20 7.66 7.87 10.56 - 
cl m dd dd d a br.w 

Jz8.0 J,=7.5 J,=7.5 5~7.5 518.1 
J2=2.5 J2=2.5 

n a.00 - 7.75 a.18 a.18 7.58 7.90 a.37 - 
a dd d a m ad br.w 

5~1.6 J,=a.O J-a.8 J-a.8 
J2=l.6 

5,=&O 
J2=2.0 

L! a.01 a.14 - 8.46 a.33 7.92 7.82 - 2.88 
dd d d dd ad dd a 

J,=a.O Jz8.0 5~2.0 
J2=2.0 

J,=a.O 
J2=2.0 

J,'S.O 
J2=2.0 

J,=8.0 
J2=2.0 

I. a.09 7.47 a.73 a.17 7.59 7.47 - 2.25 
dd m ad dd ad m W 

J,17.0 
J2=2.1 

J,=7.0 
J2=2.1 

J,=7.0 
J2=2.1 

J,=7.7 
J2=1.4 

14 a.76 - 7.90 8.31 a.1 3 a.13 7.90 - 2.94 
a aa a a a da 8 

5~2.0 J,=a.o 5~8.0 Jz8.O Jz8.0 
J2=2.0 

5,&O 
J2=2.0 

I-(2-Chlorobenzoyl)-carbazole (zb) I 

Pounri C,74.71$; H,4.03$ and N,4.31$. 

C19H12SOC1(305.a) requires C,74.64$; H,3.96$ and N,4.5a$. 

3-(4_Methoxybenzoyl)-carbazole (2~) I 

Found C,80.41$; H,5.52$ and X,4.42$. 

C20H,5N02(301.3) requires C,79.72$; H,5.02'$ and X,4.65$. 

3-(3-Nitrobenzoyl)-csrbazole (id): Vide Table-l. 

METHOD Cr Irradiation with 16W UV lamp in methanol 

A solution of la (1.0 g; 3.69 mmol) in spectral methanol (350 ml) on expoSUl-e to 

16W UV l~np POX- 31 hr gave a brown residue which after usual work-up ana chromatogrw- 

phv yielded 1, 28 and za (Table-l). 

METHOD DI Irrndiwtion uwinw 400W UV lamp in methanol/sensitiwer 
Irradiation of la (1.0 g; 3.69 mmol) i n methanol (350 ml) anrl sensitis+r (MN, 



Studies on enamides 3785 

0.1 g) using a 400W UV lamp for 11 hr afforded 1, 28 and 28 (Tablo-1). 

METHOD 1: Irradiation using 400W W lamp in benzene 

Irradiation of 38 (1.0 g; 3.69 mmol) in dry benzene (350 ml) for 12 hr at 365- 

366 nm furnished !, and only 2~ (Table-l). 

METHOD Fr Irradiation with 4OOW W lamp in benzene/sensitiner 

Photolysis of 28 (1.0 g; 3.69 mmol) in dry benzene (350 ml) and sensitiser (MC, 

0.1 g) at 365-366 nm for 11 hr yielded as before 1 and 28 (Table-l). 

METHOD 01 Irradiation using 16W UV lamp in benzene 

The compound 28 (1.0 g; 3.69 mmol) on photolysis (254 nm) for 30 hr in dry ben- 

zene (350 ml) afforded ?, and 28 (Table-l). 

The photolysis of zb under identicnl conditions gave 1, zb and phenanthridone 

(3, while 2c afforded 1 and only zc (Table-l). 

-carbsxole (2)~ 9-(2-Nitrobenzoyl)-carbazole (a(l.4 g; 8.62 

mmol), zinc dust (1.5 g) in glacial acetic acid (30 ml) were taken and the standard 

procedure4 followed to obtain g as 8 yellow crystalline solid (1.5 g; 61$), mp. 159- 
4 

160' (aq. alcohol) (lit. mp. 160-62'). 

IB(K8r):J 
-1 

3490, 3380, 1655, 1610, 1590, 1440, 1320, 1305, 1265, 750 cm . 

9%Indolo [:2,1-de]ph enenthridin-9-one _- - (i): The compound (x)(1.16 g; 4.06 

mmol) in methanol (30 ml) end cont. H2S04 (2 ml) was diazotised at 0' with aodium 

nitrite solution (NaN02, 0.24 g in water, 5 ml) by the known procedure4. The diszo- 

tised product (11) after dilution with methanol (30 ml) was refluxed for 30 min. The 

product on chromatography yielded 2 (0.038 g; 4$), mp. 226' (GP) (lit.4 mp. 227') 

with P B 3 ,, P,U, and PlB3 as eluents. 

9-Acet.yl-3-benzoylcarbazole (i): 28 (0.06 g; 0.72 mmol) on acetylation with 

acetic anhydride (6 ml) and cont. A2S04 (0.1 ml) under reflux for 2 hr gave, after 

usual work-up and chromatography, 9-acetyl-Zbenzoylcarbazole (2) (0.015 g; 22$), 

mp. 155' (A-P) (lit.4 mp.154') from PlB3 fraction. 

IR(gBr):Gmax 3140, 3020, 1705, 1650, 1600, 1580, 1480, 1370, 1260, 1020, 755, 

720 cm-'. 

9-Acetyl-l-benzoylcarbazole (1)~ Acetvlation of za (0.026 g; 0.1 mmol) with 

acetic anhydride (2 ml) and pyridine (2 ml) under refluxing condition for 5 hr yielded 

after chromatography 1 (0.018 g; 6@$), mp. 238-41°(d)(C-P) from the benzene fraction. 

IR(KBr)r3max 
-1 

1705, 1655, 1605, 1555, 1485, 1440, 1380, 1335, 1110, 760,710 cm . 

2,9-Dibenzoylcarbazole (12): 2,9-lDibenzoylcarbazole (G) was prepared from 2a 

(1.8 8; 6.64 mmol) following the standard procedure3 in 60$yieJd (1.5 g), mp. 124' 

(A-P) (lit,14 mp. 124'), obtained in P,B, fraction after chromatography. 

IR(KBr)rJmax 
-1 

3050, 1660, 1640, 1595, 1485, 1'260, 1065, 915, 745, 720, 695 cm . 
1 
H NMR(?OO Mils): F; 7.41-7.53 (6fI,m), 7.55-7.65 (4H,m), 7.73 (2H,dd,J,=6.5 Hx, 

J2=2.4 Hz), 7.77 (ZH,dd,J,=6.5 Hz,J2=2.4 Hz), 7.94 (lH,d,J= 

I.8 Hz),8.13 (lII,dd,J,=R.X Hz,J?- -1.8 Hz),8.15(lH,d,J=7.6 Hz). 
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2-Benzoylcsrbazole (2): Saponification of 12 (0.9 g; 2.4 mmol) with ethanolic 

potassium hydroxide (45 ml; 10%) for 1 hr followed by usual work-up and chromatogre- 

phy afforded 13 (0.55 g; 85%) in P,B3 fraction, mp. 164' (A-P) (lit.3 mp. 163'). 

IR(KBr):Jmax 
-1 

3260, 3040, 1625, 1555, 1440, 1325, 1300, 1240, 880, 725, 710 cm . 

9-Acetyl-2-benzoylcarbazole (l4)r Standard procedure3 was followed to convert 

2-benzoylcarbszole (13) (0.1 g; 0.37 mmol) to its acetyl derivative (14) (0.035 g; 

30$), mP* 134-36' (A-P) (lit.3 mp. 136-37'), eluentr benzene-ethyl acetate (7rl). 

IR(KBr) *> II1ax 1685, 1650, 1610, 1595, 1560, 1455, 1360, 1300, 1260, 1010, 885, 
-1 

775, 760, 715 cm . 
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