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Substituted thioindoxyls are extensively used for the synthesis of vat dyestuff.',2 Of the 
many methods for their synthesis,'.' the most widely used is the cyclization of the appropriate arylth- 
ioglycolic a~ids.4.~ We previously reported a more efficient two-step procedure for the synthesis of 
phenylthioglycolic acids6.' and also now describe a new procedure for the synthesis of these acids in 
yields higher than previously reported. 

R" aNH2 NaN02/HCI R" N2+ CI- 

1 2 

3 4 

a) R = F, R ,  R = H b) R, R ' =  H, R" F c) R = C1, R ,  R" = H d) R, R '=  H, R"=  CI 
e ) R = B r , R , R " = H  f ) R , R = H , R " = B r  g ) R = I , R , R " = H  h ) R , R = H , R " = I  
i )  R, R" = H, R = NO2 j)R, R' = H, R" = NO2 k) R, R = H, R" = CH3 I) R = COOH, R', R" = H 

Aryltriazeness are generally crystalline compounds which are stable to air, light, and basic 
conditions9 and have been used for the synthesis of aryl iodides by replacement of the triazene moiety 
with iodine.'0,'' Although eleven thioglycolic acids could be synthesized by this method, the prepara- 
tion of carboxyphenylthioglycolic acid from [2-~arboxyphenyl)azo]pyrrolidine failed in this study. 
The product of this reaction was salicylic acid, possibly generated via the lactone as suggested in our 
previous paper? 
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EXPERIMENTAL SECTION 

Volume 30, No. 3,1998 

The substituted anilines were supplied by Merck Co. All mps were determined in sealed capillaries. 
W-IR spectra were recorded on a Matson lo00 spectrometer. 'H NMR spectra were obtained on a 
Varian EM-360 L (60 MHz) NMR spectrometer. Elemental analyses were carried out on a Leco-CHN 
600 instrument. 

Typical Procedures. 2-Fluorophenylthioglycolic Acid.- A mixture of 2-fluoroaniline (5.558 , 0.05 
mole) and 13.5 mL of conc. HCI was cooled about to -10"; then about 20 g of crushed ice was added 
and the mixture was diazotized by the slow addition of a solution of sodium nitrite (4.49 g, 0.065 
mole) in 10 mL of water. The cold solution of diazotized amine (CAUTION!) was then added 
cautiously and slowly to a s t i e d  solution of pyrrolidine (4.2 mL, 0.05 mole) and allowed to warm up 
to room temperature to give a precipitate, [(2-fluorophenyl)azo]pyrrolidine (3a) which was collected 
and dried in air (7.2 g, 75% yield). CAUTION: These compounds which bear the biazene moiety as 
part of their structure must be regarded as potentially carcinogenic and appropriate precautions taken 
to ensure that human contact does not occur? 

Thioglycolic acid (2.1 mL, 0.03 mole) was poured onto the finely powdered [(2-fluo- 
ropheny1)-azolpyrrolidine (5.8g, 0.03 mole) at room temperature and mixed well. Then, 2.6 mL of 
conc. HCI (0.03 mole) was added to the mixture. The reaction was complete in several minutes after 
addition of hydrochloric acid. In order to extract thioglycollic acid from oily product, the reaction 
mixture was boiled in water and filtered, then allowed to cool. More of product (4a) crystallized from 

TABLE 1. Yields, mps, IR and 'H NMR Spectral Data of Compounds 3 

Cmpd mp. lit mp. Yield IR (KBr) 'H NMR (6, CCl,) 
("C) ("C) (%) (PYrr.C-H) 

(cm-' 
3a 37-38 - 75 2866,2979 1.9 (m, 4H); 3.72 (m,4H), 6.85-7.6 (m, 4H) 
3b 57 - 71 2875,2975 1.8 (m, 4H); 3.6 (m,4H), 6.72-7.39 (m, 4H) 
3c 53-55 - 64 2857,2953 1.9 (m, 4H); 3.7 (m,4H), 6.72-7.42 (m, 4H) 
3d 59-60 - 61 2862,2982 1.9 (m, 4H); 3.67 (m,4H), 7.17 (s, 4H) 
3e 54-55 54555.5" 65 2864,2970 2.0 (m, 4H); 3.87 (m,4H), 6.9-7.73 (m, 4H) 
3f 80-81 82-84" 90 2866,2960 2.0 (m, 4H); 3.73 (m,4H), 7.3 (s, 4H) 
3g 55-57 - 60 2870,2955 2.08 (m, 4H); 3.8 (m,4H); 7.1 (d,2H); 7.56 (d, 2H) 
3h 81-83 - 93 2870,2972 2.0(m, 4H); 3.7(m,4H), 7.25-8.18 (m, 4H) 
3i 93-95 - 84 2873,2978 2.05 (m, 4H); 3.75(m,4H), 7.3-8.26 (m, 4H) 
3j 78-80 - 93 2875,2976 2.05 (m, 4H); 3.75(m,4H), 7.3-8.26 (m, 4H) 
3k 77 - 70 2880,2973 2.0 (m, 4H); 2.32 (s,3H); 3.77(m,4H), 

31 122-123 123-125a 87 2859,2973 1.45 (m,2H); 2.3 (m, 2H); 4.0 (m,4H), 7.3 (m, 4H) 
a) Ref. 8 

6.9-7.35 (m, 4H) 
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TABLE 2. Yields, mps, IR and 'H NMR Spectral Data of Compounds 4 
Cmpd mp. lit mp. Yield IR (KBr) 'H NMR (6, CCl,) 

("C) ('C) (%I (pym.C-H) 
(cm-') 

4a 77-79 79b 37 1696 3.70 (s ,2H); 6.95-7.68 (m, 4H), 8.25 (broad, 1H) 
4b - - 43' 1695 3.48 (s, 2H); 6.91 (d, 2H); 7,28 (d, 2H); 8.3 (s, 1H) 
4c 117-1 18 117-1 18d." 32 1705 3.68 (s, 2H); 7.29( m, 4H), 9.2 (broad, 1H) 
4d 101-103 - 36 1702 3.50 (s, 2H); 7.21 (s, 4H), 10.19 (broad, 1H) 
4e 115-1 16 116-1 17f 44 1705 3.78 (s, 2H); 7.1-7.79( m, 4H),10.3 (broad, 1H) 
4f 105-107 1079 33 1702 3.73 (s, 2H); 7.5 (s, 4H), 8.5 (broad, IH) 
4g 112-114 112-1 13h 38 1705 3.61 (s, 2H); 7.18-7.95 (d-d, 4H), 9.74 (broad, IH) 
4h 106-110 - 32 1702 3.68 (s, 2H); 7.2 (d, 2H);7.72 (d, 2H), 8.12(broad,lH) 
4i 131-132 130-132' 37 1709 3.93 (s, 2H); 7.52-8.52 (m, 4H), 9.12 (broad, 1H) 
4j 124-128 - 35 1707 3.76 (s, 2H); 7.35-8.35 (m, 4H), 9.08 (broad, IH) 
4k 96-97 95-97' 45 1704 2.34 (s, 3H); 3.64 (s, 2H); 7.05-7.50 (d-d, 4H), 

8.6 (broad, 1H) 
a) From anilines; b) N. Sharghi and I. Lalezari, J. Chem. Eng. Data, 8,276 (1963); c) Compound 4b 

is a known product," but could not be crystallized and was isolated a thick oil in 43% yield; d) Ref. 
5 ;  e) Ref. 6; f) G. M. Oksengendler and Yu. E. Gerasimenko, J.  Gen. Chem. USSR, 29, 919 
(1959); g) P. Friedlander and A Chwaia,. Monatsh. Chem., 247 (1907); h) N.S. Dokunikhin and Y. 
Gerasimenko, Gen. Chem., USSR, 30, 1987 (1960); i) Ref. 7 

the aqueous solution. The oily residue was boiled again in about 100 mL of water and filtered. This 
process was repeated more times and the solid crops were combined and recrystallized from water to 
yield 2.74 g (49%, 37% based to 2-fluoroaniline) of product, mp. 77-79'. 

TABLE 3. Elemental Analyses of New Compounds 3a-3d, 3g-3k and 4d, h, j 
Cmpd C (Found) H (Found) N (Found) 
3a 62.16(62.19) 6.26(6.25) 21.7q21.75) 
3b 62.16(62.14) 6.26(6.23) 21.75421.77) 
3c 57.28(57.29) 5.77(5.80) 20.04(20.00) 
3d 57.28(57.3 1) 5.77(5.81) 20.04(20.01) 
3g 39.89(39.91) 4.02(3.99) 13.95(13.98) 
3h 39.89(39.87) 4.02(3.99) 13.95(13.93) 
3" 54.54(54.57) 5.49(5.51) 25.44(25.48) 
3j 54.54p4.5 1)  5.49(5.47) 25.44(25.43) 
3k 69.81(69.84) 7.99(7.97) 21.67(21.65) 
4d 74.41 (74.43) 3.48(3.46) - 

4h 32.67(32.67) 2.40(2.42) - 

45.06(45.03) 3.3 l(3.34) - 4j 
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A SIMPLE REGIOSELECTIVE SYNTHESIS OF (R)-10-HYDROXYAPORPHIM 

DIRECTLY FROM (R)-lO,ll-DIHYDROXYAPORPHINE [(R)-APOMORPHINE] 
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Since the discovery of useful dopamine (DA) agonist activity in hydroxylated aporphine 
alkaloids such as (R)-apomorphine [(R)- 10,l 1-dihydroxyaporphine] (l),' there has been continuing 
interest in delineating the portions of the apomorphine molecular structure responsible for dopamin- 
ergic properties and the structure-activity relationships of this class of conformationally rigid DA 
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