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Scheme I 
Arc1 + RSNa - ArSR + NaCl 
ArSR + RSNa - m a  + FSR 
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of thiophenols. Reaction of l,4-dichlorobenzene with the 
sodium salt of tert-butyl mercaptan gave compounds 2 and 
3 in yields of 89 and 7 % , respectively. Thiophenol3 was 
probably formed from 2 by elimination of isobutene rather 
than by nucleophilic substitution since no di-tert-butyl 
sulfide was observed. 

NMP 

2 3 

In all the reactions of aryl chlorides with sodium al- 
kanethiolates, the thiolate was prepared by reaction of an 
alkyl mercaptan with sodium hydroxide in NMP. Before 
addition of the aryl chloride, it was necessary to remove 
the water that was formed since the reaction rates were 
too slow with water present. This was accomplished by 
addition of toluene and azeotropic distillation of water with 
toluene. In small-scale reactions, the sodium alkane- 
thiolates can be produced using sodium hydride so water 
is not formed and the azeotropic distillation step can be 
avoided. 

Experimental Section 
4-Methylbenzenethiol. To a 3-L, threenecked h k  equipped 

with a N2 inlet, thermowell, magnetic stirring bar, and Dean Stark 
trap with condenser were added 900 mL of NMP, 96 g (2.4 mol) 
of sodium hydroxide, and 183 g (218 mL, 2.4 mol) of n-propyl 
mercaptan. The mixture was stirred and heated at 40 "C until 
the NaOH dissolved. Then, 375 mL of toluene was added and 
the mixture was heated at reflux with water being removed by 
the Dean Stark trap. After all the water (-45 mL) was removed, 
the toluene (375 mL) was distilled off. An extra 25 mL of liquid 
was distilled off to ensure complete removal of toluene. The 
reaction flask was allowed to cool almost to room temperature. 
The Dean Stark trap was removed, but the condensor was re- 
tained. Then, 76.0 g (0.60 mol) of Cchlorotoluene was added and 
the solution was refluxed ( - 186 "C) overnight (20 h). The solution 
was cooled to room temperature. A solution of 225 mL of con- 
centrated hydrochloric acid and 225 mL of water was added slowly 
with stirring and cooling until the mixture reached pH 3. After 
addition of an additional 450 mL of water, the mixture was ex- 
tracted with 900 mL of ethyl ether. The aqueous layer was 
extracted a second time with 450 mL of ether. The combined 
ether extract was washed with three 150-mL portions of water, 
dried with anhydrous sodium sulfate, and evaporated under re- 
duced pressure to give 172 g of liquid. GC analysis (20 in. x 
in. 2% OV-101 with programmed temperature rise of 15 "C/min 
starting at 50 "C) of the liquid showed that it contained 41.6% 
4-methylbenzenethiol and 30.7% di-n-propyl sulfide. The yield 
of 4-methylbenzenethiol by GC was 96%. The liquid was frac- 
tionally distilled on a column containing high-efficiency stainless 
steel packing. The isolated yield of 4-methylbenzenethiol (bp 
104-110 "C (60 Torr)) was 87%. All products were identified by 
comparison with authentic materials by IR, NMR, and GC re- 
tention time. 

When the above reaction waa carried out with n-butyl mer- 
captan instead of n-propyl mercaptan, the yield (GC) of 4- 
methylbenzenethiol was 90%. 

2-Methylbenzenethiol. The reaction was carried out in the 
same way as for 4-methylbenzenethiol except one-third scale, and 
n-butyl mercaptan was used instead of n-propyl mercaptan. The 
amount of 2-chlorotoluene used was 25.3 g (0.20 mol). Workup 
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gave 67.2 g of a liquid that was shown by GC analysis to contain 
35.3% of 2-methylbenzenethlol and 44.0% of di-n-butyl sulfide. 
The yield of 2-methylbenzenethiol by GC was 96%. All producta 
were identified by comparison with authentic materials. 

Thiophenol. The reaction procedure was the same as that 
described for Cmethylbenzenethiol except at onethird scale, with 
use of chlorobenzene. The reaction temperature was 172 "C, and 
the reaction time was 9 h. The yield (GC) of thiophenol was 92%. 
4-(a-Butylthio)benzenethiol (1). The procedure was the 

same as that described for 4-methylbenzenethiol except on a 
smaller scale, using 0.133 mol of 1,Cdichlorobenzene and 0.80 mol 
of sodium butanethiolate derived from n-butyl mercaptan. The 
reflux temperature was 185-190 "C and the reaction time was 9 
h. After the workup described previously, GC analysis of the crude 
product showed the yield was 94%. 

Compound 1 was isolated by extraction of an ether solution 
of the crude product with 10% aqueous NaOH solution. The 
aqueous layer was acidified with 4 M HC1 solution and then 
extracted with ether. The ether extract was washed two times 
with water, dried over anhydrous sodium sulfate, evaporated, and 
distilled: bp 162-165 "C (15 Torr) (lit? bp 165 "C (16 Torr)); IR 
(neat) 1475,1388,1107,1009,803,484 cm-'; 'H NMR (90 MHz, 
CDC13) 6 0.87 (t, 3 H, J = 7.2 Hz), 1.12-1.78 (m, 4 H), 2.81 (t, 2 
H, J = 7.0 Hz), 3.53 (8 ,  1 H), 7.02-7.53 (m, 4 H). Anal. Calcd 
for C1814S2: C, 60.55; H, 7.12; S, 32.33. Found C, 60.e H, 7.01; 
S, 32.01. 

1,4-Bia( tert -butylthio)benzene (2) and 4 4  tert-Butyl- 
thio)benzenethiol (3). The procedure was the same as that 
described previously, except on a smaller scale, with use of 0.40 
mol of 1,4-dichlorobenzene and 1.6 mol of sodium akanethiolate 
derived from tert-butyl mercaptan. The reaction mixture was 
heated at 150 "C rather than refluxed and the reaction time was 
6.5 h. After workup, 100.9 g of a white solid was obtained. GC 
analysis of the solid showed it contained 89.8% of 2 and 5.5% 
of 3. The yields (GC) of 2 and 3 were 89 and 7%, respectively. 

The two compounds were separated by the extraction procedure 
described for 1. Compound 2 was obtained as white crystals: mp 
111-113 "C (lit.' mp 112-113 "C); IR (neat) 1462,1367,1171,832, 
578, 508 cm-'; 'H NMR (90 MHz, CDC13) 6 1.31 (s, 18 H), 7.52 
(s,4 H); MS m/z 254 (M+), 142 (base), 57,41. Anal. Calcd for 
Cl4HBS2: C, 66.08; H, 8.72; S, 25.20. Found C, 65.98; H, 8.65; 
S, 24.98. 

Compound 3 was a pale yellow liquid IR (neat) 1473,1360, 

(s,9 H), 3.52 (8,  1 H), 7.12-7.50 (m, 4 H); MS m/z 198 (M+), 142 
(base), 78,57. Anal. Calcd for C1,,H14S2: C, 60.55; H, 7.12; S, 
32.33. Found C, 60.56; H, 7.04; S, 32.16. 
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Hydration is one of the most useful functionalizations 
of simple alkynes, especially for the preparation of methyl 
ketones from terminal alkynes. Therefore, a variety of 
catalysts for this reaction have been extensively studied.l-l4 
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Table I. Ketones 2 and 3 from Alkynes 1 by Au(II1)-Catalyzed Hydration (Scheme I )  
entry alkyne R' R4 reactn time (h) yield (%) product (ratio) 

H 1 91 2aC 
1 94 2b' H 

2ce 
1 83 2d 

1 la n-C&13 
2 l b  n-CioHai 
3 lo  Ph H 1 91 

1 91 2ed 
5 W 

H 1 92 2e  

l h  HOCHp H 5 W 
9 l i  C5HIiCH(OAc) H 1 96 21 

10 1j n-CBH13 n-CBH13 5 94 2j = 3j= 
11 l k  n-C&h CH3 
12 11 Ph CaHs 

7 

8 

5 94 2k/3kc (40/60) 
10 2Bb 21/31' (57/43) 

Reference 20. e Reference 21. Starting material was recovered. Determined by 'H NMR. ' Reference 25. 

Table 11. Acetals 4 and 6 from Alkynes 1 (Scheme 11) 
entry alkyne R' RZ reactn time (h) yield (%) product 

1 l a  n - C J L  H 
2 l b  n-C;J-iH;, H 
3 I C  Ph H 
4 

1 85 4aa 
1 86 4bb 
1 96 ace 
1 95 4d 

5 li n-C6H13 n-C6H13 
Reference 22. * Reference 23. e Reference 24. 

Mercury(I1) salts are effective for the hydration of many 
alkynes and have been commonly utilized; however, the 
reaction requires strongly acidic conditions.'-1° Although 
other transition-metal salts, including Pd(II), have been 
used as unactivated simple alkynes are 
sometimes recovered unchanged.12J3 Hydration of unac- 
tivated alkynes by the use of Zeise-type platinum com- 
pound has also been reported." On the other hand, it was 
reported that a gold(II1) salt was effective for the intra- 
molecular addition of an amine to an acetylene bond under 
mild conditions, whereas Pd(I1) catalyst provided unsat- 
isfactory results.16 These observations were ascribed to 
the effective activation of alkynes by Au(1II) catalyst and 
prompted successful application of unactivated alkynes. 
This study describes the use of Au(II1) in aqueous meth- 
anol for the hydration of alkynes to ketones. Direct for- 
mation of dimethyl acetals from alkynes by addition of 2 
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equiv of methanol is also achieved under appropriate re- 
action conditions in contrast to the recovery of the starting 
alkyne in the platinum-catalyzed rea~ti0n.l~ 

Treatment of 1-alkynes 1 (R2 = H) with 2 mol % of 
sodium tetrachloroaurate in refluxing aqueous methanoP 
afforded the corresponding methyl ketones 2 (R2 = H) in 
excellent yields (Scheme I). Internal acetylenes were also 
smoothly hydrated to mixtures of ketones due to the lack 
of regioselectivity. Although a terminal acetylene pos- 
sessing a remote hydroxyl group gives the corresponding 
ketone smoothly, hydration of an alkyne bearing a pro- 
pargylic hydroxyl group proceeded sluggishly (entries 6 and 
8, Table I). Protection of the hydroxyl group as an acetate, 
however, improves the yield of the products; an ester 
function is tolerated under the reaction conditions. The 
results are summarized in Table I. Although the results 
shown in Table I were obtained from milligram-scale re- 

(16) The pH value of the reaction medium was roughly 5, determined 
by pH test paper (Toyo Roshi Co., Ltd.). 
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actions, gram-scale reactions afforded the corresponding 
products in analogously excellent yields. 

Under the above-described condition, olefins were re- 
covered unchanged as exemplified by the competitive re- 
action of 1-dodecyne (Ib) and 1-dodecene. Treatment of 
an equimolar mixture of l b  and 1-dodecene under the 
above-described condition for 1 h afforded 2-dodecanone 
(2b) in 96% yield and 1-dodecene was recovered almost 
quantitatively. Other products could not be detected by 
'H NMR analysis of the crude product. 

A gold(1) complex was not effective for the hydration 
of acetylenes; upon substituting KAu(CN)~ in place of 
NaAuC14, alkynes were not hydrated and were recovered 
unchanged. 

Alkynes 1 were directly converted to dimethyl acetals 
4 and 5 in excellent yields by the addition of 2 equiv of 
methanol, when the reaction was carried out in anhydrous 
methanol (Scheme 11). The dimethyl acetal of the methyl 
ketone is obtained exclusively from 1-alkyne. Examples 
are shown in Table 11. Acetal formation from 1-alkynes 
described here can be applied to gram-scale reaction; 
2,2-dimethoxydodecane (4b) was obtained in 89% yield 
from 5 g (30.1 mmol) of 1-dodecyne (lb). 

Although dimethyl acetals were successfully obtained 
by the reaction as above, direct conversion of alkynes to 
cyclic acetals even by the same treatment with 1 equiv of 
diols was not successful. However, as dimethyl acetals can 
be converted into other cyclic acetals, including acetals 
derived from optically active  diol^,"-^^ the abovedescribed 
acetal preparation from acetylene should be useful in or- 
ganic synthesis. 

Experimental Section 
'H NMR were measured at 200 MHz. 
Hydration of an Alkyne (General Procedure). To a stirring 

solution of an alkyne (6 mmol) and water (1 mL) in 10 mL of 
methanol was added NaAuC14.2H20 (48 mg, 0.12 mmol, 0.02 
equiv), and the mixture was heated at reflux for 1 to 10 h. The 
reaction mixture was concentrated under reduced pressure and 
the residue was diluted with ether and washed with a 1:l mixture 
of brine and aqueous ammonia. The ethereal solution was dried 
over Na2S04 and concentrated to give the product. 

l-(7-Octynyl)-l-cyclohexanol (ld): bp 140 "C (2 mmHg, 
Kugelrohr); 'H NMR (CDC13) 6 1.20-1.75 (20 H, m), 1.94 (1 H, 
t, J = 2.5 Hz), 2.20 (2 H, dt, J = 2.5,6.8 Hz); IR (neat) 3550-3100, 
3250 cm-'. Anal. Calcd for C14HaO C, 80.71; H, 11.61. Found: 
C, 80.62; H, 11.86. 

8 4  l-Hydroxycyclohexyl)-2-octanone (2d): bp 145 "C (2 
mmHg, Kugelrohr); 'H NMFt (CDC13) 6 1.10-1.68 (20 H, m), 2.04 
(3 H, a), 2.33 (2 H, t, J = 6.1 Hz); IR (neat) 3620-3100,1710 cm-'. 
Anal. Calcd for C14HBO2: C, 74.29; H, 11.58. Found: C, 74.31, 
H, 11.78. 

1-Ethynylcyclohexyl acetate (lg): bp 100 "C (2 mmHg, 
Kugelrohr); 'H NMR (CDC13) 6 1.25-2.23 (10 H, m), 2.05 (3 H, 
a), 2.61 (1 H, 8); IR (neat) 3280,2105,1744,1368,1264,1230,1145, 

1043,1025,956 an-'. Anal. Calcd for C1&14O2: C, 72.26; H, 8.48. 
Found: C, 72.26; H, 8.54. 

1-Acetoxycyclohexyl methyl ketone (2g): bp 105 "C (2 
mmHg, Kugelrohr); 'H NMR (CDCl,) 6 1.4&1.78 (10 H, m), 2.10 
(3 H, s), 2.13 (3 H, m); IR (neat) 1738, 1732, 1715, 1369, 1266, 
1138 cm-'. Anal. Calcd for c1&1&3: c, 65.19; H, 8.75. Found 
C, 65.30; H, 9.00. 

3-Acetoxy-1-octyne (li): bp 80 O C  (2 mmHg, Kugelrohr); 'H 
NMR (CDC13) 6 0.90 (3 H, t, J = 6.0 Hz), 1.26-1.90 (8 H, m), 2.07 
(3 H, a), 2.46 (1 H, d, J = 2.3 Hz), 5.36 (1 H, dt, J = 2.3,6.6 Hz); 
IR (neat) 3280,2120,1740,1372,1236,1120,1020 cm-'. Anal. 
Calcd for c&&$ C, 71.39; H, 9.59. Found: C, 71.29; H, 9.54. 

3-Acetoxy-2-octanone (Zi): bp 98 "C (8 mmHg); 'H NMR 
(CDC13) 6 0.87 (3 H, t, J = 6.0 Hz), 1.23-1.80 (8 H, m), 2.12 (3 
H, s), 2.13 (3 H, s), 4.98 (1 H, dd, J = 5.0,7.4 Hz); IR (neat) 1743, 
1736,1241,1120,1078,1040 cm-'. Anal. Calcd for C1$€1sO3: C, 
64.49; H, 9.74. Found: C, 64.35; H, 9.79. 

Hydration of Alkyne in Gram-Scale Reaction. To a so- 
lution of l-dodecyne (5  g, 30.1 mmol) and water (6 mL) in 
methanol (60 mL) was added NaAuCl,.2H20 (240 mg, 0.60 "01, 
0.02 equiv), and the whole was heated at reflux for 1 h. After 
removal of methanol under reduced pressure from the reaction 
mixture, the residue was diluted with ether and washed with a 
1:1 mixture of brine and aqueous ammonia. The ethereal solution 
was dried over Na2S04 and concentrated. Distillation [bp 107 
"C (8 mmHg)] of the concentrate gave 4.6 g of 2-dodecanone (25 
mmol, 83% yield). 

By the analogous treatment of 3-acetoxy-1-octyne (5  g, 29.8 
mmol) with NaAuC14.2H20 (237 mg, 0.60 mmol, 0.02 equiv) in 
a refluxing mixture of methanol (60 mL) and water (6 mL) for 
1 h, 4.8 g of 3-acetoxy-2-octanone (25.8 mmol, 87% yield) was 
isolated by distillation [bp 98 "C (8 mmHg)]. 

Competitive Hydration of 1-Dodecyne and 1-Dodecene. A 
mixture of 415 mg (2.5 mmol) of 1-dodecyne and 420 mg (2.5 
mmol) of 1-dodecene was treated with 20 mg of NaAuCl4-2H20 
(0.05 mmol,0.02 equiv) in refluxing methanol (10 mL, containing 
ca. 10% H20) for 1 h. The reaction mixture was worked up as 
described above to give 817 mg of oily product, which contained 
441 mg (95% yield) of 2-octanone and 376 mg (90% recovery) 
of 1-dodecene. 

Direct Formation of Dimethyl Acetal from a n  Alkyne 
(General Procedure). A solution of an alkyne (5  mmol) and 
NaAuC14.2H20 (40 mg, 0.1 mmol, 0.02 equiv) in anhydrous 
methanol (10 mL) was heated at reflux for 1 h to 10 h. To the 
cooled reaction mixture was added triethylamine (1 mL), and the 
solution was then concentrated in vacuo. The residue was diluted 
with ether and washed with a 1:l mixture of brine and aqueous 
ammonia. The ethereal solution was dried over Na2S04 and 
concentrated to afford the product. 
l-(7,7-Dimethoxyoctyl)cyclohexanol (4d): bp 140 "C (1 

mmHg, Kugelrohr); 'H NMR (CDC13) 6 1.16 (3 H, s), 1.20-1.75 
(22 H, m), 3.09 (6 H, 8) ;  IR (neat) 3650-3200 cm-'. Anal. Calcd 
for C16H3203: C, 70.54; H, 11.84. Found: C, 70.53; H, 11.87. 

7.7-Dimethoxytetradecane (4i = 5i): bp 160 "C (2 mmHg, 
Kugelrohr); 'H NMR (C6D6) 6 0.89 (3 H, t, J = 6.5 Hz), 0.90 (3 
H, t, J = 6.5 Hz), 1.15-1.80 (22 H, m), 3.10 (6 H, a); IR (neat), 
1380,1275,1090 cm-'. Anal. Calcd for C16HM02: C, 74.36; H, 
13.26. Found: C, 74.49; 13.39. 
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Lewis acid catalyzed C-ribofuranosylation is an impor- 
tant synthetic introduction to naturally occurring C- 
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