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Ab&aci-Previously. methods have been devised to furxtionalix the IWO e&cyclic C atoms a to the pipcridir~ 
IG. In the present study we show that a nitrik substituent can be introduced alsa to the exocyclic UC. makir~ the 
centrc either nucleo- or ekctrophilic in suhquent transformations. NMR studks have been used IO gain 
knowkdgc of the mechanistic aspects leading IO the observed rcgiospccificity. llsc generality of the method. along 
with ti ease of operation, high yields and rcgiospccikity. make it highly versatile for synthetic purposes. 

a-Amino nitriles have proven to be extremely versatile 
synthetic reagents: the C atom a to the N can be made 
nucleophilic or clectrophilic at will. providing, in the 
former case, a masked carbonyl anion equivalent2 and, in 
the latter case, an iminium salt through loss of cyanide 
ion.’ The functionality can also be dehydrocyanated to 
the corresponding enamine’ or decyanated reductively to 
the amine (Scheme I). 

The a-amino nitriles derived from piperidinc deriva- 
tives have gained much attention due to their general 
utility in indole alkaloid synthesis. Some time ago Hus- 
son tf 01.~ reported the synthesis of 2cyano-1.2.5,6- 
tetrahydropyridines 2 from the corresponding 1.2,S.b 
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Scheme I. a-Aminonitriks as synthons 

tetrahydropyridines cio the so-called modified Polonov- 
ski (Polonovski-Potier) reaction’)J and applications of 
these 5,bdihydropyridinium salt synthons in alkaloid 
synthesis have appeared frequently*“. On the other 
hand, the 2-cyano-l,2,3,6tetrahydropyridines 1, easily 
accessible from the corresponding pyridinium salts by 
way of sodium borohydride assisted cyanation’4.“, have 
proven to be useful synthons for 2,Sdihydropyridinium 
salts’6. Both these methods provide a convenient 
framework for the synthesis of various substituted 
pip&dine derivatives. The synthons 1 and 2 thus pre- 
pared are. however, synthetic equivalents of endocyclic 
iminium salts and the question of the possible func- 
tionalisation of the exocyclic u-position has thus 
remained open. 

In a recent preliminary communication” we reported 
the synthesis of the exocyclic a-amino nitrile 9a from the 
corresponding a-amino ester 6a cia a method based on 
the application of the modified Polonovski reaction.” 
The method has now been extended to make the whok 
range of both exe- and endocyclic a-amino nitriles 1. 2 
and 3 accessible from the same starting compounds. 
With these three complementary methods presented in 
short form in Scheme 2 it is possible to prepare sekc- 
tively any of the desired iminium salt equivalents in the 
presence of other functionalities. In effect, the exocyclic 
methoxycarbonyl group is used as an activating group 
which can selectively be called upon when needed. 

Scheme 2. T?IC three a-aminonitriks acccrsibk from pyridinium salts 
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The preparation of the starting piperidines 6a to (I is 
presented in Scheme 3. The piperidines 6 were then 
subjected to either of two experimental procedures to 
provide the a-amino nitriles: 

(a) method A in which the aminoester is oxidised with 
H,02 and the isolated N-oxide then subjected to the 
modified Polonovski reaction conditions (tritluoroacetic 
anhydride) followed by cyano trapping’ of the iminium 
salt to give the decarboxymethylated aminonitriks 9. 

(b) method B in which the oxidation is performed in 

sifu using m-chloroperbcnzoic acid (mCPBA) as oxidiz- 
ing reagents and the N-oxide carried through the same 
operations as in method A to furnish the a-amino nitriles 
10. 

Ttie I. o-Aminonitriks 9 and 10 from a-rminocsterr 6 
--. _ 
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Scheme 4 summarises the reaction courses for the two 
complementary methods A and B described above for 
various starting piperidines. Note that the c series (&. 9, 
and IL) represent an example of the “missing link” in 
Scheme 2 giving either 2 or 3. 

The results for these two methods for various starting 
materials are presented in the Tabk I. The yields cited 
are those for purified products+ but for synthetic pur- 
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Scheme 3. Preparation of the aminoesters 6. 
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Wh~e IO the instability of rhe Product a-amino nit&s. losses 

of up 10 40% during purification procedure were comislenrly 
encountered. The crude products were, however. about !+5% Pure 
as judged on TLC. 
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poses the crude products were pure enough to be used in 
subsequent reactions. 

Preparation of exocyclic iminium solf equicolenfs 
Although the mechanism of the modified Polonovski 

reaction has not been studied in detail. it is generally 
accepted that the reaction proceeds analogously to the 
conventional Polonovski reaction“ (acetic anhydride in 
place of trifluoroacetk anhydride). Furthermore, of the 
several possible mechanisms proposed for the Polonov- 
ski reaction’e”, that of Huisgenm proceeding ck the 
acetoxyammonium species 12 followed by base catalysed 
elimination has generally been utilised for the inter- 
pretation of the reaction course (Scheme 5). In this case, 

5’ [ R, ,R’ 
J’J,R 

C+- 
’ .,R’ 

” - LR/ 
N 

R+? 
\R’ -R&=N, , 

R I 

Scheme 5. Mecbanirm of OK moditled Pdonovski reaction 
according 10 the Huisgen mechanismX. 

Scheme 4. a-AminonAriks 9 md IO from a-aminoesters 6. 
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the base induced elimination (E,) should abstract the H cyclohexylidene ester Ih was present in only 5% con- 
whereby the thermodynamically most stable iminium centration. 
species would be generated in accordance with the 
Saytzeff ruk. Gartne? has recently studied the 
mechanism of the Polonovski reaction and observed also 
that the elimination is first order in base concentration. 

o,F”, #=t 

In addition. stronger bases give faster reactions, as 
19 0 ?9b 

noticed for the cases where the bases were chloride and Because the modified Polonovski reaction is assumed 
bromide ions (Cl > Br ). to proceed under essentially equilibrium deprotonation 

Gartner also pointed out that the low nucleophilicicy of conditions. the results of Chevolot (1 al. would seem to 
trifluoroacetate disfavours the formation of the a- be confusing. 
trifluoroacetoxy amine 14 amI the iminium salts 13 have lsolofion of fhc inttntdiofc N-oxide. At the time we 
indeed been amenable to isolation and spectrometric started our work on the subject, the cyan0 trapping 
characterisationn.“. It was also noted” that in the case method had been developed by Husson et 01.~ to a stage 
of dimethyl cyclohexyl amine N-oxide, weakly basic suitable for application lo this problem. It thus became 
nucleophiles, such as Cl-. tend to give the thcr- reasonable to assume that on the modified Polonovski 
modvnamic aroduct ISa while stromzer ones. such as reaction of the aminoester 6a we m&t tran the orooosed 

Similar reasoning was adopted by Chevolot cf al.‘. in 
explaining the rather anomalous formation of exocyclic 
iminium species 18 during trifluoroacctic anhydride 
treatment of the piperidine acetate N-oxide I&. 

18 

In the other two cases studied (R = H and R = Ph). the 
endocyclic iminiums 17r and I7b were formed in con- 
formity with the expected acidities of the climinaled 
protons: 

R\i - CHICOOR’ > R,r;Cy,C = C > R&H,-Ph. 

The observations of Chevolot et al.” were based merely 
on ‘H NMR spectroscopic data and the lack of suitable 
trapping methods at that time excluded the possibility of 
forming derivatives to substantiate the reasoning. It 
must, however, be mentioned that no correction for the 
pronounced stability of the endocyclic double bond over 
the exocyclic double bond was taken into account. In 
fact. I-methylcyclohexene was shown to be 3.1 kcallmol 
more stable than the corresponding exocJclic methy- 
lenecyclohexene”. Moreover, Lindstead*. has studied 
equilibria between a.@- and /?.y-unsaturated carbonyl 
compounds possessing exocyclic (cyclohcxylidene) and 
endocyclic (cyclohexenyl) double bonds and observed 
that the unconjugated. cndocyclic forms prevail 10 
such an extent that. under equilibrium conditions. the 

Aid . favou; kinetic deprotonation I&. exocyclic iminium ion 13a as the cyanide b. ’ ’ 

XXF, 
.’ 
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To our astonishment. however. the only isolable 
product exhibited no signal attributable IO the methoxy- 
carbonyl protons in ‘H NMR spectrum. Moreover, the 
terminal Me signal was a beautiful doublet at d 1.45 
coupling to a one-proton quartet centered at 6 3.63 with 
a coupling constant of 7.3 Hz. Hence, it was evident that 
the methoxycarbonyl group had been cleaved during the 
two-step reaction sequence and replaced by cyanide 
group. 

When the reaction was performed using only deu- 
terium oxide. no D incorporation in the product )r was 
observed, thus excluding the possibility of the formation 
of the malononitrik derivative 20 as an intermediate. 
Therefore. it became necessary 10 fully character& the 
N-oxide produced by H202-oxidation (tide inlra). 

II. Preporafion of endocyclic iminium equicalenrs-fhe 
ofher N-oxide 

Modifying the oxidation method of the aminoester (r 
to an in sifu mCPBA oxidation drastically changed the 
reaction course. In this case. the product isolated did 
contain the mcthoxycarbonyl group intact. as judged by 
‘H NMR. Furthermore. the signal attributable to the 
terminal Me group was a doublet centered at 6 1.34. The 
introduction of the cyano group (IR: 2220 cm ’ w) must 
therefore have occurred endocyclically. which was in- 
deed corroborated by the observation that the symmetry 
of the signals of the ring protons in ‘H NMR had been 



destroyed. Further confirmation of this conclusion was 
obtained from “C NMR data” which clearly showed 
signals attributable to the proposed structure 1Oa In 
addition, the two diastereomers could be distinguished in 
the “C NMR spectrum. exhibiting the cis and frans 
forms IL and IQ’ in a ratio approx. I : I. 

The course of the reaction was similar in all cases 6a 
to 6e. and the pipecolate ester 61 gave the malononitrile 
101 in a similar experiment. These results were therefore 
in complete agreement with the above discussion of the 
mechanism for the modified Polonovski reaction giving 
the thermodynamically more stable (endocyclic) iminium 
ion. Steric considerations must be taken into con- 
sideration in the case of 6d where deprotonation gave the 
kinetic product (Fide supra) IOd. 

However. the method of oxidation must have a pro- 
found effect on the course’of the reaction and therefore 
also on the reaction intermediates. We assumed that a 
careful study of the oxidation products (the two N- 
oxides) would shed light on the problem and indeed the 
oxidation products from the hydrogen peroxide and 
mCPBA oxidation did differ from each other. as deduced 
from TLC and spectroscopic data. 

III. The IWO N-oxides compared-mrchonistic im- 
plicafions 

On thin layer chromatography (alumina, IO% MeOH in 
CHCI,) the product from HIOroxidation had R, - 0.27 
while the product from mCPBA oxidation had R, = 
0.61. Also. on DragcndorfI-Munier reaget?“. the colours 
developed were distinguishably different. the former 
being rather brownish while the latter was clearly red. 

On ‘H NMR the N-oxides differed only in that the 
H202-oxidation product seemed to exhibit no signal 
attributable to a methyl ester. “C NMR data finally gave 
the most conclusive evidence for the structures of the 
N-oxides. The C resonances for N-mcthylpiperidine N- 
oxide 22 have been recorded” and could be used to 
predict the resonances in our case. 

22 

The products 2Ia and 2lb from H202 and mCPBA 
mediated oxidations. respectively, both exhibited 
“C NMR spectra in which the symmetry had been des- 
troyed and a total of 8 and 9 resonance peaks could be 
distinguished. Moreover, the H20roxidation product 21s 
was quantitatively converted to material identical to 21b 
(TLC. ‘H NMR and “C N.MR) on treatment with 
diazomethane. Hydrolysis of the ester moiety during 
Hz02 oxidation must therefore be a concomitant reac- 
tion and is probably faster than N-oxidation. since no 
2Ih was noted on TLC-monitoring of the reacti0n.t 

‘The intermcdute Zlb was. in fact. posrulated’.” as an inlcr- 
mediate in he H& oxtdabon. too. bum ha1 notion must DOW IK 
considered premature. 

From the dissymmetry of the “C NMR spectra. one 
can deduce that the rotation around the exocyclic N-C 
bond is restricted. The molecule must thus exist in one 
preferred conformation. It has been shown”.” that the 0 
tends to occupy Ihe axial position in N-oxides. Of the 
possible conformations A to F (Fig. I) one can exclude 
the eclipsed ones (D, E and F’l on energetic grounds. 
Three staggered conformations A, B and C. therefore 
remain to be considered. In conformations A and B. 
there is one gauche interaction between the methyl group 
and the equatorial C-2 hydrogen, whereas. in confor- 
mation C. the Me group is involved in two gauche 
interactions with the axial C-2 and C-6 hydrogens. 
Therefore one should expect the conformation C to 
exhibit a symmetrical shielding effect at C-2 and C-6 of 
about 5.5 ppm caused by the Me group, whereas in 
conformations A and B the shielding due to the Me 
should be non-symmetric, equaling co 6.2ppm for the 
C-2 and leaving the C-6 unshielded. The Me group itself 
would experience a shielding effect of CO 2 ppm in con- 
formations A and B and co 7 ppm in conformation C. 
Thus, the conformation C can be ruled out of con- 
sideration. Of the remaining two conformations, A and 
B. one would expect the conformation A to predominate 
on the following grounds: in the free acid N-oxide 21r it 
is reasonabk to assume the carboxyl group to be H- 
bonded to the N-oxide oxygen (‘H NMR: resonance at 6 
I I. I). Estetification of the acid leaves the resonances of 
the ring carbons practically unchanged and thus the 
molecule 21b is expected to adopt the same confor- 
mation as the acid 210. In conformation B. where the 
carboxyl group is antiperiplanar with the oxygen. such 
H-bonding is impossibk. 

The concise explanation for the two observed reaction 
pathways can thus be summarized (Scheme 6). 

In H20z oxidation, the ester function is hydrolysed 
simultaneously to generate the a amino acid N-oxide 2lr 
whose treatment with trifluoroacetic anhydride generates 
the exocyclic iminium species 23a in accordance with the 
Huisgen mechanism for the Polonovski reaction. Treat- 
ment of the a-amino acid ester N-oxide 2lb. generated 
by means of mCPBA-mediated oxidation of 6a. with 
trifluoroacetic anhydride leads to an unexceptional 
modified Polonovski reaction generating the ther- 
modynamically favoured endocyclic iminium species 
2% 

Fig. I. 

21 b 
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Scheme 6. Mechanisms for the Iwo pathways 

&se IWO complementary routes thus provide a highly 
efficient methodology IO be used in selective fuw 
tionalisation of the C atoms a IO the pip&dine N. 

-AL 

IR spectra were recorded on a Perkin-Elmer 700 Spectropho 
tomter using KBr for solid samples md Ii@ film between 
NaCI crystals for liquids. IR absorption brnds are expressed in 
rcciprccal centimeltrs (cm-‘) usiql pdystryrerk calibration. 
BarvJs yielding structural inform&n are &mted. ‘H and 
“CNMR spectra were recorded in CDCh UMS as internal 
standard d ; 0) on a led JNM-FX 60 spec.IromeIcr working at 
59.80MHz (‘H NM(R) and 15.04 MHz (“C NMR). Chemical shift 
&la are f&n in ppm downfield from TMS where s. d. dd. I. q 
and m designate singlet. doubkl. dot&I of doubkts. irip&t. 

qwet and multipkt. respectively. Coupling constants J are 
given in Hz.. Mass spectrometry was performed on a Jeol JMSD 
loo. 

For column chromatography. Silica Woelm TSC (act. Ilf) or 
Alumina Woelm TSC (act. IIn was used. TLC plates were coated 
with either Silica gel 60 PFIu. ti 01 Aluminium oxide PF2w.w. 
both from Merck. DragendorIT-Munitr reagent” was used IO 
locale reaction componenls. 

I_(l-Merhoxycorbonyl efhjj-?-mefhyl p);ridinium bromide 
51. According IO an established procedure. 5a was prepared 
from methyl 2-bromopropionate and 2-picoline. yield 89%. IR: 
1740 cm ’ (I) (COOMe). 

I-(1-Mrrhoxyrorbonyl rrhyl~3.mrthyl pyridmium Dromidr 

Sb. Methyl 2-bromopropionate was reacted with 3eIhyl pyridine 
IO give 5b as highly hygroscopic solid. yield 98%. IR: 1745 cm .’ 
(I) (CooMe). 

Preparofion of I_(l-mahoxycorbonylolkyl) piprridincs (60- 
c). These (6~) were prepared by reacting the methyl 2-bromo- 
alhanoak with excess piperidinc in dry Et@ under Nr for 46 hr 
at r.!. The mixture was then basihed IO pH 9 by the addition of 
10% Na.COP. ExtractIon with CHSI:. washing of the combined 
e~lracIs with waler. drying and evaporation gave the crude 

products, which were purified by flash column chromatographyY 
over silica usi~ 2% MeOH in CH$&. 

I<l-h4cIhoxycorbonyl ethyl) piperidint 6a From methyl 2- 
bromopropionatc (33.4~. 20 mmol) and piperidine (17.0 R. 
IOOmmol) in 5Oml dry El_@. yield 89%. oil: fR. 174Ocm ’ (;) 
(COOMe). ‘H NMR (CD& 60 MHz) d I.27 (d. 7.1 Hz, 3H). 
1.2-1.6 (m. 6H). 2.35-2.6~3 (m. 4H). 3.26 (q. 7.1 Hr. IH). 3.69 (I. 
3H). “CNMR (CDCI,) d 14.1s (s). 23.96 (I). 25.78 (I. 2C). 50.06 
(I. 20. 50.45 (a). 62 S9 ld). 172.84 (I) MS m!r (rcl. int 1. 171 (M’. 
5%). I I2 (I&). 

I.( I-Merhoxyrorbonyl propvl prprndine (b From methyl 2- 
bromobutanoate (M.?g. 20mmol) and pip&dine (17.01. 
IOOmrnol) in 5Oml dry Eta. yield 87%. oil. IR: 174Ocm” (I) 
(COOMe). ‘H NMR (CDCI,. 60MHz) d 0.90 (I. 7 Hz. 3H). 1.1% 
2.00 (m. EH). 2.35-2.60 (m. 4H). 3.05 (q. 7 Hr., IH). 3.70 (s. 3H). 
“C NMR (CDClr) d IO.71 (q). 22.47 (I). 24S4 (I), 26.36 (I. 2C). 
50.71 (I. 2C). 5073 (qL70.00 (d). 172.78 (s). MS m/r (rd. int.) 185 
(M’, 5%). I% (4%). 126 (lOO%). 

I(l-Methoxycorbonyi benzyl) piperidine (c. From methyl 2- 
bromophenylacetate (Il.5g. 5Ommd) and pip&dine (17.Og. 

100mmol) in 5Oml dry EI~, yield 785& oil. IR: 174Ocm-’ (I) 
(COOMe). ‘H NMR (CD& 6OMHz) d 1.2-1.6 (m. 6H). 2.35- 
2.60 (m. 4H). 3.65 (s. 3H) 3.99 (s. IH). 7.33 (br s. 5H) “CNMB 
(CDCI,) d 24.02 (IX 25.45 (I. 2C). 51.36 (6. 51.94 (I. 2074.48 (d). 
In.72 (d). 127.98 (d. 2C). 128.37 (d. 2CLi35.84(s), 171.80(s). MS 
m/r (rd. int.): 233 (MY. 4%). 174 (95%). 91 (lo%). 

I-(1-MeIhoxycorbonyf erhyl~bmahyl pi&& ((. 5a (3.308, 
12.7 mmol) was dissdved in 20 ml MeOH and hydrofcnated at 
r.1. over PQ (150 mo) u&r atmorpberic pressure for 6 hr. The 
catalyst was llhered off and MeOH evaporated in CPCUO. The 

yellow solid residue of 6dHBr was dissolved in 8% NaHCOP. 
pH adjusted IO IO amf the aqueous layer extracted several times 
with CH.CI:. The combined txtracis were dried (Na:SO,) and 
evaporated to give crude 6d which was purifted column chroma- 
IoOraphkall~ (Silica. 5% MeOHCHCI,) IO give pure (d 2.01 g 
(85%) as a pak yetiow oil. IR: 174Ocm” (I) (COOMe). ‘H NMR 
(CDCI,. U-MHz) 6 I.05 (d. 7Hz. 3H). l.ii id. 7Hx,‘3H). l.25- 
I.85 (m. 6H). 2.35-2.80 (m. 3H). 3.70 (I. 3H). 3.78 (q, 7 Ht. IH). 
“C NMR (CDCI,) d 8.44 (3. 17.53 (q). 23.05 (I). 25.39 (I), 33.89 
(I). 46.36 (I). 50.65 (3.52.33 (d), 56.88 (d). 173.36 (I). MS m/r (rd. 
inl.): I85 (M’. 4%). I70 (10%). 126 (IooLjc). 

I_(l-Merhoxyca~nylahylt3-dhyl-1.2.~,~I~rohyd~py~~t 
6e. NaBH, (264g. 69.5 mrnol) was added portionwise over a 
30 min period IO a stirred soln of 5b (13.50 g. 49.2 mmol) in 30 ml 
MeOH kept at 0”. Stirring was continued for another I hr at 0’ 
and 40 min at r.I. After dilution with water (I20 ml), the soln was 
exlracled with CHrClr (5 x 40 ml). The combined extracts were 
washed with water. dried (Na:SOI) and evapontrd IO give 8.26 8 

pak yellow oil. Chromafography over silica (5% MeOH-CHCII 
as eluant) gave 7.859 (61%) pure (t as faintly yellow oil. IR: 
l74Ocm (I) (COOMe). ‘H NMR (CJKI,. 60 MHz) 6 0.99 (I. 
7 Hz. 3H). 1.32 (d. 7 Hr. 3H). I.94 (q. 7 Hz. 2H). 2.12 (br I. 2H). 
2.63 (m. 2fJ{. 3.03 (br s. 2H). 3.40 (q. 7 Hz. IH). 3.67 (s. 3H). 5.39 
(br s. IH). C NMR (CDCI,) d I I.17 (9). 13.89 (q). 25.4s (I), 26.88 
(I). 45.32 (I). 5000 (q). 50.78 (I). 61.03 (d). 116.62 (d). 136.87 (I). 
172.20 (I). MS m/r (rd. inl.): IQ] (hi’. 2?%). 182 UE6). I68 (14%). 
I38 (Ioak 

I-Mlfh~i.2.mrfhoxrro~n~lpyridinium iodide 8. 7” (6.400, 
46.7 mmol) and Mel (8.0~. 56.5 mmoll were retluxcd in 25 ml drv 
Elfi under N: for 25 hr during which time the ether was alloki 
IO evaporate and Mel (4.0 8, 28.3 mmd) was added. The solid 
was crushed under dry ether. fihcred and washed several limes lo 
give IO.7 8 (82%) salt 8 with m.p. 9c%“. IR: I740 (I) (COOMe). 

I-Methyl-2-m~hoxycarhonylpiperidine 61. 8 (2.86g. IOmmd) 
was dissolved in I5 ml MeOH and hydrwnated over PI& at r.1. 
and under atmospheric pressure for I2hr. Usual worh-up and 
column chromatographk punfication (slhca. 5% MeOH-CHCI,) 
gave 1.50~ I9CC;rl U as a pale yellow oil IR: l74Ocm ’ (I) 
(CoOMe) ‘H tiMR (CDCI,. 60 MHz) 6 1.23-2.00 (m. 6H). 2.23 (s. 
3H). 2.6&3.08 (m. 3H). 3.6S-3.80 (m. IH). 3.74 (I. 3H). “C NMR 
(CDClr) d 22.66 (I). ?5.00 0). 29.4-R (I). u.09 (3. 51.49 (q). 54.74 
(I). 67.53 (d). 173.68 (I). MS m/z (rd. int.): I57 (M’. 3%). 98 
(loox). 

Pftporarion of exocyclic aminonifrilrs )tf 
The desired compounds (M) were prepared accordmg IO Ihc 

follow& procedure, which is typically cxcmplifkd by lhe pre- 
paration of 9e outlined below. 
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m Hr0r (3.5 ml. excess) was added; the homogeneous mixture 
was stirred at 60 for 13hr. 2C@mg PdlC (107E) was added and 
stirting continued ror 2 hr. After the usual work-up. 860 mg (MI 
acid N-oxide 2lr wax obtained as a hi& hygroscopic white 
solid, IR: 95Ocm-’ (m) (N -0). ‘H NMR(CDClr,60 MHz) 8 1.66 
(d. 7 Hz. 3HJ. 1.5&2.35 (m. 6H1. 3.m3.95 (m. 4H). 4.20 (a. 7 Hz, 
iH). I I.6 (br s). “C NMR (CD&) 8 I l.sS(p), l9:80 (1). 20.26 (I). 
20.58 (I). 59.61 (I). 63.76 (I). 71.74 (d). 173.24 (I). 

I-(1-M&oxycarbonylcfhyl) piptriddne N-oxide 2Ib 
(a) From cr. To a co&d &red soln of 6a (856 mg. 5 mmol) 

in IOml drv CH,Cl? under Nz, mCPBA (1.06~. l.lep) in IOml 
CHKIl WA slowly added. The resulting soln was stirred for 3 hr 
during which time the starting material had compktcly disap 
peared. The soln was then passed through a sbori column of 
alumina (35 g) using m MeOH: CHCI, as eluant. Evaporation 
of fractions containing only lhe desired product gave 7lOmg 
(7694) 2lb az. a pale yellow oil which could not be induced to 
crystallix. IR: I740 cm-’ (s) (COOMe). 970 (m) (N-0). ‘H NMR 
(CDcIr. 6OMHt) 6 1.64 (d. 7Hz. 3H). I.&l.90 (m. 4H). 2.M 
2.60 (m. 2H). 2.95-350 (m. 4H). 3.80 (s. 3H). 4.15 (q. 7 Hz. IH). 
6.22 (br I). “C NMR (CLXI,) 6 12.08 (s). 19.87 (1). 20.13 (I). 21.43 
(1). 52.59 (9). 58.18 (I). 61.94 (I), 74.28 (d). 169.60 (s). 

(b) From 2la. Acid N-oxide 21a (100mgl WBS dissolved in 
3 ml CH.CI? and ethereal diaxomcthane sdn was added until the 
liquid remained faintly yellow. Purification of the product was 
effected as in method (a) and I06 mg (97%) pale yellow oil was 
obtaimzd identical (TLC. IR. ‘H NMR. “C NMR) with 21b. 

‘Novel applications of the modi&d Pdonovski Reaction-Ill. 
For part II. see M. Lounasmaa and A. Koskinen. Hdtrocycles 
19. 2115 (1982). 

“G. Stork, A. A. Gzorio and A. Y. W. Leon& Terrahedron 
Letters 5175 (1978). 
‘G. Stork, R. M. Jacobson and R. Levitz. Ibid 771 (1979). 

‘For a recent review on the application of iminium sal~r in 
Momimetic imiok alkabid synthesis. cl H.-P. Husson. Jndole 
ond Bi~nrticollv R&fed Aikoloidr (Edited by J. D. Phillipson 
and M. H. Zenk),~Chap. 10. Academic Press, London (1980). 

?I. Ablbrecht. N. Raab and C. Vonderheid. Svnfhcsix I27 
(1979). 

‘S-I. Yamada. K. Tomioka and K. Koga. Tetrahedron Lct~rrs 66 
(1976). 

“D. S. Grierson. M. Harris and H.-P. Husson. J. Am. Chem. Sot. 
lo22.1064 (1980). 

‘A. Ahond. A. Cavt. C. Kan-Fan. H.-P. Hurson and P. Potir. 
Ibid W. X.22 (1968). 

9. P&m. Rex. Lurinoomer. @im. 9.47 (1978). 
b. Harris, D. S. Grierson. C. Riche and H.-P. Hwson. Trtrahe- 

dron Ltffm I%7 (1980). 
‘%4. Harris. R. Bcss&vre. D. S. Grkrson and H.-P. Husson. 

Ibid 22. 331 (1981). 
“A. Henriquer and H.-P. Husson. Ibid 22. 567 (1981). 
“M.Harris.D.S.GriersonandH.-P.Hurson./bid22.I5I1(1%1). 
“M. Benin. 1. R. Romero. D. S. Grierson and H.-P. Husson. Ibid 

2.3. 3369 (i98z). 
“E. M. Fry. 1. 0~. Chn. 28. 1869 (1963) 
“E. M. Frv. Ibid 29. 1647 (1964). 
‘“M. Felix.Oj. Bosch, D. Mauk& M. Amat and A. Domingo. Ibid 
47. 2435 (1982). 

“M. Lounasmaa and A. Koskinen. Ttfrahcdron Ltrfers 23. 349 
(1982). 

“M. Polonovrki and M. Pdonovski. Bull. Sot Chim. Fr. II90 

(1927). 
‘*E. Wcnkert. Exptrimrio I@. 346 (1954). 
1. Huisgen. F. Bayerkin and W. Heidkamp. Chn. Ber. 92. 

3223 (1959). 
“S. 0ae. T. Kitao and Y. Kitaoka. 1. Am. Chem. Sot. 84. 3366 

(I%?). 
UH. Gtiner. Acyliertc Aminoxide. Eine Untersuchun8 rum 

Mechanismus der Pdonocshi-Rtohtion. Diss. Univ. KSU~SN~C 
(1981). 

“R. Michelot. Bull. Sot. Chim. Fr. 4377 (1969). 
“L. Chevolot. A. Hmson. C. Kan-Fan. H.-P. Husson and P. 

P&r. Ibid 1222 (1976). 
“w. A. Roth and K. von Auwers. Liebigs Ann. U7. I45 (1915). 
“R. P. tinstead. J. Chem. Sot. 2579 (1927). 
rG. A. R. Kon. R. P. Limtead and G. W. G. Macknnan. 1. 

Chn. Sot. 2454 (1932). 
mFor stabilities of ndo vs. aocyclic double Bonds, see 

a) H. C. Brown, 1. H. Brewster and H. Shechtcr. J. Am. Chn. 
Sot. 76.467 ( 1954). 
b) R. B. Turner and R. H. Garner. Ibid W. 1424 (1958). 

“A. Koskimn and M. Lounasmaa. Heftrocycles. in press. 
Results presenkd at Vlth Narionol NMR Symposium, 9-10 
Sept. 1982. Jyvhkyl6. Finland. 

‘OR.~Munitr. RuJl. S&z. Chim. Bid. U. 1225 (1953). 
“M. 1. Cook. A. R. Katritzkv. M. M. Manas. 1. Chn Sot. (RI. 

1330 (1971). 
“Y. Shvo and E. D. Kaufmann. J. 0~. Chn. Y. 2148 (1981). 
“E. Wenkcrt. K. G. Dave and F. Hanlid. 1. Am. Chern. Sot. 81. 

WI (19651.. 
w. C. Stitl. M. Kahn and A. Mitra. J. 0~. Chtm. 43. 2923 

(1978). 
“R. Levine and J. K. Sneed. 1. Am. Chem. Sot. 73. 56616 (1951). 


