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Quaternization of N-alkyl heterocycles has been extensively studied 

in several laboratories in order to obtain informations on the conformational 

properties of hetcro rings on one hand (l), and to elucidate the mechanism, 

steric course and kinetics of quaternization process on the other (2). With 

both of these purposes we started recently a serios of experiments with some 

1,2-disubstituted tetrahydroisoquinolines (I). The main results of the first 

part of our studies are summarized and briefly discussed in this Letter. 
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Quateruization of N-aethyl-bases (Ia) with alkyl iodide, and N-alkyl. 

bases (Ib) with methiodide ("direct" and "reverse" quaternizations, respec- 
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tively) were carried out by treatment of the base with a large excess of the 

alkylating agent and refluxing the methanolic solution. The crude reaction 

mixtures containing diastereomers IIa and IIb were subjected to quantitative 

iWR analyses and subsequent fractional crystallization. Deductions concerning 

the stereochemistry of quaternary salts are based on NMR spectra recorded 

with the isolated and in most cases homogeneous diastereomers*. 

Results of quantitative a.ualyses are presented in Table 1. The 

compositions of reaction mixtures are given in percentages of diastereomers 

(relative accuracy t 5%); the stereoisomers predominating in direct reactions 

are labelled by A. 

TABLE 1. 

Practional Yields of Stereoisomeric Salts in Crude Reaction Mixtures 

I- 

I Substituents 

I I I 

Rl R2 R3 
- 

-zjz+- 
Me Me Pr* 

Me Pm Me 

Me Me Bun 

Me Bun Me 
- 

Me Me Bz 

Me Bz Me 

Pri Ue Et 
+ 

Pri Et Me 

% of 
/I 

Substituents % of 
Isomers Isomers I 

“AU ttgtt 

Rl R2 R3 "A" "Bn 

70 30 Pri Me Bz -7 95 5 
II I - 1 I I I I 

-:j_. 75 65 25 lEri Ph Me ti Me Et 40 76 60 24 
I I 

35 65 Ph Et Me 14 86 

75 25 Ph Ye Bz 100 0 

45 55 Ph Bz Me 35 65 
--- 

100 0 DMBz Me Et 65 35 

55 45 DMBZ Et Me 30 70 

60 40 DMBz Me Bz 35 5 

17 83 DMBZ Bz Me 40 60 

* All spectra were recorded in CDC13 solutions with an A.E.I. RS2 spectro- 
meter operating at 60 MC/s. 
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Thus the quaternization of bases I occurs, with a few exceptions, 

with moderate degrees of stereoselectivity. Within the series Rl = Me, the 

direct reaction is of higher selectivity; the predominance of isomers A in- 

creases with the bulkiness of alkylating group R 
3’ 

and when R 3 = Bz, the re- 

action is practically stereospecific. If the substituent at C-l is bulkier 

than Me, higher selectivity is characteristic either of the direct, or the 

reverse reaction, depending on the relative space demands of groups at nitro- 

gen, R2 and R3. Thus, if Rl = Pri, or Ph, and R2 and R3 are both small (Me, 

Et), the methylation is,of higher selectivity. On the other hand, if R2 and 

R3 are of different size (Ue and Bz), higher product ratios are found with 

the benzylation reactions. 

On the basis of proton resonance spectra of isolated diastereomers 

we concluded that the relative orientation of Rl and the bulkier substituent 

at nitrogen is the same in each isomer A. A similar conclusion is true.for 

stereoisomers B with another relative orientation of relevant groups. Equi- 

libration experiments with N-methyl-N-benzyl quaternary salt pairs yielded 

predominently isomers A, while, on the other hand, higher bar&r to free rota- 

tion of N-benzyl group (larger magnetic non-equivalence of benzyl-methylenic 

and benzyl-aromatic protons (3)) was observed in isomers B. These findings 

suggest that diastereomers A represent the more stable form in which Rl and 

the larger substituent at nitrogen are trans-oriented. 

In view of this assignment we may interpret the stereoselectivity 

data by assuming a preferred trans N-alkylation with respect to the actual 

orientation of substituent at C-l. The changes in product ratios than should 

be attributed to interactions between substituents in positions 1 and 2 in- 

fluencing the preference for trans reaction according to their relative space 

demands. The unexpected higher product ratios in the reverse quaternization 

of 1-phenyl-N-ethyl and l-isopropyl-N-ethyl bases may also be understood in 

this approximation if we suppose that in these cases the trans orientation 

of methyl, rather than ethyl group is favoured. 

Deductions concerning the steric course in terms of preferred axial 
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or equatorial approach cannot be made unequivooslly at present owing to the 

la& ofreliable data on the conformational properties of N-alkyl-bases and 

quaternary salts investigated, Because of the presumably high flexibility 

of hetero ring in tetrshydroisoquinoline skeleton both trsns and cis dia- 

stereomers are expected to exist in two rapidly titerconverting conformers 

of nearly equal. amount (if conformations other than half-chair are not oon- 

sidered). Comparison of the chemical shift differences between N-methyl 

protons in various diastereomeric pairs (see Table 2) suggests that this 

expectation is probably met with l-methyl quaternary salts characterized by 

TABLE 2 

Chemical Shifts of N-Methyl Protons. Solvent CDC13 

Substituents 6 ppm) 
& 

in Substituents 6 ppm) in 
Somers i Somers 

] “B” 1) R1 R3 / “A” 

3$53 
I 

Me Me Et 3,38 328' 

Me Me Pm 3,42 3133 

Me Me Bun 3,42 3,33 
I 

I Me Me Be 3,29 3J-2 

PI? 1 Me ( Me 1 3,x3 
I I 

Pri Me Et 3,55 3,24 

Pr / Me Bz 3,48 3JO 
, 

Ph Me Ye 3,68 
3,24 

I I I I 
Ph ' Me Et 3,08 3,50 

Ph Me Bz 2,95 3345 

DMBz Me Me 3~8; 
I 

DXBz Me Et 3,71 327 

DMBz Me Bz 3,43 3,09 

relatively small. (-0,l ppm) differences, while for other derivatives it 

seems likely that averaging effects are of minor importance*. With the ex- 

eptions of l-methyl derivatives, the relative shifts of N-Me protons in dia- 

stereomeric pairs are very close to values observed in corresponding N,N-di- 

* The resulting anisotropy effect of aromatic ring at C-l expected Fn case 
of oQmplete, or nearly complete averaging cannot account for the observed 
large differences in N-Me resonances. 
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methyl salts, This in turn suggests that in cases of conformational pre- 

ference the same conformation may be ascribed to trans as well as cis dia- 

stereomers having an identic substituent at C-l, L.g. the orientation of a 

given Bl is the same I in each stereoisomer . 

Since, however, the actual orientation of substituents at C-l csn- 

not be elucidated with certainty even for quaternary salts with presumably 

preferred conformations, the question whether axial or equatorial approach 

of incoming group is preferred, or the quaternization is governed solely by 

the relative orientations of interacting groups, needs additional investiga- 

tions. In continuing the present series of experiments we plan to perform 

detailed conformational analyses, K-ray and kinetic measurements. 

A full account of the results presented in this Letter will be 

published elsewhere (4). 
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* IPhe sign reversal of the relative N-Me shifts observed with 1-phenyl 
derivatives may probably be attributed to a change in preferred orienta- 
tion of 1-phenyl group as compaired with that of other C-l substituents. 


