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Abstract-Pomeranz-Friitsch cyclisations are reported using a new reagent boron trifluoridc-trifluoro- 
acetic anhydride. Isoquinolina carrying 7-OMe groups have been prepared in good yields and the method 
extended lo the formation of N-substituted indoles and of bcnzthiophen from the corresponding acetals. 
Eknzofuran could not be obtainal by this prcedurc nor could a Bischler-Napieralski type cyclisation be 
induced. In the latter case the aromatic ring of the starting amide was acetylatcd when suitably activated. 

IN A study of the Pomeranz-Fritsch synthesis of isoquinolines’ we have investigated 
the use of reagents alternative to concentrated sulphuric acid for the cyclisation step. 
We have reported on the use of polyphosphoric acid to obtain, in particular, 8- 
substituted isoquinolinesZ and here examine the use of the Lewis acid boron tri- 
fluoride under various conditions. Vinot and Quelet’ prepared 4-ethoxy-1,2,3,4- 
tetrahydroisoquinolines in variable yields (O-70%) by cyclisation of substituted 
benzylaminoacetals (I -+ II) in the presence of gaseous boron trifluoride and the 
method has more recently been applied to the formation of l-alkoxy-2,3,4,5-IH- 
benz-3-azepines.4 

OEt 

bF, 
-R 

CH. NH.CH,CH(OE$ 
I 
R’ R’ 

I II 

However we found that this method could not be used for the preparation of 
isoquinolines directly by the cyclisation of benzylideneaminoacetals (III -+ V). Only 
resins were obtained. Some success was, however, obtained using a solution of boron 
trifluoride in the more polar solvent acetic acid which gave moderate yields of 7,8- 
dioxygenated isoquinolines(Table I)with theexception ofthe 7-methoxy-8-benzyloxy 
analogue. This failed to cyclise, debenzylation being observed. Cleavage of benzyl 
ethers under similar conditions has been reported.’ 

Cleavage of aliphatic ethers by acid anhydrides takes place rather easily in the 
presence of Lewis acids to give two moles of an ester.6 It was considered that this 
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reaction could be extended to the cleavage of acetals using the highly reactive tri- 
fluoroacetic anhydride, in the presence of boron trifluoride as its acetic acid complex. 
For the Pomeranz-Fritsch synthesis of isoquinohnes this would involve the sequence 
(III + V) through the intermediate ether (IV) with its excellent leaving group. In the 
manner shown this intermediate (IV) would provide the key intermediate oxonium ion 
for the cyclisation step. The formal loss of ethanol in the final stage would be expected 
to be as easy as the replacement of the OEt group by trifluoroacetate in the formation 
of intermediate IV. 
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Using this procedure at 5” a number of isoquinolines were obtained in yields as 
high as 80x, best results being given by those acetals derived from aryl aldehydes 
carrying an activating group in the metu position. m-Methoxyacetophenone was less 
satisfactory (20%) and aryl aldehydes or ketones unsubstituted at the meta position 
failed to cyclise (Table 1). 

TABLE I. IWQWNOLINE F~R~IATION USING REAGENTS CONTAINING BF, 

lsoquinolinc substitucnts 

Reagent 1 7 8 Yield 

BF, gas H 

BF,/CH,COOH H 

BF,/CH,COOH H 

BF,/CH,COOH H 
BF,/CH,COOH + TFAA’ H 

BF,/CH,COOH + TFM H 

BF,/CH,COOH + TFM H 

BF,/CH,COOH + TFM Me 
BF,/CH,COOH + TFM Me 

BF,/CH,COOH + TFAA H 
BF,/CH,COOH + TFAA H 

OCH,Ph 
OMC 

OH 

OCH,Ph 
OMc 
OH 
H 
H 
H 
H 

OMc 

w 
23% 
32% 
0% 

60-82% 

-3% 
73% 

20% 
m? 
0% 
0% 

l TFAA = (CF,CO),O 

The success obtained with the 7-methoxyisoquinoline derivatives encouraged us to 
look at the synthesis of other heterocyclic systems using the boron trifluoride- 
trifluoroacetic anhydride system. N-Alkylindoles have been prepared by heating the 
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diethyl acetal of bromoacetaldehyde with secondary amines,’ but the procedure does 
not work for indoles unsubstituted at nitrogen. Application of the boron trifluoride- 
trifluoroacetic anhydride reagent at 5” to the preformed anilinodiethylacetals (VI + 
VII, X = NH or N-Alkyl) gave the results shown in Table 2 Good yields (60% and 
above) were obtained for N-substituted indoles but, as with RPth’s method,’ the 
procedure failed for indoles unsubstituted on nitrogen. 

R* 

R = I 
0 

XJH(oEtb2 - R’ 
_cn 

= I x I 

VI VII 

The m-methoxy-N-methylaniline required was obtained by formylation of m- 

methoxyaniline followed by reduction. Direct N-methylation of acetal (VI, R = OMe, 
X = NH) was unsuccessful with either dimethyl sulphate in hot alkali or methyl 
iodide and potassium carbonate. Cyclisation of the acetal (VI, R = OMe, X = NMe) 
gave a mixture of 4- and 6-methoxy-N-methylindole (75 :25) separable by chromato- 
graphy. It was evident that some demethylation had occurred and so the mixture of 
indoles was treated directly with dimethyl sulphate and alkali to give the 4- and 6- 
methoxy-N-methylindoles in almost quantitative yield. For the sake of comparison 
the acetal from m-methoxy-N-methylaniline was also cyclised by RPth’s method.’ 
Thin layer chromatography revealed that after 2 hrs heating at 180” an appreciable 
quantity of the indole mixture was formed. Distillation gave a 71% yield of the mixed 
indoles. 

The boron trifluoride-trifluoroacetic anhydride reagent was next applied to the 
formation of the benzthiophen ring. Tilak* had previously cyclised the acetal (VI, 
X = S, R = H) in 32 Y0 yield using polyphosphoric acid at 120”. Under our conditions 
the reaction gave a comparable yield (36%). thus providing an alternative mode of 
synthesis utilising milder conditions (5”). When applied to the formation of benzo- 
furan (VI + VII, X = 0, R = H) the procedure gave only a polymer. Pomeranz’ 
attempted to cyclise the phenoxyacetal to benzofuran with mineral acids but obtained 

TABLE 2. PRwAuAnoN OF INDOLES, BENZTHIOPHEN AND BENZOFLJRAN (VI -+ VII) USING BF,/CH,COOH 

+ TFAA 

Hcterocycle (VII) 
X R4 R” Yield 

NH H H 0% 
NMC H H Wl 
NEt H H 60”/. 
NH H OMC 0% 
NMC OMC H 
NMe H OMe 1 

1ooD/,* 

s H H 36% 
0 H H 0% 

l Obtained aa a mixture after metbylation of crude product 
mixture. 
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only polymers. .However, phenoxyacetals have been cyclised using zinc chloride in 
acetic acid.’ o 

Finally, it seemed possible that the new reagent might be used for obtaining 
isoquinoline by the Bischer-Napieralski reaction by effecting 0-acylation of the amide 
function.” thus producing an intermediate of the type (IX). 

Ph 

VIII 

The reaction, however, was not successful with N-bentoylphenylethylamine (VIII), 
only starting material being obtained. In the case of an activated ring, using the 
dimethyl analogue (X), acetylation was observed, giving the ketone (Xl) in 80% yield. 
Analogously veratrole gave 3,4dimethoxyacetophenone in quantitative yield under 
the same conditions. Trifluoroacetic anhydride and organic acids have been reported 
previously as effecting acylations of activated aromatic rings.‘* It is therefore notable 
that this acylation did not proceed to any observable extent in the Pomeranz- 
Fritsch isoquinoline reaction or in the formation of indoles and benzthiophen 
described above. 

EXPERIMENTAL 

2-Benzyloxy-3-methoxybenzaldehyde. o-Vanillia was benzylatcd by the method used by Splth et al.” 

for the preparation of 3-benzyloxy-t-methoxybenxaldchyde. The product (83 %) crystallised from ether as 

colourless needles m.p. -5” (Found : C, 74.3; H, 5.7: C,sH,,O, requires: C, 74.4; H, 5.8 %). m- 

Methoxyacerophenone was prepared by addition of lithium methyl to the lithium salt of m-methoxybenzoic 

acid, b.p. 123-124/9.3 mm, yield 54 %.* 

Isoquinoline preporurion using BF,/CH,COOH wirh (CF,CO),O 

7.8~Dimethoxyisoquinoline. TriIIuoroacetic acid (I@) was allowed to stand with P,O, (ca equal wcight- 

volume) for 24 hrs. The mixture was distilled and the distillate redistilled form a second quantity of PsOs 
(ca half of previous weight) through a Vigreux column (12”) to give trifluoroacetic anhydride (ca 80 g) b.p. 

3w, as a colourless liquid. 

When 2,3dimethoxybenxaldehydc (40 g)and aminoacetal(3.85 ml) were warmed together an immediate 
cloudiness was produced. The mixture was boiled under reflux with benzene for 45 mins and a further 2 hrs 

with addition of a Dean-Stark trap. Removal of the solvent and excess aminoacetal left the Schiffs base 
(677 g. 1 mole). 

BF,-AcOH complex (40 % BF,. 12.3 g. 3 moles) was diluted at 5” with trifluoroacetic anhydride (20 ml). 
The .Schiffs base was diluted at So with triEuoroacetic anhydride (17 ml). This soln was added dropwise at 

5” to the BF,-trifluoroacetic anhydride mixture. The deep cherry-red mixture was allowed to stand at 

room temp for 2 days. It was poured into ice-water and basitied with co 20% ammonia soln, and the 
product extracted 4 times with chloroform. The combined chloroform layers were extracted with 4N HCI. 

Basification of the acid extracts and subsequent work up in the usual manner afforded 7.8-dimerhoxy- 
D isoquinoline (3.75 g, 82%) as an oil. b.p. 107-109°(@1S mm, x1 16039. (Found : C. 69.9 ; H, 7.5 ; CH,O-, 
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32.2. C,tH,,O,N requires: C, 69.8; H, 5.9; N, 7.4; CH@--, 32.8%), Its methi~ide melted at 178” (lit.’ 
178*), and its picrrrrecrystallised with one mole of solvent as whispy needles from EtUH, m.p. 204”. (Found: 
C.49~3; W.42; N, 12.1.C,tH,,N,0,.C,H,0 requires:C,49.1; H,43;N, 12.X %). The m~bobromide was 
also prepared m.p. 175-178’. Djerassi er ai.” cite m.p. 166-170” when heated slowly but 193” when placed 
in a preheated bath at 170”. 

8-Hydroxy-7-merhoxyisoquinofine was prepared similarly from o-vanillin. It crystallised from benxenc- 
chloroform as pale yellow prisms m.p. t83-184”. (Found: N, 8.2. C,eHpO,N requires: N, 8*%). Its 
metbiodidc had m.p. 196-197” undeprcssed on admixture with an authentic specimen.’ 

7-~ef~oxyjsoq~j~~j~e was prepared similarly from 3-methoxy~n~ldehyde and distilled with b.p. 
1 IS-1200/7 mm to give a straw colound oil which solidified, m.p. 49-50” (lit’s 49”). A picrate was prepared 
and crystal&& from hot water, m.p. 202-204” (lit.r5 194-195’). 

‘I-Mefhoxy-1-mortryliJoguinolino was prepared similarly from m-methoxyacetophenone. The product 
formed a methiodide, m.p. 277-278” undepressed on admixture with an authentic sample2 

Cyclisofions using BF,/CHsCOOH alone 
General procedure. The Schiff base (1 mole) was added dropwise to BFx-AcOH complex. (40% BF,, 

4 moles), when an exothermic reaction ensued, the temp being maintained at 5”. The mixture was allowed to 
stand for 24 hrs at room temp, added to ice-water and basified with ammonia to pH 8. A portion of the 
product precipitated and more was obtained by benzene extraction of the filtrate. Washing with 4N HCI 
followed by work-up in the usual manner gave the isoquinolines as shown in Table 1. 

N-Pheaylaminoacetoi was prepared in 54 % yield from bromoaoetal and aniline by the method of Janetsky 
et ~1.‘~ but using a 62 hr reflux time and maintaining the reaction under N, and in the dark, b-p. 116-f IV”/ 
68 mm (lit.t6 108-110/0.4 mm). 

N-Ethyl-N-phenylomin~eruf was prepared in 63 % yield from bromoacetal and N~thylaniline. The 
product was a colourless liquid b.p. 122-125*/3 mm (lit.” l60-161*/i? mm). N-Merkyl-N-phenyiamino- 
ocrrul was prepared in 50% yield from bromoacetal and N-methylan.iline. The product was a pale yellow 
liquid b.p. 119120”/2 mm (Found: C, 69.9; H, 100; N, 6‘5. CIJH1t02N requires: C, 69.9; H, 9.5; N, 
6.3 %I. 

N_(m-NefhoxyphPnyli~~etu~ was prepared similarly in 82% yield from bromoacetal and m- 
anisidine. The product was a colourless liquid b.p. 13C135’/@7 mm, (Found: N. 5.85. CtJH2tNOJ 
requires: N, S-85 %). 

N-Fonnyl-m-methoxyaniline. A mixture of m-methoxyaniline (l&S 8) and formic acid (98%, 50 ml) was 
rcfluxed for 1 hr. The excess offormic acid was removed under reduced pressure to leave a faint yeltow thick 
pasty mass. It was t~turat~ with 10% ice-cold dil HCI (20 ml), and then washed with water. The solid 
residue was taken up in ether, the soln dried (MgSO,) and the solvent removed under reduced pressure to 
8ive an almost colourless paste which solidified on standing to give N-~~yl-rn-~f~xy aniline in qtmntita- 
tive yield, A portion of it was recrystallised from Ccl. to give colourleas thin plates, m.p. 51-52”, (Found: 
C, 74.4; H. 6.4; N. 6.3. C,HaO,N requires: C, 747; H, 6.3; N, 58%). 

N-Methyl-m-mPrhoxynniline. N-Formyl-m-methoxyanilinc (10 g) was taken up in dry ether (500 ml). 
LAH (2.5 g, 1 mole) in excess was qt&kly added and the whole was heated under rcflux on a water-bath with 
the exclusion of moisture for 8 hr. The excess of LAH was decomposed with wet-ether (250 ml), and the 
mixture was treated with ice-cold 10% HzSOI (200 ml). The aqueous layer was basified and extracted with 
ether. The ether extract was separated, washed with water, dried (MgSO,) and the ether removed under 
reduced pressure to leave almost colourless liquid (8-86 g, 98 %). It was pure enough for Further work. On 
distiliation it was collected as a colourless oil b.p. 84-85”/&5 mm (lit. ” 11%1194’/8 mm). Its picrate 
crystallised from water as golden yellow leaflets m.p. 140” (lit.” 147’). (Found: C, 458; H, 3.9; N, 15.5; 
Calc. for C,,H r.N,Os : C, 45.9; H, 3.9; N, 15.3 %I. On heating N-methyl-m-methoxyanilint under reflux 
for 2 hrs with benroyl chloride and anhyd K&O, in benzene followed by the usual work up the N-ben~oyl 
deriuafiue was isolated as a pate yellow liquid which solidified on standing Recrystallisation from light 
petroleum (b.p. 60-80”) gave colourless plates m-p. 55.56”. yield 96%. [Found: C, 744; H. 6.4; N. 6.2. 
C,sH,,O,N requires: C. 74.7: H, 63; N. 5.8%l. 

N~m-Mefhoxypbenyf~N-meffz~l~minooceraf. A mixtureof N-methyl-m-methoxyanilinc(6g~ bromoacctal 
(11.6 g, 1.5 moles), anhyd NasCO, (4.4 g, 125 moles), and n-BuOH (25 ml), was heated to reflux under N2 
with the exclusion of moisture with stirring for 85 hr. The mixture was worked-up in the usual way but not 
distilled IIO avoid thermal cyclisation). 
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Phenyl2,2-dierhoxyethyl sulphide. A mixture of thiophenol(1 I.1 g) NaOEt (23 g Na in SO ml EtOH), and 
2-bromo-1,tdiethyi aa%al(19=7g, 1 mole),and NaI( l+Sg,Ol molefwas boiled under rct3ux for 3 br, with the 
exclusion of moisture. The mixture was allowed to cool and the solid filtered off. The solvent was removed 
undcrrcduccdprcssurc tolcavcanalmostcolourlcssliquid,whichwas taken upinether(lSOml)and washed 
with water (2 x 30 ml). The organic layer was dried (MgSO,) and the ether removed under pressure. 

The residue was fractionally distilled to give phcnyl 2,~-djethoxyetbyl sulphide as a colourlcss liquid b.p. 
9~~~‘/0.6 mm (20 g, 889%). (Lit.* b.p. 120-130”/2 mm.) (Found: C, 63,8; H, 8-O. Calc for C1,H,sOZS: 
C, 63.7 ; H, 8.0 %). 
Flrpnyl 2,2-dierhoxyerhyl e&r. To a stirred and heated mixture of phenol (9.4 g). sodium n-butoxidc 

[from Na (2.3 g, 1 mole) in BuOH (SO ml)] and Naf (1.5 g, Qi mole) was added 2-bromo-i,ldietboxy- 
acctaldcbyde (19.7 g, I mole). dropwise over a period of 1 hr. The mixture was heated under rcflux with 
exclusion of moisture for 8 hr. After cooling the soln it was filtered and the residue washed with ether(2S ml). 
The solvents were removed under reduced pressure leaving a brown liquid. It was taken up in ether(200 ml), 
and washed with 2N NaOH (SO ml), followed by water washing (2 x 40 ml). The organic layer was dried 
(MgSG,) and the solvent removed under reduced pressure. The residue was fractionally distilled to give 
the product as a colourlcss liquid, b.p. 8S0/06 mm (9 g, 43 %). (Found : C, 68-S; H. 8.8. Calc for Cr sH rsOJ : 
C, 68-S ; H, 8.6 %). 

Cyclisurjon ofucetais to give indoles. ~nzrhiophen and be~yofuru~. The proctdurc followed that for 
7,8dimcthox~soqu~olinc(abovc) using BF,-AcOH (3 moles)with (CFsCO),O (2 molts) per mole ofaceta) 
at 5”. In the cases of the methoxyindolcs, bcnzthiophen and bcnzofuran the reagents were rcduccd in 
quantity to one mole of each per mole of acetal as this Iesscncd rcsini8cation. The yields obtained arc given 
in Table 2. N-~erhy~j~o~e was charactcriscd as its picrate m.p. 150” (lit.‘s IS@‘), as also was N-er~y~~~o~e, 
picrate m.p. IO4-IOS” (lit.‘9 105”). 

~~erhoxy-N-~r~y~f~o~e crystalhscd from light petroleum (b.p. 60-80”) as colourlcss plates m.p. 90” 
undeprcsscd on admixture with an authentic sample.’ Its picratc crystalliscd from benzene as dark-red 
flat needles m.p. lS2-153’, undcpresscd on admixture with an authentic specimen.’ 

6-Merhoxy-N-merhylindole was obtained as a colourless oil and characteriscd as its picratc, crystallising 
from benzenchght petroleum (b.p. 6O-SO’) as dark-red needles m.p. 123 (lit.‘O 123”). 

~e~zrhi~~~~crystalli~das~le yellow flat needles from light ~troleum(~80°)withm.p. 3i”(lit.21 32”). 
Azrempted prepararion of i-Fhe~y~-3,~~ihydr~6,7-d~~rhoxyisuguino~i~. Bcnzoyl chloride (4.78 g) was 

added toa suspcnsionof2_13,4dimctboxyphcnylfethylamine(Sg)in IO~~NaOHaq(SOml),and themixture 
was shaken vigorously during 10-15 mm. The mixture was warmed on a water-bath for S-7 min. The 
compound which solidified on cooling the mixture was separated, washed with water and dried. One 
crystatlisation from aqueous EtOH gave colourlcss plates of pure N-~nzoyl-2~3,~imethoxyphcnyl~” 
ethylamine (7% g, 96%) m.p. 89-90” (ht. 22 !X*).(Found:C, 71.5; H,6S;N,S1. CalcforC,,H,,O,N: 
C, 71-6; H, 67; N, 5.1%). 

To a cooled mixture of N-~nzoyl-2~3,~imethoxyphcnyl~cthylami~e (I g), and Ccl, (2 ml), was added 
a mixture of trifluoroacctic anhydride (I ml : 2 mole), and BFs-AcGH complex (1.8 g, 3 mole), with stirring 
and exclusion of moisture. The mixture was decomposed with ice-water after I hr. at room tcmp and then 

basified with NaOHaq to pH 9-10. The solid was filtered off, wasbcd thoroughly with water (2 x 20 ml), 
and d&d to give shghtly grcy solid (I.1 g m.p. 137”) The solid was cbromato~apb~ on a silica-gel column 
(30 g) and ehttcd witb a mixture of bcnxene-chloroform (17: 3). Later fractions gave almost pure N-benzoyl- 

Z(~ctyl_3,4dimPrhoryphenyltethylamine which crystalliscd from bcnxcnc in shining colourlcss soft 
n66dla,m.p.15~lS49(~77~77~~).(Found:C,6~7;H,6~2:N,3~6.C,PH21N0.requircs:C,69~7;H,6~4; 
N, 4.3 %). 

&tempted preparurion of I-phPnyl-3,4dihydroisoqcrinoiine. 2-Phenylethylaminc was trcatcd with bcnzoyl 
chloride in the presence of NaOHaq to give N-bcntoyl-2-phcnylcthylamine (98%) m.p. 117” (lit.*’ 
113-l 14’). When this amide (1 mole) was treated with BF,-AeOH (3 moles) and (CF,CO),O (2 moles) as 
described above only starting material was recovered. 3.4”Dimethoxyucerophone b.p. 12O-121”/@8 mm, 
m.p. 53” (lit.” b .p. 207’/1S mm, m.p. 48-49O) resulted from similar treatment of odimethoxybcnzene with 
BFI-AcOH and(CF,CO),O.(Found:C,66.6; H.6.7. Calcfor C,oH,,0,:C,ti7: H, 67Q. 
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