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Abstrrt- An indisputable benzyne reaction of 1-(5-bromo-2,4-dimethoxybenzy1)-1,2.3.4-tetrahydro-7- 

hydroxy-6-methoxy-2-methylisoquinoline (I) with NaNH, in liquid NH, afforded I-hydroxy-2.8.10- 

trimethoxy&methylaporphine (4) and 5,6,12,12a-tetrahydro-2-bydroxy-3.9,l I-trimethoxy-7-methyldi- 

benzo[b_g]indolizinium salt (6). 

RECENTLY. Kessati and Kametani’ reported independently the synthesis of the 
phenolic aporphine (domesticine) (5) by treatment of the phenolic 2’-bromoiso- 
quinoline (2) with NaNH, in liquid NH,, and proposed the benzyne mechanism for 
this type of reaction without positive evidence. On the other hand, the formation of 
phenolic dibenzoindolizinium ion by the benzyne reaction of phenolic bromoiso- 
quinoline is unknown. Gibson* reported the formation of an unidentified product 
from the bromoisoquinoline (3) by this type of reaction, in which the dibenzoindolizi- 
nium ion (7) was presumed as a possible intermediate. 

SCHEUE I 

R, R, R, R, R, X, X, 
1 OH OMe OMe H OMe Br H 
2 OH OMe OCH,O H H Br 
3 OCH20 OMc H H Br H 

RI R, R, 
4 OMe H OMe 
5 OCH,O H 

R, RI R, R. 
6 OH OMe OMc OMc 
7 OCH,O H OMc 
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We investigated the reaction of the phenolic 5’-bromoisoquinoline (1) with NaNH, 
in order to prove the formation of phenolic aporphine by the benzyne reaction, and 
also confirmed the formation of phenolic dibenzoindolizinium ion in this reaction. 

The phenolic 5’-bromoisoquinoline (1) was synthesised as follows. The reaction 
of the amine (8) with the diazoketone’ (9) afforded the amide (lo), the cyclization of 
which with POCI, gave the corresponding 3.4dihydroisoquinoline (11). Treatment 
of 11 with MeI, followed by the reduction of the methiodide (12), afforded the tetra- 
hydroisoquinoline (13). Debenzylation of 13 gave the phenolic bromoisoquinoline (1). 

SCHEL~E 2 
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The benzyne reaction of the phenolic bromoisoquinoline (1) with NaNH, in liquid 
NH, was carried out. The crude products obtained by the usual work-up were 
chromatographed on silica gel to give two products together with the other unidenti- 
fied materials. 

The first compound, m.p. 146148”, showed the molecular formula Cz0Hz3N04 
by microanalysis and mass spectrum (m/e 341) The UV spectrum indicated this 
product to be an aporphine (A,, 270, 277 and 304 nm),6 which was also supported 
by mass spectrum showing a typical aporphine type fragmentation pattern’ at m/e 
340 (M-l), 339, 326, 310 and 298. The NMR (r) (CDCI,) spectrum revealed the 
expected four Me resonances at 744, 618 (6H) and 6.15, and the signals for three 
aromatic protons at 360 (d, J 2.5 Hz), 3.47 (s) and 240 (d, J 2.5 Hz).’ These data 
indicated the first compound to be I-hydroxy-2,8.10-trimethoxy&methylaporphine 
(4). 

The microanalysis of the corresponding iodide (14), m.p. 157-159”. derived from the 
second compound, showed the molecular formula C2,H,,0,NI. The UV spectrum 
showed the benzylisoquinoline system at 283 nm and the NMR (r) (CDCI,) spectrum 
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of the second compound revealed four Me resonances at6*17,614 (6H) and 604, one 
of which was considered to be a NMe resonance shifted to downfield and it was 
confirmed by the fact that the resonance was observed at 6.45 in CFJOOH-CDCI,. 
Moreover, four aromatic protons were observed at 350 (d, J 2.5 Hz), 3.27 (s), 3G8 (s) 
and 256 (d, J 2.5 Hz). The mass spectrum of 6 showed a typical fragmentation 
pattern’.” of dibenzoindolizinium ion at m/e 327 (M-CH,X), 326 and 325. These 
data suggested the second compound to be 6. 

ScHEME 3 

6 - 

l4 15 

Furthermore, the suggested structure (6) was proved as follows. Methylation of 14 
with diazomethane gave the tetramethoxydibenzoindolizinium ion (15) as needles, m.p. 
193-197”, which was identical with the authentic sample given by an alternative 
synthesis in IR spectral comparisons. The authentic sample (15) was synthesised by 
the following route. Treatment of the amine (16) with diazoketone’ (9) afforded the 
amide (17), the cyclization of which with POCl, gave the corresponding 3,4-dihydro- 
isoquinoline (18). Reduction of 18 with NaBH, afforded the tetrahydroisoquinoline 
(19), which was treated with NaNH, in liquid NH, to give the expected indolizine (20) 
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in good yield, m.p. 162-164”. The methylation of 20 with Me1 gave the corresponding 
methiodide (15). 

Thus, we have succeeded in synthesising the phenolic aporphine (4) and the dibenzo- 
indolizinium salt (6) by the benzyne reaction. This fact is the first example that an 
aporphine and dibenzoindolizinium ion were synthesised by an undoubted benzyne 
reaction. 

EXPERIMENTAL 

IR spectra were measured with a Hitachi EPI-3 recording spectrophotometer, W spectra with a Hitachi 

EPS-3 recording spectrophotometer. and NMR spectra with a Hitachi R-20 spectrometer with tetra- 

methylsilane as an internal reference. Mass spectra were taken with a Hitachi RMU-7 spectrometer. 

N-(CBenryloxy-3-methoxyphencrhyl~5-brom~2,4-dimethoxyphenylaceramide (10). To a stirred mixture of 

8 (15.2 g) in dry dioxane (120 ml) and 9’ (14.1 g) in dry dioxane (300 ml) was added in small portions Ag,O 

(21.0 g) during 1 hr at 60-65” (bathj After the stirring had been continued for 2.5 hr at the same temp. the 

temperature was raised to about 95”. The mixture was filtered while hot and the filtrate was evaporated in 

I)OCUO. The resulting residue was chromatographed on silica gel (50 g) using CHCI, [fractions (lOOmI) 

I-12 monitored by IR]. Fractions 2- 12 were combined and evaporated to leave a red viscous oil (25 g) which 

was recrystallised from EtOH to give 10 (190 g) as yellow prisms m.p. 116-l 18”. (Found: C, 6092; H, 5.31; 

N, 299. C,,H,,BrNO, requires: C. 60.73; H, 5.49: N, 2.75x); IR cm-’ (CHCI,): 3350 (NH) and 1655 

(C=O); NMR T (CDCI,): 640 (3H, s, OMe), 6.38 (3H. s, OMe), 6.13 (3H, s, OMe), 490 (2H. s, OCH,Ph). 
7-Benzyloxy-l-(5-brom~2.4-dimethoxybenryl)-3.4-dihy (11). A mixture of 10 

(2.0 gj POCI, (2 ml) and dry benzene (30 ml) was reiluxed for 1 hr. then cooled. After being set aside for 

2 hr at about IO”. the ppt was collected by filtration and washed with n-hexane to afford a pale yellowish 

solid (1.7 gj which was recrystallised from EtOH to give 11 hydrochloride (1.5 g) as colourless prisms, m.p. 

223-225”. (Found: C, 58.62; H. 4.75; N, 2.77. C,,H,,BrNO,*HCl requires: C, 58.61; H. 5.1 I ; N. 2.63%); 

IR cm-’ (CHCI,): 1650( >C=A-j The free base from the above hydrochloride gave ll(1.1 g) as colour- 

less prisms m.p. 127-128” (from EtOHj (Found: C, 63.17; H, 5.29; N, 2.97. C,,H,,BrNO, requires: C. 

62.91; H. 5.28; N. 2.82 “/,j 

7-Bolzyloxy-l-(5-bromo-2,4-dimprhoxybenzyl)-3.4-dihydro-~me~hoxyisoquinoli~ methiodide (12) A 
mixture of the 3.4-dihydroisoquinoline [prepared from the above hydrochloride (95 g)], Me1 (45 ml). 

MeOH (45 ml) and CHCI, (37 ml) was refluxed for 2 hr. and then the mixture was sd aside overnight at 

room temp. The solvent was evaporated and the remaining residue was recrystallised from CHCI,-Et,0 

to give 12 (100 g) as pale yellowish needles. m.p. 244-245”. (Found: C, 5086; I-L 456; N. 2.26. 

Cz,H,,BrNO,*CHJ requires: C. 5@80; H. 458; N. 2.20%); IR cm-’ (KBr): 1630 (>C=k-). 
7-Benzyloxy- l-(5-bromo-2.4-dimerhoxybenryl~l,~3.4-te~r~ydr~~~hoxy-2-~~hylis~uinoli~ (13). 

To a stirred suspension of 12 (12.5 g) in MeOH (200 ml) was added NaBH, (12.5 g) in small portions during 

50 min at &5”. After the stirring had been continued for 2 hr at room temp, the solvent was evaporated and 

the resulting residue was diluted with H,O and extracted with CHCI,. The extract was washed with H,O, 

dried (Na,SO ,) and evaporated. The remaining viscous oil was recrystallised from EtOH to give 13 (7.6 g) 

as colourless needles. m.p. 122-123”. (Found: C, 63.59; H, 5.51; N, 2.84. C2,H,,,BrN0, requires: C 63.28; 

H, 5.90; N, 2.73%); NMR T (CDCI,); 7.54 (3H. s. NMe), 628 (3H. s, OMej 619 (3y s, OMe). 616 (3H. s, 
OMej 5.20 (2H s, OCfl,Phj 3.93. 3.60.3.45 (3H, each $ 3 x aromatic protons). 2.92 (lH, $ 6’ -Hj 2.73 
(5H. s. aromatic protons). 

I-(5-Bromo-2,4-dimerhoxybenzy~-l~,3,~~e~r~hydr~7-hydroxy-~me~~oxy-2-me~hy~~so~uinoli~(ljAm~- 
ture of 13(7.1 g), cone HCI (70 ml)and EtOH (70 ml) was reiluxed for 40 min. The solvent was evaporated, and 

the remaining residue was basified with 10% NH,OH and extracted with CHCI,. The extract was washed 

with H,O, dried (Na,SO,), and evaporated to give a pale brown solid (6.5 g), which was rectystallised from 

EtOH togive1(5~0g)ascolourlessneedles. m.p. 12% 13O”.(Found:C, 56-53; H. 586; N. 3.36.C*oH1,BrN0, 
requires: C 5688; H. 5.73; N. 3.32%); IR cm -’ (CHCI,): 3450 (OH); NMR I (CDCI,): 7.74 (3H s. NMe), 

6.30 (3H. s. OMej 6 16 (6H. s OMe), 3.63,3.47.3.34 (3H, each $3 x aromatic protons), 2.72 (1 H. $6’ -H). 

1.53 (1 H, broad s OH). 
&nzyne reacrion of I_(5~romo-2,4dimerhoxybenzyl)-1.2.3,4_leo- 

quitdine (1) 
The synthesis of I-hydroxp2,8.10-trimerhoxy&-melhylaporphiw (4) and 5,6,12,12a-letrohydro-2-hydroxy- 
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3.9.1 l-rrimethoxy-7-merhyldiben.zo[b.g]indoliziniw salt (6). To a stirred solution of NaNH, [prepared from 

Na (l-l g) in liquid NH, (200 ml)] was added a suspension of 1 (2.0 g) in dry dioxane (30 ml) and dry THF 

(30 ml). Stirring was continued for 3.5 hr. and the excess of NaNH, was then decomposed with crystalline 

NH,Cl(40 g) The mixture was dilutai with Hz0 and extracted with CHCI,. The extract was washed with 

H20, dried (K&O,) and evaporated to give a brown solid (1.5 gX which was chrornatographcd on silica 

gel (50 g) using CHCl, [fractions (50 ml) l-16 monitoral by IR and UV spectra]. MeOH-CHCI, (1:99) 

(fractions 17-30), MeOH-CHCI, (2:98) (fractions 31-33), and McOH-CHCl, (5:95) (fractions 34-49) as 

eluants. 

Fractions 24-25 were combined and evaporated to leave a brown solid (70 mg), which was recrystalliscd 

from EtOH-Et,0 to give 4 (4Omg) as pale greyish prisms m.p. 146-148”. (Found: C. 7022; H, 6.49; N. 

405. ClOHI,NO, requires: C. 7036; H. 679; N. 4.10%); IR cm-’ (CHCI,): 3450 (OH); AMmy (log t) (free 

base); 270 (4191277 (4.16) and 304 nm (3.88); NMR r (CDCI,): 744 (3H. s NMc). 618 (6H, s 2 x OMc). 

6.15 (3H, s, OMc), 3.60 (1H. d, J 2.5 HZ 9 -H), 3.47 (IH, S, 3 -H), 240 (lH, d, J 2.5 Hr. 11 -H)“. m/e 
341 (M’), 340, 339. 326. 324. 310,298.’ 

Fractions 424 gave the crude dibcnzoindolizinium ion (410 mg) as a brown solid. which was rccrystal- 

liscd from McOH-Et,0 to give 6 (320 mg) as a very hygroscopic pale brown solid; 1R cm-’ (CHCI,): 

3470 (OH); %‘&y: 283 nm; NMR 1 (CDCI,); 617.614 (6H). 604 (12H, each s, NMe, 3 x OMc). 467 (IH 

fJ 8 HI 12a-H), 3.SO(IH.d.J 2.5 Hz. lo-H),3.27(1H.s.aromatic proton). 3Gl(lH,s,aromatic proton). 

2.56 (lH, d, J 2.5 HI 8 -H); 7 (CF,COOH-CDCI,): 645 (3H, s. NMc), 605 (9H, s. 3 x OMc), 490 (1H. t. 

J 8 Hz. 12a-H), 3.3O(lH, d,J 2.5 HI 10 -H), 3.26(1H. d. I2.5 HI 8 -H), 3.18.3.13(2H, each $ aromatic 

protonsA m/e 327 (M-CH,X), 326 (M-CH,X-1). 325 (M-CH,X-2).‘. lo 
5,6,12,12a-Telrahydro-2-hydroxy-3,9.1 l-trimerhoxy-7+nerhylibenzo[bg]indolirin~ iodide (14). TO 6 

(80 mg) in hot Hz0 (3 ml) was addad a soln of K I (D5 g) in hot Hz0 (1 ml) The mixture was heated under 

rcllux overnight and then set aside for 10 hr at room temp. The crude iodide (68 mg) precipitated was 

collected by filtration and rccrystalliscd from MeOH to give 14 as pale yellowish nbtdlcs m.p. 157- 159”. 

(Found: C 5015; H 5.30; N, 2.79. C~oH,IIN0,~l/2H10 rquircs: C, 5022; H. 5.26; N. 2.93%); IR 

cm-’ (CHCI,) 3470 (OH). 

5,6,12,12a-Terrahydro-2,3,9,1 I-te~amelhoxy-7-merhyldibenzo[b.g]indolizinium iodide (15). Diazo- 

methane [prepared from ptolucnesulphonyl-N-methyl-N-nitrosoamidc (6 g) in the usual way] in Et,0 
(50 ml) was added to a solution of 14 (50 mg) in McOH (30 ml) and the mixture was set aside overnight at 

room temp. After the evaporation of the solvent. the resulting yellow oil was rccrystallised from McOH- 

Et,0 togive lS(17 mg)as pale yellow nccdks, m.p. 193-197”. which wassupcrimposabk upon the following 

authentic sample obtained by an alternative synthesis in IR spectral comparisons. 

N-(3.4-Dime~hoxyphenethy[)-5-bromo-2,4_ (17). To a stirred mixture of 3.4- 

dimcthoxyphcncthylamine (64 g) in dry dioxane (50 ml) and 9’ (96 g) in dry dioxanc (200 ml) was added 

in portions Ag20 (13.7 g) at 55+W (bath) within 1 hr. After the stirring had been continued for 2.5 hr at the 

same temp. the tcmp was raised to about 95”. The mixture was filtrated while hot. and the filtrate was 

evaporated in WCUO. The resulting residue was chrornatographcd on silica gel (50 g) using CHCI, [fractions 

(lOOmI) 1-6. monitored by IR]. Fractions 2-3 were combined and evaporated to leave a yellow solid 

(14.0 gL which was rccrystallisal from EtOH to give 17 (102 g) as yellow prisms, m.p. 142-143”. (Found: C, 

54.58; H. 5.49; N. 3.09. C,,H,,BrNO, requires: C. 5480; H, 5.52; N, 3.20%); IR cm-’ (CHCI,): 3350 

(NH) and 1655 (C==Q; NMR r (CDCI,): 6.27 (3H, s OMe), 617 (3H. s. OMe). 613 (3H. s, OMe). 6.07 
(3H. s, OMc). 

1_(5-Eromo-2,~imprhoxybenzy~3.4-dihydro-6.7-dime~~oxyi~oqui~~i~ (18). A mixture of 17 (100 g). 

POCI, (10 ml) and dry benzene (150 ml) was retluxcd for 1 hr and then cookd for 2 hr at about 10”. The 

ppt was tiltcrcd and washcd with n-hcxanz to afford a pale brown solid (8.0 g), which was rccrystalliscd from 

McOH-Et,0 to give 18 hydrochloride (65 g) as colourlcss prisms, m.p. 231-233”. (Found: C. 5059: H. 

5.16; N. 3.15. CloH,,BrNO,*HCl requires: C 5059; H. 5.31; N. 2.95%); IR cn-’ (CHCI,): 1650 

( > C=&--). The free base from the hydrochloride (5.2 g) gave 18 (48 g) as pale yellowish prisms, m.p. 

171-173” (from EtOH) (Found: C. 5693; H. 5.13; N. 3.50. CI,,H21BrN0. requires: C. 57.15; H. 5.28; N. 

3.33%); NMR T (CDCI,): 3.50. 3.4L 2.91, 2.58 (4H, each s, aromatic protons). 

1~5-Bromo-2,4dim~thoxybenzy~1,2,3.4-~e~rahydro-6,7d~r~xyisoquiM1(19).Toastirredsuspension 
of 18 hydrochloride (30 g) in McOH (90 ml) was addal in small portions NaBH, (60 g) under stirring during 

1 hr at O-5”. Aner the stirring hid been continual overnight at room temp and the mixture then rcfluxcd 
for 30 min. the solvent was evaporatai and the resulting residue was diluted with H1O. The mixture was 
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extracted with CHCI,. The extract was washed with H20, dried (Na,SOa and evaporated to alford 19 
(2.7 g) as a pale yellowish oil the oxalate of which was recrystallized from MeOH-Et,0 to give colourless 
needles, m.p. 217-219”. (Found: C 48.72; II, 5.06; N. 2.72. CI,H1,BrN0,.C,H,0,.1.5 H,O requires: C. 
4899; H, 442; N. 260%); NMR K (CDCl,) (free base): 610,615 (6H). 618 (IZH, e&h $4 x OMe), 5.77 
(1H broad s. 1 -H), 3.52 344, 3.38 (3H. each $ 3 x aromatic protons) 2.72 (lH, s, 6’ -H) 
Benzyne reactions o/ 1-(5-br~o-2.4-dimerhoxybenzy/~1.2,3,Ctetrahydro-6,7-dimethoxyisoquinoline (19) 

7he synthesis of 5,6,12,12a-tetrahydro-2,3,9,1 l-terrcuncthpxydibenzo[bg]indoline (20) To a stirred soln 
of NaNH, [prepared from Na (64 g) and liquid NH, (200 ml)] 19 (2.7 g) in dry THF (20 ml) was added. 
Stirring was continued for 2 hr and then the excess of NaNH, was decomposed with crystalline NH&l 
(16Og). Alter the solvent was evaporated, the residue was diluted with H,O and extracted with CHCl,. 
The extract was washed with H,O, dried (K,CO,), and evaporated to give a brown oil (3.3 g) which was 
chromatographed on silica gel (6Og) using CHCI, [fractions (50 ml) l-12 monitored by IR and NMR 
spectra]. Fractions 5-12 were combined and evaporated to leave a brown solid (9C0mg). which was 
rccrystallised from EtOH to give 20 (650mg) as colourless needIes, m.p. 162-164”. (Found: C. 7003; H. 
683; N. 3.83. Cz0Hz3N04 requires: C, 7035; H, 679; N. 410%); NMR T (CDCI,): 626, 6.24.620.615 
(12H,eachq4 x OMc).5~l3(lH,q,J4and8H~12a-H)‘o.4~13(1H,4J2~5Hz.8-H~4~08(1H,4J 
2.5 Hz. 10 -H), 3.53. 344 (ZH, each $ 2 x aromatic protons); m/e 341 (M l ), 340 and 339.9. i” 

5,6,12,12a-Terrahydr0-2.3.9.1 I-retramethoxy-‘I-merhyldibenzo[b,g]indolirinitun iodide (15) A mixture of 
20 (30 mg), Mel (1 ml) and MeOH (1 ml) was set aside overnight at room temp. The excess of Mel was then 
distilled offand the residue was recrystallised from MeOH-Et,0 to give 15 (35 mg) as pale yellowish needles, 
m.p. 199-200”. (Found: C. 51.70; H. 5.30; N, 2.65. C2,H2,1N0,1/4H,0 requires: C 51.70; II, 442; N. 
290%); NMR r (CDCI,): 618.612 (9HA 604 (ISH, each $ NMe, 4 x OMc), 452 (1H t. J 8 HI 12a -H), 
3.52 (1H. d, J 2.5 Hz. 10 -H), 3.30, 3.17 (2H, each $ 2 x aromatic protons), 2.55 (lH, d, J 2.5 Hz. 8 -H), 
m/e 341 (M-CH,l), 340 and 339.9s lo 
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