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Abstract: Treatment of chiral monoterpenes with different nitrile compounds in the presence of perchloric acid
affords (18,5R,8R) 8-alkyl(aryl)-2-alkyl(aryl)-2,4,4,8-tctramethyl-3-azabicyclo[3.3. 1 ]non-2-ene or the
corresponding (1R,5S,8S) enantiomer. The respective free imines yield optically pure piperidine derivatives when
treated with reducing agents (NaBH,4, NaCNBH3).

We have reported that reaction of (+)-limonene and (-)-B-pinene with acetonitrile and perchloric
acid constitutes a good approach to obtain enantiospecifically 3-aza-bicyclo[3.3.1]non-2-ene systems of
predictable configuratiofi! affording compound 1a and its antipode 1b, respectively. There is
tantalizing evidence to believe that the first step in the reaction mechanism is the Ritter reaction.2-4 The
absolute stereochemistry of these compounds was unambiguously determined by X-ray analysis of the
free imino compound,3 which was obtained by alkaline hydrolysis of the corresponding perchlorate salt.
These iminium salts presented remarkable resistance to hydrolysis in acidic conditions,® and even the
free imines showed great stability on
standing. Thus, this approach could be
exploited for the synthesis of piperidine
alkaloid analogues employing this 3-

Clo, H
|

azabicyclic frames as precursors and further
transformation to the desired alkaloids
Ritter reaction has also been employed to HN 0
prepare 3-azatricyclo[5.3 1.04-9Jundecane \(
systems7s8 but not from readily available 1a

starting materials. Therefore, we studied

the reactivity of several monoterpenes with nitriles under Ritter-type conditions in order to know the
reliability of this method. The reactions were carried out according to the general procedure.? The
results are presented in Table 1 and they indicated that starting from chiral terpenes, optically pure 3-
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aza-bicyclic compounds were obtained. (+)-Limonene led to the a series while o~ and -pinene to the
b series. It is surprising that the rest of monoterpenes tested afforded the same skeleton.

Table # 1. Reactions conditions and [a]p of the piperidine alkaloid precursors.

Terpene Nitrile Compound [alp MeOH m.p. (°C) React Temp (°C)
(Hlimonene PhCN 2a -231.5¢09 210-212 rt
(-)B-pinene PhCN 2b +2434¢09 214 r.t
(-)a-pinene PhCN 2b +2253¢09 210-211 r.t
nerol PhCN 2a,b 0 242 r.t.
a-terpineol PhCN 2a,b 0 230 r.t.
terpinolene PhCN 2ab 0 241 rt
1,8-cincole PhCN 2a,b 0 245 rt
linalool PhCN 2a,b 0 246 rt
(+)limonene 2-CIPhCN 3a -123.0¢ 0.9 231 (d) 60-70
(-)B-pinene 2-CIPhCN 3b +1360¢ 1.2 239 60-70
(-)a-pinene 2-CIPhCN 3b +1180c 08 231 60-70
nerol 2-CIPhCN 3a,b 0 231-232 60-70
(+)limonene 4-CIPhCN 42 -198.0¢c 1.0 177 100-110
(-)B-pinene 4-CIPhCN 4b +264.0¢ 0.1 243-245 100-110
(Nlimonene  4-MeOPhCN Sa -132.0¢ 0.3 241 (d) 60-70
(-)B-pinene 4-MeOPhCN 5b +128.0¢ 1.0 242 (d) 60-70
(-)a-pinene 4-MeOPhCN Sb +1420c 11 243 (d) * 60-70
a-terpineol 4-MeOPhCN Sa,b 0 236 (d) 60-70
(-)B-pinene n-PrCN 6b +850c1.0 183 rt
(-)a-pinene n-PrCN 6b +81.0c 1.0 183-184 r.t
(-)B-pinene PhCN+MeCN 7b +173.0¢ 0.1 270-271 It

All of these compounds were fully characterized on the basis of their spectroscopic and physical
properties as can be seen in compound 2a taken as a prototype. 10 A very interesting result was
observed when f—pinene was treated with two nitriles (aceto and benzonitrile) to afford compound 7b
No other product was isolated. In this case, pheny! group stabilizes the carbonium ion formed in the
first step better than the methyl group 1



Scheme

R-(+)-Limonene (-)-B-Pinene
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lRICN, R2CN, HCIO,
CiO4

2,Rl =R2=Ph

3, R1 = R2 = 2-chlorophenyl
4, R! = R2 = 4-chlorophenyl
5, R1 = R2 = 4-methoxyphenyl
6, Rl =R2 =n-Pr

7,R1 = Ph, R2 = CH;

8, R = CH; (90-92%)

9, R =Ph (80%)
10, R = 2-chlorophenyl (82%)
11, R = 4-methoxyphenyl (86%)

Compounds 8a, 8b,%9a, 9b, 10b and 11b were easily prepared by hydrolytic reduction of 1, 2, 3 and
5, respectively, employing aqueous NaOH followed by treatment with NaBH4 or NaBH3CN 11 Yields
are indicated in the Scheme.

According to this data we conclude that the Ritter reaction on monoterpenes is a good and simple
entry to synthesize bridged heterocyclic systems enantiospecifically. Further studies on this process
seem to have a potential usefulness in the synthesis of alkaloid derivatives. 12
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