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SYNTHESIS OF
2,6- DIPHENYL-9-METHYLENE-1-AZA-7-OXASPIRO[4.5]DECAN-8-ONES

T. Mohamed Ikramudden,’ N. Chandrasekara,’ K. Ramaragan,*'f K. Selvaraj, It
Satish V. Mulekarttt and K. Darrell Berlin*! Tt
TDepartment of Chemistry, CBM College, Coimbatore 641 042, INDIA
TtDepartment of Chemistry, PSG College of Arts and Science, Coimbatore 641 042, INDIA

ttDepartment of Chemistry, Oklahoma State University, Stillwater, OK 74078

The occurence of the a-methylene-y-butyrolactone moiety in nearly 10% of all structurally

elucidated natural products! and the diverse biological activity exhibited by compounds containing
an o-methylene-y-butyrolactone system?2 have attracted the attention of a large number of workers
and prompted several reviews.3 With a view to exploit their carcinostatic properties, a few carbo-
cyclict and some heterocyclicS spiro a-methylene-y-butyrolactone systems have been synthesized
starting from 2,6-diphenylpiperidin-4-ones. On the assumption that the incorporation of a hetero-

cyclic group would enhance the hydrophilic character of these compounds, and thus enable them to

Phis. ol
S 0 oTHE .
X-% . H2C=C.:-C025t Z—> X
PH ; R CHzBl' 45-50°73 hr \N

5% H,S0,

0.5 W0

(X=HR=R=CH; (® X=R=R'=CH;
(©)X=R'=H,R=CH; (@X=R=CH;,R'=H
()X =R =H,R=iPr () X=CHs,R=iP,R'=H

be asborbed more easily, we report the preparation of 9-methylene-1-aza-7-oxaspiro[4.5]decan-8-
ones (Table 1). The synthesis of the spirolactones, via a Reformatsky-type reaction, is outlined as

shown. The appropriate piperidin-4-one 1 was allowed to react with activated zinc6 and ethyl -
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(bromomethyl)acrylate.” It is imperative that this ester be freshly distilled to give the highest yields
of the final lactone. When complete, the reaction mixture is treated with cold 5% sulfuric acid.
Although there exists the possibility of formation of both spirolactones 4 and §, only one white

TABLE 1. IR and Physical Data for 9-Methylene-1-aza-7-oxaspiro{4.5}decan-8-ones

IR(KBr).cm-! Solvent of
Compd  yvield (%) mp.°C C=Ostretch C=C stretch  N-H stretch  Crystallization
4a 75 136-137 1750 1670 3330 benzene
4b 55 271-272 1760 1660 benzene
4c 45 119-120 1770 1670 3320 methanol
4d 72 199-200 1770 1670 benzene
de 72 126-127 1760 1670 3300 pet. ether
4af 54 207-208 1760 1670 benzene

solid, with a sharp melting point, was isolated in each case. Considering that the steric re-
quirements of the OZnBr group are less than that of the CHy-C(=CH3)CO9C,Hs group (thus
favoring intermediate 2 over 3) and the fact that the single crystal X-ray analysis of similar lactones
has established the existence of an axial C-O bond, 45 we tentatively conclude that the lactones
produced have configuration 4 and arise from 2. This conclusion is corroborated by the spectral
analysis of the lactones.

The 'H NMR spectral data for the spirolactones are reported in Table 2. The signal for H(2)
appears as a doublet for all systems studied. The observed coupling constants, 3J HQ)HR) = 10.2-
11.1 Hz, are typical of the vicinal coupling constant 3 Jirans for the diaxial protons in the chair con-
formation of a cyclohexane-like system.8 Because a symmetry plane is present, H(2) and H(6) in
compounds 4a and 4b are magnetically equivalent. However, the signals for H(6) in the other
systems appear as a doublet of doublets with coupling constants of 3J H(6a),H(5a) = 9.4-11.5 Hz and
3T1(6a),H(Se) = 2.5-5.5 Hz, typical of the 3Jirans and 3J¢is, respectively, in the chair conformation of
a simple cyclohexyl system.8 The above observations strongly support the existence of the six-
membered ring in the chair conformation, with the C(2)-H and C(6)-H bonds in the axial posi-
tions and the C(3)-alkyl and C(5)-alkyl bonds in the equatorial positions. Comparison of the
chemical shifts for H(2) and H(6) in the N-CH3 systems (4b, 4d, and 4f) with those for the

corresponding protons in the related systems (4a, 4c, and 4e) reveals the electron-releasing (and
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hence shielding) effect of the N-CH3 group on the neighboring proton signals (Table 3). The
assignments of the signals at 8 5.61 and § 6.25 for Ha(9") and Hy(9"), respectively, were made on

TABLE 3. TH NMR Chemical Shift Differences for H(2) and H(6) signals in the N-H and N-CH3

Systems
Compd H(2) H(6)
5(4b)-8(4a) -0.65
5(4d)-8(4c) -0.66 -0.65
3(41)-8(de) -0.73 -0.62

the basis of the empirical correlation [0 = 5.28 + Zgem + Zirans) developed by Tobey? and Pascual,
Meier, and Simon10 for the chemical shift of a proton on a double bond. The two H(10) protons
in systems 4c-4f and the two methyl groups of C(3)-CH(CH3)2 in systems 4e and 4f are
diastereomeric and appear at different frequencies (Table 2).

The 13C NMR spectral data for substituted 9-methylene- 1-aza-7-oxaspiro[4.5)decan-8-ones are
recorded in Table 4. Also included in Table 4 are the 13C NMR data of 2,6-diphenyl-3,5-di-
methyl-9-methylene-1,7-dioxaspiro[4.5])decan-8-one (6) for comparison purposes.!1 Wherever
ambiguity occurred in identifying signals, assignments were made on the basis of signal multipli-
city observed in the off-resonance spectra. The effect of the heteroatom at the 1-position on the
electron density around C(2) and C(6) atoms can be gauged from a comparison of the chemical
shift values for these carbons in compounds 4a (NH), 4b (NCH3), and 6 (O). Such shifts reveal
a heteroatom deshielding effect in the order O>NCH3>NH. A similar observation has been re-
ported in the case of 1-hetera-2,6-diphenyl-4-cyclohexanones.!2 In summary, we have obtained
the first examples of the family of 9-methylene-1-aza-7-oxaspiro[4.5)decan-8-ones starting from
2,6-diphenylpiperidin-4-ones using a Reformatsky reaction. Ring closure of the presumed inter-
mediate tertiary alcohol was effected with cold 5% sulfuric acid and gave, after recrystallization,

highly crystalline, spirolactones. Biological data will be reported elsewhere.

EXPERIMENTAL SECTION

Melting points were obtained on a Toshniwal melting point apparatus and are uncorrected.The
1H NMR spectra and the broad band and off-resonance, proton-decoupled 13C NMR spectra were
recorded on a Varian XL-300 NMR spectrometer operating at 299.99 MHz for 1H and at 75.4

MHz for 13C resonances with tetramethylsilane as the internal standard. The IR specrta were
collected on a Beckmann IR-5a unit.
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Substituted 2.6-Diphenylpiperidin-4-ones.-The required ketones were obtained via literature pro-

cedures. Their properties corresponded to those reported. 13,14

decan-8-ongs.-In a three-neck, 40 mL, round-bottomed flask, equipped with a magnetic stirrer,

condenser, a pressure-equalizing addition funnel, thermometer, and a N inlet, were placed
activated Zn% (320 mesh, 0.72 g, 0.01 mol), the appropriate piperidin-4-one (0.01 mol) and dry
(AR grade, kept in contact with freshly pressed sodium wire for 2 days) THF (IS mL). A solution
of freshly distilled ethyl a-(bromomethyl)acrylate? (2.1 g, 0.01 mol) in dry THF (25 mL) was
added dropwise over a period of 30 minutes while maintaining the temperature of the reaction
mixture at 40-45°. The reaction mixture turned black and a slightly exothermic reaction ensued.
After stirring at 45-50° for an additional 3 hours, the mixture was cooled and poured into 200 mL
of ice-cold, 5% sulfuric acid. Extraction with ether (3 x 50 mL) and drying (NaSQO4) of the com-
bined extracts gave a solution which was evaporated to an oil. Overnight refrigeration produced a
crystalline product. Analytical samples were obtained after recrystallization (Table 1). The

elemental analyses are shown below.

TABLE 5. Elemental Analyses for Compounds 4; Calcd. (Found).

Compd Molecular Formula C H N
4a Ca3Ha5NOo 79.50 (79.42) 7.25 (7.33) 4.03 (4.09)
4b C24H2NO, 79.74 (79.81) 7.53 (7.45) 3.88 (3.81)
4c C22H21NOy 79.25 (79.32) 6.95 (6.90) 4.20 (4.26)
4d C23H25NO2 79.50 (79.45) 17.25 (7.18) 4.03 (4.08)
de C24H27NO2 79.74 (79.78) 7.43 (7.48) 3.88 (3.95)
4f Ca5Ho9NOy 79.98 (79.88) 7.79 (7.84) 3.73 (3.68)

Acknowledgment.-The authors thank Professor M. Thirunavukkarasu, Principal of CBM College,
Coimbatore, India, and Mr. C. M. Ramraj, Secretary, CBM College, for providing facilities for
part of this work. Grateful acknowledgment is expressed to the National Science Foundation for a
Departmental grant (CHES81-06197) to Oklahoma State University for partials funds to purchase the
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