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Enantiomerically pure 1-trifluoromethyl-tetrahydroisoquino- fluoro-β-iminosulfoxide (R)-3, and subsequent elaborations
of the sulfinyl auxiliary. The absolute stereochemistry of theline alkaloid analogues, in which C-1 is a quaternary stereo-

genic centre, have been synthesized by stereoselective intra- stereogenic centre was determined by X-ray diffraction on
the α-phenylpropionic ester (1R,29S)-10.molecular Pictet-Spengler reaction of the N-arylethyl γ-tri-

The stereocontrolled synthesis of quaternary stereogenic The β-iminosulfoxide (R)-3 was envisioned to function
as the key intermediate (Scheme 1)[7]. This compound wascentres is a major accomplishment in modern organic

chemistry[1]. Particularly challenging is the stereoselective obtained by condensation between 2 equiv. of lithiated
methyl p-tolylsulfoxide (R)-1 and the trifluoroacetimidoylapproach to structures bearing a trifluoromethyl-substi-

tuted tertiary aminic function, owing to the additional diffi- chloride 2, which was prepared by the Uneyama9s one-pot
procedure[8] from 2-(3,4-dimethoxyphenyl)ethylamine, tri-culties connected with the selective introduction of fluorine,

and to the biological interest of α-trifluoromethyl2amino fluoroacetic acid (TFA), and CCl4, in the presence of PPh3.
The excess of sulfoxide (R)-1 was recovered unchanged incompounds, such as amino acids, amino alcohols, and

amino sugars[2]. almost quantitative yield by flash chromatography of the
crude reaction mixture.The potential biological interest of synthetic 1-trifluoro-

methyl analogues of tetrahydroisoquinoline alkaloids, Scheme 1. Preparation of the β-iminosulfoxide (R)-3
which have never been described in enantiomerically pure
form, stimulated us to undertake the synthesis of these in-
triguing frameworks. In fact, only one report describing the
preparation of racemic 1-methoxycarbonyl-1-trifluoro-
methyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline ap-
peared in literature[3]. It is worth noting that fluorine-free
natural tetrahydroisoquinolines in which C-1 is a quater-
nary stereogenic centre have been reported to feature very
interesting biological properties. In spite of this, only a
handful of enantioselective syntheses of compounds be-
longing to the class of 1,1-disubstituted tetrahydroisoquino-
line alkaloids have been accomplished[4]. Among them, re-
cent reports by the group of Corey described the stereose-
lective synthesis of the spyro-tetrahydroisoquinoline unit of

The β-iminosulfoxide (R)-3, a crystalline compound thatthe antitumor marine-derived molecule ecteinascidin 743[5].
can be stored for several months at 4°C without decompo-
sition, exists as a single imine geometric isomer, most prob-

Results and Discussion ably with (Z) geometry, namely with the sulfinylmethyl and
the N-arylethyl groups in cis configuration with respect toOur strategy for the stereoselective construction of the

quaternary α-trifluoromethyltetrahydroisoquinoline frame- the C5N bond, in analogy with closely related N-substi-
tuted γ-trifluoro-β-iminosulfoxides, which have been re-work takes advantage of the sulfinyl group, used as a re-

movable stereocontrolling agent, as well as an activating cently investigated[9]. The targeted 1-trifluoromethyltetrahy-
droisoquinoline framework was obtained by intramolecularmoiety for the introduction of an oxygen functionality, such

as a hydroxyl or a carbonyl[6]. Pictet-Spengler reaction[10] of the β-iminosulfoxide (R)-3
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(Scheme 2), promoted by an excess of TFA in CHCl3 at reductive procedure, by treatment of (1S,RS)-4 with aque-

ous formaldehyde and NaCNBH3 in acetonitrile (83%)[13].0°C. The desired 1-trifluoromethyl-1-sulfinylmethyltetrahy-
droisoquinoline 4 was produced in 74% yield and in dia-

Scheme 3. Synthesis of the sulfur-free 1-trifluoromethyl tetrahy-stereomeric ratio (1S,RS)/(1R,RS) 5 6:1, determined by 19F- droisoquinoline alkaloid analogs
NMR and HPLC analysis of the crude reaction mixture.

Scheme 2. The Pictet-Spengler reaction

The reaction is irreversible and kinetically controlled, as
demonstrated by the fact that increasing the reaction time
from ca. 20 min to 1 hour, no change of diastereoselectivity
was observed. Further evidence was obtained by re-sub-
mitting both the pure diastereomers (1R,RS)- and (1S,RS)-
4 to the exact reaction conditions for 1 hour: as expected,
no interconversion between diastereoisomers, and therefore
no epimerization of the stereocentre C-1, was observed by
1H- and 19F-NMR analysis of the crude reaction mixtures.
The good diastereoselectivity of this intramolecular Pictet-
Spengler reaction could possibly be explained considering
that, due to the cis geometry of the C5N bond of the sub-
strate (R)-3, the electronrich 3,4-dimethoxyphenyl group
and the stereogenic p-tolylsulfinyl group should be spatially
close to each other. Thus the sulfinyl auxiliary can exert a
strong stereodirecting effect on the ring closure (Figure 1),
through the reactive conformation which minimizes the di-
pole-dipole interactions between the S5O and C5N
bonds[11]. The attack of the 3,4-dimethoxyphenyl group is

With the N-methyl β-aminosulfoxide (1S,RS)-5 in handthus induced to the less hindered Re face of the stabilized
we addressed the preparation of sulfur free analogues of 1-carbocation C-1 formed via protonation of the imine nitro-
trifluoromethyltetrahydroisoquinoline alkaloids. Hydro-gen of (R)-3 by TFA.
genolysis of the sulfinyl auxiliary with Raney-Ni/H2 pro-
vided 1-trifluoromethylcarnegine (S)-6 in 76% yield[14].

Figure 1. A model for the diastereofacial selectivity
Substitution of the sulfinyl group of (1S,RS)-5 with an

oxygen functionality was achieved by means of the Pumm-
erer rearrangement[15]. Treatment of (1S,RS)-5 with tri-
fluoroacetic anhydride and sym-collidine in acetonitrile at
0°C produced the expected intermediate α-trifluoroacetoxy-
sulfide 7, which was not isolated, but hydrolized in situ to
the desired aldehyde (R)-8 by treatment with K2CO3/HgCl2
at room temperature (79% overall yield). The aldehyde (R)-
8, which is a stable compound that can be stored neat at
4°C for several months and handled at room temperatureOn the other hand, the high reactivity of the β-iminosul-

foxide (R)-3, which is somewhat unusual for the Pictet- without any decomposition, was reduced in quantitative
yields with NaBH4 at 0°C, affording N-methyl-1-trifluoro-Spengler reaction of ketimines[12], can be attributed to the

electronwithdrawing effect of the trifluoromethyl group, methylcalycotomine (R)-9 [16]. Esterification of (R)-9 with
both enantiomers of α-phenylpropionic acid and analysis ofwhich strongly increases the electrophilic character of the

iminic carbon C-1. the resulting crude reaction mixtures by 1H- and 19F NMR
evidenced its enantiomeric purity. Finally, the stereochem-Next, the major diastereomeric sulfoxide (1S,RS)-4 was

submitted to N-methylation (Scheme 3). The desired trans- istry of the quaternary trifluoromethyl substituted stereo-
genic centre C-1 was unequivocally determined by X-rayformation was successfully achieved according to the Borch
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Concluding Remarksdiffraction of a single crystal of (1R,29S)-10, obtained by

esterification of N-methyl-1-trifluoromethylcalycotomine We have reported the first strategy for the stereocon-
(R)-9 with (1)-(S)-α-phenylpropionic acid (65% yield). trolled total synthesis of enantiopure 1-trifluoromethylte-

trahydroisoquinoline units. This protocol features both
Figure 2. ORTEP view of 10 showing the atomic labelling scheme. good stereoselectivity and chemical yields, providing a prac-

20% Thermal ellipsoids for non-hydrogen atoms are shown tical entry to an unprecedented class of alkaloid analogues,
like 1-trifluoromethylcarnegine (S)-6 and N-methyl 1-tri-
fluoromethylcalycotomine (R)-9, whose biological proper-
ties are currently under investigation.

Experimental Section
General: 1H, 19F, and 13C nuclear magnetic resonance samples

were prepared as dilute solutions in CDCl3 and spectra recorded
on Bruker spectrometers: ARX 400, AC 250L, or AC 200. Chemi-
cal shifts (δ) are reported in parts per million (ppm) of the applied
field. Me4Si was used as internal standard (δH and δC 5 0.00) for
1H and 13C nuclei, while C6F6 was used as external standard (δF 5

2162.90) for 19F nuclei. Peak multiplicities are abbreviated: singlet,
s; doublet, d; triplet, t; quartet, q; multiplet, m. 2 [α]D

20 values
were taken on a Jasco-Dip and on a W. Kernchen Propol pola-
rimeters. 2 IR spectra were registered on a Perkin Elmer System
2000 FT-IR spectrophotometer. 2 Mass spectra were registered on
a Hitachi-Perkin-Elmer ZAB 2F instrument. Run times (tr) of dia-Table 1. Selected bond lengths and angles of 10
stereomers 4 were determined on a Waters 600E HPLC instrument,
using LiChrosorb Si60 (5 µm) prepacked columns (Merck) andBond lengths [Å]
HPLC-grade n-hexane/ethyl acetate as eluents. 2 Anhydrous THF

C(1)2C(21) 1.524(4) N(2)2C(3) 1.453(4) was distilled from sodium and benzophenone. In all other casesC(1)2C(10) 1.542(4) C(3)2C(4) 1.496(4)
commercially available reagent-grade solvents were employed with-C(1)2C(20) 1.552(3) C(4)2C(5) 1.493(4)

C(1)2N(2) 1.467(4) out purification. Reactions performed in dry solvents were carried
out in nitrogen atmosphere. 2 Melting points are uncorrected and

Bond angle [°] were obtained on a capillary apparatus. 2 Analytical thin-layer
N(2)2C(1)2C(10) 113.3(2) C(5)2C(10)2C(1) 121.3(2) chromatography (TLC) was routinely used to monitor reactions.
N(2)2C(3)2C(4) 110.4(3) C(3)2N(2)2C(1) 116.7(2) Plates precoated with E. Merck silica gel 60 F254 of 0.25 mm thick-
C(5)2C(4)2C(3) 109.2(2) C(3)2N(2)2C(2) 109.4(3)

ness were used. Merck silica gel 60 (2302400 ASTM mesh) wasC(10)2C(5)2C(4) 120.0(2) C(1)2N(2)2C(2) 117.3(2)
employed for column chromatography. 2 Combustion microana-

Torsion angles [°] lyses were performed by Redox SNC, Cologno M. (Milano).

C(20)2C(1)2N(2)2C(3) 2105.8(3) N(2)2C(1)2C(10)2C(5) 9.7(3) Synthesis of N-[2-(3,4-Dimethoxyphenyl)ethyl]-2,2,2-trifluo-
C(21)2C(1)2N(2)2C(2) 289.6(3) C(10)2C(1)2N(2)2C(3) 20.3(3)

roacetimidoyl Chloride 2: In a cooled (0°C) two necked flaskC(20)2C(1)2N(2)2C(2) 26.8(3) C(1)2N(2)2C(3)2C(4) 255.9(3)
equipped with a condenser and a loading funnel, were chargedC(21)2C(1)2C(10)2C(5) 2106.1(3) N(2)2C(3)2C(4)2C(5) 59.8(3)

C(20)2C(1)2C(10)2C(5) 138.0(2) C(3)2C(4)2C(5)2C(10) 231.4(4) respectively triphenylphosphine (10.36 g, 39.5 mmol), carbon tetra-
C(12)2C(11)2C(17)2C(19) 266.3(4) C(4)2C(5)2C(10)2C(1) 22.9(4) chloride (6.35 ml, 65.8 mmol), triethylamine (2.2 ml, 15.8 mmol),
C(11)2C(17)2C(19)2O(4) 88.3(3)

and trifluoroacetic acid (0.98 ml, 13.15 mmol) under stirring. The
reaction mixture was stirred 10 min at the same temperature. Then,
2.72 ml (15.8 mmol) of 2-(3,4-dimethoxyphenyl)ethylamine dis-

A view of (1R,29S)-10 is shown in Figure 2, while selected solved in 6.35 ml of carbon tetrachloride, were added dropwise and
the resulting reaction mixture was heated at reflux for 3 h. Aftermolecular dimensions are reported in Table 1. Bond lengths
evaporation of the solvent, the solid residue was extracted with n-and angles values fall in the expected range[17]. The six-
hexane (15 ml), the suspension filtered and the solid phase washedmember ring adopts an envelope conformation with C(3)
again with n-hexane (4 3 10 ml). The collected organic phases weredisplaced out of the mean plane of the other five atoms by
evaporated and the residue purified by flash-chromatography (F.C.)0.678 Å. This ring conformation would not seem the most
(eluent mixture n-hexane/ethyl acetate from 9:1 to 7:3) giving 3.2 g

likely, but it was already reported in a natural compound (82% yield) of product 2 as a viscous oil: Rf (n-hexane/ethyl acetate,
with a similarly constrained ring[18]. C(2) and C(20) are 70:30) 0.56. 2 1H NMR (CDCl3) δ 6.8326.74 (m, 3 H), 3.90-3.80
quite close (2.843 Å), due to the narrow endocyclic torsion (m, 2 H), 3.87 (s, 3 H), 3.86 (s, 3 H), 2.96 (t, J 5 7.3 Hz, 2 H). 2
angle around the C(1)2N(2) bond (20.3°). 13C NMR (CDCl3) δ 148.8, 147.7, 132.3 (q, J 5 42.8 Hz), 131.0,

The N(2) atom is pyramidal and there is no evidence of 120.7, 116.4 (q, J 5 276.4 Hz), 112.0, 111.2, 55.8, 55.6, 55.0, 34.7.
2 19F NMR (CDCl3) δ 272.8 (s). 2 IR (neat) ν̃ (cm21): 2939,significant inversion disorder. This is probably due to steric
1702, 1518, 1264, 1157.interactions with the trifluoromethyl group: in fact rela-

tively close intramolecular C2···F2 non-bonded distances Synthesis of 2-N-[2-(3,4-Dimethoxyphenyl)ethyl]imino-1-(p-
(2.956 Å) are observed even in this more favourable ar- tolyl)sulfinyl-3,3,3-trifluoropropane (R)-3: A solution of tri-

fluoroacetimidoyl chloride 2 (1.94 g, 6.55 mmol) in THF (5 ml) wasrangement.
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added dropwise at 278°C to a solution of the lithium derivative of signal, 1 H), 3.22 (d, J 5 13.5 Hz, 1 H), 3.0722.67 (m, 4 H), 2.40

(s, 3 H). 2 13C NMR (CDCl3) δ 149.2, 147.4, 141.9, 141.4, 131.7,methyl-p-tolylsulfoxide (R)-1 (2.02 g, 13.1 mmol) [generated in
THF (20 ml), at the same temperature, by action of LDA, pre- 130.0, 126.4 (q, J 5 290.2 Hz), 123.8, 121.1, 112.1, 110.0, 67.2,

60.8 (q, J 5 25.9 Hz), 56.0, 55.9, 39.5, 29.2, 21.3. 2 19F NMRformed by treatment of 2.04 ml (14.4 mmol) of diisopropylamine
with 5.76 ml (14.4 mmol) of a 2.5  n-hexane solution of n-butyl- (CDCl3) δ 275.8 (s).
lithium] stirred under nitrogen. After 10 min at the same tempera-

Reductive Methylation of (1S,RS)-4. 2 Synthesis of the N-Methyl-ture the reaction was quenched with an excess of an aqueous solu-
6,7-dimethoxy-1-(p-tolylsulfinyl)methyl-1-trifluoromethyl-1,2,3,4-tion of ammonium chloride, the layers were separated and the
tetrahydroisoquinoline (1S,RS)-5: To a solution of s.m. (1S,RS)-4aqueous phase was extracted with ethyl acetate (3 3 50 ml). The
(745 mg, 1.8 mmol), dissolved in acetonitrile (8 ml), were addedcombined organic layers were dried over anhydrous sodium sulfate
1.8 ml (23.43 mmol) of a 36% aqueous solution of formaldehydeand, after removal of the solvent under reduced pressure, the crude
and 155 mg (2.34 mmol) of sodium cyanoborohydride, under stir-was purified by F.C. (n-hexane/ethyl acetate from 30:20 to 45:55
ring. After 30 min at r.t., the pH was adjusted to neutrality bywith 10% of triethylamine), giving 2.03 g of (R)-3 (75% yield) and
dropwise addition of glacial acetic acid. The reaction mixture was1.0 g of sulfoxide (R)-1 used in excess (99%). (R)-3: Rf (1:1 n-hex-
allowed to stay overnight under stirring at r.t. A mixture of a 2 ane/ethyl acetate with 10% of triethylamine) 0.57; m.p. (iPr2O)
aqueous solution of sodium hydroxide (8 ml) and chloroform (51052106°C; [α]D

20 1130.1 (c 0.86, CHCl3). 2 1H NMR (CDCl3)
ml) was added to the residue obtained after evaporation of aceto-δ 7.48 (d, J 5 8 Hz, 2 H), 7.33 (d, J 5 8 Hz, 2 H), 6.7926.67 (m,
nitrile. The layers were separated and the aqueous one was washed3 H), 3.8823.75 (m, 1H), 3.84 (s, 6 H), 3.75 (d, J 5 13.1 Hz, 1 H),
with chloroform (3 3 15 ml). The collected organic layers, washed3.6823.54 (m, 1 H), 3.43 (d, J 5 13.1 Hz, 1 H), 2.9922.81 (m, 2
with brine, were dried over anhydrous sodium sulfate, and the resi-H), 2.42 (s, 3 H). 2 13C NMR (CDCl3) δ 149.5 (q, J 5 34.2 Hz),
due obtained after solvent evaporation was purified by F.C. (ben-148.6, 147.4, 142.6, 139.6, 131.4, 130.1, 123.6, 120.6, 118.9 (q, J 5
zene/acetone from 85:15 to 70:30) giving 638 mg (83% yield) of279 Hz), 112.1, 111.0, 55.7, 55.5, 54.5, 54.0, 35.6, 21.3. 2 19F NMR
(1S,RS)-5: Rf (benzene/acetone, 40:10) 0.38; m.p. (iPr2O)(CDCl3) δ 273.1 (s). 2 IR (KBr) ν̃ (cm21): 2938, 1523, 1238, 1196,
1342136°C; [α]D

20 251.5 (c 0.3, CHCl3). 2 1H NMR (CDCl3) δ1050. 2 MS (EI) (m/z): 413 (32) [M1], 397 (55), 151 (100), 91 (58).
7.57 (d, J 5 8.1 Hz, 2 H), 7.31 (d, J 5 8.1 Hz, 2 H), 7.01 (br signal,

2 C20H22F3NO3S: C 58.09, H 5.37, N 3.39; found: C 58.08, H
1 H), 6.65 (s, 1 H), 3.92 (d, J 5 13.7 Hz, 1 H), 3.91 (s, 3 H), 3.905.39, N 3.42.
(s, 3 H), 3.54 (d, J 5 13.7 Hz, 1 H), 3.3623.20 (m, 1 H), 3.1423.01
(m, 1 H), 2.8522.78 (m, 1 H), 2.7522.65 (m, 1 H), 2.41 (s, 3 H),Synthesis of the 6,7-Dimethoxy-1-(p-tolylsulfinyl)methyl-1-tri-

fluoromethyl-1,2,3,4-tetrahydroisoquinolines (1S,RS)- and (1R,RS)-4: 2.22 (q, JHF 5 3.1 Hz, 3 H). 2 13C NMR (CDCl3) δ 149.2, 147.1,
142.6, 141.6, 129.9, 129.8, 126.9 (q, J 5 299.7 Hz), 124.8, 121.3,The starting material (s.m.) (R)-3 (1 g, 2.42 mmol) was dissolved

in chloroform (4 ml) and the solution was cooled at 0°C. Trifluoro- 111.6 (q, J 5 3.7 Hz), 111.2, 63.72 (q, J 5 3.1 Hz), 63.70 (q, J 5

22.2 Hz), 56.2, 55.7, 47.5, 39.4, 28.9, 21.4. 2 19F NMR (CDCl3) δacetic acid (1.49 ml, 19.35 mmol) was added in one portion to the
solution, under stirring. The reaction mixture was left at 0°C until 267.4 (br signal). 2 IR (KBr) ν̃ (cm21): 2958, 1523, 1220, 1135.5,

1103.4. 2 MS (EI) (m/z): 428 (15) [M111], 358 (32), 274 (36), 219disappearance of the s.m., as revealed by t.l.c. analysis (70:30 n-
hexane/ethyl acetate with 10% of triethylamine), for a standard (100). 2 C21H24F3NO3S: C 59.00, H 5.66, N 3.28; found: C 58.88,

H 5.66, N 3.33.time of 20230 min, then it was quenched with an ammonia aque-
ous solution (ca. 15%) until pH 8 was reached. The layers were

Synthesis of 1-Trifluoromethylcarnegine (S)-6: To the s.m.separated, the organic one was washed first with water, then with
(1S,RS)-5 (109 mg, 0.25 mmol), dissolved in absolute ethanol (3brine and finally dried over anhydrous sodium sulfate. Afterwards,
ml), was added Raney-Ni (ca. 0.8 g) in a refrigerant equipped flask.the solvent was removed under reduced pressure and the crude,
The slurry was heated at 50°C and vigorously stirred under hydro-containing a 6:1 mixture of diastereomers (1S)/(1R), was purified
gen atmosphere. After 35 min t.l.c. analysis (n-hexane/ethyl acetate,by F.C. (n-hexane/ethyl acetate from 75:25 to 65:35 with 10% of
70:30) showed the complete disappearance of s.m. Raney-Ni wastriethylamine), giving diastereomerically pure products (1S,RS)-
filtered on a Celite pad and washed twice with ethyl acetate. Theand (1R,RS)-4 (74% overall yield).
solvent was removed under reduced pressure and the crude was
purified by F.C. (n-hexane/ethyl acetate from 85:15 to 70:30), giving(1S,RS)-4 (major): tr 13 min and 34 sec (45:55 n-hexane/ethyl

acetate, 1.2 ml/min); Rf (1:1 n-hexane/ethyl acetate with 10% of tri- 55 mg (76% yield) of (S)-6: Rf (n-hexane/ethyl acetate, 40:10) 0.38;
m.p. (iPr2O) 85287°C; [α]D

20 237.1 (c 0.15, CHCl3). 2 1H NMRethylamine) 0.5; m.p. (iPr2O/ethyl acetate) 1392142°C; [α]D
20

138.4 (c 0.41, CHCl3). 2 1H NMR (CDCl3) δ 7.57 (d, J ca. 8 Hz, (CDCl3) δ 6.90 (br signal, 1 H), 6.58 (s, 1 H), 3.86 (s, 6 H),
3.2823.16 (m, 1 H), 2.9022.70 (m, 3 H), 2.62 (s, 3 H), 1.65 (s, 32 H), 7.32 (d, J ca. 8 Hz, 2 H), 6.79 (br signal, 1H), 6.64 (s, 1 H),

3.87 (s, 3H), 3.84 (s, 3 H), 3.43 (d, J 5 13.3 Hz, 1 H), 3.29 (d, J 5 H). 2 13C NMR (CDCl3) δ 148.5, 147.0, 129.4, 128.0 (q, J 5 292.1
Hz), 125.5, 111.4, 111.0, 62.3 (q, J 5 24.0 Hz), 56.1, 55.7, 48.5,13.3 Hz, 1 H), 3.2723.11 (m, 2 H), 2.9622.67 (m, 2H), 2.69 (br s,

1 H), 2.41 (s, 3 H). 2 13C NMR (CDCl3) δ 149.2, 147.4, 142.2, 39.7, 28.0, 20.0. 2 19F NMR (CDCl3) δ 272.5 (br signal). 2 IR
(KBr) ν̃ (cm21): 1612.5, 1520, 1141, 1109. 2 MS (EI) (m/z): 289141.8, 130.04, 129.95, 126.7 (q, J 5 290.3 Hz), 124.2, 121.5, 111.9,

110.0, 65.8, 61.2 (q, J 5 25.4 Hz), 56.2, 55.8, 39.0, 29.2, 21.4. 2 (3) [M1], 220 (100), 204 (40). 2 C14H18F3NO2: C 58.11, H 6.27, N
4.84; found: C 58.28, H 6.35, N 4.71.19F NMR (CDCl3) δ 274.1 (s). 2 IR (KBr) ν̃ (cm21): 3433, 1524,

1384, 1146. 2 MS (EI) (m/z): 414 (22) [M111], 139 (100), 140 (24).
Synthesis of N-Methyl-6,7-dimethoxy-1-formyl-1-trifluoromethyl-

2 C20H22F3NO3S: C 58.09, H 5.37, N 3.39; found: C 58.03, H
1,2,3,4-tetrahydroisoquinoline (R)-8: To a cooled (0°C) solution of5.14, N 3.16.
s.m. (1S,RS)-5 (670 mg, 1.57 mmol) and sym-collidine (457 µl, 3.45
mmol) in 15 ml of acetonitrile, stirred under nitrogen atmosphere,(1R,RS)-4 (minor): tr 9 min and 36 sec (45:55 n-hexane/ethyl

acetate, 1.2 ml/min); Rf (1:1 n-hexane/ethyl acetate with 10% of tri- 444 µl (3.14 mmol) of trifluoroacetic anhydride were added drop-
wise. After ca. 20 min (reaction monitored by t.l.c. using n-hexane/ethylamine) 0.55; oil; [α]D

20 179.16 (c 1.9, CHCl3). 2 1H NMR
(CDCl3) δ 7.34 and 7.27 (m, 4 H), 6.72 (s, 1 H), 6.67 (br signal, 1 ethyl acetate, 70:30), the pH was adjusted approximatively to neu-

trality with solid potassium carbonate, and then 639 mg (2.35H), 3.92 (s, 3 H), 3.79 (s, 3 H), 3.47 (d, J 5 13.5 Hz, 1 H), 3.28 (br
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1-Trifluoromethyl Tetrahydroisoquinoline Alkaloids FULL PAPER
mmol) of mercuric chloride were added to the suspension. After Z 5 4, Dx 5 1.285 Mg/m3, µ 5 0.879 mm21, F(000) 5 920. Color-

less prismatic crystal, dimensions: 0.8 3 0.6 3 0.3 mm.2.5 h at r.t. (the reaction was monitored by t.l.c. during this time)
the reaction mixture was centrifuged, the solid phase washed with

Data Collection: Siemens P4 diffractometer, θ22θ scan tech-
acetonitrile (2 3 5 ml) and the collected organic phases evaporated

nique, graphite monochromated Cu-Kα radiation; 3401 reflections
under reduced pressure. The crude was purified by flash-chroma-

measured (5.12<θ<57.28, 1h, 1k, 1l and 2h, 2k, 2l), 3035 un-
tography (n-hexane/ethyl acetate from 80:20 to 70:30) giving 376

ique. 3 standard reflections measured every 100 reflections showed
mg (79% yield) of (R)-8: Rf (n-hexane/ethyl acetate, 70:30) 0.45;

no significant decay. Data were corrected for Lorentz and polariz-
m.p. (iPr2O) 88291°C; [α]D

20 1132.7 (c 0.41, CHCl3). 2 1H NMR
ation effects, while no absorption correction was deemed necessary.

(CDCl3) δ 9.06 (q, J 5 3.93 Hz, 1H), 6.70 (s, 1 H), 6.64 (br signal,
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4.62; found: C 55.13, H 5.32, N 4.48. est peak in final difference-Fourier map was 0.167 eÅ23. The re-

fined value of Flack9s x parameter[22] was 0.10(19) and suggests
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solution of s.m. (R)-8 (100 mg, 0.33 mmol) in ethanol (5 ml) cooled ically pure (S)-α-phenylpropionic acid was used in the synthesis. In
at 0°C, 14 mg (0.37 mmol) of sodium borohydride were added por- the absence of substantial anomalous scatterers this confirms the
tionwise. After 5 min the reaction mixture was concentrated under good quality of the data.
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[11] [11a] G. Solladié, G. Demailly, C. Greck, Tetrahedron Lett. 1985, Orpen, R. Taylor, J. Chem. Soc., Perkin Trans. 2 1987, S12S19.

[18] S.-M. Nasirov, I. A. Israilov, L. G. Kuz9mina, M. S. Yunusov,26, 4352438. 2 [11b] S. G. Pyne, A. R. Hajipour, Tetrahedron
1994, 50, 13501213510. 2 [11c] A. Arnone, P. Bravo, S. Capelli, Yu. T. Struchkov, S. Yu. Yunusov, Khim. Prir. Soedin. 1978,

7522758 (Chem. Abs., 1979, 91, 20 829).G. Fronza, S. V. Meille, M. Zanda, G. Cavicchio, M. Cru-
cianelli, J. Org. Chem. 1996, 61, 337523387. Corrigenda: J. Org. [19] Crystallographic data (excluding structure factors) for the struc-

ture reported in this paper have been deposited with the Cam-Chem. 1996, 61, 9635.
[12] For example, the intermolecular Pictet-Spengler reaction of do- bridge Crystallographic Data Centre as supplementary publi-

cation no. CCDC-100794. Copies of the data can be obtainedpamine and (1)-menthyl pyruvate has been reported to occur
in 5 days at room temperature[6f]. free of charge on application to The Director, CCDC, 12 Union

Road, Cambridge CB2 1EZ, UK [fax: int. code 144(1223)[13] [13a] R. F. Borch, M. D. Bernstein, H. D. Durst, J. Am. Chem.
Soc. 1971, 93, 289722904. 2 [13b] R. F. Borch, A. I. Hassid, J. 3362033, e-mail: teched@chemcrys.cam.ac.uk].

[20] G.M Sheldrick, SHELXTL-plus, Siemens Analitical, X-ray In-Org. Chem. 1972, 37, 167321674. 2 [13c] See also ref. 6g.
[14] The tetrahydroisoquinoline alkaloid carnegine can be extracted struments, Inc., Madison, Wiscosin, U.S.A., 1989.

[21] G.M. Sheldrick; SHELXL-97 Program for Crystal Structurefrom Carnegiea gigantea. For its synthesis see: E. Spath, F.
Dengel, Ber. Dtsch. Chem. Ges. 1938, 71B, 1132119. Refinement, University of Göttingen, Germany, 1997.

[22] H.D. Flack, Acta Crystallogr., Sect.A 1983, A39, 8762880.[15] [15a] R. Pummerer, Ber. Dtsch. Chem. Ges. 1909, 42, 228222291.
2 [15b] L. Horner, Liebigs Ann. 1960, 631, 1982199. 2 [15c] O. [97334]

Eur. J. Org. Chem. 1998, 4352440440


