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Abstract - In the hydride reduction of enamines formed by 
the alkyletion of catinine (2) with organolithium reagents, the 

effect of some reaction conditions on the stereochemistry of the 

resulting 5'-slkylnicotines was studied. The acidity o f  the 

reaction medium was the main factor determining the stereo- 

chemistry of the products. 

In order to elucidate structure-actiuity relationships for nicotine analogues. 

many kinds o f  slkyl nicotine derivatives have been synthesized. There are two 

methods of obtaining these deriuatiues. One is the direct alkylation of 

nicotine (1) or its derivatives, and the other is the construction of a 

pyrrolidine and/or pyridine ring from appropriate starting materials. The 

former is prefferable uhen optically active derivatives are desired, and 2-, 

4-. 6-, a'-,  and 5'-alkyl derivatives are known to result from that method. 1 

In a previous paper,' we reported the synthesis of 5'-alkyl and aryl 

nicotines, which were obtained by the reaction of cotinine ( a )  with alkyl or 

aryl lithium, respectiuely, followed by reduction with sodium cyanoborohydride 

in acidic methanol. This method produces a large quantity of deriuatiues with 

which the biological activities 

can be examined. Because I is r' 

4 
readily metabolised to 2 in men 

and  animal^,^ the biological acti- 0 
uities of 5'-alkylnicotines are 

1 r) 

of particular interest. 

The alkylation afforded in 50-70% 

2 3 1 5 -  



Tab le  1 The s e l e c t i v i t y  o f  t h e  r e d u c t i o n e )  

ac id /base Temp, methyl  e t h y l  o -bu t y l  i s o p r o ~ y l  phenyl  

mol .  eq. ('C) c i s  t r a n s  c i s  t r a n s  c i s  t r a n s  c i s  t r a n s  c i s  t r a n s  

4.0 HCl 25 

1.0 HCI 25 

0 25 

1.5KOH 25 

3.0 KOH 25 

2.0 Hc lb )  25 

ob) 25 

2.0 K O H ~ )  25 

4 . 0 H C l  -78 

1 . 0 H C l  -78 

0 -78 

1.5KOH -78 

3.0 KOH -78 

2.0 Hc lb '  -78 

ob) -78 

2.0 K O H ~ )  -78 

a) Reduct ion  w i t h  NaBH3CN ( l .Oeq . )  in MeOH. 

b )  Reduc tan t  i s  NaBH4(l.0eq.). 
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Table 2 Acid and temperature dependencea) 

Temp. acid 0 0.5 eq. 1.0 eq. 4.0 eq 0") 

( " C )  cis trans cis trans cis trans cis trans cis trans 

25 HC I 82 : 18 8 3  : 17 86 : 14 97 : 3 6 7  : 3 7  

25 TSOHC) - 8 3  : 17 87 : 13 96 : 4 - 
25 ~-carnp.~) - 84 : 16 88 : 12 9 7  : 3 - 
25 D ~ - c a m p . ~ )  - 84 : 16 87 : 13 96 : 4 - 

-78 HC I 6 3  : 37 - 79 : 21 9 7  : 3 60 : 40 

0 HC I 84 : 16 - 87 : 13 98 : 2 63 : 3 7  

60 HCI 81 : 19 - 88 : 12 90 : 10 81 : 19 

a) Reduction of Q with Na8H3CN(l.0eq.) in MeOH, b) Reductant is NaBH4. 

c) p-Toluenesulfonic acid d) Camphorsulfonic acid 

yield s 4 : 1 mixture of diastereomers, which are separable 

chromatographically. In this work, we investigated the influence of the 

reaction conditions on stereoselectivity to improve the efficiency with which 

diastereomers can be obtained. 

This reaction was assumed to proceed y& an enemine which was formed by the 

1,2-addition of alkyl lithium to the carbonyl group in 2 followed by 

dehydration.' Thus, reduction is a key step in determining the 

stereoselectivity. Some reaction conditions. such as reductants, temperature, 

solvent. and acidity of the solution, were examined. 

The ratios of the diastereomers obtained from the reduction by sodium 

cyanoborohydride and by sodium borohvdride under some acidic end basic 

conditions are listed in Table 1. The stereoselectivity was greateat in highly 

acidic solutions and virtually disappeared in basic solutions. And the ratio 

of &-isomers to --ones increased as the acidity of the solution 

increased; and under highly acidic conditions, &-isomers were obtained 

stereoselectively. The acidity had the most marked effect on the 5'-phenyl 

derivative. The dependence on the acidity was generally larger at low 



Table 3 Reductant ratio and temperatures. The yields of 5'-alkylnica- 

solvent dependence tines remained largely unaffected by 

changing the reaction conditions examined. 

reductant Solvent cis trans In order to investigate the effect of the 

mo1 .eq. bulkiness of the counter anion to the 

iminium salt, the reduction of enamlne ( 3 )  

0.5 MeOH 8 5  : 15 derived from 2 and 0-butyl lithium was 

1.0 MeOH 86 : 14 carried out. As shown in Table 2, the 

2.0 MeOH 8 4  : 16 product ratio did not seem to be affected 

5.0 MeOH 85 : 15 by the bulkiness of the acids. Table 2 

1.0 EtOH 8 7  : 13 also shows that st lower  temperatures, the 

1.0 i-PrOH 84 : 16 effect of the acidity apparently increa- 

1.0 T H F / M ~ O H ~ )  8 7  : 13 sed. 

This reduction was carried out in four 

Reduction of 3 with NaBH3CN st 25'C kinds of solvents, and the ratlo of the 

1.0 mol.es. HC1 was added. products was not greatly affected as  shown 

a) THF : MeOH = 1 : 1. in Table 3. In addition the ratio of 

sodium cyanoborohydride to the enamine did 

not change the product ratio. 

Reduction by sodium borohydride was also carried out in both acidic or basic 

solutions. In contrast to sodium cyanoborohydride reduction, the ratio of the 

products was not changed by altering the acidity of the solution, and uas 

similar to that from sodium cyenoborohydr~de reduction in basic media, as 

shown in Table 1. The attempted reduction by lithium aluminium hydride and 

lithium triethylborohydride was quite ineffective. 

EXPERIMENTAL 

To s 3olution of cotinine(2) (5mrnol. 0.98) in 20ml of ether was added dropwise 

6mmol of alkyl lithium in lOml of ether at O'C. The reaction mixture was 

stirred at room temperature. After lh, water was added to the mixture, and 

extracted uith ether. The extract was dried over Na2SOp, and concentrated in 

uacuo. The resulting oil uas disolved in 20ml of solvent. After adding acid o r  
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base, a reductant was stirred into the reaction mixture. The molecular ratio 

of acid, base, or reductant to the enamine was calculated based on the amount 

of 2. After 1 h, the solution was poured into 20ml of 0.1N NaOH, saturated 

with NaCI, and extracted with ether. The extract was dried over Na2S04. The 

analysis of the product was performed by gas chromathography (capilary column 

OV-101 50m). The assigment of &- and --isomers was confirmed by Mass, 'H 

NMR, and NMR after separation by reversed phase column chromathoaraphy.2 
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