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Abstrati- Organolithium reagents (RLi ; where R = ethyl, isopropyl,cyclopropyl, n-butyl, see-butyl, 1-butyl, 
vinyl)haveknfound toaddregiospecificallyto( -)-nicotinetoprovideaseriesof6-substitute~inoidsof 
low optical activity. The data presented for the organolithium additions coupled with an analysis of the 
additionoft-BuLi to( -)-nicotineand[2’-*H]nicotine haveprovidedstrongevidenceforanovelracemization 
process caused by pyrrolidine ring-opening and reclosure involving nicotine’s N’qz bond. 

Requisite to an understanding of the pharmacology of 
(-)-nicotine (1)’ is the synthesis of nicotine 
analogues24 for the development of structure-activity 
relationships. Nicotinoids substituted with a methyl 
group in the pyridine ring are among the best known 
examples. 66 6_Methylnicotine(2)exhibits activity on a 
par with nicotine, whereas the 2-Me and 4-Me isomers 
are nearly inactive. ‘3’ Due to the high activity of 2, we 
were interested in the preparation of additional 6- 
substituted analogues. 

I 2 3 

We now report (a) the regiospecific formation 
of partially racemized 6-alkylnicotinoids from the 
reaction of optically pure nicotine with seven 
alkyllithium reagents; (b) experimental results and a 
proposed mechanism involving reversible pyrrolidine 
ring cleavage-recyclization which accounts for the loss 
of optical purity; and (c) the observation of two novel 
reaction pathways in the reaction of nicotine and 
t-BuLi which involve pyrrolidine ring scission. 

RESULTS AND DISCUSSION 

In previous work, we and others have observed the 
simultaneous formation of 2-, 4- and 6-methylnicotines 
by the addition of methyllithium to (-)-nicotine (Eq. 
1).4*s”*6 Abramovitchs obtained 2-phenylnicotine and 
6-phenylnicotine in a ratio of 1: 1 from the reaction of 
phenyllithium and nicotine. Utilizing phenyllithium 
and n-butyllithium, Haglidsb reported the preparation 
of 6-phenylnicotine and 6-n-butylnicotine; however, 

these compounds were only briefly mentioned and 
neither experimental details nor characterization 
results were provided(e.g. no indication as to thedegree 
of regioselectivity was reported). 

In contrast with the nicotine-methyllithium and 
nicotine-phenyllithium reactions, we have now found 
that more highly substituted alkyllithium reagents 
add regiospecifically to nicotine.3 For ethyllithium, 
isopropyllithium, cyclopropyllithium, n-BuLi, sec- 
BuLi, t-BuLi and vinyllithium, the 6-alkylnicotinoid 3 
is formed to the exclusion of both the 2- and 4-adducts. 
As shown in Table 1, most experiments were performed 
in ether-tetramethylethylenediamine (3 : 1) at - 70 
with a small excess of reagent. 

I 30-3g;4 

3a,R*Me 3*.R’~-Bu 

3b ,R’Et 3f.R*~-R” (2) 

3c, R . i-Pr 3gt R. vinyl 

3d,R.c-Pr 4. R=t_-BU 

When (--nicotine was treated with t-BuLi in THF 
under a variety of conditions (Table 2), two novel 
pyrrolidine ring-cleaved products, 5 and 6, were 
isolated in addition to the normal product, 6-t- 
butylnicotine (4) (Eq. 3). 

The identification of 3b3g and 4 was based on ‘H- 
NMR spectroscopic data, mass spectral analysis and 
elemental analysis (Experimental). With regard to the 
spectroscopic studies, comparisons were made with 
the spectra of nicotine2*Y*‘0 and 6-methylnicotine, the 
latter compound having been prepared previously by 
US~~*~‘** and by others Se6 via different routes. 
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Table 1.6Alkylnicotine (3) from (-)-nicotine (1) and RLi (1.3 equiv) in ether-TMEDA (3 : 1) 
at -70” 

Alkyllithium 
% yield of 

&alkylnicotine* 
[a];0 of 

balkyhticotine (3) 

[a];0 of 
recovered 
nicotinet 

Methyllithium$ 
Ethyllithium 
Isopropyllithium 
Cyclopropyllithium); 
n-Butyllithium 
set-Butyllithium 
t-Butyllithiumn 
Vinyllithium 

26 -2.8” 
30 -16” 
43 - 17.5” 
17 -38” 
43 - 12” 
28 -29.5 
33 -20 
6** - 58” 

-166 
- 169” 

; 
-170 
- 132” 

-43” 
-150” 

* Baaed on purification and GC analysis. 
t The [a];” for optically pure @)-(-)-nicotine is - 169.8 k2.3” (CH,CI,) (see reference 4b). 
z Reference 4. 
6 Not observed. 
11 Prepared from cyclopropyl bromide and lithium in ether. 
7 Only minor amount of aberrant product observed under these reaction conditions. 
l * Also obtained 6cthylnicotine (20/,), presumably from isomerization of the intermediate 

bvinyl dihydropyridine intermediate. 

(3) 

I 4 5 6 

The ‘H-NMR spectrum of5 [Fig. l(b)] is consistent Isomeric with 5, 6 was shown by analysis of its 
with a 2,Sdisubstituted pyridine, but the resonances at 
cu 3 ppm which are indicative of the 2’ and S’/l protons 
of a nicotinoid are not present. The mass spectrum and 
elemental analysis of 5 were indicative of a dihydro4. 
As the chemical shift ofthe t-Bu protons were indicative 
of its being substituted on the pyridine ring, our 
tentative assignment ofits structure as 5 was supported 
by the very marked similarity that its spectra had to 
those ofdihydrometanicotine 7.’ *.I2 The structure of5 
was further confirmed by an independent synthesis 
from the reaction of 7 with t-BuLi (Eq. 4). 

‘H-NMR spectrum [Fig. l(c)] to lack a pyrrolidine 
ring, to have a t-Bu group attached to a non-aromatic 
carbon, and to be a 3-mono-substituted pyridine 
derivative. Given these considerations, the most likely 
addition-cleavage location of the pyrrolidine ring is the 
N’-C2, bonds leading to 6. The chemical shifts of the 
acyclic portion of 6 likewise shows the expected 
positions for this substitution pattern. 

Conformation of this assignment was made by mass 
spectral analysis. The base peak in the spectrum of 6 
(Scheme 1) is due to cleavage a to the aliphatic C-N 
bond, leading to a [CHSNHCH2]+ (m/z 44) fragment. 
The other significant peaks are at m/z 134,120 and 106. 
Exact mass measurements show that all three ions 
incorporate one N atom. Information about the 
precursors for these ions reveal that m/z 164 --) m/z 106, 
m/z 176 -+ m/z 120,andmjz 149 + m/z 134arethemost 
likely direct pathways for formation. 

Table 2. Product mixtures from nicotine+ t-BuLi in THF 

Reaction 
conditions* 

Product distribution (%) 

De-oxygenation 1 4 5 6 Yield (%)t 

No 12 23 9 56 83 
No 16 41 43 < 1 23 

O”/N, No 12 42 18 28 37 
O”/N, No 17 28 4 51 39 
0”JAr Yes% 22 46 25 7 40 
O”/Ar YeG 21 48 27 4 40 
- 70°/N2 No 25 62 13 < 1 50 

l Temperature/atmosphere over reaction mixture. THF was distilled from 
LiAlH, prior to use; t-BuLi was obtained from Alfa Chemicals and used as 
received. 

t Distilled yield except for 83% yield which is crude. 
$ Performed by bubbling argon through all solvents and reagents prior to 

reaction. 
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Fig. l(b). 



Fig. l(c). 

Scheme 1 shows that hydrogen rearrangement to the 
pyridyl ring from either the t-butyl or N-methyl butyl 
group will yield ions of m/z 164 or 149 respectively. Loss 
of C,H,N from m/z 164 produces the ion at m/z 106, 
while methyl loss from m/z 149 forms the m/z 134 ion. 
The formation of the m/z 120 ion can be rationalized 
first by new bond formation to yield a bicyclic 
intermediate (m/z 176) followed by loss of isobutene, as 
illustrated in Scheme 2. 

The t-butylation reaction was unique in three ways : 
(a) it led to two unprecedented reaction products, 5 and 
6; (b) of all the alkylation reactions, only the t- 
butylation resulted in any product in significant yield 
(> 5%) other than the 6-alkylnicotinoid 3; and (c) as 
indicated in Table 2, the product mixture was strongly 
dependent on reaction conditions. In particular, the 
product distribution and percentage yield were non- 
reproducible when we did not rigorously exclude 
oxygen from the reaction mixture. These. observations 
suggest the possibility of electron transfer in the t- 
butylation reaction in addition to a two-electron, 
nucleophilic addition process. We will discuss these 
points subsequently. 

Aberrant products such as 5 or 6 were not observed 
for the other organolithium reactions listed in Table 1, 
with the possibleexception ofthe vinyllithium addition 
which afforded in low (< 3%) yield a compound 
tentatively assigned (by EIMS) as Cvinyldihydro- 
metanicotine. All product mixtures were analyzed by 
capillary GC-EIMS, using the significantly dilTerent 
mass spectral fragmentation patterns of 4-6 as a 
guide for structural assignment of minor (< 3% yield) 
reaction components. The addition ofisopropyllithium 
to nicotine was also performed at 0” in THF, 
comparable to the t-BuLi runs which led to sizeable 
quantities of 5 and 6. No pyrrolidine ring-opened 

product was observed. Further attempts to prepare 
opened derivatives with the other organolithium 
reagents were not pursued. 

Racemization studies 
In order to gain an understanding as to the mode of 

partial racemization l3 for the alkyllithium reactions, 
we determined the optical rotation of the recovered 
nicotine from several of the runs (Table 1). It is 
important to note that in every case except the t-BuLi 
entry, the recovered nicotine is either unracemized or 
racemized to a minor extent (12-22’k). In contrast, the 
6-alkylnicotinoids 3 are formed with a sizable degree of 
racemization in each instance. The data again speak 
against a “classical” deprotonation-racemization of 
( -)-nicotine14 prior to organolithium addition (Eq. 5), 
and by inference, against deprotonation-racemization 
of optically pure 6-alkylnicotinoid. 

Confirmation that the 2’-substituted proton in 
nicotine was nor lost to any significant degree by a 
racemization process of deprotonation-reprotonation 
was obtained by examining the fate of the deuterium 
atom in the t-butylation of (f)-nicotineZ’d,(9)” 
under reaction conditions known to produce partial 
racemization of both 6-t-butylnicotine and (-t 
nicotine. Recovered 9 and 6-t-butylnicotine-2’-d, (10) 
were analyzed by mass spectrometry for deuterium 
incorporation at C2.. l6 As shown in Table 3, the high 
deuterium incorporation in 9 and 10 confirms that the 
major (and nearly exclusive) racemization process that 
occurs in the addition of t-BuLi to 1 does nut involve 
deprotonation at C2. (Eq. 5). 
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Table 3. Racemization analysis ofprodud mixtures from the independent reactions of(S)-( -)- 
nicotine (1) with 1-BuLi and (R, S)-nicotineZd, (9) with 1-BuLi 

Experimental y0 e.e. of D incorporation % D incorporation 
conditions* recovered 17: % e.e. of 4t§ in recovered 9 in 10 

THF, O”, Ar 11 
THF, O”, Aril 
THF, - 70”, N, 

71 4.1 > 95 > 95 
69 4.8 - 
25 21 195 > 95 

l Utilized 1.2 equiv. of &BuLi for all experiments. 
7 All rotations performed with GC purified nicotinoids in CH#&. 
$ Optically pure (m-)-nicotine has [a]:” - 169.8 f 2.3” (CH,CI,) (ref. 4b). 
6 The maximum rotation observed for 4 by an alternate procedure is [a];’ - 146” (CH,CI,). 

From reference 13b. 
1) Deoxygenation performed prior to reaction. 

electron density at Cs and which can form Cs-E bonds 
with a variety of E+ electrophiles.‘* Extension of this 
concept to cleavage of the N’-& bond as in Scheme 3 
is therefore quite reasonable. Secondly, with regard to 

9 IO ring closure, Newcomb and BurchillL9 have recently 
reported that lithium N-butyl4pentenylamide (11) 

We have previously observed that 6-methylnicotine cyclizes to the pyrrolidine 12 via 13 (Eq. 7). 
is optically stable toward both methyllithium and A more complex mechanism must be advanced to 
lithium diisopropylamide (Eq. 6).4b We have obtained account for the product distribution, oxygen sensi- 
additional evidence against the operation of an Eq. 6 tivity, and loss of optical purity of recovered (-)- 

process for these more highly substituted alkyllithium 
reagents and 6-alkylnicotinoids by reacting optically 
active 6-ethylnicotine (3b) with one equivalent of 
isopropyllithium; the recovered, unreacted 3b had 
specific rotation identical to that of the starting 
material. 1 ’ We conclude that these Calkylnicotinoids 3 
do not racemize by initial deprotonation ofa C6.-H, 
proton. 

We propose the mechanism shown in Scheme 3. The 
key feature of this mechanism is the reversible cleavage 
of the pyrrolidine ring at the chiral center. The 
formation of 5 and 6 provides additional support for 
this hypothesis. 

Some published observations support the N’-& ring 
scission-ring closure reactions illustrated in Scheme 3. 
Firstly, regarding ring scission, the addition of alkyl- 
and aryllithium reagents to pyridines is well known to 
form lithiated dihydropyridines which have excess 

(6) 

=JJ-/-y-/o 
LI’ ‘B” LI C”, 

(7) 
& ; 

au 
II I3 12 

nicotine in the t-butylations. The formation of ring- 
cleaved intermediates having radical or radical anion 
character may best explain the results.” Metal salts of 
dihydropyridines have previously been postulated5’ as 
intermediates in the reaction of nicotine with 
methyllithium and are known intermediates in a 
number of reactions of other organolithium reagents 
with pyridine. ‘*Jo A [1,5]-alkyl migration from a 
dihydropyridine may lead to 6 while dealkylative 
oxidation and loss ofa t-butyl group could lead back to 
nicotine or even to 6.21 As noted above (Table 2), the 
yields of 1,4,5 and 6 were found to vary considerably 
when the reaction was performed without rigorous 
exclusion of oxygen. As a result, competitive routes 
involving both anionic, radical anion and radical 
intermediates may be involved.19*20Q23 The role of 
oxygen in product composition favors the involvement 
of intermediates formed via electron transfer.‘9*20*23 

We cannot estimate the relative importance of 
electron transfer-radical anion processes us. direct two 
electron 1,2-nucleophilic additions. Newcome and 
Hager recently showed that lithium diisopropylamide 
is an efficient one-electron donor to pyridine and an 
electron transfer process is the key step in the pyridine 
dimerization reaction. 24 Still and Mitra2’showed that 
methyllithium was more likely to add in a 1,Zsense to 
enones oia a direct nucleophilic addition because 



The addition of organolithium reagents to (-)-nicotine 601 

methyl anion is more stable than the methyl radical; 
however, they observed that t-BuLi added via a 1,4- 
electron transfer process since the t-Bu radical is much 
more stable than the t-Bu anion.25 This evidence 
suggests that there may well be a change-over in 
mechanism as a function of the alkyllithium reagent 
used and that the aberrant products observed in the t- 
butylations are due to differences in alkyl radical/anion 
stabilities and reactivities. 

EXPERIMENTAL 

M.ps and b.ps are uncorrected. The ‘H-NMR spectra were 
determined on a Bruker WP-80spectrometer. Low-resolution 
mass spectra were obtained on a Finnigan MAT 3300 mass 
spectrometer. Precise mass measurements were obtained on a 
Varian MAT 112s mass snectrometer. Optical rotations were 
obtained with a Perkin-Elmer 241 MC polarimeter at 20”. 
Microanalyses were performed by Gailbreath Laboratories, 
Inc., Knoxville, Tennessee. All organolithium reagents are 
commercially available except cyclopropyllithium which was 
prepared from cyclopropylbromide and lithium in ether. 

General procedurefor the addition of orgarwlithium reagents 
to nicotine (Table 1). To a soln of 2.0 g (12.3 mmol) of (-)- 
nicotine dissolved in 30 ml ether/l0 ml TMEDA and 
maintained under N, at - 70” was added the organolithium 
reagent over IO min. The yellow or orange soln was stirred at 
- 70” for 1 hr and room temp overnight (minimum of 16 hr). 
Themixture wasquenchedwith20mlofwater,followed by the 
additionof 1Omlof IO%NaOH aq.Tbemixturewasextracted 
with ether, and the combined ethereal layers dried with 
MgSO,andeva~orated.Bulb-to-bulbdistillationofthecrude 
product provided the product contaminated with nicotine 
starting material. The &substituted nicotinoid and the 
nicotine were efficiently separated by the use of the Harrison 
Chromatotron@ [4 mm-thick Silica Gel PF rotor; with either 
CHCI,-EtOH-NH,OH (92.5 : 7: 0.5) or petroleum ether- 
acetonctriethylamine (80:20:8) as eluents]. The separated 
product and starting material were often bulb-to-bulb 
distilled under high vacuum. 

(-)-6t-Butytnicotine (4) was obtained in 33% yield 
following bulbto-bulb distillation [oven temp 80-95” (0.1 
torr)];[a]$‘-20”(c0.22.CH,Clz);‘H-NMR(CDC1,):68.41 
(d, J = 2 Hz, 1). 7.6 (dd, J = 8, 2 Hz, 1). 7.26 (d, J = 8 Hq 1), 
2.863.34(m, 2), 1.562.46(m, S), 2.09(s, 3). 1.29(s, 9); EI mass 
spectrum,m/z:218(M’),10”/,;217,11%;189,13%;133,220/,; 
85, 11%; 84, loo”/,; 83, 18%; 42,24x; 41, 11%. (Found: C, 
76.89; H, 10.14; N, 12.95. Calc for C,lHzzNz: C, 77.01; H, 
10.16; N, 12.83x.) 

( - )-6- Vinyhricorine (3g) was obtained in 6% yield following 
bulb-to-bulb distillation Coven temp90-105” (6.4 torr)] ; [a];’ 
- 58” (c 0.203 CH,Cl,); El mass snectrum. m/z 188 (M +1. 

GC/MS/DS studies. Reaction products were separated and 
identified using a computerized GC/MS system. Mixture 
separation was achieved using a Bendix 2200 gas 
chromatograph containing a 6’ x l/8” OD stainless steel 
column packed with 1% SE-30 on 100/120 mesh Gas Chrom 
Q. The column temperature was programmed in order to 
achieve chromatographic resolution. Helium was used as the 
carrier gas. The effluent passed into a Finnigan MAT 3300 
mass spectrometer via a single stage, glass jet, molecular 
separator. The 70 eV El spectra were obtained every three 
seconds. The control, storage, and manipulation of mass 
spectral data were achieved using a Finn&n MAT 6300 data 
system. 

General proced&e& the addition of’ t-butylli;hit& to 
nicotine to proaide compounds 5 and B(Tabie 2). Tda soln of 1 .O 
g (6.17 mmol) of I - bnicotine in 15 ml of TH F under N _( or Ar 1 
at 0” was added 5.3.ml(7.4 mmol) of 1.4 M t-BuLi in pentane 
gradually over 5 min. The soln was stirred at 0” for 30 min and 
room temp for 2 hr, and then quenched with 15 ml of lo”/, HCI 
aq. The mixture was washed with 15 ml of ether, followed by 
basification of the aqueous layer. The aqueous layer was 
extracted with ether (3 x 15 ml), and the combined ethereal 
layer was dried (MgSO,) and evaporated to an oil. The crude 
product mixtures obtained in this fashion, consisting of I, 4,s 
and 6, were analyzed by CC-EI mass spectrometry and 
purified by preparative GC. 

Exact mass measurements and metastable data were 
obtained using a Finnigan MAT 112s reversed geometry, 
double focusing mass spectrometer. Exact mass measure- 
ments were made at a resolving power of 7500 and used 
pertluorokerosene to generate the reference peaks. Metastable 
data were recorded in two linked-scan modes, B2/E (parents 
from a designated daughter ion) and B/E (daughters from a 
designated parent ion). 

N-Methyl-4-(2-t-butyl-5-pyridyf)butylamine (5). ‘H-NMR 
(CDCI,): 6 8.45(d,J = 2 Hz, 1),7.49(dd,J = 8.2 Hz, 1),7.28(d 
with fine coupling, J = 8 Hz, 1). 2.6 (m, 4). 2.44 (s. 3). 1.3-1.75 ,. 
(m,4),1.35(s,br,NH,1),1.28(s,~);Pr~semassdeterminedror 
M’ : Chic for C,,H,,N,: 220.19395. Found: 220.1909: El ._ __ _ 
mass spectrum, m/z: 220(M’), 1%; 163.7%; 149.31%; 134, 
10%; 133.7%; 57,7%; 44, looo/,; 43,11x. 

(-+Ethylnicotine (3b) was obtained in 30% yield 
following bulb-to-bulb distillation [oven temp 60-70” (0.1 
torr)J; dipicrate, m.p. 168-170”; [aJk” -16” (c 1.869, 
CH,CI,);‘H-NMR(CDCI,):68.48(d.J = 2Hz,2),7.66(dd.J 
= 8,2Hz,l),7.18(d,J = 8Hz.1),3.0-3.5(m,2),2.83(q,J = 7.5 
H&2), 1.52.5(m,5),2.18(~,3), 1.31 (t,J = 7.5 Hz.3);EImass 
spectrum,m/z 190(M+).(Found:C,44.55;H,3.81;N, 17.21. 
Calc for Cz,+Hz,N,O,, (dipicrate): C, 44.44; H, 3.70; N, 
17.28x.) 

N-Methyl-5,5-dimethyl4(3-pyridy[)hexylamine (6). ‘H- 
NMR (CDCI,): 6 8.4 (m, 2), 7.44 (dt, J = 8,2 Hx, 1), 7.15 (dd 
with fine coupling, J = 8,4 Hz, l), 2.13-2.53 (m. 3). 2.25 (s, 3). 
1.51.88 (m, 2). 1.55 (s, br), NH, l), 0.951.28 (m, 2), 0.78 (s, 9); 
[a]k 0” (c 0.150, CHzCIz). Precise mass determined for M + : 
Calc for Ci.Hz.Nz: 220.19395. Found: 220.1935; El mass 
spectrum, m/z: 220 (M’), 2%; 176,6x; 164, 1%; 163, 11%; 
149.7%; 134.38%; 131,100/,; 120,400/,; 118,100/,; lO6,36”/,; 
93,190/.; 57,21%;44,100%; 41.19%. 

(-)&Isopropylnicotin (3e) was obtained in 43% yield 
following bulb-to-bulb distillation [oven temp 70-75” (0.15 

Acknowledgement-We thank Mr. R. L. Bassfield, Dr. J. B. 
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CH,CI,);‘H-NMR(CDCl,):6848(d,J = 2Hz,1),7.68(dd.J 
= 8,2 HZ 1),7.18(d,J = 8Hx, 1),2.75-3.38(m,3), 1.5-2.5(m, 
5). 2.18 (s, 3). 1.3 (d, J = 7 Hz, 6); EI mass spectrum, m/z 204 
(M’). (Found: C, 45.44; H, 4.10; N, 16.74. Calc for 
CzsHz,NsO,, (dipicrate): C, 45.32; H, 3.93; N, 16.92x.) 

(-h6-Cyclopropylnieotine (31) was obtained in 170/, yield 
following bulb-to-bulb distillation [oven temp 65-75” (0.1 
torr)];dipicratem.p. 143-147”;fa1~” -38”(c l.O86,CH,CI,); _ _- 
‘H-NMR(CDC1,): 6 8.38(d,J = 2 Hz, 1),7.6(dd.J = 8;2 Hi 
lk7.1 (d. J = 8 Hz. 1). 2.88-3.731m.3). 1.382.63fm.41.2.15ts. . ,. 
3). 0.98 Cd (br), J = 8Hz, 41; EI mass spectrum, 1&2iiz (M ;)I 
(Found- C, 45.21; H, 3.74; N, 16.68. Calc for CzsHz4N80,~ 
(dibicrate): C. 45.45: H. 3.64: N. 16.97X) 

(-)&Burylnicorin~ (3e) was ob&ed in 43% yield 
following bulb-to-bulb distillation [oven temp 70-80” (0.1 
torr)] ;dipicratem.p. 163-166”;[z]k” - 12”(c 1.676,CHzClz); 
‘H-NMR(CDCI,):68.35(d,J = 2Hz,1),7.55(dd.J = 8,2Hs 
1). 7.05 (d, J = 8 Hz, 1). 2.58-3.33 (m, 4), 1.1-2.43 (m, 9), 2.11 (s, 
3), 0.9 [t(br), J = 6 Hz, 33; El mass spectrum, m/z 218 (M’). 
(Found: C, 45.98; H, 4.19; N, 16.40. Calc for Cz6Hz8NsOll 
(dipicrate): C, 46.16; H, 4.17; N, 16.56x.) 

(-)-6-set-Butylnicotin (3f) was obtained in 28% yield 
following bulb-to-bulb distillation [oven temp 95-110” (0.35 
torr)]; dipicrate m.p. 158-164”; [a]:’ -29.5” (c 2.258, 
CH,CI,);‘H-NMR(CDCl,):d8.35(d.J = ZHz.,1),7.56(dd,J 
= 8.2 HI 1),7.03(d.J = 8 Hz, 1),2.5-3.45 (m, 3), 1.382.38(m, 
5~2.15(s.3),0.5&1.25(m,8);EImassspectrum,m/z218(M’). 
(Found: C, 45.91; H, 4.18; N, 16.58. Calc for Cz6H2sN80,~ 
(dipicrate):C,46.16;H,4.17;N, 16.56x.) 



602 J. I. SEEMAN et al, 

and Dr. E. B. Sanders and Mr. C. R. Howe for helpful 
discussions. We thank Ms. A. Donathan and M. Satterficld for 
preparing the manuscript for publication. 

REFERENCES AND NOTES 

“U. S. Von Euler, Ed., Tobacco Alkaloids and Related 
Compounds. Macmillan, New York (1965); bR. W. Ryall, 
Neuropoisons, Their Pathophysiological Actions(Edited by 
L. L. Simpson and D. R. Curtis), Vol. II. Plenum Press, New 
York (1974); ‘P. S. Larson, H. B. Haag and H. Silvette, 
Tobacco: Experimental and Clinical Studies, Supplement 
III. Chapters 3, 4, and 5 and refs therein. Williams & 
Wilkins, Baltimore (1975);‘M. D. Aceto and B. R. Martin, 
Med. Res. Reu. 2,43 (1982). 

“C. G. Chavdarian, E. B. Sanders and R. L. Basstield, J. Org. 
Chem. 47, 1069 (1982); bJ. I. Seeman, H. V. Secor, C. G. 
Chavdarian, E. B. Sanders, R. L. Bassfield and J. F. Whidby, 
J. 0rg.Chem.46,3040(1981);‘E. B.Sanders,H.V.!%zorand 
J. I. Seeman, J. Org. Chem. 43, 324 (1978); ‘J. I. Seeman, 
Synthesis 498 (1977); ‘C. G. Chavdarian, J. I. Seeman and 
J. B. Wooten, J. Org. Chem. 48,492 (1983); ‘J. I. !&man, 
Heterocycles 22, 165 (1984). 

3 For a preliminary report of some of these results, see: C. G. 
Chavdarian and j. 1..Seeman, Tetrahdron Lat. 2519 (1982). 

&H. V. Secor. C. G. Chavdarian and J. 1. Seeman. 
TetrahedronL& 3151 (1981);bJ.I.Seeman, H. V. Secor,C: 
G. Chavdarian and C. R. Howe, J. Org. Chem. 48, 4899 
(1983). 

“F. Haglid, Acta Chem. Stand. 21, 329 (1976); bF. Haglid, 
Acta Pharm. Suet. 4, 117 (1967). 

6T. E. Catka and E. Leete, J. Org. Chem. 43,2125 (1978). 
‘E. B. Sanders, H. V. Secor and J. I. Seeman, U.S. Patent 
4,155,909, 1979; U.S. Patent 4.220.781, 1980. 

*R. A. Abramovitch. C.-S. Giam and A. D. Notation. Can. J. 
Chem. 38,761(1960). 

9A. M. Dtield, H. Budzikiewin and C. Djerassi, J. Am. 
Chem. Sot. 87.2926 (1965). 

I’D. F. Glenn and W. B. Edwards III, J. Org. Chem. 43,286O 
(1978). 

“M L. Swain A. Eisner, C. F. Woodward and B. A. Brice, 
J. Am. Chem: Sot. 71. 1341 (1949). 

“A. Pilotti et al., Beir. Tabak: 8, 3j9 (1976). 
13’For example, two independent additions of t-BuLi to (-)- 

nicotine afforded 6-t-butvlnicotine with ral?,’ - 16” and 
- 17”. The maximum rotation observed fo; t% product by 
an alternative Drocedure13b is rcrli’ - 146”. bJ. I. Seeman 

L _.. 

and L. Claws& unpublished results. 
14For a study of the base catalyzed raccmization of (.Q 

nicotine involving deprotonation of the C;-H, see: ‘T. 
Kisaki, Y. Matsubara and E. Tamaki, Nippon Nogei 
Kagaku Kaishi 36, 314 (1962), Chem. Abslr. 61, 12049~ 
(1964);“Y.Tsujino,S.Shibata,A.Katsuyama,T.Kisakiand 
H. Kaneko, Heterocycles 19,215l (1982); ‘E. R. Bowman, 
H. McKennis Jr. and B. R. Martin, Synthetic Commun. 12, 
871 (1982). 

” The authors thank Mr. Henry V. Sacor for supplying us with 
ageneroussampleof9preparedasdescribedinrefs9and 10. 

16The fragmentation pathways determined for nicotine by 
Djerassi were utilized to assist in the quantification of 
the mass spectral data ; see ref. 9. 

“We thank Mr. H. V. Secor for performing this experiment. 
“‘M.G. El Din, E. E. Knausand C.-S.Giam,Can.J. Chem.60, 

1821 (1982);bC.-S.Giam,E. E.Knaus,R.A.LockhartandI. 
G. Keener,Ibid.S3,2305(1975);‘P. Doyleand R. R.J. Yates, 
Tetrahedron Lett. 3371 (197O);‘C.-S. Giam and K. Ueno, 
J. Am. Chem. Sot. 99,3166 (1977). 

I9 M. Newcomb and M. T. Burchill, Tetrahedron Lett. 4867 
(1982). 

“G. J. Abruscato and T. T. Tidwell, J. Org. Chem. 37.4151 
(1972). 

‘]‘A. E. Hauck and C.-S. Giam, J. Chem. Sot. Perkin Trans. I 
2070 (1980); bS. K. Dubey, E. E. Knaus and C.-S. Giam, 
HeterocycIes 22, 1091 (1984). 

220A. I. Meyers, N. R. Natale, D. G. Wettlaufer, S. Ratii and J. 
Clardy, Tetrahedron L&t. 5123 (1981); bA. I. Meyers and 
R. A. Gabel, J. Org. Chem. 47.2633 (1982). 

23 D. Bryce-Smith, P. J. Morris and B. J. Wakefield, J. Chem. 
Sot. Perkin Trans. I 1977 (1976). 

24G. R. Newcome and D. C. Hager, J. Org. Chem. 47, 599 
(1982). 

“W. C. Still and A. Mitra, Tetrahedron ht. 2659 (1978). 


