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Prev ious ly  [1] we had descr ibed  the synthesis  of 4 - b r o m o - 3 - b u t y n - l - o i c  acid (IIIa) and its methyl  
e s t e r  (IIIb), which was based  on the b romina t ion  of the readi ly  avai lable  3 - b u t y n - l - o l  (I) with po tass ium 
hypobromi te  [2], followed by oxidation by the Jones  method [3]. However ,  he re  the yield of (IIIa) did not 
exceed 30%. It was in te res t ing  to a sce r t a in  the s t ruc tu re  of the other b romine-conta in ing  products  that a r e  
fo rmed  during the course  of the descr ibed  t r ans fo rmat ions  
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It was es tabl ished that the b romina t ion  of (I) with KOBr leads to a mixture  of the aeetylenie  b romide  
(II) and dibromide (IV). The la t t e r  is a lso obtained in good yield as  a single geomet r i c  i s o m e r  by the b r o -  
ruination of (I) with N - b r o m o a e e t a m i d e ,  and is apparent ly  the t r a n s - i s o m e r  [4, 5]. However ,  a f te r  its oxida-  
tion by the Jones  method, followed by acid es te r i f ica t ion ,  a mix ture  of approx imate ly  equal amounts (GLC 
and NMR spect ra)  of the cis-(Vb) and t rans- (Vb)* i s o m e r s  was obtained, contaminated with a smal l  amount 
(5-8%) of the f l ,y -d ibromocrotonic  e s t e r  (VI). The i r  fo rmat ion  is probably the consequence of the p r o t o -  
t ropic i somer i za t ion  of the unsa tura ted  e s t e r s  ( V b ) ~  (VI), in which connection the d ibromovinylacet ic  e s t e r  
(Vb) is energe t ica l ly  more  favorab le  in this case ,  i .e . ,  the effect  of s tabi l iz ing the double bond by the b romine  
a toms p redomina tes  over  the conjugation effect  [7]. 

Dibromide (IV) and b romoace ty l en ic  alcohol (II) could not be sepa ra t ed  by s imple  dist i l lat ion.  Conse-  
quently, when this mix ture  was oxidized, together  with the b romoace ty len ic  acid (IIIa), a mix ture  of the 
i somer i c  e s t e r s  (Vb) and (V1) was obtained f r o m  the reac t ion  products  af ter  es te r i f i ca t ion .  By p repa ra t i ve  
GLC we isolated f r o m  the mix ture  the pure  t rans-(Vb)  and a cis-(Vb) f rac t ion,  in which (NMR and IR s p e c -  
tra)  the d ibromo e s t e r  (VI) was p re sen t .  In addition, f r o m  the neutra l  f rac t ion  of the oxidation products  we 
isolated the c rys ta l l ine  4 -b rom o-3 -bu t yny l  e s t e r  of 4 - b r o m o - 3 - b u t y n - l - o i c  acid (VII) (IR spec t rum and e l e -  
mental  analys is ) .  As was to be expected (presence  of an act ivated methylene group and an ~ - b r o m o a c e t y l e n -  
ic grouping),  e s t e r s  (IIIb) and (VII) proved  capable ,  under the influence of weak base s  (aqueous K2CO 3 so lu-  
tion or t e r t i a ry  amines) ,  of undergoing pro to t ropic  i somer iza t ion  of the t r iple  bond 

*The configurat ion of the (Vb) i s o m e r s  was es tabl ished by analogy with the exist ing NMR data [6], according  
to which a g r e a t e r  s p i n - s p i n  coupling constant ,  JH,  H = 1.1 Hz, is observed  for  the c i s - i s o m e r .  
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Under mild conditions the i somer iza t ion  leads to the cor responding  b romoa l l ene  der iva t ive  (vln) and 
(IX). The fo rmat ion  of (vln) was also  obse rved  when the mix tu re  of d ibromo e s t e r s  (Vb) was t rea ted  with 
aqueous K2CO 3 solut ion.  Complex t r ans fo rma t ions  of the fo rmed  allene compounds occur  under m o r e  d r a s -  
tic condit ions.  In this connection f r o m  the t r ans fo rma t ion  products  of b r o m o  e s t e r  (HIb) was isolated a 
sma l l  amount  of 4 - h y d r o x y - 2 - b u t y n - l - o i c  aeid (X), while f r o m  bromide  (vii) was isola ted a mix ture  of (II) 
and 4 - b r o m o - 3 - b u t y n - l - y l  ace ta te  (xn). The la t te r  is apparent ly  fo rmed  as the r e su l t  of the acid c leavage 
of the in te rmedia te  hydrat ion product  (X1). 

When r eac t ed  with p r i m a r y  and secondary  amines ,  b romoa l l ene  (VIII) behaves  different ly  than the 
p rev ious ly  desc r ibed  [8, 9] b romoa l l enes  of type BrCH=C=CHCH2X (X----OH, OAc, SAc, NR2). Instead of nu-  
cleophilie r e p l a c e m e n t  of the al lenyl  b romine ,  which is c h a r a e t e r i s t i c  for  the la t t e r ,  only the reac t ion  of 
nucelophil ie addition to the cen t ra l  carbon of the al lene grouping is obse rved  f r o m  bromoa l l eny lca rboxy l i e  
e s t e r  (VIII). As a resu l t ,  an enamine of the crotonic  type (XIV) is fo rmed  when (VIII) is reac ted  with benzy l -  
amine ,  the s t ruc tu re  of which was conf i rmed  by the data of the ]R and UV s p e c t r a .  It is not excluded that 
this enamine can also be obtained as the resu l t  of the pro to t rop ic  i somer i za t i on  of the init ially f o rmed  en-  
amine  of the vinylaeet ic  type (XIII). In addition, enamine (XIV) can also be obtained by the d i rec t  r eac t ion  of 
(HIb) with benzy lamine .  When s to red  or when heated  in hexane solution, enamine (XIV) is eas i ly  cycl ized 
with the c leavage of CH3Br , and gives the benzylaminobutenol ide (X-V). This  makes  it poss ib le  to a s s u m e  
that the c rys ta l l ine  enamine (XIV) obtained by us has  a eis a r r a n g e m e n t  of the e s t e r  and b romomethy lene  
groups 
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However ,  the fo rma t ion  of the t r a n s - i s o m e r  (XIV) cannot be excluded, s ince the liquid port ion of the 
products  was not studied in detail  by us .  

N-Beazy l -4 -benzy l amino -A3-2 -py r ro l i d inone  (XVI),is eas i ly  obtained in all cases  when (!IIb), (VII1) 
or  (XIV) is r eac t ed  with excess  benzylamine ,  the s t r u c t u r e  of which unequivocally follows f r o m  the e lementa l  
ana lys is  data,  and the data of the IR and UV spec t r a .  The cor responding  pyrrol id inedione enamines  (XVIIIa, 
b, c) were  obtained in a s i m i l a r  manner  when (IIIb) is r eac ted  with excess  ethyl- ,  n -bu ty l -  or  t e r t - b u t y l -  
amines .  As a resu l t ,  the above desc r ibed  t r ans fo rma t ions  give a new genera l  route for  the synthes is  of the 
p rev ious ly  unknown enamines  of an N-a lkylpyr ro l id inedione .  

We were  able to i so la te  3 ,4-diaminocrotonic  e s t e r  (XVIIa) when (IIIb) was r eac ted  with n-buty lamine ,  
which c o r r o b o r a t e s  the p r o g r e s s  of the cycl izat ion via in te rmedia te  s t r uc tu r e s  of this type. As was to be 
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expected,  the reac t ion  of (IIIb) with secondary  amines  (dimethylamine or d i e thy lamine ) l eads  only to the 
fo rmat ion  of d iamines  (XVIIb, c), which do not undergo cycl izat ion 

(]][[ 6) -----~ (VII]l) RI~'NH ~ RR'NCH2C=CHCOOCHa , L / NHR 

Nh R'=~ ~ 0 \ N  
/) ) (xVH) RR' 

[ 
n (XVHI) 

RI=H,  R~C4H~ (a) R~C~H9 (a) 
R=P,'=CH3 (b) Pt=t-C4H9 (b) 
R=RI=C~H5 (c) R=C2H5 (c) 

The above-d i scussed  exper imenta l  data show that a carbomethoxyl  group, conjugated with a b r o m o -  
al lene sys t em,  ac t iva tes  this s y s t e m  in nucleophilic addition reac t ions ,  in which connection the nucleophilic 
a t tack by the reagen t  is d i rec ted  toward the cent ra l  carbon a tom of the al lene grouping, which is also c h a r -  
ac t e r i s t i c  for  the addition of amines  to conjugated e thers  [10-13], n i t r i les  [14-16], sulfones [17-19], and 
other  al lene derivar  that a r e  ac t ivated by e l ec t ron -accep to r  groups [20-21]. 

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

The analys is  and identification of the reac t ion  products  we re  accompl ished  by the GLC method, e m -  
ploying a one-p iece  g lass  ch romatograph  equipped with a f l ame- ion iza t ion  detec tor  [22], and Silicone SE-30 
deposi ted on s i lanized Chromoso rb  W as the s ta t ionary  phase .  The IR s p e c t r a  we re  taken on a UR-10 in-  
s t rument ,  while the NMR s p e c t r a  we re  taken on an RS-60 s p e c t r o m e t e r ,  in CC14 solution. The chemical  
shif ts  (6, ppm) a r e  given re la t ive  to HMDS as the internal  s tandard .  

Brominat ion  of 3 - B u t y n - l - o l  (I). To a solution of KOBr (from 960 g of KOH and 182 ml of Br2) in 
4300 ml  of wa te r  [2], with s t i r r i n g  and cooling with ice wate r ,  was added (I) in drops;  the t e m p e r a t u r e  of 
the mixture  ro se  to 12-14 ~ when 0.1-0.2 ml of the alcohol was added. The mix tu re  was cooled and to it was 
rap id ly  added ~100 g of alcohol (I). The reac t ion  product  was ex t rac ted  with e ther ,  dried,  and dist i l led.  
We obtained 120-140 g (60.-70%) of a mix ture  of b r o m i d e s :  72-75% of (II), and 18-25% of (IV),with bp 80-90 ~ 
(16 ram); n~  1.5120-1.5150. 

To a mix ture  of 50 g of ace tamide ,  32 ml of Br2, 50 g of AcONa and 40 ml of glacial  acet ic  acid at 5 ~ 
was added 20 g of (I), a f te r  which the mix ture  was ex t rac ted  with e ther  and dist i l led.  We obtained 62% of 
(IV), bp 84-86 ~ (3 ram); n~  1.5618. In f ra red  spec t rum (v, cm- l ) :  3340, 1060 (OH), 3080 (= CHBr),  1665, 1610 
(double bond). NMR spec t rum:  2.90 (tr iplet ,  CH2) , 3.78 (triplet,  CH20), 4.73 (singlet, OH), 6.53 (singlet,  
= C H B r ) .  Found: C 21.24; H 2.91; Br  68.97%. C~H6OBr 2. Calculated: C 20.89; H 2.63; Br  69.52%. 

4 - B r o m o - 3 - b u t y n - l - o i c  Acid (IIIa) and Its Methyl E s t e r  (IIIb). To 120 g of mixture  of alcohols (I) and 
(IV) in 500 ml of acetone at 12-18 ~ was added, in drops ,  500 ml of a solution containing 100 g of CrO 3 and 
160 g of H2SO 4. The reac t ion  mix ture  was ex t rac ted  with ether  and sepa ra t ed  by t rea t ing  with sa tu ra ted  
NaHCO~ solution into an acid (70 g) and a neutra l  (20 g) f rac t ion .  F r o m  the neutra l  f rac t ion  by v a c u u m - d i s -  
t i l lat ion,  bes ides  the s ta r t ing  alcohols ,  was isolated 4.5 g of the 4 -b romo-3 -bu tyny l  e s t e r  of 4 - b r o m o - 3 -  
b u t y n - l - o i c  acid (VII), bp 85-95 ~ (3 mm) (it c rys t a l l i zed  par t i a l ly  on long standing); mp 27.5 ~ (from hexane).  
In f ra red  s p e c t r u m  (v, cm-1): 2240 (-C=--CBr), 1748 (COOR). NMR spec t rum:  2.42 (triplet,  J = 7.5 Hz,--CH2) , 
3.24 (singlet,  -CH2C=O) ,  3.96 (tr iplet ,  J = 7.5 Hz, --CH20-- ). Found: C 32.52; H 2.07; Br  53.60%. CaH602Br 2. 
Calculated:  C 32.69; H 2.06; Br  54.39%. 

The acid por t ion was ex t rac ted  with pe t ro leum ether  for  30-45 h. The f i r s t  por t ions  of the ex t rac t  con-  
tained mainly  acid (IIIa), which was pur i f ied by r ec rys t a l l i z a t i on  f r o m  a mix ture  of e i ther  benzene or ethyl 
ace ta te  and hexane; the total yield was 32.0 g (30%); mp 114-115 ~ In f ra red  s p e c t r u m  (v, cm-1): 2230 ( -C 
~ C - ) ,  1720 (COOH). Found: C 29.52 H 1.96; Br  49.43%. C~H302Br. Calculated: C 29.48; H 1.85; Br  49.03%. 

The methyl  e s t e r  (IIIb) was obtained by the es te r i f i ca t ion  of the acid with methanol in the p r e sen ce  of 
p- to luenesul fonic  acid (40 h at ,,,20~), or by t r ea tmen t  with d iazomethane solution; bp 46-47 ~ (4 mm);  n 20 
1.4908. The compound congeals  read i ly  on cooling to 0 ~ In f ra red  spec t rum (9, cm- i ) :  2200 (-C--=c-)D1740 
(CO2CH3). NMR spec t rum:  3.26 (--CH2) , 3.67 (-OCH3). Found: C 33.68; H 2.74; Br  44.76%. CsH502Br. Ca l -  
culated: C 33.9; H 2.85; Br  45.15%. 

The oily res idue  (20 g) f r o m  the separa t ion  of (IIIa) was es te r i f i ed  with methanol  in the p r e s e n c e  of 
H2SO 4 (kept for  3 days at  20~ Dist i l lat ion gave 16.0 g (75%) of a mix ture  of e s t e r s ,  bp 40-80 ~ (3 mm) ,  which, 
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based  on the data of the IR s p e c t r a  and GLC, was composed  10-14% of (IIIb), 34.0-40% of t rans- (Vb) ,  24-30% 
of c is- (Vb) ,  while the r emain ing  10-24% consis ted  of four unidentified subs tances .  The obtained mix tu re  of 
e s t e r s  was sepa ra t ed  by p r e p a r a t i v e  GLC (silicone e l a s t o m e r  deposited on Chromoso rb  W, 145~ :Here we 
isolated:  t rans-(Vb);  bp 52-53 ~ (2.5 mm);  n~  1.5241. kmax  (in heptane) 213 nm (e 10,700). In f ra red  s p e c -  
t rum (P, cm- i ) :  1745 (CO2CH3) , 3065, 1630 (C=CHBr).  NMR spec t rum:  6.65 (=CHBr) ,  3.68 (CH2) , 3.74 (CH30); 
a mix ture  of cis-(Vb) and (VI) that could not be  s epa ra t ed  on this column (10-12%, judging by the data of the 
IR spec t rum) ,  bp 74-76 ~ (3 ram); n ~  1.5312. kma  x (in heptane) 210 nm (e 9800). Inf rared  spec t rum (u, cm-t) :  
1745 (CO2CH3) , 1717 (conjugated CO2CH3) , 3065 (=CHBr) ;  1632, 1647 ( -C- - -C- ) .  NMI~ s p e c t r u m  of cis-(Vb);  
6.86 (triplet,  J = 1.1 Hz, ---CHBr), 3.54 (doublet, J = 1.1 Hz, CH2) , 3.70 (singlet,  CHsO ). 

Oxidation of Dibromide (IV). Twenty g r a m s  of (IV) was oxidized as descr ibed  above.  After  the usual  
wortalp we obtained 18.0 g of the liquid acid (Va). The es te r i f i ca t ion  of the crude mix tu re  of acids with 
methanol  in the p r e s e n c e  of HzSO 4 (2 days at 20 ~ gave,  a f te r  dist i l lat ion,  16 g (76%) of a 1:1 mix ture  of e s t e r s  
(Va) and (Vb), bp 90-94 ~ (3.5 mm);  n~  1.5258. Based  on the data of the IR and NMR spec t r a ,  the amount of 
i s o m e r  (VI) as impur i ty  was l ess  than 5%. 

Methyl E s t e r  of 4 -Bromo-2 ,3 -bu tad ieno ic  Acid (VIII). F ive  g r a m s  of e s t e r  (IIlb) was shaken for  20 
min with 120 ml of 15% K2CO~ solution at ~20 ~ and then ex t rac ted  with e ther .  Vacuum-dis t i l la t ion  of the 
res idue  gave 3.5 g (70%) of e s t e r  (VIII) with bp 29.31 ~ (2.5 ram); n~  1.5342. Xma x (in heptane) 192o5; 217 
nm (el6 ,000,  65,000). In f ra red  s p e c t r u m  (v, cm-t) :  1720 (conjugated CO2CH3) , 1959 ( - C = C = C - ) ,  3020 
(=CHBr) .  NMR spec t rum:  (3.48 (OCH3) , 5.62 (doublet, J = 6  Hz, =CH), 6 .35=CHBr) .  

The i somer i za t i on  is eas i ly  accompl i shed  by running the reac t ion  in ei ther  dioxane or THF,  under  
the influence of e i ther  K2CO 3 or  t r i e thy lamine  (10-20%). 

A suspens ion  of 4.0 g of the mixed i s omer i c  e s t e r s  (Vb) was s t i r r e d  with 120 ml of 15% KzCO ~ solution 
at 90 ~ for 1 h, and then ex t rac ted  with e ther .  We obtained 1.4 g (50%) of mixed e s t e r s  with bp 34-42 ~ (3 ram), 
which, based  on the GLC data,  was composed  of 12% of (IIIb), 8-13% of (Vb), and 75% of (VIII). 

F ive  g r a m s  of (IIIb) was s t i r r e d  with 120 ml of 20% K2CO 3 solution at 40 ~ for  3 h, and the neutral  p rod -  
ucts  were  ex t rac ted  with e ther  (0.5 g of res idue) .  With cooling, the aqueous l ayer  was neut ra l ized  with 10% 
H2SO 4 solution, and then ex t rac ted  with e ther .  We obtained 1.5 g of mixed liquid acids ,  which, based  on the 
data of the IR s p e c t r u m ,  contained both al lenic and acetylenic  groupings .  When this mixture  was cooled we 
isolated 150 mg of 4 - h y d r o x y - 2 - b u t y n - l - o i c  acid (X), mp 115-116 ~ (from benzene) .  The IR s p e c t r u m  has 
absorpt ion bands at 3400, 2230, and 1716 cm -1, which a r e  cha r ac t e r i s t i c  for  the given s t ruc tu r e .  The methyl  
e s t e r  of this acid (obtained us ing  diazomethane) is an oil with n ~  1.4692,and, based on the GLC data, is d i f -  
f e ren t  f r o m  e s t e r  (I). F r o m  [23, 24]: mp 115 ~ (from benzene);  methyl  e s t e r ,  bp 73 ~ (0.5 ram); n~  1.4712. 
When t rea ted  with d iazomethane,  the r e m a i n d e r  of the liquid acid gives po lymer ic  products .  

T r a n s f o r m a t i o n s  of (VII). A mix ture  of 4 g of e s t e r  (VII) and 15 ml of a 20% K2CO~ solution in 200 ml 
of THF was kept  at 0-5 ~ for  48 h [25]. Then 250 ml of e ther  was added, the aqueous l ayer  was separa ted ,  
and the e t h e r - t e t r a h y d r o f u r a n  mix ture  was dried over  CaC1 z and concentra ted in vacuo.  Dist i l lat ion of the 
res idue  at 0.4 m m  gave 0.6 g of a f rac t ion  that mainly  contained the al lenic e s t e r  (IX) (the bath t e m p e r a t u r e  
did not exceed 100~ n~  1.4563. Inf ra red  s p e c t r u m  (v, cm-1): 1720, 1950, 3050 ( - C ~ C = C H B r ) ,  2210 (-C 
- -CBr) .  The product  po lymer i ze s  with decomposi t ion when heated up to 120-140 ~ 

Four  g r a m s  of (VII) was s t i r r e d  with t00 ml of 20% KzCO 3 solution for  3 h at 20 ~ The neutra l  por t ion 
was ex t rac ted  with e ther ,  and a f te r  dist i l lat ion we isola ted 1.2 g of a liquid f ract ion,  which, based  en the GLC 
data,  mainly  contained two subs tances  in approx imate ly  equal amounts .  This f rac t ion  when subjected to 
p r e p a r a t i v e  ch romatography  under  the above -desc r ibed  conditions led to the isolat ion,  in the o rder  of their  
re tent ion,  of alcohol (I1) and the ace ta te  of 4 - b r o m o - 3 - b u t y n - l - o l  (XII). The la t t e r  is an oil with n~  1.4796. 
Inf ra red  s p e c t r u m  q~, cm-i ) :  1745, 2220. NMR spec t rum:  1.96 (singlet, CH3CO), 2.45 (triplet ,  J = 7 Hz, CH2) , 
4.02 (triplet ,  J = 7 Hz, CH20). 

React ion of Methyl E s t e r  (IIIb) with Benzylamine .  To a solution of 1.77 g of b romo  e s t e r  (IIIb) in 40 
ml  of absolute  e ther  at 12-15 ~ was added 1.08 g of benzylamine  in drops ,  a f te r  which the mix tu re  was s t i r r ed  
for  30 rain until r oom t e m p e r a t u r e  was reached,  and then the solvent  was r emoved .  F r o m  2.6 g of the s e m i -  
c rys ta l l ine  res idue  we isolated 0.7 g of the methyl  e s t e r  of 3 -benzy l amino -4 -b romocro ton i c  acid (XIV), mp 
56.5-57.2 ~ (from hexane) .  Xmax (in alcohol) 305 nm (e 14,000). The bands at 3242, 1656, and 1604 em -1 b e -  

t 
long to the group -NHC=CHC----O. Found: C 50.64; H 5.08; N 4.81; Br  26.81%. C12HItO2BrN . Calculated:  
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C 50.6; H 4.92; N 4.92; Br 27.14%. The hydroehloride corresponding to it was obtained as a noncrystallizing 
oil. In its IR spectrum are present  bands at 1745 (COOR) and 1660, 1615 cm -1 (C=N), corresponding to a 
quaternary ammonium base. 

Ester  (XIV) is very unstable, and when stored or when heated in hexane it undergoes lactonizati0n to 
3-benzylamino-a,fl-butenolide (XV), nip 147-148 ~ (from alcohol). 2~rna x (in alcohol) 256 nm (~27,600). In- 
f rared spectrum (t,, cm-l): 3240, 1700, 1620. Found: C 69.72; H 6.04; N 7.72%. CllHllO2N. Calculated: 
C 69.82; H 5.86; N 7.40%. 

To 0.88 g of (IIIb) in 30 ml of absolute ether at 15-20 ~ was added 2.16 g of benzylamine in drops, and 
the mixture was kept at ~20 ~ for 3 h. The benzylamine hydrobromide (0.7 g) was filtered, and the filtrate 
was washed with water and dried over MgSO 4. We obtained 0.7 g of 1-N-benzyl-4-benzylamino-A'~-2-pyr- 
rolidinone (XVI), mp 144 ~ (from an a lcohol-e thyl  acetate mixture). Xma x (in alcohol) 275 nm (e 14,000). 
Infrared spectrum (Y, cm-1): 3400, 3200, 1645, 1620, 1660. Found: C 77.52; H 6.49; N 10.06%. C18HI~ON 2. 
Calculated: C 77.67; H 6.52; N 10.04%. 

This same product is also formed in 55% yield by reacting bromoamino ester  (XIV) with excess 
benzylamine at ~20 ~ 

Reaction of Methyl Ester  (IIIb) with Butylamine. To a solution of 1.77 g (IIIb) in 70 ml of ether at 20 ~ 
was added 2.9 g of butylamine, and the mixture was held for 10-12 h. The mixture was then washed with 
water,  and from the ether layer by distillation we obtained 1.9 g (78%) of the methyl ester  of 3,4-dibutyl- 
aminocrotonie acid (XVIIa), bp 135 ~ (bath temperature) (0.1 mm); n~ "~ 1.4938. Infrared spectrum (v, cm-1): 
1685; 1590. Found: C 64.50; H 10.70; N 11.71%. C13H2402N 2. Calculated: C 64.42; H 10.81; N 11.56%. This 
product crystall ized completely on standing, giving 1-N-butyl-4-butylamino-A3-2-pyrrolidinone (XVIIIa), 
mp 63.5 ~ (from a hexane-e the r  mixture). Xma x (in alcohol) 278 nm (e17,600). Infrared spectrum (v, cm-t): 
3280, 1660, 1625, 1610, 1590. Found: C 68.42; H 10.60; N 13.18%. C12H22ON 2. Calculated: C 68.53; H 10.54; 
N 13.32%. 

1-N-tert-Butyl-4-ter t-butylamino-A3-2-pyrrol idinone (XVIiIb). The analogous reaction of the acetylen- 
ic es ter  (IIlb) with a 4 to 5 fold excess of tert-butylamine (6-10 h at ~20 ~ gave (XVIIIb); yield 40%; mp 176- 
177.5 ~ (from acetone) . Xmax (in alcohol) 271 nm (e17,100). Infrared spectrum (v, cm-1): 3218, 1660, 1620, 
1600, 1580. Found: C 68.14; H 10.51; N 13.12%. C12H22OI'q 2. Calculated: C 68.53; H 10.54; N 13.32%. 

1-N-Ethyl-4-ethylamino-A'~-2-pyrrolidinone (XVIIIc). Using excess ethylamine, from (IIlb) in CHC13 
solution (4 h, 50-609) was obtained (XVIIIc); yield 75%, bp 85-95 ~ (bath temperature) (0.1 mm); n~ 1.5067. 
~max (in alcohol) 273 nm (e 16,700). Infrared spectrum (v, cm-1): 3310, 1680, 1660, 1600. 

NMR spectrum: 0.85-1.3 (2CH3) , 2.35-3.2 (2CH2N-), 3.8 (CH2-ring), 4.33 (=CH). Found: C 61.98; 
H 9.22; N 17.85%. CsHltON 2. Calculated: C 62.30; H 9.15; N 18.17%. 

Methyl Es te ro f  3,4-Bis(dimethylamino) crotonic Acid (XVIIb). In a similar manner, (XVIIb) was ob- 
tained at room temperature;  yield 85%; bp 80-90 ~ (bath temperature) (0.12 mm); n~ 1.5042; the substance 
undergoes marked tarring when stored. Xma x (in alcohol) 236 (sh), 290 nm (e2980, 21,600). Infrared spec- 
trum ~,  cm-1): 1685, 1582. NMR spectrum: 2.12 [(CH3)2N], 2.82 [(CH3)2N], 3.36 (OCH3), 3.58 (CH2N), 4.36 
(=CH). Found: C 57.46; H 9.48; N 14.56%. C9HIsO2N 2. Calculated: C 58.03; H 9.74; N 15.04%. 

Methyl Ester  of 3,4-Bis(diethylamino)crotonic Acid (XVIIc). The compound was obtained in 65% yield, 
bp 140-160 ~ (bath temperature) (0.12 mm); n~ .~ 1.4971. Xmax (in alcohol) 297 nm (~ 16,900). Infrared spec- 
t rum ~,  cm-1): 1690, 1580. NMR spectrum: 0.95-1.07 (multiplet, 12H), 2.44 (quartet, 4H), 3.24 (quartet, 4H), 
3.25 (singlet, 2H), 3.37 (singlet, 3H), 4.42 (singlet, 1H). The product undergoes marked tarring on standing. 

CONC L U S I O N S  

1. It was found that the methyl es ter  of 4-bromo-3-butyn- l -oic  acid is capable of facile prototropic 
isomerization to the ester  of 4-bromo-2,3-butadien-l-oic  acid. 

2. The transformations of the bromoallenic es ter  in the reactions with e~ther pr imary or secondary 
amines proceed as nucleophilic addition reactions to the cent ra l  carbon atom of the allene group. 

3. A general method was developed for the synthesis of the previously unknown N-alkyl-2,4-pyrrol i -  
dinedione enamines. 
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