
the optical densities at % 613 nm in H2SO~--DMSO solutions and at % 629nm inH2SO4--AcOH solutions. 
The initial concentration of I was i~ -s M. 

The electronic absorption spectra were recorded with a Specord UV-vis spectrophotometer. 
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SYNTHESIS AND PROPERTIES OF 1,2,2,6,6-PENTAMETHYL-3,5-DIMETHYLENE-4-PIPERIDONE 

A. M. Belostotskii and A. B. Shapiro UDC 547.823:542.953.2:541.634:543.422.25'4 

1,2,2,6,6-Pentamethyl-3,5-dimethylene-4-piperidone was synthesized, whereas analogous 
compounds in the 4-piperidone series could not be isolated. An unusual reaction of 
the compound obtained with primary aliphatic amines, consisting of successive addi- 
tion of the amine at the C=Cbonds, with a possible formation of an intermediate bi- 
cyclic adduct and further elimination of methylamine, was detected. 

The reaction of 4-piperidones with formaldehyde has been described in cases of 1,2,5- 
trimethyl-4-piperidone (I) (the 3-hydroxymethyl derivative was produced) [i], 2,2,6,6-tetra- 
methyl-4-piperidone and its N-oxide (a product of diene synthesis is immediately formed from 
the unstable bis-adduct by crotonic condensation) [2, 3]. 

We studied the interaction of 4-piperidoneswith formaldehyde under conditions of strong- 
ly alkaline catalysis (i N NaOH solution) on the examples of l-methyl-4-piperidone (II), tro- 
pinone (III), and 1,2,2,6,6-pentamethyl-4-piperidone (IV). It was found that only the piper- 
idone IV gives a stable crotonic condensation product V. The corresponding product of diene 
synthesis VI is formed at an appreciable rate from the unsaturated ketone V only at tempera- 
tures above II0-120~ 

~/N j 

, \ 
IV V V l  

The piperidones I-III form polymer reaction products; the condensation of the ketones 
I and II is accompanied by reduction of the carbonyl group to a hydroxyl by excess formalde- 
hyde (the absence of the carbonyl absorption bands in the region of 1660-1740 cm -~ in the IR 
spectra of the reaction products; the absorption bands of C=Cbonds in the region of 1620- 

Scientific-Research Institute of Pharmacology, Academy of Medical Sciences of the USSR, 
Moscow 125315. Institute of Chemical Physics, Academy of Sciences of the USSR, Moscow 117977. 
Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 7, pp. 937-942, July, 1984. Orig- 
inal article submitted July 6, 1983, 

0009-3122/84/2007- 0761508.50 �9 1985 Plenum Publishing Corporation 761 



1680 cm -I are also absent). The bicyclic piperidone III is converted to a polymer containing 
C=Ogroups (intense bands 1690 cm -1 in the IR spectrum) and not possessing C=Cbonds (accord- 
ing to the IR spectrum). 

The stability of the dimethylene ketone V under conditions of condensation is evidently 
a consequence of the greatest shielding of the reaction site in the 2,2,6,6-tetrasubstituted 
system in the series of 4-piperidone derivatives under discussion. The relative inertness of 
compound V in the Diels--Alder reaction is evidently explained by a further increase in the 
shielding influence of the e-methyl groups as a result of their steric interaction with the 
voluminous N-methyl group in comparison with the nitroxyl group [the pressor effect of the 
N-methyl group hinders the mutual approach of the e-methyl groups of the diene and the carbon- 
yl (activating) group of the dienophile in the formation of the intermediate complex]. 

The positions of the carbonyl absorption bands in the IR and UV spectra (Table i) are 
evidence of the presence of conjugation of the C----C and C=Obonds in compound V, which is con- 
firmed by the bathochromic shift of the band of the ~-~* transition in the UV spectrum with 
increasing polarity of the solvent. On the basis of this, a partially planar structure A can 
be ascribed to the piperidone V (all the carbon atoms of the ring lie in the same or almost 
the same plane). In the structure of A, in addition to the stabilization of its conjugation, 
there is no repulsion of the olefinic protons and the protons of the e-methyl groups (which 
increases on account of the pressor effect of the N-methyl group) in comparison with the alter- 
native chair structure B. And yet, structure A should possess supplementary stress as a result 
of the deviation from a stable conformation of olefins with a shielded double bond. 

Me N Me Me Me ~ .  ~ t : , ~ ! u ~ ; x ~ . ~ .  " Me.~//N" ~/2~ Me 
- Y-. /7 

Me Me Me N Me Me "]i Me 
0 

A B 

The presence of one singlet of the protons of the e-methyl groups in the PMR spectrum of 
the piperidone V is an indication of inversion of the nonplanar portion of the ring. The ole- 
finic protons are nonequivalent in pairs regardless of the degree of degeneracy of the inver- 
sion of the flat part of the ring. Reduction of the ketone V by sodium borohydride under mild 
conditions leads to an entirely saturated product -- 1,2,2,3,5,6,6-heptamethyl-4-piperidol (VII) 
(the absorption of the C----O and C=Cbonds is absent in the IR spectrum); moreover, two isomers 
in a 3:2 ratio are detected by the method of gas--liquid chromatography. Anomalous reduction 
by sodium borohydride, usually inert with respect to C----Cbonds (including the case of unsatu- 
rated ketones [4]), indicates a strong activation of the C--Cbonds in compound V, which confirms 
the stress of structure A. 

The dimethy!ene ketone V quantitatively adds secondary amines that have no e-branching. 
Thus, diisopropylamine and 2,6-dimethylpiperidine do not interact with the ketone V, while the 
amines VIIIa-c react very rapidly (disappearance of the signals of the olefinic protons in 
the PMR spectrum and the absorption bands of the C=Cbonds in the IR spectrum of the adducts). 

\,/ /~R 
%" + HR --~ --N ~,--O 

\ i 

IXa-C 

IXa: R = aziridino, b: R = morpholino, c: R = piperidino 

The reactionwith primary aliphatic amines proceeds differently. Although the unsaturated 
ketone V immediately adds ethylamine Xa analogously to secondary amines, the interaction with 
sterically hindered amines Xb and c occurs at a i:i mole ratio of the reagents and represents 
a process of successive addition of the initial amine and elimination of methylamine from the 
original piperidine ring with the formation of new 4-piperidones XIb, c and the accompanying 
l-methylpiperidone XIe, the yield of which is 27 and 33%, respectively (the degree of purity 
of the latter is 90-95% according to the data of gas--liquid chromatography). The formation 
of the piperidone XIe is the result of an analogous reaction of addition-elimination with 
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TABLE 2. Data of the PMR Spectra of Compounds 
XIb-e 

C o m -  
pound 

6 ,  p p m  ( l i n e  w i d t h ,  Hz) 

N-CHz offing I ,CH~)~a (CH~)2 

I 
XIb 3,42 ] 1,97 (4,2) 1,66 (2,4) 
X Ic 3,48 ] 2,00 a 1,69 a 
XId 3,25 1,97d (4,2) 1,67 (2,8) 
XIe 3,31 2,02 (4,6) 1,68 (2,8) 

aThe signal overlaps with the signals of the 
other protons. 

methylamine gradually liberated in the course of the primary process. Since methylamine is 
significantly smaller than the voluminous amines Xb and c, and the reaction does not proceed 
in the direction of simple addition of methylamine to the C=C bonds (just as in the case of 
the immediately added amine Xa), it can be concluded that for ~-unsubstituted primary amines 
a kinetic control of the reaction is exerted. Thus, the slow addition of n-butylamine Xd and 
dimethylene ketone V to a large volume of the solvent gives only products of elimination of 
methylamine XId and XIe (th e latter with a 44% yield), whereas when the reagents are poured 
together, the PMR and IR spectra of the reaction mixture exhibits only a small amount of the 
piperidone XId together with a predominant amount of another compound, evidently the product 
of addition of two moles of Xd to the C=Cbonds of the ketone V (absence of signals of the 
olefinic protons in the PMR spectrum; in the IR spectrum the carbonyl absorption band of this 
product lies at 1710 cm-~). 

/M R--N/~ 

' . ~ [ - x t b - d  ' 

/ /---NHR I V , Me--N ~ O  

- - N  - -O  
r 

N H R  Xl " 

Xla: R = Et, b: R = t-Bu, c: R = l-adamantyl, d: R = Bu 

The reaction pathway under consideration (addition-elimination) is a consequence of the 
steric Peculiarities of the 1,2,2,6,6-pentasubstituted system of the piperidine ring. The 
intermediate reaction product is symmetrical with respect to elimination of each amine. And 
yet, the stress that is evidently present in the intermediate product of the reaction and de- 
pends on the volume of the substituent R is increased on account of the pressor effect of the 
N-methyl group. The latter, which also has the reverse effect on the N-methyl group, promotes 
elimination of methylamine but not of the original amine, the radical R of which does not ex- 
perience steric pressure on the part of the ~-substituents of the ring (hydrogen atoms). 

On the basis of the data of the IR and UV spectra, a flattened structure analogous to 
structure A can be ascribed to the piperidones XIb-e as a result of the presence of conjuga- 
tion. The PMR spectra of compounds XIb-ealso confirm the three-dimensional structure of type 
A (Table 2). The signal of the protons H* of the two methyl substituents close to the C=O 
group lies on the weak-field side in comparison with the signal of the other two methyl 
groups on account of unshielding of the H* protons by the carbonyl. The H* protons are in 
homoallyl interaction with the N-CH~ ring protons, which is evident from the substantial 
broadening of the signal of this pair of methyl groups in comparison with the stronger-field 
signal of the other pair (analogously to [5]). In the case of the compound XId, the weak- 
field signal of the pair of methyl groups is a doublet with homoallyl SSCC 1.4 Hz (whereas 
the second pair gives a narrow signal) , which is close to the largest value ofhomoallyl SSCC [5]. 
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The value of the homoallyl SSCC is a maximum in the case of a perpendicular arrangement of 
the C--H bonds and the plane of the double bond, which evidently occurs for the N-CH axial pro- 
tons of the type A structure and is not realized in the type B structure, 

The PMR spectra of compounds IXa-c exhibit the presence of two isomers (Table 3). The 
PMR spectra of each isomer of 1,2,2,6,6-pentamethyl-3,5-disubstituted 4-piperidones IXa-c are 
characterized by the presence of two singlet signals of the e-methyl groups, which appear as 
a result of inversion transitions between nonequivalent pairs of axial-equatorial positions 
of the type eza ~ aze (where the subscript Z indicates a skewed conformation of the methyl 
group relative to the substituent Z, while the absence of a substrate correspondingly indicates 
a transoid configuration). In view of this, the approximate ratio of cis- and trans-isomers 
can be estimated according to the integral intensities of the singlets of the u-methyl groups. 

Me I . Me ~/e Z - ;  Me M e M  Me 
".,~L//~,; 

" / ] ~ /  I \ z  / I ~ ' /  I "z' 
Z Z Me Me Me Me 

Me M e ,9 

The increase in the fraction of one of the isomers with increasing size of the substitu- 
ent permits us to assume that the predominant isomer is the 3,5-cis-isomer, while the other, 
correspondingly, is the 3,5-trans-isomer, since the conformational possibility that the sub- 
stituent Z will be found in a diequatorial position exists for the cis-isomer, whereas one of 
the substituents Z always has an axial orientation for the trans-isomer (actually, in the case 
of inversion of the ring the trans-isomer is converted to itself). 

EXPERIMENTAL 

The UV spectra were recorded on a Perkin-Elmer 402 spectrophotometer (in heptane). The 
IR spectra were recorded on a Perkin-Elmer 580B spectrophotometer (in tetrachloroethylene); 
the PMR spectra were recorded on a Varian T-60 spectrometer (in CDCI3; internal standard HMDS). 
The mass spectra were obtained on a Varian MAT-II2 chromato-mass spectrometer (direct input, 
ionizing voltage 70 eV, temperature of the ionization chamber I00-180~ Gas-liquid chroma- 
tography was conducted on a Tsvet-100 chromatograph (phase SE-30, programming of the temper- 
ature 12 deg/min in the interval I00-300~ For column chromatography we used an R~PPS-M 
intermediate recorder (Central Design Office of the Academy of Medical Sciences of the USSR) 
with UV indication at 260 nm in a Pharmacia SR 25/45 column (column I) and a Pharmacia SR 25/ 
i00 column (column 2). 

1,2,2,6,6-Pentamethyl-3,5-dimethylene-4-piperidone (V). A mixture of 63 g (0.37 mole) of 
the ketone IV, 120 ml of a 38% solution of formaldehyde, and a solution of 24 g NaOH in 400 
ml of water was shaken for 3 h, extracted with hexane (2 x i00 ml), dried CaCI2, evaporated, 
and redistilled, collecting the fraction With bp 76~ (0.02 mm). We obtained 60 g of the ke- 
tone V. PMR spectrum (CC14): 5.90 (2H, d, J = 1.7 Hz); 5.23 (2H, d, J = 1.7 Hz); 2.33 (3H, 
s); 1.27 ppm (12H, s). 

4,5•-Dimethy•ene-•,•,2,3,3,••,2•,2•,6•,6•-decamethy•-•,2,3,4,7,8-hexahydr•-6H-pyran•[3, 
2-c]pyridine-spiro[6,3']-4'-piperidone; N,N'-dimethylformone (VI). We boiled 1.93 g (0.01 
mole) of the ketone V in 3 ml of xylene for 3 h, evaporated, added 20 ml sf a 1 N AcOH solu- 
tion, and chromatographed on an Amberlite IRG-50 cation exchange resin (H form; column 2). 
It was eluted with a 0-i N AcOH concentration gradient; the fractions corresponding to the 
absorption peak were combined, concentrated, a NaOH solution was added to pH I0, and the mix- 
ture was extracted with hexane (3 • 30 ml); after recrystallization from hexane we obtained 
0.46 g of the dimer VI. PMR spectrum (CC14): 5.10 (2H, d, J = 1.7 Hz); 4.84 (2H, d, J = 
1.7 Hz); 1.87 (4H, broad signal); 2.28 (6H, s); 1.27, 1.23, 1.21, 1.13, 1.06, 0.96, 0.93, 
0.72 ppm (24H, 8s). 

1,2,2,3,5,6,6-Heptamethyl-4-piperidol (VII). To a solution of 1.13 g (5.9 mmoles) of 
the ketone V in 20 ml of a mixture of 50% alcohol at 0-5~ we added a solution of 0.22 g 
NaBH4 in i0 ml of the same mixture over 20 min, mixed for 1 h at 20~ and added i0 ml of 
50% aqueous acetic acid with cooling. The alcohol was distilled off (the pH of the aqueous 
solution was adjusted to i0 with NaOH), extracted with chloroform (3 x 50 ml), evaporated, 
dissolved in hexane, and filtered; after evaporation of the filtrate, 1.16 g of the alcohol 
VII was obtained. 
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TABLE 3. PMR Spectra of Compounds IXa-c and XIa 

Compound 

cis- IXa 
trans-IXa 

cis-IXb 
tram-IXb 
cisv IXc 
trans~IXc 
cis- XIa 
trans-Xla 

~, ppm 

(CHa)2 

0,83; 1,08 
0,50; 1,34 
0,80; 1,06 
0,70; 1,23 
0,83; 1,10 
0,70; 1,17 
0,84; 1,03 
0,61; 1,22 

N--CH3 

2,20 
2,26 2,f  
~2,26 

12,28 

--CH~ofring O--CH2 

1,42 (t) 
0,95 (t) 
2,44 (t) 3,66 (t) 

h a  __~ 

2,40 

Ratio of 
-is- and 
trans- iso- 
T i e r  

2:1  

19:1 

25:1 

3 : 2  

aThe signal overlaps with the signals of the other protons. 

1,2,2,6,6-Pentamethyl-3,5-diaminomethyl-4-piperidones (IXa-c, XIa). To a solution of 
i0 mmoles of the ketone V in 5 ml of alcohol we added 21 mmoles of the amines VIIIa-c, Xa; 
after evaporation (bath temperature <40~ we obtained the piperidones IXa-c and XIa. 

l-Alkyl-3,5-diisopropylidene-4-piperidones (XIb-d). To a solution of 5 mmoles of the 
ketone V in 3 ml of alcohol we added 5.1 mmoles of the amine Xb, c, evaporated after 24 h, 
and chromatographed on neutral A1203, II-III degree of activity (column i, eluting successive- 
ly with petroleum ether and chloroform). The mixture was chromatographed on silica gel (col- 
umn i, eluting successively with 1 liter of a mixture of petroleum ether and ether (4:1) and 
1.5 liters of chloroform); the piperidones XIb, c were obtained from the fraction of the first 
eluate after evaporation, and the piperidone XIe from the fraction of the second eluate. 

A solution of 0.23 g (1.2 mmoles) of the ketone V in 50 ml of alcohol and a solution of 
0.17 g (2.4 mmoles) of the amine XId in 50 ml of alcohol was added simultaneously to 0.5 li- 
ter of alcohol over a period of 15 h, left for 24 h, and after evaporation and analogous 
chromatographic separation, we obtained 0.15 g of the piperidone XId and 0.ii g of the piper- 
idone XIe. IR spectrum of compound XIe: 1625 (C=C), 1675 cm -I (C=O). UV spectrum: %max 
268 n m, c ~ 14,000. M + 193. 
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