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Abstract :  The scope and limitations of three independent, though related routes leading to 5-
substituted tetrahydroisoquinolines are explored : the Pictet-Spengler type cyclization of ortho-

substituted 2-phenylethylamines, the Pomeranz-Fritsch type cyclization of meia-substitutcd

benzylamines and the electrophilic trapping of 5-lithiated 4-lithicoxytetrahydroquinolines. The
introduction of the substituent relies in all three cases on a neighboring group assisted, site selective
metalation step. © 1998 Elsevier Science Ltd. All rights reserved.

The outcome is less unequlvocal when meta-substituted benzylamines are used as the starting materials
since now mixtures are IOl'l’Ile(], in which the 7-isomer is gener auy the preaommant componem if it is not even
formed exclusively ! - 3. In other words, the S-isomers are the least accessible among the aromatically substi-

tuted isoquinolines.
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We present in the following three complementary methods that selectively lead to S5-substituted
isoquinolines. All of them involve at some stage a neighboring group assisted, site specific hydrogen/lithium
exchange ("metalation") at the aromatic ring.

The first possibility is to opt for a Pictet-Spengler or a Bischler-Napieralski rather than a Pomeranz-
Fritsch type cyclization 1> 3. This means, as the principal building block this time a 2-arylethylamine is required.
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If a substituent is located at an ortho-position of the aryl ring, it will inevitably have to occupy the 5-position in

the final isoquinolines.
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To exemplify this approach we have prepared 2-(methylthio)piperonal 3 by consecutive reaction of M-
(piperonylidene)cyclohexylamine 1 with butyllithium and dimethyl disulfide followed by acid hydrolysis of the
resulting imine 2. Aldehyde 3 was converted into the 2-arylethylamine 5 via the B-nitrostyrene 4 obtained by
condensation with nitromethane under basic conditions and subsequent catalytic hydrogenation. Compound 5,
when treated with formaldehyde under acidic conditions, eventually afforded the tetrahydroisoquinoline 6.
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20% aq. HCI; (g) HaNCH,CH(OCH3),, later NaBHy, finally 20% aq. HC; (h) NaBH, and F3CCOOH.

In general, 2-arylethylamines are less readily available than arylmethylamines (benzylic amines). Therefore,
it was tempting to explore the second possibility of access to the isoquinoline 6 by starting with 5-bromo-
piperonal. The corresponding cyclohexylamine 7 was first submitted to a halogen/metal exchange performed
with butyllithium in tetrahydrofuran and next allowed to react with dimethyl disulfide. The imine 8 thus
obtained was hydrolyzed to set free aldehyde 9 which was condensed with 2,2-dimethoxyethylamine under
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reductive conditions before being cyclized to give the 4-hydroxyisoquinoline 10, the hydroxy group of which

could be easilv removed bv hvdrogenolvsis
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ived from 5-(methylthio)piperonal (9) by reductive amination, has two empty
ort‘ho-posulons in which the side chain couid "bite" thus giving rise to the actuaily formed isoquinoline 10 or
its elusive regioisomer 12. The high selectivity found in favor of product 10 is another manifestation of the
pronounced para-directing effect 1 - 5 of alkoxy groups (here as part of a dioxolane ring) in electrophilic
aromatic substitution reactions. The N-methyl aminoacetal 13, obtained by reductive amination of aldehyde 9
with N-(2,2-diethoxyethyl)methylamine, shows the same kind of extreme regioselectivity, affording
isoquinoline 14 (42%) as the sole isolated product.
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In the same way, 5-bromopiperonal was converted via the aminoacetals 15 and 17 into the 5-bromoiso-
quinolines 16 (51%) and 18 (49%). Evidently, neither alkyithio groups nor a bromine atom strongly bias the
ortho/para-orientation of electrophilic aromatic substitution so that the alkoxy unit incorporated in the
dioxonate ring can dictate the regiochemical course of the cyclization step.
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The 4-hydroxy group is a structural motif which is invariably associated with the Pomeranz-Fritsch
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method when performed according to the 16 -8 It may or may not be subsequently removed
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by elimination or reduction. However, as long as present, it may be deprotonated and then exploited as a
o~ al Py &

neighboring group directing the hydrogen/metal exchanging attack of an organolithium reagent to the nearby
5-position. The third possibility of introducing a substituent into the 5-position of isoquinolines is based on
this concept. Numerous precedents ? - 13 of lithium benzylalcoholate ortho-metalations and applications in the

carbocyclic series (e.g., the 5-lithiation of lithium 1,2,3,4-tetrahydro-1-naphtholate 12) are known.

The lithiation of 4-hydroxy-N-methyl-1,2,3, 4-tetrahydroisoquinoline (19) did occur although it proceeded
y sluggishly. An excess of fert-butyllithium in diethyl ether and prolonged reaction times (6 h at 25 °C)
were required to achieve acceptable vields of the trapping products 20 - 22 (63%, 45% and 51%, respectively).
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Against our expectation, the metalation was not much accelerated when we turned to the 1,3-dioxolo[4,5-g]-
Q hedeaver Al manthe:l T 2 A tatenaherdenianrinalina IO\ no thhn corhhctontn A ae denndonencat el oo | N |
8-hydroxy-N-methyl-1,2,3,4-tetrahydroisoquinoline (23) as the substrate. After treatment with excess butyl-
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lithium in tetr, anyurorur an (agam for 6 h at 25 v) IOllOWCO Dy mtercepuon wnn various electropmles, the 5-
substituted derivatives 24 - 26 were isolated in satisfactory yields (72%, 60% and 66%, respectively).
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Since the 5-bromoisoquinoline 18 is so readily available, it was an obvious idea to submit it to consecutive
O-lithiation and halogen/metal interconversion, thus generating the intermediate 27 instantaneously. Strange

<
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enough, only small amounts (0 - 20%) of 5-substituted derivatives where identified after trapping with
4. £ alans 1 - 1 :

‘v"i‘i‘c‘:fy’ of electrophiles (deutenum oxide, methyl iodide, formaldehyde, N, N-dimethylformamide and carbon

methoxyisoquinoline 28. Intermediate 29 was efficiently intercepted with heavy water (92% of deuterum
incorporation), whereas the treatment with methyl iodide gave only about 15% of the expected product.
Moreover, at least one third of the isoquinoline 28 was invariably lost by transformation into insoluble
materials, presumably by concomitant base-promoted 1,8-elimination of methanol and subsequent dimerization
of the resulting o-quinodimethane 14.
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Several factors which can compromise the outcome of the reactions appear to coincide.
ring structures and aggregation make the intermediates 27 and 29 virtuaily insolubie and thus protect them
against the action of electrophiles. At the same time, the oxygen functions in the vicinity of the organometallic
bond may trigger a single electron transfer !5 from the latter to the electrophilic reagent, thus generating
radicals 30 (OR = Li or OCH3) which will seek and find stabilization by hydrogen atom abstraction from the
solvent. No such complication is encountered with flexible precursors. For example, the S-bromo substituted
aminoacetal 17 undergoes the halogen/metal exchange with butyllithium and the subsequent electrophilic
tr“ppipg almost qu _ti_tzl_tivgl (e. g , with dimethyl disulfide aff'ordmg 83% of 14).

EXPERIMENTAL PART

Starting materials were purchased from Fluka (CH-9470 Buchs) or Aldrich (D-89552 Steinheim), unless
literature sources or details of the preparation are given. Solutions of butyllithium ("n-butyllithium") in hexane
(1.5 M and "11.5 M", i.e. containing the organometallic reagent to the extent of 90%) were supplied by
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ChpMﬂtnll (D_60271 Frnnlrﬁtﬂ\ notassium fert-butoxi

1eMe E po m fert-butoxide by

reagents were used without further purification.

Air and moisture sensitive compounds were stored in Schlenk tubes or Schlenk burettes. They were
protected by and handled under an atmosphere of 99.995% pure nitrogen (glassware : Glasgeritebau Pfeifer,
D-98711 Frauenwaid).

Paraffinic or aromatic hydrocarbons (e.g., hexane, benzene and toluene) were obtained anhydrous by
careful azeotropic distillation. Diethylether and tetrahydrofuran were dried by distillation from sodium wire
after the characteristic blue color of in situ generated sodium diphenyl ketyl 16 had been found to persist.

Fthereai extracts were dried with sodium suifate. Before distiliation of compounds prone to radicai
polymerization or sensitive to acids a spatula tip of Aydroquinone or, respectively, potassium carbonate was

SRR,

The temperature of dry ice methanol baths is consistently indicated -75 °C and "room temperature" (22 -
26 °C) as 25 °C. Melting ranges (mp) are reproducible after resolidification, unless stated otherwise ("dec."),
and are corrected by using a calibration curve which was established with authentic standards. If no melting
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Silica gel (Merck Kieselgel 60) of 70 - 230 mesh (0.06 - 0.20 mm) particle size was used for column
chromatography. The solid support was suspended in hexane and, when all air bubbles had escaped, was
slunced mto the column When the level of the 11qu1d was Stlll some 3 5 cm above the 51hca layer the dry
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Nuclear magnetic resonance spectra of hydrogen-1 and carbon-13 nuclei in deuterochloroform solution
(unless stated otherwise) were recorded at 400 MHz, chemical shifts & referring to the signal of tetramethyl-
silane. Coupling constants (/) are measured in Hz. Coupling patterns are abbreviated as s (singlet), d (doublet),
t (tripiet), q (quartet), dd (doubiet of doublets) and m (muitiplet).

Muass spectra were obtained at 70 eV ionization potential mamtammcz a source temoerature of 200 °C.
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The m/e ratios given for bromine-containing molecules or fragments thereof refer to the 81Br isotopomers.

Elementary analyses were executed by the laboratory of I. Beetz, D-96301 Kronach. The expected
numbers are calculated on the basis of atomic weights according to the 1986 TUPAC recommendations.

2-(Methylthio)piperonylidene-N-cyclohexylimine (2) : At -75 °C butyllithium (0.11 mol) in hexane (75
mL) and, 20 min later, dimethyl disulfide (13 mL, 14 g, 0.15 mol) were added to a solution of piperonylidene-
N-cyclohexylimine (1} (1; 23 g, 0.10 mol) in tetrahydrofuran (0.20 L). The mixture was kept 2 h at 25 °C
before it was poured into water (50 mL). The organic layer was washed with brine (25 mL), dried and

evaporatea necryswmzauon of the residue from methanol gave pxuuuw 2 as a colorless solid, mp 1v

°C: 20.6 g (74%). - '"H-NMR : 5 8.85(1 H,s), 7.59(1 H, d, J86),680 (1 H,d,J86),606(2H,s),

Ny LU B0 LATINLVUN . U O, 00 (1 13, v 4GS 8.0) 0OV IR G

H, symm. m), 2.42 (3 H, s), 1.5 (10 H, m). - MS : 277 (3%, M*) 262 (51%) 180 (100%) Analysis : calc
for C15H19NO,S (277.38) C 64.95, H 6.90; found C 64.72, H 6.82%.

~

2- (Methylthlo)plperonal (3) Imine 2 (200 g, 72 mmol) was dissolved in dichloromethane (U L).
After addition of 10% hydrochioric acid, the mixture was vigorously stirred for 48 h. The organic layer was
decanted, washed with a saturated aqueous solution (2 x 50 mL) of sodium carbonate and water (2 x 50 mL),
dried and evaporated. The residue was triturated with hexanes (50 mL) and crystallized from methanol to

afford product 3 as a colorless solid; mp 79 - 81 °C; 12.9 g (91%). - IR (KBr) : 1665 cm’}, - TH-NMR : &
10.39 (1 H, s), 7.55 (1 H, d, / 8.0), 6.83 (1 H, d, / 8.0), 6.14 (2 H, 5), 2.52 (3 H, 5). - MS : 196 (100%, M™),
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(E)-[2-(Methylthio)piperonylidene]nitromethane (4) : A mixture of aldehyde 3 (3.9 g, 20 mmol),
nitromethane (5.4 mL, 6.1 g, 100 mmol), ammonium acetate (3.1 g, 40 mmol) and acetic acid (10 mL) was
heated for 2 h under reflux before being kept 15 h in a refrigerator. The precipitate was collected by filtration

o A sth SN0/ o ath 1 A A
under suction, washed with 50% aqueous ethanol and diethy! ether and recrystallized from ethanol to give the

colorless solid 4; mp 119 - 120 °C; 2.8 g (56%). - 'H-NMR : 5 8.64 (1 H, d, .J 14.2), 7.57 (1 H, d, J 14.2),
721(1H,d,J82),684(1H,d,J82),614(2H,s), 247 3 H, s). - MS : 239 (4%, M"), 193 (72%), 178
(100%). - Analysis : calc. for CjgHgNO4S (239.24) C 50.20, H 3.79; found C 50.54, H 3.81%.

5,6,7,8-Tetrahydro-1- methyltmo- ,3-dioxoioj4,5-gjisoquinoiine (6) : A soiution of the nitro

compound 4 (2.4 g, 9.5 mmol) in tetrahydrofuran (20 mL) was added dropwise to a suspension of lithium
aluminum hydride (1.4 g, 38 mmol) in tetrahvdrofuran (20 mL). After 5 h of stirring at 25 °C, the mixture was
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poured into a saturated aqueous solutlon of sodlum sulfate and extracted with diethyl ether (2 x 25 mL). The
precipitate was removed by filtration and thoroughly extracted with diethyl ether (3 x 25 mL). The combined
organic layers were washed with brine (2 x 25 mL) and evaporated. The oily residue, presumed to contain
amine 5, was treated with an 18% aqueous solution (6 mL) of formaldehyde (40 mmol) for 15 h at 25 °C.
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255 - 256 °C (dec.); 0.71 g (29%). - 'H-NMR (D;0) : 8 6.73 (1 H, s), 6.04 (2 H, s), 430 (2 H, 5), 3. 54(2H
t,J63),3.15 (2 H, t, J 6.3), 2.40 (3 H, 5). - MS : 223 (100%; M"), 206 (22%), 193 (17%), 176 (28%), 161
(38%). - Analysis : calc. for C11H4CINO;S (259.75) C 50.86, H 5.43; found C 51.00, H 5.34%.

1

Product 6 was also obtained by treatment of the nydroxyisoquinoiine 10 (0.72 g, 3.0 mmol), described
below, with sodium borohydride (0.23 g, 6.0 mmol) in a mixture of triflucroacetic acid (2.0 mL) and

dichloromethane (4.0 mL) for 16 h at 25 °C. The residue left behind upon evaporation to dryness was
triturated with a 5% aqueous solution (10 mL) of sodium hydroxide and then collected by filtration. It was
dissolved in ethanol (5 mL) and precipitated in diethyl ether (10 mL). Recrystallization from aqueous ethanol
gave the hydrochloride of 6 as colorless needles; mp 255 - 256 °C (dec.); 0.62 g (79%).

N-(5-Bromopiperylidene)cyclohexylimine (7) : A solution of 5-bromopiperonal 18 (34g, 0.15 mol,
prepared from 5-bromo-3,4-dihydroxybenzaldehyde 19\ and cyclohexylamine (21 mL, 18 g, 0.18 mol) in
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toluene (0.25 mL) was heated under reflux for 2 h, whﬂe the water formed was contmuously removed by
means of a Dean-Stark separator. After evaporation of the solvent, the residue was crystallized from methanol;
mp 94 - 95 °C (lit. 20: mp 97.5 - 98.5 °C); 41 g (87%). - 'H-NMR : 5 8.12 (1 H, 5), 7.28 (1 H, d, J 1.3), 7.23
(1H,d,J13),607(2H, s), 3. 16(1 H, symm. m) 1.5 (10 H, m). - MS : 311 (16%, M"), 282 (13%), 280
{(10%), 230 ( 1%), 45 (1 m“ %). - Analysis : calc. for C14H;6BINO; (310.19) C 54.21, H 5.20; found C 54.44,
S noo/

N-[5-(Methylthio)piperonylidene]cyclohexylamine (8) : At -75 °C, a solution (75 mL) of butyllithium
(0.11 mol) in hexanes and, 20 min later, dimethy! disulfide (13 mL, 14 g, 0.15 mol) were added to bromoimine
7 (31 8 0.10 mol) in tetrahydrofuran (0 20 L). The homogeneous mixture was kept 3 h at -75 °C before it was

3 0Lt tabl i Y, N T I

allowed to reach 25 °C. The residue obtained after washing with water (3 x 50 mL), dr ymb and cvupumuuu
was triturated with hexanes (0 10 1) and crystallized from hpnfnnps' mnhl-64 O(‘ 16 g (;7‘%\\ - g NMR -

was triturated wiln néxanes (V.iv L) and crysial mp o2 A-INIVER

§8.18 (1 H,s), 7.18 (1 H, d, J1.3), 7.09 (1 H, s, J 1.3), 6.04 (2 H, 5), 3.15 (1 H, symm. m). 251 GH, s), 1.5
(10 H, m). - MS : 177 (13%, M*), 196 (20%), 195 (13%), 181 (8%), 45 (100%). - Analysis : calc. for
CysH;oNO,S (277.38) C 64.95, H 6.90; found C 65.01, H 6.82%.

5-(Methyithio)piperonal (9) : The imine 8 was hydrolyzed as described for the conversi on of imine 2
into aldehyde 3 (see above); mp 80 - 81 °C (from methanol); 8.6 g (82%). - IR (KBr) : 1670 cm 1 - TH-.NMR
15983 (1H,s), 736(1H,d,J16),719(1 H,d,J1.6),6.14 (2 H,s),255 (3 H, s). - MS : 196(100%.,

M*), 195 (54%) 151 (11%_) Analys1s calc. for CoHgO3S (196 22) Cs. 09, H 4.11, found C 55.08, H
4.25%.
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(3.9 g, 20 mmol) and aminoacetaldehyde dimethyl acetal (2.4 mL, 2.3 g, 22 mmol) in mcthanol (20 mL) was
stirred until a homogcncous solution had formed. The latter was cooled to 0 °C and sodium borohydnde (0 38
g, 10 mmol) was dissolved in it. After 2 h at 25 °C, the solvent was evaporated and the residue taken up in
20% hydrochloric acid (0 10 L). The mixture was kept 16 h at 25 °C. Under cooling, a 40% aqueous solution

r N T

(OU mL) of sodium nyaroxxae was added. Product 10 was extracted with dichioromethane (J x 75 mL). 1ne
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colorless powder; mp 159 - 161 °C; 2.2 g (47%). - 'H-NMR (D3CSOCD3) : 8 6.54 (1 H, s), 6.01 (1 H, d,
09), 598 (1 H,d,J09), 476 (1 H, s, broad), 455 (1 H, s, broad), 3.75 (1 H, d, J163),3.60 (1 H,d, J
16.3), 3.23 (1 H, s, broad), 3.03 (1 H, d, /13.3),2.73 (1 H, dd, J 13.3, 2.5), 2.38 (3 H, s). - MS : 239 (26%,
M"), 219 (44%), 210 (35%), 204 (19%), 195 (32%), 45 (100%). - Analysis : calc. for C;;H;3NOsS (239.29)
C 55.21, H 5.48; found C 55.46, H 5.13%.

\N
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5-(methylthio)piperonal (3.9 g, 20 mmol) in methanol (20 mL) and a 40% aqueous solutxon (3.5 mL) of
methylamine (40 mmol) was stirred until a homogeneous solution had formed. Sodium borohydride (0.38 g, 10
mmol) was dissolved in this mixture. After 16 h at 25 °C, the solution was evaporated to dryness and water
was added. The extract with dichloromethane (3 x 50 ml) was dried and evaporated. The residue was

_______ ST T AP U DU [ RS 52 LYC SR  NSUUPRI I TR SRR T BRCSICE B2 ST, I G athe
dissolved in ethanol (40 mL) and precipitated by addition of concentrated hydrochloric acid (2 mL) and diethyl
ether (20 mL). - The crude th!’OCthHdv was dissolved in a 20% aqueous solution (15 mL) of sodium

B A utior SORe

hvdrox1de and extracted with ether (3 x 10 mL). After drying and evaporation of th combmcd organic layers,
bromoacetaldehyde diethyl acetal (4.0 mL, 5.1 g, 25 mmol) and sodium hydrogen carbonate (5.0 g, 60 mmol)
were added and the residue was heated for 6 h to 125 °C. The semisolid mixture was extracted with diethyl
ether (3 x 10 mL). Evapora’non of the filtrate afforded a yellow1sh oil. - This crude material (mtermed1ate 13

~ =it

accoramg io ﬂml') was dissolved in 20% l'ly(lfOC[llOl"lC
atirrad with charonal fltarad and mada alkaline hy a
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odium hvdroxide (60 ml)
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Product 14 was extracted with dichloromethane (3 x 50 mL) dried and collected after evaporation of the
solvent. Recrystallization from toluene gave a colorless solid, mp 115 - 116 °C; 2.2 g (42%). - 'H-NMR
(D3CCN) : 8 637(1H,s), 601 (1H,4d,J1.1),59 (1 H,d,J1.1),472 (1 H, symm. m), 395 (1 H, s,
broad) 344 (1 H,dd,J1438,12),295(1H,d,J1438), 290(1 H, ddd, /11.8,2.0, 1.2), 2.39 3 H, s), 2.30
(3 H, s), 229 (1 H, dd, J 11.8, 2.8). - MS : 253 (27%, M*), 210 (31%), 45 (100%). - Analysis : calc. for
C12H15N03S (253.31) C 56.90, H 5.97, found C 57.10, H 5.84%.

N-Methylisoquinolinol 14 was independently prepared from the N-unsubstituted compound 10 (0.24 g,
1.0 mmol) to which 1% hydrochloric acid (3 mL) and a 36% aqueous solution (0.10 mL) of formaldehyde (1.3
mmol) were added. After 5 min of heating under reflux, sodium borohydride (50 mg, 2.3 mmol) and, 15 min
later, a 40% aqueous solution (1 mL) of sodium hydroxide were added at 25 °C. The precipitate was collected

. i o )
and recrystallized from a 1 : 1 (v/v) mixture of ethyl acetate and hexanes; mp 115 - 116 °C; 0.17 g (67%).

The 1-bromoisoquinolinols 16 and 18 (see below) were prepared as described above for the 1-(methyl-
thio)isoquinolinols 10 and 14. However, some of the reactions were carried out on a considerably increased
scale and some of the intermediate products (such as 17) were isolated and characterized.

O i+ L __3___ 172 1L\ . ~ ~Avra {an.
3-tetrahyaro-1,5>- umxum[ﬁl,a-g]lauquluuuu-o-un {16) . As described above (se
(46g, 20 mmol; prepared from 5-bromo-3,4-dihydroxybenzaldel y(_le 19\ was

\

consecutlvely treated with ammoacetaldehyde dimethyl acetal (2.4 mL, 2.3 g, 22 mmol) in methanol (20 mL)
sodium borohydride (0.38 g, 10 mmol) and 20% hydrochloric acid (0 10 L) to afford product 16; mp 178 -
179 °C (from isopropanol); 2.8 g (51%). - lH—NMR 8 6.45(1H,s),6.01(1H,d,/1.2),6.00(1H,d,J1.2),

11202, PEICPRIUA 220 Lin=2 QIRYRIUA YU LA

4.68 (1 H, s, broad), 3.86 (2 H, symm. m), 3.37(1H,d,/13.1), 290 (1 H, d,/13.1), 239 2 H, s, broad). -
MS : 273 (8%, M™), 244 (25%), 45 (100%). - Analysis : calc. for C1oH10BrNO3 (272.10) C 44.14, H 3.70,

found C 44.37, H 3.78%.

1-Bromo-5,6,7,8-tetrahydro-6-methyl-1,3-dioxolo[4,5-glisoquinolin-8-ol (18) : As described above
(see preparation of 10), 5-bromopiperonal '® (11.5 g, 50 mmol; prepared from 5-bromo-3,4-dihydroxybenz-
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aldnh\n‘lp 19\ wag conearntivaly fmntad wnth mathulamine (100 mmnl) in 8894 aananiie moathannl 1R8 mT ) and
W AEDWWLE R Vvl YYAvas lll\llrll AA11111w A\IV povsiveivy l} i oo/ u\.lu\«uuo LI LLIQUEINV R \UJ lll.l_l) aiiu
sodmm borohvdrlde ( 1.9 g, 50 mmol). N-Methvl-s-hromomneronvlamme hydrochlo ride ecmit ted from

- '"H-NMR (D;0) : 7.18 (1 H,d,J1.7), 697 (1 H, d, J 1.7), 6.13 (2 H, s) 416 2 H, s), 273 (3H,s) MS :
245 (51%, M"), 244 (61%, M" — 1), 215 (100%). - Analysis : calc. for CoH1BrCINO; (280.55) C 38.53, H
3.95; found C 38.68, H 4.04%. - Reaction of the free amine, set free from the hydrochioride (5.6 g, 20 mmol)

unth a AN/ amiemie enhiitinn nf endinim hudravida wrth hramaacataldahuds diathyl anatal AN I § 1 o DK
witil a Trv /9 a\iu\vuuﬂ DAJEULEVLL VUL DUNSEURREE IIJUIUMU\J, yvitil Ul Ullluaublalubll’un ulClllyl aviotial \.".U lll‘.J, J.1 s’ L

mmol) in the presence of sodium hydrogen carbonate (5.0 g, 60 mmol) at 125 °C afforded the aminoacetal 17
which was purified by distillation; bp 130 - 135 °C/1 mmHg; n¥’ 1.5255; 4.7 g (65%). - 'H-NMR : 6 6.95 (1 H,
d,J16),682(1H,d,/16),603(2H,s),463(1H,t, J53),3.65((2H,dq,/J9.7, 7.0),3.53(2H,dq,J
9.27.0),3.45 (2 H, 5), 2.57 (2 H, 4,/ 53), 229 3 H, 5), 1.2 (6 H, 1, J 7.0). - MS : 361 (1%, M"), 215
(100%), 103 (60%). - Analysis : calc. for C;sH;BrNO4 (360.25) C 50.01, H 6.16; found C 50.08, H 6.05%. -
Crude aminoacetal 17 [prepared from 0.10 mol of 5- (methylthxo)plperonal] was isolated as described above
(see nrenaratmn of 14). Product 18 was obtained as a colorless solid, mp 134 - 135 °C; 13.9 (49% over-all

[w1th respect to 5- (methylthlo)plperonal]) - 'TH-NMR : 5 6.33 (1 H, s) 6 05(1H,d, Jl 5), 6. Ol (1H,d,J
1.5), 4.67 (1 H, s, broad), 4.00 (1 H, s, broad), 3.48 (1 H, d, J 14.8), 3.08 (1 H, dm, J 11.8), 3.02 (1 H, d, J
14.8), 240 3 H, s), 2.34 (1 H, dd, J 11.8, 2.5). - MS . 287 (27%, M"), 244 (36%, 45 (100%). - Analysis :
calc. for C11H,BrNO3 (286.12) C 46.18, H 4.23; found C 46.51, H 4.05%.

The same nroduct was formed when the 1-bromoisoauinolinol 16 (ﬂ 27 g, 1.0 mmnl\ was simultaneouslv
progu oqu uitaneous.y

treated with formaldehyde and sodium borohydride in acidic aqueous medlum (see above the alternative
preparation of 14, at the end of the paragraph dealing with this compound), mp 134 - 135 °C; 0.20 g (70%).

1,2,3,4-Tetrahydro-2-methyl-S-(trimethylsilyl)isoquinolin-4-ol (20) : 1,2,3 4-Tetrahydro-2-methyl-
isoquinolin-4-ol #! (19; 4.1 g, 25 mmol) was added to a solution of ferz-butyllithium (75 mmol) in diethyl ether
(0.15 L) and pentane (50 mL). After being stored 6 h at 25 °C, the mixture was treated with chlorotri-

RS N, P (IS 7's N e | QN . TE ....__..-.l\ ~s NE ONMN A+ NE OM PN U L R L YU [ SR
IHCLIX ylbl HNC (7.0 L, 0.4 8, /J V1) dl =<0 L. Al 40 L, lL wads NneulraiiZea Wll.ll J/D buuuuu auu \d.pplU?&

0.10 1) and the aqueous phnep extracted with dmﬂ'\vl ether ('2 x010L \ The combined oreanic ]avprq were

Ay Qiiu Uiiw Gy s e AT VAR iTw Vipdanv i

drled and evaporated. The residue was purified by dlstnllatlon mp -49 to -47 °C; bp 108 - 109 °C/0. 4 mmHg;
21.5090; 3.7 g (63%). The slightly orange colored oil was triturated with hydrogen chlonde in ethanol. The
mmally amorphous solid was crystallized from methanol; mp 221 - 224 °C; 4.3 g (63%). - 'H-NMR (D;COD):
b760(lH d,J73),737T(1Ht,J76),722(1H,d, J733 5. lS(lH t,J2.4),455(1H,d,J15.7),4.34
S5). - . .

(1H,d,J15.7),3.58 (2H, 5),3.07(3H, 5), 0.38 (O H, C-NMR : 8 141.3 (1 C, s), 140.6 (1 C, 5), 134.1
(1 C Y 12401 C 4 I1§A\l')'7<f1(‘rl FT186 1Y 126 7(1 C A f1§74\ 6501 C d 7]447\ﬁn§
\L \1, D}’ lJJ_f\L \/’ \.l’ll AN, }, A e | J\l\./ \l’tl IJV-LI’ ER AR \l\/ \-I A F . '}’ V-//\L \/ \J AT NN,
(1C,t,J133.8),582(1C,t,J133.8),459(1C, q,J133.8), 08 (3C, q,J119.4). - MS : 235 (28%, M),

234 (29%), 216 (47%), 202 (26%), 177 (100%). - Analysis : calc. for C13H2CINOSi (271.86) C 57.43, H
8.16; found C 57.45, H 8.22%.

1,2,3,4-Tetrahydro-3-iodo-2-meihylisoquinoiin-4-oi (21) : Using iodine (19 g, 75 mmol) instead of
chlorotnmethylsﬂane the hydrochloride of 21 was obtained, mp 199 - 201 °C (from ethanol); 4.8 g (55%). -
'H-NMR (D;COD) : 8 7.93 (1 H, d, J7.8), 7.28 (1 H, d, J 7.8), 7.14 (1 H, t, 7.8), 5.07 (1 H, 1, J 2.1), 4.54
(1H,d,J16.0),433 (1 H,d,J16.0),371 (1 H, dt, J 12.7, 1.8), 353(1H dva127 1.8), 310(3H s). -
MS : 188 (47%, M), 270 (100%), 245 (45%). - Analysis : calc. for CjoH;3CIINO (325.57) C 36.89, H 4.02,

found C 36.66, H 4.10%.

E Meeeasl 19 2 A gndeeche-dun ¥ methylisoguino | O 9 Anmnlainas tha gnman nrot tnnal ae Aacrrihad
S=LUNHIYI"1yLydy4-lCLTANYUT V=4~ 111V yll)UqulllUllll-“l'Ul \e&j . nppl_y1115 LUT dailliv piutulul ad utouiivcu
for the nreparation of nroduct 20, but replamno chlnrnfnmefhvlqllane bv N, N—dlmefhvlfgrmamldg (3_8 mL, 3.7

g, 50 mmol), the aldehyde 22 was formed, which was extracted from the ethereal solution with sodium
bisulfate and, after decomposition of the adduct with an aqueous solution of sodium hydroxide, collected as a
slightly ocherous colored amorphous solid; mp 106 - 108 °C (dec.) 2.45 g (51%). - IH-NMR : & 10 20 (1 H,

s), 776 (1 H,d,J7.6),743 (1 H,t,J76), 732 (1 H, d, J 7.6), 5.16 (1 H, s, broad), 3.82 (i
2 LI
J

ML /1 IT 2 TIL ITNAT/ATIT 4] T1H1T 21 12N D460 T A T1H 1 ‘)"I\ 2 AQ
3001 n,4, v 15.0), 50U/ (1 11, Q0A, v 14,1, 2.1, 1.3), 20 (1 11, Q, v 12.1, 3.7}, £.70

(6%, M* + 1), 191 (5%, M*), 190 (5%), 174 (16%), 119 (100%).

{ o)
\Z 14, J5). = vi
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8.6 7 Q-Tptrnhvt‘m..&mothwl..l..tv-mn‘hvla-lvl_l I_diavanlnld & n]Innnllnnnl:n=ﬁ=n| (Y4 - § K 7T Q_Tatra_
gy / g s susay ATSE EERELVLREY DALY KT A gws WAV Aulul"l,u JISUYUIRUIIIITOTUL (&7) . J,U, 7, 071U
hydro-6-methyl-1,3-dioxolo[4, 5-2]1soau1nohn—8 ol 22 (23; 52 g, 25 mmol) was added to a solution of

butylhthlum (75 mmol) in tetrahydroﬁlran (0.10 L) and “hexanes (50 mL). After 6 h at 25 °C— th; nﬁy;tx;;e wa;
treated with chlorotrimethylsilane (9.5 mL, 8.2 g, 75 mmol) and, 1 h later, neutralized with 5% sulfuric acid
(approx. 0.10 L) Product 24 was isolated by extraction of the aqueous phase with diethyl ether (3 x 0.10 L),

o orvin

evaporauon and OlStlllaﬂOH Dp 126 - 128 °C/0.4 mmng, 5.0 4 (/ 2% ) Trituration of the oil with a solution of

vdrnagan crhlamda in athannal and rasructallizatian fram mathanal gava o rnlarlacs amsaeeh anlid. 2N
llyul Usbll iU Uy Ll!. wvilialivl aiig lb\ll}ﬂlmllballull 11Ul lriviiialivl saVG a VUIULIUDD alllUllJ.llUub aUllu’ lllp Ll =

222 °C; 5.7 g (12%). - 'H-NMR (D3COD) : 8 6.68 (1 H, s), 5.94 (2H,s),504(1H,s, broad), 441 (1 H,d, J
152), 423 (1 H,d,J152),35 (1 H,d,J12.7),349 (1 H,d,J12.7),3.04 3 H,s), 041 O H, s). -
13C-.NMR (D;COD) : 6 154.8 (1 C, d, J 6.6), 148.2 (1 C, s), 131.7(1C,s),123.2(1 C, q,/4.8), 1209 (1 C,
s), 1076 (1 C,d,J164.1),101.9(1C,t,J174.3),64.2 (1 C, dd, J 146.6, 4.5), 599(1C t,/J146.1), 56.4 (1
C,t,J1449),44.1(1C,q,J143.5),1.0(33 C, q,J 119.9). - MS : 279 (15%, M™), 262 (31%, 221 (100%). -
Analysis : calc. for C14H,>,CINO3Si (315.87) C 53.24, H 7.02; found C 52.71, H 7.11%.

5,6,7,8-Tetrahydro-1-iodo-6-methyl-1,3-dioxolo[4,5-g]isoquinolin-8-ol (25) : Using iodine (19 g, 75
mmol) instead of chlorotrimethylsilane, product 25 was obtained; mp 123 - 128 °C (dec.); 5.5 g (60%). -
'H-NMR (D3COD) : 5 6.70 (1 H, s), 6.07 (2 H, ), 5.0 (1 H, m), 443 (1 H, d, J 15.6), 422 (1 H, d, J 15.6),
3.66(1H,d,J12.7),3.48 (1H,d,J12.7),3.07 (3 H, s). - MS : 333 (29%,M) 314 (27%), 290 (100%).

8.6.7 R..Tpfrahvrlrn.i ﬁ_dumnfhvl 1 1_d|nvnlnld S.olicoauinalin-8.0l (26) - An

5,6,7,8 oxolo[4,5-glisoquinolin-8-0l (26) : Applying
as specified for the preparation of product 24, but replacing chlorotrimethylsilane by methyl iodide (3 1 mL,
7.1 g, 50 mmol), derivative 26 was formed. It was isolated by extraction with diethyl ether and distillation. An
orange-red colored oil (3.7 g) was collected and converted into the hydrochloride as described, mp 231 - 235
°C (dec.; from ethanol); 4.3 g (66%) - 'H-NMR (D3L0D) 6655(1H,s),597(2H,d,J2. 5), 502 (1 H,s,
broad), 439 (1 H, J15.6),4.19(1 H,d,/156),363 (1 H,d,/128),345(1 H,d,J12.8),3.05 (3 H, s),
2.29 (3 H, s). - MS : 221 (9%, M"), 202 (68%), 178 (30%), 162 (18%), 86 (100%). - Analysis : calc. for
C12H;6CINO; (257.72) C 55.93, H 6.26; found C 56.08, H 5.98%.

hall VAt St B i

lving the same pr ratocol
J‘ ik DALY ER AR NA A g

1-Bromo-5,6,7,8-tetrahydro-8-methoxy-6-methyl-1,3-dioxolo[4,5-glisoquinolin-8-ol (28) : A solution
of the bromoisoquinol 18 (2.9 g, 10 mmol) in methanol (20 mL) containing a small quantity (2 mL) of
concentrated hydrochlonc ac1d was heated for 20 h under reflux. The hydrochlonde of product 28 was

srecipitated bv addition of diethvl ether (50 mL). collected by filtration and dissolved in water. A sufficient
plcblpllau;u Uy AuUuuitivil UL ulclll_yl CLLIICE \ llu_ll’ VULIUULUAL Uy 11 auivii aiiy uipdulvoug Ll vwaivl., My sulLiiviuii
volume (approx. 1 mL ) of a 40% aqueous solut ion of sodium hvdrgsgde was added to make the solution

slightly alcalme Product 28 was extracted with diethyl ether (3 x 20 mL). The combined organic layers were
dried and evaporated The residue was triturated with hexanes and crystallized from heptanes; mp 103 - 104
°C; 1.6 g (53%). - TH-.NMR : 3647(1 H,s),6.01(1H,d, J14) 6.00(1H,d,/14),425(1H, symm. m),

380(1H d,J14. /) 354(3H,s),3.26(1 H,dm, J123),3.13(1H,d,J14.7),248 3 H, s),.u/( H,dd,

172 "M NAQ ANT Q0L ALY AT1 U40/\ AEQ F10NN0/N Analaaia - Aanla fAe OO IT. DAIN, 2 18N
J 12 D, L.l). =~ V1D [ DVL (F70, M ), £71 {307/0), £30 (1UU/0). - ALIAIYSIS [ CaIC. 101 L {2r1]4DTINU3 (O 00 JAJ) O
48.02, H 4.70; found C 48 05, H 4.68%
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