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The pyrrolidinoisoquinoline derivatives ((-1-3, (-)-4) and their antipodes ((+I-3, (+)A) were prepared 
by reductive deoxygenation and reduction from the intermediates 9 and 10. The key intermediates 
9 and 10 were prepared by a diastereoselective N-acyliminium ion cyclization of chiral lactams, 
which derived from L-malic acid and L-tartaric acid, respectively. 

Introduction 

Pyrrolidinoisoquinoline alkaloids are abundant in plant 
products and many exhibit interesting biological activity.' 
Accordingly, much attention has focused on the develop- 
ment of general approaches to these alkaloidsa2 Synthe- 
ses of the pyrrolidinoisoquinoline ring subunit have also 
appeared in the l i t e r a t ~ r e . ~  Boekelheide et al. synthe- 
sized racemic pyrrolidinoisoquinoline by the Bischler- 
Napieralski reaction of 1-(2-phenylethyl)-2-0xopyrroline.~~ 
Optically active (+)-pyrrolidinoisoquinoline was first 
obtained by the degradative reduction of the alkaloid, 
norsecurinine, during its structural e l ~ c i d a t i o n . ~ ~  How- 
ever, it  is surprising that only a few examples of asym- 
metric synthesis of the pyrrolidinoisoquinoline skeleton 
have been dem~ns t r a t ed .~  

Synthesis of enantiomerically pure alkaloids is of 
widespread interest to both organic and medicinal chem- 
ists. A popular method for the synthesis of alkaloids 
involves N-acyliminium ion  cyclization^.^ The use of a 
chiral hydroxy lactam in an acyliminium ion cyclization 
can result in a stereoselective preparation of alkaloids. 
We herein describe an asymmetric synthesis of pyrroli- 
dinoisoquinoline derivatives 3 and 4 and their antipodes 
(ent-3, ent-4) by using a diastereoselective N-acyliminium 
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ion cyclization.6 The synthetic strategy for the pyrroli- 
dinoisoquinoline derivatives and their enantiomers start- 
ing from L-malic acid and L-tartaric acid is illustrated in 
Scheme 1. The synthesis involves the preparation of the 
required chiral N-acyliminium ions 1 and 2 from com- 
monly available L-malic acid and  tartaric acid. In many 
cases, enantiomerically pure compounds have been pre- 
pared from the natural L-series and also the unnatural 
D-series of a chiral synthons.' The synthesis of both 
enantiomers of the pyrrolidinoisoquinoline derivatives 
from the same inexpensive L-series of hydroxy acids is 
notable. 

Results 

Chiral acyliminium ions 1 and 2 were targeted as 
synthetic intermediates since it was believed that the free 
or protected hydroxyl groups in the lactam would control 
the stereochemical outcome of the cyclization step and 
could be removed by a reductive deoxygenation later in 
the synthesis. The pyrrolidinoisoquinone derivatives 9 
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and 10 were prepared in enantiomerically pure form from 
L-malic acid and L-tartaric acid, respectively, as shown 
in Scheme 2. L-Malic acid was condensed with phen- 
ethylamine in refluxing xylene to give imide 5 (73%). The 
hydroxyl group in imide 6 was acetylated and reduced 
with NaBH4 in CH2C12/MeOH a t  -15 'C to afford the 
crude chiral hydroxy lactam 7 (69% over two  step^).^ The 
crude hydroxy lactam 7 was subjected to the N-acylimin- 
ium ion cyclization conditions to provide the pyrrolidino- 
isoquinolines. 

The N-acyliminium ion cyclization of hydroxy lactam 
7 with BFyOEt2 at room temperature proceeded cleanly 
to provide pyrrolidinoisoquinolinone 8 (74%). The ace- 
toxy group in 8 was cleaved (AcC1, EtOH) to afford 
1-hydroxypyrrolidinoisoquinolinone 9 (89%).1° From an  
analysis of 8 and 9 by 300 MHz 'H NMR spectroscopy 
and capillary gas chromatography, i t  was concluded that 
the cyclization produced only a single diastereomer, 
resulting from a diastereospecific attack of the large 
benzene ring on the least hindered side opposite to the 
C-4 acetoxy group of the acyliminium ion. 

Precursor 10 was prepared in enantiomerically pure 
form by a similar manner from L-tartaric acid in overall 
66% yield.1° As was observed in the cyclization of 7, only 
a single diastereomer 10 was produced. 

The enantiomerically pure pyrrolidinoisoquinoline de- 
rivatives (-)-3 and (-)-4 and their antipodes ((+)-3, (+)- 
4) were synthesized from 9 and 10, respectively, as shown 
in Scheme 3. The reduction (LA&, THF) of 9 afforded 
1-hydroxylated pyrrolidinoisoquinoline derivative 3 ([a]% 
-10.3' (c 2, MeOH)), in 85% yield. The synthesis of 
was carried out by the selective deoxygenation of C-2 
hydroxyl group in 10. Tosylation of 10 (TsC1, CH2C12) 
proceeded regioselectively at the less hindered C-2 hy- 
droxyl group to afford 2-(tosyloxy)pyrrolidinoisoquinoline 
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derivative 11 in 77% yield. The C-2 tosylated compound 
11 was then converted to 1-hydroxylated pyrrolidinoiso- 
quinoline (+)-3 in 76% yield by the concomitant reductive 
deoxygenation of tosyloxy group and reduction of the 
lactam carbonyl group ( L A & ,  THF). The l-hydroxyl- 
ated pyrrolidinoisoquinoline (+)-3 exhibited spectroscopic 
properties (13C NMR, 'H NMR, IR, mass fragmentation) 
identical with those of the compound (-1-3 except for 
optical rotation ([a125~ +9.8' (c 0.4, MeOH)). Accordingly, 
the synthesis of the enantiomerically pure 1-hydroxylated 
pyrrolidinoisoquinoline derivative (-1-3 and its antipode 
(+)-3 were accomplished by the diastereospecific N- 
acyliminium ion cyclization strategy starting with from 
L-malic acid and L-tartaric acid, respectively. 

Pyrrolidinoisoquinoline derivative (-1-4 and its anti- 
pode were also synthesized from 9 and 10 by the removal 
of the existing hydroxyl groups. Attempted reductive 
deoxygenation of C-1 hydroxyl group in 9 and 10 through 
tosylation followed by reduction were unsuccessful. 
Tosylation of 9 and 10 was found to be difficult due to 
the steric hindrance of the C-1 hydroxyl group. Accord- 
ingly, the hydroxyl groups in 9 and 10 were removed by 
thioacylation followed by radical cleavage of thio ester.l' 
The reaction of 9 with phenyl chlorothionocarbonate 
afforded thio ester 12 in 43% yield. The thioester 12 was 
converted to pyrrolidinoisoquinoline derivative (-1-4 
([aIz3~ -101.7', (c 2.0, MeOH); lit.3a [al~ -47.33', optical 
purity 48.9%, (c 0.77, MeOH)) by a two-step sequence: 
radical cleavage of carbon-oxygen bond (n-BwSnH, AIBN) 
and reduction of the lactam carbonyl group (LA&,  THF) 

(11) Robins, M. J.; Wilson, J. S. J. Am. Chem. SOC. 1981, 103, 932. 
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in 43% yield over two steps. The synthesis of (+)-4 was 
accomplished by the similar reaction pathway from 10. 
Pyrrolidinoisoquinone derivative 10 was converted to bis- 
thio ester 14 in 41% yield by the reaction with phenyl 
chlorothionocarbonate. Finally, the radical cleavage of 
carbon-oxygen bond followed by the reduction of the 
lactam carbonyl group in bis-thio ester 14 afforded (+)-4 
in 40% yield in over two steps. The spectral data (13C 

NMR, lH NMR, IR, mass fragmentation) of (+)-4 were 
identical with those of the compound (-)-4 except the 
optical rotation ([aIz2~ +97.6", (c 0.6, MeOH)). 

In conclusion, an asymmetric synthesis of pyrrolidino- 
isoquinoline derivatives (-1-3 and (-1-4 and their anti- 
podes have been accomplished using a diastereoselective 
N-acyliminium ion cyclization. The synthesis of both 
enantiomers of pyrrolidinoisoquinoline derivatives were 
carried out starting with the inexpensive same L-series 
of hydroxy acid, L-malic acid and L-tartaric acid. This 
methodology is valuable since L-tartaric acid can be used 
in replacement of unnatural D-malic acid for the synthesis 
of enantiomeric antipodes of pyrrolidinoisoquinoline de- 
rivatives. We are currently investigating transforma- 
tions of the cyclized products 9 and 10 to other alkaloids 
since the existing hydroxyl groups in lactam ring are 
functionally differentiable. 

Experimental Section 

Melting points (mp) are uncorrected. The IH NMR spectra 
were recorded at 300 MHz, and 13C NMR spectra were 
recorded at 75 MHz. Infrared (IR) spectra were obtained using 
a potassium bromide pellet or sodium chloride cell. High 
resolution mass spectra (HRMS) were measured by using the 
electron impact (EI) method at 70 eV. Flash column chroma- 
tography was carried out on Merck silica gel 60,230-400 mesh 
ASTM; eluents are given in parentheses. Analytical thin-layer 
chromatography (TLC) was performed on E. Merck precoated 
silica gel 60 F254 plates. 

Anhydrous THF was distilled from Nalbenzophenone ketyl; 
CHzClz and CH3CN were distilled from CaH2. 
(3S)-3-Hydroxy- 1-(2-phenylethy1)-2,5-pyrrolidinedi- 

one (5). L-Malic acid (22.1 g, 165 mmol) was added to xylene 
(100 mL) in a 1 L three-necked flask with a Dean-Stark trap 
and condenser. To the stirred and refluxing solution was 
added 2-phenethylamine (22 g, 181 mmol), and reflux was 
continued for 3.5 h. The solution was cooled in an ice bath, 
and crystalline product was filtered and washed with ether to 
afford imide 5 (26.5 g, 73%) as a white solid: mp 130-132 "C; 
[aIz7~ -71.7' (c 1.2, CHCl3); IH NMR (300 MHz, CDC13) 6 2.63 
(lH, dd, J = 18.1, 4.7 Hz), 2.88 (2H, t, J = 7.3 Hz), 3.01 (lH, 
dd,J=18.1,8.3Hz),3.75(2H,t,J=7.3Hz),4.56(1H,dd,J 
= 8.3, 4.7 Hz), 7.18-7.35 (5H, m); 13C NMR (75 MHz, CDC13) 
6 178.7,174.2,137.5,129.2,128.9,128.6,126.9,67.0,40.1,37.2, 
33.5; IR (KBr) 3476, 1779, 1699 cm-'; MS, mlz (relative 
intensity) 219 (M+, 111,105 (lo), 104 (loo), 91(25), 65(8), 43(9). 
Anal. Calcd for C12H13N03: C 65.74; H 5.98; N 6.39. Found: 
C 65.90; H 6.04; N 6.31. 
(3S)-3-(Acetyloxy)-l-(2-phenylethyl)-2,5-pynolidinedi- 

one (6). To a stirred solution of imide 5 (3.01 g, 13.7 mmol) 
in dry CHzClz (20 mL) were added triethylamine (3.58 g, 35.3 
mmol), acetic anhydride (3.01g, 29.5 mmol), and a catalytic 
amount of DMAF'. After stirring at rt for 4 h the solution was 
diluted with HzO (50 mL) and extracted with CHzClz (50 mL 
x 2). The combined organic layer was dried (MgSOd and 
concentrated. Flash column chromatography (EtOAc-hexane 
= 1:3-1:l) gave 3-acetyloxy imide 6 (3.0 g, 84%) as a white 
solid: mp 97-99 "C; [aIz5~ -19.6' (c 1.3, CHCl3); 'H NMR (300 
MHz, CDC13) 6 2.16 (3H, s), 2.61 (lH, dd, J = 18.4, 4.5 Hz), 
2.91 (2H, t, J = 7.8 Hz), 3.11 (lH, dd, J = 18.4, 9.0 Hz), 3.79 
(2H, t, J = 7.8 Hz), 5.37 (lH, dd, J = 9.0, 4.5 Hz), 7.21-7.31 
(5H, m); 13C NMR (75 MHz, CDC13) 6 173.3. 173.0, 169.8, 
137.5,128.9,128.6,126.8,67.4,40.2,35.5,33.4,20.5; IR(KBr) 
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1714, 1414 cm-l; MS m l z  (relative intensity) 261 (M+, lo), 
105 (lo), 104 (loo), 43 (35). Anal. Calcd for C~H15N04: C 
64.36; H 5.79; N 5.36. Found: C 64.36; H 5.82; N 5.52. 
(3S)-4-(Acetyloxy)-5-hydroxy-1-(2-phenylethyl)-2-pyr. 

rolidinone (7). To a stirred solution of 3-acetyloxy imide 6 
(2.2 g, 8.42 mmol) in dry CHzClz (10 mL) and MeOH (5 mL) 
was added NaBH4 (320 mg, 8.46 mmol) at -40 "C. The 
solution was stirred at -10 "C for 5 h and quenched with HzO 
(15 mL). The mixture was extracted with CHzClz (25 mL x 
2). The combined organic layer was dried (MgSO4) and 
concentrated, Flash column chromatography (EtOAc-hexane 
= 2:l) gave hydroxy lactam 7 (1.8 g, 82%) as a white solid: 
mp 139-141 "C; 'H NMR (300 MHz, CDC13) 6 2.12 (3H, s), 
2.55 (lH, dd, J = 17.3, 5.7 Hz), 2.67 (lH, dd, J = 17.3, 7.4 
Hz), 2.85-2.94 (2H, m), 3.46-3.74 (2H, m), 5.05-5.12 (2H, 
m), 7.21-7.34 (5H, m); 13C NMR (75 MHz, CDC13) 6 170.8, 
170.1, 138.7, 128.8, 128.6, 126.7, 82.2, 67.9, 42.0, 35.1, 34.1, 
20.6; IR (KBr) 3216, 1740, 1658 cm-'; MS mlz (relative 
intensity) 244 (M+ + 1 - H20,1), 202 (M+ - HzO - acetyl, 71, 
185 (loo), 174 (12), 156 (491, 132 (45), 103 (81, 77 (8). Anal. 
Calcd for C1817N04: C 63.87; H 6.51; N 5.32. Found: C 64.11; 
H 6.34; N 5.45. 
(1S,10bR)-l-(Acetyloxy)-1,2,3,5,6,l0b-hexahydropyrrolo- 

[2,l-a]isoquinolin-3-one (8). To a stirred solution of hydroxy 
lactam 7 (520 mg, 1.98 mmol) in dry CHzC12 (7 mL) was added 
BF3-OEtz (1.73g , 12.2 mmol) via syringe under nitrogen 
atmosphere in an ice bath. The solution was stirred at rt for 
2 days and poured over saturated aqueous NaHC03 (10 mL). 
The mixture was extracted with CHzClz (20 mL x 2). The 
combined organic layer was dried (MgS04) and concentrated. 
Flash column chromatography (EtOAc-hexane = 2:1-51) 
gave 1-(acety1oxy)isoquinolinopyrrolidinone 8 (360 mg, 74%): 
mp 100-102 "C; [aIz5~ -94.3" (c 1.0, CHC13); IH-NMR (300 

2.69-3.12 (4H, m), 4.29-4.35 (lH, m), 4.80 (lH, d, J = 4.0 
Hz), 5.20-5.26 (lH, m), 7.11-7.38 (4H, m); 13C NMR (75 MHz, 

73.9, 62.0, 38.1, 37.1, 28.1, 21.1; IR (KBr) 1706, 1436 cm-'; 
MS, m l z  (relative intensity) 203 (M+ - acetyl, 19), 132 (21, 
112 (261, 104 (1001, 91 (151, 84 (31); Anal. Calcd for C14H15- 
NO3: C 68.56; H 6.16; N 5.71. Found: C 68.47; H 6.22; N 
5.71. 
(1S,lObR)-l-Hydroxy-1,2,3,5,6,1Ob-hexahydropyrrolo- 

[2,1-a]isoquinolin-3-one (9). To a solution of 1-(acetyloxy)- 
isoquinolinopyrrolidinone 8 (2.83 g, 11.5 mmol) in absolute 
EtOH (20 mL) was added acetyl chloride (7 mL) and stirred 
at rt for 6 h. The solution was poured into saturated aqueous 
NaHC03 (50 mL) in an ice bath and extracted with CHzClz 
(70 mL x 2). The combined organic layer was dried (MgS04) 
and concentrated. Flash column chromatography (EtOAc- 
hexane = 4: 1) gave 1-hydroxyisoquinolinopyrrolidinone 9 (2.1 
g, 89%) as a white solid: mp 161-163 "C; [aIz5~ -148.6' (c 
0.2, CH30H); IH-NMR (300 MHz, CDCl3) 6 2.60-3.07 (5H, m), 
4.26-4.36 (2H, m) 4.64 (lH, d, J = 6.3 Hz), 7.13-7.55 (4H, 
m); 13C NMR (75 MHz, CDC13) 6 170.6, 135.4, 133.5, 129.2, 
127.3, 127.0, 125.2, 73.3, 63.7,41.3,36.7,28.6; IR(KBr) 3336, 
1664, 1462 cm-l; MS m l z  (relative intensity) 204 (M+ + 1, 
12), 203 (M+, 97), 174 (77), 156 (13), 13(100), 13(88), 10(20), 
10(21), 7 (20). Anal. Calcd for CIZHI~NOZ: C 70.90; H 6.45; 
N 6.89. Found: C 70.76; H 6.37; N 6.92. 

(-)-( 1S,lObR)-l-Hydroxy-1,2,3,5,6,1Ob-hexahydropyr- 
rolo[2,1-a]isoquinoline ((-)-3). To a stirred suspension of 
LiAlH4 (710 mg, 18.8 mmol) in dry THF (30 mL) was added 
1-hydroxyisoquinolinopyrrolidinone 9 (1.05 g, 5.17 mmol) in 
an ice bath and refluxed for 12 h. The solution was cooled in 
an ice bath and quenched by the successive addition of EtOAc 
(5 mL), MeOH (5 mL), and HzO (20 mL) in an ice bath. The 
precipitate was filtered off through Celite 545 and washed with 
EtOH several times. The combined filtrate was concentrated 
and purified by flash column chromatography (EtOAc-MeOH 
= 3:1-1:l) giving 1-hydroxypyrrolidinoisoquinoline (-)-3 (830 
mg, 85%) as an oil: [aIz5~ -10.3' (c 2.0, CH30H); IH NMR 
(300 MHz, CD30D) 6 1.74-2.27 (2H, m), 2.71-3.34 (6H, m), 
4.05 (lH, d, J = 5.5 Hz), 4.31 (lH, m), 7.18-7.45 (4H, m); 13C 

77.9, 70.3, 52.5, 49.6, 34.1, 28.7; IR (film) 3266, 2934, 1584 

MHz, CDC13) 6 2.18 (3H, s), 2.52 (lH, dd, J = 7.3, 5.5 Hz), 

CDC13) 6 170.3, 170.2, 134.2, 134.0, 129.4, 127.6, 127.1, 125.1, 

NMR (75 MHz, CD30D) 6 137.5, 135.1, 129.6, 127.9, 127.4, 
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cm-l; MS mlz (relative intensity) 189 (M+, 23), 145 (1001, 130 
(24), 117 (1001, 115 (37), 103 (161, 91 (19, 77 (241, 51 (13); 
HRMS (EI) calcd for C12H15NO 189.115364, found 189.115609. 
(lS,2R,lObS)- l-Hydroxy~2-(p-toluenesulfonyloxy~- 

1,2,3,5,6,1Ob-hexahydropyrrolo[2,1-alisoquinolin~3-one 
(1 1). To a stirred solution of dihydroxyisoquinolinopyrroli- 
dinone 1O1O (100 mg, 0.46 mmol) in dry CHzClz (3 mL) were 
added triethylamine (350 mg, 3.46 mmol), a catalytic amount 
of DMAP, and tosyl chloride (320 mg, 1.67 mmol) in an ice 
bath. The reaction mixture was stirred at rt for 16 h, and 
stirring was continued at  40 "C for 1 h. The solution was 
poured into 10% aqueous NaHC03 (20 mL) in an ice bath and 
extracted with CHzClz (10 mL x 2). The combined organic 
layer was dried (MgS04) and concentrated. Flash column 
chromatography (EtOAc-hexane = 1:3-1:l) gave 2-(tosyloxy) 
isoquinolinopyrrolidinone 11 (130 mg, 77%): [ a lZ5~  +47.0° (c 

3.09 (3H, m), 2.75 (lH, m), 2.91 (lH, m), 4.22 (lH, m), 4.35 
(lH, dd, J = 9.2, 7.1 Hz), 4.60 (lH, d, J = 7.1 Hz), 5.08 (lH, 
d, J = 9.2 Hz), 7.12-7.91(8H, m); 13C NMR (75 MHz, CDCl3) 
6 163.7, 145.6, 133.9, 133.0, 129.5, 129.1, 128.9, 128.8, 128.5, 
127.6, 127.2, 125.5, 83.2, 78.9, 57.9, 37.0, 28.1, 21.7; IR (KBr) 
3381, 1707, 1364 cm-l; MS mlz (relative intensity) 202 (M+ + 1 - TsOH, ll), 201 ((M+ - TsOH, loo), 185 (191,172 (231, 
156 (18), 144 (8), 130 (73), 115 (32), 103 (16), 91 (9), 77 (15). 
Anal. Calcd for C12H13N03: C 61.11; H 5.13; N 3.75; S 8.59. 
Found: C 61.12; H 5.17; N 3.63; S 8.14. 

(+)-( 1R,lObS)-l-Hydroxy-1,2,3,5,6,l0b-hexahydropyr- 
rolo[2,1-alisoquinoline (ent-3). To a stirred suspension of 
LiAlH4 (0.62 g, 16.2 mmol) in dry THF (15 mL) was added 
2-(tosyloxy)isoquinolinopyrrolidinone 11 (2.01 g, 5.38 mmol) 
and refluxed for 12 h. The solution was cooled in an ice bath 
and carefully quenched by successive addition of EtOAc (5 mL), 
MeOH (5 mL), and HzO (5 mL). The precipitate was filtered 
off with Celite 545 and washed with EtOH several times. The 
filtrate was concentrated and purified by column chromatog- 
raphy on silica gel (EtOAc-MeOH = 5:1-3:1) to give l-hydroxy- 
pyrrolidinoisoquinoline (+)-3 (770 mg, 76%) as pale yellow 
oil: [a]25~ +9.8" (c 0.4, CH30H). This sample was indistin- 
guishable from (-)-3 by 13C NMR, IH NMR, IR, mass frag- 
mentation analysis, and GC analysis. 
(lS,lObS)- 1-[ [Phenoxy(thiocarbonyl)loxyl-1,2,3,5,6, 

l0b-hexahydropyrrolo[2,l-alisoquinolin-3-one (12). To 
a stirred solution of 1-hydroxyisoquinolinopyrrolidinone 9 (4.3 
g, 21.2 mmol) and DMAP (5.1 g, 41.3 mmol) in dry CH3CN 
(35 mL) was added phenyl chlorothionoformate (4.4 g, 25.8 
mmol) for 10 min in an ice bath. The solution was stirred for 
1 h in an ice bath and stirred at rt for 5 h. The reaction 
mixture was concentrated and purified by flash column 
chromatography (hexane-EtOAc = 2:l-1:2) gave l-thio ester 
12 (3.1 g, 43%). This compound is unstable on storage and 
used directly for next reaction: IH NMR (300 MHz, CDC13) 6 
2.71-2.77 (2H, m), 3.00-3.19 (3H, m), 4.39 (lH, m), 5.07 (lH, 
d, J = 4.3 Hz), 5.75 (lH, m), 7.16-7.48 (9H, m); 13C NMR (75 

127.9, 127.2, 126.9, 125.2, 121.8, 82.2, 61.6, 37.7, 37.3, 28.1; 
IR (KJ3r) 1664, 1566, 1470 cm-l. 
(10bS)-1,2,3,5,6,10b-Hexahydropyrrolo[2, l-alisoquino- 

lin-3-one (13). To a stirred solution of l-thio ester 12 (1.64 
g, 4.83 mmol) and AIBN (130 mg) in dry toluene (25 mL) was 
added n-BusSnH (14.2 g, 48.7 mmol) under nitrogen and 
refluxed for 5 h. The solution was concentrated and purified 
by flash column chromatography (hexane:EtOAc = 1:3-EtOAc 

0.1, CHC13); 'H NMR (300 MHz, CDC13) 6 2.42 (3H, s), 2.73- 

MHz, CDC13) 6 194.0, 169.7, 153.4, 134.2, 133.2, 129.7, 129.6, 
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only) to give isoquinolinopyrrolidinone 13 (480 mg, 53%) as 
an oil: [ a I z3~  -223.6' (c 4.0, CHsOH), lH NMR (300 MHz, 
CD30D) 6 1.81 (lH, m), 2.38 (lH, m), 2.52-2.89 (4H, m), 3.09 
(lH, m), 4.11 (lH, m), 4.80 (1H, dd, J = 8.4, 4.7 Hz), 7.15- 
7.22 (4H, m); 13C NMR (75 MHz, CD30D) 6 175.8,138.9, 134.7, 
130.0, 128.02, 127.99, 125.9, 58.4, 38.4, 32.7, 29.4, 28.5; MS 
mlz (relative intensity) 187 (M+, 551, 186 (1001, 130 (271, 115 
(7), 103 (6), 91 (31, 77 (7); HRMS (EI) calcd for CIZHI~NO 
187.099714, found 187.099556. 

(-)-( 10bS)-1,2,3,5,6,10b-Hexahydropyrrolo[2,1-uliso- 
quinoline ((-)-4). To a stirred suspension of LiAlH4 (190 mg, 
5.0 mmol) in dry THF (7 mL) was added isoquinolinopyrroli- 
dinone 13 (400 mg, 2.14 mmol) in dry THF (15 mL) and 
refluxed for 5 h. The solution was cooled to room temperature 
and quenched by successive addition of EtOAc (3 mL), MeOH 
(4 mL), and HzO (5 mL). The resulting precipitate was filtered 
through Celite pad and washed several times with EtOH. The 
combined filtrate was concentrated and purified by flash 
column chromatography (CHC13:MeOH = 151-4:l) to  give 
(-)-pyrrolidinoisoquinoline (-)-4 (300 mg, 81%) as pale yellow 
oil: [aIz3~ -101.7' (c 2.0, CH30H), [ a h  -47.33", optical 
purity 48.9% (c 0.77, MeOH); IH NMR (300 MHz, CD30D) 6 
1.8 (lH, m), 1.85-2.00 (2H, m), 2.35 (lH, m), 2.58-3.17 (6H, 
m), 3.52 (lH, t, J = 7.8 Hz), 7.06-7.15 (4H, m); 13C NMR (75 

54.4, 49.2, 31.4, 29.3, 23.1; IR (film) 2952, 2784, 1492, 1454 
cm-l; MS, mlz (relative intensity) 173 (M+, 431,172 (loo), 145 
(50), 130 (13), 117 (35), 103 (7), 91 (6),77 (8); HRMS (EI) calcd 
for C1zH15N 173.120450, found 173.120599. 
(lS,2R,lObS)-l,2-Bis[ [phenoxy(thiocarbonyl)loxyl- 

1,2,3,5,6,1Ob-hexahydropyrrolo~2,1-alisoquinolin-3-one 
(14). To a stirred solution of dihydroxyisoquinolinopyrroli- 
dinone 10 (390 mg, 1.78 mmol) and DMAP (2.2 g, 17.9 mmol) 
in dry CH3CN (10 mL) was added phenyl chlorothionoformate 
(0.8 g, 4.7 mmol) via syringe under nitrogen atmosphere in 
an ice bath. After stirring at rt for 20 h the solution was 
concentrated and purified by flash column chromatography 
(EtOAc-hexane = 1:3-1:l) to afford bis-thio ester 14 (359 mg, 
41%). This compound is unstable on storage and used directly 
for next reaction: lH NMR (300 MHz, CDC13) 6 2.86 (lH, m), 
3.09 (lH, m), 3.24 (lH, m), 4.41 (lH, m), 5.12 (lH, d, J = 6.9 
Hz), 6.37 (lH, t, J = 6.9, 9.8 Hz), 6.70 (lH, d, J = 9.8 Hz), 
7.07-7.48 (14H, m); 13C NMR (75 MHz, CDCl3) 6 195.3, 194.2, 
163.7, 153.8, 153.6, 133.6, 132.7, 129.6, 128.2, 127.6, 127.0, 
126.8, 124.7, 121.9,86.1,82.7,56.4,37.5,28.1; IR (KBr) 1726, 
1489, 1283 cm-l. 

(+)-( 10bR)-1,2,3,5,6,1Ob-Hexahydropyrrolo[2,1-aliso- 
quinoline (ent-4). By the similar method for the preparation 
of (-)-4 from 12, bis-thio ester 14 was converted to (+)-4 
through radical deoxygenation and subsequent reduction by 
LiAlH, in 40% yield over two steps: [a& +97.6" (c 0.6, 
CH3OH). The IR spectroscopic data was in accord with that 
described in literature3b and this sample was indistinguishable 
from (-)-4 by 13C NMR, IH NMR, IR, mass fragmentation 
analysis, and GC analysis. 
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MHz, CD30D) 6 139.2, 135.0, 129.5, 127.5, 127.2, 126.9, 64.5, 


