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V.* REACTION OF ~,fl - D I B R O M O - y -  (~' -CARBETHOXYACETONYL)-  

A s ' f l  -BUTENOLIDE WITH AMINES 

I .  K .  K a l n i n '  a n d  l~. Y u .  G u d r i n i e t s e  UDC 547.722.3.4.6' 852 

,fl -Dibromo-~,  - (a ' - ca rbe thoxyace tony l ) -A  a ,  fl-butenolide (i) r e ac t s  witch amines  in diethyl 
(2 ,p e the r  solution to give a - b r o m o - ~ - a m i n o - y - ( ~ - c a r b e t h o x y a c e t o n y l ) - ~ /  -butenol ides (iI). 

Compounds H a re  conve r t ed  to a - b r o m o - f l - a m i n o - f f -  ( a ' - ca rbe thoxyace tony l ) -As ,~  - c r o t o n o -  
l ac t ams  (IV) on reac t ion  with amines .  The cor responding  a ry lhydrazones  (VI and VII) a r e  
obtained by the reac t ion  of I and H with p - n i t r o -  and 2 ,4-d in i t rophenylhydraz ines .  Compound 
I r e a c t s  with phenylhydrazine to give furopyr idazine  VIII.  

Despi te  the fact  that the A s ,f l-butenolide r ing is encountered in many  biological ly  act ive  compounds 
[2-5] and in na tu ra l  subs tances  [6,7], the chemica l  p rope r t i e s  of A s , ~  -butenolide de r iva t ives  have rece ived  
e x t r e m e l y  li t t le s tudy.  The reac t ions  of a , f l -d iha lo-A s , ~  -butenolide der iva t ives  with amines  a rouses  in -  
t e r e s t ,  f o r ~ r o d u c t s  with di f ferent  s t r u c t u r e s  a re  fo rmed  in these  reac t ions  [8-12]. The reac t ions  of a,fl - 
dihalo-A s ,P-butenol ides  with amines  can p roceed  in the following d i rec t ions :  opening of the butenotide 
r ing to f o r m  the co r respond ing  amide,  nucleophil ic substi tution of the halogen by an amine  res idue ,  and ad-  
dition of the amine to the C = C  bond of the A a,fl -butenolide r ing [13]. 

In the p r e sen t  r e s e a r c h  we have studied the reac t ion  of a , f l - d i b r o m o - y - ( s ' - c a r b e t h o x y a c e t o n y l ) -  
A a , f i -butenolide (I) [14] with a m i n e s .  In addition to the reac t ions  noted above, I can r e a c t  with an ace to -  
acet ic  e s t e r  r es idue  [15]. 

Rep lacement  of the b romine  by an amine  res idue  to give s - b r o m o - ~ - a m i n o - y - ( s ' - c a r b e t h o x y a c e t -  
onyl)-A a,fl -butenol ides  ( I I a - l )  (see Table  1) occurs  with a twofold quantity of p r i m a r y  and secondary  
amines  in diethyl e ther  at 5-10~ In con t ra s t  to [8, 11, 12], substitution of b romine  occurs  in the fi pos i -  
t ion, which we explain by the m i n i m um  elec t ron  densi ty  on the cor responding  carbon a tom [16]. The ace to-  
acet ic  e s t e r  r es idue  does not par t i c ipa te  in these  reac t ions ,  as conf i rmed  by the posi t ive color  reac t ion  
with f e r r i c  ch lor ide  [17]. 

The absorpt ion bands of the ca rbonyl  group of the A a ' f l  -butenolide ring a re  obse rved  at 1720-1735 
c m  -1 in the IR s p e c t r a  of c rys ta l l ine  II  (see Table  2). The d e c r e a s e  in the carbonyl  f requency  is explained 
by  the p r e sence  of an s,fi - unsa tu ra t ed  fl - amino  ketone grouping in the molecu les  of II [18, 19]. The de -  
c r e a s e  in the ca rbony l  f requency is apparen t ly  also caused  by in t e rmolecu la r  hydrogen bonds, for  an in-  
c r e a s e  in it is obse rved  in the IR s p e c t r a  of dioxane solutions of II (see Table  2). The IR s p e c t r a  of II con-  
tain an intense absorpt ion band at 1600-1645 cm -t ,  which probably  a r i s e s  as a consequence of over lapping 
of the absorpt ion  bands of the C---~C bonds of the A a ' ~  -butenolide r ing and the ace toace t ic  e s t e r  r e s idue .  
The inflection at 1739-1746 cm -1 in the IR s p e c t r a  of I I a - e ,  IIi,  and II/ can be ass igned to the e s t e r  c a r -  
bonyl group.  This  absorpt ion  is  also obs e rve d  in the IR s p e c t r a  of dioxane solutions (see Table  2). 

A s , ~  -Butenol ides  II  a re  conver ted  to the cor responding  A a ,~  - c ro tono l ac t ams  (IV) (see Table  1) in 
dioxane solution at room t e m p e r a t u r e  on reac t ion  with a twofold quantity of p r i m a r y  amines .  We have p r e -  
v iously  [1] p roposed  a con jec tu ra l  m e c h a n i s m  for  opening of the A a ,  fi -butenolide r ing in reac t ions  with 

*See [1] for  communica t ion  IV. 
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T A B L E  1.  A a , / 3 - B u t e n o l i d e s  f l l a - / ) a n d  A a , / 3 - C r o t o n o l a c t a m s  ( IVa-e)  

Comp. 

IIc 
lid 
lie 
IIf 

l~I ~ 
Il i  
IIj 
IIk 
112 
IVa 
IVb 
IVe 
IVd 
IVe 

NRR' R" 

NHCH~ 
NHC~Hs 
NHC~HT-n 
NHCzH;,-i 
NHC4I-Ig-n 
NHCH~CH~OH 
NHCH~C~H~ 
NHC~Hs 
N(CHz)2 
N (C2Hs) 
N(CH~)s 
N(CHz)~O 
NHC~H7-i CH~ 
NHCzHT-i C~Hri 
NHC~.Hg-n CHz 
N (CH~)s CH~ 
N (CH~) ~ C4Hg"r~ 

Empirical 
mp, *C I formula 

I 
107--I 00 a CuH~4BrNOs 
10~--1~ o/CI~H~BrNO~ 
1'03--105 ~0 IC~H~sBrNOs 
12ff--l~l 'CIzHtsBrNO~ 

Foun~ 

Br 

25,2 
24,1 
23,1 
23,1 
2'22 
22,9 
20,9 
21,2 
23,9 
22,2 
20,8 
21,4 
22,2 
20,2 
21,4 
90,7 
18,4 

[, % Cah 

N Br 

25,3 
24,0 
23,0 
23,0 
22,1 
23,0 
20,9 
20,2 
23,0 
22,1 
20,8 
22,2 
22,2 
20,6 
21,3 
20,7 
18,9 

108-- lqga 
97--98 b,_ 

13~--134 ~ 
12,2--1,23a 
I18--I19 a 
88--89a 
99-- 100b 

131--132 e 
1~9---13.1 a 
12,8---129 D 
I~8~130d 
14~--143c 
98--99 e 

Ci4H2oBrNO.5 
CI21-tI6BrNO5 
CI6Ht6BrNOn 
CITH,sBrNO5 
C12HI6BrNOn 
C~4H~oBrNO~ 
CI~H~0BrNO~ 
Ct4HtsBrNOe 
Cl~H~lBrN~O4 
CI~H2~BrN~O4 
CI~H2aBrN~O~ 
CI~Hz~BrN~O4 
E~oH2~BrN~O~ 

7 '% Yield, 
N % 

48 
53 
53 
75 
57 
57 
54 
58 
7~ 
54 
72 
77 
57 
61 
53 
55 
50 

a F r o m  b e n z e n e ,  b F r o m  a c e t o n e - h e x a n e  ( 1 : 2 ) .  C F r o m  e t h a n o l .  
d F r o m  a c e t o n e - h e x a n e  (1 : 3). e F r o m  c a r b o n  t e t r a c h l o r i d e - h e x a n e  
(1_ : 2 ) .  

T A B L E  2.  IR S p e c t r a  of  A ~ , / 3 - B u t e n o l i d e s  {IIa- l ) a n d  A ~, /3  - C r o t o n o -  
l a c t a m s  ( IVa-e)  

Comp. 

lla 
llb 
l lc 
lid 
l ie  
II f 

IIi 
llj 
Ilk 
IIl 
IVa 
IVb 
IVc 
IVd 
IVe 

Solids ~-NNr~ ~-~'cm-J1 Dioxane solutions 
1800--16ffl cm ' l  1800-1600cm 5Nl~.cm'l 

1745, 1730, , 
17'43",* 1722, 
1746,,e 1720, 
174.3, �9 1723, 
1743', s 1717, 
1727, 1680 
1720, 1610 
1733, 163~,* 
t739, 1734, e 
1720, 1636,* 
t727, 16~,* 
1745, 1723, 
178g, 1633, 
t719, 1625, 
1723, 163~, 
17)18, 16~4,'2, 
17'20, 1'644, 

1632 
16,19 
1643.* 1~17 
1608 
1644 ,* 1613 

1019 
16r 
15~b 
1608 
1~2 
15~ 
1590 
1608 
1595 
160~ 

1~2 
1588 
1'505 
1"566 
1558 
15'57 
1583 

154'I 
1545 
1589 

3,2,77 
326~ 
312,05 
324'5 
3270 
326,7 
3178 

3316, 
3.0~, 30~ 
3~14, 307~ 

t77~, tl,7'32, . lf~ 
1770, 1732, 16'40 

17,8t, 17~4,2, '16,.~8 
1783, 1746, t6~1q 
1767, 17~2"5, tB17 
1770, 17~t'.B, 16~t 
1749, 1535, 1594 

1560 
1560 

1521 

* S h o u l d e r .  

T A B L E  3.  A r y l h y d r a z o n e s  V I a , b  and  VIIa--c 

Comp.] 

Vial 
Vl,b I 

VII aINHCH3 
VII b [NHCzHT-i 
VII e [N(CH2)5 

Ar 

NO~C6N4-P 
2,4- (NO2) ~C~Hs 

C6H5 
C~H5 
C~H5 

I mp, *C 
Empirical 
f~mula 

126--t28a[ C,6HtsBr~N306 
147-- I~8~[ ClsHt4Br~NaOs 
F29~IG0g] ClzH~oBrNaO4 
1~I--132 ] C19H24BrNaO4 
135-- 136c I C~IH...6BrN~O4 

Fou ld.%] Calc., %~ield, 

31,6 8513'171 83153 
20,0 10:21 20:01 I0:2t 79 
19,5 10,41 19,51 t0,21 68 
16,6 9,7 18,31 9,5[ 93 
17,2 9,2 17,21 9,1] 81 

a F r o m  c h l o r o f o r m - c a r b o n  t e t r a c h l o r i d e - h e x a n e  (2 : 1 : 1).  b F r o m  
e t h a n o l .  C F r o m  a c e t o n e - h e x a n e  ( 1 : 2 ) .  
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BrN /NRR' ~ :H3 

~ 2.~o 
R" I 

OC~H~ 

IV 

Bt Br CH. 
~ . 

0 ""C~:O 
! 

I OC 2 H~ 

?.,  ] 
Br. .NRR' C~-O 1 Br NRR' 

L Y ~., / /  \ttJ -H20 ~ I ? = ~ - ~ - - ~ ,  ... l . - ~  , " ~ , c o c = c - c . = c - c o c . ~  
co COOC2H s 
NHR" OC2II5 j 

I1! V 

Ctt a 
Br ',/.__~/N R R' ~ _ O 

+ .NR R'. O/./, O . ~ _ _ ( / - - - -  - -  \ .  
C--O 
q 

I l l - /  OC.~lt ~ 

" ~ J ' J ~ ' -  # 4' ~ 2 N N t i A r  

Br Br "I~ ~'~ 1 /Nx g r \  ,R 

GOOC:zIi 5 C00C2115 (,OOC21I 5 
vl a , b  VIII V l l a - c  

a m i n e s .  C o m p o u n d  III  i s  f o r m e d  as  an i n t e r m e d i a t e  p r o d u c t  and can be  c o n v e r t e d  to IV o r  V by  s p l i t t i n g  
out  of a w a t e r  m o l e c u l e .  The  c o m p o u n d s  ob t a ined  do not  add b r o m i n e  bu t  g ive  a p o s i t i v e  c o l o r  r e a c t i o n  
wi th  f e r r i c  c h l o r i d e ,  thus  c o n f i r m i n g  s t r u c t u r e  IV. 

The  a b s o r p t i o n  bands  of the  c a r b o n y l  g r o u p s  of the As, /~ - c r o t o n o l a c t a m  at 1718-1740 e m  -~, of the  
c h e l a t e  of the  a c e t o a c e t i c  e s t e r  r e s i d u e  at  1625-1645 c m  -~, of the  C = C  bonds  of the  A s , / 3 - c r o t o n o l a c t a m  
at  1572-1616 c m  -1, and of the  s t r e t c h i n g  and d e f o r m a t i o n  v i b r a t i o n s  of the  N - H  bonds  at  3233-3316 c m  -1 
and 1539-1545 c m  -1 a r e  o b s e r v e d  in the  IR s p e c t r a  of c r y s t a l l i n e  IV (see T a b l e  2). The  IR s p e c t r u m  of 
IVa in d ioxane  i s  s i m i l a r  to the  s p e c t r u m  of the  c r y s t a l l i n e  s u b s t a n c e .  

The  c o r r e s p o n d i n g  a r y l h y d r a z o n e s  (VI and VII) (see T a b l e  3) a r e  ob t a ined  in the  r e a c t i o n  of I and II  
w i th  p - n i t r o -  and  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e s  in e thano l  at  r o o m  t e m p e r a t u r e .  Sp l i t t i ng  out of h y d r o g e n  
b r o m i d e  wi th  c l o s i n g  of the  t e t r a h y d r o p y r i d a z i n e  r i n g  (VIII) a l s o  o c c u r s  in the  r e a c t i o n  of I w i th  p h e n y l -  
h y d r a z i n e .  C o m p o u n d s  II  do no t  r e a c t  wi th  p h e n y l h y d r a z i n e  to g ive  the  c o r r e s p o n d i n g  t e t r a h y d r o p y r i d a z i n e  
d e r i v a t i v e s ,  which  i n d i c a t e s  the  a b s e n c e  of a b r o m i n e  in the  fi p o s i t i o n .  Th i s  r e a c t i o n  a l s o  c o n f i r m s  ou r  
a s s u m p t i o n  tha t  the  b r o m i n e  in the /3  p o s i t i o n  i s  r e p l a c e d  in the  r e a c t i o n s  of I wi th  a m i n e s .  

The  a b s o r p t i o n  bands  of the  c a r b o n y l  g r o u p s  of the  A s , / 3 -bu teno l ide  r i n g  a r e  o b s e r v e d  at  1736-1769 
c m  -1 in the  IR s p e c t r a  of  VI -VIH (see T a b l e  4). The a b s o r p t i o n  b a n d s  of the  e s t e r  c a r b o n y l  g roup  a p p e a r  
a t  1714-1736 c m  - t ,  t h o s e  of the  C = C  bonds  of  the  A s , /3 -bu teno l ide  r i n g  a p p e a r  a t  1620-1641 e m  -1, and 
t h o s e  of the  C = N  bonds  a p p e a r  a t  1594-1609 c m  -~. The IR s p e c t r a  of VI and VII a l s o  con ta in  d e f o r m a t i o n  
and s t r e t c h i n g  v i b r a t i o n s  of  the  N - H  bonds  at  1517-1561 c m  -I and 3269-3370 c m  -1, which  a r e  a b s e n t  in the 
IR s p e c t r u m  of VIII .  

EXPERIMENTAL 

.~-Bromo-fl-amino- T- (s ' -carbethoxyacetonyl)-A s, fl -butenolides (IIa- l ). A 0.01-mole sample of 
amine was added slowly with constant stirring at 5-10 ~ to a solution of 1.9 g (5 mmole) of s,/3-dibromo-y- 
(a'-carbethoxyacetonyl)-A s' fi-butenolide (1) [14] in 250 ml of diethyl ether, and stirring was continued for 

T A B L E  4. IR S p e c t r a  of A r y l h y d r a z o n e s  V l a , b  and V I I a - c  

Gompo Vc=o.cm-1 I Vc=c'cm" 1 Vc= N,crn'! 

Via 
Vrb 

VlIa 
VlIb 
VlIc 

1760 1725 
1764 17t38 
1'74~1 1732 
1739 1714 
,1:706 171fi 

1641 
1600 
1630 
1625 
1620 

~'No,Cl~ "I 5Nll,CI'fl "I ~ VNII, CITI =I 
l 

. . . . .  i 
15,96 1535 1558 &379 
1594 154,1, 1509 15Gl 3;{20 
I (109 -- ] l 5~2 33O5 
1607 --  I 1556, 151'7 301(i, 02I~@ 
1598 .... 1561 * &3'4~) 

* S h o u l d e r .  
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15 rain. The precipi ta ted  amine hydrobromide  was separa ted  by fi l trat ion or washing with water ,  the e ther  
was removed  by disti l lation, and the residue was r ec rys t a l l i z ed  (see Table 1). 

-Bromo-f i  - amino-  7 -  (a ' -carbethoxyacetonyl)  -Aa'8 -c ro tonolac tams (IVa-e). A 4-mmole  sample of 
amine was added to a solution of 1.1 g (3 mmole) of butenolide II in 30 ml of dioxane, and the mixture  was 
held at room t empera tu re  for  24 h. The dioxane was removed  by vacuum disti l lat ion.  The res inous  p rod-  
uct  hardened on t rea tment  with diethyl e ther  and was removed  by f i l t rat ion and r ec rys t a l l i zed  (see Table 1). 
The compound is par t ia l ly  soluble in diethyl e ther ,  and additional amounts of IV were  obtained af ter  r e -  
moval  of the e ther  by distil lation and were  r ec rys t a l l i z ed .  

,fl -Dibromo-  7,- (~ ' -carbethoxyacetonyD-A ~ 'fi -butenolide Nitrophenylhydrazones (Via, b). A solu-  
tion of 3 mmole  of ni t rophenylhydrazine in 30 ml of glacial  acetic acid was added to a solution of 1.1 g (3 
mmole)  of butenolide I in 10 ml of glacial  acetic acid, and the mLxture was held at room t empera tu re  for  
30 rain. The product  was precipi ta ted  by the addition of water  and r ec rys t a l l i z ed  (see Table 3). 

-Bromo-f i  - a lky l amino-7 -  (a ' -carbethoxyacetonyl)-A ~'fl -butenolide Phenylhydrazones  (VIIa-c). A 
0 .3-ml  (3 mmole) sample of phenylhydrazine was added to a solution of 1.1 g (3 mmole) of butenolide II in 
15 ml of ethanol,  and the mixture  was allowed to stand for 12-15 h. The product  was precipi ta ted  by the ad- 
dition of water  and r ec rys t a l l i zed  (see Table 3). 

1 -Pheny l -3 -me thy l -4 -ca rbe thoxy-6 -oxo-  7 -bromo- l ,4 ,4a ,  6 - te t rahydrofuro  [3,2-c ]pyridazine (VIII). A 
solution of 0.3 ml  (3 mmole) of phenylhydrazine in 20 ml of ethanol was added to a solution of 1.1 g (3 
mmole) of butenolide I in 30 ml  of ethanol.  Compound VIII began to precipi ta te  af ter  2-3 h. The mixture  
was allowed to stand at 0-5 ~ for  12 h, and the precipi ta te  was r emoved  by f i l t rat ion and r ec rys t a l l i zed  from 
ethanol to give 60% of a product  with mp 116-117 ~ IR spec t rum (cm-1): 1769 and 1731 (v C _ O  ), 1618 
(VC --C), and 1583 (v C =N) .  Found; Br  20.9; N 7.5%. ClsH15BrN204. Calculated: Br  21.1; N 7.4~. 
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