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The study of the thermal  stability of ha logen-magnes ium alkoxy- 
carbinolates was continued.  The data obtained led to the development  
of procedures for the synthesis of  esters of ct-oxo and of a -hydroxy-  
acids containing the thienyl radical.  An intramolecular  hydrogen bond 
between the sulfur atom and the hydrogen of the hydroxyl group in 

esters of (5-bromothienyl -2)g lycol ic  acid was revealed.  The presence 
of this bond was confirmed by infrared spectroscopic data and by the 
results of the investigation of the esters of ( th ienyl-3)-  and (4 -bromo-  
thienyl-a)glycol ie  act&.  

As a r e s u l t  of p r e v i o u s  i nves t i ga t i ons ,  i t  had been  
e s t a b l i s h e d  that  the t h e r m a l  s t a b i l i t y  of h a l o g e n - m a g -  
n e s i u m  a l k o x y c a r b i n o l a t e s ,  obta ined  by the r e a c t i o n  
of o r g a n o m a g n e s i u m  compounds  with oxa l ic  ac id  e s -  
t e r s ,  depends  on the c h a r a c t e r  of the r a d i c a l  that  they 
conta in  [ 1 - 4 ] .  

Th i s  r e s e a r c h  was unde r t aken  to s tudy  the s t a b i l i t y  
of a m o r e  c o m p l e t e  s e r i e s  of h a l o g e n - m a g n e s i u m  a l -  
k o x y c a r b i n o l a t e s ,  inc luding  those  e a r b i n o l a t e s  con-  
ta ining h e t e r o c y c l i c  r a d i c a l s .  

In c o n t r a d i s t i n c t i o n  to c a r b i n o l a t e s  con ta in ing  a r y l  
r a d i c a l s  [1], which a r e  c o m p a r a t i v e l y  e a s i l y  d e c o m -  
p o s e d a t 3 6 ~  ~ C to fo rm  a ldehyde  and e s t e r  of ~ -  
hydroxyacid, carbinolates containing the 2-(5-bromo- 
thienyl) radical are thermally more stable and decom- 
pose at 110~ ~ C, in spite of its aromatic character. 
This is probably explained by a weakening of the aro- 
matic p r o p e r t i e s  of the th ienyl  r a d i c a l  due to the f o r m a -  
tion of a coo rd ina t i ng  bond be tween the su l fur  and the 
m a g n e s i u m  a toms ,  and the e l e c t r o n  shi f t  f r o m  the 
su l fu r  a tom to the m a g n e s i u m  a tom.  In th is  ease ,  the 
2 - ( 5 - b r o m o t h i e n y l )  r a d i c a l  r e s e m b l e s  in i ts  p r o p e r -  
t ies  the a l i pha t i c  r a d i c a l s ,  which d e c o m p o s e  a t  
110~ ~ C. Th i s  hypo thes i s  is  s u b s t a n t i a t e d  by the 

*For  p a r t  XXII, s ee  [4]o 

Bp, ~ (pres-  
R 

sure,  mm) 

(:Ha I36 137 (4 ) ! '  
C2Hs 151--152 (6) b 

n-Call7 136--137 (2,5) ] 
i-Call7 135--136 (4,5} 
n-C4H9 14_9--143 (_9) 
i-C4tl9 150--151 (4) 

n-CaHu 170--171 (5) 
n-C6H~3 173--174 (3) 
n-C7H~ 185 186 (4) 

fac t  that  b r o m o m a g n e s i u m  a l k o x y c a r b i n o l a t e s  con ta in -  
ing the 3 - t h i e n y l  and the 3 - ( 4 - b r o m o t h i e n y D  r a d i c a l s ,  
and in which the f o r m a t i o n  of a c o o r d i n a t i n g  bond 
be tween the su l fu r  and the m a g n e s i u m  a t o m s  i s  not  
p o s s i b l e ,  a r e  l ab i l e  and d e c o m p o s e  at  36~ ~ C, the 
s a m e  as  c a r b i n o l a t e s  conta in ing  a r y l  r a d i c a l s .  

A knowledge  of the d e g r e e  of t h e r m a l  s t a b i l i t y  of 
h a l o g e n m a g n e s i u m  a l k o x y c a r b i n o l a t e s  conta in ing  the 
p r e v i o u s l y  men t ioned  r a d i c a l s  a l lowed  us to deve lop  
methods to synthesize esters of both the a-oxo and 
~-hydroxyacids. 

The reaction of 2-(5-bromothienyl) magnesium 

bromide with oxalic acid esters at 36~ ~ C (boiling 
in ethereal solution), followed by the hydrolysis of the 
halogenmagnesium alkoxyearbinolates thus formed, 
leads to the )roduction of esters of ketoaeids (Table 1). 
If the reaction temperature is raised to 110~ ~ C 
(boiling in toluene solution), the previously mentioned 
decomposition of the aleoholates takes place and es- 
ters of a-hydroxyacids are formed after hydrolysis 
(Table 2). The best yields of the latter are obtained, 
however, when the synthesis is conducted in two steps 
instead of one. To this end, the esters of a-oxoacids 
first obtained are treated with bromomagnesium al- 
coholates at 11&-115~ This reaction leads to the 
formation of the same complex compotmd which is 
obtained by the interaction of Grignard reagent with 
oxalic acid esters: 

R--CH2OCO--COOCH~R + B r - - ~ - - M g B r  N~CO 

Br-- --CO--COOCH2R + R,CH2OMgBr Ol.W~. 

Tab le  1 

Br --~s~--CO_COO R 

i i MRD 
i 4420 !' nb20 ' ' Empirical 

found ealcu- formula 
i lated 

- -  -- - -  CvHsBr()aS 
- -  CaHrBrO3S 

1.4685 1,3297 58,26 57.:32 CgHgBrO3S 
1.4521 1.5242 58.41 57.32 C~HgBrO3S 
14421 1.5363 6_9.98 61.94 CioHnBrOaS' 10.8027.3 ;11 01;2744 i43 
1.4292 1 5295 63.20 61,94 C~oHllBrOaSi 10.79 27._,2=I1.0127.44~ 46 
1,4079 1,5425 68.311 66.55: CuH~aBrOaS, 10 30 25 9?d0.S1 26.18 38 
1.387,4 1,5452 73.05 ~. 71.17: CI2H~sBrO3S: 9.82,24.8 I0.04 25.03 32 
1.3668 ! 1.5487 77.571 75,781 C aH~TBrO:3S 9.,t3 23,72 i 9,6Ej23.98! 30 

!Calculated, Found, % % ; 

s l t 3 r  s ,  BF 

- ] o  - { ) 12.6231.85 128~,3~.o8 28 
11,9830. 5 I2.i830.37 44 
11.35 28.50 11.57,28.83146 
11.33 28 56 I 1.57 28.83' 45 

(•CH2R 
B r - - ~ - -  COOCH~R 

0 * 
~Mg~: O(C2l%) ~ 
Br A 

a) nap 83-84 (ex benzene) 
b) mp 70-71 (ex ethanol) 
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Table 2 

B r - - ~ C H O H C O O R  

I MRD . . . . . .  
[ . . . . . .  Empirical R Bp, ~ (pressure, d420 nD20 [ ealcu- 

mm) i found !I lated formula i S 

C2H5 
n-C3H7 
/-CzH7 
n-C4He 
i-C4Ha 

n~CsHu 
n-C6H~a 
n-CrHI~ 

148--149 (5) * 
146--147 (3.5) 
136--137 (2.5) 
1 5 8 - 1 5 9  (5.5) 
178--179 (12) 
177-- I78  (4.5) 
1 8 5 - - / 8 6  (5) 
191--192 (4.5) 

! 

1 ,~23  : 
1.4374 
1,4168 
1.4112 
1.3850 
1.3623 
1.3308 

1.5355 
1.5305 
1.5380 
[ 5 3 s  
15U13 
1 5419 
1.5428 

_L 
59.88 ! 58.83 
60.05 58.83 
64.71 6345  
64.71 6~45 
69.56 58 07 
74.11 72S9 
79,36 7733 

C8HaBrOsS 
C>H:IBrOeS 
C~H !BrC~S 
C:aH. :BrOwS 
C~: [i:~ PrOaS 
C!:Fi:sSrO~S 

CuH~gBrOaS 

11.86 
l 1.24 
i 1.31 
10,7,3 
!0 72 
!023  
962  
9,3i} 

Found, % l Calculated, % 
. . . .  I . . . . . .  

i 
s o n  I s i m" 

29.88 6.2 
28.42 5.8 
28.3'9 5.9 
27.05 5.7 
2707) 5.7 
25.76 5 3 
24.67 5.2 
z;';.?;4 4 9  

! 
. . . . .  i Yield, 

ol4 : % 

i 

!2.09 [ 30.1.r 6.4 i 52 
1!,49 28,63 6.1 55 
]~ 49 28.63 6.l 68 
i(It~i 27.25 5.8 53 
!0 ! I .  27.~ ;:, , 8  60 
i 0/,.4 :76,0 ~ 5.5 SO 
9 .% 2!.~ ~] 5.3 48 
9.55 2383  5.1 43 

*mp 84 (ex petroleum ether). 

--O(C2H5 )2 N'H/O 
--RCHO k , ~ O  --Mg (OH 

O(C2Hs~g 
Br B 

On the e x a m p l e  of the s y n t h e s i s  of the i s o p r o p y l  
e s t e r  of ( 5 - b r o m o t h i e n y l - 2 ) g l y c o l i c  acid,  it was  shown 
that the c o m p l e t e  d e c o m p o s i t i o n  of compound  A with 
the format ion  of a ldehyde and carbino late  B takes  
place  after  a t w o - h o u r  heat ing .*  

T h e  s y n t h e s i s  of the e s t e r s  of ( th i eny l -3 ) -  and of 
( 4 - b r o m o t h i e n y l - 3 ) g l y c o l i c  ac ids  by the r e a c t i o n  of 
( th ienyl -3)  and of ( 4 - b r o m o t h i e n y l - 3 )  m a g n e s i u m  bro -  
mide  with oxa l i c  ac id  e s t e r s  was  conducted at 36 ~  40 ~ C.  

The I R - s p e c t r a  of the compounds  obtained, a broad 
band correspond ing  to the v a l e n c e  v ibrat ions  of the 
hydroxyl  group, is  found in the 3 6 0 0 - 3 2 0 0  c m  -I  reg ion 
and exhibi ts  m a x i m u m  absorpt ion  at about 3460 c m  -1. 
This  d i s t ingu i shes  it  f r o m  the a b s o r p t i ~  f r e q u e n c i e s  
of the n o n a s s o c i a t e d  OH-group ( 3 6 5 0 - 3 5 9 0  c m  -1) [5]. 
The l o w e r i n g  of the absorpt ion  frequency  and the 
i n c r e a s e  in the band hal f -width tes t i fy  to the format ion  
of a hydrogenbond.  The pos i t ion  of the absorpt ion  band 
of the OH-group is  not changed when the s u b s t a n c e s  
are  d i s s o l v e d  in CC14. Thi s  points  out to the intra-  
m o l e c u l a r  c h a r a c t e r  of the hydrogen bond. This  in tra-  
m o l e c u l a r  hydrogen bond m a y  be f o r m e d  e i ther  with the 
sulfur a tom or with the oxygen atom of the e s t e r  c a r -  
b0nyl group.  It is  f o r m e d  with the sulfur a tom only, 
and this is  substant iated  by the fo l lowing data. Ab-  
sorpt ion  f r e q u e n c i e s  of the e s t e r  carbonyl  in c~-hy- 
droxy and a-oxocarboxylie acids are close together 

*The reaction was controlled by determining the 
hydroxyl group in the hydrolysis product, according 

to Terent'yev's procedure. 

(1736 • 6 cm-i), and indication of their almost identical 

character. If the ester carbonyl would participate in hy- 

drogen bondformation, as in mandelic acid esters, its 

absorption bandwould lie atabout 1710 :e 5 cm -I [5]. 

The following data testify to the participation of the 
sulfur atom of the thienyl radical in the formation of 

the hydrogen bond. It is known that the absorption 

bands of the c~-thienyl radical lie at about 1410 and 

1223 cm -I [6]. These bands are present in the spectra 

of c~-oxoacid esters. It is true that, due to the in- 

fluence of the bromine atom with its +C-effect, the 

bands are lowered to 1400 and 1200 cm -t in the spec- 

tra of the esters of the (~-(~'-bromothienyl)glyoxalic 
acid. In the spectra of a-oxyacids esters, the 1200 cm -i 
band turns less intense and loses definition, while the 

1400 cm- iband vanishes and is replaced by a weak abs orp- 

tion band at 1675 • 2 cm -I, which presumably may be 

attributed to the valence vibrations of the usual double 

bond. 
Upon studying the spectra of the esters of (thienyl- 

3)- and of (4-bromothienyl-3)glycolie acids, a hy- 

drogen bond is also observed, but of intermolecular 

character. This is indicated by a rise in the maximum 
absorption frequency of the OH-group, as well as by 
a rise from 3330 to 3580 cm -1 and from 1720 to 

1739 cm -I in the valence-vibrations frequencies of the 

ester carbonyl in the spectra of the individual com- 

pounds as recorded in a CCI 4 solution. Again absorp- 
tion bands characteristic of the thienyl radical appear 

at 1408 and 1200 cm -i, while the 1675 cm -I band dis- 

appears. To the presence of a hydrogen bond in the 
esters of (5-bromothienyl-2)glycolie acid testifies the 

fact that they are very easily polymerized, and thus 
differ from the esters of (thienyl-3)- and of (4-bromo- 
thienyl-3)glycolic acids. 

Table  3 

R' - - ~ - - C H O I I C O O R  

CzHs 
n-CaHz 

C2H5 
n-CaHz 

R' Mp, ~ (pres- 
sure, mm) 

H 122--123 (5) 
H 113--114 (2) 
Br 142--143 (5) 
Br 154--155 (6,5} 

MR D '. . . . . .  Found, % Calculated,% 
. . . . .  ; . . . . . . . . . . . . .  Yield, 

d420 riD20 Empirical ~I Oil 
found ealcu- formula 5 , B 5 Br : GH % 

: ' i lated 

t. I597 l,ar'~'.b.,~ i 46.62 i, 45.,t3 C~H~aO:~S 17.0~ - -  i 8.~ 1722 : - -  9.i 48 
1.1415 1.4972 5135  i 51.07 C~HI20~S !5.78 - -  E 8,2 16,(11{ - -  8.5 53 
!.4508 1.5125 54.51 54."l  CsI-!:.B;G:S 11.97 29.9! :  5.,3 1Z09 ~ 30.1t 6.4 45 
1.4248 1.5i46 59.03 58.83 C g - l u B r Q S  11.41 28.48 6.0 1i. :9 i 28.62 6.1 51 
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E X P E R I M E N T A L  

Fate, s of (5-bromothienyl-2)glyoxalic acid. Orignard reagent was 
prepared by adding an ethereal solution of a, a'-dibromothiophene 
and ethyl bromide (molar ratio 2:1) dropwise, while cooling in ice 
water, to magnesium shavings. The reagent was poured into an equi- 
molar quantity of an ethereal solution of an oxalic acid ester. After 
heating the reaction mixture for 2 hr, it was hydrolized with a 10% 
acetic acid solution. The ethereaI layer was separated from the aque- 
ous, washed first with a 10% NaHCO 3 solution, then with water, and 
dried over anhydrous sodium sulfate. The reaction product was puri- 
fied by distillation under vacuum (Table 1). (5-Bromothienyl-2)- 
glyoxalic acid was separated by the hydrolysis of the esters. Mp 121 ~ 
122 ~ C (ex benzene). Found, %: Br 33.79; S 13.42; COOH 19.00. 
Calculated for C6HsBrO3S, %: Br 34.00; S 13.64; COOH 19.15. 

In distinction from the synthesis of (5-bromothienyl-2)glyoxalic 
acid esters, the (5-bromothienyl-2)glycolic acid esters were synthe- 
sized at 110~ ~ C (ether was replaced by toluene). The heating 
lasted 3 hr. As already mentioned, it is more convenient to obtain 
these compounds from the esters of (5-bromothienyl-2)glyoxalic acid 
by reducing their halogenmagnesium alcoholates at the same tem- 
perature (110~ ~ C) and in the same solvent (toluene). The heating 
lasted 3 hr. The halogenmagnesium alcoholate radicals and the ester 
groups were always identical. (5-Bromothienyl-2)glycolic acid was 
separated by the hydrolysis of the esters. Mp 131~176 (ex petroleum 
ether). Found, %: Br 33.51; S 13.32; COOH 18.73. Calculated for 
C~HsBrOsS , %: Br 33.71; S 13.53; COOH 19,00, 

Esters of (thienyl-3)- and of (4-bromothienyl-8)glycoltc acids. 
The reaction between ~-bromo- and /3,g'-dibromothiophenes [7] and 
magnesium were carried out in the presence of ethyl bromide aRo. 
The ratio of bromothiophene to ethyl bromide was 1:2. Under stirring 
and cooling, the ethereal solution of the organomagnesium compound 
was added to the ethereal solution of the oxalic acid ester. The reac- 
tion mixture was heated for an hour on a water-bath. The further treat- 
ment of the reaction mixture was as previously described. Table 3 
presents the results obtained. 

The following acids were separated after the hydrolysis of their 
esters: g-thienylglycolic, mp 84~ ~ C (ex petroleum ether). Found, %: 
S 20.27; COOH 28.30. Calculated for C~H60~S , %: S 20.17; COOH 
28.46, (4-btomothienyl-3)glycolic acid, mp 133 ~ 134 ~ C (ex petroleum 
ether). Found, %: Br 33.54; S 13.28; COOH 18.80. Calculated for 
C6HsBrO~S, %: Br 33//1; S 13.53; COOH 19.00. 

The IR-spectrum of the (5-bromothienyl-2)glyoxalic acid ethyl 
ester was recorded in a vaseline oil dispersion in a UR-10 apparatus. 
The spectra of the other esters of ~hienylglycolic and of thienylgly- 
oxalic acids were recorded on a 0.05% solution in CC14 (10 mm 
cuvette). 
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