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The stereochemistry of 4a and 4b was established by !H NMR. In both isoquinolines the magnitudes of
the coupling constants of the ABX system formed by the H-4 and H-3 protons (Table 1) indicate that the
heterocyclic system adopts a preferred half-chair conformation with the aryl group at C-3 in a pseudoequatorial
position, as decribed for other 3-aryltetrahydroisoquinoline systems.!3 In the case of 4b the NOE observed
between H-1 and H-3 suggests that the pheny! group at C-1 and the aryl group at C-3 are in a cis disposition,
both in pseudoequatorial orientations of the tetrahydroisequinoline half-chair (Figure 1).

These results indicate that the classical Pictet-Spengler
methodology fails when acid sensitive groups are present in the
amine. Therefore, we decided to apply different reaction conditions
in order to improve the yields and avoid deprotection of the

hydroxyl group. Several modifications of these classical conditions
Figure 1. NOE observed for 4b. have been developed in order to achieve the cyclization under milder
conditions. Thus, tryptamine derivatives have been successfully cyclized with TFA in dichloromethane?3, acetic
acid in dioxane 22 or even in aprotic media24. Also, ketals and enol ethers25 have been used as carbonyl group
equivalents. Cyclizations via N-acyliminium ions26 or amine N-oxides27 could also be considered as variations
of this Pictet-Spengler reaction.

One of these modifications, described by Venkov and co-workers28, implies the Lewis acid promoted
cyclization of previously prepared Schiff bases in the presence of acyl chlorides.Thus, 2-acyl-1-aryl-
tetrahydroisoquinolines are obtained through an intermediate N-acyliminium ion. We tried to extend this
methodology to the preparation of 2-acetyl-1-phenyl-3-aryltetrahydroisoquinolines. Using the amine 3b as a
model compound (Scheme 3), the imine 5b was prepared in good yield (86%) by condensation with
benzaldehyde. However, treatment with acyl chlorides (CH3COCI, PhCOCI) and Lewis acids (AlCl3, TiCly,
SnCly) only gave, after work-up, the starting amine.2? The same procedures applied to 3a gave identical
results.
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Kubo30 described the first example of the use of alkoxymethylamines as iminium ions precursors in the
synthesis of tetrahydroisoquinolines. This protocol implies the treatment of a secondary phenethylamine with
paraformaldehyde in ethanol to yield an ethoxymethyl amine that cyclizes in the presence of TFA. In a similar
fashion, Heaney3! has applied this methodology to a primary amine, the 3,4-dimethoxyphenethylamine, to
obtain N-arylmethyltetrahydroisoquinolines in a tandem reaction. The first iminium ion formed cyclizes to the
tetrahydroisoquinoline in the presence of CH3SiCl3; then, a second iminium ion reacts with the external
nucleophiles, electron rich aromatic compounds. In the absence of nucleophiles, the dimer bis[2-(6,7-
dimethoxytetrahydroisoquinolinyl)Jmethane is obtained. This procedure has also been extended to the synthesis
of 1-substituted tetrahydroisoquinolines by reaction of a-alkoxyhalides with N-phenethylcarbamates, followed
by cyclization.32 With these precedents in mind, we designed a new procedure for the preparation of 3-
aryltetrahydroisoquinolines that implies the Lewis acid promoted cyclization of bis(methoxymethyl) derivatives
of primary 1,2-diarylethylamines. We expected that the presence of the 1-aryl group in the amine would avoid
the alkylation of the second iminium ion formed, preventing the formation of dimers reported by Heaney.3!

We chose the 1,2-diarylethylamine 3¢ as a model compound. The amine 3¢ was refluxed with excess of
paraformaldehyde in methanol to yield the corresponding (methoxymethyl)amine that, without further
purification, was treated with TiClg at -78°C. The reaction mixture was allowed to warm up to room
temperature (1 h) and the 3-aryltetrahydroisoquinoline 6¢ was obtained in good yield (70%). Under identical
conditions the tetrahydroisoquinoline 6a was also obtained in high yield (Scheme 4, Table 1). As expected, no
dimerization product was observed and the mild reaction conditions avoid desilylation. The application of this
procedure to the secondary amine 3d led to the corresponding tetrahydroisoquinoline 6d, though longer
reaction times are required for the cyclization. The best way to prepare the N-substituted derivatives is
cyclization and subsequent alkylation. Thus, 6a was N-methylated {(CH20), / MeOH / NaBH4133 to give 6e in
almost quantitative yield.
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The titanium tetrachlonde promoted cyclization of N-methoxymethyl-N-1,2-diarylethylamines vig iminium
ions constitutes an efficient approach to 2'-functionalized-3-aryltetrahydroisoquinolines. No nitrogen protection
is required to apply this procedure to primary amines. since the 1-aryl group prevents dimerization of the so-
obtained tetrahydroisoquinoline. This method has the advantage over the classical protic acid promoted Pictet-

Spengler cyclization of being compatible with the presence of acid sensitive groups in the molecule.
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Table 1. Synthetic and Selected Spectroscopic Data of Tetrahydroisoquinolines 4 and 6

IH NMR [8,ppm (mult.), J, Hz]

Entry Product Method? Yield (%)® H-3 H-4ax H-4deq
1 4a A 14 4.22 (dd) 3.15 (dd) 2.87 (dd)
(10.1, 4.0) (16.2, 10.1) (16.2, 4.0)
2 4b B 58 435(dd)  3.30-3.59 (m) 2.86-2.94 (m)
(115, 3.2)
3 6a C 85 3.86-3.92 (m)  2.72-2.84 (m) 2.52 (dd)
(16.0, 3.6)
4 6¢ C 70 451 (v 2.85 (d)
(7.2) (7.2)
5 6d C 69 3.59-3.78 (m) 2.82-3.10 (m)
6 6e D 96 3.75-3.90 (m)  3.83-2.98 (m) 2.52 (dd)
(16.6, 3.8)

2 Method A: 37% aq.HCHO / 3M HCI, reflux; Method B: PhCHO / 85% H3POg4, 40°C; Method C:

1.(CH20)n/MeOH. reflux, 2. TiCly/CH7Cly. -78°C—RT: Method D: 1.(CH20)n/MeOH, reflux, 2. NaBHg4,
from 6a.

b vield of pure, isolated compounds.

€ Multiplicity: d: doublet; dd: doublet of doublets; m: multiplet.

EXPERIMENTAL

Melting points were determined on a Gallenkamp apparatus and are uncorrected. IR spectra were obtained
by using a Perkin-Elmer 1430 spectrophotometer on KBr pellets (solids) or CHCI3 solution (oils). NMR
spectra were recorded on a Bruker AC-250 spectrometer at 20-250C, running at 250 MHz for !H and 62.8
MHz for 13C in CDCls, solutions. 'H NMR chemical shifts are reported as § values in parts per million (ppm)
relative to tetramethylsilane (d1ms = 0.00 ppm) as internal standard. Assignments were confirmed by
homeonuclear spin-spin decoupling experiments. 'H-{!H} NOE experiments were carried out in the difference
mode34 by irradiation of all the lines of a multiplet.35 The 13C NMR chemical shifts are reported in ppm
downfield from TMS and referenced with respect to internal CDCl3 (& = 77.00 for the center line). Assignment
of individual 13C resonances are supported by DEPT experiments. Elemental analyses were determined on a
Perkin-Elmer 2400 CHN apparatus. Mass spectra were recorded by the Universities of La Laguna and Santiago
de Compostela. TL.C was carried out with 0.2 mm thick silica gel plates (Merck Kieselgel GFps4). Visualization
was accomplished by UV light or by spraying with Dragendorff's reagent.36 Flash column chromatography3’
on silica gel was performed with Merck Kieselgel 60 (230-400 mesh). All solvents used in reactions were
anhydrous and purified according to standard procedures.38 Amines 3a, 3b, 3¢ and 3d were prepared
according to literature procedures.?
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Synthesis of 3-[2-(2-hydroxyethyl)-4,5-dimethoxyphenyl]-6,7-dimethoxytetrahydroisoquinoline 4a

A solution of the amine 3a (200 mg, 0.33 mmol) and 37% aq. HCHO (0.15 mL) in 3M HCI (1mL) was
refluxed over 2 hours. The reaction mixture was cooled down to room temperature, water was added and the
aqueous phase was washed with ether. After basifying with 40% NaOH, the aqueous layer was extracted with
CH2Cl; (3 x 10 mL) and the resulting organic phase was dried over NazSOy, filtered and evaporated. The
residue was purified by column chromatography (silicagel, 1-5% CH2Cl2/MeOH), affording the
tetrahydroisoquinoline 4a (14%, 18 mg). Mp (methanol): 207-208°C (dec.); IR vmax (KBr): 3420, 3200, 1610
cm i TH NMR (8, ppm): 2.74 (td, ) = 14.1, J = 3.9, IH, Ar-CH;Hp-CH3-OH), 2.87 (dd, J = 16.2, J = 4.0,
1H, H-4eq), 2.94-2.03 (m, 1H, Ar-CHaHy-CH-OH), 3.15 (dd, J = 16.2, J = 10.1, 1H, H-4ax), 3.64-3.73
(m, 2H, Ar-CH3Hp-CH>-OH), 3.77 (s, 3H, OCH3), 3.82 (s, 6H, 2 x OCH3), 3.84 (s, 3H, OCH3)*, 3.90 (d,
J=16.0, 1H, H-1)*, 4.09 (d, J = 16.0, 1H, H-1), 4.20 (broad s, 2H, NH y OH)**, 4,22 (dd, J = 10.1,J =
4.0, 1H, H-3)**, 6.51 (s, IH, H-6", 6.61 (s, 1H, H-3", 6.72 (s, 1H, H-5), 6.94 (s, 1H, H-8) (*, **:
overlapped signals); 13C NMR (8, ppm): 33.38 (Ar-CH2-CH>-OH), 35.32 (C-4), 46.82 (C-1), 55.29 (C-3),
55.76, 55.83, 55.89 (4 x OCH3), 63.55 (Ar-CH>-CH»-OH), 108.77, 109.11 (C-5 and/or C-3", 111.59 (C-
8), 113.21 (C-6"), 125.57, 125.99 (C-8a and/or C-2%), 131.17, 132.17 (C-4a and/or C-1'), 147.36, 147.57,
147.66, 148.36 (C-6, C-7, C-5', and/or C-4"); MS(ED) m/z {%): 373 (M*, 3), 165 (26), 164 (100), 121 (26),
91 (15), 83 (12), 77 (19), 69 (19), 67 (11), 57 (23), 55 (29), 43 (31), 41 (23), Anal. Calcd for Cp1H27NOs5
(373.19): C 67.53, H 7.29, N 3.75; Found: C 67.59, H 7.32, N 3.68.

Synthesis of 1-phenyl-3-[2-(2-hydroxyethyl)-4,5-dimethoxypheny!]-6,7-dimethoxytetrahydroisoquinoline 4b

To a mixture of the amine 3a (200 mg, 0.33 mmol) and benzaldehyde (40 mg, 0.36 mmol), 2.5 mL of
85% H3PO4 were added dropwise and the resulting suspension was stirred at 40°C for 36 hours. Water was
added and the aqueous phase was washed with ether. After basifying with 40% NaOH, the aqueous phase was
extracted with CH2Cly (3 x 10 mL) and the resulting organic layer dried over NapSOgy, filtered and evaporated.
The residue was purified by column chromatography (silicagel, 1-3% CHCla/MeOH), affording the
tetrahydroisoquinoline 4a (58%, 86 mg). Mp: oil; IR viax(CHCl3): 3520, 3300, 1615cm-1; 'H NMR (8,
ppm): 2.81-2.86 (m, 1H, Ar-CH3Hp-CHaHp-OH), 2.86-2.94 (m, 1H, H-4eq), 3.01-3.10 (m, 1H, Ar-CH,Hy-
CHaHp-OH), 3.30-3.59 (m, 1H, H-4ax), 3.63 (s, 3H, OCH3), 3.67-3.82 (m, 2H, Ar-CH3H,-CH,Hp-OH),
3.86 (s, 3H, OCH3), 3.87 (s, 3H, OCHj3), 3.88 (s, 3H, OCHj3), 3.91-3.97 (m, 1H, Ar-CHHp-CH Hp-OH),
4.35(dd. J = 11.5,J = 3.2, 1H, H-3), 5.29 (s, 1H, H-1), 6.27 (s, 1H, H-8), 6.67 (s, 1H, H-3"), 6.73 (s,
1H, H-6"), 7.06 (s, 1H, H-5), 7.22-7.34 (m, 5H. Ph); 13C NMR (8, ppm): 34.99 (Ar-CHj-CH3-OH), 35.51
(C-4), 53.34 (C-3), 55.84, 56.04 (4 x OCH3), 62.99 (C-1), 64.05 (Ar-CHy-CH>»-OH), 109.08, 110.50,
111.20, 113.27 (C-5, C-8, C-3, and/or C-6", 127.70, 127.79 (PhCarom-H), 128.57, 128.91, 129.05,
130.83 (C-1', C-2', C-4a, C-8a, and/or PhCarom-C), 147.42, 147.57, 147.70, 148.34 (C-6, C-7, C-5' and/or
C-4); MS(EI) m/z (%): 449 (M*, 5), 266 (26), 421(18), 240 (62), 239 (35), 225 (10), 210 (21), 209 (100),
208 (17), 194 (14), 192 (28), 178 (14), 165 (23), 152 (10), 150 (11), 77 (8); Anal. Calcd for Co7H3NO5
(449.55): C 72.14, H 6.95, N 3.12; Found: C 71.84, H 7.02, N 3.01.

General Procedure. Synthesis of the Schiff Bases 5a and 5b
A solution of the amine 3a or 3b (1 mmol) and benzaldehyde (0.2 mL, 2.2 mmol) in anhydrous toluene (15
mL) was refluxed for 5 hours using a Dean-Stark apparatus. The solvent was evaporated under reduced
pressure and the residue was chromatographed (silicagel, 30% hexane/ethyl acetate) to afford the following
products:
N-benzylidene-1,2-bis(3 4-dimethoxyphenylicthylamine 5a. (86%, 345 mg)
Mp: 103-1050C (Lit. 132 102-104°C)
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N-benzylidene-1-[2-(2-butyldiphenylsilyloxyethyl)-4,5-dimethoxyphenyl]-2-(3 4-dimethoxyphenyl)-
ethylamine 5b (75 %, 516 mg). Mp: oil; IR Vmax (CHCI3): 1650 cm!; IH NMR (8, ppm): 0.96 (s, 9H,
C(CH3)3], 2.68-2.90 (m. 2H, Ar-CH2-CH2-OPG), 2.92-2.97 (m, 2H, Ar-CH2-CH-N), 3.47 (s, 3H, OCH3),
3.65-3.73 (m, 2H, Ar-CH-CH7-OPG)*, 3.70 (s, 3H, OCHz3)*, 3.74 (s, 3H, OCH3), 3.84 (s, 3H, OCH3),
438 (dd, J = 7.9, J = 4.9, 1H, Ar-CHy-CH-N), 6.39 (d, J = 1.8, 1H, H-2, 6.49 (s, 1H, H-3)*, 6.51 (dd, ]
=8.1,) = 1.8, 1H, H-6"*, 6.62 (d, J = 8.1, H-5", 7.17-7.30 (m, 10H, Ph, N=CHPh and H-6), 7.51-7.57
(m, 7H, Ph) (*: overlapped signals); 13C NMR (3, ppm): 19.10 [C(CH3)3], 26.80 [C(CH3)3], 35.59 (Ar-
CH»y-CH3-OPG), 45.29 (Ar-CH7-CH-N), 55.39, 55.74, 55.80, 55.94 (4 x OCH3), 65.06 (Ar-CHz-CH»-
OPG), 72.44 (Ar-CH,-CH-N), 110.84, 113.32, 113.36, 121.51 (C-3, C-6, C-2', C-5', and/or C-67), 127.19,
127.63, 128.06, 129.59, 131.59, 133.70 (PhCyarom-H), 128.37, 130.43, 133.55, 135.28, 136.27 (C-2, C-1,
C-1', and/or PhCarom), 147.27, 147.58, 148.11 (C-4, C-5, C-3', and/or C-4"), 159.97 (N=CHPh); Anal.
Calcd for C43Hs1NOsSi (689.35): C 74.85, H 7.45, N 2.03; Found: C 75.32, H7.12, N 1.99.

General procedure. Synthesis of the tetrahydroisoquinolines 6a-6d

A suspension of the amine 3a, 3¢ or 3d (1 mmol) and paraformaldehyde (240 mg, 8.3 mmol) in
anhydrous methanol (10 mL) was refluxed for 1 hour. The reaction mixture was cooled down to room
temperature and the excess of paraformaldehyde filtered off. The filtrate was evaporated to afford the
corresponding methoxymethylamine as a yellowish oil. Without further purification, the so-obtained amine was
dissolved in anhydrous CH2Cls (10 mL) under argon atmosphere and TiCl4 (0.2 mL, 2.8 mmol) was added
dropwise at -780C. The reaction mixture was allowed to warm up to room temperature over 1 hour (for 3a and
3¢) or 24 hours (for 3d), and was quenched by addition of saturated K2CO3 (4 mL). The mixture was stirred
for 20 min, decanted and the aqueous layer extracted with CH2Clp (3 x 20 mL). The organic phase was dried
over NasSOy, filtered and the solvent evaporated.The residue was chromatographed (see below) to afford the
following products:

3-[2-(2-'butyldiphenylsilyloxyethyl)-4,5-dimethoxyphenyl]-6,7-dimethoxytetrahydroisoquinoline 6a
(85%, 520 mg). Column chromatography: silicagel, 1% CH,Cly/MeOH; Mp: oil; IR vipax (CHCl3): 3320, 1615
cm-l; TH NMR (8, ppm): 0.94 (s, 9H, C(CH3)3), 2.52 (dd, J = 16.0, J = 3.6, 1H, H-4eq), 2.72-2.84 (m, 3H,
Ar-CH3-CH2-OPG and H-4ax), 3.70-3.72 (m, 2H, Ar-CHy-CH2-OPG)*, 3.72 (s, 3H, OCH3)*, 3.77 (s, 3H,
OCH3), 3.78 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 3.86-3.92 (m. 3H, 2 x H-1 and H-3), 6.42 (s, 1H, H-6),
6.48 (s, 1H, H-3", 6.64 (s, 1H, H-5), 6.99 (s, 1H, H-8). 7.17-7.27 (m, 7H, Ph), 7.45-7.55 (m, 3H, Ph) (*:
overlapped signals); !3C NMR (8, ppm): 18.99 [C(CH3)3], 26.74 [C(CH3)3], 35.47 (Ar-CH3-CH2-OPG),
36.64 (C-4), 48.56 (C-1), 53.87 (C-3), 55.61. 55.76, 55.87 (4 x OCH3), 65.15 (Ar-CH2-CH>-OPQG),
108.96, 109.10 (C-5 and/or C-3%, 111.50 (C-8), 113.26 (C-6"), 126.50 (C-8a), 127.47, 129.47 (PhCarom-
H), 128.09 (C-29, 133.36, 133.40 (C-1', C-4a, and for PhCarom-C), 135.37 (PhCarom-H), 147.30, 147.45,
147.53, 147.74 (C-6, C-7, C-5', and/or C-4"); MS(ED) m/z (%): 611 (M*, <1), 476 (4), 338 (4), 206 (10),
199 (25), 198 (14), 197 (21), 192 (14), 190 (21), 183 (14), 181 (13), 178 (12), 177 (11), 165 (40), 164 (88),
154 (33), 149 (20), 134 (100), 121 (33), 105 (16), 77 (27), 57 (27); Anal. Calcd for C37H45NO5Si (611.86):
C 72.63, H7.42, N 2.29; Found: C 72,71, H 7.36, N 2.20.

3-(2,3-dimethoxyphenyl)-6,7-dimethoxytetrahydroisoquinoline 6¢, (70%, 230 mg); column
chromatography: silicagel. 1% CHaClp/MeOH: mp: oil; IR vinax (CHCI3): 3400, 1605 cm-!: TH NMR (3,
ppm): 2.85 (d, J = 7.2, 2H. 2 x H-4), 3.76 (s. 3H. OCH3). 3.77 (s, 3H. OCH3), 3.80 (s, 6H, 2 x OCH3),
4.01 (d,J = 15.5, IH, H-1), 4.13 (d, J = 15.5. IH, H-1), 4.51 (t, J = 7.2, 1H, H-3), 6.51 (broad s, 2H,
Hyrom), 6.77-6.81 (m, 2H, Hyrom), 6.99-7.00 (m, 1H, Hyrom): 13C NMR (8, ppm): 35.37 (C-4), 48.11 (C-1),
52.51, 55.69 , 55.84, 55.89 (4 x OCH3z). 61.00 (C-3), 108.99, 111.48, 111.60, 118.61, 124.33 (C-5, C-7,
C-4', C-5', andfor C-6"), 125.75, 126.45, 136.27 (C-4a, C-8a, and/or C-1"), 146.39, 147.42, 147.57. 152.49
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(C-6, C-7, C-2', and/or C-3); Anal. Calcd for CjgH23NO4 (329.40): C 69.27, H 7.04, N 4.25; Found: C
69.59, H 7.12, N 4.32

N-benzyl-3-(3,4-dimethoxyphenyl)-6,7-dimethoxytetrahydroisoquinoline 6d (69%, 284 mg); column
chromatography: silicagel, 40% hexane/ethyl acetate; mp : oil; IH NMR (8, ppm): 2.88-3.10 (m, 2H, 2 x H-4),
3.39 (d, 1H, J = 15.4, H-1), 3.59-3.78 (m, 4H, H-1, PhCH,N and/or H-3), 3.72 (s, 3H, OCH3), 3.76 (s,
3H, OCH3), 3.79 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 6.39 (s, 1H, H-8), 6.54 (s, 1H, H-5), 6.77 (d, 1H, J
= 8.2, H-5Y, 6.87 (dd, 1H, J = 8.2, J = 1.85, H-6", 6.99 (d, 1H, J = 1.85, H-2), 7.14-7.46 (m, 5H, Ph),
13C NMR (8, ppm): 37.03 (C-4), 54.23 (PhCH)N), 55.84, 55.87, 55.91 (4 x OCH3), 58.66 (C-1), 64.03 (C-
3), 109.18, 110.52, 110.94, 120.05, 126.88, 128.23, 128.65 (C-2', C-5', C-6', C-5, C-8 and/or PhCyrom-
H), 126.13, 126.30, 135.56, 139.50 (C-4a, C-8a, C-1', PhCarom-C), 147.34, 147.51, 148.27, 149.23 (C-6,

C-7, C-3', and/or C-4'); Anal. Calcd for CpeHogNQOy4 (419.52): C 74.43, H 6.97, N 3.34; Found: C 74.28, H
7.10, N 3.40.

Synthesis of 3-[2-(2-'butyldiphenylsilyloxyethyl)-4,5-dimethoxyphenyl]-6,7-dimethoxy-N-methyltetrahydro-
isoquinoline 6e

A suspension of the tetrahydroisoquinoline 6a (317 mg, 0.52 mmol) and paraformaldehyde (125 mg,
4.16 mmol) in anhydrous methanol (10 mL) was refluxed for 1 hour. The reaction mixture was cooled down to
room temperatute, NaCNBH3 (100 mg, 1.6 mmol) was added and the resulting suspension stirred 1 hour.
Water was added and the mixture extracted with CH,Cly (3 x 20 mL) The organic phase was dried over
NapS0y, filtered, and the solvent evaporated. The residue was chromatographed (silicagel, ethyl acetate), to
afford the tetrahydroisoquinoline 6e (96%, 310 mg); mp: oil; IR vyax(CHCI3): 1610 cm-l; 1H NMR (8, ppm):
1.03 [(s, 9H, C(CH3)3], 2.03 (s, 3H, NCH3), 2.52 (dd, J = 16.6, J = 3.8, 1H, H-4eq), 2.83-2.98 (m, 3H,
Ar-CH»-CH32-OPG and H-4ax), 3.36-3.42 (m, 2H, Ar-CH,-CH3-OPG), 3.75-3.96 ( m, 3H, H-3 and 2 x H-
1)*, 3.80 (s, 3H, OCH3)*, 3.83 (s, 3H, OCH3)*, 3.84 (s, 3H, OCH3)*, 3.87 (s, 3H, OCH3)*, 6.44 (s, 1H,
H-6%, 6.57 (s, 1H, H-3", 6.58 (s, 1H, H-5), 6.99 (s, 1H, H-8), 7.23-7.37 (m, 6H, Ph), 7.52-7.62 (m, 4H,
Ph) (*: overlapped signals ); 13C NMR (8, ppm): 19.07 [C(CH3)3], 26.82 [C(CH3)3], 35.79 (Ar-CH»-CHj-
OPG), 38.32 (C-4), 42.97 (N-CH3), 55.64, 55.81, 55.97 (4 x OCH3), 58.92 (C-1), 60.99 (C-3), 65.02 (Ar-
CH;,-CH»-OPG), 108.87, 109.78, 110.68, 113.18 (C-5, C-8, C-3', and/or C-6, 126.30, 128.28, 133.51,
133.59, 135.48 (C-4a, C-8a, C-1',C-2', and/or PhCarom-C), 127.55, 129.53, 135.43 (PhCarom-H), 147.34,
147.58, 148.15 (C-6. C-7, C-5". and/or C-4'); MS(ED) m/z (%): 626 (M*+1, 21), 625 (M+, 42), 624 (15), 610
(23), 594 (8), 568 (8), 537 (26), 460 (14), 369 (10), 338 (35), 206 (55), 204 (29), 192 (23), 190 (14), 177
(10), 165 (35), 164 (100), 151 (8); Anal. Calcd for C3gH47NO5Si (625.88): C 72.92, H 7.57, N 2.24; Found:
C 72.80, H 7.43, N 2.27.
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New Cyclohexyl-Based Chiral Auxiliaries:
Enantioselective Synthesis of a-Hydroxy Acids”

*
Deevi Basavaiah and Peddinti Rama Krishna

School of Chemistry, University of Hyderabad
Hyderabad 500 046, India

ABSTRACT: (1R,2R)-2-(4-tert-Butylphenoxy)cyclohexan-1-0l
(5) and (1R, 2R)-2-(4-phenylphenoxy)cyclohexan-1-ol (6)
have been used for the first time as chiral auxiliaries.
Addition of alkylzinc chlorides to the corresponding
glyoxylates S5a, 6a, after hydrolysis, provided (R)-a-
hydroxy acids in high optical purities.

The exponential growth of asymmetric synthesis in the last two
decades resulted mainly from the rational design of a large number of
chiral auxiliaries and their applications in a large number of stereo-
selective processes.l_5 Practical application of asymmetric synthesis
requires that the chiral auxiliaries not only be recoverable in reusable
form but they can also be readily obtained in the first place. Among the
various chiral auxiliaries, the molecules based on cyclohexane frame5

such as menthol® (1), Corey’s 8-phenylment;hol7 (2) and Whitesell’s
trans—z—phenylcyclohexan018 (3) occupy a special place because of high

potential they offer in a variety of enantioselective processes. With a
Ph Ph
OH OH %\ OH
1 2 3

view that structurally similar cyclohexane frame based molecules, trans-
2-aryloxycyclohexan-1-ols 4-6, would be of interest as chiral auxilia-
ries, we have developed a convenient simple methodology for obtaining
these chiral trans-2-aryloxycyclohexan-1-ols in high enantiomeric
purities via enantioselective hydrolysis of the corresponding racemic
acetates using pig liver acetone powder (PLAP) as a biocatalyst.g’10

*Dedicated to Professor Gurbakhsh Singh on the occasion of his 75th
birthday
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4 5 6

Chiral a-hydroxy acids and their derivatives possessing tertiary
hydroxy stereogenic centre, are important synthons for the synthesis of
biologically active molecules‘ll"13 Recently menthol6 (1) and 8-phenyl-
menthol12 (2) have been used as chiral auxiliaries for the synthesis of
a-hydroxy acids containing tertiary hydroxy stereogenic centre. We have
recently examined the applicability of (1R,2S)—2—pheny1cyclohexanol14
(3) and (lR,2R)—2—phenoxycyclohexan-l-ol15 (4) as chiral auxiliaries for
obtaining oa-hydroxy acids in high enantiomeric purities. With a view to
examine the effect of sterically more demanding group on the phenyl ring
of 2-phenoxycyclohexanol, we have selected the alcohols 5 and 6 as
chiral auxiliaries.

We have first studied the applications of (1R,2R)-2-(4-tert-butyl-
phenoxy) cyclohexan-1-0l (5) as chiral auxiliary for the synthesis of
chiral o-hydroxy acids. The required [(1R,2R)-2-(4-tert-butylphenoxy)-
cyclohex-1-yl] phenylglyoxylate (5a) was prepared by treating the
alcohol 5 with benzoylformic acid in the presence of p-TsOH (eq 1).

R R
0 p—TsOH
(Cat. )
%\OH + PhCOCQOH w\ (1)
R = tBu, 5 R = Bu, 5a
R = Ph, 6 R = Ph, 6a

Reaction of keto ester 5a with a variety of alkylzinc chlorides afforded
chiral a-hydroxy esters 7a-1la. Subsequent saponification provided (R)-
2-hydroxy-2-phenylalkanoic acids 7-11 in 86-97% enantiomeric purities
(Scheme 1, Table 1).

Similarly, alcohol 6 was converted into the glyoxylate 6a (eq 1).
Subsequent reaction with alkylzinc chlorides provided, after hydrolysis,
the desired (R)-a-hydroxy acids 7-11 in 83-89% optical purities (Scheme



