TETRAHEDRON

LETTERS
Tetrahedron Letters 40 (1999) 2087-2090

A Facile Scheme for Phthalimide <= Phthalimidine Conversion
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Abstract: Desulfurization of phenylthiolactams using an ultrasound-promoted Raney nickel protocol yields the
corresponding N-substituted phthalimidines. Benzylic oxidation of the N-substituted phthalimidines by treatment

with 2, 2'-bipyridinium chlorochromate/m-chloroperbenzoic acid (BPCC/MCPBA) affords the original phthalimides.
The reduction-desulfurization is applied to the preparation of a deoxythalidomide derivative which is a TNF-a inhibitor.
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Phthalimides have served as starting materials and intermediates for the syntheses of many types of alkaloids?
and phzumacophores.3 The phthalimide group has also provided the classical means for direct introduction of
the masked amino function as well as for N-protection of amino acids, amino sugars and simple amino alcohols.*
This Letter details a straightforward reduction/oxidation sequence which provides facile access to the N-substituted
phthalimidine (2-alkyl-23-dihydroisoindol-1-one) substructure from the corresponding phthalimides. By
facilitating the "interconversion" of the phthalimide group to the less reactive phthalimidine core, utilization of
the overall process will also augment the serviceability of the phthalimide moiety when used as a protecting agent.
The easily-prepared N-substituted phthalimides 1-6 were selectively reduced (Al/Hg/THF/H,O/1t) to the
corresponding hydroxylactams 7-12 using an earlier-described protocol.5 The N-substituted hydroxylactams
7-12 were then directly converted to the corresponding 3-(phenylthio)-2-alkyl-2,3-dihydroisoindol-1-ones
13-18 by means of thiophenol/p-toluenesulfonic acid (CH,Cl,/rt). Desulfurization of the benzylic phenylthio
derivatives 13-18 to the corresponding phthalimidines 19-24 was accomplished by taking advantage of
previously-reported heterogeneous sonochemical conditions utilizing commercially-available Raney nickel aqueous
suspension with ethanol.® During an earlier study we recognized the utility of the 2, 2'-bipyridinium chloro-
chromate/m-chloroperbenzoic acid (BPCC/MCPBA)7 reagent system as an oxidation system for converting benz-
ylidene acetal groups to hydroxybenzoyl esters and therefore elected to test the response of phthalimidines 19-24
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to this reagent system (Eq 1). Treatment of the N-substituted phthalimidines 19-24 with a mixture of
2, 2'-bipyridinium chlorochromate (2 eq.)8 and m-chloroperbenzoic acid (5 eq.) in the presence of Celite
using dichloromethane as the solvent afforded the starting phthalimides 1-5 in yields of 45-76%. The
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use of Celite in the oxidation mixture renders the brown reduced chromium tars as a granular suspension
thereby facilitating workup and purification. The yields for the conversion of the 2-alkyl-2,3-dihydroiso-
indol-1-ones 19-24 to phthalimides 1-5 using the BPCC/MCPBA reagent system are listed in Table 1.

The employment of ultrasound conditions to facilitate the Raney-nickel desulfi urization® of compounds 13
-18 was found to be the best expedient for this process when considering reaction time versus yield. The
enhanced mass transfer effect promoted by cavitation-induced turbulent flow is the causative factor of rate
increases for the heterogeneous desulfurization. For comparison the ultrasound-promoted conditions for the
conversion of compounds 13-18 to 19-24 are listed in Table 2 along with standard (silent) magnetically-
stirred conditions. The general mechanism of the benzylic oxidation promoted by BPCC/MCPBA has been
commented on previously;7 and although many heterogeneous oxochromium(VI)-mediated reactions are
enhanced by ultrasound, '” the BPCC/MCPBA oxidation is completely retarded by sonication. Presumably,
the application of high-power ultrasound decomposes the peroxide reactant at a higher rate than the rate of
benzylic oxidation of the substrate.

Table 1. BPCC/MCPBA Oxidation of 2-Alkyl-2,3-Dihydroisoindol-1-ones 19-24

Substrate R Product Yield(%)*"
19 -CH,CH(CHs,), 1 76
20 (-)-CH(CH3)Ph 2 70
21 -CH,CH,Ph 3 60
22 -CH,Ph 4 55
23 -CH,(CH,),CH,0Bz 5 46
2 -CH,CH,-p-OCH, ] of

Y ields are for isolated purified products. ®All compounds gave satisfactory 'H,"3C NMR and/or mass
spectral data. “The isolated product (46%) was 2-(4-methoxybenzoyl)-2 3-dihydroisoindol-1-one
resulting from benzylic oxidation of the PMB group.
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Table 2. Ultrasound-Promoted Raney Nickel Desulfurization of Compounds 13-18

Compound R Product®%Y ield°Silent® %Yield™® Ultrasound®
13 -CH,CH(CH3), 19/69 (24h) 73 (10min)
14 (-)-CH(CH;)Ph 20/85 (4.5h) 85 (10min)
15 -CH,CH,Ph 21/27 (28h) 72 (60min)
16 -CH,Ph 22/40 (2.5h) 25 (10min)
17 -CH,(CH,),CH,0Bz 23/66 (24h) 37 (20min)
18 -CH,C¢H,-p-OCH; 24/40 (26h) 50 (40min)

%Yields are given for isolated purified products. bEla.psed reaction times are given in parentheses.

“Silent reaction refers to agitation with a standard magnetic stirrer. Al compounds gave satisfactory
!H,C NMR and/or mass spectral data. *Generated with a2 Sonics and Materials VC300 titanium probe
(300W/25 KHz) immersed in a jacketed water cooled (20°C) reaction vessel.

The reduction sequence was applied to the preparation of the deoxythalidomide 25, an active compound in
TNF-a (tumor necrosis factor) screenings. 1 PMB-thalidomide 26'% was selectively reduced with aluminum
amalgam to provide hydroxylactam 27. The employment of aluminum amalgam for the reduction of 26 to 27
was an absolute requirement due to the sensitivity of the glutarimide ring to sodium borohydride and similar
reductions. Hydroxylactam 27 was directly treated with thiophenol (CH,Cl,/p-toluenesulfonic acid/rt) to afford
phenylthiolactam 28 (88% from 26) after basic workup. Without further purification phenylthiolactam 28 was
directly desulfurized (Ra-Ni/EtOH/24h) to give PMB-deoxythalidomide 29 (98%). 13 PMB-deoxythalidomide
29 was treated with ceric ammonium nitrate (CH;CN/H,0, 3:1; 1t, 3 h)”‘ls
afforded 25 (62%) after silica gel column chromatography. In conclusion, a stepwise deoxygenation sequence

which removed the PMB group and

16a
for N-substituted phthalimides has been detailed which does not require rigorous purification of intermediates. '®®
The deoxygenated phthalimidine'” derivatives can then be reconverted to the phthalimides by BPCC/MCPBA,

a reagent system which has proven effective in previous oxidations of benzylidene acetals to hydroxybenzoyl esters.
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