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Abstract—A general procedure for the asymmetric synthesis of 3-aryl-1,2,3,4-tetrahydroisoquinolines with any desired substitution
pattern at both aromatic rings is reported. The methodology relies on the deoxygenation of 3-aryl-1,2,3,4-tetrahydroisoquinolin-4-
ols la—e, which can be easily prepared from chiral non-racemic arylglycines under ionic hydrogenation conditions The target
heterocycles are obtained as almost enantiomerically pure compounds. Further experiments allow establishing that this transfor-
mation occurs via Sy 1 mechanism in which a carbocationic intermediate species is firstly formed and afterwards it undergoes rapid
reaction with a nucleophilic hydride carrier to afford the reduction product. © 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

The isoquinoline core is a structural motif common to
a large and diverse family of natural products, which
have shown a remarkable array of biological activities.'
Among the members of this family, those in which the
nitrogen-containing ring is partially hydrogenated, the
1,2,3,4-tetrahydroisoquinolines, constitute a major
group in this class of interesting alkaloids. In this
particular case, several stereogenic centres can be incor-
porated in the heterocyclic skeleton. Taking into
account the significant variation in the biological activ-
ity profile between enantiomers observed in some
cases,’ the development of efficient methodologies for
the stereoselective synthesis of these compounds has
became a challenging task for the organic chemist.*?

Many reports can be found in the literature that
describe several procedures for the stereoselective syn-
thesis of differently substituted tetrahydroisoquinolines,
most of them are focused on 1-substituted derivatives.*
Some papers have been published that account for the
stereoselective  synthesis of  3-substituted tetra-
hydroisoquinolines, mainly introducing a carboxy- or
an alkyl chain at this position.> However, the number
of references describing the asymmetric synthesis of
3-aryl-1,2,3 4-tetrahydroisoquinolines is even more lim-
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ited.® These are known as a relevant class of com-
pounds among the isoquinoline alkaloids, both as
important synthetic intermediates for the elaboration of
other related alkaloids’ like protoberberines, pavines or
benzo[c]phenanthridines as well as enjoying consider-
able attention as potential therapeutic agents.®

Among the different strategies described for the con-
struction of the isoquinoline core, the classical Pictet—
Spengler’ or Bischler—Napieralsky/reduction!® pro-
cedures occupy a prominent position and indeed, we
have reported the asymmetric synthesis of 3-aryl-
1,2,3,4-tetrahydroisoquinolines starting from chiral
nonracemic 1,2-diarylethylamines.'! Unfortunately, the
use of these heterocyclization procedures as key steps in
the construction of the heterocyclic system has a strong
limitation, which is that the substitution pattern at the
aromatic ring of the isoquinoline skeleton becomes
imposed by the electronic requirements of the cycliza-
tion step. Several approaches have been used to over-
come these difficulties, but normally complex
modifications have to be performed that result in com-
plicated protecting group strategies.!? This makes these
heterocyclization methods unsuitable for the synthesis
of 7,8-disubstituted derivatives, which are very com-
monly found in nature, as illustrated by the cases of the
alkaloids chelidonine and caseadanine (Fig. 1).

Recently, we developed a procedure for the asymmetric
synthesis of  6,7-disubstituted 3-aryl-1,2,3,4-tetra-
hydroisoquinolin-4-ols using arylglycines as chiral tem-
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plates (see Scheme 1).!* This strategy, which is actually
a chiral modification of the original Pomeranz—Fristch
heterocyclization, allowed us the access to any kind of
substitution pattern both at the isoquinoline aromatic
ring and at the 3-aryl substituent and therefore, it can
be an exceptionally useful approach to the target 3-aryl-
1,2,3,4-tetrahydroisoquinolines, provided that a proce-
dure is found for the conversion of the obtained
4-hydroxy substituted derivatives into simple 3-aryl
heterocycles.
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Scheme 1.

In this context, the so-called ionic hydrogenation reac-
tion is a widely employed reductive transformation that
allows the deoxygenation of alcohols into the corre-
sponding alkanes,'* as is required in our case. A wide
variety of Bronsted or Lewis acid/hydride donor
reagent combinations have been developed,'® the car-
boxylic acid/NaBH, couple being a frequently
employed system. The commonly postulated mecha-
nism for this transformation involves conversion of the
alcohol to an intermediate carbenium ion assisted by
the carboxylic acid group, which is followed by reduc-
tion with a hydride carrier.'® This is the main reason
why this reaction has been limited to alcohols that form
stable carbocations.!” Other alcohols cannot be reduced
cleanly, instead yielding oligomerization side products
along with starting material.!’

Considering that the already mentioned 3-aryl-1,2,3,4-
tetrahydroisoquinolin-4-ols are benzylic alcohols, the
formation of a resonance-stabilized carbocation can be
foreseen, which should allow us to complete the deoxy-
genation reaction on these substrates. In this context,
we wish to report here a simple and efficient procedure
for converting these 4-hydroxy-substituted 3-aryl-
1,2,3,4-tetrahydroisoquinolines into simple 3-aryl sub-
stituted heterocycles using the ionic hydrogenation
reaction. The most remarkable feature of the methodol-
ogy presented relies on its suitability for the prepara-
tion of the target compounds with any desired
substitution pattern both at the aromatic ring of the
tetrahydroisoquinoline core and at the 3-aryl sub-
stituent. This is of particular interest because different
6,7-disubstituted derivatives should be easily prepared
in a simple and efficient way. These compounds are
extremely useful precursors for the preparation of sev-
eral other naturally occurring alkaloids.

2. Results and discussion

We started with the synthesis of the key 3-aryl-1,2,3,4-
tetrahydroisoquinolin-4-ols 1a—e using enantioenriched
arylglycines as chiral precursors, according to a proce-
dure developed in our group.!?> With these amino alco-
hols in hand, we proceeded to perform the ionic
hydrogenation in order to convert them into the desired
simple 3-aryl substituted heterocycles.

Among the different reported carboxylic acid/NaBH,
combination of reagents we choose TFA as the proton
source, due to its high ionising power together with its
low nucleophilic character.'® Consequently, the tetra-
hydroisoquinolin-4-ols 1a—e were treated with a solu-
tion of NaBH, in TFA, affording, after a 2-3 h period,
the reduced heterocycles 2a—e in excellent yields after
flash column chromatography purification (see Scheme
2). Remarkably, chiral HPLC analysis of the crude
reaction mixture indicated that the reaction proceeded
with no racemization at the remaining stereogenic cen-
tre in the 3-position, thus, 3-aryl-1,2,34-tetra-
hydroisoquinolines 2a-e were obtained in near
enantiomerically pure form (see Table 1).

Scheme 2. Reagents and conditions: (i) TFA, NaBH,, CH,Cl,,
rt.

Considering that very little is known about the mecha-
nism of this reaction, especially concerning its applica-
tion using chiral B-amino alcohol substrates, further
experiments were performed to obtain a better under-
standing of this transformation. As already mentioned,
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Table 1. Tonic hydrogenation of isoquinolin-4-ols 1a—d

Prod. R! R? R? R* R> Yield (%)* ee (%)°
2a OMe OMe H H H 75 95
2b H OMe OMe H H 80 95
2c H OMe OH°® H H 85 95
2d H OMe OMe OMe OMe 80 92
2e H OMe OMe OCH,0O 85 94

“Yield of pure product isolated after column chromatography.

b Determined by chiral HPLC analysis (Chiracel OD column; hexanes>/iso-Propanol 98/2; flow rate 0.90 mL/min).
°In the starting isoquinolin-4-ol R*=0OBn, therefore, deoxygenation occurred together with debenzylation.

the mechanism commonly postulated in the literature
involves the formation of a carbocationic intermediate
species followed by quenching with a hydride carrier in
a typical Syl-type mechanism.! However, other
authors' have suggested the possibility of a dehydra-
tion/elimination sequence leading to an intermediate
alkene which, upon electrophilic addition of H* fol-
lowed by reduction by the hydride species could also
explain the formation of the final product and also
account for the formation of oligomerization products
in many cases. Finally, even the possibility of Sy2
displacement of OH by a hydride nucleophile, favoured
by protonation of the hydroxy group should not be
discarded.

In our case, the corresponding dehydration product 3
was obtained after treating isoquinolin-4-ol la with
TFA, which could be isolated and characterized. How-
ever, this alkene failed to react with a TFA/NaBH,
mixture, even after 3 days stirring at room temperature.
This result allowed us to discard the possibility of the
elimination/H* electrophilic addition/H~ addition
mechanism and therefore, only the possibility of a
nucleophilic displacement of OH by a hydride reagent
had to be considered, either of Syl or S\2 kind
(Scheme 3).

\\Ph RO Ph (i No
NCH NCH — reaction
3 3

Scheme 3. Reagents and conditions: (i) TFA, CH,Cl,, rt. (ii)
NaBH,, TFA, CH,Cl,, rt.

|IO

Next, we performed the ionic hydrogenation reaction
using deuterated reagents. Treatment of 1a with either
NaBD,/TFA or NaBD,/TFA-d afforded the
monodeuterated reduction product 4 cleanly in which
incorporation of the deuterium atom was found to
occur exclusively at C-4 (Scheme 4). Besides, the reac-
tion was found to be fully diastereoselective, obtaining
the deuterated analogue 4 as a single 3.4-trans
diastereoisomer, as could be checked by NMR analysis
of the crude reaction mixture. The relative configura-
tion of both stereogenic centres was determined by
NOE experiments.

oH
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Scheme 4. Reagents and conditions: (i) NaBD,, TFA, or
NaBD,, TFA-d, CH,CL,, tt.

This result is consistent with the substitution mecha-
nism and is further evidence that the reaction does not
proceed through an alkene intermediate. However, two
possible mechanisms are still available to explain these
results: the exclusive formation of the 3,4-trans deuter-
ated isomer can result from both Sy 2 pathway or an
Sy 1 route, in which the attack of the hydride species to
the intermediate carbocation becomes stereochemically
controlled by the presence of the C-3 stereogenic centre,
thus explaining the observed high diastereoselectivity of
the reaction.

The final proof came from the ionic hydrogenation of
tetrahydroisoquinolin-4-ol 1’a, which the C-4 epimer of
la. This compound was prepared in enantiomerically
pure form according to the reported procedure.''* In
this case, reduction with any of the deuterated reagents
afforded the deuterated heterocycle 4, again with full
regio- and diastereocontrol (Scheme 4). This result rules
out the possibility of the bimolecular substitution path-
way and definitely points towards the first formation of
a configurationally stable chiral carbocationic interme-
diate, which reacts with the hydride carrier reagent with
1,2-asymmetric induction exerted by the stereogenic
centre present at the adjacent carbon atom (Fig. 2).

It also has to be pointed out that the exclusive incorpo-
ration of deuterium at the 4-position also indicates that
the carbocation intermediate is fairly stable and does
not undergo transposition, even to the adjacent C-3
position, which is also a benzylic one. Additionally, the
fact that isoquinolines 2a-e are obtained in enan-
tiomeric purities comparable to those of the alcohol
precursors supports this postulation.
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Figure 2. Proposed mechanism for the ionic hydrogenation of
isoquinolines la—e.

The presence of the nitrogen atom of the isoquinoline
ring is a crucial element in this reaction. In fact, similar
experiments performed during the ionic hydrogenation
of the related 2-aryl-tetrahydro-1-naphthols 5 (Scheme
5) indicated that, in this case, the reaction proceeds by
initial dehydration to yield an intermediate alkene 7,
followed by H™* electrophillic attack/hydride quenching.
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Scheme 5. Reagents and conditions: (i) NaBD,, TFA-d,
CH,Cl,, rt. (ii) TFA, CH,Cl,, rt.

This can be interpreted in terms of the formation of an
ammonium salt by protonation of the tertiary amine
functionality present in the tetrahydroisoquinoline
skeleton prior to the dehydration step that leaves to the
carbocationic intermediate (Fig. 2). Once this carboca-
tion is formed, the transposition side reaction is very
unlikely to occur because two adjacent positive charges
would develop in the resulting intermediate.

3. Conclusions

A very efficient and straightforward procedure has been
developed to prepare chiral nonracemic 3-aryl substi-
tuted 1,2,3,4-tetrahydroisoquinolines in a stereoselective
way starting from the corresponding isoquinolin-4-ols,
which can be easily prepared using arylglycines as
chiral templates. The procedure involves the ionic
hydrogenation of the precursors using the NaBH,/TFA
combination of reagents and affords the deoxygenated
compounds in excellent yields and with no loss of
enantiomeric purity compared to the starting materials.

This methodology allows the preparation of these hetero-
cycles with any desired substitution pattern at both
aromatic rings, which is of outstanding importance
because 7,8-disubstituted derivatives, which are not eas-
ily obtained using conventional heterocyclization routes
like Pictet-Spengler or Bischler—Napieralsky cycliza-
tion, can be accessed readily in this way.

Additionally, mechanistic studies performed on the
ionic hydrogenation of these particular substrates have
allowed us to unambiguously establish that an Syl
pathway is involved. Consequently, the reaction pro-
ceeds through formation of an intermediate carboca-
tionic species, which is configurationally stable and
undergoes rapid reaction with the nucleophilic hydride
carrier species. The stereogenic centre at the C-3 posi-
tion exerts very effective stereochemical control over
the approach of the nucleophile and therefore
stereodefined C-4 deuterated analogues can be prepared
easily using this procedure. We have also demonstrated
that the presence of an a-ammonium moiety is required
in order to avoid competitive dehydration of the start-
ing material that would eventually lead to racemization
of the final products.

4. Experimental
4.1. General procedures

Melting points were determined in unsealed capillary
tubes and are uncorrected. IR spectra were obtained on
KBr pellets (solids) or CHCIl; solution (oils). NMR
spectra were recorded at 20-25°C, running at 250 MHz
for '"H and 62.8 MHz for *C in CDClI, solution and
resonances are reported in ppm relative to tetra-
methylsilane unless otherwise stated. Assignment of
individual '*C resonances are supported by DEPT
experiments. 'H{'H} NOE experiments were carried
out in the difference mode by irradiation of all the lines
of a multiplet.?® Mass spectra were recorded under
electron impact at 70 eV. TLC was carried out with 0.2
mm thick silica gel plates (Merck Kiesegel GF,s,).
Visualization was accomplished by UV light or by
spraying with Dragendorff’s reagent.?! Flash column
chromatography?? on silica gel was performed with
Merck Kiesegel 60 (230400 mesh). Determination of
enantiomeric excesses was performed by chiral HPLC
analysis of non crystallized samples using a Chiracel
OD® column with a UV detector with the eluents and
flow rates as indicated in each case. All solvents used in
reactions were dried and purified according to standard
procedures.”® All air- or moisture-sensitive reactions
were performed under argon. The glassware was over
dried (140°C) overnight and purged with argon.

4.2. General procedure for reductions using NaBH,—
TFA. Synthesis of tetrahydroisoquinolines, 2a—e

Over a cooled (0°C) suspension of NaBH, pellets (0.38
g, 10 mmol) in trifluoroacetic acid (4.6 mL, 60 mmol)
was dropwise added a solution of the corresponding
tetrahydroisoquinolin-4-ol 1 (1.0 mmol) in CH,Cl,. The
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reaction mixture was stirred at room temperature until
complete conversion (typically 2-3 h) and then the
volatiles were removed under reduced pressure. The
resulting slurry was basified with 1 M NaOH (10 mL)
and extracted with CH,Cl,. The combined organic frac-
tions were collected, dried over Na,SO,, filtered and the
solvent was removed under reduced pressure. The
resulting residue was purified by flash column chro-
matography to afford tetrahydroisoquinolines 2a—e.

4.2.1. (3R)-6,7-Dimethoxy-2-methyl-3-phenyl-1,2,3,4-tet-
rahydroisoquinoline, 2a. The reaction of the tetra-
hydroisoquinolin-4-ol 1a (100 mg, 0.33 mmol) with
NaBH, (0.13 g, 3.34 mmol) following the general proce-
dure afforded tetrahydroisoquinoline 2a (70 mg, 0.25
mmol) as an oil. Yield: 75%. [«]®: +28.0 (c 0.5,
CH,Cl,). IR (CHCL,): 1530 cm™'. '"H NMR (4, ppm):
2.16 (s, 3H); 2.89 (dd, J=16.2, 4.3 Hz, 1H); 3.07 (dd,
J=16.1, 9.9 Hz, 1H); 3.37 (dd, J=9.9, 4.3 Hz, 1H);
3.83 (s, 3H); 3.86 (s, 3H); 3.92 (d, /J=14.7 Hz, 1H); 6.56
(s, 1H); 6.57 (s, 1H); 7.24-7.36 (m, 5H). '*C NMR (J,
ppm): 37.7; 43.3; 55.8; 55.9; 58.3; 66.5; 108.8; 110.6;
126.2; 127.4; 127.9; 128.5; 142.6; 147.2; 147.5. MS (EI)
m/z (rel. int.): 283 (M*, 14); 164 (100); 149 (12); 121
(10); 77 (10).

4.2.2. (3R)-7,8-Dimethoxy-2-methyl-3-phenyl-1,2,3,4-tet-
rahydroisoquinoline, 2b. The reaction of the tetra-
hydroisoquinolin-4-ol 1b (150 mg, 0.50 mmol) with
NaBH, (0.21 g, 5.55 mmol) following the general proce-
dure afforded tetrahydroisoquinoline 2b (110 mg, 0.40
mmol) as an oil. Yield: 80%. Mp: 95-98°C (diethyl
ether), [«]5: +96.2 (¢ 0.1, CH,CL,). IR (CHCI,): 1550
cm~'. 'TH NMR (4, ppm): 2.20 (s, 3H); 2.91 (dd, J=
16.2, 4.0 Hz, 1H); 3.10 (dd, J=16.1, 10.3 Hz, 1H); 3.34
(dd, J=10.3, 4.0 Hz, 1H); 3.45 (d, J=16.2 Hz, 1H);
3.86 (s, 6H); 4.21 (d, J=16.2 Hz, 1H); 6.78 (s, 2H);
7.26-7.36 (m, 5H). *C NMR (J, ppm): 37.8; 43.5; 54.0;
55.8; 60.1; 66.2; 110.6; 123.1; 123.5; 127.3; 127.6; 127.8;
128.4; 142.7; 144.8; 150.1. MS (EI) m/z (rel. int.): 283
(M™, 58); 206 (24); 164 (100); 149 (66).

4.2.3. [3R]-8-Hydroxy-2-methyl-7-methoxy-3-phenyl-
1,2,3,4-tetrahydroisoquinoline, 2¢. The reaction of the
tetrahydroisoquinolin-4-ol 1¢ (50 mg, 0.13 mmol) with
NaBH, (0.05 g, 1.28 mmol) following the general proce-
dure afforded tetrahydroisoquinoline 2¢ (30 mg, 0.11
mmol) as an oil. Yield: 85%. [«]®: +77.6 (c 0.1,
CH,CL,). IR (neat): 1530 cm™!. 'H NMR (4, ppm): 2.20
(s, 3H); 2.90 (dd, J=16.0, 4.0 Hz, 1H); 3.10 (dd,
J=16.0, 10.3 Hz, 1H); 3.35 (dd, /=10.3, 4.0 Hz, 1H);
3.43 (d, J=16.2 Hz, 1H); 3.87 (s, 3H); 4.20 (d, J=16.2
Hz, 1H); 6.57 (d, J=8.5 Hz, 1H); 6.72 (d, /J=8.5 Hz,
1H); 7.03-7.37 (m, 5H). '*C NMR (8, ppm): 37.7; 43.5;
53.4; 56.0; 66.2; 108.8; 118.5; 121.1; 127.3; 127.9; 128.3;
128.5; 128.7; 140.0; 141.4; 142.7; 143.9. MS (EI) m/z
(rel. int.): 269 (M*, 58); 192 (25); 150 (69); 135 (25); 120
(100), 91 (10), 77 (16).

4.24. (3R)-3-(3,4-Dimethoxyphenyl)-7,8-dimethoxy-2-
methyl-1,2,3,4-tetrahydroisoquinoline, 2d. The reaction
of the tetrahydroisoquinolin-4-ol 1d (58 mg, 0.13 mmol)
with NaBH, (0.05 g, 1.28 mmol) following the general

procedure afforded tetrahydroisoquinoline 2d (30 mg,
0.11 mmol) as an oil. Yield: 80%. [«¢]&: +45.2 (c 0.1,
CH,CL,). IR (neat): 1560 cm™'. '"H NMR (6, ppm): 2.20
(s, 3H); 2.89 (dd, J=16.2, 3.6 Hz, 1H); 3.10 (dd,
J=16.2, 10.3 Hz, 1H); 3.28 (dd, /=10.3, 3.6Hz, 1H);
3.43 (d, J=16.6 Hz, 1H); 3.88 (s, 6H); 3.89 (s, 6H); 4.24
(d, J=16.6 Hz, 1H); 6.78-6.93 (m, 5H). *C NMR (J,
ppm): 37.8; 43.2; 54.2; 55.8; 55.9; 60.2; 66.1; 110.6;
110.8; 120.2; 123.2; 127.4; 128.8; 130.9; 135.4; 144.9;
148.2; 149.2; 150.2. MS (EI) m/z (rel. int.): 343 (M*,
53); 312 (31); 164 (100), 149 (60).

4.2.5. (3R)-7,8-Dimethoxy-2-methyl-3-(3,4-methylen-
dioxyphenyl)-1,2,3,4-tetrahydroisoquinoline, 2e. The
reaction of the tetrahydroisoquinolin-4-ol le (56 mg,
0.13 mmol) with NaBH, (0.05 g, 1.28 mmol) following
the general procedure afforded tetrahydroisoquinoline
2e (30 mg, 0.11 mmol) as an oil. Yield: 85%. [«]&: +50.1
(c 0.1, CH,CL,). IR (neat): 1600 cm™'. '"H NMR (d,
ppm): 2.24 (s, 3H); 2.88-3.13 (m, 2H); 3.32 (m, 1H);
3.48 (d, /=164 Hz, 1H); 3.87 (s, 6H); 4.21 (d, J=16.4
Hz, 1H); 5.97 (s, 2H); 6.78-6.89 (m, 5H). '*C NMR (4,
ppm): 37.5; 43.2; 53.7; 55.8; 60.2; 65.8; 101.0; 107.9;
108.1; 110.9; 121.4; 123.2; 127.3; 130.6; 138.6; 144.9;
146.9; 147.9; 150.3. MS (EI) m/z (Rel. Int.): 327 (M*,
64); 296 (17); 164 (100), 149 (58).

4.3. General procedure for reductions using tandem
NaBD,-TFA

To a cooled (0°C) suspension of NaBD, (0.38 g, 10
mmol) in trifuoroacetic acid (4.6 mL, 60 mmol) was
added dropwise a solution of the corresponding alcohol
(1 mmol) in CH,Cl, (5 mL). The reaction mixture was
stirred at room temperature until complete conversion
(typically 2-3 h). The volatiles were removed in vacuo
and the resulting slurry was basified with 1 M aqueous
NaOH (10 mL) and extracted with CH,Cl, (3x10 mL).
The combined organic fractions were collected, dried
over Na,SO,, filtered and the solvent was removes in
vacuo. The resulting residue was purificated by flash
column chromatography.

4.3.1. (3R,4R)-3-Phenyl-2-methyl-6,7-dimethoxy-1,2,3,4-
tetrahydroisoquinoline-4-d,, 4. The reaction of the tetra-
hydroisoquinolin-4-ol 1le (100 mg, 0.33 mmol) with
NaBD, (0.11 g, 3.28 mmol) following the general proce-
dure afforded deuterated tetrahydroisoquinoline 4 (70
mg, 0.25 mmol) as an oil. Yield: 75%; [o]®: +27.1 (c
0.1, CH,CL,); 'H NMR (8, ppm): 2.16 (s, 3H), 3.05 (d,
J=10.3, 1H), 3.38 (d, J=10.3, 1H), 3.54 (d, J=14.9,
1H), 3.83 (s, 3H), 3.85 (s, 3H), 3.92 (d, J=14.9, 1H),
6.56 (s, 1H), 6.57 (s, 1H), 7.28-7.36 (m, 5H); '*C NMR
(0, ppm): 37.4 (t, J=20.7), 43.3, 55.8, 55.9, 58.2, 66.4,
108.8, 110.5, 126.1, 126.2, 127.3, 127.9, 128.5, 142.6,
147.2, 147.5; EI-MS m/z: 284 (M*, 22), 165 (100), 150

(11).

4.3.2. 2-(3,4-Dimethoxyphenyl)-1,2,3,4-tetrahydro-
naphtalene-1,2-d,, 6. The reaction of the alcohol (x)-cis-
5 (100 mg, 0.35 mmol) with NaBH, (0.13 g, 3.50 mmol)
following the general procedure afforded naphthalene
6 (75 mg, 0.28 mmol) as a white solid. Yield:
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80%. Mp (Et,0) 65-67°C. '"H NMR (4, ppm): 1.91-
1.97 (m, 1H); 2.11-2.16 (m, 1H); 2.93-2.97 (m, 3H);
3.89 (s, 3H); 3.90 (s, 3H): 6.82-6.89 (m, 3H); 7.11-7.15
(m, 4H); 3C NMR (4, ppm): 29.7; 30.4; 37.8 (t, J=
8.0); 40.2; 55.7; 55.8; 110.1; 111.0; 118.4; 125.5; 125.7,
128.8; 128.9; 136.2; 136.6; 139.2; 147.3; 148.7. MS (EI)
m/z (rel. int.): 270 (M*, 100); 165 (98); 138 (76).
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