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Abs&act-We have assigned the absolute configuration to frons-2,5_dimethylpyolidine and frans-2,6dbnethyl- 
piperidine through radical chlorination in o-l position of optically active amines, 2 and 5, of known absolute 
configuration, followed by cyclization. CD curves of If and 4g derivatives indicate that the reaction is stereospecilic. 
The absolute conkguration of frMs-2,5dimethyl-A3-p~6~e has also been determined. 

We have previously been interested in studies concem- 
ing the assignplent of the absolute con&ration to 
amino compounds by means of CD curves of the cor- 
responding pyridyl-N-oxide derivatives. Correlations of 
the chiroptical properties of these derivatives and the 
absolute configuration of starting amines not containing 
the nitrogen atom in a cyclic structure’ have been 
recently extended to mono-substituted cyclic amines.’ 

Going on in these studies, our present main interest is 
the determinations of absolute configuration of dis- 
ubstituted cyclic amines. It has been noted, un- 
fortunately, that the ZCdisubstituted piperidines are 
much less reactive than the analogous S-membered ring 
toward 2-fluoropyridine-N-oxide. The impossibility to 
introduce this thoroughly studied chromophore, led us to 
find dilferent ways to determine the absolute configura- 
tion of disubstituted cyclic amines. We therefore applied 
r&al chlorination in o-l position of optically inactive 
aliphatic amines, followed by cyclization.’ With optically 
active long chain amines we obtained mixtures of cis- 
tram cyclic isomers in which the absolute configuration 
of the asymmetric centre is preserved. 

Synthesis of (-)-2,Sdimethylpyrrolidine (la) from R- 
(-)-l-methylpenthylamine (2) proved that the reaction is 
stereospecitic; in fact the CD curve of the pyridyl-N- 
oxide derivative of the, so obtained pyrrolidine (la) is 
comparable with those showed by py-ridyl-N-oxide 
derivatives of a-monosubstituted cyclic amines with R 
con6guration2 (fig. 1). In this case it is not necessary to 
separate cis and Pans compounds since the cis isomer is 
a&i& 

This synthetic method, owing to the more favorable 
cis-tmns ratio, is a valid alternative to the N-acyl-lactam 
rearrangement of Mundy that has recently been applied’ 
to optical active N-acyl-6-methyl-2-piperidones which 
give prevalently cis cyclic am&s. 

In this paper 2$dimethylpyrroline @a), 2,SdimethyL 
pyrrolidine (la) and 2,6diiethylpiperidine (4a) are 
examined (Scheme 1). 

These compounds are of unknown configuration ex- 
cept 4a that has been related to S-(+)-heqtanol. 

Optical active la and 4a were obtained, with the above 
mentioned method,’ in a cis-frans mixture (ratio 1: 1, 
determined by NMR and GLC measurements). R-(-)-l- 
methylpenthylami& (2) and R-(-)-l-methylhexylamine’ 
(5) gave 2R. 5RS-(-)-2Mimethylpyrrolidine (la) and 
2R,6RS-(-)_2,6dimethylpiperidine (4a) respectively. The 
cis isomers were not separated from trans isomers for 
the former are achiral. 

To compare CD pattern showed by mono and dis- 
ubstituted cyclic amines having a chromophoric group 
other than pyridyl-N-oxide, we prepared the N-chloro 
derivative of (-_)A and its CD curve has similar 
behaviour, but an opposite sign (Fig. l), compared with 
the one showed by N-chloroderivative of the cor- 
responding mono-substituted amine, S-N-chloro-2- 
methylpiperidine,’ as expected from the absolute 
configuration of the starting amine. 

The compound (-)-la was also obtained by reduction 
of truns-(-)-2,54imethyl-A’-pyrroline hydrochloride 
(3c); the latter, therefore, has 2R,SR configuration. CD 
curves of pyridyl-N-oxide derivatives of 3a and of the 
corresponding saturated compound, la, have the same 
sign (Fii. 1). 

Trans-(-)-3c was isolated from the commercial mix- 
ture, constituted by cis, trwts and A’ isomers, by frac- 
tional crystalliition of the corresponding tosylates, cis- 
3b and trans-3b. The N-tosyl-isomers were hydrolyzed 
and the cis and trans amines were identifled by NMR 
spectra of the corresponding N-benzylderivatives,9 cis- 
3e and trans4e. Resolution of the truns optical isomers, 
(-)-and (+)-3a, were obtained by means of diacetonyl-2- 
keto-L-(-)-gulonic-acid. 

-AL 

General. Microanalyses were conducted by Dr. R. De Leonar- 
dis, Istituto di Chimica Farmaceutica Bari, with a Hewlett- 
Packard 185 C,H,N analyzer. All m.ps and b.ps are uncorrected. 
The specific rotations were measured with a Perkin-Elmer 241 
MC Polarimeter, concentrations are expressed in g/lOOml. CD 
and UV spectra were recorded with Cary 61 dichrograph and 
with Cary 15 spectrophotometer, respectively; cells of IOmm 
pathlength were used; concentrations are expressed in g/l. NMR 
spectra were determined with a Varian HA-100 spectrometer, 
using TMS as internal standard; signals are reported in ppm (8); in 
the NMR data the following abbreviations have been used: s. 
singlet; d, doublet; t, triplet-q, quartet; m, multiplet; br, broad, 
GLC was effected on a Hewlett-Packard 5750 G, instrument fitted 
witha6_ftcolumnpac&edwith lO%sikonegumrubberUt?C-W-982 
on chromosorb W 60-80 mesh. 

General pmcedure’ for the prepatution of N-[2-py~idyl-N- 
oxide]-amino-detivatives 

The amino compound (1 mmole) was reacted with 2-fluoro- 
pyridine-N-oxide (1.2mmole); in the presence of NaHC03 
ii mmole) in a mixture (1: 1) of H&3-EgH (5 ml) at room temp. 
for 3 days. For amines hydrochloride, NaHC@ was replaced by 
an &molar amount of NaOH. 
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Fig. 1. CD curves: (+)-3f -; (-)-If, from (-)-3f, -.-.-.-; (t)-lf, from (t)-2 -----; (-)%. . . . . . . 
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a: R=H 8: R = CsH5-CHz- 
b: R=Ts 
c: R = H.HCI 

f: R = P-pyridyl-N-oxide 

d: R = CeH~-CO-- 
g: R=CI 

Scheme 1. 

The reaction mixture was then concentrated under vacuum and 
extracted with CHsCI,. The residue obtained from evaporation of 
the organic solvent was distilled under vacuum. 

General procedure3 for the selective halogenation in o-l position 
and cyclization of saturated aliphatic amines 

To a stirred soln of aliphatic amine (0.1 mol) and N&loro- 
diiethylamine (0.2 mol) in 100 ml cont. HsSO,, was added 
FeSQ.7HsO (0.03 mol). Temperature goes up from 5 to 36°C in 
6 min. After standing for 15 min at room temp., the mixture was 
made alkaline with NaOH, 30%, (the temp. must not exceed 
more than 20”) and extracted with ether. 

The solvent was removed in vacua and.to the crude chloro- 
amino compound obtained was added NaOH (0.2mol) in 
methanol. The mixture was heated to reflux for 6h and then 
made acid with HCI. 

After removing methanol under reduced pressure, the soln was 
made alkaline with NaOH and extracted with ether. The residue 
obtained from evaporation of the organic solvent was distilled. 

Cis,trans-N-tosyl-2,S-dimethyl-A3-pyrroline 
To a stirred soln of _ZJdimethyl-A’-pyrroline (Aldrich) 

(composition: 75% isomer A’, 25% isomer A’; 40g) in 200 ml dry 
pyridine was added dropwise at 0” a soln of tosyl chloride (7Og) 
in 1OOml dry pyridine. After standing for 0.5h at 00 and for 2 
days at room temp., the mixture was poured into 5oOmf ice- 
water. The resulting ppt was filtered off, washed with HCl 2N 
and HsO. A fractional crystallixation of the crude compound 
(63g) from CH#&-hexane, allowed the separation of cis-3b and 
trans-3b. This separation was analyzed by GLC. Compound 
cis-3b showed m.p. 112-113”, trans-3b m.p. 79-81”. (Found: C, 
61.82; H, 6.91; N, 5.55. Ct3HtrNSq requires: C, 62.14; H, 6.82; 
N, 5.57%) NMR (ClX13) (of cis-3b) 6: 7.66 (d, 2 Harem, J = 
8 Hz); 7.22 (d, 2 Harem, J = 8 Hz); 5.42 (s, 2H, &C=C-I#; 4.36 
(q, ZH, C&N-C@); 2.38 (s, 3H, CIj3-Ar); 1.40 (d, 6H, 2-, 
J =6Hz). NMR (CDC13) (of trans-3b) 6: 7.74 (d, 2 Harem, 
J = 8 Hz); 7.24 (d, 2 Harem, J = 8 Hz); 5.54 (s, 2H, &C=C-8); 4.66 
(m, 2H, CT&N-Cd); 2.40 (s, 3H, CIj3-Ar); 1.36 (d, 6H, 2C&, 
J = 6 Hz). 
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Trams+)ZMitn~-~-~~ k#~&\&&t.%*‘~-t~-% 
T~I a r&nxi~@ s&n oI 25~ of WISI~QW& ‘$+~lnns-~, in 

300 ml of n-amyl alcohol was added 3Og of sodium in lg portions. 
The portions of sodium were added after the preceding portion 
had completely reacted with the solvent. After the addition the 
solution was cooled and 3OOml of water was added. The layers 
were separated, the acqueous layer was extracted 6 times with 
ether old &k. ww #IS. W&L& w& W KC<, &IZ vie. ‘a~= 
was extracted with 2N HCI. The combined acid extracts were 
evaporated under vacuum and residue obtained (10g) of (*)- 
Irons-3e was crystallized from dry-EtOH-dray ether: m.p. 90-92” 
(hygroscopic’). NMR (CD&Q S: 588 \s,ZH, &C=C-IQ 4.60 \m, 
ZH, C&N-CIj); 1.44 (d, 6H, ZCH,, J = 6 Hz). 

IO tie same way as frans-3b. tie comptm7id cis-3b was 
detosylateb. The amine hytioctitide (cis-3E) obtained, was 
crystallized from EtOH-ether, m.p. 141-143’. NMR (CD,OD) 8: 
5.86 )s, W, H-C=Qj>: 4.4% )p, 2H, QW+XB>; I.48 lb, bH, 
2Cl&, I = 6Hz). 

Tne rompuuntl rrrms-SE TYILS X-&l&J vciim beXfzup t&Y&e 
umber Schonen-Banmann Tea&ion conbXmnS. T& WtiXDy3- 
derivative obtained, tmns3, was crystaIlized from petroleum 
ether, m.p. 68-70’ (Found: C, 77.21; H, 7.39; N, 6.73. CI$IlsNO 
requires: C, 77.58; H, 7.51; N, 6.96%). NMR (CDC&) 8: 7.40 (m, 
5 Harem); 5.60 (m, 2H, H-(X-8); 5.10-4.70 (br, 2H, C&N-C@; 
1.46 (d, 3H, CM,, J = 6 Hz); 0.82 (d, 3H, CH,, J = 6 Hz). 

Cis-N-benzoyl-2,S-dimethyl-A’-pyrroline[ci&J] 
Tae COInWm~ cG& was reac&u! WLti &IZoYl’ cdllfriilk utalkr 

Schotten-Baumann reaction conditions. The ?&enzoyl-deriva- 
tive obtained, cis-Jd, was aa oil, b.p. KL3%.03mmHg. NMR 
(CDCU 6: 7.38 (S> 5 Karoml: 5.70 (s. ZH, H-c=c-81; 5.1a4.20 
(brr.-r~.~~~krL’_H~:‘~~~~~~or,~~,-~~;~. 

By reductiau. with LiA& in dry TEE, of the compound 
Iraans~, was 6tGan& a &, Il?ans-~,‘D:D.~~~mrn~B~~o~nn. 
C, 83.68; H, 9.26; N, 7.31. C&,,N requires: C, 83.37; H, 9.15; N, 
7.48%). NMR (CDCI,) 8: 6.30 (m, 5 Harem); 5.66 (s, 2H, Ij-C=C- 
H); 3.80 (q, 2H, C&-Ar, Jas = 14 Hz)~; 3.80 (m, 2H, CH-N-CM); 
1.04 (d, 6H, 2C&, J = 6 Hz). 

Cis-N-benzyl-2J-dimethyl-A’-pyrroline[cis-3e] 
Bv reduction. with LiAl& in drv THF, of the comoound 

cis-jd, was o&ained a oil, ‘cis-3e; b.p. iW/9mmHg, ‘NMR 
(CD&) 8: 6.20 (m, 5 Harom); 5.48 (s, ZH, &WI-H); 3.80 (s, ZH, 
Cl&W9; 3.64 (m, 2H, Clj-N-CH): 1.02 (d, 6H, 2C9,, J = 6 Hz). 

Trans-[-(-)-2R,SR]-2,5-dimethyl-A3-pyrroline hydrochloride[(-)- 
%I 

The compound trans-k, log, was dissolved in water (20ml), 
coataining sodium hydroxide, 4g. The free amine was extracted 5 
times with ether. To combined etheral extracts was added a soln 
of diaceton-2-keto-L-(-)-gulonic-acid, 2Og, in MeOH (20 ml). The 
resulting salt was filtered off, 27g, and crystallized from MeOH- 
ether, m.p. 170-173”. After three crystalIiitionst, the salt, 
[a]: -65” (c, 1.5% in MeOH), log, was dissolved in water, 20 ml, 
caataiaiag sodium hydroxide, 2g. The free amine was extracted 
with ether, 5 times. The ethereal extracts were washed with 
HCl2N and then evaporated under vacuum. The residue 
obtained, 3g, of (-)-3c, was crystallized from dry EtOH-dry 
ether, m.p. 90-92” (hygroscopic), [a]b- 143” (c, 1% in CHJOH). 

Hydrogenation of compound (-)-3e, 1.2g, was carried out at 

tThe attempted resolution by means of L-(+)-dibe.nzoyltartaric 
acid SW~L 1fi &q&s -A&b ‘MI& w&j zZ= WWX& wj%#iiza- 
tions, we obtained in low yields an amine hydrochloride with 
[a]%+ 143 (c, 1% in CH,OH). 

3.9% ii CHSOH); [Q&J- 15.7 (c, Sk iniN HCI). (Found: C, 53.43’ 
H, 10.56; N, 10.41. C&~NCI requires: C, 53.13; H, 10.40; N, 
10.33%) NMR (CD,OD) 8: 3.80 (m, 2H, CH-N-CH); 2.40-1.60 (br, 
4H, C&-C&); 1.46 (d, 6H, 2CH,, J = 6 Hz). 

[-(-)-2R,SRs]-2,5-dimethylpyrrolidine[(-)-cis,~ns-la] from [(-)- 
21 

Starting from R-(-)-1-methylpenthylamine, (-)-2, 5g, [a]: - 
3.2 ineal; d” = 0.75) \Spo&eb \c@ - 4.3 @eat\ \obSaineed from 
salt with L-(+)-tartaric acid), the 2,5-dimethylpyrrolidine was 
prepared by a known method? The cis,trans-la, 2g, was 
* t.+ IQZ!X&nY&!& I& -.4._5 .@.a$ P =&Q. T& 
picraIa ex&ited mg. X&IW &enzzne) @mm& C., 43.83; H, 
4.88; N,.I6.6%. C ,2 16 4 , H M 0 req\iues. C, 43.91; H, 4.91; M, 
17.07%). 

The ratio 1:) of tie two cis anb Pans ‘isomers was esiuna\& 
by GLC analysis. The same ratio was also estimated by NMR 
spectra (in C&OD) of (-)-cis,trans-lc obtained in this reaction 
in comnarison with (-Warts-lc obtained from c-)-k 16: 1.46 (d, 
6n,~2,,triiIs;~, ~.~~,~,.ILw,,~~‘~~~~~. 

Tne yiiitzh Jipnihy 15 j-j-&, %n~ hi33m Im ?at.p-exeha 
of the cis achiial isomer and because the optical purity of the 
starting product, (-)-2, is not maximum. The highest value of 
specific rotation, in 1N HCI is at 340 mm, [a& - 1.7 (c, 7%). At 
same wavelength, the product (-)-Xc, obtained from (-)-3e, has 
[a]%- 15.7 (c, 5% in HCI 1N). 

Trans - [ - (-) - 2R,5R] - N - [2 - pyridyr - N - oxide] - 2.5 - dimethyl - 
(r- .pylToIlhelS-.lW 

The compound W-k was reacted. with 2-fluoropyridine-N- 
oxide in the usual way,’ Peter ptication an oil was obtained. 
f&O. [oo"@.[nIdk [Ql?f-65 CC, 0.7% h C&O@. The Pkrafe 

eiiildtreh m,o. ‘WILi?- :GSY& :@our&: ?+, +.INS;‘&,*&; H, 
16.27. CI,H,,NIO. reauires: C. 48.69: H. 4.09: N. 16.70%). NMR . .I _  ” . 

(CD&\ 6: 8.10 (m, 1 Harom,‘N-Cti=Y,l 3Q-G (m. 3 iiarom); 
5.70 <s, ZH, @XX& 5.40 @r. 2K.. CH-N-C@; I.10 cd. @I, 
YX&, 5 =Wi&. W jc, ?&%A ‘In ?.Y&*,: ‘h- YGnm ‘i>m 
e = 4.25); &_ 275 (log Q = 3.86); A,.; 335 (log e = 3.54). CD (c, 
0.0142 in CH30H): [B& 20; [@],a 13000; [B]Mo~ 0; [B]z,+ 
31100; [e],, k 0; [e],, - 48500. 

Trans - [ - (-) - ZR,SR] - N - [2 - pyridyl - N - oxide] - 2,5 - 
dimethylpyrolidine[(-) - trans - If] 

The compound (-)-fc, obtained by reducfion of (-)-3c, was 
reacted with 2-fluoropyridme-N-oxide in the usual way.’ After 
purification an oil was obtained. B.p. lloO/O.l mmHg; [Q]E-107 
(c, 1.4% in CHPH). NMR (CDCiI) 8: 8.10 (m, lHarom, N- 
CH=); 7.24-6.60 (m, 3Harom); 4.604.30 (br, 2H, C&N-C&; 
2.40-1.40 (br, 4H, C&-C&); 1.06 (d, 6H, 2C& I = 6 Hz). UV (c, 
0.0133 in CHgOH): r\,, 245nm flog e = 4.32); A,., 277 (log 
e = 3.90); A,, 335 (log E = 3.58). CD (c, 0.0138 in CHaOH): 
I&s-+0? Ie]uo - 13150; I&,r*O; [BI~+2416i?; [8]~+ 28200; 
[e]237 f 0; [eh - 21400. 

(-) - ZR,SRS - N - [2 - pyridyf - N - oxide] - 2,s - di- 
methylpyMidirtel(-) - cis,trans-lt] 

The. compound (-)-cis,trans-la, obtained from R-(-)-l- 
ate& ylpenthylamine (Z), was reacted with Z-Ruarop ycidiae- N- 
oxide in the usual way.’ After purification an oil was obtained. 
B.p. llOO/O.lmmHg; [a]b-11.6’ (c, 1.4% in CH3OH). NMR 
(WC&) 8: 8.10 (m, 1 Harom, N-CH=); 7.24-6.60 (m, 3 Harem); 
4.60-4.30 (br, 2H, CY-N-CM); 2.40-1.40 (br, 4H, C&-C&); 1.35 
(d, 6H, 2CIj, of CIS, J = 6Hz); 1.06 (d, 6H, 2CI& of trans, 
.r = 6H& JW &, A&W in .fX,&Wj: A,.. 245 ,&g c =&‘9,; &,,., 
,275 ,f& z =-?Jss!~ ’ C.IILIX ,377 $I-&* .?=_I@! .SS? .iP ._C&5W & 
0.0624): [e]=eo 0; [e]3sl - i 160; [eh+o; (c, 0.0208): [e],, + 
1700; [eh,+ 4200; [e],k 0; [e], - 1400. 
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with L-(+)-tartaric acid), the 2,6dimethylpiperidine was prepared 
by a known method? The &,tmnAa, 2g, was obtained, b.p. 
128‘7760 mmHg; [a]?- 5.0 (neat, daD = O&i), [Reported’ ]a]$- 
13.8 (neat)]. NMR (CDCI,) 8: 3.20-2.70 (br, 2H, CH-N-CH); 
1.80-1.20 (7H, NH.CH2-CHrCH2); 1.10 (6H 2CHJ of tmns. 
J = 6 Hz); LO8 (6H, 2CHs of c&J-= 6 Hz). The picrate exhibited 
m.n. 151-153” (benzene). (Found: C, 46.01: H. 5.16: N, 16.50. 
C,;HtsN~O, requires: C; 45.61; H, 5.36; N, 16.37%). 

The ratio, 1: 1, of the hvo cis and Pans isomers was estimated 
by GLC analysis. The same ratio was also estimated by NMR 
spectra of product obtained in this reaction in comparison with 
the commercial cis-2,6dimethylpiperidine. The optical purity of 
(-)-cis,transA is low for the presence of the cis achiral isomer 
and because the optical purity of the starting product, (-)-5, is 
not maximum. 

(-)-2R,6RS-N-chloro-2,6-dimethylpipe~dine[(-)~is,~~s~ 
The compound (-)-cis, trans_4r, [a]b- 5.0 (neat), was reacted 

with N-chlorosuccinamide as reported.* After puritication an oil 
was obtained, [a]b- 23.3” (c, 1.7% in dioxane). UV (c, 0.170 in 

dioxane): A, 275 (log l = 2.57). CD (c, 0.860 in dioxane): 
[el, f 0; [el, - 510; [el, * 0. 
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