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Abstract—Catalytic hydrogenation of 3-chloro-2-(2,6-dioxopiperidindacetyl)-2-cyclohexenones over
palladium catalyst leads to formation of dehydrocycloheximide derivatives. Reduction of the same compounds
with Zn-Ag yields dehydroinactone derivatives.

Glutarimide antibiotics cycloheximide)([1] and ketone fragment being retained. Such modifications
inactone (1) [2] were isolated fromStreptomyces are important for preparation of new physiologically
griseus The synthesis of cycloheximide was describedactive substances from both natural antibiotics having
previously [3]. a B-tricarbonyl moiety [6] and numerous derivatives
of synthetic B-triketones exhibiting a wide spectrum
of pesticide activity [7]. On the other hand, the trans-
formation of compound8#ll VI into glutarimide anti-
biotics like cycloheximide, inactone, streptovitacins,
and their analogs implies selective modification of the
B-tricarbonyl system. It is known [8] that catalytic
hydrogenation of cyclohexane-basédtriketones is
not selective: It usually gives mixtures of products

I II formed by reduction of one carbonyl group in the ring
or in the side chain. Therefore, we examined different

In the preceding publications [4, 5] we proposedways of reduction of diketonegll —X [4, 9]. Diketone
schemes for the synthesis of some analogs of glutak was a mixture otis andtransisomers at a ratio of
imide antibiotics from cyclic triacylmethanes havingl:3. The catalytic hydrogenation of compounds
a glutarimide fragment in the side chain. We describe¥1l -X over 30% Pd/BaSQresulted in reduction of
modifications of thep-tricarbonyl system in com- of the C=C bond and hydrodechlorination to afford
pounds Il =VI, which are 6-oxo derivatives of B-diketones XI-XIV (Scheme 1). CompoundXl,
dehydrocycloheximide and its 4,4-dimethyl, 4-methyl XIl, and XllII are analogs of dehydrocycloheximide
and 3,5-bisnormethyl analogs, through regioselectiveXIV ), differing by the number and position of methyl
transformation of one carbonyl group into enaminogroups in the cyclohexene ring. CompouXtV was
the degree of oxidation of carbon atoms in fhéri-  obtained previously by oxidation of cycloheximidg (
or by the total synthesis [3]. The structure Bdi-
ketonesXI-XIV is confirmed by the spectral data.

Compound XIll  shows in thelH NMR spectrum
signals from the cyclohexane fragment: a singlet from
two geminal methyl groups &t 1.0 ppm and signals
from methylene protons @t1.46, 2.17, and 2.30 ppm,
and a complete set of signals from the glutarimide
moiety. The spectra oKXl and Xll also contained
signals from both structural fragments. It should be
N, R*=R*=H;IV,R' =H, R =CH,; V, R = R* = CH,. noted that all signals in the spectraXif—XIIl appear
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Scheme 1.

H,, 30% Pd/BaS0,

XI-XIII A

VII-TX Zn/Ag

XV-XVII

trans-XIV XVIII

VI, XI, XV, R* = R = H; VI, XIl, XVI, Rt = H, RR = CHg; IX, XIll, XVIl, R* = R* = CH,.

0.1 to 0.35 ppm upfield relative to those observed foWIl -I1X. ProductsXI-Xlll were formed from com-

initial B-triketoneslil -V. This pattern is explained by poundsVIlI -IX in 82-96% yield in 1-2 days at room

weaker deshielding effect of tHg-dicarbonyl system temperature. The reaction with diketode required

as compared td3-tricarbonyl. heating for 5 days at 4@5°C, and the yield oXIV
B-DiketonesXI-XIV exist in the enol form which was 73%. Obviously, the presence of methyl groups

is stabilized by strong intramolecular hydrogen bondin positions3 and5 of the cyclohexane ring hinders

This follows from the presence in thefH NMR  adsorption of the substrate on the catalyst surface.
spectra of a downfield signal in the regi@nl15.6- With the goal of comparing spectroscopic param-
16.1 ppm, which belongs to the chelated hydroxyters we have synthesizgddiketoneXIV by oxida-
proton. In addition, a positive test for enolic hydroxytion of cycloheximide!l. The product hadtrans
group was obtained on treatment with a solution ofrranged methyl groupstréansXIV). Its H NMR
iron(lll) chloride. In the IR spectra absorption bandsspectrum contained two doublets from the methyl
from conjugated &C and G=O bonds were present protons a6 1.05 and 1.25 ppm and a downfield signal
at 1616 and 1690 cmh respectively. According to the at§ 15.7 ppm from the chelated hydroxy proton. The
data of [10], 2-acylcyclohexanonéd-XIV are likely methylene protons on “Cgave a multiplet signal at
to exist asendoenol tautomersA. & 1.53 ppm. In théH NMR spectrum of producXIV
Under the same conditions the hydrogenation obbtained by hydrogenation of diketoXewe observed
diketone X was more difficult than the reduction of two doublets of the methyl groups, which are typical
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of their trans arrangement, and one more doublet aC®-methylene group§ 2.07 ppm), and singlets from

8 1.20 ppm; the intensity ratio of the doublets locatedhe C°’H2 protons and geminal methyl groupséa®.33
ats 1.05, 1.20, and 1.25 ppm was about 2:1:1. Thiand 1.13 ppm, respectively). These data are well
means that the reduction product is a mixturec consistent with those published in [12].

and trans isomers at a ratio of 1:1. The doublet at  An analogous treatment of chlorodiketon¥dl

8 1.20 ppm belongs to the 3-GHyroup of thecis /|| andX led to formation of mixture of the corre-
isomer ofXIV. The upfield doublets from the 5-GH  g5nding enediones (dehydroinactox®Ill  and its
groups incis-XIV and transXIV  coincide with  an3169sXV and XVI) and -diketonesXI, XII , and
each other (in both isomers the 5-methyl group i\ “CompoundXVill was a mixture ofcis and

equatorial); therefore, the signal &t1.05 ppm has y4nqisomers. This follows from théH NMR spec-
a double intensity. Signals from methyl groups tha

. trum which contained two signals from the olefinic
are not contiguous to the carbonyl group appe roton 6 5.28 and 5.31 ppm) and signals from the
separately, for they have different configurations. The-a4, rou .s of both'isomersﬁ m: 1.38 m (1H)
observed pattern is similar to tHel NMR spectra of and21g78 I?n i » ppm: . ;

: h ) . : (1H) c¢is isomer, axial and equatorial
the corresponding3-triketones [11]: the difference rotons); 1.64 m (2Hitrans isomer)
between the chemical shifts of the methyl protons i T ' '
the transisomer is larger than in theis isomer: 0.20
and 0.15 ppm, respectively. In the downfield region of
the spectrum there were two signals from the chelated
hydroxy proton at 15.68 and 16.08 ppm, which also
indicate the presence of a mixture of two isomers. Th
product of hydrogenation of compoung showed in
the spectrum both ©methylene proton signal of

EXPERIMENTAL

The IR spectra were recorded on a UR-20 spec-
%ometer. The UV spectra were measured on a Specord
V-Vis spectrophotometer in alcohol. Th#l NMR
spectra were obtained on a Bruker WM-360 instru-
transXIV at 8 1.53 ppm (with a halved intensity) MeNt (360 MHz) using tetramethylsilane as internal
and a multiplet a6 1.71 ppm, typical of the equatorial reference. The melting points were determined on
methylene proton at €in the cis isomer of XIv. & Koefler device.
The signal from the axial proton of the same isomer 2-(2,6-Dioxopiperidin-4-ylacetyl)cyclohexanones
appears ats 1.25 ppm. XI-XIV. Diketone VIl -X, 0.001 mol, in 10 ml of
Thus we have shown that catalytic hydrogenatiofétrahydrofuran was hydrogenated over 100 mg of
of diketoneX results in formation of dehydrocyclo- 30% Pd/BaSQ The catalyst was separated, the sol-
heX|m|de Q(lV) as a mixture Ot|s andtransisomers vent was rempved from the fl|tl‘ate, and the I‘eSIdue
and that compound¥/Il -IX give rise to products Was recrystallized from ether or acetone.
XI-XIll . These compounds can also be used as trans-2,4-Dimethyl-6-(2,6-dioxopiperidin-4-yl-
precursors of cycloheximide)(and its analogs. acetyl)cyclohexanone (XIV).A solution of 200 mg

The reduction of diketon&X with a Zn-Ag couple of CrO; in 10 ml of glacial acetic acid was added to
yields dehydroinactone isomexVIl (Scheme 1). @ solution of 200 mg of cycloheximidé)(in 10 ml
According to the data of [12, 13], such reactions ar®f glacial acetic acid. The mixture was stirred for
carried out in methanol at room temperature and ard h at 5-10°C, diluted with 50 ml of ice water, and
accompanied by heat evolution. Taking into accoungxtracted with chloroform. The extract was dried over
poor So|ubi|ity of Compound|x in methanol, we magnesium sulfate, the solvent was distilled off,
performed the reaction in a mixture of methanol withand the residue was recrystallized from methylene
tetrahydrofuran, and the reaction mixture was heateghloride-ethanol. Yield 170 mg.
under reflux with stirring. As a result, we obtained 2-(2,6-Dioxopiperidin-4-ylacetyl)-2-cyclohexen-
two products, compoun&XVIl and -diketone XllI ones X\XVIIl. To 1 g of zinc dust we added 5 ml
at a ratio of 1:2. Compoun&VIl is likely to exist of 10% hydrochloric acid, and the resulting suspen-
in the enedione form. It gave a negative test for enolision was shaken periodically. After a few minutes,
hydroxyl with a solution of iron(lll) chloride. Its the solution was separated by decanting, the remain-
structure is also confirmed by the UV and IR spectralng zinc was washed with acetonex2 ml) and ether
data. In the IR spectrum we observed absorptios ml), a suspension of 35 mg of silver acetate in 5 mi
bands at 1555 and 1680 chwhich are characteristic of boiling acetic acid was added, and the mixture was
of conjugated GC and G=O bonds, respectively. stirred for 1 min. The solution was separated by
The 'H NMR spectrum contained a signal from vinyl decanting, and the dark zimsilver mixture was
proton até 6.43 ppm, a two-proton doublet from the washed with acetic acid (5 ml), etherx% ml), and
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Yields, melting points, and IR andH NMR spectra of glutarimide derivativeXI-XVIII

C(;(r;”np. Y'f/ld’ mp, °C IR spectrum,v, cnit 'H NMR spectrum (CDG)), 8, ppm ¢, Hz)
Xl 91 134-136 |1615, 1695, 1710, 17251.69 s (4H), 2.30 s (2H), 2.40 t (4H, 7.8), 2.47 d (2H,
3100, 3200 (KBr) 6), 2.78 s (2H), 2.83 s (LH), 8.18 s (LH), 15.68 s (1H)
Xl 96 168.5-170.5 1625, 1690, 1700, 17251.0 d (3H, 6), 1.25 s (2H), 1.78 m (2H), 1.9607 m
3100, 3200 (KBr) (1H), 2.262.52 m (6H), 2.80 m (3H), 8.1 s (LH),
15.64 s (1H)
X1 82 136.5-139 | 1615, 1690, 1705, 17201.00 s (6H), 1.46 t (2H, 6.6), 2.17 s (2H), 2.30 t (2H,
3090, 3183 (KBr) 6.6), 2.37 q (2H, 9), 2.49 d (2H, 6), 2.79 s (2H),
284 s (1H), 8.25 s (1H), 15.61 s (1H)
X1V 73 165-169 |1610, 1690, 1705, 173p1.05 d (3H, 6), 1.20 d (L.5H, 7.2), 1.25 d (L.5H, 7.2),
3090, 3200 (KBr) 1.53 m (2H), 1.71 m (H), 1.87 m (2H), 2.38 m (3H),
2.53 m (3H), 2.78 s (2H), 2.83 s (1H), 8.07 s (1H),
15.68 s (0.5H), 16.08 s (0.5H)
XIV P 89 170-173 |1625, 1690, 1710, 173p1.05 d (3H, 6), 1.25 d (3H, 7.2), 1.53 m (2H), 1.87 m
3100, 3200 (KB): (2H), 2.38 m (3H), 2.53 m (3H), 2.78 s (2H), 2.83 s
1580, 1612, 1710, (LH), 8.36 s (1H), 15.70 s (1H)
1730, 3380 (CHG)
XVv© 42 128-130 |1580, 1675, 1705, 17302.36 m (6H), 2.43 d (2H, 6.6), 2.51 d (2H, 6.6), 2.76 m
3100, 3230 (film) (3H), 5.36 s (1H), 8.43 s (1H)
xvi d 50 163-165 |1565, 1675, 1720, 17401.10 d (3H, 6.6), 145 t (2H, 7.2), 1.75 m (2H), 1.92 m
3100, 3210, (CG) (1H), 2.172.66 m (4H), 2.79 m (3H), 5.97 s (1H),
8.07 s (1H)
XVII € 18 190-193 |1555, 1680, 1705, 17251.13 s (6H), 2.07 d (2H, 6), 2.33 s (2H), 2.66 s (2H),
3100, 3220 (CHG) | 2.73 d (2H, 6), 2.79 d (2H, 4.8), 2.84 s (1H), 6.43 s
(1H), 7.86 s (1H)
xvinf | 34 170-173 |1600, 1660, 1715, 17401.08-1.31 m (6H), 1.38 m (H), 1.64 m (2H), 1.78 m (1H),
3100, 3230 (CG) 2.08 m (2H), 2.252.48 m (4H), 2.69 m (3H), 5.28 s
(0.5H), 5.31 s (0.5H), 8.00 s (1H)

& Mixture of cis and trans isomers at a ratio of 1:1.
P trans Isomer; UV spectrum,i,, NM €): 293 (9655).
¢ B-Diketone XI was also obtained (42%).
4 B-Diketone XIl was also obtained (21%).

¢ UV spectrum, L, NM €): 239 (4670). 3-Diketone XIlI

was also obtained (40%).

" Ratio of cis and trans isomers 1:1.p-Diketone XIV was also obtained (20%).

methanol (5 ml). A solution of 0.001 mol of com- from acetone and was subjected to chromatography
poundVIl -X in 5 ml of THF was added to the moist on silica gel to isolatef-diketones XI-XIV and
Zn-Ag mixture, and the resulting mixture was heatedenedionesXV-XVIII .

for 2-6 h at 3640°C under vigorous stirring. The

precipitate was filtered off and washed with THF. The REFERENCES
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the corresponding solvent (8L0 ml). The combined 2.
extracts were washed and dried over MgSthe sol-

vent was removed, and the residue was recrystallized
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