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Tetraphosphorus decasulfide (1) is a long known thionating 
agent for the conversion of carbonyl into thiocarbonyl groups 
[ 1,2]. The normal procedure involves boiling of the carbonyl 
compound with a large excess of P4Slo in an inert solvent such 
as toluene, xylene or pyridine. The reaction times are long and 
the yields in general low. A considerable progress has been 
made by the introduction of Lawesson's reagent, 2,4-bis- 
(p-methoxy)- 1,3-dithiadiphosphetane-2,4-dkulfide (2a), as a 
general thionating agent [3]. Meanwhile 2a and several struc- 
tural related dithiaphosphetanes such as 2b [4] are used 
extensively for the conversion of carbonyl into thiocarbonyl 
groups [5]. 
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Scheme 1 

The thionation reactions with 2 can be run at room tempe- 
rature or moderately elevated temperatures. Furthermore 2 is 
capable of transforming a large variety of carbonyl compounds 
into thiocarbonyl compounds, not only amides into thioamides 
but also lactones into thiolactones and esters into thioesters 
[3]. The main disadvantage in the use of 2 often lies in the 
difficulty found in separating product and reagent. This is 
normally done by column chromatography, which has to be 
repeated in unfavourable cases. Therefore efforts have been 
made to improve the results obtained with P4Sl0 (1) as a very 
cheap thionating agent. 

Raucher and Klein utilized the aid of ultrasonic-irradiation 
at 20-40 "C to transform amides into thioamides by P4SI0 
[61. Scheeren, Ooms and Nivard were obviously the first to 
propose the use of more polar solvents than toluene or xylene 
to improve the solubility of the reagent and the addition of 
sodium hydrogen carbonate as a suitable nucleophile to 
activate the P=S bond by nucleophilic attack [7]. They ob- 
tained fair to good yields with several aromatic ketones, 
amides, and some esters using mainly acetonitrile, diglyme, 
or diethyl ether at 30-40 "C. Dash, Dora, and Panda 
converted heterocyclic C=O groups of benzoxazine-4-ones, 
pyrazoline-4-ones and pyrimidine-2,5-diones into the 
corresponding thiones with P4Slo/triethylamine in acetonitrile 
at room tem- perature [gal. The yields reported ranged from 
17% to 90%. P4Slo/ triethylamine in dichloromethane also 
transforms ef- fectively tropones into tropothiones (yields 62- 
96%) [8b]. According to Goel and Krolls P4S10 reacts with 4 
equivalents of n-butyllithium, methyllithium or phenyllithium 
to form a reagent that thionates lactams to thiolactams under 
mild conditions (10-60 "C). 

Optimum thionation procedures have been elaborated by 
variation of the polar solvent and the nucleophilic base ac- 
cording to the principle proposed in Lit. [7]. Thus Brillon 
used P4Slo and sodium carbonate (molar ratio 1:l) in tetra- 
hydrofuran [ lo]. When mixing both reagents at room tempe- 
rature a homogeneous solution is formed within 10-20 minu- 
tes. This solution is capable of thionating amides, peptides, 
and lactams at room temperature or slightly elevated tempera- 
tures (up to 50 "C) within a few hours affording good to excel- 
lent yields (general procedure A). In our hands the combina- 
tion P4SIo and sodium fluoride (molar ratio 1: 2) in dimethoxy- 
ethane gave even better results [ 111 (general procedure B). 
The main advantages in following procedure A or B are: 
-the extremely mild reaction conditions, in most cases room 

- the high yields of thionation products generally obtained, 
-the easy work-up procedure; most by-products are already 

eliminated with the alkaline water phase. 
The exact nature of the thionating agent is still unknown. 

Obviously the attack of nucleophiles on P4Slo gives rise to 
several species as indicated by complex 31P NMR spectra 

temperature, 
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[9]. Therefore a probable reaction mechanism is merely based 
on speculation. The dissolution of P4Slo in the polar solvent 
is mainly due to the addition of the nucleophile at the P=S 
bond (2) leading to the dipolar intermediate 3, which attacks 
the C=O group exchanging ligands. 

Following procedure B it is also possible to convert nitriles 
15 directly into primary thioamides 16 [12]. The same aim 
can be acchieved with procedure A, using P4Sl0 (9.0 mmol), 
anhydrous NazS (9.0 mmol) instead of Na,C03 and the 
corresponding nitrile ( 1.8 mmol) [ 131. 
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Scheme 2 

By the general procedure A or B a wide range of primary, 
secondary and tertiary amides 9 were effectively converted 
into thioamides 10 [lo, 121. The same is true for all kinds of 
lactams 11 [lo, 121. 
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Esters are generally not attacked and survive the thionation 
procedure. This means that N-protected a-amino amides 13 
can be safely converted into N-protected a-amino thioamides 
14 without racemization (yields of pure product 85-95%) [ 111. 
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Scheme 6 

The reagent combination P4S l@aF in dimethoxyethane is 
capable of attacking the solvent [14]. Thus minor amounts of 
the main by-products 17 and 18 (molar ratio: 1: 6) were isolated 
after longer reaction times. Separation of the liquid fluoro- 
phosphates 17 and 18 causes no problem with crystalline end 
products. With liquid end products, however, a purification 
by column chromatography is indispensible [ 151. 
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Scheme 7 

Solvent attack by the reagents can be avoided in dichloro- 
methane. In this case a catalytic amount of crown ether will 
accelerate the reaction (procedure C) [ 141. 

General Procedures 

A: In a flask fitted with a gas outlet, P4Slo (2.0 g, 4.5 mmol) 
and NaZCO3 (0.47 g, 4.5 mmol) are added to THF (30 ml). 
The mixture is stirred vigorously for 10-20 min and the amide 
(3.75 to 2.25 mmol) is added. After completion of the thio- 
nation (about 1-8 h), a 10% aqueous solution of Na3P04 
(20 ml), AcOEt (1 5 ml) and hexane (1 5 mi) are respectively 
added. The aqueous layer is washed with AcOEt (lx 10 ml). 
The organic layer is dried with MgS04 and then filtered on a 
silica gel pad. The crude thioamide can be further purified by 
chromatography on silica gel. 
B: A suspension of P4S10 (1.10 g, 2.5 mmol) and NaF (0.20 g, 
4.75 mmol) in dry dimethoxyethane (10 ml) is stirred until a 
clear yellow solution results (about 30 min). Then the N- 
protected a-amino amide (1.67 mmol) 13 or the nitrile 15 
(1.67 mmol) is added and stirring is continued for another 15 h. 
The reaction mixture is diluted with an aqueous solution of 
Na2C03 (0.5 M, 10 ml) and extracted with tert-butylmethyl 
ether (2x10 ml). The organic phase is dried with NaZSO4, 
concentrated in vacuo, and the residue is chromatographed on 
silica gel with terr-butylmethyl etherln-hexane 1 : 1. 
C:  P4Slo (1.10 g, 2.5 mmol), KF (0.29 g, 5.0 mmol) and 18- 
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crown-6 (0.132 g, 0.5 mmol) are stirred in dry CHZC12 (30 ml) 
at room temperature for 1 h. To the cloudy suspension is added 
1.25 mmol of the amide 9 or the lactam 11. Stirring is con- 
tinued for another 18 h. The reaction mixture is filtered and 
the filtrate worked up as indicated for procedure B. 
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2.48 (dd, 6H, 2xSCH3), JXH =19.2 and 1.6 Hz). - I3C 
NMR (CDCI3): &ppm=16.44 (SCH3, d,Jxc = 3.5 Hz). 
- l9 F NMR (CDC13): &ppm = -26.82 (d, Jpp = 1.17 
kHz) (internal standard hexafluorobenzene). See also 
H. W. Roesky, Chem. Ber. 101 (1968) 2986 
b) Analytical data of 18: 'H NMR (CDC13): appm = 
2.44 (dd, 3H, SCH3, JXH=18.4 and 1.6Hz), 3.40 (s, 
3H, OCH3), 3.66 (m, 2H, CH30CHz), 4.34 (m, 2H, 
POCHz). - 13C NMR (CDC13): 6/ppm=14.95 (SCH3, 
d, Jxc = 4.6 Hz), 58.90 (OCH3), 67,91 (CH30CH2, d, 
Jxc = 6.1 Hz), 70.66 (POCHZ, d, Jxc = 8.4 Hz). - 19F 
NMR (CDC13): 6"ppm=-25.79 (d,JpF = 1.15 H z )  (in- 
ternal standard hexafluorobenzene). 
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