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ABSTRACT 

The hydrochlorides of 27 Michael adducts, formed from alkylthiols and chalco~les mono- 
substituted successively in each ring by nitro, chloro, and ~nethoxy groups, were thermally 
cleaved by hot water. The  amount of cleavage was readily determined iodimetrically. 

A syste~natic study of the thermal reversibility of Michael adducts, formed by the 
addition of mercaptans to the conjugated system of double bonds present in ketones, 
esters, and the like, is believed to be new. The only instances on record are those de- 
scribed in one of our previous papers (1). The current account is limited to adducts which 
are formed from chalcones and which have @-alkylmercapto substituents. They comprise 
a new class that can be used for a study of therinal cleavage. A follo\ving paper will 
contain an account of similar adducts derived froin unsaturated esters, nitriles, ketones 
with fewer substituents, and the like. I t  has been found that they are not sufficiently 
active to reverse therinally. 

The extent of thermal cleavage is susceptible to quantitative estimation, since the 
mercapto addends regenerated can be titrated against standard iodine solutions. This 
operation is much more convenient than the use of gas chromatography, as previously 
employed (1). Since these adducts can give only normal cleavage, i t  inaltes possible an 
exalnination of the effect, if any, of substituents in different positions of both benzene 
rings on the extent of the reversal. The extent of cleavage of all the adducts is summarized 
in Table I .  

The adducts investigated were inainly those (11) forined from @-morpl~olinoethanetl~iol, 
because of its availability (2), because the hydrochloride salts are easily crystallized 
solids, because of their increased solubility, and because they give good cleavage rates. 
A few prelinlinary experirllents showed that other thiols could be so used (Table I ,  Nos. 
1, 2, 3,  7, S), that the reversal was general, and that i t  was not confined to @-mercapto- 
ethylainines. Three kinds of ring substituents were employed-nitro (strong electron- 
withdrawing), chloro (weak electron-withdrawing), and methoxy (electron-donating). 
These groups, one a t  a time, were located in ortho-, meta-, and para-positions in both rings. 

The process may depend upon (a )  the activity of the a-hydrogen atom of the adduct, 
I l l  

(b) the resonance stabilization of the structure -c=c-C=O forined by cleavage, and 
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TABLE. I 

Analyses 
% cleavage 

Caicd. Found a t  100" in HzO 
m.p.,  Empirical 

No. Adduct % yield "C formula C H N  C I l  N 2 min 30 min 

96" 
(crude) 

57" 

02 = 

66.7 7.5 GG.6 7.7 G9.2 
6, 8.7) (S, 8.5) 

57.1 6.4 3.2 57.3 6.5 3.2 - 

71.0 7.1 3.9 71.3 7.2 4.1 18.5, 18.0 

I 
(a )  SCHpCH2N(C;H5)?.HCI 
(b) (HC104 salt) 

- 
(b) (HCl salt) 

6. C6115CHCI-I?COCcH4OH-t) 
I no 

(a) SCHZCH~N 

(b) (HCl salt) 
w 

7. C G H ~ C ~ I C I l ~ C O C G I ~ I ~ O C I ~ I r - ~  
1 
SCI-12COOI-I 

8. CGH5CHCHsCOC~Il.iOH-p 
I 
SCIl2COOI-I 

SO" 
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TABLE I (Co?tcluded) 

Analyses 
Ojo cleavage 

Calcd. Found a t  100" in H?O 
n ~ p . ,  Empirical 

No. Adduct (5, vield "C formllla C H N  C H Y  2 min 30 mi11 

'L/ 0 
(b) (HCl salt) - 114-6 C~~H,OCINO~S 69.1 6 . 5  3 . 0  68.8 6 . 8  2 .9  - - > 

Z 

10. #'-NO2 
11. 0'-NO2 
12. mt-NO2 
13. p-NO2 
14. 0-NO? 
15. m-NO? 
16. pt-OCH, 
17. (a) ot-OCH3 

(b) ot-OCH3 MeOH 
18. m -OCHa 

19. 9-OCH3 
20. 0-OCH3 
21. lit-OCH3 
22. pt-CI 
23. 0'-CI 
24. (a) nzt-CI 

(b) nzt-CI.MeOH 
25. p-CI 
26. (a) o-CI.MeOH 

(b) 0-CI 
27. ~n-CI 
- 

"From ether-ligroin (b.p. 36-60°). 
bFrom ethyl acetate. 
Tram isopropanol. 
dFrom methanol - ethyl acetate. 

eFrom etlianol. 
JFrorn ether. 
'Mean of four determinations. 
"~eference 5. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
E

N
T

R
A

L
 M

IC
H

IG
A

N
 U

N
IV

E
R

SI
T

Y
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



ALLEN ET AL.: MICHAEL REACTION 2619 

(c) the anionic stability of RS- (3). Different degrees of reactivity of adducts towards 
thermal reversal are observed to be dependent upon the kind of mercaptan added 
(Table 11). 

TABLE I1 

Adduct 
Cleavage, 70 

(2 rnin in H?O a t  100 OC) 

The adducts (as their salts) were cleaved a t  100 OC by a simple rapid procedure. The 
titration results suggest that the activity of the a-hydrogen atoll1 of the adducts influences 
the extent of release of mercaptan. 

Cleavage of adducts of chalcones to for111 a conjugated system, that is, a product 
having greater resonance, nlay be a predominant factor in heat-induced reversal. The 
adduct of methyl vinyl ketone with p-morpholinoethanethiol is incompletely reversed by 
alkali and only slightly affected by heat. However, the adduct of benzalacetone with 
this mercaptan is almost conlpletely cleaved by alkali, as will be described in a forth- 
coming paper. All of the corresponding adducts of substituted chalcones are rapidly 
cleaved nearly quantitatively by alkali and, in addition, are reversed by heat. 

The Conjugate Addit ion 
Addition of 0-morpholinoethanethiol to chalcones occurs rapidly in refluxing alcohol. 

The salts were fornled by replacement of the solvent by ether and the addition of hydrogen 
chloride. 

Addition of mercaptoethanol or mercaptoacetic acid by refluxing in acetic acid for 15 
min forms adducts in SO-99% yield. 

Sodiunl methoxide catalyzed addition of mercaptoacetic acid in alcohol produced the 
adduct in only a 17y0 yield (4). The data are included in Table I. 

EXPERIMENTAL 

Preparation o j  Starting iVIaterials 
3 '-Metho~~acetophenone (j), b.p. 131' a t  19 mm, nn25 1.5391; 2'-chloroacetophenone (6), b.p. 100' a t  

10 mm, nD25 1.5409; 3'-chloroacetophenone (7), b.p. 52-54' a t  0.25 rnm, nn25 1.5472; and 8-morpholino- 
ethanethiol, b.p. 97-98' a t  15 mm, 1.5020 (2) were prepared as described in the literature. All the 
chalcones were known: NO? and Cl (8), o-OCH3 (9), m-0CH3 (lo), p-OCHJ ( l l ) ,  0'-OCH3 (12), m'-OCH3 
(13), pf-0CH3 (14), p'-OH (15), p-CH8 (16), and p'-CtH5 (17). The melting points agreed with the reported 
values except for the 0'-chloro (9), which did not crystallize. 

Anal. Calcd. for ClsHllCIO: C, 74.2; H ,  4.6; C1, 14.6. Found: C, 74.5; H, 4.5; C1, 14.4. 
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Preparutiort of Addzlcts 
( a )  Frovi Clzalcor~es and P-A~orpholi~zoetltalretltiol or iV,N-Dietlzyla?~zi~~oetha?~etl~iol (2 )  
Equi~llolar amounts of the chalcone and the thiol were refluxed in absolute ethanol for 1 11 and evaporated 

to dryness i?r uacuo. In some instances, the oils crystallized and the adduct was purified as the free base. 
The free base, oil or solid, was dissolved in ether and converted to the hydrochloride with hydrogen chloride. 
Perchlorates were prepared by treating the hydrochlorides with aqueous sodium perchlorate. 

(b )  From Chalco?tes and B-il!fe'ercnptoetlzanol or il!fercaptoacetic Acid 
A solution containing 1 mole of the chalcone and 1.5 moles of the nlcrcaptan in glacial acetic acid was 

boiled for 15 min and allowed to cool. On addition of water an  oil separated. The water was decanted and 
the oil rinsed with water two or three times, after which the oil crystallized. The products were recrystal- 
lized from ether-petroleum ether, b.p. 35-60". The  analyses are included in Table I. 

Clealiage of Addz~ct  and Titration of the Tlziol 
Approximately 1 lueq of the adduct in a small a l u m i ~ ~ i u ~ n  foil "boat" was weighed exactly. The boat 

and the sample were then immersed for exactly 2 min in 100 ml of vigorously boiling water (in a 500-ml 
Erlenmeyer flaslc), a t  which time solution generally occurred, followed by formation of solids. Then 100 g 
of ice and water was added, the flaslc was set in an ice bath, and 50 ml of glacial acetic acid was added. 
These additions took 5-6 s. Ten milliliters of 0.25y0 starch indicator was then added and the mixture 
was titrated with a standard 0.1 N iodine solution to  a blue end point. 
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