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On the example of the 2-alkoxyacroleins  it was shown [1] that substituted acry l ic  sys tems exist, for  
which electrophil ic  addition to the C = C bond in harmony with the Markovnikov rule is charac ter is t ic .  As 
a continuation of these studies we undertook the preparat ion of the thio analog of a 2-alkoxyacrolein from 
an alkylthioacetaldehyde via the Mannich reaction. The use of thioaldehydes in the Mannich reaction has 
not been descr ibed 
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The reaction was run under mi lder  conditions than was required for the alkoxyacetaldehydes [2, 3]. 
Cont ra ry  to expectations,  the sole reaction product  that was isolated in 61% yield was the 2 - fo rmyl -2 ,5 -  
dialkylthio-2,3-dihydro-~/-pyran (I), the d imer  of the 2-alkylthioacrolein 

0 CH=NOH 0 CHO I R s - ( " ~ / s R  

\ 
(I) " ~  (]H=NNHCO--C6H3(N02)~ -. 

As was shown by the GLC method, the s tar t ing alkylthioacetaldehyde disappears  a lmost  completely 
even in the f i rs t  10 rain at 20~ whereas for the ethoxyacrolein the reaction lasts  for  20 min at 60 ~ [4]. 
Attempts to record  the appearance of the free 2-alkylthioacrolein by the TLC and GLC methods, and also 
by the precipitat ion of the crysta l l ine  3,5-dini t robenzoylhydrazide (3,5-DNBH) derivative,  even with a pos -  
sible retardat ion of the reaction (dilution, lowering of the temperature) ,  failed to give positive results .  

By analogy with the previously  descr ibed 2-alkylthio-subst i tuted acry la tes  and acryloni t r i les  [5], an 
increased capacity to d imer ize  could be expected for  the alkylthioaerolein.  Our data revealed that the 
2-alkyl thioacroleins  enter  into the diene condensation even more  easi ly than the 2-alkoxyacroleins [6]. The 
degree  of increase in the dimerizat ion rate as a function of the substituent can be a r ranged  in the following 
order :  H < OR < OS. The formation of a product  with a cyclic s t ruc ture  on the type of adducts of the Diels 
- A i d e r  reaction is cor robora ted  by the data for the oxime ti tration of the CHO group, the m e r c u r i m e t r i c  
determinat ion of the C = C bond, the preparat ion of the monoadducts with 2,4-dini trophenylhydrazine and 
3,5-dini t robenzoylhydrazide,  and also by the molecular  weight determination and an analysis  of the IR spec-  
t rum (C = O  1730, C =C  1630, C - O  1050 cm-l) .  The start ing alkylthioacetaldehydes were obtained by the 
scheme:  

BrCH~CH(OCeHs)2 RSNa RSCH~CH(OC2Hs)2 H,O RSCH2--CH0 
ROH H" 

E X P E R I M E N T A L  M E T H O D  

Dimer  of 2-Butylthioacrolein.  A solution of 7.3 g of (C2H5)2NH �9 HC1 and 20.2 g of 10% formalin solu-  
tion was neutralized with 10% Na2CO 3 solution to pH 7. With vigorous s t i r r ing ,  8.9 g of butylthioacetaldehyde 
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was added and the mix tu re  was s t i r r ed  at 20 ~ for  1 h. Then the organic  l aye r  was separa ted ,  and the 
aqueous l a y e r  was ex t rac ted  with e ther .  The combined ex t rac t  and organic  l a y e r  was dr ied ove r  MgSO 4, 
and the e the r  was dis t i l led off. Vacuum-dis t i l l a t ion  gave  5.9 g (61%) of 2- formyl-2 ,5-d ibuty l th io- -2 ,3-d i -  
hyd ro -T-pyran ,  bp 119-121 ~ (4 mm); n~ 1.5160; d 2~ 1.0686. Found: C 58.67; H 8.39; S 22.22%; MR 
81.75; mol.  wt. 300 (~5%) ( r e v e r s e  ebul l ioscopy [7]). CI4H2402S 2. Calculated:  C 58.3; H 8.32; S 22.2%; 
MR 81.83. 

Using the p rocedu re  given in [8], the oxime t i t ra t ion of 0.3044 g of the butyl thioacrolein  d i m e r  with 
0.96 N NaOH solution (1.05 ml) gave the amount  of carbonyl  groups as equal to 91.5%. 

The m e r e u r i m e t r i e  de te rmina t ion  of the double bond was run as desc r ibed  in [9]. The po ten t iomet r ic  
t i t ra t ion of 0.2065 g of the d i m e r  for  a day requi red  0.7 ml of 0.96 N NaOH solution, which co r re sponds  to 
an unsaturat ion of 93.8%. 

The react ion of 0.1201 g of the product  with 0.12 g of 2 ,4-DNFH in alcohol solution, in the p r e s e n c e  
of ca ta ly t ic  amounts  of HC1, gave 0.0428 g of the hydrazone  with mp 87-88 ~ Found: N 12.12; S 13.41%. 
C20H2805N4S2. Calculated: N 11.95; S 13.6%. 

The react ion  of 0.3977 g of the product  with 0.21 g of 3,5-DNBH, with heating in alcohol solution, gave 
0.2576 g (56%) of the cor responding  hydrazone,  mp 133 ~ Found: N 11.12%. C22H2806N4S2. Calculated: 
N 11.28%. 

D[mer  of 2-Ethyl th ioacrole in .  The react ion was run by the above desc r ibed  method: f rom 12.2 g of 
(C2Hs)2NH- HC1, 32.6 g of formaldehyde  (10% solution), and 11.7 g of ethylth[oacetaldehyde.  In con t ras t  to 
the react ion with butyl thioacetaldehyde,  a substant ial  heat  effect  was obse rved  during the addition of the 
ethyl thioaeetaldehyde,  for  which reason  the react ion  mix ture  was cooled in cold water .  Af te r  the usual 
workup we obtained 8 g (61.5%) of 2 - fo rmy l -2 ,5 -d i e thy l th io -2 ,3 -d ihyd ro -T-py ran ,  bp 145 ~ (6 mm); n~ 
1.5400; d~ ~ 1.1442. Found: C 52.03; H 6.91; S 27.70%; MR 63.67. C10H1602S2. Calculated:  C 51.7; 
H 6.89; S 27.61%; MR 63.26. The 2 ,4-dini t ropheny!hydrazone was obtained in 56% yield,  mp 117 ~ Found: 
C 46.48; H 4.79; S 15.29; N 13.82%. CI6H20OsN4S 2. Calculated:  C 46.6; H 4.84; S 15.5; N 13.58%. 

D[ethyl Acetal  of Butylthioaeetaldehyde.  To a mix tu re  of 280 ml of absolute  alcohol and 75.7 g of 
butyl mereap tan  was added 19.3 g of Na meta l  in por t ions .  Af ter  all  of the Na had reac ted ,  the t e m p e r a t u r e  
of the react ion mix ture  was r a i sed  to 70 ~ and 163.3 g of the diethyl aeeta l  of b romoace ta ldehyde  was added 
dropwise  in 2 h. The mix ture  was ref luxed for  2.5 h and allowed to stand overnight .  The react ion mix ture  
was decomposed  with 400 ml of water ,  the organic  l aye r  was sepa ra ted ,  and the aqueous l aye r  was ex-  
t r ac ted  with e ther  (6 • 50 ml). The combined ex t rac t  and organic  l aye r  was dr ied ove r  MgSOt. Af te r  r e -  
moval  of the e ther  the res idue  was vacuum-dis t i l l ed .  We obtained 150 g (90%) of the diethyl aceta l  of 
butyl thioacetaldehyde,  bp 78 ~ (2 mm); n~ 1.4490; d 2~ 0.9276. Calculated:  C 57.81; H 11.37; S 15.82%; 
MR 59.59. C10H2202S. Calculated: C 58.25; H 10.67; S 15.55%; MR 59.35. 

Diethyl Acetal  of Ethyl thioacetaldehyde.  Obtained in the s a m e  manner  as above in 92.4% yield,  bp 

60 ~ (7 mm); n~ 1.4470; of. [10]. 

Butyl thioacetaldehyde.  A mix tu re  of 100 g of the diethyl aceta l  of butyl thioacetaldehyde,  47 ml of 
cone. HC1, 281 ml of water ,  and a l i t t le  hydroquinone was refluxed for  2 h, cooled, the organic  l aye r  was 
sepa ra ted ,  and the aqueous l aye r  was ex t rac ted  with e ther  (6 • 50 ml). The combined ex t rac t  and organic  
l aye r  was dr ied ove r  MgSO 4. Af ter  dist i l l ing off the e the r  the res idue  was vacuum-dis t i l l ed .  We obtained 
37.5 g (58.5%)of butyl thioacetaldehyde,  bp 53 ~ (3 ram); n~ 1.4715; d 2~ 0.9720. Found: C 54.42; H 9.33%; 
MR 37.95. C6HI2OS. Calculated: C 54.50; H 9.15%; MR 37.61. 

.Ethylthioacetaldehyde.  Obtained in the s ame  manner  as above.  For  the expe r imen t  we took 86 g of 
the aceta l ,  50 ml of cone. tIC1, and 330 ml of water .  We obtained 22.4 g (43%)of ethyl thioacetaldehyde,  
bp 40 ~ (10 ram); n~  1.4750; cf. [11]. 

C O N C L U S I O N S  

Alkyl thioacetaldehydes under  the conditions of the aminomethyla t ton  react ion  give a - a l k y l t h i o a c r o -  
le ins ,  which under the synthes is  conditions a r e  d imer i zed  to 2 - f o r m y l - 2 , 5 - d i a l k y l t h i o - 2 , 3 - d i h y d r o - y -  
pyrans .  
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