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Reaction of a series of halo enaminones with lithium amide was investigated. Treatment of the N-phenyl enami- 
nones with the ortho bromine atom (4  and 5) or the meta bromine atom (8) with phenyllithium and secondary 
amines resulted in halogen-metal exchange or benzyne formation followed by amination reaction, respectively. 
Upon similar treatment with lithium diethylamide, 3-(2-bromo-4,5-methylenedioxybenzyl)aminocyclohex-2-en~ 
1-one (17) and its 5,j-dimethyl analogue 18 underwent intramolecular cyclization via benzyne intermediates to  give 
the 3,4-dihydro-l(2H)-phenanthridone 20 and 21, respectively. When this reaction was carried out with the N -  
ethyl derivative of 18 (Le., 221, the 3,4,5,6-tetrahydro-l(2H)-phenanthridone (23) was obtained. In the competing 
formation between five- and seven-membered rings on the benzyne cyclization using the N-phenethyl analogues 
27 and 31 as substrates, N-arylation leading to  the five-membered ring predominantly occurred to give the indoline 
derivatives 28 and 32, respectively, rather than the azepine ring formation. The same result was obtained even if 
the N-ethyl derivative of 27 (Le., 29) was used, that  being the simple indoline, l-ethyl-5,6-dimethoxy-2,3-dihydro- 
indole (30). In order to extend the synthetic utility of the benzyne cyclization, appropriate enaminones, 1-(2-halo- 
4,5-methylenedioxybenzyl)-1,2,3,3a,4,5-hexahydro-6H-indol-6-ones (42a and 42b), were conveniently synthesized 
by the reaction of 3,3a,4,5-tetrahydro-6-methoxy-2H-indole (35) with respective 2-bromo- or 2-iodo-4,5-methylen- 
edioxyhenzyl chlorides. Upon treatment with lithium diethylamide, these halo enaminones were efficiently cyclized 
to 3,3a,4,5,6,7-hexahydro-9,lO-methylenedioxypyrrolo[3,2,l-de]phenanthridin-l(2H)-one (45). Air oxidation of 
45 providid 3,3a,4,5-tetrahydro-9,lO-methylenedioxypyrrolo[3,2,l-de]phenanthridine-1,7(2H)-dione (461, which 
has been appreciated as a key intermediate to a-anhydrodihydrocaranine and y-lycorane. On the other hand, re- 
duction of 45 with lithium aluminum hydride afforded (&)-a-dihydrocaranone (47) and (&)-1-epi-y-dihydrocaran- 
ine (48). 

Enaminones,’ in which the conjugation of the enamine 
system is extended by a carbonyl group, show in many cases 
different properties characteristic of enamines or ketones. 
Owing to their unique properties, they have received consid- 
erable attention in recent years in connection with chemical 
reactivity and versatility and also have been noted for po- 
tential physiological activity, e.g., as prodrugs.2b The enami- 
none system N,-C,=Cb-Cd=O, is tridentate (site a, b, and 
c) toward electrophiles and bidentate (site d and e) toward 
nucleophiles and thus opens the possibility of a wide variety 
of reactions which are interesting and sometimes complicated. 
Although chemical literature abounds with examples of al- 
kylation and acylation on enaminones,2 there appear to be no 
reports of arylation of enaminones.3 Here we present a study 
of new intramolecular arylation of enaminones and the use of 
this reaction for the synthesis of y-lycorane4 and related 
compounds. Our procedure represents the crucial ring closure 
of enaminones utilizing an intramolecular reaction involving 
benzyne intermediates, which was hinted by a cyclization 
reaction via electrophilic attack by alkynes on the enaminone 
system.5 

Benzyne Cyclization of N-Substituted Enaminones. An 
initial project focused on attempted intramolecular benzyne 
reaction of N -phenyl enaminones leading to carbazoles. Thus 
condensation of o -bromoaniline with cyclohexane-1,3-dione 
(1) or dimedone (2) gave 3 or 4, respectively, the former of 
which was further treated with sodium hydride and ethyl io- 
dide to give 5. Upon treatment of 4 or 5 with phenyllithium 
and diethylamine, halogen-metal exchange6 preferentially 
occurred to give the corresponding dehalogenated products 
6 or 7. On the other hand, when the m-bromo analogue 8 was 
treated with phenyllithium and piperidine, the amination 
reaction proceeded via benzyne formation to give the 3’-pip- 
eridino derivative 9.6 The lack of cyclization in the latter 
procedure may be attributed to reduction of the nucleophil- 
icity of the a carbon (site b in the generalized formula cited 
above) by attachment of a benzyne substituent on nitrogen. 

We then considered utilizing a series of N-benzyl enami- 
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nones as substrates for cyclization reactions involving benzyne 
intermediates because of their expected ease of cyclization. 
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Our initial attempt to prepare the desired enaminone 17 using 
3-aminocyclohex-2-en-1-one ( as starting material was 
unsu~cessful :~ treatment of 10 with the benzyl chloride 11 in 
the presence of sodium hydride resulted in N,N- and C,N- 
dibenzylation to give 12 and 13, respectively, and C-benzyl- 
ation to give 14. To obtain N-benzylated products, our at- <rcl 
0 LANH2 + 

1 1  _ _  1 0  -. 

NaH 

toluene /Me,SO 

tention then turned to utilizing 2-bromo-4,5-methylenedi- 
oxybenzylamine (16), readily available from 11 via a Gabriel 
synthesis, as shown in Scheme I. Condensation of 16 with 1 
gave desired 17 in an excellent yield. Treatment of 17 with 
lithium diethylamide (LDEA) in ether-tetrahydrofuran at  
room temperature for 2 h gave the 3,4-dihydro-l(2H)-phe- 
nanthridone 20 in 24% :yield. Similar treatment of 18, prepared 
by condensation of 16 with 2, gave 21 in 26% yield. These 
products may have arisen from initial intramolecular arylation 
of 17 and 18, yielding 19 as intermediates, followed by oxi- 
dative aromatization. When the tertiary enaminone 22 was 
used as a substrate the cyclization reaction was accomplished 
more conveniently, affording 23 in 55% yield which contains 
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the nonaromatized isoquinoline nucleus (Scheme I). 
The formation of 19 (not isolated) and 23 can be best ra- 

tionalized by a pathway involving benzyne (24) formation 
1 7 ,  1 8 ,  2 2  .. . 

1 4 .  2 3  

followed by cyclization to generate zwitterionic intermediate 
25, which is subsequently converted to the products via proton 
transfer 

We next investigated the comparative ease of seven- (via 
path a )  vs. five-membered ring (path b) on the competing 
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cyclization involving benzyne intermediates. We therefore 
prepared the N-phenethyl enaminones 27 and 31 by reaction 
of the cyclic P-diketones 2 and 1,3-indanedione, respectively, 
with 2-bromo-4,5-dimethoxyphenethylamine (26) (Scheme 
11). Upon treatment of 27 with LDEA, N-arylation leading to 
a five-membered ring proceeded predominantly to give the 
indoline derivative 28 in 65% yield rather than the azepine ring 
formation, which is expected to arise from the C-arylation on 
the a position of the enaminone system. In anticipation of the 
synthesis of rheadan alkaloids 34,9 attempted preparation of 
the benzazepine 33 by similar treatment of 31 gave instead the 
indoline derivative 32. The preferential formation of a five- 
membered ring via nucleophilic attack by the nitrogen onto 
the benzyne was not necessarily the expected result, since the 
nitrogen in the enaminones has unusually low nucleophilic 
character.'O In an anticipation of obtaining the benzazepine, 
we then prepared the tertiary enaminone 29 from 27 as a 
substrate with no hydrogen on the nitrogen to replace. 
Treatment of 29 with LDEA resulted in N-arylation followed 
by C-N bond cleavage, affording the unexpected simple in- 
doline 30 in 50% yield (Scheme 11). 

In conclusion, the individual halo enaminone behaved upon 
treatment with lithium reagents in distinctly different man- 
ners depending upon the chain lengths of the methylenes (0-2) 
linking to the nitrogens. 

Synthesis of (f)-y-Lycorane and Related Compounds. 
The synthetic utility of this methodology involving benzyne 
cyclization of enaminones was demonstrated by the synthesis 
of y-lycorane and related compounds. 

Preliminary experiments on synthesis of an appropriate 
enaminone required for construction of the pyrrolophenan- 
thridine ring system were carried out. Upon treatment of 
1,2,3,3a,4,5-hexahydro-6H-indol-6-one (36),4e available from 
6-methoxyindoline in two steps as shown in Scheme 111, with 
3-bromo-4,5-methylenedioxybenzyl chloride (37)" in a 
manner similar to that described for the alkylation of 10, the 
N-benzyl enaminone 38 (29% yield) was obtained along the 
C,N-dibenzyl and C-benzyl enaminones (39 and 40) as side 
reaction products. To obtain the requisite halo enaminones, 
we then considered using the imino enol ether 35, the pre- 
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cursor of 36, as a starting material which is regarded as a 
structural equivalent of enaminones. Thus 35 was heated with 
the benzyl chloride 1 1  in the absence of catalyst to give the 
desired enaminone 42a in an improved yield (51%) together 
with a very small yield (3%) of the C-benzylated enaminone 
43a. Similar treatment of 35 with 2-iodo-4,5-methylenedi- 
oxybenzyl chloride (41) yielded the corresponding N-benzyl 
enaminone 42b in 50% yield and C-benzyl enaminone 43b (3% 
yield) (Scheme IV). 

The ring closure of the bromo enaminone 42a was suc- 
cessfully carried out in a similar manner to that described for 
the benzyne reaction of 22 using lithium diethylamide 
(LDEA). The reaction proceeded to completion in 30 min a t  
room temperature, furnishing the pyrrolophenanthridone 45 
in 49% yield. In the same manner the cyclization of the iodo 
enaminone 42b afforded 45 in 38% yield (Scheme V).  More- 
over upon treatment with LDEA a t  40 "C for 24 h, the C- 
benzyl enaminone 43a was cyclized to the pyrroloacridone 44 
via N-arylation (Scheme IV).  

The cyclization product 45 began to melt a t  145 "C and 
completely liquefied a t  252 "C, coinciding with the melting 
point reported for the keto lactam 46, which has been ob- 
tained12 from lycorine or caranine as degradation product, or 
~ y n t h e s i z e d ~ ~  by photochemical means. Accordingly, 45 was 
treated with oxygen in ethanol containing aqueous potassium 
hydroxide to give the keto lactam 46. This material can be 
readily converted into y-lycorane (50) via a-anhydrodihy- 
drocaranine (49) according to a procedure previously 
reported.4e 

On the other hand, reduction of 45 with lithium aluminum 
hydride via 1,4-addition stereoselectivity provided ( & ) - C Y -  
dihydrocaronone (47) and (&)-1-epi- y-dihydrocaranine (48) 
in yields of 33 and lo%, respectively. In the NMR spectrum 
of 47 the C-11 aromatic proton (6  6.59) was shifted markedly 
upfield compared to that in 45 (6  8.92), consistent with the 
assigned structure: compound 47, which lacks the conjugated 
enone system, is more flexible than is 45 so that the C-11 ar- 
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omatic proton in 47 m.ust be sufficiently free from the de- 
shielding effect due to the proximate C- l  carbonyl group. 
Furthermore the flexible structure for 47 was supported by 
the AB quartet attributed to  the C-7 methylene protons oc- 
curring at  6 3.29 and 4.00 ( J  = 14 Hz), whereas the corre- 
sponding methylene protons in 45 appeared as a singlet a t  6 
4.53. That  the B/C ring in 47 is cis-fused was supported by a 
doublet with coupling constant of 4 Hz, which is ascribed to 
the C- l lb  proton according to the decoupling experiment; 
irradiation of the C - l l c  proton (6 2.73) caused the doublet a t  
6 3.47 to collapse to a singlet. The IR and NMR spectra of 
these products, (f)-a-dihydrocaranone (47) and (f)-1-epi- 
y-dihydrocaranine (411), were agreement with reference 
spectra of authentic materials.13 The conversion of a-dihy- 
drocaranone (47) into -y-lycorane (50) was previously repor- 

Experimental Section 
General. All melting points were determined on a Yanagimoto 

micro apparatus and are uncorrected. Infrared spectra were deter- 
mined on a Hitachi 215 spectrophotometer in CHC13 solutions. Nu- 
clear magnetic resonance spectra were determined on Varian T-60 
and JEOL JNM-PS-100 spectrometers in CDCl.7 (unless otherwise 
stated) with absorptions recorded in parts per million downfield from 
internal (CH3)4Si. Mass spectra were determined on a Hitachi 
RMU-7L spectrometer a t  '70 eV. All organic extracts were dried over 
MgS04 (unless otherwise :stated). 
3-(2-Bromoanilino)cyclohex-2-en-l-one (3). A mixture of o -  

bromoaniline (2.4 g,  0.0014 mol) and 1 (1.6 g, 0.0014 mol) was heated 
at  120-130 "C under nitmgen for 1 h. After cooling, the resulting 
yellow solid was crushed to a powder, washed with ether, and re- 
crystallized from acetone-hexane to give 3 (3.3 g, 80%) as white nee- 
dles: mp 167-168 "C; IR"' (CHC13) 3380 (NH), 1620 (C=O), 1570 
cm-* (C==C); NMRIS 6 1.8Ct2.92 (m, 6 H), 5.36 (s ,  1 H, vinylic H), 6.46 
(br s, 1 H, NH), 6.96-7.61 (m, 4 H,  aromatic H). 

ted.14.4tI 

Anal. Calcd for CleHlnB'rNO: C, 54.16; H, 4.54; N, 5.26. Found: C, 
53.77: H,  4.47: N, 5.14. 
3-(2-Bromoanilino)-5,5-dimethylcyclohex-2-en-l-one (4). A 

mixture of o-bromoaniline (2.4 g, 0.014 mol) and 2 (2.0 g, 0.014 mol) 
was treated under the identical condition stated above to give 4 (3.6 
g, 86%) as white needles: mp 156-158 "C; IR (CHCls) 3380 (NH), 1620 

(C=O), 1580 cm-' (C=C); NMR 6 1.17 (s, 6 H, 2 CH3), 2.20 and 2.36 
(each s, 2 H, CHz), 5.36 (s, 1 H, vinylic H), 5.26 (br s, 1 H, NH), 
6.92-7.61 (m, 4 H, aromatic H). 

Anal. Calcd for C14H16BrNO: C, 57.33; H, 5.48; N, 4.76. Found: C, 
57.33; H, 5.46; N, 4.50. 
3-(2-Bromo-N-ethylanilino)cyclohex-2-en- 1-one (5). A mix- 

ture of sodium hydride [I20 mg, 5.0 mmol (as 240 mg of a 50% dis- 
persion in mineral oil)] and 3 (600 mg, 2.3 mmol) in dry toluene was 
heated under reflux with stirring for 1 h. After cooling to room tem- 
perature, ethyl iodide (360 mg, 2.3 mmol) was added and the reaction 
mixture was heated under reflux for 2 h. After cooling, the reaction 
mixture was poured into ice-water (-50 mL). The organic phase was 
separated and the aqueous phase was extracted with chloroform. The 
combined extracts were washed with water, dried, and evaporated 
a t  reduced pressure. Chromatography of residual oil on a silica gel 
column and elution with chloroform gave 5 (520 mg, 78%) as an or- 
ange-red oil: IR (CHC13) 1620 (C=O), 1550 cm-' (C=C); NMR 6 1.20 
(t, 3 H, J = 7 Hz, NCH2CH3), 1.79-2.28 (m, 6 H ,  3 CHz), 5.28 (s, 1 H, 
vinylic H), 7.03-7.73 (m, 4 H, aromatic H) ;  mass spectrum mle (re1 
intensity) 295 (M+ + 2, 25), 293 (M+, 25), 214 (M+ - Br, loo), 186 
(44). 

Exact mass. Calcd for C14H1679BrNO: 295.0395. Found: 
295.0373. 
3-(3-Bromoanilino)-5,5-dimethylcyclohex-2-en-l-one (8). A 

mixture of m-bromoaniline (2.4 g, 0.014 mol) and 2 (2.0 g, 0.014 mol) 
was treated in the same manner as that described for the preparation 
of 3. The crude product was recrystallized from methanol-water to 
give 8 (3.6 g, 86%) as white needles: mp 160-161.5 "C; IR (CHC1:J 3400 
(NH),  1620 (C=O), 1570 cm-I (C=C); NMR 6 1.07 (s, 6 H, 2 CH3), 
2.17 and 2.33 (each s, 2 H, CH2), 5.48 (s, 1 H,  vinylic H), 6.97-7.26 (m, 
4 H, aromatic H), 7.49 (br s, 1 H,  NH). 

Anal. Calcd for C14H16BrNO: C, 57.16; H, 5.48; N: 4.76. Found: C, 
57.22; H, 5.47; N, 4.68. 

React ion of 3-(2-Bromoanilino)-5,5-dimethylcyclohex-2- 
en-1-one (4)  with Phenyllithium and Diethylamine. To  a stirred 
solution of phenyllithium (8.0 mmol in 50 mL of ether) was added 
diethylamine (190 mg, 2.6 mmol) a t  ice-bath temperature in a nitrogen 
atmosphere. After approximately 20 min, a solution of 4 (750 mg, 2.6 
mmol) in dry tetrahydrofuran (THF) (20 mL) was added and the 
mixture was heated under reflux for 20 h. After cooling, the reaction 
mixture was quenched by addition of ammonium chloride (0.5 g), the 
solvent was evaporated, and chloroform (70 mI,) was added to the 
residue. The resulting solution was washed with water and dried. After 
evaporation of the solvent, the residue was chromatographed on a 
silica gel column using chloroform as eluent, affording the unchanged 
starting material (150 mg, 20%) and then 3-anilino-5,5-dimethylcy- 
clohex-2-en-1-one (6 ,  24 mg, 44%): mp 181-182 "C (chloroform- 
hexane) (lit.16 mp 181-182 "C). The NMR data of this sample were 
identical with those reported in the literature.I6 

Reaction of 3-(2-Bromo-N-ethylanilino)cyclohex-2-en-l-one 
(5) with Phenyllithium and Diethylamine. In the same manner 
described above for 4, 5 (700 mg, 2.4 mmol) was treated with phen- 
yllithium (8.5 mmol in 55 mL of ether) and diethylamine (180 mg, 2.5 
mmol). After workup according to the above procedure, silica gel 
column chromatography eluting with chloroform gave the unchanged 
starting material (90 mg, 13%) and 3-(iV-ethylanilino)cyclohex-2- 
en-1-one ( 7 ,  100 mg, 20%) as an oil: IR (CHC1:I) 1610 (C=O), 1560 
cm-I (C=C); NMR 6 1.17 (t,  3 H, J = 7 Hz, NCH&H:{). 1.69-2.36 (m, 
6 H, 3 CHZ), 5.68 (9. 2 H, J = 7 Hz, NCH&H:j), 5.28 (s, 1 H, vinylic 
H),  7.00-7.40 (m, 5 H, aromatic H); mass spectrum mlr (re1 intensity) 
215 (M+, 871, 214 (M+ - 1,50) ,  198 (81),187 (100). 

Exact mass. Calcd for C14Hl;NO: 215.1309. Found: 215.1311. 
React ion of 3-(3-Bromoanilino)-5,5-dimethylcyclohex-2- 

en-1-one (8) with Phenyllithium and Piperidine. A solution of 8 
(750 mg, 2.6 mmol) in dry T H F  (40 mL) was treated with phenylli- 
thium (8.0 mmol, in 50 mL of ether) and piperidine (230 mg, 2.7 mmol) 
in the same manner as described for 4, except that the reaction time 
was 45 h. The crude product obtained by usual workup was recrys- 
tallized from benzene to give pure 3-(:i-piperidylanilino)-5,5-di- 
methylcyclohex-2-en-1-one (9, 210 mg, 28%) as white prisms: mp 
190-192 O C ;  IR (CHCI:?) 3320 (NH), 1610 (C=Oi, 1575 cm-I (C=C); 
NMR 6 1.08 (s, 6 H,  2 CHs), 1.56-1.72 (m, 6 H, 3 CHz in the piperidine 
ring), 2.24 (br s, 2 H, CHe), 2.52 (s, 2 H,  CH2), 2.68-2.78 (m,  4 H, 
CHZNCH~) ,  5.80 (s, 1 H, vinylic H), 6.68 (br s, 1 H, NHi, 7.00-7.36 (m. 
4 H, aroma& X); mass spectrum mlc. (re1 intensity) 298 (M+, lo),  241 
(63), 214 (43), 199 (100). 

Anal. Calcd for C19He,jN20J/4H20: C, 75.31; H, 8.65: N. 9.25. Found: 
C, 75.44; H, 8.84; N,  9.10. 

Benzylation of 3-Aminocyclohex-2-en-1-one ( I O ) .  A stirred 
mixture of (2.00 g, 0.018 mol) and sodium hydride [1.00 g, 0.042 
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mol (as 2.00 g of a 50% dispersion in mineral oil)] in toluene-dimethyl 
sulfoxide (MezSO) (5:1,60 mL) was heated at  130-140 "C for 1 h. After 
cooling, to this mixture was added a solution of 2-bromo-4,5-methy- 
lenedioxybenzyl chloride (1 1,4.50 g, 0.018 mol) and the mixture was 
heated at  130-140 "C with stirring for an additional 1 h. The reaction 
mixture was worked up in a similar manner as described for the 
preparation of 5 from 3 and the crude product was chromatographed 
on a silica gel column using chloroform as eluent. The  first fractions 
contained 2-(2-bromo-4,5-methylenedioxybenzyl)-3-(2-bromo- 
4,5-methylenedioxybenzylamino)cyclohex-2-en-l-one (13,0.15 g, 2%): 
mp 188-190 "C (acetone-hexane); IR (CHC13) 3380 (NH), 1610 
(C=O), 1565 cm-' (C=C); NMR 6 3.36 (s, 2 H, PhCHzC), 4.26 (d, 2 
H , J  = 6 Hz,PhCHzN), 5.86 and 5.91 (each s ,2  H,OCH20),6.26,6.59, 
6.79, and 6.89 (each s, 1 H, aromatic H); mass spectrum mle (re1 in- 
tensity) 539 (M+ + 4,0.3), 537 (M+ + 2,0.8), 535 (M+, 0.3), 456 (M+ 
- Br, 63), 242 (61), 213 (100). 

Anal. Calcd for CzaH19Br2N05: C, 49.19; H,  3.56; N, 2.61. Found: 
C, 49.05; H, 3.51; N, 2.68. 

The second fractions contained 3-[N,N-bis(2-bromo-4,5-methy- 
lenedioxybenzyl)amino]cyclohex-2-en-l-one (12, 1.25 g, 13%): mp 
130-132 "C (chloroform); IR (CHCl3) 1610 (C=O), 1560 cm-' (C=C); 
NMR 6 4.40 (s, 4 H, 2 PhCHZN), 5.17 (s, 1 H, vinylic H) ,  5.93 (s, 4 H ,  
2 OCH20), 6.50 (s, 2 H, 2 6'-H), 6.94 (s, 2 H, 2 3'-H); mass spectrum 
mle (re1 intensity) 539 (M+ + 4,0.4), 537 (M+ t 2,0.7), 535 (M+, 0.4), 
456 (M+ - Br, 46), 213 (100). 

Anal. Calcd for C ~ Z H ~ Y B ~ ~ N O ~ :  C, 49.19; H,  3.56; N, 2.61. Found: 
C. 49.06; H ,  3.75; N,  2.56. 

The last fractions contained 2-(2-bromo-4,5-methylenedioxyben- 
zyl)-3-aminocyclohex-2-en-l-one (14,0.30 g, 5%), which was recrys- 
tallized from dimethylformamide (DMF)-chloroform: mp 255-260 
"C (sublimed); IR (Nujol) 3430 and 3330 (NH), 1650 (C=O), 1600 
cm-' (C=C); NMR (CDCl3-Me2S0-d6) 6 3.36 (s, 2 H,  PhCHz), 5.83 
(s, 2 H, OCH20i, 6.03 (br s, 2 H, NH2),6.36 (s, 1 H,  6'-H), 6.89 (s, 1 H, 
3'-H); mass spectrum mle (re1 intensity) 244 (M+ - Br, 381, 130 
(100). 

Anal. Calcd tor C14H14BrN03: C, 51.87; H,  4.35; N, 4.32. Found: C, 
51.41; H,  4.31; N, 4.26. 
N-(2-Bromo-4,5-methylenedioxybenzyl)phthalimide (15). To 

a solution of 11 (18.2 g, 0.073 mol) in DMF (150 mL) was added po- 
tassium phthalimide (13.5 g, 0.073 mol) and the mixture was heated 
under reflux for 2 h. Most of the solvent was evaporated a t  reduced 
pressure, water (-100 mL) was added to  the reaction mixture, and 
it was extracted with chloroform. The extract was washed with water, 
dried, and evaporated. Recrystallization from acetone-hexane gave 
15 (13.9 g, 53%1: mp 173-175 "C; IR (CHC13) 1770 and 1710 cm-I 
(imide C=O); KMR B 4.86 (s. 2 H, PhCHZ), 5.89 (s, 2 H, OCHzO), 6.68 
(s, 1 H, 6'-H), 6.96 (s, 1 H, 3'-H), 7.66-7.86 (m, 4 H, aromatic H). 

Anal. Calcd for C16H10BrN04: C, 53.36; H,  2.80; N, 3.89. Found: C, 
5:3.37; H,  2.74: N, 3.92. 
2-Bromo-4,5-methylenedioxybenzylamine (16). A solution of 

15 (11.0 g, 0.031 mol) and 100% hydrazine hydrate (2 mL) in methanol 
(75 mL) was heated under reflux for 1 h. After addition of water, the 
reaction mixture was evaporated under reduced pressure and con- 
centrated hydrochloric acid (30 mL) was added to the residue. The 
reaction mixture was heated under reflux for 1 h and cooled in an 
ice-water bath and the resulting crystalline phthalhydrazide was 
removed by filtration. The filtrate was basified by addition of KzCO:~ 
and extracted with chloroform. The extract was washed with water, 
dried over KzCQR, and evaporated. Distillation of the residue gave 
16 (3.1 g, 44%) as a colorless oil: bp 90-91 "C (0.1 mm); IR (neat) 3360 
and 3280 cm-' (NH);NMR 6 1.56 ( s ,2  H,NH),3.40 (s, 2 H,PhCH2), 

Anal. Calcd for C8H8BrN0p: C, 41.77; H,  3.51; N, 6.09. Found: C,  
41.09; H, 3.47; N,  6.22. 
3-(2-Bromo-4,5-methylenedioxybenzyl)aminocyclohex-2- 

en-1-one (17). A solution of 16 (3.10 g, 0.0135 mol) and 1 (1.51 g, 
0.01 3*5 mol) in benzene (50 mL) was refluxed with azeotropic removal 
of water using a Dean-Stark apparatus for 3 h. Evaporation of the 
solvent and recrystallization of the residue from DMF-chloroform 
gave 17 (3.76 g ,  86%) as white needles: mp 241.5-243 "C; IR (CHCI3) 
3400 (NH) ,  1610 (C=O), 1580 cm-l (C=C); NMR (CDC13-Me2SO- 
d g )  6 1.76-2.46 (m, 6 H. 3 CHT), 4.13 (d, 2 H, J = 6 Hz, PhCHZ), 4.76 
(s, 1 H,  vinylic H),  5.96 (s. 2 H,  OCHpO), 6.74 (s, 1 H, 6'-H), 6.97 (s, 1 
H. Y-H), 7.26 ibr s, I H,  NH, disappears by addition of D20); mass 
spectrum m/e (re1 intensity) 325 (M+ + 2,3), 323 (M+, 31,244 (M+ 
- Rr,  too), 21:3 (go), 188 (42). 

Anal. Calcd for CI4H14BrN03: C, 51.87: H,  4.35; N, 4.32. Found: C, 

3-(  2-Bromo-4,~-methylenedioxybenzyl)amino-5,5-dimethyl- 
cyclohex-2-en-I-one (18). A solution of 16 (3.10 g, 0.0135 mol) and 

,5,87 (s, 2 H,  OCHzO), 6.79 (s, 1 H, 6'-H), 6.87 (s, 1 H,  3'-H). 

2 (1.89 g, 0.0135 mol) was treated in the same manner as described 
above for the preparation of 17. Recrystallization of the crude product 
from ethanol gave 18 (3.94 g, 83%) as white needles: m p  223-224 "C; 
NMR (CDCl3-Me2SO-d6) 6 1.03 (s, 6 H, 2 CH& 2.00 and 2.26 (each 
s, 2 H, CHz), 4.15 (d, J = 6 Hz, PhCHZ), 4.69 (s, 1 H, vinylic H). 6.00 
(s, 2 H,OCH20),6.76 (s, 1 H,6'-H),7.07 (s, 1 H, 3'-H), 7.33 (br s, 1 H,  
NH, disappears by addition of D20); mass spectrum mle (re1 inten- 
sity) 273 (M+ + 1 - Br, 22), 272 (M+ - Br, loo), 213 (24). 

Anal. Calcd for C16H1sBrN03: C, 54.56; H, 5.15; N, 3.97. Found: C, 
54.38; H, 5.16; N, 3.74. 
3 4  (2-Bromo-4,5-methylenedioxybenzyl)-N-ethylamino]- 

5,5-dimethylcyclohex-2-en-l-one (22). A mixture of 18 (1.90 g, 
0.0054 mol) and sodium hydride [0.25 g, 0.0010 mol (as 0.50 g of a 50% 
dispersion in mineral oil)] in dry toluene (50 mL) was treated in the 
same manner as described in the preparation of 5 from 3. After ad- 
dition of ethyl iodide (0.85 g, 0.0054 mol), the resulting mixture was 
heated under reflux for 1 h and worked up as for 3. The crude product 
was recrystallized from acetone-ether giving 22 (1.65 g, 80%) as white 
prisms: rrip 167-169 "C; IR (CHC13) 1610 (C=O), 1555 cm-l (C=C); 

and 2.20 (each s, 2 H,CH2), 3.24 (4, 2 H , J  = 6 Hz,NCHzCH3),4.26 
(s, 2 H, PhCHz), 5.07 (s, 1 H, vinylic HI, 5.84 (s, 2 H,  OCHzO), 6.35 (s, 
1 H,  6'-H), 6.89 (s, 1 H, 3'-H); mass spectrum mie (re1 intensity) 381 
(M+ + 2,5),  379 (M+, 5), 300 (M+ - Br, loo), 27 137), 213 (49). 

Anal. Calcd for Cl8Hz2BrNO3: C, 56.85; H, 5.83: N, 3.68. Found: C, 
56.91; H,  5.82; N, 3.50. 
3,4-Dihydro-8,9-methylenedioxy-1(2H)-phenanthridone (20). 

A solution of 17 (700 mg, 2.16 mmol) in dry T H F  (30 mL) was treated 
with phenyllithium (6.3 mmol in 40 mL of ether) and diethylamine 
(160 mg, 2.2 mmol) in the same manner as described for 4. The reac- 
tion mixture was stirred at  room temperature under nitrogen for 2 h 
and worked up as for 4. Column chromatography (silica gel, chloro- 
torm) and recrystallization from acetone-hexane gave 20 (125 mg, 
24%) as pale yellow needles: mp 15%160 "C; IR (CHClB) 1665 (C=O), 
1605 cm-' (C=C); NMR F 2.07-2.27,2.62-2.83. and 3.14-3.33 (each 
m, 2 H,  CH2), 6.11 (s, 2 H,  OCH;?O), 7.12 (s, 1 H,  7-H), 8.82 (s, 1 H,  
6-H), 8.93 (s, 1 H, 10-H); mass spectrum mle (re1 intensity) 242 (M+ 
+ 1, 18), 241 (M+, loo), 213 (841,185 (39), 127 (26). 

Anal. Calcd for C14HllN03: C, 69.70; H, 4.59; N, 5.80. Found: C, 
69.58; H,  4.70; N, 5.64. 
3,4-Dihydro-3,3-dimethyl-8,9-methylenedioxy- 1 (2H)-phen- 

an thr idone  (21). A solution of 18 (1050 mg. 2.98 mmol) in dry THF 
(35 mL) was treated with phenyllithium (9.0 mmol in 55 mL of ether) 
and diethylamine (220 mg, 3.01 mmol) in the same manner as de- 
scribed above for 17. Column chromatography (silica gel, chloroform) 
and recrystallization (acetone-hexane) gave 21 (210 mg, 26%) as white 
prisms: mp 175-177 "C; IR (CHC13) 1660 cm-' (C=O): NMR 6 1.13 
(s, 6 H, 2 CHB), 2.58 and 3.16 (each s. 2 H, CH?), 6.05 (s, 2 H. OCH20), 
7.06 (s: 1 H, 7-H), 8.73 (s, 1 H, 6-H), 8.86 is. 1 H, IO-Hi; mass spectrum 
m/e (re1 intensity) 270 (M+ + 1. 19), 269 (M+, loo), 213 (84), 185 
(48). 

Anal. Calcd for CpjHljNOs: C,  71.36; H. 5.61; N. 5.20. Found: C, 
71.38; H ,  5.54; N, 5.17. 
5-Ethyl-3,4,5,6-tetrahydro-3,3-dimethyl-8,9-methylenedi- 

oxy-l(2H)-phenanthridone (23). In the same manner as described 
above for the preparation of 20 from 17, a solution of22 (760 mg, 2.00 
mmol) in dry THF (30 mL) was treated with a mixture of phenylli- 
thium (6.0 mmol in 35 mL of ether) and diethylamine (150 mg, 2.05 
mmolj, except that the reaction time was 30 min. Column chroma- 
tography (silica gel, chloroform) and recrystallization (acetone- 
hexane) gave 23 (330 mg, 55%) as white needles: mp 123-124 "C; IR 
(CHC1:J 1715 (C=O), 1610 cm-l (C=C); NMR 6 1.10 (s, 6 H, 2 CHH), 
1.24 (t ,  3 H, J = 7 Hz, NCH2CH3), 2.30 and 2.38 (each s. 2 H, CH?),  

OCHZO), 6.40 (s, 1 H, 7-H), 8.80 (s, 1 H,  10-HI; mass spectrum mle 
ire1 intensity) 300 (M+ t 1,50),  299 (M+. 100). 243 (211. 

Anal. Calcd for C18H21NO:I: C, 72.22; H. 7.07; N, 4.68. Found: C ,  
72.38; H, 7.01; N, 4.63. 

3-[ 2-(2-Bromo-4,5-dimethoxyphenyl)ethylamino]-5,5-di- 
methylcyclohex-2-en-1-one (27). A solution of 2-(2-bromu-4,5- 
dimethoxypheny1)ethylamine': (2.60 g, 10.0 mol) and 2 (1.40 g, 10.0 
mol) in benzene (70 mL) was treated in the same manner as described 
for the preparation of 17 from 16. Evaporation of the solvent and re- 
crystallization of the residue from acetone-hexane gave 27 (3.10 g, 
8l%j as white needles: mp 167-168 "C; IR (CHCl,{) 3410 (NH), 1610 
(C=O), 1580 cm-' (C=C); NMR 6 1.06 is. 6 H,  2 CH:O, X.83 is ,  6 H ,  
2 OCH;(), 4.66 (br s, 1 H, NH, disappears by addition of DzO), 5.13 (s, 
1 H,  vinylic Hj, 6.63 (s, 1 H, 6'-H), 6.96 (s, 1 H. 3'-H): mass spectrum 
m/e (re1 intensity) 383 (M+ + 2 ,  2) ,  :181 ( M + .  2 ) .  302 (M+ - Hr, loo), 
242 (31i, 152 (88). 

NMR 6 1.00 (s, 6 H, 2 CH3), 1.10 (t, 3 H, J = 6 Hz, NCHzCHZ), 2.07 

3.40 (q,  2 H , J  = 7 Hz, NCHZCH~) ,  4.25 (s, 2 H, PhCH?), 5.83 is, 2 H, 



Ring Closure of Enaminones J. Org. Chem., Vol. 44, No. 7,1979 1079 

Anal. Calcd for C18Hzj~BrNO3: C, 56.55; H, 6.33; N, 3.66. Found: C, 
56.33; H, 6.21; N, 3.64. 

3-[ 2-(2-Bromo-4,5-dimethoxyphenyl)ethylamino]indan-2- 
en-1-one (31). Treatment of 2-(2-bromo-4,5-dimethoxyphenyl)- 
ethylamine (950 mg, 3.65 mmol) with indan-1,3-dione (530 mg, 3.63 
mmol) in the same manner as described above gave a badly colored 
solid which was washed with benzene and then recrystallized from 
acetone to yield 31 (410 mg, 29%) as yellow prisms: mp 205-207 " c ;  
IR (CHC13) 3400 (NH), 1670 (C=O), 1570 cm-I (C=C); NMR 6 
2.89-3.87 (m,4  H,PhCH:$H2),3.76and 3.84 (eachs,3 H,OCH3),4.97 
(s, 1 H.  vinylic H) ,  5.74 (br s, 1 H,  NH), 6.66 (s, 1 H,  6'-H), 7.00 (s, 1 
H,  3'-H), 7.25-7.40 (m, 4 H,  aromatic H); mass spectrum m/e (re1 in- 
tensity) 389 (M+ + 2,0.2'1,387 (M+, 0.2), 308 (M+ - Br, 100), 229 (221, 
158 (80). 

Anal. Calcd for C ~ ~ H I ~ I B ~ N O ~ :  C, 58.78; H,  4.67; N, 3.61. Found: C, 
jS.78; H, 4.72; N, 3.58. 
3-[2-(2-Bromo-4,5-dimethoxyphenyl)-N-ethylethylami- 

no]-5,5-dimethylcyclohex-2-en-l-one (29). Reaction of 27 (760 mg, 
1.99 mtnol) with sodium hydride [70 mg, 2.9 mmol (as 140 mg of a 50% 
dispersion in mineral oil)] and ethyl iodide (315 mg, 2.02 mmol) was 
conducted in the same manner as in the preparation of 5 from 3, ex- 
cept that  the reaction mixture was heated a t  100 "C for 2 h. The 
product obtained by usual workup was then chromatographed on a 
silica gel column with chloroform to give 29 (605 mg, 74%) as an or- 
ange-red oil: IR (CHC13) 1610 (C=O), 1560 cm-' (C=C); NMR 6 1.01 
(s, 6 H,  2 CH3), 1.11 (t, 3 13, J = 7 Hz, NCHzCH3), 2.08 and 2.18 (each 
S, 2 H ,  CH2), 2.74-3.53 ( . X I ,  6 H ,  NCHzCH3 and PhCHZCHzN), 3.82 
(s, 6 H,  2 OCHB), 5.17 (s, 1 H, vinylic H),  6.59 (5, 1 H, 6'-H), 6.91 (s, 1 
H, 3'-H); mass spectrum m/e (re1 intensity) 411 (M+ + 2,2), 409 (M+, 
2 j ,  330 (M+ - Br, 1001,242 (24). 

Exact mass. Calcd for C Z ~ H Z ~ ~ ~ B ~ N O ~ :  409.1252. Found: 
409.1205. 
3-(5,~~-Dimethoxy-2,3-dihydroindolo)-5,5-dimethylcyclo- 

hex-2-en-1-one (28). A solution of 27 (1.00 g, 0.0026 mol) in dry T H F  
(50 mL) was treated with phenyllithium (0.0080 mol in 50 mL of ether) 
and diethylamine (0.20 g, 0.0027 mol) in the same procedure as de- 
scribed for the preparation of 20 from 17, except that the reaction time 
was 1 h. After standard workup, the product solidified by trituration 
with ether was recrystallized from acetone-hexane to give 28 (0.51 
g, 65%) as white prisms: mp 142-143 "C; IR (CHC13) 1720 (C=O), 
1610 cr1-l (C=C); NMR 6 1.13 (s, 6 H,  2 CH3), 2.21 and 2.61 (each s, 
2 H, CH2), 2.89-3.20 (m,  2 H,  PhCHZCHzN), 3.72-4.04 (m, 2 H, 
PhCHzCH,N), 5.40 (s, 1 H, vinylic H), 6.72 (s, 2 H, aromatic H); mass 
spectrum m/e (re1 intensity) 302 (M+ + 1, 17), 301 (M+, 100). 286 
(74) .  

Anal. Calcd for C,lBHZ:.NO:3: C,  71.74; H ,  7.69; N,  4.65. Found: C, 
i l .72; H, 7.77; N,  ,4.45. 
3-(5,~i-Dimethoxy-2,3-dihydroindolo)indan-2-en-l-one (32). 

Reaction of 31 (390 mg, 1.0 mmol) with phenyllithium (4.0 mmol in 
25 mL of ether) and diethylamine (75 mg, 1.0 mmol) was conducted 
in the same manner as described for the preparation of 20, except that 
the reaction time was 30 min. Standard workup and recrystallization 
from acetone-benzene gave 32 (150 mg, 49%) as an orange powder: 
mp 142--145 " C ;  IIZ (CHC13) 1650 (C=O), 1570 cm-' (C=C); NMR 

PhCHPCHZN), 3.81 and 3.83 (each s, 3 H,  OCH3), 5.46 (s, 1 H,  vinylic 
H) ,  6.75 is. 1 H,  4-H) ,  6.85 (s, 1 H,  7-H). 7.17-7.38 (m, 4 H,  aromatic 
HI; mass spectrum mlr? (re1 intensity) 308 (M+ t 1, loo), 307 (M+, 
87J, 292 (871,231 (22) ,  17'3 (78). 

Exact mass. Calcd for C1iHl~NO:~:  307.1208. Found: 307.1195. 
l-Ethyl-5,6-dimethoxy-2,3-dihydroindole (30). Reaction of 29 

(1.00 g, 0.0024 mol) with phenyllithium (0.0080 mol in 50 mL of ether) 
and diethylamine (0.18 g, '3.0025 mol) was conducted as described for 
the preparation of 20, except that  the reaction time was 2.5 h. After 
standard workup, the crude reaction product was chromatographed 
on a silica gel column wit!? chloroform to give 30 (0.25 g, 50%) as an 
oil: IR (CHCI:,) showed no absorptions characteristic for the enami- 
none moiety; NMR h 1.17 It. 3 H,  J = 7 Hz, NCHPCH~) ,  3.77 and 3.83 
(each s, 3 H ,  OCH:,). 6.18 :s, 1 H. 4-H), 6.73 (s, 1 H, 7-H); mass spec- 
trum ml'e (re1 intensity) 207 (M+,  62), 205 (M+ - 2, 15), 192 (M+ - 
15, 100). 

Exact mass. Calccl for C I ~ H ~ ~ N O ' L :  207.1259. Found: 207.1229. 
Reaction of 1,2,3,3a,4,S-Hexahydro-6H-indol-6-one (36) with  

3-Bromo-4,5-methylenedioxybenzyl Chloride (37). Reaction of 
364' (0.80 g, 0.0058 mol) b i th  sodium hydride [0.35 g, 0.0015 mol (as 
0.70 g or a 50% dispersion in mineral oil)] and 3711 (1.46 g, 0.0058 
mol) in dry toluene (SO mIJ was conducted in the same procedure as 
in the preparation of5  from 3, except that  the reaction time was 1.5 
h. The same workup as for 3 afforded the crude reaction product, 
which mas chromatographed on a silica gel column with chloro- 

6 3.15 ( t ,  2 H, J = 8 Hz, PhCHZCHzN), 4.45 (t,  2 H ,  J = 8 Hz, 

form-ethyl acetate (9O:lO). The first fractions contained 1,7-bis(3- 
bromo-4,5-methylenedioxybenzyl)-1,2,3,3a,4,5-hexahydro-6H-in- 
dol-6-one (39,0.09 g, 3%): mp 130-132 "C (chloroform-hexane); IR 
(CHC13) 1610 (C=O), 1560 cm-' (C=C); NMR 6 3.53 (br s, 2 H, 
PhCHZC), 4.27 (br s, 2 H, PhCHZN), 5.83 and 5.92 (each s, 2 H, 
OCHzO), 6.30-6.50 (m, 4 H, aromatic H); mass spectrum mle (re1 
intensity) 565 (M+ + 4,45), 563 (M+ + 2,84), 561 (M+, 42), 349 (62), 
348 (M+ - 2 Br, 651,213 (100). 

The second fractions contained 7-(3-bromo-4,5-methylenedi- 
oxybenzyl)-1,2,3,3a,4,5-hexahydro-6H-indol-6-one (40, 0.10 g, 5%): 
mp 231-233 "C (benzene-hexane); IR (CHC13) 3420 (NH), 1625 
(C=O), 1580 cm-I (C=C); NMR 6 3.43 (d, 2 H, J = 6 Hz, PhCHZC), 
5.00 (br s, 1 H, NH), 5.87 (s, 2 H, OCHzO), 6.53 (d, 1 H , J  = 1 Hz, 6'-H), 
6.69 (d, 1 H, J = 1 Hz, 2'-H); mass spectrum m/e (re1 intensity) 351 
(M+ + 2,97), 349 (M+, loo), 320 (111,292 (26), 270 (54). 

Anal. Calcd for C16H16BrN03: C, 54.87; H ,  4.60; N, 3.99. Found: C, 
55.10; H,  4.57; N, 4.19. 

The third fractions contained 1-(3-bromo-4,5-methylenedioxy- 
benzyl)-1,2,3,3a,4,5-hexahydro-6H-indol-6-one (38, 0.60 g, 29%): mp 
17G178 "C (chloroform-hexane); IR (CHC13) 1610 (C=O), 1580 cm-I 
(C=C); NMR 6 4.32 (s,2 H,  PhCHZN), 5.12 (d, 1 H,  vinylic H) ,  6.00 

2'-H); mass spectrum mle (re1 intensity) 351 (M+ + 2,301,349 (M+, 
30), 321 (16), 213 (100). 

Anal. Calcd for C16H16BrN03: C, 54.87; H,  4.60; N, 3.99. Found: C ,  
54.61; H,  4.53; N, 3.73. 
l-(2-Bromo-4,5-methylenedioxybenzyl)-l,2,3,3a,4,5-hexahy- 

dro-6H-indol-6-one (42a). A mixture of 35 (1.51 g, 0.0010 mol) and 
11 (2.50 g, 0.0010 mol) in dry toluene (60 mL) was heated under reflux 
for 10 h. After evaporation of the solvent under reduced pressure, the 
residue was carefully chromatographed on a silica gel column using 
chloroform as eluent. The first elution afforded 7-(2-bromo-4,5- 
methylenedioxybenzyl)-1,2,3,3a,4,5-hexahydro-6~-indo~-6-one (43a, 
0.09 g, 3%) as white needles: mp 201-202 "C (benzene-hexane); IR 
(CHC13) 3380 (NH), 1625 (C=O), 1570 cm-1 (C=C); NMR 6 (3.59 
(d, 2 H, J = 2 Hz, PhCHZC), 5.23 (br s, 1 H,  NH, disappears by addi- 
tion of DzO), 5.81 (s, 2 H,  OCHzO), 6.70 (s, 1 H,  6'-H), 6.81 (s, 1 H,  
3'-H); mass spectrum m/e (re1 intensity) 351 (M+ t 2,2) ,  349 (M+. 
21, 270 (M+ - Br, 1001, 213 (54), 135 (32). 

Anal. Calcd for CI6H16BrNo3: C, 54.87; H,  4.60; N, 3.99. Found: C, 
54.80; H, 4.57; N, 4.05. 

Continued elution afforded 42a (1.93 g, 55Yo) as white needles: mp 
157-158 "C (chloroform-hexane); IR (CHC18) 1605 (C=O), 1580 cm-' 
(C=C); NMR 6 4.40 (s, 2 H,  PhCHZN), 5.10 (s, 1 H,  vinylic H),  5.98 
(s, 2 H, OCHzO), 6.59 (s, 1 H, 6'-H), 7.02 (s, 1 H, 3'-H); mass spectrum 
mie (re1 intensity) 351 (M+ + 2,9), 349 (M+, 10). 270 (M+ - Br. 100). 
242 (471, 213 (68). 

Anal. Calcd for C16H16BrN03: C ,  54.87; H, 4.60; N, 3.99. Found: C, 
54.66; H,  4.52; N, 3.82. 

1-(2-Iodo-4,5-methylenedioxybenzyl)-1,2,3,3a,4,5-hexahy- 
dro-6H-indol-6- one (42b). In the same manner as described above. 
35 (1.51 g, 0.0010 mol) was reacted with 41 (2.97 g, 0.0010 mol) to give 
42b (2.00 g, 50%): mp 173-174 "C; IR (CHC13) 1605 (C=O), 1580 cm-' 
(C=C); NMR 6 4.39 (s, 2 H, PhCHZ), 5.09 (s, 1 H,  vinylic H),  5.96 (s, 
2 H, OCHzO), 6.86 (s, 1 H, 6-H), 7.26 (s, 1 H,  3'-H); mass spectrum mle 
ire1 intensity) 397 (M+, 2), 270 (Mf - I, loo), 261 (48), 135 (63). 

Anal. Calcd for C16H16IN03: C, 48.42; H, 4.06; N, 3.28. Found: C, 
48.38; H, 4.06; N, 3.52. 

This reaction was accompanied by the formation of 43b as a minor 
product: mp 209-211 "C (chloroform-hexane); IR (CHCI:I) 3370 (NH), 
1620 (C=O), 1570 cm-I (C=C); NMR 6 3.52 (d,  2 H, J = 2 Hz, 
PhCHZ), 5.10 (br s, 1 H, NH, disappears by addition of DQOj, 5.86 (s, 
2 H,  OCHzO), 6.66 (s, 1 H, 6'-H), 7.13 (s, 1 H,  3'-H); mass spectrum 
m/e (re1 intensity) 399 (M+ + 2, l),  397 (M+, I ) .  270 (M+ - I. loo), 
212 (31), 135 (48). 

Anal. Calcd for C16H16IN03: C, 48.48; H,  4.06; N, 3.52. Found: C. 
48.43; H,  4.05; N, 3.57. 

1,2,2a,3-Tetrahydro - 8,9-methylenedioxy-fH-pyrrolo[3,2,1- 
kl]acridin-5(4H)-one (44). In a similar manner as described for 1, 
a solution of 43a (306 mg, 0.874 mmol) in dry THF (10 mL) was 
treated with phenyllithium (2.6 mmol in 15 mL of ether) and dieth- 
ylamine (64 mg, 0.877 mmol) at  40 "C for 24 h. After usual workup, 
the resulting crude product was chromatographed on a silica gel col- 
umn using chloroform as eluent to give the crystalline product which 
was recrystallized from chloroform-hexane, affording 44 (45 mg, 190%) 
as white needles: mp 195-197 "C; IR (CHC1:j) 1655 (C=O), 1595 cm-' 
(C=C); NMR 6 3.52 (br s, 2 H,  PhCHZ), 5.88 (s, 2 H. OCH20),  6.54 
and 6.44 (each s, 1 H, aromatic H); mass spectrum mle ire1 intensit:,,) 
270 (M+ + 1 , 2 1 ) ,  269 (M+, loo), 268 (M+ - 1,30).241 (32)). 240 (49;. 
213 (14). 

(s, 2 H, OCHZO), 6.56 (d, 1 H, J = 1 Hz, 6'-H), 7.26 (d, 1 H,  J = 1 Hz, 
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3,3a,4,5,6,7-Hexahydro-9,lO-methylenedioxypyrrolo[3,2,1- 
de]phenanthridin-l(2H)-one (45). Reaction o f  42a (1.40 g, 0.0040 
mol)  w i t h  phenyl l i th ium (0.012 m o l  in 70 mL o f  ether) and diethyl- 
amine (0.30 g, 0.0041 mol)  was conducted in the  same manner as 
previously described for the preparation o f  20 f rom 17, except tha t  
the  reaction t ime was 30 min. Af ter  normal  workup, the result ing 
crude product  was pur i f ied b y  rap id ly  passing through a column o f  
silica gel w i t h  e thy l  acetate and then recrystallization f rom e thy l  ac- 
etate-hexane, yielding 45 (0.53 g, 49%) as white needles. This  material 
showed n o  clear mel t ing point; it began t o  mel t  a t  145 "C w i t h  a f ina l  
mel t ing a t  252 "C: IR (CHC13) 1610 (C=O), 1560 cm-' (C=C); NMR 

(s, 1 H, 11-H); mass spectrum m/e (re1 intensity) 269 (M+, 61), 268 
( M +  - 1,100), 236 (ll), 195 (la), 149 (56). 

Exact  mass. Calcd for CleH1bNO:%: 269.1051. Found: 269.1066. 
In the same manner as described above, 42b (1.00 g, 0.0025 mol)  

was allowed t o  react w i th  phenyl l i thium (0.0080 m o l  in 50 mL o f  ether) 
and diethylamine (0.19 g, 0.0026 mol)  to  af ford 45 (0.26 g, 38%). 

Air Oxidation of 3,3a,4,5,6,7-Hexahydro-9,1O-methylenedi- 
oxypyrrolo[3,2,1-de]phenanthridin-l(2H)-one (45). A stirred 
solut ion o f  45 (50 mg, 0.19 mmol) in ethanol (30 m L )  including KOH 
(100 mg) was heated a t  60 "C w i t h  bubbl ing o f  oxygen for 24 h. Af ter  
removal o f  the  solvent, the residue was d i lu ted w i t h  water and ex- 
tracted w i t h  chloroform. T h e  extract was washed w i t h  water, dried, 
and evaporated. T h e  residual crystalline product  was recrystallized 
f rom chloroform-hexane t o  give :3,3a,4,5-tetrahydro-9,lO-methy- 
lenedioxypyrrolo[3,2,l-de]phenanthridine-l,7(2~)-dione (46,45 mg, 
85?6) as white plates: mp 252-253 "C (lit. mp 249-250 'C,IZa 251.5-253 
oC,*2t~ 252-253 "C4e). This material obtained was identical in spectral 
respects w i t h  a n  authentic sample.4e 

( * ) -a -D ihydrocaranone (47) and (*)-1-epi-y-Dihydrocara- 
n i n e  (48). T o  a st irred suspension of lithium aluminum hydride (250 
mg) in dry  THF 130 mI,) was added dropwise a solution of  45 (250 mg, 
0.93 mmol)  under ice-water cooling over the period of  30 min. The 
mix tu re  was stirred a t  room temperature for 2 h and quenched by 
addi t ion o f  THF inc lud ing a small  amount o f  water. Af ter  f i l t ra t ion 
o f  the mix tu re  through Celite, the f i l t rate was evaporated and the 
residue was dissolved in chloroform. The chloroform solut ion was 
washed w i th  water and dried over KzC03. Removal o f  the solvent and 
column chromatography on silica gel using chloroform as eluent afford 
47 (83 mg, 33%) as whi te  needles: mp 147-149 "C (methanol) (lit.4a 
mp 147.5-149.5 "C for the racemate); IR (CHC13) 1705 cm-I  (C=O); 
NMR 6 3.29 and 4.00 ( A B  q, 2 H, J = 14 Hz, PhCHz), 3.47 (d, 1 H,J 
= 4 Hz, 12b-H), 5.89 (s, 2 H, OCHzO), 6.49 (s, 1 H, 8-H), 6.59 ( s ,  1 H, 
11-H); mass spectrum m/e (re1 intensity) 271 (M+, 751,270 (M+ - 1, 
100),254 (371,242 (18), 149 (19). 

Further elution wi th  the same solvent gave 48 (25 mg, 10~0) as white 
prisms: mp 130-132 "C (benzene-ether) (lit.4a mp 135.5-136.5 "C for 
the racemate): IR (CHC1:l) 3250 cm-' (OH); NMR 6 3.28 and 4.04 ( A B  

6 4.53 (s, 2 H, PhCH2), 5.88 (s, 2 H, OCHzO), 6.45 (s, 1 H, 8-H), 8.92 

q,  2 H, J = 14 Hz, PhCHZ), 5.90 (s, 2 H, OCHzO), 6.48 (s, 1 H, 8-H), 
6.64 i s ,  1 H, 11-H): mass spectrum m/e (re1 intensity) 273 (M+, 54), 
272 iM+ - 1, loo), 254 (181, 174 (25). 

B o t h  o f  the IR and NMR spectra o f  47 and 48 were essentially su- 
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perimposable on those of authentic specimens.13 
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