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Substituted 4-benzoyl-3a,4,5,9b-tetrahydro-3H-cyclopenta[clquinolines 3 and 6-benzoyl-5,6,6a,7,8,10a-
hexahydrophenanthridines 10 are obtained through Lewis acid catalyzed addition of 1-phenyl-2-arylamino-2-
methoxyethanones 2 to cyclopentadienes and 1,3-cyclohexadiene respectively. Compounds 3 can be con-
verted to the aromatized analogues by reaction with 2,3-dichloro-5,6-dicyanobenzoquinone in refluxing ben-
zene. Compounds 10 are oxidized by sulfur either in decalin or in quinoline to substituted 6-benzoylphen-

anthridines.
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Diels-Alder reactions of azadienes are attractive routes
to nitrogen heterocycles [2]. Utilization of Schiff bases in
the synthesis of substituted quinolines is well known {3],
and recently N-benzilideneanilines [4] and iminium ions
[5] have been reported to react with electron-rich olefins to
form tetrahydroquinolines.

We have recently reported {1,6] the behavior of phenyl-
glyoxal anils 1 [7,8] toward conjugated double bonds.

PhCOCH=N-Ar + CN30H rr==a PhCOCH-NH-Ar
+ OCH3

Depending on the reaction partner and on reaction con-
ditions, the anils 1 undergo dienic or dienophilic addition
with formation of nitrogen heterocycles containing one,
two, or three fused rings (Scheme 1).
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In this paper we describe the synthetic utility of the last
reaction in Scheme 1 for the formation of phenanthridine
(n = 2) or cyclopentalc]quinoline (n = 1) skeletons. The
factors which govern the different degree of electro-,
regio- and stereoselectiveness of these reactions and the
mechanistic rationalization thereof are described else-
where [1].

The methanol adducts 2 can be easily synthesized and

purified, while the free anils are considerably more diffi-
cult to isolate and appear to be highly hygroscopic. How-
ever, since the adducts 2 are in equilibrium with the free
anils 1 in the reaction solvent (methylene chlo-
ride), they can be conveniently utilized as potential Diels-
Alder reagents [7].

The reaction of the *-ketoimines 1 or their equivalents 2
with cyclopentadiene in anhydrous methylene chloride at
room temperature, under boron trifluoride catalysis, af-
fords quantitative yields of the corresponding tetrahydro-
cyclopenta[clquinolines 3a-h. The structure of the reac-
tion products has been determined through nmr analysis
(NOE and double resonance) and reported elsewhere [6].
The yields of the crystallized products, together with the
spectroscopic and analytical data of adducts 3a-h are re-
ported in Table L.

3a, X = 8Cl
b, X = 8NO,

¢, X = 8-0Me

e, X = 6COOH g, X = H
d, X = 8Me X =8

/X =60Me h, -OH

The oxidative aromatization of tetrahydroquinolines 3
has been thoroughly investigated in the case of com-
pounds 3a (X = 8-Cl). Reaction with manganese dioxide
(8 equivalents) in refluxing toluene gives fair yields (73%)
of the dihydro derivative 4. The compound can be isolated
as such from this solvent, but undergoes a tautomeric
equilibrium with the enamine isomer 5 in deuteriochloro-
form, which can be followed by nmr spectroscopy.

The resonance pattern of 4 can be easily distinguished
from that of 5. Vicinal protons 3a and 9b of 4 resonate at &
3.92 and 4.18, exhibiting a typical vicinal coupling con-
stant of 10.9 Hz. Proton 9b in 5 appears as a broad singlet,
with small coupling with protons 1, 2, 3, and 3". The reso-
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Table I

Analytical and Spectroscopic Data for Substituted 4-Benzoyl-3a,4,5,9b-tetrahydro-3H-cyclopenta[cjquinolines 3a-h

1136
'H-NMR |[a]

Compound
X Hy H; Hz; Hy Hi Hy
8.Cl

3a — 557 570 237 1.89 330 5.02
8-NO,

3b - 581 559 231 190 3.38 5.20
8-OMe

3c 3.75 572 558 240 190 328 5.00
8-Me

3d 2.25 572 557 241 189 329 5.02
6-COOH

3e - 569 5.57 244 194 337 516
6-OMe

3f 3.83 573 555 245 189 331 5.02
H

3g — 574 557 244 193 333 5.14
8-O0H

3h — 570 559 240 191 329 5.00

[a] All spectra were run in deuteriochloroform solution at 200 MHz, using tetramethylsilane as internal standard.

thesis. [c] CI, 11.41 (11.49).

nance of nitrogen proton 5 shows the variability in chemi-
cal shift and signal width characteristic of exchangeable
protons.

By refluxing compound 3a in decalin in the presence of
sulfur (8 equivalents) two different oxidized products, 6
and 7 are isolated in low yields (35 and 23 %, respectively).

Compound 7 is the only one formed, and in even lower
yield, when 3a is refluxed in decalin in the presence of

4.14

4.23

4.16

4.15

4.24

4.19

4.21

4.13

(o}

mp °C Analysis [b)
% Yield Formula
(solvent) C% H% N%
87 178179 C,H,CINO  73.66 518  4.46[c]
(EtOH) (73.69) (5.22) (4.46)
88 189192 C,H,N,0, 7131 494 874
(EtOH) (71.24) (5.03) (8.74)
87 152-153 C,H,,NO, 78.59  6.23 4.52
(E1OH) (78.66) (6.27) (4.58)
92 185-186 C,H,,NO 83.16 6.72 4.88
(EtOH) 83.01) (6.62) (4.84)
73 215216 C,H,NO, 7492 539 4.8
(EtOH) (74.98) (5.35) (4.52)
61 3740 C,H,NO, 7840 623 457
(n-pentane) (78.66) (6.27) (4.58)
64 156-157 C,H,,NO 83.09 6.24 5.12
(EtOH) (82.88) (6.22) (5.08)
76 184185 C,H,NO, 7828 582 480
(EtOH) (78.33) (5.88) (4.81)

[b] Calculated values in paren-

Pd/C. On the other hand, 3a is quantitatively oxidized by
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in benzene
at room temperature to compound 4, which is further oxi-
dized to 6 (61 % yield) by refluxing with the same reagent.

In agreement with the report of Eisch et al. [9] concern-
ing the unsubstituted homologue, the cyclopenta[c]quino-
lines 6a and 6b are in tautometric equilibrium in chloro-
form solution, through a probable double suprafacial
[1,5]-sigmatropic shift of the proton around the cyclopen-
tadiene ring [10]. As the attainment of equilibrium is slow,
different nmr signals are observed, which have been at-
tributed to isomers 6a, and 6b through a NOE investiga-
tion by means of nmr differential spectroscopy (see Ex-
perimental). The 6a:6b ratio in deuteriochloroform is 3:1.
The structure of 7 is easily inferred from the analysis of
the nmr spectrum in the aliphatic region: two triplets are
observed at 6 3.31 and 3.33 and a quintet at 6 2.32, which
are diagnostic of an asymmetric CH,-CH,-CH, system.

From the reaction of 1 or the corresponding methanol
derivatives 2 at room temperature with cyclohexadiene in
anhydrous methylene chloride with boron trifluoride ethe-
rate as catalyst, three products 8,9 and 10 were isolated in
different ratios depending on the substituent X [1].
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As detailed elsewhere [1], the dienophilic addition pro-
duct 8 undergoes a stereospecific amino-Claissen rear-
rangement to 10 under more drastic conditions (refluxing
benzene for 16 hours and stoichiometric boron trifluoride
etherate), while the corresponding conversion of 9 gives
non specifically, both 10 and 11.

Taking advantage of this finding, the addition of 1 or 2
to cyclohexadiene can be specifically directed by choosing
the more severe conditions, yielding mixtures of 10
(always the major product) and 11, only. In the attempted
isolations by recrystallization, only the adducts 10a-d
were recovered, whose analytical and spectroscopic data
are collected in Table II together with the yields of 10 and
11. To obtain the corresponding phenanthridines, the
reaction mixture can be oxidized without any need to
separate the two isomers 10 and 11. Oxidation of 10a (X
= 2-Cl) with DDQ affords the dihydrophenanthridine 12

Table 1T

Analytical and Spectroscopic Data for Substituted 6-Benzoyl-5,6,6a,7,8,10a-hexahydrophenanthridines 10a-d

10a, X = 2-C1
b, X = 2-NO,
¢, X = 2-0OMe
d, X = 2-Me
Compound
X Hg
2.Cl
10a — 5.11
2-NO,
10b — 5.19
2-OMe
10c 3.75 5.09
2-Me
1od 224 5.10

Hea

243

2.55

2.40

2.41

Hy

1.34

1.39

1.42

112

113

1.14

1.13

‘H.NMR [a]
Hy Hg
198 181
195 195
186 186
191 191

5.71

% Yield (b] mp °C Analysis [c]
Formula
Hyg Hjg, 10&11 10 (solvent) C% H% N%
619 3.73 90 57 170111 C,H,,CINO 7411 559  4.32[d]
(EtOH) (74.18) (5.60) (4.33)
627 375 85 49 165-166 C,H,,N,0, 71.66 541 823
(MeOH) (71.84) (5.43) (8.38)
621  3.76 e} 74 138139 C, H,NO, 7892 6.63 4.32
(EtOH) (18.97) (6.63) (4.38)
624 376 87 47 164-165 C,H, NO 83.33 705 5.20
(E:OH) (83.13) (6.98) (5.27)

[a] All spectra were run in deuteriochloroform solution at 200 MHz, using tetramethylsilane as internal standard. [b] Yields of 10 are obtained from crystallization of the
reaction mixture containing 10 and 11. [c] Calculated values in parenthesis. [d] Cl, 11.07 (10.95). [e] As partial aromatization processes occur in refluxing benzene, bet-
ter yields of 10 are obtained at room temperature in methylene chloride.

Compound

13b

13¢c

13d

{a] All spectra were run in deuteriochloroform solution at 200 MHz, using tetramethylsilane as internal standard. [b] See text.

X

2Cl

2NO,

2-0Me
4.07

2-Me
2.68

[d] Cl, 11.25 (11.02).

H; Hs

8.61 8.02

9.57 8.57

797 8.05

844 8.04

Table I1I

Analytical and spectroscopic data for substituted 6-benzoyl phenanthridines 13a-d

'H.NMR [a]

Hy

8.14

8.33

8.13

8.10

Hy

8.15

8.17

8.19

8.14

Hg

7.7

7.9

1.67

7.65

Hg Hyp

792 8.64

8.03 881

7.87 8.65

7.88 8.71

13

!

52

68

% Yield {b]
in Quinoline

mp. °C Analysis [c]
in Decalin Formula
13 (14) (solvent) C% H% N%
52 (10) 186-187 C,H,,CINO 75.40 3.81 4.50 [d]
(Toluene) (75.59) (3.81) 4.41)
18 (14) 239-240 C,oH,;N,0, 73.12 3.62 8.49
(EtOH) (73.16) (3.68) (8.53)
71 (6) 181-182 C,,H,;NO, 80.27 487 4.67
(Toluene) (80.49) (4.82) (4.47)
—_— 171-172 C,,H ;NO 84.81 5.02 4.72
(EtOH) (84.82) (5.08) 4.71)

[c] Calculated values in parenthesis.
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in 77% yield. Attempts to further oxidize 12 with DDQ
were unsuccessful. Full aromatization of 10-d to phenan-
thridines 13a-d was achieved by refluxing with sulfur in
either quinoline or decalin. The yields and analytical data
for compounds 13 are reported in Table III. It must be
noted that for the reaction in decalin, formation of com-
pound 13 is accompanied by 6-14% of the tetrahydrophe-
nanthridine derivative 14. The structure of 12, 13, and 14
have been determined by analysis of nmr spectra. In parti-
cular the aliphatic region in the spectrum of 14a exhibits
two complex multiplets at § 1.84 and 1.98 and two triplets
at 6 2.83 and 3.15 which are consistent with an asymmetric
CH,-CH,-CH,-CH, chain.

12 13a, X = 2-Cl
b, X = 2.NO,
c, X = 2.0Me
d, X = 2-Me

14a, X = 2.C1
b, X = 2.NO,
EXPERIMENTAL

Melting points are uncorrected. The nmr spectra were run on a Bruker
WP 200 spectrometer at 200 MHz, in deuteriochloroform with tetrame-
thylsilane as internal standard. Mass spectra were recorded on a 5970 HP
mass spectrometer coupled with a 5890 HP gas-chromatograph.

Materials and Solvents.

The anils 1 and their methanol adducts were prepared according to
published procedure [7]. Solvents were dried and distilled. Cyclopenta-
diene and 1,3-cyclohexadiene were freshly distilled.

Nuclear Overhauser Effect Measurements {11]. Determination of the
Configuration of Isomers 6a and 6b.

The measurement tubes were deoxygenated by repeated freeze-thaw
cycles and then sealed under vacuum. The usual routine for differential
NOE experiments was adopted [12]; as the only modification, a multiplet
was saturated with the least decoupling power by an 8 seconds cyclic per-
turbation of all multiplet lines [13). The percentage enhancements were
obtained from the coefficients of the reference spectrum, which resulted
in exact matching with the perturbed spectrum in the region of interest.
Errors were estimated at about 0.5%.
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Methylenic resonances of the cyclopentadiene ring in both isomers 6a
and 6b are in the form of triplets. Decoupling experiments show that
vicinal and allylic coupling constants with the vinylic protons are similar,
at the same time allowing detection of the vinylic resonances.

Irradiation of the methylenic resonance of the minor isomer at 4 3.81
brings about a 9.8% enhancement of the vinylic resonance at & 6.83 and
of an aromatic doublet at 5 7.98, assigned to proton 9 which shows a typi-
cal meta coupling constant. Therefore the minor isomer has the structure
6b.

Irradiation of the methylenic triplet at § 4.00 results only in a 10.3%
enhancement of the vinylic resonance at 6 7.13. From saturation of the
other vinylic resonance at 6 7.46, the doublet pertaining to aromatic pro-
ton 9 can be singled out from the resonance multiplet of the ortho ben-
zoylic protons at about 6 8.17, with an associated 8.8% enhancement. Ir-
radiation in this region causes a 8.5% enhancement of the vinylic proton.
The major isomer has therefore the structure 6a.

Synthesis of Substituted 4-Benzoyl-3a,4,5,9b-tetrahydro-3H-cyclopenta-
[clquinolines 3a-h. General Procedure.

Freshly distilled cyclopentadiene (10 mmoles) was added to a solution
of anils 1 or their equivalents 2 (6.5 mmoles) and boron trifluoride ethe-
rate (0.6 mmoles) in 40 ml of anhydrous methylene chloride. After disap-
pearance of substrate the solution was poured into water, the organic
layer extracted, washed with dilute sodium hydrogen carbonate, dried
and evaporated under reduced pressure. The solid obtained was
recrystallized from an appropriate solvent (see Table I). Analytical and
spectroscopic data of compounds 3a-h are reported in Table I. The com-
pounds 3a-h exhibit characteristic mass spectra with m/e relative to M*,
M*105 (100%), 105, 77.

Oxidation of Compound 3a with Magnanese Dioxide.

Manganese dioxide (6.82 g, 78.4 mmoles) was added to a solution of 3a
(3.1 g, 10 mmoles) in 100 ml of toluene. After refluxing for two hours, the
hot reaction mixture was filtered and the solvent removed. Chromatogra-
phy on a silica gel column using chloroform as eluting solvent and crys-
tallization from ethanol afforded 2.25 g (73%) of 8-chloro-4-benzoyl-
3a,9b-dihydro-3H-cyclopenta[c]quinoline 4, mp 124-125°% nmr: & 2.38
(ddq, H3, J3,3' == 166, J3,3a: 68, J1,3 = J2,3 = J3,9a = 21), 3.01 (ddq,
Hg', J3',3a = 9.2, J1,3' = J2‘3' = J3',9a = 19), 3.92 (ddd, H;a, J3n,9n = 109),
4.18 (broad d, H,), 5.94 (dq, Hp, J 2 = 5.8,J 90, = 2.0),5.98(dq, H,, J | 9,
= 2.0), 7.22 (complex m, H, and H,), 7.40 (d, He, Js7 = 9.2), 7.48 (m,
COPh, H,,), 7.61 (m, COPh, H,), 8.12 (m, COPh, H_); ms: 307 (M*, 75), 306
(M-1,100).

Anal. Caled. for C,,H,,CINO: C, 74.14; H, 4.58; N, 4.55; CI, 11.52.
Found: C, 74.15; H, 4.59; N, 4.55; Cl, 11.49.

Compound 4 undergoes partial tautomerization in deuteriochloroform
to 8-chloro-4-benzoyl-5,9b-dihydro-3H-cyclopentalcjquinoline 5; nmr: &
269 (dt, Hy, J33 = 22.7,J13 = Jg3 = 2.1), 293 (dtd, Hy, J1 3 = Jo3 =
24,] 39, = 1.2),4.50 (broad s, H,), 5.85 (dq, H,J 1 2 = 5.59, 29, = 2.4),
6.28 (dq, Hy, Jy 9, = 2.4), 6.81 (broad s, Hy), 6.85 (d, Hs, J67 = 8.2),7.10
(dd, Hy, J79 = 2.4), 7.13 (complex m, H,), 7.47 (m, COPh, H.,.), 7.54 (m,
COPh, H,), 7.66 (m, COPh, H.,).

Oxidation of 3a with Sulfur in Decalin.

A solution of 3a (0.31 g, 1.0 mmoles) and sulfur (0.26 g, 8 mmoles) in 50
ml of decalin was refluxed for two hours. Evaporation of the solvent
under reduced pressure and chromatography on a silica gel column (to-
luene as eluting solvent) afforded the 8-chloro-4-benzoyl-1H and 3H-cyc-
lopenta[c]quinoline 6 and 8-chloro-4-benzoyl-1,2-dihydro-3 H-cyclopenta-
[c]quinoline 7. Compound 6 was obtained in 35% yield (0.107 g) mp 173-
174° (ethanol); nmr: isomer 6a, 6 4.00 (t, H3, Jo3 = Jy3 = 1.7), 7.13 (d,
H,, Jy2 = 5.8),7.46 (dt, H,), 7.51 (m, COPh, H,.), 7.63 (m, COPh, H,), 7.67
(Hs, J67 = 91,179 = 2.4), 8.14 (d, Hy), 8.17 (d, Hy), 8.17 (m, COPh, H,);
isomer 6b, 6 3.81 (t, H,, J; 5 = J 3 = 1.8), 6.83 (dt, H;, J33 = 5.5), 7.42
(dt, H;), 7.51 (m, COPh, H,,), 7.60 (dd, H,, J o7 = 9.1,J 79 = 2.4), 7.63 (m,
COPh, H,), 7.99 (d, H,), 8.17 (d, He), 8.17 (m, COPh, H,).

Anal. Caled. for C,,H,CINO: C, 74.64; H, 3.96; N, 4.59; Cl, 11.59.
Found: C, 74.54; H, 3.92; N, 4.52; Cl, 11.51.
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Compound 7 was obtained in a yield of 23% (0.071 g) mp 150-151°
(ethanol); nmr: § 2.32 (quintet, Hy, J1 2 = Jo3 = 7.6), 3.31 (t, H,), 3.33 (t,
H,), 7.49 (m, COPh, H.,.), 7.59 (m, COPh, H,), 7.64 (dd, H;, J67 = 9.0, J79
= 2.4), 1.84 (d, H,), 8.07 (m, COPh, H,), 8.11 (d, He).

Anal. Caled. for C,,H,,CINO: C, 74.15; H, 4.58; N, 4.55; Cl, 11.52.
Found: C, 73.92; H, 4.50; N, 4.54; Cl, 11.56.

Oxidation of 3a in Decalin with Pd/C as Catalyst.

A solution of 0.31 g (1.0 mmole) of 3a and 0.010 g of 10% Pd/C in 20
ml of decalin is refluxed for one hour. Filtration followed by evaporation
of the solvent under reduced pressure and chromatography on a silica
gel column (toluene as eluting solvent) afforded 0.081 g (27%) of com-
pound 7.

Oxidation of 3a with DDQ: Formation of 8-Chloro-4-benzoyl-1H and
3H-cyclopenta[c]quinoline 6.

A solution of DDQ in benzene (13.0 mmoles in 50 ml) was added to a
solution of 3a in benzene (6.5 mmoles in 50 ml). Immediate precipitation
of the hydroquinone occurred. If the reaction was run in hexadeuterio-
benzene the spectrum registered after filtration of hydroquinone was
identical with that of compound 4. Further oxidation was achieved by re-
fluxing the solution for 3 hours. The reaction mixture was filtered and
the solvent removed under reduced pressure. Crystallization from etha-
nol gave compound 6 in 61% yield.

Substituted 6-Benzoyl-5,6,6a,7,8,10a-hexahydrophenanthridines 10a-d.
General Procedure.

A solution of anils 1 or their equivalents 2 (6.5 mmoles), cyclohexa-
diene (20 mmoles), and boron trifluoride etherate (0.6 mmoles) was re-
fluxed in anhydrous benzene for 6-15 hours. After cooling, the solution
was poured in water (50 ml). Separation of the organic phase, removal of
the solvent under reduced pressure and crystallization from ethanol af-
forded the hexahydrophenanthridines 10a-d. In the case of 10c (X =
2-OMe) better yields (74%) were obtained using anhydrous methylene
chloride as solvent at room temperature. Yields along with analytical and
spectroscopic data are reported in Table II. The compounds 10a-d exhi-
bit characteristic mass spectra with m/e relative to M*, M-105 (100%),
105, 77.

Oxidation of Compound 10a with DDQ: Formation of 2-Chloro-6-ben-
zoyl-7,8-dihydrophenanthridine 12.

A solution of DDQ in benzene (2.73 mmoles in 20 ml) was added to a
solution of 10a in benzene (0.91 mmoles in 50 ml). After refluxing the
mixture for 3 hours, the hydroquinone was filtered off and the solvent re-
moved under reduced pressure. Crystallization from ethanol afforded
0.22 g of 12 (77%), mp 184-185°; nmr: 6 2.40 (tdd, He, J75 = 8.8, Jgo =
4.6, Jg10 = 1.8),2.92 (1, H,), 6.58 (dt, Hs, Jg,10 = 9.8), 7.21 (dt, H,o), 7.48
(m, COPh, H,), 7.62 (dd, H3, J34 = 9.1, J1 3 = 2.4), 7.63 (m, COPh, H,),
7.96 (m, COPh, H,), 8.01 (d, H.,), 8.08 (d, H,).

Anal. Caled. for C,,H,,CINO: C, 75.12; H, 4.41; N, 4.38; Cl, 11.09.
Found: C, 75.04; H, 4.38; N, 4.37; Cl, 11.03.

Oxidation of Compound 10 with Sulfur in Decalin: Formation of 2-Sub-
stituted-6-benzoyl-7,8,9,10-tetrahydrophenanthridine 14 and 2-Substi-
tuted-6-benzoylphenanthridine 13.

A solution of 2.3 mmoles of 10 and 1.77 g (55.3 mmoles) of sulfur in 50
ml of decalin was refluxed for 3 hours. The solvent was removed and the
residue chromatographed on a silica gel column using toluene as eluant.

Compound 14a was obtained in 10% yield (0.075 g) from 10a mp
208-209°; nmr: § 1.84 (m, H,), 1.98 (m, H,), 2.83 (t, Hyo, Jo,10 = 6.3), 3.40
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(t, Hy, J75 = 6.3), 7.47 (m, PhCO, H,), 7.62 (dd, Hy, J54 = 88,113 =
2.4), 7.62 (m, PhCO, H,), 7.91 (m, PhCO, H.), 7.98 (d, H,), 8.00 (d, H.).

Anal. Caled. for C,H,CINO: C, 74.75; H, 5.02; N, 4.36; Cl, 11.02.
Found: C, 74.64; H, 5.05; N, 4.34; Cl, 11.08.

Compound 13a was obtained in 52% yield (0.51 g); see Table I1I for
analytical and spectroscopic data.

Compound 14b was obtained in 14% yield (0.107 g) from 10b mp
214-215° (ethanol): nmr: & 1.87 (m, Hy), 2.03 (m, Hg), 2.86 (t, Hyo, Jo,10 =
6.4), 3.30 (t, Hy, J74 = 6.4), 7.46 (m, PhCO, H,,), 7.61 (m, PhCO, H,), 8.18
(d, Hy, J34 = 9.2), 843 (dd, H;, J; 3 = 2.4), 8.98 (d, H,).

Anal. Caled. for C,0H,,N,0,: C, 72.28; H, 4.85; N, 8.43. Found: C,
72.36; H, 4.83; N, 8.39.

Compound 14b was obtained in 18% yield (0.135 g); see Table I1I for
analytical and spectroscopic data.

Oxidation of Compounds 10a-d with Sulfur in Quinoline: Synthesis of
Substituted 6-Benzoylphenanthridines 13a-d.

A solution of 2.3 mmoles of compounds 10a-d and 6.9 mmoles (0.22 g)
of sulfur in 50 ml of quinoline was refluxed for 10-60 minutes. The sol-
vent was removed under reduced pressure and the residue chromato-
graphed on a silica gel column using toluene as eluting solvent. Yields,
spectroscopic and analytical data of compounds 13a-d are reported in
Table III. The fused ring system of one of these compounds (13b, X =
2-NO,) was fully analyzed, giving the following magnetic parameters:
nmr: 8 7.51 (m, PhCO, H,,), 7.67 (m, PhCO, H,), 7.79 (ddd, Hs, J; g = 8.2,
ngg = 71, JB,]O = 1.1), 8.02 (m, PhCO, HO), 8.04 (ddd, Hg, J7‘9 = 1.3, J9,10
= 8.5), 8.17(ddd, H;, J70 = 0.7), 8.33 (dd, Ha, J34 = 9.0,J,4 = 0.5),
8.57 (dd, Hy, Jy 3 = 2.4), 8.80 (dddd, H,, J; 10 = 0.5), 9.57 (dt, H,). The
compounds 13a-d exhibit characteristic mass spectra with m/e relative to
M*, 105, 77 (100%).
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