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Abstract: A new method of synthesizing enantiomerically 

(R)-alkyl- and 1-aryltetrahydroisoquinolines has been achieved 

isochroman with (R)- or (S)-phenylglycinol. 

Chiral 1-alkyltetrahydroisoquinolines (VI) are useful 

pure (S)- and 

starting from 

as key inter- 

mediates for the Synthesis of isoquinoline alkaloids. Several report81*-d) 

on the highly stereoselective Synthesis of l-alkyltetrahydroisoquinolines 

have recently been reported. Meyers et al.'*' have reported the efficient 

diastereoselective alkylation of 1-lithiated tetrahydroisoquinolines 

containing the chiral formamidine auxiliary. Noyori et al."' have 

accomplished asymmetric hydrogenation of N-acyl-l-alkylidenetetrahydroiso- 

quinolines using chiral BINAP catalyst. However, these methodologies can 

not be applied to the a8ymrPetric Synthesis of l-aryltetrahydroisoquinolines. 

We have previously comicated the synthesis of chiral oxazolo[2,3-a]- 

tetrahydroisoquinolines (V) and their utility in the a8ylPlDetric Syntheses 

of isoquinoline alkaloids,(S)-(-)- and (R)-(+)-salsolidines*~ I) (2 and 1,8) 

(Chart 4). The idea of synthesizing the chiral oxazoloisoquinolines (V) 

Chart 1 
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was obtained during our investigation on the reactivity of 1-ethoxy-2-methyl- 

tetrahydroisoquinoline4' (III ) which is considered as a N,O-acetal. 

Compound III was found to undergo facile substitution by nucleophilic 

reagents such as active aaethylene compounds4' or Grignard reagents to give 

the l-substituted compounds (IV). This finding drew our attention towards 

the synthesis of cyclic chiral 1-alkoxytetrahydrolscquinoline, namely 

oxazoloisoquinolines (V). Compound V has been easily prepared using (R)- 

or (S)-phenylglycinol and converted to (S)- or (R)-salsolidine in 100% ee by 

the Grignard reaction followed by hydrogenolysis. As a further extension, 

we have investigated the scope and limitation of this method. 

We report here the complete details of our study including the syntheses 

of 1-alkyl and l-aryltetrahydroisoquinoline alkaloids ((S)- and (R)-sal- 

solidines (1,6 and e), (S)-homolaudanosine (G), and (S)-cryptostyline II 

(Z)]. 

Results and Discussion 

SYNTHESIS OF CHIRAL OZAZOLOISOQUINOLINES 

(3R,lObS)-Oxazolo[2,3-a]tetrahydrolsoquinollne (%) was obtained as shown 

in Chart 2. Bromination of isochroman (5) in the presence of sunlight gives 

1-bromoisochroman which, upon heating, gives 2-(2-bromoethyl)benzaldehyde. 

-H (3) oa c 
1) Brz, hv r h* 
2)heat EtOH, r.t. 

4a 

la 

NaOEt, r.t. (74% de) 
Etfl,-78'C (82% de) 

2a 

5a 
(main product) 

6a 

Chart 2 
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aldehyde" (i&x). Treatment of @ with D-(R)-phenylglycinol (2) gave (RI- 

3,4-dihydroisoquinolinium bromide (jLa) which was then cyclized to the 

oxazoloisoquinoline using sodium ethoxide at room temperature. As expected. 

the cyclization of 49 took place diastereoselectively due to the asylnmetric 

center at the l'-position of 42 to give an inseparable 6.8:1 (74% de) 

diastereomerfc mixture of 5," and 62. The structures of s and 6," were 

assigned by X-ray crystal structure and 500 MHz ’ H-NMR analyses (e 

infra). The dfastereomeric excess was determined by integration of the 

single Peaks of the 1ObH protons of the diastereomers. 

We tried to synthesize G in high diastereomeric excess Under various 

conditions. The most highly stereoselective cyclization of $$ was achieved 

using triethylamine in C&Cl, at -78"C, the major product being ;La with 82% 

diastereoselection. 

In the case of the synthesis of the analogous 6,7-dimethory compound 

(@) (Chart 3), bromination of 6,7-dinethoxyisochroman ($.b) with bromine or 

NBS was unsuccessful due to the formation of a polymer.'l' The desired Lb 

was obtained in 28% yield by heating the 1-ethoryisochroman (s) with acetyl 

bromide. When acetyl chloride was used In a similar reaction, compound E 

was obtained in 70% yield. Compound & was then converted to the (R)-iso- 

quinolinium salt by the reaction with D-(R)-phenylglycinol (2). The re- 

sulting crude salt, upon treatment with triethylamine in CH.Clr at -78OC, 

gave cyclized product as a 19:l (90% de) mixture of !Z@ and 62. Recrystal- 

lization of the mixture from ethanol gave pure 5& in 93% yield. The 

absolute configration of 2 was determined by X-ray crystal structure 

analysis and found to be 3R, lobs." 

The structures of za and @ (Chart 2), which are inseparable, were 

assigned by comparison of their signals for 1ObH protons with those of g 

and 6&b, The signal for 1ObH of s appears at J:5.40 as a single Peak. The 

A6 Value Of the 1ObIi signal for the pair of z and 6,b is 0.1 ppm. In the 

case of the inseparable mixture of 2 and 6,". the 1ObH proton for the major 

product is deshielded and A& value is 0.1 Pam. From this great similarity, 

the structure of the major product was determined to be !&. 

Consequently, it was found that the configuration of the asymmetric 

carbon created in the cyclizatfon was the S-configuration. 

The enantiomer of Sb, (35, lObR)-oxazoloisoquinolfne (la) was also 

prepared from e using L-(S)-phenylglycinol (12). 
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/ 

Zb:X=Br 
8b:X=CI 

1) 3, r.t. 
8b 

2) Et@, -78°C 
(90% de) 

recryst. from EtOH 
> 5b 

65.40 

5b 

65.30 

6b 

I)ph H (lo), r.t. 

8b w 
2) Et& -78’T (90% de) 
3) nxryst. Tom EtOH 

llb 

Chart 3 
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GRIGNARD REACTION OF 5," 

Asymmetric alkylation of oxazoloisoquinoline 5," was examined using the 

Grignard reagents listed in Table I in ether at -78°C. Since chromato- 

graphic separation of an oily mixture of 5," and e was difficult, we used a 
1O:l (82% de) mixture of 2 and e as a starting material. It was found 

that 4 equivalent of the Grignard reagent was necessary to completely 

alkylate z. 

As we would expect, the reaction of methylmagnesium iodide gave a 1O:l 

(82% de) mixture of 1. and l&. The diastereomeric excess was determined 

by 500 MHz NMR spectroscopy and found to be similar to the diastereomeric 

purity of the starting material, B. Later, the mixture of 13 and 13 was 

separated by column chromatography on alumina to give pure 1Aa in 80% 

yield. In the case of butyl-, phenethyl-, or phenylmagnesium halide, the 

reaction gave only one diastereoisomer, s, l&& or &e, respectively. 

However, the reaction of benzylmagnesium chloride gave a separable 8:l (78% 

de) mixture of 13 and 13. The diastereomeric excess was exceptionally 

lower than the diastereomeric purity of 52. 

Table I. Grignard Reaction of 5aa’ 

w 
+ -78’C + 14a-e 

ml 
i 13a,d 

Product 

RMgX Yield (S)l’) Ratio (12:13) % de 

MeMgI a 98 (88) c) 1O:l 82 
BuMgBr b 81 only 12b 100 
PhMgBr C only 12c 100 
PhCH,MgCI d t: (78)‘) 9:l 78 
PhCH,CH2MgCI e 84 only 12e 100 

a) A 1O:l (82% de) mixture of 5~ and 6a was used as a starting material. b) The 
yield was calculated based on a mixture of Sa and 6a. c) The value in parenthesis 
shows the isolated yield of 12 after column chromatography. 
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The structures of 12a-e were assigned as follows: 

hydrogenated with Pdzbon 

compounds I,?&$ were 

in acidic ethanol solution to give l-alkyl- 

tetrahydroisoguinolines. Their absolute configurations were elucidated as the 

S-configuration by comparison of the optical rotation value8 with those 

reported*) of the authentic samples. 

Consequently, the asmtric carbon created in the Grignard reaction 

SYNTHESIS OF (S)-(-)- and (R)-(+)-SALSOLIDINE 

Based on the previously described finding, the Synthesis of the Simple 

natural isoguinoline alkaloid, SalSOlidine, was synthesized using pure !& 

(Chart 4). Methylmagnesium iodide in ether was used to alkylate 5_b at 

-78°C. The TLC analysis of the resulting methylated compound (AS) showed 

that only one diastereoisomer was produced. This observation was also 

confirmed from the signal of the methyl proton on the 500 MHz LH-NMR 

spectrum. Rydrogenolysis of u on Pd-carbon in acidic ethanol furnished the 

natural (S)-(-)-8alSOlidine (16) in 92% yield. Its optical rotation and 

chiral HPLC analysis showed that the synthetic SalSOldine (J$) was produced 

in 100% ee. 

In a similar way, (R)-(+)-salsolldine (3) was synthesized from 

(3S,lObR)-oxazoloisoguinoline (a) in 100% ee. 

Me 

Me 

(S)-(-)-salsolidine W) 

(R)-(+)-salsolidine (18) 

Reagent : i) MeMgI, -78°C. Et@ ii) W-C, Hz, UOH. r.t. 

Chart 4 

SYNTHESES OF (S)-(-)-HOkfOLAUDANOCINE (g) and (S)-(+)-CRYPTDSTYLINE II (2_2) 

In a similar way as described for the Synthesis of (S)-salsolidine, l- 

phenyl- (l9) and l-phenethyl- (;Lo) isoguinoline alkaloldee were synthesized 

from z in 73 and 75% yield8 (based on Sk), respectively. N-Methylation of 

e and e by the reaction with formaldehyde and formic acid gave (S)-(-)- 
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homolaudanosine (3) and (S)-(+)-cryptostyline II (Q) in 41 and 80% yields, 

respectively. Their chiral HPLC analysis revealed a single peak, implying 

that the natural alkaloids, &I and 22, were obtained in 100% ee. This was 

also supported by comparison of their optical rotation with those reported. 

From the present results, it can be concluded that a facile method has 

been developed for the asymmetric synthesis of 1-alkyl and l-aryltetrahydro- 

isoquinoline alkaloids. 

1) RMgBr, -78°C Me HCHO,HCOOH Me 
5b - 

2)Pd-C,H, Me 
-Me 

19:R= -CH$ZH 

Chart 5 
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Experimental 

Melting points are uncorrected. IR spectra were recorded on a JASCO 
A-102 spectrometer. Mass spectra were recorded on a Schimadzu LEB 9000 
spectrometer and FAB-Mass spectra were recorded on a VG-70SE spectrometer. 
NMR spectra run on a Hitachi R-24 spectrometer or on a Varian VER-500 
Instrument. Optical rotations were measured on a JASCO DIP-4 spectrometer. 
Analytic HPLC was performed with Shimadzu SPD-LA instrumen t on a DAICEL 
chiral phase column (Chiralcel OD) fitted with an ultraviolet (254 nm) 
detector. 

Wako C-300 silica gel (200-300 mesh) and Wako activated alumina (300 
mesh) were employed for column chromatography. Extracts were dried over 
MgSO.. 

(3R,l0bS)-3-Phenyl-2,3,5,6-tetrahydro-lObH-oxazolo[2,3-a]isoquinoline (Sa) 
A solution of 2-(2-bromoethvl)benzaldehvdea' (2a: 1 Q 4.7 mm11 and 

D-(R)-phenylglycinol (0.66 g, 4.7 &ol) in dry EtOHY(4 ml)-was stirred for 
4 h at room temperature. The solvent was evaporated under reduced pressure 
to give (1'R)-2-(2-hydroxy-l-phenylethyl)-3,4-dihydrois~inolini~ bromide 
(4a) as a solid, 
Gification. 

which was used in the following reaction without further 
The crude 4a (1.56 a. 4.68 zzzol) was dissolved in drv C&Cl. 

(150 ml), and then Et*N rO.86 g, 9;4 mmol) wag added dropwise at -7&C. -The 
mixture was then stirred for 1 h at -78°C. washed with H1O, and dried. The 
solvent was evaporated and the residue was column chromatographed on 
alumina (AcDEt:hexane; 1:16) to give an inseparable 1O:l (82% de) mixture 
(1.1 g. 94%) of La and (3R,lObR)-3-phenyl-2,3,5,6-tetrahydro-lObH-oxazolo- 
[2,3-a]isoguinoline ($,a) as a viscous oil. Anal. Calcd for C,,H,,NO: C, 
81.24: H, 6.82; N, 5.57. Found: C, 81.00; H, 6.94; N, 5.54. MS m/z: 251 
(Id'). NMR (60 MHz, CDCl,) d: 2.75-3.12 (4H, m), 3.77 (lH, dd, J = 5 and 6 
Hz), 4.10-4.60 (2H, m), 5.40 (1H. 8). 7.05-7.59 (9H, m). The diastereomeric 
excess of 5a was determined by 500 MHz NMR spectrum of the oily mixture. For 
5,": 5.44 (0.91H. s, 1ObH): for Q,a: 5.34 (0.09H. s, 1ObH). 

6,7-Dimethoxy-1-ethoxyisochroman (9b) 
To a solution of 3,4-dimethoxyphenethyl alcohol (lb: 8.6 g, 44 lpppol) in 

ethyl orthoformate (73 ml, 440 mmol), BFi.Et.0 (5.5.51, 44 -mmol) was-added 
quickly at 0°C. The reaction mixture was stirred for 2.5 h at room 
temperature. made basic with saturated NHCO, solution, and extracted with 
CH.Cl, . The organic layer was washed with H.0 and dried. Evaporation of the 
solvent gave brown oily mass which was purified by column chromatography on 
silica gel (hexane:AcOEt; 8:l) to give 9,b (4.92 g, 47%), np 64-66°C. Anal. 
Calcd for C,rH,sO.: C, 65.53; H, 7.61. Found: C, 65.89: H, 7.89. NMR (60 
MHz. CDCl,) 6: 1.24 (3H. t, J = 7.6 Hz), 2.52-2.99 (2H. m), 3.47-4.18 (4H, 
m), 3.80, (3H. s), 3.82 (3H. 8). 5.49 (1H. 6). 6.56 (lH, 8). 6.69 (lH, s). 

2-(l-Chloroethyl)-4,5-dimethoxybenzaldehyde (8b) 
A solution of 

refluxed for 2.5 h. 
# (6 25 2 
The e:tess 

1) in acetyl chloride (18 ml) was 
acety chloride was distilled off and the 

residue was heated at 90-100°C for 1 h. The crude reaction mixture was then 
chromatographed on silica gel (hexane:AcOEt; 8:l) to give Q (4.02 g, 70%). 
which was recrystallized from Et.0, mp 62-64°C. Anal. Calcd for C,,H,.ClO,: 
57.76: H. 5.70. Found: C. 57.83: H. 5.74. IR INuiol) cm-l: 1668. NMR (60 
MHZ, CDci.) 6: 3.35-3.93 (4H, m); 3:98 (3H, s), ‘4.60 
7.41 

-(3H, s), 6..84- (lH, s,, 
(1H. s), 10.17 (1H. 8). 

2-(2-Bromoethyl)-4,5-dimethoxybenzaldehyde (2b) 
was similarlly obtained f 
"C (from hexane-AcOEt). 

ram e and acetyl bromide in 28% 
Anal. Calcd for C,,H,.BrOs: C, 

47.94: H, 4.72. Found: C, 48.40; H, 4.80. IR (Nujol) cm-': 1668. NMR (60 
MHz. CDCl.) 4: 3.50(4H, 8). 3.90(3H, s), 3.92 (3H. 8). 6.72 (1H. 8). 7.29 
(lH, s), 10.12 (lH, 8). 

(3R.lObS)-8,9-Dimethoxy-3-phenyl-2,3,5,6-tetrahydro-lObH-oxazolo[2,3-a]iso~- 
5 

A solution of & (0.2 g, 0.88 zUzo1). D-(R)-phenylglycinol (0.12 g, 
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0.88 mmol) and AcOH (53 mg, 0.88 mnol) in EtOH (5 ml) was stirred for 5 h 
at room temperature. The solvent was removed under reduced pressure and the 
residue was dissolved in dry C&Cl. (20 ml). Triethylamine (0.18 g, 1.76 

-1) was added dropwise at -78°C. After being stirred at -78'C for an 
additional 1 h, the reaction mixture was washed with saturated KliCOI 
solution and HtO. Evaporation of the solvent gave a 19:l (90% de) mixture 

of W and (3R,lObR)-8,9-diPethoxy-3-phenyl-2,3,5,6-tetrahydro-l0~-oxazolo- 
[2,3-alisoquinoline (I$) as a solid, which was recrystallized from EtOH to 
give optically pure g (0.254 g, 93%). mp 115-116°C. Anal. Calcd for 
CIIH.,NO~: C. 73.29; H, 6.80: N, 4.50. Found: C.73.25; H, 6.77; N, 4.51. MS 
m/z: 311 (rd.). NMR (60 MHz, CDCl.) C: 2.30-3.20 (4H, q ), 3.33-3.67 (1H. m) 
3.88 (6H, 8). 4.10-4.58 (2H. q ), 5.41 (1H. 8). 6.66 (1H. s), 6.91 (1H. s), 
6.97-7.55 (5H, m). [o(lXz. -380 (c, 0.1, EtOH) 

(3S,10bR)-8,9-Dimethoxy-3-phenyl-2,3,5,6-tetrahydro-lObH-oxazolo[2,3-a]iso- 
quinoline (llb) 

was prepared from 89 (0.2 g, 0.73 ml) and L-(S)-phenyl- 
glycinol ($0) y 
114-115°C. Anal. 

the procedure described for the preparation of 3, mp 
Calcd for C,.H.,NO,: C, 73.29: H, 6.80; N. 4.50. Found: C, 

73.21; H, 6.75: N, 4.52. MS m/z: 311 (M'). [wlzaD +34.2' (c, 0.1, EtOH). 

General Procedure for the Alkylation of 5a with Griqnard Reagent 
TO a 3-necked flask, fitted with a reflux condenser and septum rubber and 

continuously maintained with a flow of argon, Mg turning (192 mg, 
and dry Et*0 (30 ml) were placed. 

8 -1) 
Alkyl halide (8 mpol) was added dropwise 

with occasional heating to initiate reaction. Stirring was continued at 
room temperature for 1 h with occationallv heatinq. Finallv it was diluted 
with Et*6 to get the Grignard reagent in 6.1 mola; concent;ati&. The flask 
was cooled to -78°C and 500 mg (2 mmol) of 5a (82% de). dissolved in drv THF 
(10 ml). was added dropwise at- -78°C.- Aftz being stirred for an additional 
1 h at -78"C, the reaction mixture was quenched with 
solution. The organic layer was separated. 

aqueous NH.Cl 
Further extraction with CH.Cl, 

was Performed. The combined organic layer were washed with H.0 and dried. 
The solvent was evaporated off under reduced pressure. The residue was 
purified by flash chromatography on alumina. 

The diastereomeric excess of the pure products was determined by 500 MHz 
Nt4R spectroscopy. 

(lS.l'R)-2-(2-Hydroxy-l-phenylethyl)-1-methyl-1,2,3,4-tetrahydroisoquinoline 
(12a) 

de) 
The reaction of a (82% de, 
mixture 

2 mmol) with MeMgI afforded a 1O:l (82% 
of l& and (lR,1'R)-2-(2-hydroxy-l-phenylethyl)-l-~thyl-l,2,- 

3,4-tetrahydroisoqulnoline (13a) in 98% yield. The mixture was then 
separated b y column chromatography on alumina (AcOEt:hexane; 2:3) to give 
optically Pure 12 (88%). as a viscous oil. Anal. Calcd for C,.H,,NO: C, 
80.86; H. 7.92: N, 5.24. Found: C, 80.88: H, 7.99: N, 5.20. NMR (60 MHZ 
CDCl,) 6: 1.31 (3H. d. J = 6.5 Hz), 2.10 (lH, s), 2.60-3.16 (4H, m), 3.501 
4.30 (4H. m). 7.09 (4H, s). 7.34 (5H. 6). [dlLeo -20" (c, 0.17, CHCL,) 

(lS.l'R)-l-Butyl-2-(2-hydroxy-l-phenylethyl)-1,2,3,4-tetrahydrois~ 
(12b) 

inoline 

The reaction of 5a (82% de, 
81% yield, as a viscou% oil. Anal. 

2 mmol) with BuMgBr afforded only 12b in 
Calcd for C,,H,,NO: C, 81.51: H, 8.80:-N, 

4.53. Found: C. 81.29; H, 8.75: N, 4.60. IR (Neat) cm-l: 3435. NMR (60 MHZ 
CDCl,) 6: 
(6H. m). 

0.71-1.55 (10H. m). 2.09 (1H. br), 2.15-3.14 (lH, m), 3.16- 4.lj) 
6.90-7.41 (4H. m), 7.27 (SH, s). 

310 (M* + 1). (d[]*',, -34" (c, 0.1, EtOH). 
FAB-MS (Positive ion mode) m/z 

(1S,1'R)-2-(2-Hydroxy-l-phenylethyl)-1-phenyl-1,2,3,4-tetrahydroisoqu 

0 
inoline 

The reaction of kb (82% de, 
80% yield. Anal. 

1.2 mmol) with PhMgBr afforded only 2c in 
Calcd for C.,H.,NO: C, 83.25; H, 7.04; N, 4.25. Foun : +X- 

83.59: H, 6.99; N.4.21. IR (Neat) cm-': 3420. NMR (60 MHz, CDCl,) 6: 
C 

(1H. s). 2.64-3.21 (4H. m), 
2.0; 

(14H, m). 
3.73-4.11 (3H. m), 4.82 (1H. s). 6.50-7.37 

FAB-MS (Positive ion mode) m/z 330 (Mb + ~).[Lx]*~, +13O (c, 0.1, 
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EtOH). 

(1S,1'R)-l-Benzyl-2-(2-hydroxy-l-phenylethyl)-1,2,3,4-tetrahydroisoquinoline 
I‘_>\ 

J LLU, 

The reaction of s (82% de, 2 mmol) with PhC&MgCl afforded a 9:l 
(78% de) mixture of 126 and (lR,l'R)-1-benzyl-2-(2-hydroxy-l-phenethyl)- 
1,2,3,4-tetrahydroisoquinwine (&3d) in 88% yield. The mixture was separated 
by column chromatography on alumina (AcOEt:hexane, 1:4) to give opticaly 
pure 13d as an oil in 78% yield. Anal Calcd for C..H.,,NO: C, 83.92: Ii, 
7.34: N, 4.08. Found: C, 84.06; H, 7.59; N, 4.11. IR (Neat) cm-': 3495. NMR 
(60 MHz, CDCL,) 6: 2.08-3.19 (7H. q ), 3.29-4.03 (4H. m), 6.79-7.43 (14H, 
m). FAHMS (possitive ion mode) m/z: 344 (M' + 1). [alaaD -26" (c, 0.11, 
CHCl,). 

(1S,l'R)-2-(2-Hydroxy-l-phenylethyl)-l-phenethyl-l,2,3,4-tetrahydroiso~i- 
noline (12 ) 

The retction of 5a (82% de 
in 84% yield, mp 168-17O'C (decomp.) (from EtrO). 

2 mmol) with PhCH.zh:gBr afforded only $&? 
Calcd for &.H,,NO: 

C, 83.99: H, 7.61: N, 3.92. Found: C, 83.59; H, 7.45:. N, 4.01. IR (~ujol) 
cm-': 3450. NMR (60 MHz, CDCl.) 6: 2.37-2.92 (5H, q ), 3.58-4.87 (8H. m), 
7.11 (4H, 6). 7.35 (5H. 8). FAHMS (positive ion mode) m/z: 356 (W + 1). 
[a(]'"o +23.0" (c, 0.16, EtOH). 

General Procedure for Hydrogenolysis 
A solution of 12a-e (0.81 mmol) was hvdrooenated in EtOH in the 

presence of 10% Pd-cas(300 mg) and-lo% HCl-(2 ml). After the completion 
of H, absorption, the solvent was evaporated and 10% HCl (20 ml) was added. 
The acidic solution was washed with EtrO, made basic with saturated NHCO. 
solution, and extracted with CH,Cl.. The organic layer was washed with H.0 
and dried, then the solvent was evaporated off. The resulting crude oil was 
purified by molecular distillation to give optically pure (S)-l-alkyltetra- 
hydroisoquinoline (lla-e). The chiral HPLC analysis of the free base 

) showed their-tiomeric purities to be 100%. 

(S)-1-Methyl-1,2,3,4-tetrahydroisoquinoline (lla) 
Oil, yield 98% Optical rotation of the free 

agreement with that-reported. [u]"~ 
amine was in good 

-71.3" (c, 11.0, EtOH), Lit"' IdI’” 
-71.3" (c, 0.64, THF). NMR (60 MHz, CDCl,) d: 1.41 (3H, d, J = 7 Hz), 2.08 
(1H. s). 2.60-3.32 (4H. m), 4.06 (1H. q, J = 7 Hz), 7.03 (4H, s). Hydro- 
chloride salt: mp 211-213nC; Lit'.' 208°C. 

free amine was in good 
THF). Lit'.' [d]" 

(c, 0.61, THF) CD&l.) 6: 0.89 ("3H,78;4'J 
= 6 Hz), 1.13-2.03 (6H. m), 2.63-3.30 (5H. m), 3.95 (1H. t, J = 7Hz). 7104 
(4H. 6). Hydrochloride salt: mp 146-148°C. lit*.' mp 142-143°C. 

(S)-1-Phenyl-1,2,3,4-tetrahydroisoquinoline (14~) 
Mp 82-84°C (decomp), yield 86% 

7.22: N, 6.69. Found: C, 86.01; H,- 
1 Calcd for C,.H,,N: C, 86.06; H, 

7?::. N 6.65. IR (Nujol) cm-': 3260. 
NMR (60 MHz, CDCl,) 6: 2.12 (1H. s), 6.99 
(4H. s). 7.14 (5H. 6). 

2.64-3.'26 (4H, m), 4.95 (lH, s), 
FABMS (positive ion mode) m,/z: 210 (M' + 1). [a]*.. 

-10.2O (c, 0.17, CHCl,). 

(S)-l-Benzyl-1,2,3,4-tetrahydroisoquinoline (14d) 
Oil yield 92% 

agreemeni with that 
. 0 PtiCftl rotation of the free base was in good 
reported. [til’“o -63.1" (C, 0.6, THF): Lit"' I@cl’“o 

-62.20 Cc. 1.24. THF). IR (Neat) cm-l: 3350. NMR (60 MHz, CDCl.) 6: 2.70- 
3.43 (7H, m), 4.25 (1H. dd, J = 5 and 10 Hz), 7.11 (4H, 8). 7.25 (5H. 8). 
Hydrochloride salt: mp 184-186°C; Lit"' mp 187°C. 

(S)-1-Phenethyl-1,2,3,4-tetrahydroisoquinoline (14e) 
Oil yield 91% 

agreement ’ with that 
Optical rotation of th 

-reported. Ipc]**, 
e free base was 

-24" (c, 0.1, 
in good 

THF); Lit"' [ot1’“cl 
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-23.5" (c, 5.71, THP). IR (Neat) cm-': 3350. NMR (60 NHz, CDCl,) 6: 1.83- 

2.91 (3H, q ), 2.59-3.41 (6H. m), 4.01 (lH, t, J = 6 Hz), 7.09 (4H. s), 7.22 

(5H. 8). Hydrochloride salt: mp 204-205'C; Lit**' mp 200°C. 

(1S,1~R)-6,7-Dimcthoxy-2-(2-hydroxy-l-phenylethyl)-l-~thyl-l,2,3,4-tetra- 
hydroisoquinoline (U) 

M thylmagnesium iodide (5.2 mmol) was used to alkylate OPtiCallY Pure 
5b (2:6 znzol) accordina to the aeneral procedure for the preparation Of 14. 
A+& column. chromatogkaphy of the crude product on alumina- (AcCEt:hexas, 
2:3), 0.79 g (93%) of l,$ was obtained as an oil with 100% de. The optical 
purity was determined by TLC and 500 MHz NMR analyses. Anal. Calcd for 
CZoH,.NOs: C, 73.26: H, 7.70; N, 4.28. Found: C, 73.29: H, 7.54; N, 4.10. 
IR (Neat ) cm-l: 3530. NMR (60 MHz, CDCl,) 6: 1.31 (3H, d, J = 7 Hz), 2.21 
(1H. 8). 2.50-3.28 (4H, m), 3.60-4.20 (4H, m), 3.81 (3H, s), 3.85 (3H. s), 
6.42 (1H. 8). 6.56 (1H. s), 7.36 (5H, s). [oc]'"D -6.4 D (c, 1.0, EtOH). 

(S)-(-)-Salsolidine (u) 
Compound 15 (0 5 . g. 1.5 zznol) was hydrogenated according to the 

general procedu& for the hydrogenolysis. The crude product was purified by 
molecular distillation to give (S)-(-)-salsolidine (0.2 g, 92%). Chiral 
HPLC analysis of the free base showed its enantiomeric purity to be 100%. 
Spectroscopic properties were in good agreement with literature values. 
[u]~.~ -62.5" (c, 0.1, EtOH); Lit" [w]~*~ -59.5" (c, 4.39, EtOH). Hydro- 
chloride salt mp 234-236°C; LitO' 235-236°C. 

(1R,1'S)-6.7-Dimethoxy-2-(2-hydroxy-2-phenylethyl)-1-methyl-1,2,3,4-tetra- 
hydroisoquinoline (u) 

Methylmagnesium iodide (5.2 mmol) was used to alkylate of optically 
pure 12 (2.6 mmol) according to the general procedure for the preparation 
of 14. Column chromatography on alumina (AcOEt:hexane, 2:3) of the crude 
prodi?& gave 

I-a 
7 in 93%-yield (100% de). The optical purity- was determined 

by TLC and 50 MHz NMR analyses. Anal. Calcd for &,,H,.NO,: C, 73.36; H, 
7.70, N, 4.8. Found: C, 73.45 H, 7.82; N, 4.30. [o(]"'o +6-l" (c, 1.0, 
EtOH). The NMR spectrum was identical to that of 15. 

(R)-(+)-Salsolidine (18) 
Compound II (0.5 9, 1.5 mmol) was 

general procedu?e for the hydrogenolysis. 
hydrogenated according to the 

The crude product was purified by 
molecular distillation to give 9.. The chiral HPLC analysis of the free 
base showed ;i; enagngtigOmeric purity to be 100%. [c]ZZD +62.8" 
EtOH); Lit*' IED . O (C, 2.5, EtOH). Hydrochloride salt: mp 2:::23&;1 
Lit*' 235-236°C. 

(S)-(-)-Norhomolaudanosine (19) 
A solution of 3,4-dimethoxyphenetylmagnesium bromide (13 mmol) in THF 

was used to alkylate optically pure 53 (3.2 mmol) according to the general 
prcedure for the preparation of k4. The crude product was purified by flash 
chromatography on alumina (AcOEt:CH,Cl,, 9:l) to give (lS,l'R)-6,7-di- 
methoxy-(3,4-diarethox~henethyl)-2-(2-hydroxy-l-phenylethyl)-l,2 3,4- 
tetrahydroisoquinoline as a hygroscopic solid i 81% yiled (iOO% 
optical purity was determined to be 100% bynits 

de). The 
TLC and 500 MHz NNR 

analyses. IR (Nujol) cm-l: 3550. NMR (60 MHz, CDCl,) 6: l-66-2.14 (5H. m), 
2.43-4.02 (7H. m), 3.73 (12H. s), 6.11 (lH, 6). 6.43-7.75 (4H. m), 7.19 (5H. 
s). FASMS (positive ion mode) m/z 478 (MT + 1). [a]", -7.3" (c, 0.22, EtOH). 

After hydrogenolysis according to the general 
obtained in 81% yield as an oil. 

procedure, 12 was 
The chiral HPLC analysis of the free base 

showed its enantiomeric purity to be 100%. IR (neat) cm-': 3350. NMR(60 
MHz. CDCl.) 4: 1.92 (lH, s), 1.91-2.30 (2H. m), 2.43-2.87 (4H. m), 2.89-3.30 
(2H, m). 3.79 (12H. s), 3.71-4.05 (1H. n), 6.47 (2H, 8). 6.68 (3H. 
FAHMS (positive ion mode) m/z: 356 (M* + 1). [N]~~~ -17.70 (c, 0.23, EtOH). 

s). 

(S)-(+)-Homolaudanosine (21) 

formic acid 
1.3 mmol), 37% formaline (1.8 ml), and 

90-95°C for 2.5 h. The volatile 
components were removed in vacua and the residue was made basic with 
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saturated KHCOI solution and extracted with C&Cl.. The organic layer was 
dried over K.CO, and the solvent was evaporated. The residue was column 
chromatographed on alumina (AcOEt:hexane:CH.Cl,, 6:2:1) to give (S)-(+)- 
homolaudanosine (u) (200 mg, 41%) as a yellow oil. Spectroscopic properties 
were in good agreement with literature values. [dlZPD +10.8" (c, 0.17, 
EtOIi), Litlo' [dlZso +ll" (c, 0.21, EtOH). 

(S) ( ) _ - -Norcryptostyline II (20) 
A solution of 3,4-dimethoxyphenylmagnesium bromide (13 mmol) in THF 

was used to alkylate optically- pure $7 (3.2 mmol) according to the 
procedure for the preparation of l,$. The crude product was purified by 
flash chromatography on alumina (AcOEt:CH.Cl,, 9:l) to give lS,l'R)-6,7-di- 

purity was determined by TLC and 500 MHz NMR analyses. IR (Nujol) cm-': 
3520. NMR (60 MHz, CDCl,) d: 2.02 (1H. s), 2.42-2.98 (4H. m), 2.99-3.98 (m, 
3H). 3.65, 3.77, 3.83, 3.88 (each 3H, each s), 4.73 (1H. s), 6.23 (lH, 8). 
6.49-6.89 (4H, m), 7.33 (SH, 8). FABMS (positive ion mode) m/z: 450 (M’ + 
1). [tilZID +31" (c, 0.15, CHCl.). 

After hydrogenolysis according to the general procedure, (S)-(-)-nor- 
cryptostyline II (20) was obtained in 95% yield, mp 113-114°C; Lit'" mp 
115-116'C. The chir"a1 HPLC analysis of the free base showed its enantimeric 
purity to be 100%. The optical rotation was in agreement with that reported. 
[tilLa -37" (c, 0.26, CHCl, ); Lit*" [o(lo -34" (CHCl,). NMR (60 MHz, CDCl,) 
6: 2.50-3.35 (SH, m), 3.65, (3H, s), 3.86 (9H, s), 5.01 (1H. s), 6.31 (1H. 
s), 6.66 (1H. 8). 6.72-7.01 (3H, III). FABMS (positive ion mode) m/z: 330 (M' 
+ 1). 

(S)-(+)-Cryptstyline II (22) 
Compound was prepared from 20 (300 mg, 0.91 -1) according to the 

procedure for synthesis of 21 in 80% yield. Spectroscopic properties 
were in good agreement with litereture values.lll mp 116-118°C ; Lit"' 117- 
118°C. [o(]". +59.6" (c, 0.28, CHCl,); Lit"' [dlZ6D '58.0° (c, 0.28, 
CHCl, ). 
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