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The products were characterized by spectral and ana- 
lytical means as summarized in the table. This reaction 
represents a general, simple, mild, and superior procedure 
for the direct synthesis of a variety of isopropylidene di- 
arylmalonates 3 and isopropylidene alkylarylmalonates 5. 
Furthermore, since substituted isopropylidene malonates 
are readily hydrolyzed to carboxylic acids12 or converted 
to esters,13 this method represents an indirect, efficient 
preparation of a-aryl carboxylic acids or their esters. 

Experimental Section 

at 
as 

AU melti ?g points are uncorrected. NMR spectra were recorded 
60 MHz on a Varian EM-360 spectrometer with Me4Si in CDC13 
the internal standard, and IR spectra were recorded on a PE-683 

spectrometer. 
Starting Materials. Meldrum’s is commercially available or 

can be readily made by condensation of malonic acid with acetone. 
The necessary diaryliodonium salts 2 were prepared by standard 
procedures according to  Beringer and co -~orke r s . ’~  

General Procedure for the Preparations of 3 and 5. Po- 
tassium metal (0.78 g, 20 mmol) was added to 20 mL of anhydrous 
tert-butyl alcohol. After reaction, 1.44 g (10 mmol) of Meldrum’s 
acid (1) was added under nitrogen a t  70 “C. To this solution was 
slowly added 20 mmol of the appropriate diaryliodonium salt 2. 
(For reaction of 4 with 2 the molar ratio of K to 4 to 2 was 1:l:l.) 
The  resulting solution was stirred at  70 “C for several hours (see 
Table I) until it turned clear. After cooling, the solvent was 
removed, and to  the residue were added 30 mL of methylene 
chloride and 10 mL of water. The  organic layer was separated, 
washed successively with 10 mL of water, 10 mL of 5% aqueous 
NaHC03, and 10 mL of water, and then dried over anhydrous 
MgS04. The methylene chloride was removed, t o  the residue was 
added 20 mL of petroleum ether, and the mixture was allowed 
to stand in a refrigerator overnight. The  resulting crystals were 
collected by suction filtration and purified by recrystallization 
from benzene/hexane. All relevant data are summarized in the 
table. 
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Esters of dithiocarbamic acids have received consider- 
able interest because of their antimicrobial activity and 
application in organic synthesis.2 Although a wide variety 
of methods have been reported for their synthesis, the most 
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general and important one involves the alkylation of di- 
thiocarbamic acid s a l t ~ . ~ 7 ~  Since simple aryl halides cannot 
be used in alkylation reactions, this procedure only works 
for alkyl systems. 

The current methods for the preparation of aryl esters 
of dithiocarbamic acids are essentially based upon the 
reactions of dithiochloroformates with  amine^,^ or thio- 
isocyanates with thiophenol~,~ and diazonium salts with 
salts of dithiocarbamic acid,” and certain organometallic 
reagents with tetramethylthiuran disulfide, Me2NC(S)- 
SSC(S)NMe2.7r8 These methods may be tedious and 
cumbersome, may employ some toxic and hazardous 
reagents, and generally give poor yields. 

As indicated in the preceding paper,g the known1° 
availability and reactivity of diaryliodonium salts 2 
prompted us to examine their reaction with salts of di- 
thiocarbamic acids for a general, efficient, new method of 
aryl ester synthesis. 

Herein we report that salts of type 1 readily react with 
diaryliodonium salts 2 in either 2-methyl-2-propanol or 
acetonitrile a t  70 “C to give aryl esters 3 (eq 1) in good 
isolated yields (Table I). 

- 
1 3 

As in other arylations involving diaryliodonium salts 2 
this reaction also exhibits a dependence1’J2 on the anion 
X- associated with the iodonium salt 2 (Table I, entries 
2-5). In particular, C1- and -0Ac result in higher yields 
than Br- and I-. Moreover, isolated product yields are 
clearly superior to previous methods6,’ (3a-c,f-h), and the 
procedure is applicable to a broad range of aryl systems. 

Aryl esters of dithiocarbamic acid are easily hydrolyzed 
to the corresponding thiophenols.8 For example, com- 
pound 31, when heated under reflux in 20% aqueous KOH 
for 30 min, gave an 85% yield of pure p-chlorothiophenol. 
Hence, this procedure may also serve as an indirect method 
for the ready preparation of pure substituted thiophenols. 
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Table I. Aryl Esters of Dithiocarbamic Acids 3 

solvent, reactn lit. mp, 
entry compd. X- in 2 70 "C time, h this work lit. mp, "C OC IR (KBr), cm-' 'H NMR (CDCI,), ppm 

32.6 267 93-94 94-956 1508. 1385. 3.54 (s. 6 H). 7.52 (s. 2 H) 

t-BuOH 
t-BuOH 
t-BuOH 
t-BuOH 
t-BuOH 

t-BuOH 

t-BuOH 

t-BuOH 

t-BuOH 

t-BuOH 

t-BuOH 

t-BuOH 

t-BuOH 

t-BuOH 

CHSCN 

CH,CN 

CH,CN 

CHBCN 

5 

4 
4 
4 
4 

10 

5 

5 

4 

10 

15 

12  

18 

ia  
i a  

13 

13 

3 

4 

86 

74 
72 
46 
17 
56 

81 

a4 

57 

70 

63 

66 

71 

76 

68 

5s  

63 

63 

56 

1 76 

1 66 

266 

306 

366 

45-46 

116-1 17 

68-69 

148-150 

111-112 

75-76 

118-1 19 

65-66 

92-93 

102-103 

101-103 

90-92 

139-141 

150- 152 

1261, 754, 689 

466 

116-1176 

1495, 1423, 
1275, 750, 689 

1430, 1232, 749, 
685 

1478, 1399, 
1254, 750, 
740, 696, 690 

1348, 765, H) 
756, 698, 689 

111-1126 1511, 1380, 
1255, 810 

77-786 1492, 1275, 811 

1.34 (m, 6 H), 3.95 (m, 4 H), 

1.74 (s, 6 H), 3.80-4.40 (br, 4 

3.40 (s, 3 H), 5.22 (s, 2 H), 

7.50 (s, 5 H) 

H), 7.51 (s, 5 H) 

7.37 (8, 5 H), 7.52 (s, 5 H) 

104-106'* 3220, 1558, 7.20-7.33 (m, 10 H), 8.18 (s, 1 

2.40 (s, 3 H), 3.53 (s, 6 H), 
7.32 (m, 4 H) 

1.33 (m, 6 H), 2.43 (s, 3 H), 
3.95 (m, 4 H), 7.34 (m, 4 
H) 

4.00-4.30 (br, 4 H), 7.32 
(m, 4 H) 

2.38 (s, 3 H), 3.38 (s, 3 H),  
5.22 (d, 2 H), 7.36 (m, 9 H) 

118-11g6 1485, 1248, 812 1.74 (5, 6 H), 2.42 (s, 3 H), 

1490, 1399, 
1250, 806, 
746, 701 

105-10815 1504. 1385. 3.54 (s. 6 H). 3.87 (s. 3 H). 
1258, 832 

1504, 1255, 832 
7.20 (9, 4 H) 

3.90-4.30 (br, 4 H),  7.20 (4, 
4 H) 

1.73 (s, 6 H), 3.87 (s, 3 H), 

3.56 (s, 6 H), 7.30 (m, 4 H) 102-1034 1511, 1380, 
1242, 850 

1009, 820, 750 

1389, 1358, H) 
1254, 809 732 

1535, 1351, 
1248, 810, 
752, 730, 698 

94-9615 1476, 1244, 1.73 (s, 6 H), 4.00-4.30 (br, 4 

3.50 (s, 6 H),  7.70-8.30 (m, 4 
H), 7.30 (m, 4 H) 

1540, 1526, 

7.33 (m, 9 H), 8.13 (s, 1 H) 3225, 1560, 

Isolated yield of analytically pure product. bSatisfactory microanalyses obtained: C, f0.29; H, f0.13; N, f0.03. 

Experimental Section 

All melting points are uncorrected. NMR spectra were recorded 
at 60 MHz on a Varian EM-360 spectrometer with Mel% in CDC1, 
as the internal standard. IR spectra were recorded on a PE-683 
spectrometer. 

General Procedure  f o r  the Prepara t ion  of 3. To a stirred 
solution of 1 (5 mmol) in 2-methyl-2-propanol or acetonitrile (15 
mL) a t  70 "C was slowly added 5 mmol of the appropriate io- 
donium salt 2."J3 Stirring was continued until the inorganic salts 
precipitated and the reaction mixture was clear (Table I). After 
removal of the solvent, 10 mL of water was added, and the re- 
sulting mixture was extracted with methylene chloride (3 x 10 
mL). The combined organic layers were washed with water (10 
mL) and dried over anhydrous MgSO,. After removal of the 
solvent, hexane was added to the residue, and the product was 
allowed to crystallize in a refrigerator overnight. The crude 
product was collected and recrystallized from benzene/hexane. 
Products were identified by comparison of experimental values 
with literature values and by 'H NMR and IR spectroscopy (Table 

I). 
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Introduction 

We were interested in the one-step synthesis of tetra- 
alkylsilanes in the C25-C32 range via hydrosilylation of 
1-alkenes with alkylsilanes. The reaction of methylsilane 
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