
Compounds Related to 2,2,4,4-Tetramethylpentane-3-thiol J .  Org. Chem., Vol. 42, No. 6, 1977 973 

Preparation and Reaction of Compounds Related to 
2,2,4,4-Tetramethylpentane-3-thiol[ Di( tert-buty1)methanethioll 

J. Buter and Richard M. Kellogg* 

Department of Organic Chemistry, University of Groningen, Zernikelaan, Groningen, The Netherlands 

Receioed September 14,1976 

Reduction with lithium aluminum hydride of 2,2,4,4-(tetramethyl)pentane-3-thione (3) gives the thiol (2). 
Treatment of 2 with chlorine affords 2,2,4,4-(tetramethyl)pentane-3-sulfenyl chloride (41, the reactions of which 
were investigated. Substitution of 4 on sulfur proceeds normally with diazomethane, phthalimide. and methanol. 
Hydrolysis of 4 likely provides the corresponding sulfenic acid ( l l ) ,  which dimerizes to a thiol sulfoxide (7) .  Reac- 
tion of 4 with ozone gives 2,2,4,4-(tetramethyl)pentane-3-sulfinyl chloride (8). This compound can be converted 
to the sulfine (13) by treatment with pyridine at  -30 "C. Several substitution reactions on sulfinic sulfur were in- 
vestigated. Alkylation of 2 with benzyl bromide and oxidation of this product gave benzy1[2,2,4,4-(tetramethyl)-3- 
pentyl] sulfone (17) that  was converted to a dianion on treatment with excess n-butyllithium. Some reactions of 
this dianion were investigated. 

We, and others,l have been interested for some time in 
devising a synthesis of tetra-tert-butylethylene (1). Although 
our experiences in this area parallel those of other workers, 
namely failure to obtain 1, we have during this effort devel- 

products. However, the reactions with phthalimide6 and 
methanol7 to form respectively the N-(alky1thio)phthalimide 
5 and the sulfenate ester 6 are characteristic for reasonably 
stable sulfenyl chlorides. The corresponding sulfoxide and 
sulfone derivatives of 5 were also prepared. With water 4 
reacted cleanly to give the thiosulfinate 7, which is the ex- 
pected condensation product of the sulfenic acid 11.* At- 
tempts to trap 11 by addition to conjugated systems were 

I - 
oped a considerable amount of chemistry centered around the 
thiol 2, which we viewed as a possible intermediate in a syn- 
thesis of 1. We now report some of the chemistry of this hin- 
dered thiol. 

Thiol 2 was prepared in excellent yield by reduction (eq 1) 
of di(tert-butyllthione (3), which has recently become avail- 

3 - 2 - 
able.lar2 This thiol proved more susceptible to chemical ma- 
nipulation than its oxygen analogue, di(tert-butyl)carbinol, 
which enters cleanly into relatively few reactions other than 
esterificati~n.:'?~ 

Reaction of 2 with chlorine5 proceeded smoothly to give in 
essentially quantitative yield the sulfenyl chloride (4). This 
compound was not stable enough for analysis and was char- 
acterized by spectral data and reactions as outlined in Scheme 
'I. Attempts to add 4 to olefins failed to give characterizable 
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unsuccessful, however, Oxidation of 4 with ozone was ex- 
tremely clean and gave the sulfinyl chloride 8; all attempts to 
force the reaction further failed. The same was true with m- 
chloroperbenzoic acid (MCPBA) as oxidant, which gave again, 
even under the most forcing conditions, only 8. We were un- 
able to obtain the sulfonyl chloride. The samples of 8 prepared 
by oxidation with MCPBA were for unknown reasons not 
stable and on attempted purification by chromatography on 
silica gel the product decomposed readily to give chiefly the 
unsaturated chloride 12. A mechanism involving the formation 

H 

12 - 

of the di(tert-butyl) carbonium ion is likely involved in the 
formation of 12.3 

The thiolsulfinate 7 was also obtained by oxidation with 
MCPBA of disulfide 9, formed by the (rather sluggish) oxi- 
dation of 2. The combination of 2 with 8 afforded also the 
thiolsulfinate. Reaction of 2 with d i a~omethane~  proceeded 
normally to give chloromethyl compound 10. 

Some additional reactions as shown in Scheme I1 were 
carried out on sulfinyl chloride 8. Dehydrohalogenation with 
pyridine at  -30 "C gave cleanly the sulfine 13, which has been 
prepared previously by Barton and co-workers by oxidation 
of the thione 3.loy2 No or only a very poor yield of 13 was ob- 
tained on treating 8 with pyridine at  temperatures higher than 
-30 "C, with triethylamine, diisopropylamine, or calcium 
hydroxide.ll 
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Since reaction with methanol gave the sulfinate ester 14, 
whereas sulfine 13 fails to react with methanol, we suspect that 
there is a competition in the reactions of 8 between catalyzed 
elimination leading to sulfine formation and attack at  sulfur 
to form sulfinates, which can be isolated when suitable nu- 
cleophiles like methanol or 2 are used. 

A rather interesting reaction of 8 was with the hydrazone 
of di-tert-butyl ketone (15 ) lT  as shown in eq 2. The conden- 

1 3  I not I s o l a t e d )  - 

sation product 16 was isolated in good yield; attempts to 
couple by pyrolytic means the two di(tert-buty1)methyl (or 
methylene) units resulted in the formation of the sulfine 13 
as the only isolated product. A possible sigmatropic rear- 
rangement that could lead to 13 is shown in eq 2. Other paths 
involving initial homolysis of a bond can, of course, be sug- 
gested. 

Brief examination was made of the feasibility of preparing 
1,l-di(tert-buty1)alkenes by the route of eq 3 previously de- 
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veloped for simple alkenes.13 Reaction of 2 with benzyl bro- 
mide gave the alkylated product, which was oxidized to the 
sulfone 17. Treatment of 17 with excess n-butyllithium or 
alternatively first with 1 equiv of diisopropylamide followed 
by 1 equiv of n-butyllithium gave a light yellow solution 
thought to contain a di~arbani0n. l~ Oxidation with CuCl? 
gave, however, no isolable amounts of alkene and swamping 
of the solution with methyl iodide gave in good yield 19. This 
suggests that  not the a,a' dianion 18a but rather a,a dianion 
18b is formed (eq 4). 

Experimental Section 
All melting points were determined with a calibrated melting point 

block or with a Mettler automatic melting point apparatus. UV, IR 
IH NMR, and mass spectra were obtained using common laboratory 
instruments. ';jC NMR measurements were made at  25.2 MHz and 
chemical shifts are relative to Me& 

Chemicals cited without reference were either in stock or were 
prepared following well-described procedures. Elemental analyses 
were carried out in the analytical laboratory of this university. 
2,2,4,4-Tetramethylpentane-3-thiol (2) was prepared by the 

reduction of 2,2,4,4-tetramethyl-3-pentanethione (3.0 g, 19 mmol) 
in dry ether (50 ml) added dropwise to a stirred suspension of LiAlHJ 
(0.34 g, 10 mmol) in dry ether (70 mi). The solution was let stand for 
2 h. After neutralization with dilute H"O4 and workup there was 
obtained 285 mg (17.8 mmol, 94%) of thiol: bp (43 mm) 96-98 "C; IR 
(CC14) 1150,1205,1360,1395, and 1480 cm-I; 'H NMR (CCIJ) 6 1.10 
[s, 18, (CH:I):IC], 1.22 (d, J = 8 Hz, SH), and 2.60 (d. J = 8 Hz, 
CH). 

Anal. Calcd for CgHzoS: C, 67.43; H, 12.67; S, 20.00. Found: C, 67.62; 
H, 12.63; S, 19.75. 
2,2,4,4-Tetramethylpentane-3-sulfenyl chloride (4) was pre- 

pared by treating a stirred solution of 2 (1.6 g, 10 mmol) in 10 ml of 
dry CC13 with a stream of dry C12 a t  0 "C. The reaction was followed 
by 'H NMR and was stopped once conversion was complete. The 
material had 'H  NMR 6 1.20 [s, 18, (CH:j),jC] and 2.75 (s, 1, CH). The 
material was only moderately stable and was used without further 
purification save that excess Clp was blown out of solution with a 
stream of N2. Addition of excess Cln gave no evidence for the addition 
of a second mole of Clg to the sulfur atom. Although the point is not 
rigorously proven, we believe that exclusively RSCl and not RSCl:, 
is the compound formed. 
N-[(2,2,4,4-Tetramethyl)-3-pentyl]thiophthalimide ( 5 )  was 

prepared by allowing a freshly prepared solution of 4 (10 mmolj in 
CCI? to react with a stirred slurry of phthalimide (1.47 g, 10 mmol) 
and triethylamine (1.5 g, 15 mmol) in 20 ml of CC14 over a period of 
one night. Water (25 ml) was added, and the organic layer was sepa- 
rated and dried over MgSOJ. The product was recrystallized from 
CH:jOH affording 3.02 g (10 mmol, 99% yield) of 5 as a white solid: mp 
118-120 "C; 'H NMR (CCId) 6 1.22 [s, 18, (CH,I),~C],  3.10 (s, 1. CH). 
and 7.70 (complex, 4, CsH?); IR (KBrj 1720, 1700, 1470, 1290, 1050, 
870, and 700 cm-I. 

Anal. Calcd for C I ; H ~ ~ N O ~ S ;  C, 66.85; H, 7.59; N, 4.59; S, 10.50. 
Found: C, 66.89; H, 7.67; N, 4.55; S, 10.53. 

Oxidation of 5 to the sulfinamide was carried out by treating 5 (102 
mg, 0.35 mmol) dissolved in CHCl:, with m-chloroperbenzoic acid (67 
mg, 0.33 mmol) a t  room temperature. Workup gave 103 mg (0.32 
mmol, 92%yield) of the sulfinamide: mp 155-160 "C; 'H NMR 6 1.17 
[s, 9, (CH.&C], 1.40 [s, 9, (CH3)2C], 4.35 (s, 1, CHI, and 7.80 (complex 
4, C,;H,); IR (KBr) 1020 cm-' ( S - 0 ) .  

Anal. Calcd for Cj:H?:rNO:jS: C, 63.53; H. 7.21; N. 4.35; S, 9.98. 
Found: C,63.61; H. 7.12; N, 4.34: S, 9.82. 

The sulfonamide of 5 was prepared by treating 5 (102 mg, 0.35 
mmol) dissolved in CHC1:j with m-chloroperbenzoic acid (134 mg, 0.66 
mmol). Workup gave 109 mg (0.32 mmol, 92% yield) of the sulfona- 
mide as a white solid: mp 167-169 "C; IR (KBr) 1300 cm-I (Son);  IH 
NMR (CC14) 6 1.42 [s, 18, (CH:i):jC], 3.85 (s, 1, CH), and 7.58 (complex, 

Anal. Calcd for CI;H~:INO&: C, 60.51; H, 6.87; N, 4.15; S, 9.50. 
Found: C ,  60.70; H, 6.90; N, 4.13; S, 9.52. 

The sulfinamide 5 was also prepared in 73% isolated yield from the 
reaction of 4 with phthalimide in CCll at  -15 "C with added trieth- 
ylamine. 

O-Methy1[2,2,4,4-(tetrarnethyl)-3-pentyl] sulfenate (6) was 
prepared by allowing freshly prepared 4 (300 mg, 1.5 mmol) in CC14 
to react with excess methanol and triethylamine (200 mg, 2 mmol) 
with stirring at  room temperature. After disappearance of the yellow 
color the precipitated triethylamine hydrochloride was removed by 

4. C&). 



Compounds Related to  2,2,4,4-Tetramethylpentane-3-thiol 

filtration to give 244 mg (1.28 mmol, 85% yield) of crude 6 bp (0.2 mm) 
48 "C; IR (neatj 1430-1490,1390,1365,1220, and 1000 cm-'; 'H NMR 
(CC14) 6 1.15 [s, 18, (CH:J:IC], 2.63 (s, 1, CH), and 3.58 (s, 3, CH:,O); 
mass spectrum mle 190 (parent) (calcd for CloH&O, 190). An ac- 
ceptable elemental analysis could not be obtained. 
2,2,4,4-(Tetramethyl)-3-pentylsulfinyl chloride (8) was best 

prepared by leading for several hours a stream of ozone through a 
solution of 4 (5 mmol) dissolved in CC14. The course of reaction was 
followed by 'H  NMR and reaction was stopped once the absorption 
for 8 had disappeared. As judged by 'H NMR the sulfinyl chloride was 
formed in quantitative yield: 'H NMR (CC14) 6 1.27 [s, 9, (CH:j):,C], 
1.35 [s, 9, (CHa)&], and 3.18 (s, 1, CH); IR (neat) 1300, 1260, 1215, 
1150 cm-I. A satisfactory elemental analysis could not be ob- 
tained. 

Alternatively 4 could be oxidized with m-chloroperbenzoic acid to 
give 8 in 65% yield. On attempted purification by chromatography 
over silica gel a product was isolated to which structure 12 was as- 
signed: bp (45 mm) 120 "C; IR (neat) 1625,1460,1365,1375, and 825 
cm-I, ' H  NMR (CCL) 6 0.93[s, 9, CHYJ~C] ,  1.14 (d, J = 7 Hz, 3, CHd,  
2.32 (q, J = 7 Hz, 1, CH:&H), 3.91 (d, J = 11 Hz, 1, CH,Hi,CI), 4.43 
(d, J = 11 Hz, 1. CH,H&l), and 6.02 (s, 1, vinyl H); l:iC NMR (CDCI:,, 
6 relative to MejSi) 6 15.5 (q, J = 128 Hz, CH,rCH), 27.7 [q, J = 128 
Hz, (CH,J):~C], 33.9 [s, (CH:&$], 42.5 (t, J = 152 Hz, CHgCI), 47.7 ppm 
(d,  .I = 120 Hz, CH:]CH), 120.1 ppm (d, J = 192 Hz, CHCI), and 142.2 

Di[2,2,4,4-(tetramethyl)-3-pentyl] disulfide (9) was prepared 
by dissolving thiol 2 (1.69,10 mmol) in 3 ml of 15% NaOH solution and 
allowing this to react with 12 (1.09 g, 4 mmol) added in portions. The 
reaction was carried out in an ice bath and the mixture was allowed 
to stir for 12  h thereafter. The upper layer was separated, the lower 
layer was extracted three times with ether, and the organic layers were 
combined and dried over MgSOJ. Filtration and removal of the solvent 
gave 1.65 g (5 mmol, 1000% yield) of crude 9: mp 75.5-76 "C; IR (KBr) 
2900-3000, 1475,1390, 1365, 1250, and 1220 cm-]: 'H NMR (CCI,) 
6 1.17 [s, 18, (CH&;C] and 2.53 (s, 1, CHI. 

Anal. Calcd for ClaHixS2: C, 6'7.85: H, 12.02: S, 20.13. Found: C, 
67.89; H,  11.94; S, 20.04. 

The disulfide was also obtained in quantitative yield by allowing 
4 (387 mg, 2 mmol) to react with 2 (320 mg, 2 mmol) in pyridine at  
room temperature. 

Hydrolysis of 2,2,4,4-(tetramethyl)-3-pentylsulfenyl chloride 
(4) was carried out with a solution of 4 (684 mg, 1.75 mmol), which was 
allowed to react with ice--water. After stirring for 2 h, the solution was 
extracted with ether and the organic layer was dried over MgSOJ. 
Removal of the solvent gave 438 mg (1.25 mmol, 70% yield) of 
2,2,4,4-( tetramethyl)-3-pentylthio1[2,2,4,4-(tetramethyl)-3-pentyl] 
sulfinate (7): mp 113.5-1 14.5 "C (from CH:rOH): IR (KBr) 1440-1480, 
1390, 1370, and 1080 cm-l; 'H NMR (CDC1:O d 1.17 [s, 8, (CH:hC] ,  
1.22 [s, 9, (CH.0 IC], 1.40 [s, 9, (CH,J:,C], 2.97 (s, 2, CH, absorptions 
overlap). 

Anal, Calcd for ClhH&O: C, 64.61; H. 11.45; S, 19.16. Found: C, 
64.95; H. 11.51; S, 19.17. 

The thiolsulfinate 7 was also obtained in nearly quantitative yield 
by oxidation of disulfide 9 with 1 equiv of m-chloroperbenzoic acid. 
All attempts to oxidize this further afforded only uncharacterizable 
products. 

Reaction of sulfinyl chloride 8 with thiol 2 in pyridine gave also 
thiolsulfinate 7 in 40% yield. 

Di( tert-buty1)sulfine (13) was obtained by adding slowly to 10 
ml of dry pyridine held at  -29 to -30 "C sulfinyl chloride 8 (500 mg, 
2.38 mmol) with stirring. After standing with stirring at  room tem- 
perature for 1 h, the pyridinium hydrochloride was removed by fi l -  
tration, and the solvent removed to give 400 mg (2.37 mmol, 1009.0 
yield) of crude julfine, pure by ' H  NMR spectroscopy and with 
physical constants identical with those described previously.'" 
2,2,4,4-(Tetramethyl)-3-pentylmethyl sulfinate (14) was ob- 

tained by allowing sulfinyl chloride 8 (0.89 g, 5 mmol) to reflux in 15 
ml of absolute CH.iOH. Removal of methanol left exclusively 14: bp 
(1 mm) 100 "C: IH (neat) 1450-1500,1400,1370, 1125, and 1000 cm-I: 

CH), and 3.30 (s, 3, CH:?O). 

(s. CCHgCI). 

' H  NMR (CeDs) 6 1.12 [s. 9: (CH:j):\C], 1.28 [s, 9, (CH,,):IC], 2.32 (s, 1. 

Anal. Calcd for CloHn2SOe: C, 58.21: H, 10.74; S, 15.54. Found: C. 

Di- tert-butyl ketone [2,2,4,4-(tetramethyI)-3-pentyl] sulfin- 
ylhydrazone (16) was prepared from the reaction of sulfinyl chloride 
8 (2.58 g, 12.4 mmol) and 2,2,4,4-(tetramethyl)-3-pentanone ketazine 
(1.92 g, mmol, 12.3 mmol) at  0 "C in pyridine (30 ml). After 1 h a t  this 
temperature followed by 2 h a t  room temperature pyridine hydro- 
chloride was filtered off, the solvent removed, and the residue re- 
crystallized from n-heptane to give 2.42 g (7.38 mmol, 60% yield) of 

58.48; H, 10.69; Sm, 15.22. 
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16 as a white solid: mp 93.5-95 "C; IR (KBr) 3170,2800-3000 (br), 
1460, 1390, 1375, 1370, 1360, 1220,1190, 1140, 1075, 1040,995, and 
880 cm-!; NMR (CC14) 6 1.30 [s, 9, (CH&C], 1.37 [s, 9, (CH:,):,C], 1.42 
[s, 18, (CH3):$], 2.50 (s, 1, CH), and 7.52 (s, 1, NH). 

Anal. Calcd for C18H38N20S: C, 65.40; H,  11.59: N, 8.47: S, 9.70. 
Found: C, 65.39: H,  11.63; N, 8.44; S, 9.75. 

Pyrolysis of 16 dissolved in toluene in a sealed tube at  150 "C gave 
a mixture of products from which sulfine 13 was characterized (70% 
yield). 
Benzy1[2,2,4,4-(tetramethyl)-3-pentyl] sulfide was prepared 

by allowing a mixture of thiol 2 (1.6 g, 10 mmol), benzyl bromide (1.71 
g, 10 mmol), and sodium (250 mg, 10.9 mmol) dissolved in ethanol (4 
ml) to stir a t  room temperature overnight. The solution was diluted 
with saturated NaCl solution and extracted with ether. After drying, 
removal of the solvent, and distillation there was obtained 2.5 g (10 
mmol, 100% yield) of the sulfide: bp (10 mm) 165-167 "C: IR (neat)  
1600,1500,1475,1455,1390,1360, and 700 cm-I: 'H NMR (CC1.i) 6 
1.12 [s, 18 (CH:&C], 1.25 (s, 1, CH), 3.68 (s, 2, CHd,  and 7.21 (complex. 
5, CsHs). 

Anal. Calcd for CIRH&: C, 76.73: H. 10.46. Found: C,  76.40: H. 
10.42. 

An acceptable analysis for sulfur was not obtained. 
The sulfoxide of benzyl [2,2,4,4(tetramethyl)-3-pentyl] sulfide was 

prepared in the usual fashion by oxidation with 1 equiv of m-chloro- 
perbenzoic acid: mp 97-98 "C (from CH,,OH); IR (KBr) 1010-1030 
cm-' (S-0); 'H NMR (CC11) 6 1.00 [s, 9, (CHd C], 1.35 [s, 9, (CH IC]. 
2.25 (s. 1, CH), 4.15 (s, 2, CH?), and 7.28 (complex. 5, C,;HJ. 

Anal. Calcd for C~GH&O: C, 72.13: H. 9.84: S. 12.03. Found: C, 
61.68; H,  9.70; S, 11.76. 

The sulfone 17 was prepared by oxidation of the sulfide with 2 equiv 
of m-chloroperbenzoic acid: mp 71.5-73.5 "C (from CH:lOH): IR 
(KBr) 700, 1120, and 1300 cm-'; 'H  NMR (CC1,) 6 1.28 [s. 18. 
(CH:~):IC], 2.63 (s, 1, CHI, 4.19 (s, 2, CHd,  and 7.36 (complex, 5, C&). 
The sulfone was characterized as a derivative (see below). 

Reaction of Benzy1[2,2,4,4-tetramethyl)-3-pentyl] sulfone (17) 
with S t rong  Base. To 17 (213 mg, 0.755 mmol) dissolved in 20 ml of 
pure, dry dimethoxyethane under dry nitrogen at  0 to -5 'C was 
added n-butyllithium (4.4 mmol). A light brown color developed 
rapidly: the resulting solution was stirred for 1 h. Methyl iodide (426 
mg, 3 mmol) was added rapidly and the solution was stirred for 1 h 
more at 0 "C and kept overnight at  room temperature. Quenching with 
water and straightforward workup gave 308 mg of crude material that 
was recrystallized from CH:rOH to give 97 mg (0.313 mmol, 41% yield) 
of 19: mp 110-111 "C; IR (KBr) 1470,1370,1270,1110,1090, 780, and 
650 cm-l: 'H NMR (CC14) 6 1.09 [s, 18, (CH:I).C], 1.77 (s. 6. CH J. 2.82 
(s, 1, CH), and 7.25 (complex, 5, CsHi). 

Anal. Calcd for ClhH:jI)S02: C, 69.63; H. 9.74: S, 10.33. Found: C, 
69.63; H,  9.84: S, 10.24. 

Various attempts to oxidize a dianion from 17 following procedures 
described in ref 13 gave only recovered starting material and/or un- 
characterized products. 
Chloromethy1[2,2,4,4-(tetramethyl)-3-pentyl] sulfide ( I O )  was 

prepared by allowing 4 (200 mg, 1.02 mmol) dissolved in ether to react 
with a slight excess of a diazomethane solution in ether. Stirring was 
continued for 15 h at room temperature. Any remaining diazomethane 
was destroyed and the solution was concentrated under reduced 
pressure. Distillation gave 149 mg (0.717 mmol, 70% yield) of 10: bp 
(0.1 mm) 50 O C ;  IR (neat) 1475,1395,1370,1260, 1230.1080,1020,800 
(br), and 725cm-I: 'H NMR (CCIJ) 6 1.18 [s, 18. (CH 1) ,C], 2.49 (s. 1. 
CH), and 2.76 (s, 2, CHL). 

Anal. Calcd for C I , I H ~ ~ S C I :  C, 57.53; H, 10.14: S. 15.35; C1. 16.98. 
Found: C, 57.43: H,  10.17: S, 15.05. 

An acceptable analysis for chlorine was not obtained. 

Registry No.-2, 57602-97-8: 3, 54396-69-9; 1, 61258-91-1; 3, 
61258-92-2; 5 sulfinamide analogue, 61258-93-3: 5 sulfonamide ana- 
logue, 61258-94-4: 6, 61258-95-5; 7, 61258-96-6: 8, 61258-97-7: 9, 

33420-22-3; 16,61259-01-6; 17,61259-02-7; 19,61259-03-8: phthali- 
mide, 85-41-6; m-chloroperbenzoic acid, 937-14-4; methanol, 6'7-56-1; 
ozone, 10028-15-6; benzyl bromide, 100-39-0: benzy1[2,2,4,4-(tetra- 
methyl)-3-pentyl] sulfide, 61259-04-9; benzy1[2,2,4,4-(tetramethyl)- 
3-pentyl] sulfoxide, 61259-05-0; diazomethane, 334-88-3. 
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T h e  role o f  cat ion radical/nucleophile adduct deprotonat ion equi l ibr ia in the reactions o f  th ianthrene cat ion rad- 
ical  (Thet) w i t h  pyr id ine and water in acetonitri le solut ion has been examined using stopped-flow and  electrochem- 
ical  techniques. In b o t h  reactions reversible nucleophil ic at tack and  adduct format ion a t  a sul fur  site o n  Thet is pro-  
posed as the f i rs t  step in a general half-regeneration scheme. Rate-determining electron transfer involves reaction 
between adduct (oxidant) and deprotonated adduct in the case o f  a prot ic  nucleophile (e.g., water). In the case of 
a n  aprotic nucleophile (e.g., pyr id ine) the rate-determining encounter is between a nonadducted cat ion radical  and 
adduct w i t h  the adduct funct ioning here as the reducing agent. The  fo rmat ion  o f  the produc t  o f  both reactions, 
th ianthrene &oxide, is discussed in terms o f  the relat ive stabil it ies o f  the oxidized forms o f  these cat ion rad i ca lhu -  
cleophiie adducts 

Recent studies of the kinetics and mechanisms of the re- 
actions of the 9,lO-diphenylanthracene (DPA) cation radical 
(DPA-+) with various nucleophiles and reducing agents' 
suggest that a half-regeneration mechanism2 predominates 
in all cases where addition products are observed. Although 
this scheme is operative in the cases examined thus far, re- 
actions of DPA.+ with certain nucleophiles (e.g., chloride)Id 
have exhibited reaction dynamics which are second order in 
cation radical concentration. These observations are ac- 
counted for within the half-regeneration pathway in terms of 
rapid, reversible cation radical/nucleophile adduct formation 
which precedes rate-determining electron transfer from this 
adduct to a second ion radical. By comparison protic nucleo- 
philes (e.g., water) in reaction with DPA.+ show a first-order 
dependence of rate on both nucleophile and cation radical 
c ~ n c e n t r a t i o n , ~ , ~  indicative of rate-determining adduct for- 
mation. Such observations invite speculation concerning the 
role of ion radical/nucleophile adduct deprotonation steps and 
the extent to which processes of this type may influence the 
observed dynamics of a particular reaction. 

An ideal system through which this role can be probed is 
afforded by the cation radical derived from thianthrene (Th). 
While the hydrolysis of the thianthrene cation radical (Th.+) 
is known to be second order with respect to radical i ~ n , ~ , ~  the 

corresponding anisylation of this species has been accounted 
for via a half-regeneration mechanism which exhibits con- 
centration-dependent reaction order.: This mechanism in- 
volves adduction equilibria of the type noted in the chlorin- 
ation of DPA.ld 

The reaction of pyridine with The+ in neat pyridine affords 
the ring-substituted product8 Th(Py)+ in which charge relief 
for this two-electron deficient species has occurred via sub- 
strate proton loss. Alternatively, the hydrolysis (protic nu- 
cleophile) of Th.+ affords the addition product, thianthrene 
&oxide (ThO),5,6 in which charge relief has been attained by 

0 
I1 

Tho Th( Py )+ QJJ 
discharge of nucleophile protons. The nucleophiles pyridine 
and water were therefore selected for a comparative evaluation 
of the mechanistic effects exerted by protic and aprotic nu- 
cleophiles upon their respective reactions with the cation 
radical of thianthrene. 


