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Summary: By judicious choice of the nitrogen substituent, 
either stereoisomer of 1-substituted 1,2,3,4,6,7,8,8a-oc- 
tahydroisoquinolines can be prepared by reactions of 
allylsilane amines 3 with aldehydes. 

Reactions of iminium cations with tethered nucleophiles 
(Mannich cyclization reactions) are among the most 
important methods for preparing nitrogen heterocycles.2 
Although Mannich cyclizations have been employed for 
over 70 years,3 stereochemical nuances of this chemistry 
have been revealed only recently. An antiperiplanar 
orientation of the developing nonbonded electron pair on 
nitrogen and the entering nucleophile is preferred, as are 
chair topographies in cyclizations that form piperidine 
 ring^.^^^ These features are illustrated in eq 1, as is the 
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favored quasiequatorial orientation of the group R2 in 
cyclizations of aldehyde-derived iminium ions? In this 
paper, we disclose a new stereocontrolled synthesis of 
1-substituted 1,2,3,4,6,7,8,8a-octahydroisoquinolines that 
introduces a potentially general method for controlling 
stereoselection a t  the site of nucleophilic attack in Mannich 
cyclization reactions. 
As part of our investigations of opioid and morphinan 

synthesis,6 we required access to 1-substituted 1,2,3,4,6,7,8,- 
8a-octahydroisoquinolines 4 having a trans relationship 
of the 1-substituent and the angular hydrogen. Cycliza- 
tions of iminium cations formed from the condensation of 
allylsilane amines 3 and aldehydes appeared to be a 
potentially general approach to octahydroisoquinolines 
of this type (eq 2).2*7*8 We also anticipated that stereo- 
selection in the key cyclization could be controlled by the 
proper choice of the nitrogen substituent R1. 
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OKey: a, R = Me; b, R = Ph. 

Allylsilane amines 9-12 were prepared in three to four 
steps from readily available dibromide 69 as summarized 
in Scheme I. Silylation of 6 a t  the allylic site with PhMe2- 
SiLi,lo or with HSiCl3 followed by treatment of the derived 
allyltrichlorosilane with MeMgBr," provided 7a and 7b 
in good yields.12 Reaction of the vinyllithium reagents 
derived from these vinylic bromides with ethylene oxide 
and BF3.OEt2l3 a t  5 -70 OC then provided the silyl 
homoallylic alcohols 8a and 8b.l" Conventional aminolysis 
of the tosylate derivatives of these intermediates with 
methylamine or benzylamine provided the allylsilane 
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1.2.3.4.6.7.8.8a-0ctah~dro~soa~nolines 
Table I. Stereoselection in Iminium Ion-Allylsilane Cyclizations To Form l-Substituted 

entry 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

allylsilane 
compds R R' 

9b 
9b 
9b 
10b 
10a 
10a 
l la  
12a 
12b 
12a 

Ph Me 
Ph  Me 
Ph Me 
Ph  Bn 
Me Bn 
Me Bn 
Me PhzCH 
Me DBS 
Ph DBS 
Me DBS 

aldehyde 
R2 cycln condnsa 

Bn A 
Bn B 
Ph A 
Bn B 
Bn A 
Bn C 
Bn A 
Bn A 
Bn C 
o-IC~HICH~ A 

octahydroisoquinoliie products 
yield! 7% compds isomer ratio ( 4 S ) c  

88 
68 
55d  
48d 
68 
72 
73 
67 
79 
82 

4a, Sa 
4a, ba 
Sb 
4c, sc 
4c, sc 
4c, sc 
4d 
4e 
4e 
4f 

11:89 
2080 
only Sb 
61:39 
5842 
57:43 
only 4d 
only as 
only 4e 
only 4f 

a (A) The aldehyde (2 equiv), MesSiCN (2 equiv), and ZnIz (0.2 equiv) were mixed to form the silylcyanohydrin intermediate; the silylamine 
(1 equiv) and MeOH (ca. 5 mL/mmol) were added, and the reaction was heated a t  reflux. (B) The purified Strecker product was treated with 
ZnIz (1 equiv) in THF (10-20 mL/mmol) at room temperature. (C) A solution of the aldehyde (1.1 equiv), silylamine (1 equiv), ZnIs (0.05 
equiv), and dry EtOH (10-20 ml/mmol) was warmed to 65 OC. b Isolated yield of purified product(s). c Determined from the yields of 4 and 
5. In all cases this ratio was similar to that obtained by 1H NMR analysis of the crude reaction product. The bulk of the remaining mass 
was recovered Strecker product. 

amines 9b, loa, and lob. Since the yield of similar 
displacements with hindered primary amines was low, the 
benzhydrylamine 1 la and theN-(5-dibenzosuberyl)amines 
(DBSP l2aand 12b were prepared byreductiveamination 
of the &y-unsaturated aldehydes 13a and 13b. These 
labile aldehydes were best prepared by Parikh-Doeringl6 
oxidation of 8a and 8b and were employed directly, without 
purification, in the reductive amination step. 

Results obtained from the reaction of allylsilane amines 
9-12 with representative aldehydes to form octahydroiso- 
quinolines 4 and 5 are summarized in Table I. In our 
early studies, the amine and aldehyde were first condensed 
to form the Strecker product," which was subsequently 
cyclized in MeOH or THF in the presence of ZnIz. More 
recently, we have found that the condensation-cyclization 
of the allylsilane amines with aldehydes (1.1 equiv) is best 
accomplished directly in MeOH or EtOH in the presence 
of 5 mol % of ZnI2. It is notable that sensitive aryl- 
acetaldehydes perform satisfactorily under these condi- 
tions.le Stereochemical assignments for the octahydroiso- 
quinoline products followed directly from their 'H NMR 
spectra. Particularly diagnostic were the upfield shifts 
(- 1 ppm)lg of the axial methine hydrogen at  C(1) and the 
larger vicinal coupling constant of this hydrogen in 
stereoisomers 5.20 
As is apparent in Table I, the stereochemical outcome 

of this octahydroisoquinoline synthesis is dramatically 
effected by the size of the R1 substituent on nitrogeneZ1 
When R1 = Me, isomer 5 was formed preferentially (entries 
1-3), while isomer 4 is the exclusive product of cyclizations 
of the benzhydrylamine and N-(5-dibenzosuberyl)amine 
substrates (entries 7-10).22 Substrates 10a and lob, 
containing N-benzyl substitution, cyclized with low ste- 
reoselectivity (entries 4-6). The observed stereoselection 
is  readily rationalized as depicted in Figure 1. When R1 

~~ 

(15) Pleas J. Helu. Chim. Acta 1976,59, 499. 
(16) Parikh, J. R.; Doering, W. v. E. J .  Am. Chem. SOC. 1967,89,5505. 
(17) Mai, K.; Patil, G. Tetrahedron Lett. 1984,25,4583. Mai, K.; Patil, 

G .  Synth. Commun. 1986,15,157. 
(18) For a recent example of the difficulties often encountered in 

iminium ion chemistry of this important aldehyde class, see: Comine, D. 
L.; Badawi, M. M. Tetrahedron Lett. 1991,32,2995. 

(19) Vierhapper, F. W.; Eliel, E. L.; Zuniga, G. J. Org. Chem. 1980,45, 
4844. Lambert, J. B.; Oliver, W. L. J. Am. Chem. SOC. 1969, 91, 7774. 

(20) The stereochemical assignment for 4e wan confirmed by chemical 
correlation (HC02H, 70 O C ;  HCHO, HCO*H, 110 OC ) with 48. 

(21) Solvent effects on diastereoselection are emall; see entries 4-6. 
(22) None of the stereoisomer 5 was detected in the crude cyclization 

product by 1H NMR analysis, indicating that diastereoselection was at 
least 201. 

14 1s 

Figure 1. Control of stereoselection by the nitrogen substituent. 

is small, cyclization in chair conformer 15 having the R2 
substituent oriented in a quasiequatorial fashion is pre- 
ferred? However, when R1 islarge, nonbonded interactions 
between R1 and R2 destabilize the cyclization transition 
state related to conformer 15 sufficiently that cyclization 
takes place preferentially by way of the alternate iminium 
ion stereoisomer 14.23p24 

In summary, either stereoisomer of l-substituted 
1,2,3,4,6,7,8,8a-octahydroisoquinolines can be prepared by 
ZnIz-promoted reaction of allylsilane amines 3 and alde- 
hydes (eq 2). In light of the wide occurrence of reduced 
isoquinoline rings in natural alkaloids and pharmaceutical 
agents, this efficient new synthesis of octahydroisoquin- 
olines could have numerous applications. Moreover, the 
ability to control the stereochemical outcome of iminium 
ion cyclizations by proper tuning of the geometry of the 
iminium ion component should find use as well in Mannich 
synthesis of other nitrogen heterocycles. 
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