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Abstract - The synthesis of four isomeric dibeni[d,f]azonine compounds is described 

Neither of these substances may be confused with the natural Papaver bracteaturn 

alkaloids neodihydrothebaine and bractaronine. 

Our structural assignments of the dibeni[d,f]aronine alkaloids neodihydrothebaine and 

bractamnine 2, isolated from Papaver bracteatum', were mainly based upon spectroscopical evidence 

and biosynthetie considerations. Formal proof of their identities was obtained from synthesis'. 

Biosynthetic proposals may give useful indications for the structures of natural products, but are 

not conclusive. As a matter of fact, biogenetic considerations, based on morphinandienol to 

dibenz[d,f]azonine transformations (analogous to those proposed for the biosynthesis of 

pratostephanine2), indicate that 2,J-disubstitutsd dibeni[d,f]azanines are not to be excluded, in 

view of the natural occurrence of some 2.3-disubrtituted morphinandienanes in Papaveraceous plants3. 

The isolation of such a compound, 0-methylflavinantine. from Papaver bracteatwn was reported 

recently*. Moreover, it is known, that 2-hydrory-3-methoxy-dibenr[d,f]aronine compounds display in 

'H-NMR the C-3 methoxyl resonance at 6% 3.905, very close to the value 6 3.904 observed for both 

natural products. In Pr(fod) induced shift experiments in 'H-NMl it was found that the c-hydroxy 3 
methoxyl resonances of the two natural alkaloids showed a "on-identical behaviour'. For these 

reasons, we decided to synthesize the isomeric compounds 1-6. 
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The neodihydrothebaine and bractaronine isomers 3-5  were synthesised using the photolytic ring 

closure procedure, used earlier in the total synthesis of the natural alkaloids erybidine6, 

laurifinine, laurifonine and laurifine7. We also successfully employed this procedure in a total 



synthesis of bractaranine1. lncidently, the structure 3 was proposed at one time for laurifinines. 

me ring closure method, used in this work, requires the directive presence of a hydroxyl 

substituent in e- or --position with respect ta the site of aryl-aryl coupling (See 

scheme 1). Consequently, suitable protective groups were needed in the construction of compounds 

3 and 4, in order to obtain the desired 2-hydroxy-3-methoxy substituted 8-oxodibenz[d,f]azonins - 
from 3-hydroxy substituted aryl-aryl coupling products, having an appropiately shielded 2-hydroxyl 

function. For the latter purpose protection as an isopropyl ether was chosen. In the synthesis of 

3 this functionalization was attained by hydrolysis of a protective benryl ether, followed by - 
isapropylation, both at the acetamide stage. Such protective group interchange was avoided in the 

preparation of compound 4, where we proceeded directly from 4-isopropoxy-3-tosyloxyphenethylamine. 

Compounds 2 and - 6 were both derived from a single acetamide substrate, which was prepared from 

3-tosyloxyphenethylamine and 2-bromo-4-isopropoxy-5-methoxyphenylaceti acid. 

Scheme 1: Photochemical synthesis of products s, E, %and K, used in the synthesis - 
of ~~mpounds 1, 4, 2 and 5, respectively 

The 'H-NMR chemical shifts of the methoxyl group at C-3 of products 3- 5 were found at 6 3.91 - 
3.92, rather than at 6 3.90, as shown by recording the spectra of compounds 3-5  in 1:l mixtures 
with neodihydrothebaine (See Table 1). The C-10 and C-11 methoxyl resonances are found at 6 

3.83 - 3.84, and the C-12 methoxyl resonance is found at S 3.78. The C-13 methoxyl resonance of 

compound 6 is observed at relatively high field (6 3.70), as anticipated for this substituent, 
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being in a position strongly influenced by the neighbouring aromatic ring A. Such substitution 

pattern was already excluded for the P. bracteatm alkaloids'. Neither of the four synthetic 

substances can be confused with the natural P. bracteaturn alkaloids neodihydrothebaine and 

bractamnine, nor with la~rifinine'~~~~. 

Table 1: Chemical shifts and differences in chemical shifts of methoxyl resonances, 

for 1:l mixtures of dibeni[d,f]aronines 3-1 with neodihydrothebaine I_ 

Compounds Chemical shifts and differences of chemical shifts 

natural mixture t ,  3.7813H) [C-12 OMe g ;  k ,  3.8413~) [C-11 OMe L]; t ,  3.90(6~) 
of 1 and 2 

[C-2 OMe 1 + C-2 OMe I ;  t -k ,  0.067; k - t ,  0,057; t - e ,  0.124. 

1'3 #,, 3.78(6H)[C-12 OM= + C-12 OMe 31; h ,  3.90(3H)[C-2 OMe 11; 
&, 3.92(3H)[C-3 OMe 31; t-jl, 0.018; k-8, 0.125; 6-8, 0.143. 

1'4 8, 3.78(3H)[C-12 OMe 11; jl, 3.84[3H)1C-10 OMe g ;  t ,  3.90(3H) 
[C-2 OM= g; $, 3.91(3H) [C-3 OMe 51; $ - t ,  0.014; 6-k. 0.062; 
k-#,, 0.064; $-k, 0.075; t - t ,  0.127; $-8, 0.140. 

1'2 - 8 ,  3.78t3H)CC-12 OMe g ;  k, 3.83(3H)[C-11 OMe 21; c, 3.90(3H) 
[C-2 OMe l]; $. 3.91 (3H) [C-3 OMe 11; $-&, 0.008; 6-h, 0.078; 
k-6, 0.047; $-k, 0.087; &*, 0,125; $-8, 0.153. 

EXPERIMENTAL 

GC/MS was carried out using a Hewlett-Packard 5710A / JEOL JMS 0-300 or a Carlo Erba GLC / Kratos 
MS 80 combination of gas chromatograph I mass spectrometer. These combinations were connected to a 

JMA 2000 and a Kratos DS 55 data system, respectively. Spectra were recorded at 70 eV. High- 

resolution mass spectra were obtained using a M-808 type Hitachi double beam GCIMS instrument. 

'H-NMR spectra were recorded in CDCl (unless stated othe'rwise), at 90 MHz using a Varian EM 390 
3 

spectrometer. TMS was internal standard (6 = 0). "c-NMR Chemical shift assignments of 

dibenr[d,f]aronine alkaloids form the subject of a forthcoming publication. GC was carried out on a 

Pye Series 104 gas chromatograph, equipped with a FID, using on-column injection and glass columns, 

packed with 3 W V - 1 7  on Chrampack SA (80- 100 mesh); operating at 260°C (system a), or with 3% 

SE-30 on Chrornosorb W-HP (80 - 100 mesh). operating at 260'~ (system b). For GC retention times 

thebaine was chosen as a reference (RRt E 1.00). TLC was performed on Si-gel GF 254 plates using 

EtOAc - Et2NH (19:l) (system a) .  or using C H - Me CO - MeOH (7:2:1) (system b), or on A1 0 F 254 
6 6  2 2 3 

(type E) plates using CHCl - n-heptane - Et 0 (4:5:1) (system c ) .  Alkaloid detection was 3 2 
accomplished using UV light (254 nm). Melting points were corrected. 

Synthesis of 5,6,8,9-tetrahydro-3,12-dimethoxy-7-methyl-dibenz[d,f]aronin-2-01 3. The synthesis 
of compound 3 starts with 4-beneylony-3-tosyloxyphenethylamine 11 and 2-brama-4-methoxyphenylacetic 
acid'. 

4-Benzyloxy-3-tosyloxyphenethylam~ne 11. To a mixture of 4-ben~ylox~-3-tosyloxybenrylcyanide'~ 
(13 g) and NaBH4 (3 g) in dry THF (150 ml) BF3.0Et2 (4 ml) was added dropwise while stirring at 

DOC. The solution was then stirred at room temp. for 5 h, and decomposed with EtOH, H 0 and diluted 
2 

aq. HC1, respectively, and evaporated. The residue was neutralised with aq. NH and extracted with 3 
CHC13. The CHCl extract was washed with H 0, dried (Na SO ) ,  and evaporated to give the mine 11 3 2 2 4 
(11 g, yield 84%) as a colourless oil. Analysis: calcd for C22H23NOqS '1% 397.1346; found mlz 



397.1306. 'H-NMR: 6 2.33 (3H,s,ArW), - 4.78 (2H,s,ArCl120), 6.68- 7.38 (lOH,m,ArK), 7.58 (2H.dJ.9 Hz, 

2 tesyl-~). BY treatment of the oil with oxalic acid the crystalline oxalate was obtained. M.p. - 
192- 193'~ (colourless needles, from MeOH). 

N-(4-8enzyloxy-3-tosyl0~yphenethyl)-2-(2-brom0-4-m~th0~ypheny1)~~~t~id~ 11. A mixture of 
colnpound - 11 (7.2 g) and 2-bromo-4-methoxyphenylacetic acid7 (5.0 g) in decaline (120 ml) was heated 

under reflux for 2.5 h. After cooling, the mixture was evaporated to dryness and the residue was 

dissolved in CHC13. The CHC13 solution was shaken thoroughly with 5% aq. HC1, 2% aq. NaOH and H20, 

dried (Na SO ), and evaporated to give the mide (10.2 g, yield 90%). M.p. 100- 101'~ (from 
2 4 

~t 0) Elemental analysis in agreement with C31H30N06BrS. 0.5 H20 I R  Vmax (CHC13): 3430(NH) and 
2 '  

1665 (CO) . 'H-NMR: S 2.38 (JH,s,Arh&), 2.66 (ZH.t.J.7 Hz,ArCy2CH2N), 3.38 (ZH,q,J=7 He, 

ArCH CH NH), 3.59 (2H,s,ArCE2CO), 3.78 (3H.s.OE). 4.83 (2H,s,ArCti20), 5.35 (1H.t.J-7 Hz,NH_), 
2 -2 

6.64- 7.40 (13H,m,Ary), 7.66 (ZH,d.J=8 Hz.2 tosyl-5). 

N-(4-Benzyloxy-3-hydroxyphenethyl)-2-(2-bromo-4-methoxyphenyl)acetmide 15. To a stirred solution 
of the amide 11 (450 mg) in WOH (15 ml) and DMF (15 ml) KM1 (500 mg) was added, and the reaction 

mixture was then stirred at 60°c for 3 h. After cooling, the mixture was poured into H 0, treated 2 
with HCI, and extracted with CHC13. The CHCl extract was washed with H 0, dried (Na SO ), and 

3 2 2 4 
evaporated to yield the phenolic compound 11 (280 mg, yield 83%)). IR v (CHCl3): 3600(OH), 3450 max 
(NH) and 1670 c d l  (CO). 'H-NMR: 6 2.62 (2H,t,J=7 Hz,ArCl12CH2N), 3.39 (2H,q,J=7 Hz,ArCH2CF12NH). 

3.55 (2H,s,ArCi12CO), 3.72 (3H,s,OE), 5.00 (ZH,s,ArCE20), 5.28 (1H.t.J.7 Hz,NE), 6.28- 7.20 (6H,m, 

A*!), 7.32 (5H.s.Ary). 

N-(4-Hydroxy-3-tosyl0~yphenethyl)-2-(2-bromo-4-methoxyphenyl)a~etamide 14. A stirred solution of 

the amide 11 (10 g) in conc. HC1 (80 ml) and EtOH (80 ml) was heated at 60'~ for 6 h. The volatile 

materials were removed,H20 was added, and the mixture was extracted with CHC13. The extract was 

washed with H20, dried (Na2S04), and evaporated, producing the debenrylated amide 14 (7.9 g, yield 
92%) as a colourless oil. I R  v,,, (CHC13): 3560(0H), 3430cNH) and 1670 (CO). 'H-NMR: 6 2.43 

(3H,s,ArE), 2.58 (zH;~,J=~ Hz.ArCH2CH2N), 3.27 (ZH,q,J=7 HZ.A~CH~C~~NH). 3.56 (ZH,S,A~C~~CO), 3.78 

(3H,s,OMe), - 5.34 (1H,t,J=7 Hz,NH), 6.44- 7.30 (8H.m.ArK). 7.62 (ZH,d.J=B Hz,2 tosyl-E). MS mlz 

(rel.int.): 534,412,332,290,245,200.178(100). 

N-(4-Isopropoxy-3-tosyloxyphenethyl)-Z-(Z-bramo-4-methoxyphenyl)acetamide 2. To a stirred mixture 
of the amide 14 (7.5 g) and dry K2C03 (2 g) in dry DMF (50 ml) 2-bromopropane (2.5 ml) was added 

dropvise in a nitrogen atmosphere for 15 mi". Stirring was continued at room temp. for 30 mi"., and 

then at 100'~ for 2 h. After cooling, the mixture was poured into ice-water, and extracted with 

CHC13. The CHCl extract war washed with H20, dried (Na2S04), and evaporated to yield 15 (7.9 g, 3 
yield 98%). M.p. 149" (from C H ) Elemental analysis in agreement with C27H30N06BrS. I R  V 6 '  max 
(CHC13): 3430(NH) and 1665 c;' (CO). 'H-NMR: 6 1.13 (6H,d,J=6 Hz.CE2). 2.43 (SH,s.A-), 2.65 

(ZH,t,J=7 Hz,ArCt12CH2N), 3.39 (2H,q.J=7 Hz,ArCHZCH_ZNH), 3.58 (ZH.S.A~C~~CO), 3.78 (3H,s,OE), 4.30 

(1H,m.CF2), 5.38 (1H,t.J=7 Hz.NH_)), 6.64 - 7.36 (BH,m.ArE), 7.72 (ZH,d,J=8 Hz.2 tosyl-E) !). 
N-~3-Hydroxy-4-isoprop0~yphenethyl)-2-(2-bromo-4-methoxyphenyl)a~etamide z. A mixture of compound 
15 (7.5 g) and KOH (3 g) in DMF (40 ml) and MeOH (40 ml) was heated while stirring at 70'~ for 3 h. - 
After cooling, the mixture was poured into HZO, neutralised with HC1, and extracted with CHC13. The 

CHCI3 extract was washed with H 0, dried (Na SO ), and evaporated to yield 2 (5.1 g, yield 93%) as 2 2 4 
a eolaurless oil. I R  vmx (CHC13): 3530(0H). 3420(NH) and 1665 cm'l (CO). 'H-NMR: 6 1.32 (6H.d. 

J=6 Hz,CMe 1, 2.59 (ZH,t.J=7 Hz,ArCEL2CH2N), 3.38 (ZH,q,J=7 Hz.ArCH2Cli2NH), 3.54 (2H,s,ArCy2CO), -2 
3.74 (3H,s,O&), 4.44 (1H,m,CF2), 5.50 (1H.t.J.7 Hz,NF), 6.42 (1H,dd,J=3 and 8 Hz,H-6), 6.58 (lH, 

dJ.3 H1.H-2). 6.64 (lH,d,J=8 H1.H-5), 6.73 (lH,dd,J=3 and 8 Hz,H-5'), 7.02 (lH,d.J=3 Hz,H-3'1, 

7.08 (1H,d,J=8 Hz,H-6'). MS mlr (rel.int.): 422,245,200,178(100). 
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Photolysis of compound c. A solution of compound (500 mg) in MeOH (250 ml) containing NaOH 

(400 mg) was irradiated with a lOOW high-pressure mercury lamp for 2 h in a nitrogen atmosphere. 

The resulting mixture was concentrated in vacua, and the crude products were dissolved in H20. The 

aq. solution was washed thoroughly with Et 0 and then neutralised with HC1, fallowed by extraction 2 
with CHC13. The CHCl extract was washed with H 0, dried (Na SO ), and evaporated to produce a 3 2 2 4 
reddish-brown oil. The oil was chromatographed on Si-gel with CHCl -Me CO (10:l) as eluents. First 

3 2 
compound fi (49 mg, yield 12%) was obtained, and then the desired compound g (129 mg, yield 32%). 
No other debraminated product was observed (See Scheme 1). 

5,6,8,9-Tetrahydro-l-hydroxy-Z-isopropoxy-12-methoxy-7H-dibenz[d,f]aronin-8-one g. Colourless oil. 
IR  v,= (CHC13): 3530(0H), 3400(NH) and 1650 cm-l GO). 'H-NMR: 6 1.36 (6H,d.J=6 Hz,CMe2), 3.76 

(3H,s,OMe), - 4.53 (1H,m,C~e2), 6.44- 7.16 (SH,m,ArE). MS mlz (rel.int.): 341,326,299,270,242(100). 

223,211. 

5,6,8,9-Tetrahydro-3-hydroxy-2-isopropor/-12-methoxy-7H-dibenr[d,f]aaonin-8-one g. M.p. 177 - 

178'~ (from C H ) Elemental analysis in agreement with C H NO 0.5 H 2 0  I R  Vmax (CHC13): 3520 6 6 '  20 23 4 ' 
(OH), 3380(NH) and 1650 cm-' (CO). 'H-Nm: S 1.35 (6H,d,J=6 Hz,CMe2), 3.78 (3H,s,MM), 4.50 (lH.m, 

CHMe ) ,  6.45- 7.06 (SH.m,Ar%. MS m/i (rel.int.): 341,326,299,270,242(100).225,213,211. - 2 
5,6,8,9-Tetrahydro-3,12-dimethony-2-isopropaxy-7H-dibenr[d,f]azanin-8-one 16. To a suspension of 

compound g (600 mg) and dry K2C03 (300 mg) in absolute EtOH was added dropwise excess Me1 (0.3 ml) 

at room temp. for 10 m m .  The stirred mixture was heated at 50" for 6 h. evaporated, and dissolved 

in warm CHC13. The CHCl solution was washed with H 0, dried (Na SO ), and evaporated to produce 3 2 2 4 
the 0-methyl ether 16 (584 mg, yield 94%) as a colourless oil. I R  Vmax (CHC13): 3410(NH) and 1665 

cm-' (CO). 'H-NMR: 6 1.35 (6H,d,J=6 Hz.Cg2), 3.87 and 3.96 (6H,2 5.2 OE), 4.59 (1H.rn,Cp2), 6.76 

and 6.85 (2H.2 s,H-l and H-4), 6.83 (lH,d,J=3 Hz,H-13), 7.01 (lH.dd.J=S and 9 Hz,H-ll), 7.35 (lH,d, 

J=9 Hz,H-10). MS mlr (rel.int.): 555.340,313,284,256(100),241.225. 

5,6,8,9-Tetrahydro-3,12-dimetho~y-2-hydroxy-7H-dibenz[d,f]aronin-8-one 11. A solution of compound 
16 (400 mg) in HOAc (25 ml) containing conc. HBr (2 ml) was heated with stirring at 80'~ for 1.5 h. - 
After cooling the mixture was poured into ice-water, and then extracted with CHC1,. The CHCI, . " 
extract was washed with H 0, dried (Na SO ), and evaporated to afford compound 2 (281 mg, yield 2 2 4 
80%). colourless ail. I R  v (CHC13): 3535(0H), 3390(NH) and 1655 cm-l (CO). 'H-NMR: 6 3.80 and 

max 
3.92 (6H,2 5,2 Og), 6.67 and 6.76 (2H,2 s,H-1 and H-4), 6.74 (lH,d,J=3 H1.H-13). 6.94 (lH.dd,J=S 

and 9 H1.H-ll), 7.30 (lH,d,J=9 Hz,H-10). MS mlz (rel.int.): 313(100),284,257,256,241,225.21R. 

5,6,8,9-Tetrahydro-2-isopropoxy-lZ-methoxy-7H-dibeni[d,f]azonin-3-al 18. A solution of BF OEt 3' 2 
(75 111) in dry THF was added dropwise in 15 min. ta a cold suspension of compound (30 mg) and 

NaBH (15 mg) in dry THF. After stirring at room temp. for 6 h, excess diborane was destroyed by 
4 

slow addition of EtOH. A stream of HC1 gas was passed through the mixture, and the volatile 

materials were removed. The residue was poured into H 0, treated with aq. NH3, and extracted with 
2 

CHC13. The CHCl extract was washed with H20, dried (Na SO ), and evaporated, to afford compound 8 
3 2 4 

(20 mg, yield 70%) as a colourless oil. I R  vmax (CHC13): 3550 (OH). 'H-NMR: S 1.32 (6H,d,J=6 

Hz.CMe2). 3.78 (3H,s,Og), 4.47 (lH,m,Cye ), 6.60 and 6.66 (2H,2 s,H-l and H-4), 6.65 (1H,d,J=3 
2 

Hz,H-13), 6.80 (lH,dd,J=3 and 8 Hz,H-11). 7.04 (1H,d,J=8 H2.H-10). MS mlr (rel.int.): 327(100),312, 

285,284,256,255,243,225. ' 

5,6,8,9-Tetrahydro-2-isopropoxy-lZ-methoxy-7H-dibenr[d,f]aionin-l-o1 19. A similar reaction of the 

amide (30 mg) with in sit" prepared diborane afforded compound 9 as an amorphous solid (21 mg, 

yield 73%). IR  v,,, (CHC13): 3540 cm-' (OH). 'H-NMR: 6 1.37 (6H.d.J-6 He.CMe2), 3.77 (3H,s,OE), 

4.52 (1H,m,CEe2), 6.61 (lH.d,J=lO Hz,H-3 or H-4), 6.68 (lH,d,J=3 Hr,H-13), 6.70 (lH,d,J=lO H2.H-3 

or H-4). 6.83 (lH,dd,J=3 and 8 Hz,H-11). 7.09 (1H,d,J=8 H2.H-10). MS d z  (rel.int.): 327(100),312, 



285,284,256.255.243.225. 

5,6,8,9-Tetrahydro-3.12-dimethoxy-7H-dibeni[d,f]aronin-2-01 20. A similar reaction of the amide 11 
(200 mg) with in sit" prepared diborane gave product 20 (135 mg, yield 71%). M.p. 198'~ (from MeOH). 

I R  vmaX (CHC13): 3550 cm-' (OH). 'H-NMR: 6 3.78 (JH.s,OE), 3.90 (3H,s,OE), 6.65 (1H,d,J=3 Hz, 

H-13), 6.66 and 6.69 (2H.2 s,H-1 and H-4). 6.84 (1H,dd,J=3 and 9 Hz,H-111, 7.08 (1H,d,J=9 Hz,H-10). 

5,6,8,9-Tetrahydra-3,12-dimethoxy-7-methyl-dibenz[d,f]azmin-2-ol 2. A 37% aq. HCHO solution 

(0.15 ml) was added to a solution of compound (150 mg) in MeOH (40 ml) and the mixture was 

stirred at room temp. for 0.5 h. The mixture was cooled to 5 - loOc, and NaBH (150 mg) was added in 4 
small portions during 10 mi". After continued stirring for 30 mi". at room temp., the mixture w a s  

evaporated to dryness, and dissolved in CHC13. The CHCl extract was washed with H20, dried 3 
(Na SO ), and evaporated, to give 3 (150 mg, yield 96%). Colourless needles. M.p. 197'~ (from 2 4 
Me CO). The elemental analysis was in excellent agreement with ClgHZ3N03. IR vmax (CHC13): 3540 

cm" (OH). 'H-NMR: 6 2.33 (3H,s,NE), 2.3 - 2.8 (8H.m.4 W2), 3.78 (3H, s ,OMe), 3.92 (3H,s,OMe), 

4.90 (1H.br ?-,OH), - 6.68 (lH,d,J=2.7 Hz,H-131, 6.71 and 6.73 (2H,2 s,H-1 and H-4), 6.84 (lH,dd,J=2.7 

and 8.4 Hz,H-111, 7.11 (1H,d,J=8.4 Hz,H-10). GC/MS m/z (rel.int.): 314(22).313(100),257(35), 

256(73), 255(74) .225(26) ,ZZS(lZ) .l95(ll). The A6 (ON) observed was 0.143 (See Table I). 

Synthesis of 5,6.8,9-tetrahydro-3,lO-dimethoxy-7-methyl-dibenr[d,f]aronin-2-ol 4. The starting 

materials for the preparation of the substrate for the photolytic ring closure reaction, ultimately 

leading to compound 4, were 3-hydroxy-4-isopropoxybenzaldehydel' and 2-bromo-6-methoxyphenylacetic 

acid'. 

4-Isopropov-3-tosyloxybenraldehyde 1. 3-~ydrox~-4-iso~ro~ox~benzaldeh~de" was stirred with 

tosyl chloride (1 equivalent) in pyridine for 18 h. The solvent was removed in vacuo, and the 

residue was divided between H20 and CHC13. The CHCl extract was washed with H20, 3N HC1, and H 0 3 2 '  
After drying aver &SO4, the CHCl was evaporated, giving compound 2 in 98% yield. M.p. 98'~ 3 
(from Et20). 'H-NMR: 6 1.23 (6H.d.J.6 He,- ), 2.46 (3H,s,ArMe), 4.54 (1H,m,J=6 Hz,Ce2), 6.96, -2 
7.73 and 7.76 (3H,A8C-pattern,J2,6=2 Hz,J -8 Hz,H-5, H-2 and H-6, respectively), 7.32 and 7.79 

5,6 
(4H.2 d,J=8.7 Hz,tasyl-H), 9.87 (lH,s.CE). GC/MS m/i (rel.int.): 334(3).292(16).157(5),156(9), 

155(100).138(3),137(13),109(5).92(10),91(87),81(4). 

4-1~0pr0p0~y-3-to~yloxybenzylalcohol 22. LiAlH (0.8 g) was added to ice-cold pyridine (50 ml) 4 
in a nitrogen atmosphere, and stirred at room temp. for 24 h. Cbmpound 21 (5.3 g) was coaled at 

O'C, and stirred, while the yellow solution of lithium tetrakis(~-dihydropyridy1)al~minate'~~" ~n ' 

a nitrogen atmosphere was filtered and added. Stirring was continued for 2 days. MeOH (2 ml) was 

added, changing the colour of the solutim from light-orange into yellowish. The reaction mixture 

was poured on ice (400 g) and c o x .  HC1 (100 ml). The ice-cold solution was extracted with CHCl 
3 

(5x200 ml). The extract was washed with 2.5 N HC1 (150 ml), dried (MgSO 1 and concentrated in 4 
vacuo. The crude products were chromatographed on A1 0 (activity 1111, using CHC13, saturated 

2 3 
with H20 The yield of 22 was 50%. Oil. 'H-NMR: 6 1.11 (6H,d,J=6 Hz,CMe ), 1.90 (1H.b~ ?,,OH), 2.42 -2 - 
(3H.s.ArMe). - 4.38 (lH,m,J=6 Hz,CF2), 4.57 (~H,S,A~C!~OH), 6.82, 7.18 and 7.24 (3H,ABC-pattern. 

J2,6=2.4 Hi,J =8.4 Hz,H-5,H-6 and H-2,respectively). 7.29 and 7.78 (4H,2 d,J=8.4 Hz,tosyl-E). 
5.6 

E / M S  m/z (rel.int.): 336(15).294(30).155(50),139(36),123(14) ,122(100).111(73).93(59) ,92(15), 

91 (83). 

4-Iropropoxy-3-tosylonybenryl chloride 2. Compound 22 in dry Et 0, containing a catalytic amount 2 
of pyridine, was treated with SOCl in dry Et 0, and stirred at room temp. for 20 mi". The 

2 2 
solution was washed with H20 and diluted aq. NH3, dried (MgS04), and evaporated. Yield 83%. M.p. 

71'~. 'H-NMR: 6 1.14 (6H,d,J=6 HZ,C~&~), 2.44 (3H,s,ArE), 4.41 (1H,m,J=6 Hz,Cp2), 4.50 (2H.s. 

ArCl12C11, 6.82, 7.20 and 7.25 (3H.ABC-pattern,J =2.1 H z , J ~ , ~ = ~ . ~  Hz,H-5.H-6 and H-Z,respectively), 
2.6 
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7.30 and 7.78 (4H,2 d,J=8.4 Hz,tosyl-H). GCIMS mlr (rel.int.): 356(4),354(12),314(11),313(5).312 

(22),277(7),159(16),158(5),157(54),156(11),155(100),123(18),122(77).94(7).93(7),92(11),91(86) . 
4-Isopropoxy-3-tosyloxybenzylcyanide 24. Compound z w a s  stirred with KCN (1.25 eq.) in DMSO at 

room temp. for 18 h. The reaction mixture was poured into H20. and extracted with Et 0. The Et 0 2 2 
extracts were washed with brine, dried (MgS04), and concentrated in vacuo. The yield of compound 24 
was 95%. M.p. 97'~ (from MeOH). 'H-NMR: 6 1.13 (6H,d,J=6 Hz,CMe2), 2.43 (3H,s,ArE], 3.65 (2H,s, 

ArCH CN), 4.39 (lH,m,J=6 Hz,CHMe2), 6.84, 7.13 and 7.25 (3H,ABC-pattern,J ~9.3 Hz,the J being -2 5.6 2,6 
obscured by the tosyl res0nance.H-5.H-2 and H-6,respectiuely). 7.31 and 7.79 (4H.2 d,J=8.4 Hz, 

tosyl-H). GCIMS m / i  (rel.int.): 345(5),303(17) ,l57(5l,l56(9),lS5(lOO) ,l49(5) ,148(18).92(10) ,9l(65). 

4-Isopropoxy-3-tosyloxyphenethylamine 2. Reduction of =with in sit" prepared diborane gave a 

quantitative yield of 5. Oil. 'H-NMR: 6 1.10 (6H,d,J=6 Hz.CE2). 2.42 (3H,s,ArMe), 2.4 - 3.1 (4H,m, 
2 CH ), 3.33 (2H,br s,NH I, 4.33 (lH,m,J=6 Hz,CFMe21, 6.7 - 7.4 (5H.m,ArH), 7.77 (ZH,d,J=8 Hz, 

-2 2 
tosyl-5). GC/ffi mlz (rel.int.): 549(3),320(15) ,279(5) ,278(31),277(5),166(4).156(4] ,l55(3O) ,l24(19), 

123(100),122(8),94(4),92(7),91(35). 

N-(4-Isopropoxy-3-tosyl~xyphenethyl)-Z-(Z-bromo-6-methoxflhenyllacetamide 2. Heating compound 25 
with 2-bromo-6-methaxyphenylacetic acid' in decaline in the usual way gave product 26 in 75% yield. 
The yield, corrected for recovered acid, was 100%. Oil. 'H-NMR: 6 1.10 (6H,d,J=6 Hz.CVe2), 2.41 

(3H,s,ArE), 2.62 (ZH,t,J=7 Hz,ArCH CH N), 3.36 (ZH,double t,J=6 and 7 Hr,ArCH2Cb&NH), 3.78 (5H,s, 
-2 2 

OMe+ - ArCH CO), 4.32 (1H,m,J=6 Hz,CI$e2), 5.66 (lH,t.J=6 Hz.NH), 6.6- 7.8 (lOH,m,ArH). 
-2 

N-(3-Hydrony-4-isapropoxrphenethyl)-2-(2-broma-6-methoxyphenyl)acetamide 2. Detosylation of 
compound 2 using KOH in DMF- MeOH gave product 2 in 100% yield. Yellow oil. 'H-NMR: 6 1.31 (6H.d. 
5.6 Hz.CMe2), 2.61 (2H,t,J=7 Hz,ArCii2CH2N), 3.40 (ZH,double t.J.6 and 7 HI,A~CH~C~~NH), 3.75 (3H,s, 

OE), 3.78 (2H,5,ArC~2CO), 4.49 (lH,m,J=6 Hz,C@e2, 5.72 (1H,t,J=6 Hz,NH), 6.31 (lH,s,OH), 6.4 - 

7.2 (6H,m,ArH). GCIMS in/= (rel.int.): 423(2),421(2).246(3),244(3) ,201(15) ,199(15),179(10),178(60), 

176(7).171(4).169(4).150(3),137(16),136(100). 

Photolysis of compound 2. Compound 2 (500 mg) in MeOH (250 ml), containing NaOH (400 mg) was 

irradiated for 45 m m  using a 125W high-pressure mercury lamp (Philips HPLN 57236 €174, from which 

the outer bulb was removed) in a quartz imersion apparatus, while a stream of nitrogen was passed 

through the solution. The solvent was removed in vacuo, and the residue was dissolved in H20. 

whereupon Et 0 extraction was performed. The aq. phase war neutralised using conc. HC1, and 2 
extracted with CHC13. The extract was washed with H 0, dried (MgS04), and evaporated. The crude 

2 
products from 5.13 g - 78 were separated on a Si-gel column, eluted with CHC13. First a mixture of 

compounds 88 and (1.42 g) was eluted, and then compound (1.51 g, yield 37%). The mixture af 

88 and 108 was separated on Si-gel, with toluene-EtOAc (3:l). First product 108 (0.56 g, yield - 
14%) was eluted, and then product 88 (0.84 g, yield 21%)). (See Scheme 1). 

5,6,8,9-Tetrahydro-l-hydroxy-2-isopropaxy-lO-methoxy-7H-dibenr[d.f]aionin-8-one 88. M.p. 161'~. 

'H-NMR: 6 1.32 and 1.34 (6H.2 d,J=6 Hz,Chk2), 2.48 (2H,m), 3.06, 3.55 and 4.5 (3H, broad bands), 

3.06 and 4.18 (2H.AB-pattern,J=17 Hz,ArCH CO), 3.85 (SH,s,OMe), 4.54 (1H,m,J=6 Hz,Cpe2), 5.69 (lH, -2 
s,OH), 6.6- 7.0 (4H,m,ArH), 7.2- 7.45 (lH,m,H-12). In the pattern, obtained for the aromatic - 
protons, the AB-pattern for H-3 and H-4 (6 6.68 and 6.86,5=8.5 Hz) was well recognisable. GC/MS mlr 

(rel.int.): 342(22),341(72).299(42),270(50).254(11),243(34).242(100).241(14),227(14).225(11),223 

(l5),152(12). 

5,6,8, 9-Tetrahydro-3-hydroxy-2-isopropoxy-lO-rnethoxy-7H-dibeni [d,f]azanin-8-one z. M.p. 171'~. 
'H-NMR: 6 1.30 and 1.32 (6H,2 d,J-6 Hz,CMe2), 2.50 (2H,m), 3.13, 3.6 and 4.45 (3H,broad bands), 

3.16 and 4.19 (ZH,AB-pattern,J=16.5 Hr,ArCE2CO), 3.89 (3H,s,OE), 4.46 (1H,m,J=6 Hz,CgMe2), 6.20 

(lH,br s,shifting upon dilution,OH), 6.50 (1H.s.H-4). 6.74 (lH,s,H-11, 6.7- 7.0 (ZH.m,H-11 +H-131, 



7.15- 7.4 (IH,~,H-I~). The pattern, obtained for the aromatic protons, was practically superirnpos- 

able on the one obtained for 5,6,8,9-tetrahydm-2,l0-dimethoxy-3-hydroxy-7H-dibenz[d,f]armin- 

8-oneL. GCIMS m / r  (rel.int.): 342(22),341(76).300(10),299(51),271(14),270(72),243(32),242(100) ,241 

(32),227(12),225(13),211(11). 

N-(3-~~drax~-4-isopropo~~henethyl)-2-(2-methoxyphenyl)acetamide E. Slightly yellowish oil. 
'H-NMR: 6 1.34 (6H,d,J=6 Hz,CMe 1, 2.58 (2H,t,J=7 Hz,ArCH CH N), 3.40 (2H.double t,J=6 and 7 Hz, -2 -2 2 
ArCH CH NH), 3.52 (2H,s,ArCE2CO), 3.74 (3H,s,OE), 4.50 (1H,m,J=6 Hz,Cfie21, 5.82 (lH,br t,J=6 Hz, 2 -2 
NH), - 6.0 (lH,br s,OH), 6.35- 7.4 (7H,m,Arg. GC/MS m/r (rel.int.): 343(9),179(8).178(52),166(6), 

137(13),136(100),123(15),121(42),91(22). 

5,6,8,9-Tetrahydro-3,lO-dimethoxy-2-isopmpoxy-7H~dibenr[d,flazonin-8-me c. Compound E w a s  

treated with MeI, as in the synthesis of 6, giving a quantitative yield of 27 (foam). 'H-NMR: 6 - 
1.28 and 1.30 (6H,2 d,J-6 Hz,Cb!e21, 2.53 (2H,m), 3.13 (lH,broad band), 3.63 (lH,broad band), 3,11 

and 4.18 (ZH,AB-pattern,J=17 Hz,ArCH CO), 3.87 (6H.2 s,separated by only 0.85 Hz,> OE), 4.4 (IH, -2 
broad band), 4.43 (1H,m,J=6 Hz,CF2), 6.53 (lH,s,H-4), 6.68 (1H.s.H-I), 6.77 (lH,dd,J=1.4 and 7.4 

Hz, H-11 or H-13). 6.92 (lH,dd,J=1.4 and 8.3 Hz,H-11 or H-13), 7.27 (lH.ddJz7.4 and 8.3 Hz,H-12). 

GCIMS m/z (rel.int.): 356(25),355(lOO),3l3(32),285(l9).284(93).257(3l) ,256(88),255(32).254(l5), 

24l(38),225(l7),l8l(ll),l65(lO) ,152(11). 

5,6,8,9-~etrah~dro-3,10-dimethoxy-2-hydr0xy-7~-dibenz[d,f]aranin-8-one Zg. Compound (615 mg) 

wa5 treated with HBvin HOAc, as in the synthesis of s, giving Zgin 93% yield (506 mg). Semi- 

solid oil. 'H-NMR: S 2.51 (ZH,m), 3.12, 3.56 and 4.4 (3H,broad bands), 3.14 and 4.18 (2H,AB- 

pattem,J=17 HZ,A~C~~CO], 3.87 (3H,s,OE), 3.89 (3H,s,OMe), 5.7 (lH,broadl, 6.55 and 6.63 (2H.2 s ,  

H-1 and H-4), 6.74 (lH,dd,J=l.4 and 7.4 H1.H-11 or H-13), 6.90 (lH,dd,J=l.4 and 8.4 Hz,H-11 or 

H-131, 7.24 (1H.m.H-12). GC/W m/z (rel.int.): 314(21),313(100),285(10).284(53),257(21).256(66), 

255(18).242(10),241(41),225(15). 

5,6,8,9-Tetrahydro-3,lO-dimethoxy-7H-dibenz[d,flazanin-Z-ol s. The reduction of compound % w a s  

performed in the way. described for the synthesis of 18. In the work-up, however, addition of aq. 
NH3 produced an intense violet colour, and the crude product showed only broadened resonances in 

'H-NMR. Purification was attained by A1 0 chromatography [activity 111, CHCl - MeOH- H 0 (93:5:2)] 2 3 3 2 
followed by crystallisation from MeOH. Yield 52%. M.p. 214'~. 'H-hW4 (CDC13- CD30D/4:1): 6 1.8- 3.1 

(9H,m), 3.86 (3H,s,OMe), 3.92 (3H.s.OM3, 6.68 and 6.70 (2H.2 s,H-1 and H-4), 6.75 (lH,dd,J=l.Z and 

7.5 Hz,H-11 or H-131, 6.87 (lH,dd,J=l.Z and 8.4 Hz,H-11 or H-131, 7.21 (IH,dd,J=7.5 and 8.4 Hz, 

H-12). GC/W mlz (rel.int.): 3OO(23l,299(lOO),269(ll),268(29),257(28),256(4O) .255(28) ,226(12),225 

(46).197(15). 

5,6,8,9-Tetrahydro-3,lO-dimethoxy-7-methyl-dibenr[d,r^]aionin-2-o1 4. Reductive N-methylation of 

product 2 was performed in the usual way. Yield 100%. M.p. 197'C. 'H-NMR: 6 2.31 (3H,s,Nb&), 2.0- 

3.1 (9H.m). 3.84 (SH,s.OE), 3.91 (3H,s,O%), 6.73 (ZH,s,H-1 and H-4). 6.76 (1H,dd,J=1.2 and 7.5 

Hz, H-11 or H-13), 6.84 (lH,dd,J=l.Z and 8.1 Hz,H-11 or H-13). 7.19 (lH,dd,J=7.5 and 8.1 Hz,H-12). 

The AS (OM) observed was 0.075 (See Table 1). GCIW mlr (rel.int.): 314(24).313(100).298(19), 

282(321,257(2~).256(66) ,255(66) ,241(13) ,225(23).223(14) .195(11) ,71(27). 

Synthesis of compound 5. The synthesis of the substrate for the photalytic construction of model 
compound started with 2-bromo-4-isopropoxy-5-metho~ybenraldehyd'~ and 3-tosyloxyphenethylamineL. 

2-Bromo-4-isopropoxy-5-methoxybenrylalcohl 50. Reduction of 2-bromo-4-isopropoxy-5-methoxy- 

benraldehyde'* with NaBH4 in EtOH gave compound 30 in 98% yield. M.p. 45'~. 'H-NMR: S 1.35 (6H,d, 
J=6 Hz.Ch&21, 2.16 (lH,s,OH_), 3.84 (3H,s,OMe), 4.49 (1H,m,J=6 Hz,Cfie2), 4.67 (2H,s,ArCK20H), 7.01 

and 7.04 (2H,Z 5,ArE). GCIW m/z (rel.int.): 276(33),274(35),234(94).233(18).232(lOO),23l(ll), 

217(~5)~215(14).153(391,152(11).125(33),124(341,110(36).109(12).94(10),93(75). 
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2-Bromo-4-isopropoxy-5-methaxybenryl chloride 31. In a procedure, analogous to the synthesis of 

23, compound 30 was converted into product 31 in 97% yield. M.p. 72'~. 'H-NMR: 6 1.34 (6H,d,J=6 Hz, - 
Ch!e2), 3.85 (3H,s,Ot3), 4.50 (1H.m.J=6 Hz,Cy2), 4.65 (2H,5,ArCl12C1). 6.96 and 7.05 (2H.2 s,H-3 

and H-6). GCIMS d r  (rel.int.): 296(4),294(16) .292(l2).254(lO).253(4),252(39).2Sl(4).25O(3O), 

218(l0),217(94),216(10)218(lo),z17(94),216(1o).215o,2O2(3).215(100),202(3).185(3). 

2-Bromo-4-isopropoxy-5-methoxybenlylcyanide 32. Treatment of compound =with KCN in DMSO, as in 

the synthesis of 2, gave 52 in 95% yield. M.p. 58'~. 'H-NW.: 6 1.34 (6H,d,J=6 Hz.CMe2), 3.76 (2H, 

s.ArCN2CN), 3.86 (3H15,f3&), 4.50 (1H.mlJ=6 Hz,CW2), 6.98 and 7.07 (ZH.2 s,H-3 and H-6). GC/m 

m i z  (rel.int.): 285(17).283(17).244(11),243(100),242(13),241(99),228(29).226(30).162(25),119(11). 

2-Bramo-4-isopropoxy-5-methoxyphenylacefi acid 33. Compound 2 (0.4 mole), ethylene glycol (500 

ml). and KOH (100 g) in H20 (150 ml) were refluxed for 2 h. The reaction mixture was poured into 

H 0 (2 1) and extracted with EtOAc (3x300 ml). The aq. phase was acidified using 6N HC1, and 2 
extracted with CHCI3 (4x500 ml). The extracts were dried (MgS04), and the solvent removed in vacuo. 

Yield 86%. M.p. 118'~. 'H-NMR: S 1.34 (6H,d,J=6 Hz.CMe2), 3.76 (2H,s,ArCF2CMH), 3.82 (3H,s,Os), 

4.48 (1H,m,J=6 Hz,Cple2), 6.80 and 7.06 (2H,2 s,H-3 and H-6), 9.6 (1H.br s,COOy)). GC/MS mlr (rel. 

int.): 304(31),302(31),262(69),260(7l) ,2l7(99).2l5(lOO).l82(ll).l8l(78),l37(ll). 

N-(3-Tosyloxyphenethyl)-2-(2-bromo-4-isopropoxy-5-methoxyphenyl)~ide 2. Heating 3-tosyloxy- 
phenethylarnine' and compound 13 in decaline gave product 34 in 841  yield. The yield, corrected for 

recovered acid, was 100%. Oil. 'H-NMR: 6 1.34 (6H,d,J=6 Hz.CE2), 2.43 (SH,s,ArE), 2.69 (ZH,t,J=7 

Hz,Ar€H CH N), 3.37 (2H.double tJ=6 and 7 Hz,ArCH CH NH), 3.57 (2H,s,ArCk&CO), 3.81 (3H,s,Os], 
-2 2 2 -2 

4.50 (1H,m,J=6 Hz,C&e2), 5.49 (lH,br t.J.6 Hz,NE)), 6.7- 7.8 (lOH,m,Arg). 

N-(3-Hydroxyphenethyl)-2-(2-bromo-4-isopropaxy-5-methoxyphenyl)acetmide E. The detasylation of 

compound - 34, performed analogous to the synthesis of compound 2, gave a quantitative yield of z. 
M.p. 144'~ (from MeOH). 'H-NMR: 6 1.33 (6H,d.J=6 He,Ch!e2), 2.67 (2H,t,J=7 Hz.ArCt12CH2N), 3.45 (ZH, 

double t,J=6 and 7 Hz,ArCH2Cyli), 3.59 (2H,s,ArCE2CO), 3.77 (3H,s.0~]. 4.46 (1H,m,J=6 Hz,CHMe2), 

5.73 (1H,t,J=6 Hz,NE), 6.5- 7.2 (6H,m,ArH + OH). GCIMS mli (rel.int.): 423(7),421(7),343(30), 

342(100).301(11),300(45),218(10),217(37).216(10),215(36),181[23).180(50).164(9).138(14),137(44), 

136(15),135(7). 

Photolysis of compound s. Substrate (5.0 g) was photolysed in 500 mg aliquots, in a manner 

similar to the one used in the phatolysis of compound E. Irradiation time 50 mi". The products 

were separated on Si-gel, using CHC13, followed by CHCl -Me CO mixtures, up to 1:l. First mixtures 3 2 
of compounds s a n d  (1.507 g) were eluted, and finally the product desired 9C (1.21 g, yield 
30%). The mlxtures of compounds and E w e r e  separated on a Si-gel column, eluted with toluene- 

EtOAc (4:l). This first yielded = (0.7 g, yield 17%), and then s (493 mg, yield 12%). (See 

Scheme 1). 

5 ,6 ,8 ,9 -Te trahydro -13 -hydroxy -2 - i s0pr0p~y-3 - thy -7H-d ib [d . f ]azon in -6 -one  s. M.p. 220'~ 
(from EtOAc). 'H-NMR: 6 1.33 (6H.d.J.6 Hz,CMe ) ,  2.2 - 4.0 (6H.br m,3 CK2), 3.92 (3H,s,OE)), 4.49 

-2 
(1H,m,J=6 Hz,Cgde2), 5.4 and 6.1 (ZH.2 br s,OH and N!), 6.75 (lH,s,H-I), 7.23 (lH,dd,J1O,ll= 

J11,12=7.8 Hz,H-11). 6.65- 7.0 (3H,m,all broad imresolved bands,ArH). GC/hB m/z (rel.int.): 342 

(l8),34l(8O).3OO(2l),299(lOO).27O(3l),242(35),227(25),2l1[l2) ,l8l(l3). 

5,6,8,9-Tetrahydro-ll-hydroxy-2-i~0pr0p0~y-3-methxy-7H-dibenz[d,f]aronin-6-one Z. M.p. 211°C 

(from MeOH). 'H-NMR (CDC13- CD30D/5:l): 6 1.34 (6H.2 d,separated by only 1.2 Hz,J=6 Hz.Ct4e2), 3.92 

(3H,s,OE), 4.51 (1H,m,J=6 Hz,CF2), 6.64, 6.76 and 7.06 (3H,ABC-pattern,J10,12=2.2 H Z , J ~ ~ , ~ ~ = ~ . ~  

Hz,H-1O.H-I2 and H-13,respectively), 6.74 (lH,s,H-I), 6.75 (lH,br s,OH), 7.23 (lH,br s,H-4). The 

methylene and NH resonances were not well resolved, S 2.1- 4.0 (7H). GCIMS m/z (rel.int.): 342 

~14),341(65),300(19),299[100),270(21),242(11),227(23),211l10). 



N-(3-Hydronyphenethyl)-2-(4-isopropony-3-rnethoxyphenyllacetamide x. M.p. 129'~. 'H-NMR: 6 1.34 

(6H,d,J=6 Hz,Ctk2), 2.56 (ZH.tJ.7 Hz,ArCE2CH2N), 3.44 (2H.double t,J=6 and 7 Hz,ArCH2CS2N~), 3.47 

(2H,s,ArCli2Co), 3.78 (3H,s,O&), 4.49 (lH,m,J=6 Hz,Cpe2), 5.55 (1H,t,J=6 Hz,NK), 6.45- 7.2 (7H,m, 

ATHI, 8.18 (lH,br s,OH). GCIMS m/r (re1.int.): 344(91,343(361,301(5) .182(10).181(63) .166(8) .164(7), - 
138(33),137(100),136(4),123~7),122(8),121(14)~~~O(1~)~~~7(10)~~4(5),91(~),77(8) . 
5,6,8,9-~et~ahydro-3,1l-dimethoxy-2-isopro~oxy-7H-dibenr[d,f]aronin-6-one 3. Compound (586 mg) 

was treated with MeI, as in the synthesis of 16. The yield of 35 was 607 mg (99%). M.p. 17l0c. 

'H-NMR: 6 1.33 (6H,d,J=6 Hz,CE2), 2.2- 4.0 (6H,br m,3 Cg2), 3.84 (3H,s,OE), 3.91 (3H,s,OE), 

4.48 (lH,m,J=6 Hz,C+ ) ,  6.1 (lH,br s,Ng), 6.71 (lH,s,H-11, 6.70 (lH,d,J=2.6 Hz,H-lo), 6.82 (IH, 2 
dd,J-2.6 and 8.4 Hz,H-12), 7.14 (lH,br d.Jz8.4 Hr,H-131, 7.25 (lH,br s,H-4). GCIMS m / z  (rel.int.): 

356(16).355(72),3l4(19) ,313(IOO),Z84(21).24l(23). 

5,6,8,9-Tetrahydro-3,ll-dimetho~y-2-hydroxy-7H-diben[d,f]azonin-6-one 56. Compound 35 was 

deisopropylated, as in the synthesis of x. The reaction time was 3h, in order to achieve cample- 
tion of the reaction. The products were separated in Si-gel chromatography, using CHCl - MeOH 3 
(99:l). The yield of 56 was 233 mg, while 501 mg 35 was used in this reaction. M.p. 241'~. 'H-NMR 

(DMSO-d6): 6 3.79 (6H,2 s,separated by only 1 H2.2 O&), 6.52 (lH,s,H-I), 6.78 (lH,d,J=2.4 Hz, 

H-10). 6.82 (lH,dd.J=2.4 and 7.5 Hz,H-12). 7.03 (lH,br d,J-7.5 Hz,H-13), 7.10 (lH,br s,H-4). 7.50 

(lH,br s,NH), 9.01 (lH,s,OK). GCIMS mlr (rel.int.): 314[20).313(100).284(12).256(6),255(5).242(6), 

241(261,225(8),197(6). 

5,6,8,9-Tetrahydro-3,1l-dimeth0~y-7H-dib[d,fJ0nin-2-1 37. Compound 36 (210 mg) was treated 
with diborane, as in the synthesis of 18. The yield of 37 was 185 mg (93%). M.p. 196'C. 'H-NMR 

(CDC1 -CD 0Dl3:l): 6 2.0- 3.2 (8H.rn.4 CH ), 3.86 (3H,s,O&), 3.93 (3H,s,O&), 6.65-6.9 (4H,rn, 3 3 -2 
Ar!), 7.0 - 7.15 (lH,m,ArH). GCIMS mlr (rel.int.): 3OO(2l).299(IOO),257(Zl).256(l4).255(l9) ,227(12), 

226(12),225(35),197(26). 

5,6,8,9-Tetrahydro-3,11-dimethoxy-7-methyl-dibenz[d.f]aronin-2-o1 5. Compound z w a s  Nmethylated, 

as in the synthesis of from 20, giving a 96% yield of compound i. M.p. 140'~. 'H-NKR: 6 2.30 (3H, 

s , N s ) ,  2.3-2.7 (8H.m,4 CC2), 3.7 (1H.b~ s,OH), 3.83 (3H,s,Oe)], 3.91 (3H,s,OE), 6.69 and 6.70 

(2H,2 s,H-1 and H-4). 6.74 (lH,d,J=2.6 Hz,H-lo), 6.74 (lH.ddJ.2.6 and 9 Hz,H-12). 7.04 (1H,d,J=9 

Hz,H-13). The AS (OMe) observed was 0.087. GCIMS mlz (rel.int.): 314(21),313(100),312(10).270(17), 

257(12),256(31),255(44),241(14),225(14). 

Synthesis of compound 6. Compound E w a s  converted into product 5 in four steps. 
5,6,8,9-Tetrahydro-3,13-dimeth0~y-2-is0pr0p0xy-7H-db[d,f]azonin-6-one 38. The methylation of 

8C (381 mg) was performed in the usual way, for 18 h at 60'~. Quantitative yield. M.p. 120°c, - 
resolidifying and remelting at ca. 170'~. 'H-NMR: 6 1.34 (6H,d,J=6 Hz,CMe2), 2.2- 4.0 (6H,broad 

bands, and a sharp 2H s at 6 3.34). 3.70 (3H,s,OE), 3.92 (3H,s,OE), 4.48 (1H,m,J=6 Hz,Cl$e2), 

5.8 (1H,uery broad s,NC), 6.71 (lH,s,H-I), 6.82 and 6.85 (2H,2 br d,estimated J's 8.4 and 7.5 Hz, 

H-12 and H-lo), 7.19 (lH,br s,H-41, 7.33 (lH,rn,H-11). GCIMS mli (rel.int.): 356(18).355(79),314 

(19),313(100),284(22),256(26),241(18). 

5,6,8,9-Tetrahydro-3,13-dimethaxy-2-hydroxy-7H-dibenr[d,f]azonin-6-one 2. Compound 38 was 

deisopropylated in the usual way. Yield 84% (278 mg). Crystallisation from MeOH afforded 173 mg 

pure 39. M.p. 233'~. 'H-NMR: 6 3.70 and 3.94 (6H,2 s.2 OMe), 6.73 (lH,s,H-I), 6.7 - 7.0 (2H.m.H-10 

and H-12), 7.2 (1H.br s.H-4). 7.31 (lH,'tT.H-11). GCIMS mlr (rel.int.): 314(19),313(100).284(11), 

256[18),241(19),225(7). 

5,6,8.9-Tetrahydro-3.13-dimethoxy-7H-dibenz[d,f]aranin-2-o1 40. Compound 2 was reduced in the 

usual manner. Yield 100%. M.p. 181'~. 'H-NMR: 6 2.0- 3.2 (8H,m), 3.72 (3H,s,OE), 3.91 (M,s,O&), 

3.8 (ZH,br s,N~+O~), 6.65- 6.9 (4H,m,ArK), 7.29 (1H,'t9,H-11). GCIMS m/z (rel.int.): 300(20),299 
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(100) ,268(l4),257(2O),256(l3),255(l8).Z3~(l4).227(l2j ,226(19),225(44] ,l97(ll). 

5,6,8,9-Tetrahydro-3,13-dimethoxy-7-methyl-dibenz[d,f]azanin-2-o1 6. Reductive N-methylation of 

the secondary mine 40 afforded a quantitative y~eld of product 6. M.p. 121'~. 'H-NMR: S 2.28 (3H, 

s,NMe), - 2.3 - 2.7 (8H,rn,4 CkL2), 3.70 (3H,s,O&], 3.91 (3H,s,OMe), 4.8 (lH,br s,Oc], 6.69 and 6.73 

(2H.2 s,H-1 and H-41, 6.80 and 6.83 (2H,2 dd.J.1.2 and 8 H2.H-10 and H-12). 7.25 (lH,dd,J=J=S Hz, 

14-11). GC/MS m/z (rel.int.): 3l4(22) ,313(100),312[121.282(19) ,27O(l6),257(ll) ,256(33),255(29), 

241(12),239(17),225(19),71(12). 

GC data (relative retention times): I, a 0.68, b 0.80; 1, a 0.70, b 0.82; 3, a 0.75, b 0.91; - 
4, a 0.68, b 0.82; 5, a 0.76, b 0.91; 6, a 0.59, b 0.70; Isolated mixture of natural alkaloids i t  - - 
2, a 0.69 [broad), b 0.80 (sharp); Mixture of l+j, a 0.68 and 0.75, b 0.80 and 0.91; Mixture of - - 
I+%, a 0.68 (sharp), b 0.80- 0.82 (broad); Mixture of i+i, a 0.68 and 0.76, b 0.80 and 0.91. - 

TLC data (Rf values): 1, a 0.83, b 0.17, c 0.10; 2, a 0.83, b 0.17, c 0.10; 3, a 0.60, b 0.17. 
c 0.03; 4, a 0.60, b 0.11, c 0.03; 5, a 0.61, b 0.14, c 0.03; 6, a 0.66, b 0.17, c 0.03. 

ACKNOWLEDGEMENTS 

Thanks are due to Or.H.J.W.Spronck, &.C.Versluis and &.A.V.E.George for recording GC/MS and 

'H-NNQ spectra, to Dr.J.Boersma and Mrs.H.J.Alberts-Jansen for performing an experiment with 

respect to the reduction of compound z, and to Dr.A.J.de Koning, Prof.Dr.H.J.T.Bos and Prof.Dr. 
G.J.M.van der Kerk for d~scussions. This work is part of the thesis by H.G.Theuns (in preparation). 

REFERENCES 

1 H.G.Theuns, H.B.M.Lenting, C.A.Salemink, H.Tanaka, M.Shibata, K.Ito and R.J.J.Ch.Lausberg, 

Phytochemistry, 1984, a, 1157 
2 D.H.R.Barton, Pure Appl.Chem., 1964, 2, 35 
3 R.H.F.Manske, The Alkaloids, Chemistry and Physiology, Volumes 1 -  20 (Academic Press, 

New York) 

4 H.Meshulam and D.Lavie, Phytochemistry, 1980, & 2633 
5 K.Ito, H.Furukawa and H.Tanaka, Chem.Pharm.8~11.. 1971, a, 1509 
6 K.Ito and H.Tanaka, Chem.Pharm.Bull., 1974, a, 2108 
7 K.Ito, H.Tanakb and M.Shibata, Heterocycles, 1978, x, 485 
8 H.Pande and D.S.Bhakuni, J.Chem.Soc., Perkin Trans. 1, 1976, 2197 

9 H.Uprety and D.S.Bhakunl, Tetrahedron Lett., 1975, 1201 

10 B.Hegedas, Helv.Chim.Acta, 1963, @,, 2604 

11 U.Beke and Cs.Siantay, Acta Chim.Acad.Sci.Hung., 1958, a, 325 
12 P.T.Lansbury and J.O.Peterson, J.Amer.Chem.Soc., 1961, &, 3537 
13 P.T.Lansbury and J.O.Peterson, J.Amer.Chem.Soc.. 1963, &, 2236 
14 F.R.Stemitz, J.P.Gillespie, L.G.Amoros, R.Romero, T.A.Stermitz, K.A.Larsan, S.Earl and 

J.E.Ogg, J.Med.Chem., 1975, &at&, 708 

Received, 20th January, 1984 


