LETTER

1703

Regioselective Addition of Grignard Reagentsto New Lipophilic
| soquinolinium Salts Applied tothe Synthesisof Stable Ethyl 1,2-disubstituted
1,2-Dihydroisoquinoline-3-car boxylates and Derivatives

Mohamed Ait Amer Meziane, Jean Pierre Bazureau*

Université de Rennes 1, I nstitut de Chimie, Synthése & Electrosynthése Organiques 3, UMR 6510, Bét. 10A, Campus de Beaulieu, Avenue

du Général Leclerc, CS 74205, 35042 Rennes Cedex, France
Fax +33(299)286374; E-mail: jean-pierre.bazureau@univ-rennesl.fr
Received 10 July 2001

Abstract: New and stable ethyl 1,2-disubstituted 1,2-dihydroiso-
quinoline-3-carboxylates 6 and 12a were synthesized in good yields
by regiosel ective addition reactions of alkyl Grignard reagentsto li-
pophilic and soluble isoquinolinium salts 4 and 11. The salts 4 and
11 were obtained quantitatively and directly from isoquinoline-3-
carboxylates 1(a,b) with the corresponding akyl halides 2 or sym-
metric alkyl dihalides 7 using solventless quaternization reaction
conditions and were converted into the corresponding isoquinolini-
um perfuorobutanesulfonates 4 and 11a by ionic metathesis.

Key words: 1,2-dihydroisoquinoline, Grignard reaction, lipophilic
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1,2-Dihydroisoquinoline-3-carboxylates' (DIC) and
1,2,3,4-tetrahydroi soquinoline-3-carboxylates? (TIC)
have been recently a popular areain the synthesis of con-
formationally constrained peptides or non-peptides struc-
tures for SAR analysis. These peptidomimetics® often
provide enhanced biological activities and greater pro-
teolytic stabilities. There are at present several different
methods for the preparation of substituted 1,2-dihydroiso-
quinoline derivatives which has often been considered to
be unstable species: 1) addition reactions of organometal-
lic reagents* such as organolithium, Grignard,® orga-
nozinc,® metalocarbene complexes,” and also allyl-
silanes? to isoquinolinium salts, 2) reduction of isoquino-
lines or isoquinolinium salts,® 3) construction of the 1,2-
dihydroisoquinoline skeleton by the well-known Bis-
chler-Napieralsky ring cyclization'® or 4) Wittig reaction
of N-akoxycarbonylcarbamates with ®-halogenated
phosphorus ylides.** Among these methods, the addition
of Grignard reagents to Zincke's salts'? provides a very
practical entry to various chiral 1-substituted 1,2-
dihydroisoquinolines'? but these intermediates are unsta-
blein air and are rather difficult to purify.

Our interest in this field was to develop a practical entry
to stable 1,2-disubstituted 1,2-dihydroisoquinoline bear-
ing an electron-attracting carboxyl function adjacent to
the imino bond via Grignard reaction®® using lipophilic
isoquinolinium salts. Herein we report our preliminary re-
sults concerning synthesis of the hitherto unknown 1,2-
disubstituted 1,2-isoquinoline-3-carboxylate and its de-
rivatives. The sequence is outlined in Scheme 1.
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Scheme 1 (i) EtONa (1.2 equiv.), dry EtOH, A, MgSO,, 4 h. (ii) 2

(2.5equiv.), 90 °C, 4 h. (iii) NC,F,SO:K (L5 equiv.), dry EtOH, A, 12
h. (iv) 5 (4 equiv.), THF, 25 °C, 12 h. then saturated NH,CI.

The starting ethyl isoquinoline-3-carboxylate 1a and ethyl
6,7-dimethoxy isoquinoline-3-carboxylate’* 1b were
readily obtained on large scale by a “one pot” domino
reaction®® using diethyl aminomalonate and the respective
1,2-dialdehydes.

To prepare the N-substituted 3-ethoxycarbony!-isoquino-
linium salts 3 (Scheme 1), we have developed and tested
two experimental procedures. In method A, a mixture of
la and alkyl halide 2 (2.5 equiv.) was refluxed in the ap-
propriate solvent (acetone or ether'®) with vigorous stir-
ring during 3 days. Then, the solution was allowed to cool
down at room temperature and the insoluble isoquinolini-
um salt 3(a-e) was filtered off, washed twice with ether
(20 mL) and dried under reduced pressure. In method B,
the preparation of isoquinolinium salts 3(f-i) was easily
achieved without solvent by heating a mixture of 1b with
the appropriate akyl halide 2 (2.5 equiv.) at 90 °Cfor are-
action time of 4 hours. The precipitated salt was aso
washed with ether (3x 20 mL). Theresults summarizedin
Table 1, show that the N-substituted isoquinolinium salts
3(a-i) were obtained in yields ranging from 60% to 96%.
We therefore selected a lipophilic 1,1,2,2,3,3,4,4,4-non-
afluorobutane-1-sulfonate group,'” which, in addition to
being less nucleophilic than the starting halide (X =1, Br,
Cl), should provide salts 4 with better solubility in organic
solvents, particularly in hot THF. As expected, these new
salts 3 gave good yields for the N-substituted derivatives
4(a-d) (Table 1) by simply stirring salts 3 with potassium
perfluorobutanesulfonate (1.5 equiv.) in dry refluxing eth-
anol.*® After elimination of ethanol in vacuo, formation of
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Tablel Isoquinolinium Salts Prepared by Quaternization and lonic
Metathesis Reactions.

Table2 Ethyl 1,2-Dihydroisoquinoline-3-carboxylates 6(a-h) and
12a Prepared by Grignard Reaction from Salts 4(a-d) and 11a.

Sdt R R? n X Reaction Yield
conditions (%)
3a H H - | Me,CO, A, 72h 76
3b H COEt - Br Et,0, A, 72 h 75
3c H CN - Br Et,0, A, 72 h 96
3 H CeHs - Br Et,0, A, 72 h 82
3e MeO H - | Me,CO, A, 72h 76
3f MeO CO,Et - Br 90°C,4h 86
30 MeO CN - Br 90°C,4h 60
3h MeO CgHs - Br 90°C,4h 76
3i H CH=CH, - Br Et,0, A, 72 h 83
4a H H - NfO° EtOH, A, 12h 66
4b H CO,Et - NfO° EtOH, A, 12h 83
4c H CeHs - NfO° EtOH, A, 12h 88
4d MeO CgHs - NfO° EtOH, A, 12h 76
10a H - 1 Br 90°C,4h 90
10b H - 2 Br 90°C,4h 75
1la H - 1 NfO° EtOH, A, 12h 91
14b H - 2 Cl 90°C,4h 53
14b H - 2 NfO° EtOH, A, 12h 93
a|solated yield.

b NfO = 1,1,2,2,3,3,4,4,4-nonafl uorobutane-1-sulfonate or perfluo-
robutanesulfonate.

a precipitate, characterized as a crystalline solid, was ob-
tained in ether at ambient temperature. The choice of the
perfluorobutanesulfonate as counteranion was also guided
by the fact that this permitted simple analysis of the iso-
quinolinium core by *H NMR spectroscopy.

With salts 4(a-d) in hand, we then studied their reaction
with akyl, phenyl and benzyl Grignard reagents 5. Reac-
tion in a solvent such as Et,O gave disappointing results
due to the insolubility of these saltsin this solvent. Thus,
drop wise addition of asolution of salts4indry THF to an
excess (4 equiv.) of the corresponding alkyl Grignard re-
agent 5 at room temperature led, after a reaction time of
12 hours followed by addition of a saturated NH,Cl solu-
tion in the crude reaction mixture, to the expected ethyl
disubstituted 1,2-dihydroisoquinoline-3-carboxylates
6(a-€) (Table 2) which were stablein air after purification
by chromatography on silica gel. Their full structures
were substantiated by the 'H, 3C NMR and HRMS
analyses®. In contrast, when experiments were performed
with a large excess of phenyl or benzylmagnesium bro-
mide (4-16 equiv.), the corresponding 1,2-dihydroiso-

Product R?! R? n R® Yield (%)a
6a H H - Et 82
6b H CeHs - Me 60
6¢c MeO  CgHs - Me 51
6d H H - CeHs (30)P°
6e H CH=CH, - Me 65
6f H CeHs - CeHs—=—=¢  (30) 10
69 H CeHs - CeHsCH, (5)P°
6h H CeHs - CeHs O
12a H - 1 Me 53
a|solated yield.

bYield determined by 200 MHz *H NMR analysis of the crude reac-
tion mixture.

¢The reaction was performed using methylmagnesiumiodide and phe-
nylacetylene.

dYield in parentheses determined by 200 MHz *H NMR analysis of
the crude reaction mixture and isolated yield after purification by
chromatography on silica gel 60F 254 (Merck).

¢For long storage, it is recommendable to handle 6f under an inert at-
mosphere at 4 °C.

quinolines 6(f-h) were recovered in poor yields (~5%)
together with decomposition by-products of sdlts 4, this
may be due to the low reactivity of the electrophilic imin-
ium moiety (C-1) bearing an electron withdrawing group
in C-3 position.
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Scheme 2 Reagents and reaction conditions: (i) 7 (2.5 equiv.), 90
°C, 4 h. (ii) nC,FsSOsK (1.5 equiv.), dry EtOH, A, 12 h. (iii) 5 (4
equiv.), THF, 25°C, 12 h. then saturated NH,CI. (iv) 2-bromoethanol

13a (2.5 equiv.), 90 °C, 4 h; or 3-chloropropanol 13b (2.5 equiv.), 90
°C, 3 days.

12:(n=1,2)
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In asimilar way, we have also studied the quaternization
reaction of la with 1,2-dibromoethane (7a) (n = 1) and
1,3-dibromopropane (7b) (n = 2) using solventless reac-
tion conditions (Scheme 2). Reaction of 1awith thedibro-
moalkanes 7 (2.5 equiv.) at 90 °C during 4 hours affords
directly the respective precipitated 1-oxo-3,4-dihydro-
1H-2-oxa-4a-azonia-anthracene bromide (10a)° and the
10-0x0-6,7,8,10-tetrahydro-9-oxa-5a-azonia-cyclohep-
ta] bl naphthal ene bromide (10b) in good yields (10a: 90%
and 10b: 75%) viathe intermediates 8 and 9 which could
not be isolated. We tried to analyze this domino reaction
by *H NMR and we could observe the formation of 10 and
the disappearance of the signal for the ethyl ester group
(C-3) of 1a. This“one-pot” processinvolvessuccessively:
(a) a quaternization reaction between 1a and 7 to givein
situ 8 followed by (b) a nucleophilic substitution to pro-
duce 9 which undergoes (c) lactonization to provide salt
10.

We have also examined the direct synthesis of the lactone
salts? 10 by aquaternization reaction with amixture of 1a
and the respective halogenoalcohol 13(a,b) (2.5 equiv.)
using the same reaction conditions (Scheme 2). After 4
hours at 90 °C with 2-bromoethanol (13a), the *H NMR
spectrum of the crude reaction mixture exhibits signals
which can be assigned to 10a (n = 1), but with 3-chloro-
propanol (13b), 1a was only converted into 3-ethoxycar-
bonyl-2-(3-hydroxy-propyl)-isoquinolinium chloride
(14b) (n=2) in moderate yield (53%) after areaction time
of 3days(Table 1). Initia attemptsto forcethereaction to
completion were unsuccessful (no amount of the corre-
sponding lactone salt 11b was detected in the *H NMR of
the reaction mixture).

In the same way, subsequent anion methathesis of salt 10a
with C,F;,SO;K (1.5 equiv.) in refluxed ethanol (12 hours)
afforded the soluble salt 11a in high yields but with 11b
the anion metathesis failed and gave exclusively the 3-
ethoxy-2-(3-hydroxypropyl)-isoquinolinium perfluorob-
utanesulfonate (14’ b, Table 1). Finally, regioselective ad-
dition of methylmagnesium iodide (4 equiv.) in dry THF
at room temperature has also been successfully applied to
the lipophilic salts 11a after 12 hours. Under these condi-
tions the new compound 12a was obtained in moderate
yield (53%) and was stable after purification by chroma-
tography on silicagel.

In summary, we have developed an efficient method for
the preparation of new and stable ethyl 1,2-disubstituted
1,2-dihydroisoquinoline-3-carboxylates? via regioselec-
tive addition reactions of Grignard reagents to the corre-
sponding lipophilic isoquinolinium salts 4 and 11a. The
extension of this strategy to other nucleophilic reagents
with chiral isoquinolium salts bearing an electron with-
drawing group is underway.
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Experimental procedure for the preparation of 3-
ethoxycarbonyl-2-phenyl methyl -i soquinolinium

per fluorobutane sulfonate (4c) by ionic metathesis: 4c was
prepared from a mixture of 3d (1 g, 2.68 mmol) and
nC,F,SO;K (2.3 g, 6.72 mmal) in dry refluxing EtOHwith
vigorous magnetic stirring with areaction time of 12 hours.
Afterfiltration and removal of solventin arotary evaporator,
the crude reaction mixture was triturated with dry Et,O (20
mL). After standing for 2 hours, the preci pitated product was
filtered off, washed with Et,O (2 x 20 mL) and dried under
reduced pressure. The salt 4 was obtained in 86% yield as
colorless needles (mp 92-94 °C).

Preparation of ethyl 1-methyl-2-phenylmethyl-1,2-dihydro
isoquinoline-3-carboxylate (6b) by Grignard reaction: A
solution of methylmagnesiumiodide (2.23 g, 13.44mmol) in
dry THF (20 mL) was added drop wise at room temperature
under nitrogen during 30 min to a stirred suspension of
3-ethoxycarbonyl-2-phenylmethyl-isoquinolinium per-
fluorobutane sulfonate (4c; 0.5 g, 0.84 mmol) in anhydrous
THF (10 mL). The mixture was stirred 12 hours at ambient
temperature. The resulting mixture was poured into a
vigorously stirred solution of aqueous saturated NH,CI. The
organic phase was collected by decantation, dried with
MgSO, and was concentrated under reduced pressure. After
addition of CH,Cl, (20 mL) to the crude reaction mixture,
the organic solution was filtered off and after removal of
solvent in vacuo, the crude product 6b was purified by
chromatography on silica gel 60F 254 (Merck)using
methylene chloride—petroleum ether 40-60 (1:1) as eluent

(20)

(21)

(22)

(R =0.3), affording pure and stable compound 6b (0.2 g,
80%) as brown viscous oil. *H NMR (300 MHz, CDCl,,
TMS) 5 1.09(d, 3H,J=7Hz); 1.34(t, 3H, =7 Hz); 4.14-
4.35(m, 5H); 6.89 (t, 1 H, J=7.5Hz, H-6, H-7); 6.98 (s, 1
H, H-4), 7.17-7.29 (m, 7H, Ar); 7.41 (d, 1 H, J= 7 Hz, H-
5, H-8). 3C NMR (75 MHz, CDCl,, TMS) 5 14.32 (qt, J =
125, 2.4 Hz); 21.53 (qd, J = 124, 4 Hz); 55.69 (tm, J = 136,
4.9 Hz); 56.04 (dm, J = 133 Hz, C-1); 61.42 (tq, J = 148, 4.3
Hz); 117.30 (dd, J = 166, 3.4 Hz, C-4); 125.44; 125.54;
127.10; 127.20; 128.30; 128.40; 128.50; 130.20 (M, C;,,,
Ar); 134.80 (m, C-4a, C-8a); 135.10 (m, C-4a, C-8d); 139.30
(m, C-3); 165.60 (CO). HRM S, m/z = 307.3869 found
(calculated for C,H,,NO, requires 307.3863).

Selected spectral data of 1-oxo-3,4-dihydro-1H-2-oxa-4a-
azonia-anthracene bromide(10a): *H NMR (300 MHz,
CDCl3, TMS) $5.03(t, 2H,J=7.4Hz);5.22(t,2H,J=7.4
Hz); 8.21(t, 1H,J=7Hz, H-8,H-9); 833 (t, 1H,J=7.2
Hz, H-8, H-9); 8.40 (d, 1 H, J = 8.4 Hz, H-7, H-10); 8.56 (d,
1H,J=8.1Hz H-7, H-10); 9.24 (s, 1 H, H-6); 9.89 (s, 1L H,
H-1). 3C NMR (75 MHz, CDCl,, TMS) § 55.60 (it, J = 150,
4.7 Hz, C-9, C-10); 68.70 (it, J = 160, 4.4 Hz, C-9, C-10);
130.97 (m, C-4a, C-8a); 131.20 (m, C-4a, C-8a); 132.00 (dt,
J =140, 4.4Hz, C-5, C-8); 133.72 (d, J= 170 Hz, C-6, C-7);
133.96 (dd, J = 175, 4.7 Hz, C-5, C-8); 137.00 (dd, J = 159,
4 Hz, C-6, C-7); 139.85 (C-3); 141.20 (dd, J = 190, 6 Hz, C-
4); 153 (dm, J = 190 Hz, C-1); 161.80 (CO).

For previous resultsin pyridinium series, see: Krohnke, F.;
Schnegelberger, M.; Weiss, W. Chem. Ber. 1964, 97, 3566.
Presented at the; The First International Rhodia
Conference: Organic Chemistry, Novel methods for the
future; Ecole Normale Supérieure de Lyon: France, 2-5 July
2001; Poster Abstracts, A-4: 8
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