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A general synthesis for the preparation o f  previously unreported 8-phenyl-l,2,3,4-tetrahydroisoquinolines is de- 
scribed. T h e  direct ing properties o f  aryloxazolines were used for  an unambiguous route to appropriate 1,2,3-trisub- 
s t i tu ted benzenes (2,6-disubstituted aryloxazolines). Hydrolysis of the oxazolines produced 8-phenylisocoumarins, 
which were readi ly converted i n t o  the 8-phenylisoquinoline derivatives. 

Although many methods' are available for the synthesis 
of isoquinolines and tetrahydroisoquinolines, none are satis- 
factory for the synthesis of 8-phenylisoquinoline derivatives. 
8-Phenyl-l,2,3,4-tetrahydroisoquinoline is interesting because 
i t  possesses the basic structural features of the apomorphine 
ring system without the C-7 methylene bridge which holds the 
two aromatic rings in a nearly planar configuration. Only one 
synthesis of 8-phenylisoquinoline has appeared,2 and no re- 
ports of its tetrahydro derivative have been described. At- 
tempts to  produce 8-phenylisoquinoline by the Pomeranz- 

a p o m o r p h i n e  8-phenyltetrahydroisoquinoline 

Fritsch reaction failed,2 and the Bischler-Napieralski reaction 
gave 6- or 7-phenyl isomers but no 8-phenylisoquinoline de- 
r iva t ive~ .~  

This report describes a general synthesis that has been 
successfully utilized for the preparation of 8-phenyl- 
1,2,3,4-tetrahydroisoquinoline and a 3-alkyl derivative, 
3-methyl-8-phenyl-l,2,3,4-tetrahydroisoquinoline. Using 
aryloxazoline chemistry developed by Meyers4 and Gschwend5 
et  al., an unambiguous route (Scheme I) to an appropriate 
1,2,3-trisubstituted benzene has been used to prepare 8- 
phenylisocoumarins, the key intermediates for further elab- 
oration to  tetrahydroisoquinolines. 

Biphenyl-2-carboxylic acid (1) was converted to the acid 
chloride and reacted with 2-amin0-2-methylpropano1, pro- 
ducing the hydroxyamide 2, which on treatment with thionyl 
chloride cyclized to  the aryloxazoline 3.6 The directing prop- 
erties of the 0xazoline4~~ were used to functionalize the ortho 
position of the benzene ring. When 3 was metalated with n- 
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Scheme I 
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butyllithium followed by reaction with allyl bromide, a mix- 
ture was produced from which 4 was obtained in only 19% 
yield along with recovered 3 (39%) and 34% of product' arising 
from subsequent alkylation a t  the activated methylene of 4. 
This problem was resolved when the lithiated intermediate 
was first converted to the organocopper reagent with cuprous 
bromide; alkylation with allyl bromide then gave a 71% yield 
of 4 after LC. Using this methodology it should be possible to 
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prepare other 1,2,3-trisubstituted benzenes containing various 
functionalities depending on the alkylating agents used and 
further reactions of the oxazoline. In this case the o-allylox- 
azoline (4)  was hydrolyzed in refluxing 6 N hydrochloric acid, 
producing 2-methyl-8-phenylisocoumarin (6b). 

Alternately, the isocoumarins were prepared from hy- 
droxylic intermediates (5 ) .  Lithiation of 3 with n-butyllithium 
followed by alkylation with ethylene or propylene oxide pro- 
duced the o -(hydroxyalkyl)oxazolines ( 5 ) .  Acid hydrolysis 
produced the cyclic isocoumarins 6. The functionality a t  the 
position ortho to the oxazoline in 4 and 5 presumably facili- 
tates the hydrolysis as other 2,6-disubstituted aryloxazolines 
without such substituents are not hydrolyzed under similar 
conditiom8 The hydroxyl compounds ( 5 )  gave better con- 
versions to the isocoumarins than the allyl compound 4 (6b 
was obtained in 85% yield from 5b vs. -60% from 4; see the 
Experimental Section). In one instance of the hydrolysis of 
the allylic compound 4, a small amount (15% of the product) 
of the y-lactone was found in a second crop from the recrys- 
tallization of 6b. The only lactones observed from the hy- 
drolysis of 5 were the isocoumarins 6; none of the y-lactone 
formation was observed. 

The reactions used to proceed from the isocoumarins 6 to 
8-phenyltetrahydroisoquinolines are outlined in Scheme 11. 
Heating 6 and benzylamine hydrobromide in benzylamine a t  
160 "C produced the ring-opened 6-hydroxybenzamides 7. In 
the absence of the benzylamine hydrobromide, reaction was 
only slight after 24 h; with the ammonium salt reaction was 
complete after several hours. The alcohols 7 were converted 
to the mesylates 8, which were cyclized to dihydroisoquinol- 
ines 9 with sodium hydride. The asymmetry provided by the 
methyl group of 9b produced a complex 'H NMR spectrum; 
notably the benzylic methylene appeared as two doublets ( J  

= 15 Hz) a t  4.01 and 5.30 ppm. For 9a the benzylic protons 
appeared as a singlet a t  4.67 ppm. 

Lithium aluminum hydride reduction of 9 produced the 
N-benzyltetrahydroisoquinolines 10. Debenzylation by hy- 
drogenolysis over Pd/C gave 8-phenyl-1,2,3,4-tetrahydro- 
isoquinolines (1  l),  which were converted to the N-methyl 
compounds (12) under Eschweiler-Clarke conditions. Again 
the asymmetry of the 3-methyl compound 12b was indicated 
by the 'H NMR spectrum, where the C-1 methylene protons 
appeared as two doublets ( J  = 16 Hz) a t  3.32 and 3.69 ppm. 
For 12a the C-1 methylene was a singlet a t  3.36 ppm. 

This synthesis provided a convenient route to 8-phenyl- and 
3-alkyltetrahydroisoquinolines and adds to the utilityg of 
oxazolines as useful synthetic intermediates. 1,2,3-Trisub- 
stituted intermediates such as 4 and 5 would be virtually im- 
possible to produce in respectable yields using classical aro- 
matic substitution reactions. The directing properties of the 
oxazoline ring make such 1,2,3-trisubstitut,ed benzenes readily 
accessible in satisfactory yields. 

Experimental Sectionio 
N -  (2-Hydroxy- 1,l -dimethylethyl)-2-biphenylcarboxamide 

(2). Biphenyl-2-carboxylic acid (6.0 g, 31 mmol) and 15 mL of thionyl 
chloride were stirred at  ambient temperature for 22  h. The thionyl 
chloride was distilled off; then benzene was added and distilled off, 
leaving an oil. The oil in 15 mL of methylene chloride was added 
dropwise to a solution of 5.5 g (62 mmol) of 2-amino-2-methylpropanol 
in 15 mL of methylene chloride at  0 "C, and the mixture was stirred 
at  ambient temperature overnight. After filtration, the filtrate was 
washed with H20,5% HCI, 5% NaOH and HzO and dried. The solvent 
was removed by distillation, leaving 7.8 g of white solid that was re- 
crystallized from ether, yielding 6.38 g (82%) of white crystals: mp 
72.,5-74 " C ;  IR (CHC13) 3435,3350,1647 cm-'; NMR" (CDClR) 13 0.99 
i s ,  6 H),  3.37 (d. 2 H), 4.54 (t, 1 H),  5.40 (br, 1 H), 7.20-7.82 (m, 9 
H). 

Anal. Calcd for C17HlgN02: C, 75.81; H,  7.11; N,  5.20. Found: C,  
75.61: H, 7.31; N, 5.32. 
2-(2-Biphenyl)-4,4-dimethyl-2-oxazoline (3). Thionyl chloride 

(10 mL) was added in portions with stirring to 11.8 g (43.8 mmol) of 
the hydroxyamide 2. After the solid had dissolved, the solution was 
stirred for 20 min and poured into 125 mL of anhydrous ether. The 
precipitate was washed with ether and dried, yielding 12.3 g of white 
powder (recrystallized from EtOHiEtzO, mp 130.5-133.5 "C. Anal. 
Calcd for CI:H1&1NO: C, 70.95; H,  6.30; N, 4.87. Found: C, 71.00; H,  
6.42; N, 4.73). An aqueous solution of the hydrochloride was treated 
with 50% sodium hydroxide, extracted with ether, washed with water, 
and dried. Distillation of the ether gave 10.8 g of a clear colorless oil 
that crystallized from a small amount of petroleum ether with cooling, 
giving 10.6 g (96%) of colorless crystals: mp 38.5-40.5 "C; IR (CHC18) 
1657 cm-l; NMR (CDC1:j) 6 1.25 (s, 6 H), 3.76 ( 1 ,  2 H),  7.16-7.85 (m, 
9 H).  

Anal. Calcd for C1;HljNO: C,  81.24; H. 6.81'; N,  5.57. Found: C, 
81.14: H, 6.75; N, 5.15. 
2-(4,4-Dimethyl-2-oxazolin-2-yl)-3-allylbiphenyl (4).  n -Bu- 

tyllithium (43 mL of 2.4 M in hexane, 99 mmol) was added to 17.7 g 
(70.5 mmol) of the oxazoline 3 in 300 mL of dry tetrahydrofuran at  
0 "C, and the mixture was stirred for 3.5 h. The deep red solution was 
transferred to an addition funnel and added to a suspension of 14.3 
g i 100 mmol) of cuprous bromide in 300 mL of dry tetrahydrofuran 
at  0 "C. The green mixture was stirred at  0 "C for 1 h, and then 12.1 
g (100 mmol) of allyl bromide was added. After I h, water (50 mL) was 
added followed by 100 mL of concentrated ammonium hydroxide. The 
organic layer was washed with saturated aqueous NaCl and dried. 
Distillation of the solvent gave 20.5 g of clear amber oil that was pu- 
rified by low-pressure column chromatography (LC) on Woelm silica 
gel using 5% ethyl acetate in benzene as the eluent, yielding 14.6 g 
(71%) of clear oil that was used without further purification: IR 
(CHC13) 1666 cm-'; NMR b 1.17 (s, 3 H), 3.80 is. 2 H). allyl multiplets 
centered at 3.55 (2 H), 5.07 (2  H), and 6.04 (1 H),  7.11-7.59 (m, 8 
HI. 

2-( 4,4-Dimethy1-2-oxazolin-2-y1)-3-( 2-hydroxyethyl) biphenyl 
(5a). n-Butyllithium (25 mL of 2.4 M in hexane, 60 mmol) was added 
to 10.0 g (39.8 mmol) of the oxazoline 3 in 200 mL of dry tetrahydro- 
furan at  -5 " C .  The deep red solution was stirred at  -5 OC for 3 h; 
then 15 mL of ethylene oxide in 50 mL of dry tetrahydrofuran was 
added, and the mixture was stirred at  ambient temperature overnight. 
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Water (50 mL) was added, the organic portion was concentrated, and 
the residual oil was taken up in ether, washed with water, and dried. 
Distillation of the solvent gave 14.1 g of clear amber oil that  was pu- 
rified by LC (Woelm silica gel, ethyl acetate/benzene gradient), 
yielding 7.3 g (62%) of oil that solidified on standing. Recrystallization 
from ethyl acetate/hexane gave 5.12 g (44%) of 5a as white crystals: 
mp 86.5-87 "C; IR iCHC13) 3230,1659 cm-l; NMR (CDC13) 6 1.27 (s, 
6H),2.97(t,2H),3.72(~,2H),3.91(t,2H),4.65(br,lH),7.11-7.59 
(m, 8 H). 

Anal. Calcd for C19H21N02: C, 77.26; H, 7.17; N, 4.74. Found: C, 
77.04; H, 7.32; N, 4.95. 
2-( 4,4-Dimethyl-2-oxazolin-2-y1) -3-(2-hydroxypropyl)bi- 

phenyl (5b) was prepared using the procedure for 5a. From 24.0 g 
(95.6 mmol) of the oxazoline 3 was obtained 16.7 g (57%) of clear col- 
orless oil after LC (Woelm silica gel, 50% ethyl acetateholuene). The 
oil solidified to a waxy solid that was used for further reaction without 
additional purification: IK (CHCld 3230,1653 cm-l; NMR (CDC13) 
6 1.26 (s, 6 H), 1.27 (d, 3 H), 2.85 (m, 2 H), 3.69 (9, 2 H), 3.99 (m, 1 H), 
5.25 (br, 1 H), 7.10-7.61 (m, 8 H). 
3,4-Dihydro-8-phenylisocoumarin (6a). A mixture of 10.2 g (34.6 

mmol) of 5a and 1 I, of 6 N hydrochloric acid was stirred under reflux 
for 7 h. The semisolid that separated on cooling was washed with 
several portitins of water and dried, yielding 7.5 g of t,an solid. Re- 
crystallization from ethyl acetatekexane yielded 6.13 g (7%) of beige 
crystals: mp 105-106 "C; IR (CHCln) 1734 cm-l; NMR (CDC13) 6 3.03 
(t,  2 HI, 4.49 (t, 2 H),  7.10-7.67 (m, 8 H). 

Anal. Calcd for CljH1202: C, 80.34; H, 5.39. Found: C, 80.17; H, 
51.56. 
3,4-I~ihydro-3-metliyl-8-phenylisocoumarin (6b). A. From 4. 

A mixture of 8.06 g (27.7 mmol) of 4 and 600 mL of 6 N hydrochloric 
acid was stirred under reflux overnight. The solid that separated on 
cooling was taken up into ether (1.63 g remained insoluble), washed 
with water, and dried. Distillation of the solvent gave 3.8 g of solid. 
The two solids were combined and recrystallized from ethanol, 
yielding 3.67 g (56%) of light beige crystals: mp 140--141.5 "C; IK 
iCHClr3) 1730 cm-l; NMR (CDCln) 6 1.48 (d, 3 H), 2.92 (d, 2 H), 4.63 
(m, 1 H), 7.08-7.68 (ni, 8 H). 

Anal. Calcd for C16H1402: C, 80.65; H, 5.92. Found: C, 80.60; H, 
6.06. 

A second crop of 0.99 g was collected after concentrating the mother 
liquor. NMR of this material indicated that it was approximately 28% 
of 6b and 72% of the y-lactone. 

B. From 5b. Using the procedure that was used for the preparation 
of 6a, 10.2 g of 5b produced 6.69 g (85%) of crude 6b, mp 139-141 "C. 
A small amount was dried in vacuo over refluxing ethanol, producing 
an analytical sample. 

Anal. Calcd for C16H1402: C. 80.65; H, 5.92. Found: C, 80.57; H, 
6.00. 

N-Benzyl-3-(2-hydroxyethyl)-2-biphenylcarboxamide (7a). 
A mixture of 7.84 g (35.0 mmol) of6a and 8 g of benzylamine hydro- 
bromide in 40 mL of benzylamine was stirred at  160 "C for 4 h. After 
cooling, it was poured into 500 mL of 5% hydrochloric acid. The oil 
that separated was extracted into methylene chloride, washed with 
several portions of 5% hydrochloric acid and water and dried. Removal 
of the solvent gave 11.3 g of solid that was recrystallized from chlo- 
roformhexane, yielding 9.51 g (82%) of white flocculant crystals: mp 
.L29-130 "C; IR (CHC13) 3425, 3350, 1643 cm-'; NMR (Me2SO-dGj 
6 2.80 (t ,  2 H), 3.69 (m, 2 H),  4.25 (d, 2 H),  4.65 (t, 1 H), 6.75-7.58 (m, 
8 H),  9.85 (t ,  1 H). 

Anal. Calcd for C22HzlN02: C, 79.73; H, 6.39; N, 4.23. Found: C, 
79.68; H, 6.36; N, 4.31. 
N-~enzyl-3-(2-hydroxypropyl)-2-biphenylcarboxamide (7b). 

.4 mixture of 3.58 g (15.0 mmol) of 6b and 4 g of benzylamine hydro- 
bromide in 20 mL of benzylamine was stirred at  165 "C overnight. The 
solution was cooled, poured into 250 mL of 5% hydrochloric acid, and 
extracted with ether. The ether extract was washed with 5% hydro- 
chloric acid and water and dried. Removal of the solvent gave 5.9 g 
of clear oil that was crystallized from et,hyl acetatekexane, yielding 
4.24 g (82%) of white crystals: mp 94.5-96 "C; IR (CHC1:J 3425,3350, 
1645 cm-'; NMR (CDC13) 6 1.28 (d, 3 H), 2.79 (m, 2 H), 4.02 (m, 1 H), 
4.02 (br, 1 H), 4.27 (d, 2 H), 5.74 (br, 1 H), 6.67-7.62 (m, 13 H). 

Anal. Calcd for C ~ S H ~ ~ N O ~ :  C, 79.97; H, 6.71; N, 4.06. Found: C, 
80.32; H, 6.62; N, 4.07. 
N-Benzyl-3-[ 2-( methylsulfonyloxy)ethyl]-2-biphenyl- 

carboxamide (8a). A solution of 15.0 g (45.3 mmol) of the alcohol 7a 
and 10.5 g (91.3 mmol) of mesyl chloride in 150 mL of pyridine was 
left in the refrigerator overnight. The reaction mixture was diluted 
to 500 mI, with ice water. On stirring an oil separated and solidified. 
'The solid was washed with several portions of water and air-dried, 
yie1din.g 17.7 g (95%)) of light tan powder: mp 108-110 "c; IR (CHCM 

3438, 1665 cm-I; NMR (CDC13) 6 2.87 (s, 3 H),  3.15 (t, 2 H), 4.26 (d, 
2 H), 4.51 (t, 2 H), 5.55 (br, 1 H), 6.63-7.58 (m, 13 H). This material 
was used without further purification. 
N-Benzyl-3-[2-(methylsulfonyloxy)propyl]-2-biphenylcar- 

boxamide (8b). Using the procedure described for 8a, 4.20 g of 7b was 
reacted with 4 g of mesyl chloride to yield 4.68 g (91%) of white pow- 
der: mp 107-109.5 "C; IR (CHC13) 3425, 1655 cm-l; NMR (CDC13) 
6 1.42 (d, 3 H), 2.60 (s, 3 H), 3.00 (d, 2 H), 4.23 (d, 2 H),  5.04 (m, 1 H), 
5.72 (br, 1 H), 6.67-7.54 (m, 13 H). This material was used without 
further purification. 
2-Benzy1-3,4-dihydro-8-phenyl-l(2H) -isoquinolinone (sa). 

A mixture of 17.5 g (42.7 mmol) of the mesylate 8a and 5 g of 50% so- 
dium hydride dispersion in oil in 200 mL of dry tetrahydrofuran was 
stirred under gentle reflux overnight. After cooling, water was added 
dropwise to decompose the excess hydride. The solvent was removed, 
and the residue was taken up in methylene chloride, washed with 
water, and dried. Removal of the solvent gave a white solid (containing 
mineral oil); recrystallization from ethyl acetatdhexane gave 12.4 g 
(93%) of white crystals: mp 137.5-138.5 "C; IR (CHC13) 1654 cm-'; 
NMR (CDCl3) 6 2.84 and 3.48 (Az'Bz', 4 H), 4.67 (s, 2 H), 6.98-7.56 
(m, 13 H). 

Anal. Calcd for C22H19NO: C, 84.32; H, 6.11; N, 4.47. Found: C, 
84.53; H,  6.30; N, 4.83. 
2-Benzyl-3,4-dihydro-3-methyl-8-phenyl-l(2H)-isoquinoli- 

none (9b). A mixture of 4.50 g (10.6 mmol) of the mesylate 8b and 1.5 
g of 50% sodium hydride suspension in oil in 65 mL of dry tetrahy- 
drofuran was stirred at  ambient temperature for 4 h. Water was added 
and the solvent was concentrated, producing an oil that was taken up 
in ether, washed with water, and dried. Removal of the solvent gave 
4.3 g of a white solid that contained mineral oil. Recrystallization from 
cyclohexane gave 2.94 g (84%) of white crystals: mp 112-113 "C; IR 
(CHC13) 1645 cm-"; NMR (CDCI3) 6 1.18 (d, 3 H), 2.56 (dd, 1 H), 3.20 
(dd, 1 H), 3.66 (m, 1 H), 4.01 (d, 1 H, J = 15 Hz), 5.30 (d, 1 H, J = 15 
Hz), 6.97-7.57 (m, 13 H). 

Anal. Calcd for C23H21NO: C, 84.37; H, 6.47: N, 4.28. Found: C, 
84.72; H,  6.53; N, 4.61. 
2-Benzyl-8-phenyl-l,2,3,4-tetrahydroisoquinoline (loa) Hy- 

drochloride. Lithium aluminum hydride (3.6 g. 95 mmol) was added 
to a solution of 10.0 g (31.9 mmol) of the isoquinolinone 9a in 225 mL 
of dry tetrahydrofuran, and the mixture was stirred at  reflux for 5 h. 
The mixture was cooled in an ice bath and treated successively with 
(1) 7.5 mL of water in 15 mL of tetrahydrofuran, (2) 7.5 mL of 25% 
sodium hydroxide, and (3) 7.5 mL of water. The salts were filtered off 
and the filtrate was dried and concentrated, yielding 10.1 g of clear 
oil. The oil in ether was treated with 2-propanolic hydrogen chloride 
to give 11.1 g of white solid that was recrystallized from ethanoliether, 
yielding 8.80 g (82%) of white crystals, mp 187-189 "C. 

Anal. Calcd for C22H&lN: C, 78.68; H, 6.60; N, 4.17. Found: C, 
78.42; H, 6.70; N, 4.48. 

NMR of the free amine (loa) (CDC13): 6 2.47-3.12 (m, 4 Hj, 3.57 
(s, 4 H),  6.88-7.55 (m, 13 H). 
2-Benzyl-3-methyl-8-phenyl- 1,2,3,4-tetrahydroisoquinoline 

(lob) Hydrochloride. Reduction of 6.54 g (20.0 "01) of the iso- 
quinolinone 9b following the procedure used for 10a gave 5.9 g of crude 
hydrochloride that was recrystallized from ethanollether, yielding 
a first crop of 3.57 g of white crystals, mp 196-198 "c, and a second 
crop of 1.16 g (68% total), mp 194.5-197 "C. 

Anal. Calcd for C23H2,ClN: C, 78.95; H, 6.91; N, 4.00. Found: C, 
79.01; H, 7.17; N, 3.93. 

NMR of the free amine (lob) (CDC13): 6 1.08 (d, 3 H), 2.30-3.87 (m, 
7 H), 6.81-7.46 (m, 13 H). 
8-Phenyl-1,2,3,4-tetrahydroisoquinoline (Ila) Hydrochloride. 

A mixture of 6.20 g (18.4 mmol) of the N-benzyltetrahydroisoquino- 
line 10s hydrochloride and 620 mg of 5% Pd/C in 100 mL of ethanol 
was hydrogenated in a Parr shaker a t  2 psi and ambient temperature 
for 6 h. The filtered reaction solution was concentrated to 75 mL and 
ether was added, forcing 4.25 g of white crystals out of solution. Re- 
crystallization from ethanol gave 3.36 g (74%) of white crystals, mp 
268-270 "C, and a second crop of 0.69 g (15%). 

Anal. Calcd for C15H14CIN: C, 73.31; H, 6.56; N, 5.70. Found: C, 
73.51; H, 6.75; N, 5.86. 

NMR of the free amine (lla) (CDC13): 6 1.87 (s, 1 H), 2.98 (Az'Bz'. 
m, 4 H),  3.80 (s, 2 H), 6.50-7.30 (m, 8 H). 
3-Methyl-%phenyl- 1,2,3,4-tetrahydroisoquinoline ( 1 1 b) Hy- 

drochloride. Hydrogenation of 10.1 g (28.9 mmol) of the N-benzyl- 
tetrahydroisoquinoline 10b hydrochloride with 1 g of 5% Pd/C in 100 
mL of ethanol was carried out in a Parr shaker a t  2 psi and ambient 
temperature for 7 h. The mixture was filtered, and the catalyst was 
washed with warm ethanol to recover all of the product. The combined 
ethanolic portions were concentrated to 100 mL, producing 4.73 g of 
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white crystals, mp 276.5--279 "C. 
Anal. Calcd fer C1GHIHClN: C, 73.97; H, 6.98; N, 5.39. Found: C, 

74.00; H, 7.06; N, 5.64. 
The filtrate was concentrated and ether was added, producing 2.19 

g more of white crystals (total 92%). NMR of the free amine ( l l b )  
(CDC13): 6 1.18 (d, 3 H). 1.45 (br, 1 HI, 2.17-3.34 (m, 3 H), 3.85 (s, 2 
H ) ,  6.83-7.54 (m, 8 H). 

2-Methyl-&phenyl- 1,2,3,4-tetrahydroisoquinoline (12a) Ma- 
leate. A mixture of 2.87 g (13.7 mmol) of 8-phenyl-1,2,3,4-tetrahy- 
droisoquinoline ( l laj ,  1.8 g of 90% formic acid, and 1.35 g of 37% 
aqueous formaldehyde was stirred at  ambient temperature overnight 
and then warmed on a steam bath for 2 h. Concentrated hydrochloric 
acid (1.5 mL) was added, and the excess formic acid and formaldehyde 
were distilled off. The residue was taken up in water, and the solution 
was made alkaline with 50% sodium hydroxide and extracted with 
ether. The extract was washed with water and dried and the solvent 
was removed, yielding 3.00 g (98%) of clear colorless oil (12a): NMR 
(CDC1,I) b 2.29 (s. :3 H),  '2.62 and 2.96 (Az'B~', m 4 H), 3.36 (s, 2 H), 
6.85-7.48 (m, 8 H) .  

The oil was taken up in ether and treated with a saturated solution 
of maleic acid in ether. The crystals that separated were recrystallized 
from acetonitrile, yielding 4.35 g (93%) of white crystals of 12a ma- 
leate, mp 146.5-147.5 "c'. 

Anal. Calcd for C20H21N04: C, 70.78; H, 6.24; N, 4.13. Found: C, 
70.5;: H. 6.31; N, 4.21. 
2,3-Dimethyl-8-pheny1-1,2,3,4-tetrahydroisoquinoline (12b) 

Hydrobromide. A mixture of 3.10 g (13.9 mmol) of 3-methyl-8- 
pheny1-1,2,3,4-tetrahydroisoquinoline ( l l b ) ,  1.8 g of 90% formic acid, 
and 1.4 g of 37% aqueous formaldehyde was reacted under the con- 
ditions descrihed for 12a, yielding 3.22 g of clear colorless oil of 12b: 
NMR (CDCI?) b 1.12 (d. :3 H), 2.23 (s, 3 H), 2.71 (m, 3 H),  3.32 (d, 1 H, 
J =16Hzj ,3 .691d, lH,J=16Hz),6.66-7.45(m,8H).  

The oil was taken up in ether and treated with saturated hydrogen 
1)romide in ether to give 3.48 g of white powder that was recrystallized 
from ethanol/ether. yielding 3.19 g (72%) of 12b hydrobromide, mp 
190-192 "C. 

Anal. Calcd for C1;HZOBrN: C, 64.15; H, 6.33; N,  4.40. Found: C, 
63.74: H, 6.32; N,  4.38. 
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Indoloquinone la, a model for more complex mitomycin analogues, was prepared by Michael addition of ethyl 
acetoacetate to quinone monoimide 12, dehydration of the adduct 13 to indole 14, and elaboration of the quinone 
functionality. The final oxidation step of 16b to la was accomplished with argentic oxide and aqueous nitric acid. 
A1 alternative scheme failed in a model sequence when the amino benzofurans 6 could not be converted to indoles 
7. 

A variety of synthetic endeavors have been directed 
toward mitomycinsl and mitosenes,2 as well as toward simple 
analogues3 of these antibiotics. The challenge of developing 
a convergent synthesis of such functionalized indoloquinones 
( 1) ied us to consider an approach in which the key carbon- 
carbon bond (C-3,C-3a) is formed by the addition of an enol 
to  a highly substituted benzoquinone derivative. Closure of 
t h e  N,C-2 bond would complete the formation of the indole 
nucleus.4 
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Initial model work based on the addition of ethyl acetoac. 
0 

l a ,  R' = R2 = Me; R3 = C 0 , E t  
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