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SYNTHESIS O F  A C T I P H E N O L  AND ITS N O R M E T H Y L  

ANALOGUES AND 6 -HYDROXY DERIVATIVES 

F. A. Lakhvich, T. N. Buravskaya, and A. A. Akhrem UDC 547.442.3 + 547.56 + 547.822.3 + 547.9 

The synthesis has been achieved of the natural antibiotic actiphenol and its 4,6-bisnormethyl and 4,5- 

bisnormethyl-5-methyl analogues and also its 6-hydroxy derivatives, starting from 2-(i~-glutarimidyl- 

ac ety l ) cy c lohexane-1, 3-dione s. 

The glutarimide antibiotic actiphenol (1), which has been isolated from various streptomycete species [1-3] exhibits 
antitumoral and fungicidal activities [4, 5]. It was considered for a long time that actiphenol was the only glutarimide antibiotic 
with an aromatic carbocycle [6]. However, in 1980 a report appeared on the isolation of a new glutarimide antibiotic which 
was given the name nong-kang 101-G and proved to be a hydroxy derivative of actiphenol in the side chain (2) [7]. Isolation 
of actiketal (3)', which may be regarded as the semiketal of dehydro derivative of compound (2), was described in 1991 [8]. 

A partial synthesis of aetiphenol (1) in very low yield has been effected from cycloheximide [2]. Its total synthesis [9] 
was based on the reaction of 2,4-dimethylphenol with/3-glutarimidylacetic anhydride, followed by the rearrangement, in the 
presence of A1CI 3, of the O-acyl derivative formed. 
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In the development of investigations on the total synthesis of glutarimide antibiotics [10, 11] and other natural 
compounds based on cyclic ~-di- and/~-triketones, we have achieved the synthesis of actiphenol (1) and its 4,6-bisnormethyl 
and 4,6-bisnormethyl-5-methyl analogues (10) and (11) and also the 6-hydroxy derivatives (14) and (15). The key compounds 
in these syntheses were the previously described [10, 12, 13] 2-(~-glurarimidylacetyl)cyclohexane-l,3-diones (4-6) which were 
then converted by interaction with oxalyl chloride into the vinylogous acid chlorides (7-9). The structures of the latter were 
confLrmed by a combination of spectral characteristics. Thus, for example, the PMR spectra of the diketovinyl chlorides (7, 
8) contained the signals of the protons of the cyclohexene and glutarimide moieties, while the signal of the proton of a chelated 
enolic hydroxyl in the 17-18 ppm region that is characteristic for the initial fl-triketones (4, 5) was absent. 
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From the/3-triketone (6), consisting of cis and trans isomers in a ratio of 7:1, we obtained the corresponding/3- 

chlorovinyl ketone (9) in the form of a 1:3 mixture of cis and trans isomers. 
When the diketovinyl chlorides (7, 8) were boiled with palladium black in the presence of cyclohexene as hydrogen 

acceptor, hydrogenolysis of the C-C1 bonds and aromatization [14] took place with the formation of the acetophenone 

derivatives (10, 11) in yields of about 70%. The formation of these aromatic compounds, which are the bisnor- and normethyl 

analogues of actiphenol, was shown by their PMR spectra. Thus, for compound (10), in addition to the signals of the protons 
of the ethylglutarimide moiety, the signals of four aromatic protons were observed in the form of two triplets (6.92 and 7.52 
ppm) and two doublets (7.03 and 7.69 ppm). Furthermore, in the 12.03 ppm region there was the signal of the proton of a 
hydroxy group bound by an intramolecular hydrogen bond. For compound (11 ), apart from the signals of three aromatic protons 

consisting of two doublets (6.73 and 7.56 ppm) and a singlet and also the signal of a chelated hydroxylic proton (12.05 ppm), 
the signal of the protons of the methyl group of the aromatic moiety was observed in the 2.38 ppm region. 

The application of this procedure for the diketovinyl chloride (9) led to actiphenol (1) with a melting point and spectral 

characteristics coinciding with those of the natural antibiotic and that synthesized previously [9]. The PMR spectrum of 

compound (1) showed two singlets of protons of methyl groups (2.23 and 2.28 ppm) and two singlets of aromatic protons (7.21 
and 7.31 ppm) and also the signal of the chelated proton of a hydroxy group at 12.18 ppm. 

The IR spectra of compounds (1, 10, and 11) showed characteristic absorption bands of the glutarimide (1700--1710 

and 1725-1730 cm -1 for C - O  groups and 3100 and 3200-3230 cm -1 for -NH bonds) and aromatic moieties. 
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Another interesting variant of the synthesis of actiphenol analogues, which we studied with the j3-triketones (4) and 

(6) as examples, is connected with the conversion of cyclohex-2-ene-l,3-diones into the corresponding 2-acylresorcinols. For 
this pupose, the/3-triketones (4, 6) were subjected to the action of tea-butyl hypochlorite in chloroform [15]. This gave the 
non-enolized chlorotriketones (12, 13), the PMR spectra of which lacked the signals of the protons of chelated OH groups in 
the 17-18 ppm region that were characteristic for the initial compounds. In the IR spectra, in the region of carbonyl absorption 
there were bands of the C = O groups of the glutarimide and eyclohexanedione moieties ( 1695 - 1705, 1720-1725, and 1740-1745 

cm "], respectively). The aromatization of the chlorotriketones (12, 13) under the action of dimethylformamide saturated with 

hydrogen chloride led to the formation of compounds (14, 15), which are the 6-hydroxy derivatives of actiphenol and of ks 
bisnormethyl derivative. The PMR spectrum of compound (14) contained the signals of three aromatic protons (a two-proton 
singlet at 6.43 ppm and a one-proton doublet of doublets at 7.30 ppm) and also the signals of the protons of free and chelated 

hydroxy goups (9.48 and 11.43 ppm, respectively). For hydroxyactiphenol (15) we observed the signal of an aromatic proton 
(6.56 ppm) and signals of the protons of free and chelated hydroxy groups (9.51 and 10.64 ppm), and also a singlet of the 
protons of the two methyl groups at 2.17 ppm. Its IR spectrum exhibited the absorption band of a hydroxy group at 3470 cm -1. 

It must be mentioned that 2-acylresorcinols with various structures are of interest as important intermediate compounds 

in the synthesis of drugs. Moreover, 2-acylresorcinols have been detected in in a number of plants used used in folk medicine 
[16, 17]. 

Thus, 2-(~3-glutarimidylacetyl)-cyclohexane-l,3-diones (4-6) and their vinylog acid chlorides (7-9) are convenient 
precursors for synthesis of glutarimide antibiotics and their analogs with an aromatic ring. 

EXPERIMENTAL 

Melting points were measured on a Kofler block. IR spectra were taken on a UR-20 instrument. PMR spectra were 
recorded on JNM-PS-100, Bruker AC-200, and WM-360-Bruker spectrometers with TMS as internal standard. The course of 
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the reations was monitored and the purity of the compounds obtained was checked by TLC on Silufol-UV-254 and DC- 

Alufolien Aluminiumoxid-UV-254 plates. Type LS~54 silica gel was used for preparative chromatography. 
3-[2-(2-Chloro-6-oxoeyelohex-l-enyl)-2-oxoethyl]glutarimides (7-9). A solution of 0.001 mole of a triketone in 5 ml 

of oxalyl chloride was kept at room temperature for 5-12 h. The excess of reagent was eliminated, the residue was dissolved 
in CHC13, and the solution was washed with water, saturated aqueous NaHCO 3 solution, and water again. Then it was dried 
with MgSO4, the solvent was driven off, and the residue was crystallized from acetone. The following compounds were 
obtained by the method described: 

3-[2-(2-Chloro-6-oxoeyelohex-l-enyl)-2-oxoethyl]glutarimide (7), yield 90%, mp 187-189°C. IR spectrum, Vmax KBr 
(cm-1): 1625, 1675, 1695, 1710, 3100, 3180. PMR (360 MHz, CDCI3): 2.13 (2I-I, m), 2.40 (2H, t, J = 7.2 Hz), 2.50 (2H, 
t, J = 7.2 Hz), 2.73 (2H, d, J = 6 Hz), 2.79 (3H, m), 2.84 (2H, d, J = 4.2 Hz), 8.03 (1H, s). 

3-[2-(2-Chloro-4-methyl-6-oxoeydohex-l-enyl)-2-oxoethyl]glutarknlde (8), yield 75 %, mp 194-1960C. IR spectrum, 
Vmax KBr (era-l): 1628, 1670, 1700, 1715, 3100, 3200. PMR (100 MHz, CDC13): 1.10 (3H, d, J = 6.6 Hz), 1.24 (1H, s), 
1.38 (4H, t, J --- 8.4 Hz), 2.30-2.86 (7H, m), 8.28 (1H, s). 

3-[2-(2-Chloro-3,5-dlmethyl-6-oxoeyelohex-l-enyl)-2-oxoethyl]glutarimide (9), yield 72%, mp 153-154.5°C. IR 
spectrum, Vrnax KBr (cm-1): 1620, 1670, 1690, 1710, 3110, 3240. PMR (360 MHz, CDCI3): 1.15 (d), 1.18 (d), 1.33 (d), 1.43 
(d) -- all 6H, each J = 6.6 Hz), 1.23 (1H, m), 1.95 (2H, m), 2.07 (1H, m), 2.20 (1H, dt, J = 4.8; 13.2 Hz), 2.40 (2H, m), 
2.60 (1H, m), 2.71 (2H, d, J = 6.6 Hz), 2.80 (3H, m), 8.41 (1H, s), ratio of cis/trans isomers 1:3 [12]. 

3-[2-(2-Hydroxyphenyl)-2-oxoethyl]glutarimides (1, 10, 11). A solution of 0.001 mole of a diketovinyl chloride in 
50 ml of cyelohexene and 10 ml of THF was boiled in the presence of 0.25 g of Pd black for 6-14 h. The catalyst was filtered 
off and the residue after elimination of the solvent was crystallized from THF or acetone. The following compounds were 
obtained by the method described: 

3-[2-(2-Hydroxyphenyl)-2-oxoethyl]glutarimide (10), yield 69%, mp 170-172°C. IR spectrum, t, rnax KBr ( c m - 1 ) :  1635, 
1700, 1725, 3100, 3200. PMR (360 MHz, CDC13): 2.78-2.89 (5H, m), 3.13 (2H, d, J = 6 Hz), 6.92 (1H, t, J = 7.2 Hz), 
7.69 (1H, d, J = 8.4 Hz), 8.28 (1H, s), 12.03 (1H, s). 

3-[2-(2-Hydroxy-4-methylphenyl)-2-oxoethyl]glutarimide (11), yield 70%, mp 138-140°C. IR spectrum, Vmax KBr 

(cm-1): 1630, 1700, 1725, 3100, 3200. PMR (360 MHz, CDC13): 2.38 (3H, s), 2.73-2.91 (5H, m), 3.03 (2H, d, J = 6 Hz), 
6.73 (1H, d, J = 8.4 Hz), 6.83 (1H, s), 7.56 (1H, d, J = 8.4 Hz), 8.07 (1H, s), 12.05 (1H, s). 

3-[2-(2-Hydroxy-3,5-dimethylphenyl)-2-oxoethyl]glutarimide (1), yield 68 %, mp 197-200°C. IR spectrum, t/max KBr 

(cm-1): 1620, 1710, 1730, 3100, 3230. PMR (360 MHz, CDC13): 2.23 (3H, s), 2.28 (3H, s), 2.79-2.87 (5H, m), 3.12 (2H, 
d, J = 6 Hz), 7.21 (1H, s), 7.31 (1H, s), 8.33 (1H, s), 12.18 (1H, s). 

3-[2-(1-Chloro-2,6-dioxocyclohexyl)-2-oxoethyl]glutarimides (12, 13), A solution of 0.001 mole of a triketone in dry 
CHCI 3 (20-25 ml) was kept at - 5 °C  for an hour, and then 0.15 ml (0.0011 mole) of tert-butyl hypochlorite was added, and 
the mixture was left at -5°C  for 12 h. Then it was evaporated. The following crystalline chloroketones were obtained by the 
method described: 

3-[2-(1-Chloro-2,6-dioxocyelohexyl)-2-oxoethyl]glutarimide (12), yield quantitative. IR spectrum, Pmax KBr (cm-1): 
1695, 1720, 1745, 3100, 3220. PMR (360 MHz, acetone-d6): 1.94 (2H, m), 2.35-2.53 (3H, m), 2.73-2.85 (6H, m), 2.90-2.95 
(2H, m), 8.03 (1H, s). 

3-[2-(1-Chloro-3,5-dlmethyl-2,6-dioxocyclohexyl)-2-oxoethyl]glutarimide (13), yield quantitative, mp 42-44°C. IR 
spectrum, ~,max KBr (cm-1): 1705, 1725, 1740, 3100, 3220. PMR (360 MHz, CDCI3): 1.23 d, 1.26 d, 1.27 d, 1.33 d (all 6H, 
each, J = 6.6 Hz), 1.46 (1H, m), 1.92 (2H, m), 2.20 (1H, m), 2.25-2.43 (3H, m), 2.59-3.05 (5H, m), 3.26 (1H, m), 8.[2 
(1H, s), ratio of the cis/trans isomers 1:1. 

3-[2-(2,6-Dihydroxyphenyl)-2-oxoethyl]glutarimides (14, 15). With protection from moisture, a chlorotriketone was 
slowly mixed with 5 ml of DMFA containing 0.5-2 g of dry HC1. The temperature was rapidly raised to 120-130°C and was 
kept there for 15-20 rain. After cooling, 70-80% of the solvent was evaporated off, and the residue was extracted with 5 N 
aqueous HC1 (5 ml) and with diethyl ether. The ethereal extracts were washed with 20 ml of 5 N HCI, dried with MgSO 4 and 
evaporated. The residue was crystallized from acetone. The following compounds were obtained by the method described: 

3-[2-(2,6-Dihydroxyphenyl)-2-oxoethyl]glutarimide (14), yield 77 %, mp 218-220°C. IR spectrum, Vmax KBr ( c m -  1): 

1640, 1670, 1730, 3090, 3200, 3430. PMR (360 MHz, acetone-d6): 2.74-2.83 (5H, m), 3.33 (2H, d, J = 6.6 Hz), 6.43 (2H, 
d, J = 7.8 Hz), 7.30 (1H, t, J = 8 Hz), 8.03 (1H, s), 9.48 (1H, s), 11.43 (1H, s). 
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3-[2-(2,6-Dihydroxy-3,5-dlmethylphenyl)-2-oxoethyl]glutarimide (15), Yield 55 %, mp 249-251 °C. IR spectrum, 
Vmax KBr (cm-1): 1625, 1690, 1715, 3100, 3200, 3470. PMR (360 MHz, acetone-d6): 2.17 (6H, s), 2.69-2.84 (5H, m), 3.33 
(2H, d, J = 6.6), 6.56 (1H, s), 8.00 (1H, s), 9.51 (1H, s), 10.64 (1H, s). 
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