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Summary: 1,4-Addition of allyllithiums to a,B-unsaturated thioamides and 

I,4-(kinetic) and 1,6-(thermodynamic)regiocoMtroZled additions of lithium 

enolates to thiosorbamide are reported. 

During the course of our study on the Michael addition reaction of 

organometallics to a,@unsaturated thioamides, 1,2 two types of unusual re- 

actions, which impose a limitation to the synthetic versatility of thioamide 

as a Michael acceptor, are observed: one is the 1,2-addition of 2 moles of 

allylmagnesium to c,B-unsaturated thioamides to provide amines : (equation 

11-l Another is the selective 1,4-addition of organometallics to a,f3,y,&-un- 

saturated thioamide to provide a type of compound 5: (equation 3). 1,2 

In this report, we disclose the successful 1,4-addition of allyllithiums 

to unsaturated thioamides (equation 2) and the regioselective 1,6-addition of 

lithium enolates to thiosorbamide to provide $$ (equation 3). 

Taking into consideration that even the highly nucleophilic n-BuLi or 

MeMgI shows neither the carbo- nor the thiophilic reactivity3 toward thio- 
1 

amides and serves either as a Michael donor (to unsaturated thioamides) or 

as a base for a proton abstraction (toward saturated thioamides to generate 

thioenolates), 
4 

the 1,2-addition of allylmagnesium to $l and l.l (entries 1 

and 2, Table I) merits some mechanistic considerations. A similar, but 

exceptional, carbophilic reaction of allylmagnesium with thioketone is re- 

ported, 
5 
where is obtained tert-thiol. These results might be accounted for 

on the basisof a strong coordination of Mg(I1) to the C=S sulfur atom, which 

might facilitates an attack of allylic moiety to the C=S carbon atom through 

a six-membered cyclic transition state 2 (equation 1). This idea in mind, we 

have undertaken experiments in the diregtion to prevent the sulfur-metal 

interaction and found that allyllithium in THF at -78OC was viable conditions. 

Allyllithium reacted with ,ll under the above conditions to provide exclusively 

the 1,4-addition product ,4$ in 81% yield (entry 5, Table I). 687 Both the 

reaction media and temperature are crucial: the same reaction, when performed 

at O°C in diethyl ether or THF, provided only a trace of 4a. In Table I are 

summarized the reaction consitions and products for the a%ition reaction of 

allyllithiums and magnesium to c,8-unsaturated thioamides. 

The selective 1,4-addition of n-BuLi, EtMgBr, 
1 

lithium enolates of amide 

2383 



2384 

&MgBr 
NMe 

R NMe2 

+==T- 

R 
2- (I) 

S 
*Mg Br 

2 3 
R R3 

1+ 
Li b NMe2 

(2) 

4 

a: R1= R2= H, R3= CH3 b: RI= CH3, R*= R3= H, 

d: R1= CH=CHCH3, R*= R3= 

c: R1= R2= CH3, R3= H 

H 

8 11 

(31 

5 

\y& 
'\p. NMe2 (R=H) ' 6 _j - 

X S 

DTN% _Lq+~xMe2 

9 10 12 
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d: X = 0, Y = OtBu, R = H e: X = 0, Y = OtBu, R = Me 

and ester, 
2 
and allyllithium (entry 7, Table I) to thiosorbamide is rather 

unique reactivity of thioamide, making sharp contrast to the selective 1,6- 

addition of organocopper reagents to conjugated dienoates. 
8 

This anomalous 

reactivity of thioamide may be also attributed to a strong coordination of the 

sulfur atom to a metal, which directs organometallics to react at the proximal 

position to the thiocarbonyl group. This idea is verified by using enolates 

as a probe. Addition of thiosorbamide 5 to a solution of lithium enolate in 

a given solvent system and quick quench;ng provided 1,4-addition product ex- 

clusively (entries 1 and 11, Table II) or predominantly (entries 4, 8, and 14). 

The population of 1,4- and 1,6-addition products changed dramatically in favor 

of the 1,6-adduct along with the reaction period of time and reached a station- 

ary state after 20h at r.t. These results, together with the solvent effect 

[lower 1,4-selectivity in polar solvent (entry 3) and higher 1,4-selectivity 

in less polar solvent (entry 7)1, indicate that the 1,4-addition is a kinetic 

process directed by the sulfur atom. 

The thermodynamic stability of 9, compared with x,-is striking: the re- 

sults in entries 1 and 2 indicate thzt the selectivities of kinetic (7a) and 

thermodynamic enolate (zc) are more than 99%. 
9,lO The low thermodyna%c selec- 

tivity, as observed for the enolates of amides and esters, may partly be as- 
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Table I. 1,2- and 1,4-i kidition of Allyllithium and Magnesium Compounds 

to Unsaturated Thioamides a) 

Entry Thioamide Allyl-metaltequiv) Solv. Temp Time Product (% Yield)c) 
("C) (min) 

1 lb 'LQ CH2=CHCH2MgBr (3.0) Et20 0 5 3b 
Vx (45) 

2 lc II (3.0) Et20 0 15 3c 
Vx. (73) 1JzI 

3 lc Vx CH2=CHCH2Li (2.0) Et20 0 25 3c 
s?J (51) 

4 lb -78 30 
Vx 

(2.0) THF (47) 

5 (81) 

6 
i& &Lib) :t:z; EEL 1:: :z g 

(69) 

7 Id CH2=CHCH2Li (2.0) THF -78 20 QQ :: (89) 

Table II. a) 1,4- and 1,6-Addition Selectivity of Enolates 2 to Thiosorbamide 2 

Entry Enolate Solv. Temp(OC) Time(h) Products[Ratiold) % Yieldc) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

6a 
'L% 

6b 
?r% 

6c 
%'L 

6d 
v-k 

6e 
vx 

THF r.t 0.5 

THF r.t 20 

THF-HMPAe) r.t 0.03 

THF r.t 0.1 

THF r.t 3.0 

THF r.t 20 

Et20 r.t 0.25 

THF r.t 0.1 

THF r.t 21 

THF-HMPAe) r.t 

THF -lO+r.tf) '", 5 

THF-HMPAe) -lO+r.tf) 015 

THF-BMPAe) -20+r.tf) 20 

THF -20+r.tf) 2.0 

THF r.t 20 

lla, 12a [lOO:Ol 
VVx c\rVk 

[0:1001 

[94:61 

lib, t;,b [80:201 
v-b% 

[65:351 

[64:36] 

[88:12] 

llc, 12~ [78:22] 
%A% ,-!A% 

[9:911 

[8:92] 

lld, 12d [lOO:O] 
'L'LZ, %%% 

[82:18] 

[66:34] 

lie, 12e [74:26] 
Z%% VVL 

[15:85] 

91 

87 

86 

88 

66 

67 

79 

78 

65 

28 

83 

85 

(a) 

(b) 

(cl 

(d) 

(e) 

(f) 

For the structure, see equations 1,2, and 3. 

Crawford, R. J.; Erman, W. F.; Broaddus, C. D. J. Am. Chem. Sot., 1972, 

94, 4298. 

Isolated yield for the spectroscopically pure materials. 

See footnote 9. 

2 equiv. of HMPA is used. 

After completion of addition of 5 to a solution of 6 at -10 or -20°C, 

the reaction temp. is raised to z.t. 
QJ 



2386 

cribed to an isomerization 7 and 9 to 8 and 10 (R=H), respectively, and/or 
?J % 

intervention of some side reactions, a: suggzzted by the low isolated yields 

of $$$ and l2$ in entry 13. 

In conclusion, this communication has dealt with the successful 1,4-ad- 

dition of allyllithiums to a,@unsaturated thioamides and 1,6-addition of 

enolates to thiosorbamide, both of which expand the utility of thioamides as 

a Michael acceptor. 11 
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