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Abstract: Cationic cyclizations of acyliminium ions 5 (Rl = phenyl) occur with high stereo- 
selectivity, which is suggested to originate in the intermediate arenium ions. 

Stereoselective syntheses of substituted alkaloid ring systems are important to synthetic 

methodology. In this regard, Dean and Rapoport recently reported cyclizations of methyl-sub- 

stituted iminium salts (J,), which afford 8- and 13-methylberbines with high stereoselectivity. 
1 

In their work the substituent stereocenters (X or Y) were situated 1,2 and 1,3 to the incipient 

stereocenter of ring closure. We have been studying the stereochemical influence of substitu- 

ents R 
1 

on ring closures of acyliminium ions 2 to isoquinoline derivatives, a process which ex- 

emplifies stereocontrol between 1,4 stereocenters, and have found that cyclizations of a variety 

of aryl-substituted acyliminium species (8, Rl = Ar) occur with high stereoselectivity (>90%). 
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& X = CH3; Y = H 

k X = H; Y = CH3 

5 n=lorZ 

Reaction of 2,2_diphenylethylamine (2) with o-angelicalactone2 or the mixed carbonic 

anhydride of levulinic acid3 gave acyliminium ion precursor $ (tautomeric mixture by 1H and 13C 

NMR; ir), which was treated with polyphosphoric acid (PPA) at 100° (3-15 hr) to effect cycliza- 

tion (65-85x yield overall from angelicalactone; 37% via the mixed anbydride) (eq 1). The 

crude cyclized product consisted largely (ca. 95%) of one diastereomer, as determined by glc 

and II-l NMR [the two diastereomers (@, and a), in ca. 16:l ratio, were identified by glc/mass 

spec]. Structure & (6o,lObo relative configuration), having pseudoequatorial phenyl and 
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11 PPA 
+ 

,$ R = CH,CH(C6H5>2 

,& R1=C6H5;Rz=H 

Q Rl = H; R2 = C6H5 

(1) 

pseudoaxial methyl groups on a half-chair ring, was assigned by 'H NMR spectroscopy (proton 

coupling Constants, confirmed by homonuclear decoupling and INDOR experiments; shift experiments 

with Eu(fod)g; and a benzene ASIS study). 495 

In addition, nearly exclusive (>95%) stereoselectivity was observed in the analogous 

syntheses of &, x, and @,. 5-8 The intramolecular cl-amidoalkylations giving & and &, which 

occurred rapidly (10 min) in refluxing ethanol with a small amount of HCl, were slightly less 

stereoselective; mixtures of 60 and 68 diastereomers were formed in ca. 9:l ratio, respectively. 9 

Clearly, the stereoselectivity is independent of structural features surrounding the lactam 

portion of the molecules (ring size, angular substituent). 

In the case of &, the two diastereomers were separated by tic, assigned by 1H NMR 
10 

and 

mass spec, and individually subjected to the cyclization conditions by which they were 

& Rl = R2 = R3 = R4 = H 

Q R1=R2=H;R3=R4=OCH3 1 &! 
G RI = R2 = R3 = R4 = 0CH3 

originally produced. No interconversion of isomers was detected, indicating that the ring 

closure reaction did not involve equilibration of product lactams. 

The cyclization process is depicted in eq 2. Attack of the acyliminium ion in 2 on the 

benzene ring to generate intermediate arenium ions J_& and J&, is probably the rate-determining 

step. 
11 

"Syn" pathway (b) involving ion J@, is unlikely to be significant because of severe 

strain in the boat-like structure (Dreiding molecular models; planar amide nitrogen), so "anti“ 

pathway (a) involving chair-like ion $& is critical for explanation of the observed stereo- 
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selectivity. In ion &, the equatorial aromatic substituent would be strongly preferred to 

avoid 1,3 syn-axial interaction between it and the lOa-proton, which is subsequently lost in 

the fast aromatization step (molecular models). If the transition state leading to ,J&, is 

assumed to be product-like, the above interactions can govern the stereochemical course of the 

cyclization, whereas an early, reactant-like transition state will not result in a substantial 

stereochemical preference (molecular models). Thus, the substituent 1,4 to the incipient 10b 

00 C6H5 

(C6H5) H 

anti 
attack 

(a) 

syn 
attack 

(b) 

(2) 

0 [The minor isomer is 
represented in 

#+! parentheses] & 

'gH5 

chiral center exerts a strong, product-determining influence on the ring closure during the 

formation of arenium-ion intermediate &. 
12 

The minor reduction in stereodifferentiation for 

the very reactive dimethoxybenzene cyclizations may be attributed to more reactant-like transi- 

tion states (Hammond postulate). 
13 

The stereoselectivity in our work is induced by an aromatic substituent exocyclic to the 

ring containing the electrophilic carbon, but located on the newly formed ring (1,4 from the 

other chiral center). A cationic cyclization in the terpenoid area stereochemically related to 

ours was reported to proceed with high stereoselectivity, and with the same relative stereo- 

chemistry of 1,4 substituents. 
14 

In cyclizations studied by Dean and Rapoport,' the steric 

guidance was provided rather by a methyl substituent on the ring containing the electrophilic 

carbon center, situated either 1,2 or 1,3 from the new chiral center. Certainly, cationic 

cyclizations of the type described by us and others 
1,14 

are very sensitive to steric control, a 

characteristic conducive to useful synthetic applications. 
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