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Aleohols react with dithioic acids in the presence of the complex of

diisopropyl azodicarboxylate and triphenylphosphine to give various
dithioic acid esters, via a Mitsunobu-type reaction.

Synthetic studies'2 carried out with dithioic acid esters,
RICS,R2 have employed various R! group as the main carbon
chain. In contrast, relatively few variations of the SR?2 group
nature have been reported.* Thiocarbonyl compounds have
recently gained interest for regiocontrolled Michael addition
reaction,*® aldol reaction®'° and Claisen rearrangement. 113
In order to achieve stereocontrol for these reactions, we re-
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quired a convenient preparation of dithioic acid esters with the
R? part coming from the large range of available alcohols,
including homochiral compounds.

Previously reported dithioic acid esters preparation
methods®'*~ ¢ mostly use alkyl halides or thiols as a source for
the R? substituent. To our knowledge no method using dithioic
acids 1 and alcohols 2 is available. We now report that alcohols
can be used via a Mitsunobu-type reaction.!” 2!

The adduct of diisopropyl azodicarboxylate with triphenyl-
phosphine is preformed in tetrahydrofuran and treated with a
mixture of dithioic acid 1 and alcohol 2 during 30-120 min at
0°C. After work-up dithioic acid esters 3 are isolated (Table 1).

j\ i-Pr0,CN=NCO,Pr-/PPhy /THE i
0°C, 30-120 min s
R”sH + RZOH R SR
14-98 %
1 2 3

Table 1. Synthesis of Dithioic Acid Esters 3

Reactants Time Dithioate
—~ (min)

Dithioic Acid Alcohol 2 3 Yield®

1 R! (%)

a Et a 1-pentanol 120 aa 95

a Et b 1-dodecanol 90 ab 88

a Et ¢ benzyl 30 ac 82

a Et d  furfuryl 120 ad 94

a Et e allyl 30 ae 61

a Et f crotyl 30 af 98

a Et g N, N-dimethyi- 120 ag 29
cthanolamine

a Et h (1S,285,59)- 120 ah A
(—)-myrtanol

a Et i (S)-(+)2.2- 120 ai 75

dimethyl-1,3-
dioxolane-4-methanol

a Et j  cyclopentanol 90 aj 62
a Et k cyclohexanol 9  ak 14
a Et I f-cholesterol 30 al® 33
b CH; ¢ benzyl 30 be 48
b CH,; 1 p-cholesterol 30 bi® 29
c i-Bu ¢ benzyl 30 ce 92
¢ i-Bu  f crotyl 30 cf 93

* Satisfactory microanalyses obtained: C +0.40, H +047, S +043.
" Conversion of the configuration.

A variety of dithioic acids can be used: 1a~c. Excellent yields of’
3 were obtained with primary alcohols 2a~i. Lower yields were
observed with secondary alcohols 2 i~1 and some failures have
been met (menthol, borneols). Crotyl alcohol 2f selectively
afford products 3af and 3ef with allylic chain configuration
retention. 38-Cholesterol is converted to isomerically pure
dithioates 3al and 3bl, most probably of 3 «-configuration as a
result of complete configuration inversion.'*~2! Thus the pre-
sent method offers an easy and novel entry to alkanedithioic acid
esters 3, including the homochiral derivatives 3ah, 3ai, 3al, and
3bl.

THF is distilled from sodium/benzophenone prior 1o use. Medium
pressure chromatography was carried out with a Jobin-Yvon Chroma-
lospac Prep 10 apparatus. 'H-NMR spectra were obtained using a
Varian EM 360 or a Jeol INM-EX 200 MHz spectrometer. '*C-NMR
spectra were recorded on a Bruker WP 80 spectrometer. UV spectra
were measured on a Beckman Acta M6 spectrometer. Observed ro-
tations were recorded at the Na-DJ fine a1 20 C using a Roussel-Jouun
polarimeter.
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Table 2. Data of Dithioic Acid Esters 3

Proé-  Molecular 'H-NMR 7
uct Formula or  (CC1/TMS)
Ref. 6. J(Hz7) J

1.40 (m, 14H); 2.93 (q. 2H, J = &); 3.08

3aa CoH 4S8,

(190.3) (q, 2H, T = 7.4)

3ab O HyS, 130 (m. 26H); 2.95 (g, 2H, J = 8); .10
(274.5) Q. 2H. J=7)

3ac 2 1.32(1 3H, J = 7.5),2.95 (q. 2H. J = 8),

4.38 (s, 21 7.35 (5, SH,eom)
3ad  CyHS,0 135 (t, 31, J = 7): 2.96 (q. 2H, J - 7).
(186.3) 4.45 (s, 2H); 6.18 (m, 2H_,,..): 7.22 (m,
1H,.,)
3ae 132t 3H, J = 7); 2.90 (q, 2H, J = 7);
3.76 (d, 2H, J = 7); 5.70 (m, 3H)
13200 30, J = 7); 1.68 (d, 3H. J = 5);
293(q, 2H, J=7); 3.72(d. 21, J = 7);
5.54 (m, 2HD)
3ag CoH,oS,N 13506 3H, J = 7); 2.20 (s, 6H); 2.50 (1,
{177.3) 2H, J = 70 295 (q, ZH, J = 7); 3.30 (1,
2H. /=T7)
3ah  C.H,,S,  1.08 tm, 16H); 2.84 (q, 2H, J = 7): 315
(242.4) (d,2H.J =7

Jaf? 24,25

3ai CoH 63,0, 1320w, 9H); 297 (g, 2H, J == 7), 3.33(d,

(220.3) 2H, = 6); 335(d, 2H, J = 6); 4.10 (m,
1H)

3aj  C.H,.,S, 1321 3H. J = 7); 1.68 (m. § H): 2.90 (g,
(174.3) 2H, J = 7); 4.00 (m, 1H)

3ak  CoH,eS, 1.32 4, 31, J = 7); 150 (m. 10H); 2.90
(188.3) (q. 251 J = 7): 3.8 (m, 1H)

3al®  CuoHaoS, 142 (m. 46H); 2.88 (q. 2H, /= 7); 418
(474.8) (m, 1H): 5.12 (m. 1H)

e CoHyeS,
(182.3)

I CoHyS, 12X m, 4H); 270 (s 3H): 42 m. tH):
(460.8) 5.30 (m, 1H)

2.72(5, 3H); 4.30 (s, 2H1 7.15 (. SH

)
arom’

3 CoHyeS, 098, 6H, J = 6);2.32 (m. TH); 282 (d.

(224.9) 2H, S = 75 440 (s, 211); 7.22 (5, ST )
3 Gyl S, 092 (d, 6H, J = 7 1.70 (d, 3H, J == 6);
(188.3) 2.32 (m, 1H); 2.82 (d, 2HL J = 7): 3.80(d,

SYNTHESL

BC-NMR uv [2]&" CHCI,
(CDCL,/TMS) (cyclohexane) ()
3 Zmas (nm) (logz)
13.9; 154; 22.5: 27.4; 28.8; 31.3; 305 (3.78)
36.4; 45.3; 240.2 456 (1.27)
14.1; 15.4; 22.7; 27.0; 27.4; 29.2; 305 (4.09)
29.3; 29.5; 29.6; 31.9; 36.4; 45.3; 456 (1.30)
240.1
154; 41.3; 450; 127.7; 128.7;
129.1: 240.2
15.2; 33.4; 44.8; 108.7, 110.6;
142.3: 148.7;, 238.2
154; 39.2; 450; 119.1; 131.0;
2.2
154;17.7; 38.9:45.2: 123.5; 130.8;
240.1
154: 34.6; 45.3; 56.7; 2409
18.4; 22.1; 23.2; 26.2; 28.0; 33.4, 305 (4.09) ~16.9
X7, 39.6; 41.3: 43.5; 45.3; 46.0; 456 (1.30) (35.5)
240.1
153; 25.5; 26.9; 39.2; 45.2: 68.5; 305 (4.06) —-7.7
73.5;109.6; 239.5 448 (1.30) (39.7)
13.5; 25.2; 32.0; 45.2; 49.0: 241.3 305 (4.06)

456 (1.41)
15.3; 25.7; 25.9; 30.4; 31.5; 45.3;
48.5; 239.1
11.9;: 15.4; 18.7; 19.1; 20.8; 22.5; 307 (4.1 +39
22%; 23.9; 24.3; 26.2; 26.9; 27.9; 456 (1.91) (34)
2K.2; 31.8; 35.8: 36.2; 36.6; 37.2;
39.5; 39.8; 42.3; 45.5: 49.3; 50.2;
56.3; 56.8; 122.5; 139.1; 2394
387, 42.0. 127.6; 128.2; 128.6; 303 (4.12)
129.1; 135.3: 231.8 458 (1.46)
11.9; 18.8; 19.1; 20.8; 22.6; 23.9; +36.3
24.3; 26.2; 28.0; 28.2; 31.8; 35.8; (34.3)

36.2; 36.7; 37.3; 39.6; 39.8; 42.4;
50.3; 56.8; 122.6; 139.1; 2319
22.2:30.9;41.6; 61.0; 127.%; 128.9,
129.3; 135.7; 237.4

17.7; 22.0; 30.6; 39.0; 61.0; 123.5;
130.8; 237.6

2H. ) = 7); 5.58 (m, 2H)

* bp 101-107°C/12 mbar.
" mp 107-109°C.

Dithioic acids 1a~c¢ were prepared by reaction of Grignard reagents with
. . )’?’7 >
carbon disulfide and acid treaiment.**

Alkyl Alkanedithioic Acid Esters 3; General Procedure:

In a nitrogen filled round-bottomed flask with magnetic stirrer, PPh,
(1.36 g, 5.2 mmol) is dissolved in THF (20 mL) and cooled at 0°C.
Diisopropyl azodicarboxylate (1.05 g, 5.2 mmol) is added. The mixture
is stirred for 30 min. A milky precipitate is formed. A solution of
dithioic acids (I: 6 mmol, 2 equiv; caution: obnoxious) and alcohol (2;
4mmol, 1 equiv) in THF (Sml) is added dropwise. The reaction
mixture that becomes dark brown is stirred at 0°C for 30--120 min
(Table 1). It is concentrated with a rotary evaporator. Cyclohexans
(5mL) is added. The heterogencous mixture is filtered over a Celite pad.
The residue is filtered over silica gel and then chromatographed at
medivm pressure on a silica gel column (10 x 4 ¢cm; 5-40 microns) using
cyelohexane as eluent. The dithioate 3 (Table 2) is isolated as a yellow
oil.

Received: 14 September 1983

¢ mp 92-98°C.
4 bp 110-116°C/12 mbar.
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