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The r .ueleophi l ic  addi t ion  r e a c t i o n  of a m i n e s  and a lcohols  to the e s t e r s  of the 4 - b r o m o - 2 , 3 - b u t a -  
d ienoic  [1, 2] and 2 - c h l o r o - 2 , 3 - b u t a d i e n o i c  [3] ac ids  p r o c e e d s  eas i ly ,  with a f ixa t ion of the nuc leoph i le  to 
the c e n t r a l  c a r b o n  a tom of the a l l ene  g roup ing .  In the p r e s e n t  pape r  we r e p o r t  some  r u l e s  for the behav io r  
of s t i l l  ano the r  a l l ene  of this  type, n a m e l y  1 - b r o m o - l , 2 - p e n t a d i e n - 4 - o n e  (II), which was Obtained f rom 
1-pen tyn-4 . -o l  [4]: 
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1 1. Br , . .  BrCH=CBrCH~CCH3 --~ BrCH=C=CHCCHs 
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It = ell8 (a), C~H5 (b); tt2N = N (CH~Ctt~)~ 0 (c) 

As was a l r e a d y  m e n t i o n e d  e a r l i e r  [2], a s equence  of t r a n s f o r m a t i o n s  appa ren t l y  takes  p lace  when 
ke tone  (II) i s  r e a c t e d  with a m i n e s :  addi t ion  of the a mi ne  to the a l l ene  grouping ,  with subsequen t  r e p l a c e -  
merit  of the f o r m e d  a l ly l i e  ha l ide  by the a m i n e .  The  addi t ion  p roduc t s  of p r i m a r y  a m i n e s  (benzy l - ,  bu ty l - ,  
and m e t h y l a m i n e )  could not be i so l a t ed .  In  the c a s e  of s e c o n d a r y  a m i n e s  (d ime thy lamine ,  d i e thy lamine ,  
morphol ine~ the c o r r e s p o n d i n g  d i a m i n o v i n y l  ke tones  of the (III) type were  obtained,  which a r e  a p p a r e n t l y  
f o r m e d  as one t r a n s - i s o m e r ,  which is  ind ica ted  by the a bse nc e  of an a l ly l ic  s p i n - s p i n  coupl ing cons t an t  
[5] in  the NMR s p e c t r a  of these  compounds .  In the i r  UV s p e c t r a  an i n t e nse  abso rp t i on  m a x i m u m  is  found 
at 320 nm (Table  1), which is c h a r a c t e r i s t i c  for  a m i n o v i n y l  ke tones  [6]. 

When b r o m o a l l e n e  (II) is  r e a c t e d  with CH3OH in the p r e s e n c e  of CH3ONa , even  unde r  mi ld  condi t ions  
(-40~ addi t ion  of the a lcohol  takes  p lace  with the f o r m a t i o n  of me thy l  2 - m e t h o x y - 3 - b r o m o a l l y l  ketone 
(IV). In the ease  of o ther  a lcohols  the p roduc t s  of a s i m i l a r  "d i r ec t "  nuc leoph i l i c  addi t ion  could not be 
i so la ted ,  s i nce  the i r  amoun t  in  the m i x t u r e  (based on the da ta  of the NMR spec t ra )  p roved  to be i n s i g n i f i -  
cant .  The :main p roduc t s  of this r e a c t i o n  p roved  to be the c o r r e s p o n d i n g  e s t e r s  of l evu l in ic  acid (VIIIa, b), 

TABLE 1. Analytical and Spectral Data for (III) Compounds 

O u 

(IIIa) 
(IIIb) 
(IIIc) 

�9 

36 
43 
49 

I NMR spectrum in 
CC14, ppm 

O 
z El 

2 2 

~ ,9 3,64 
,87 3,83 

1,88 3,72 

" ~ N C = C H C O ,  
c m  - I  

2 

4,80 1650, t560 
4,95 1650, t540 
4,96 1655, 1550 

UV spectrum 
in alcohol 

Xma x 

318 i9600 
32t 22300 
3t9 21800 

t,53t2 
t,5222 

_ _ *  

N,% 

tl,21 11,02 

* Mp 88-89 ~ (from a hexane-ethyl acetate mixture). 
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which w e r e  i so l a t ed  as  the 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e s .  The  s a m e  m i x t u r e  of p r o d u c t s  (IV) and {VIII) i s  
a l so  f o r m e d  when d i b r o m o  ke tone  (I), which is  a p r e c u r s o r  of (II), i s  t r e a t e d  d i r e c t l y  with the a l coho la t e s  of 
a l coho l s :  

o o 
il il 

BrCH=C=CHCCH~_BrC=---CCH2CCHa 

(II) l Gtt*O - i!  (V) 

o f ? 1 
BrCH=CCHsCCHs 

I 
OCHs (IV) u (Vl)J 

I RO- 

o RO OH 
, ~---[ \ I l 

(VlIIa, b) RO / (VII) 
R = CHa(a) ,  C2Hs(b)  

The predominant formation of levulinic acid esters is probably due to the high activity of the enol 
form (VI) of the isomeric bromoacetylenic ketone (V), from which intermediate products of the (VII) type 
can be formed as the result of the successive reactions of nucleophilie substitution and addition, which 
products give the esters (VIIIa, b) on hydrolysis, which does not contradict the concepts regarding the 
mechanism of the transformations of analogous systems [7]. 

Products of a different type, and specifically the ethylene ketals of a 1-alkoxy-2-pentyn-4-one (XIII) 
were obtained from ethylene ketal (IX) when it was refluxed with alcoholates in either alcohol or DMSO [8]. 
The structure of the (XIII) ketals followed from the spectral data, the elemental analysis, and hydrolysis 
to the corresponding ketone (XIV): 

BrCH=CCH2--C--CH3 ~ - - '  BrC-----CCHs--C-- CHa 
(IX) BI r ( \ 0  (X) J \ O  

I . . . .  i '  ' 
BrCH=C=CH--C--CHa ~ BrCH2C-----C--C--CHa 

/ \  / \  
(xi) o o, (Xli) [ o, o 

I RO- 

o 
11 .-  H+ ROCH~C--C--C--CHa 

CHaOCH2C~CCCH3 / \  
(XIV) (XIIIa.b) O O 

i r 

R = CHa (a), C..H5 (b) 

In the g iven  c a s e  the in i t ia l ly  f o r m e d  b r o m o  ke ta l s  of e i the r  the ace ty l en ic  (X) o r  the a l lenic  (XI) type 
undergo  i s o m e r i z a t i o n  under  the inf luence of ba se s  to b r o m o  ke ta l s  of the p r o p a r g y l  type (XII), which then 
give the c o r r e s p o n d i n g  e thy lene  k e t a l s  of the 1 - a l k o x y - 2 - p e n t y n - 4 - o n e  (XIII) when r e a c t e d  with a lcoho ls .  

F u r t h e r ,  ke tone  (II) i s  capab le  of r e ac t i ng  with NH2OH to give 3 - m e t h y l - 5 - b r o m o m e t h y l i s o x a z o l e  (XV), 
which can a l so  be obtained by the d i r e c t  r e a c t i o n  of d i b r o m o k e t o n e  (I) with e x c e s s  NH2OH: 

(II) or (I) 
B rCH2J'QO/N PhCH,2NHCH. J " 0  / 

(xv) (xvl) 

KOAc/DMF 

AcOCH2 0 HOCH~ 

(xv~[) (xvHl) 

The  f o r m e d  b r o m o i s o x a z o l e  (XV) p r o v e d  to be uns tab le  and could not be i so l a t ed  in the p u r e  s t a t e .  
Howeve r ,  (XV) r e a c t s  e a s i l y  with b e n z y l a m i n e  and p o t a s s i u m  ace t a t e  to give  the c o r r e s p o n d i n g  s t ab le  de -  
r i v a t i v e s  (XVI) and (XVII). The  sapon i f i ca t ion  of ace t a t e  (XVII) gave  a lcohol  (XVIII), which was  c h a r a c -  
t e r i z e d  as  the known p - n i t r o b e n z o a t e  [9], which c o r r o b o r a t e s  the s t r u c t u r e  of compounds  (XV)-(XVIII) as  
being i soxazo le  d e r i v a t i v e s  with funct ional  subs t i t uen t s  in the 5 -pos i t i on .  
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EXPERIMENTAL METHOD 

The GLC determinations were carried out on a "Khrom-31" chromatograph using a glass column 
filled with 10% Silicone SE-30 deposited on silanized Chromosorb W. The IR spectra were taken on a UR-20 
instrument, while the NMR spectra (6, ppm) were taken on a Varian HA-60-1L instrument (internal stan- 

dard = HMDS). 

The 1,2-dibromo- 1-penten-4-one (I) was obtained in 80- 90% yield by the oxidation of 1,2-dibromo- l- 
penten-4-o'~ with a solution of sodium dichromate in ether [i0]. l-Bromo-1,2-pentadien-4-one (II) was ob- 

tained from (1) by treatment with Et3N in ether solution [5]. 

1,2-Dibromo-l-penten-4-one Ethylene Ketal (IX). A solution of 26 g of (1) and 30 g of ethylene glycol 
in  300 ml  of C6H6, in  the  p r e s e n c e  of 0.5 g of p - t o l u e n e s u l f o n i c  ac id ,  was  r e f l u x e d  in  a f l a s k  f i t t ed  wi th  a 
w a t e r  s e p a c a t o r  f o r  7 h.  A f t e r  the u s u a l  workup  and d i s t i l l a t i o n  we ob ta ined  74 g (77% yie ld)  of (IX), con-  
t a m i n a t e d  with 3-5% of 1 , 2 - d i b r o m o - l - p e n t e n - 4 - o l ,  with bp 80-84 ~ (0.4 r am) ;  n ~  1.5329. NMR s p e c t r u m  

~0 zO 
in CC14- 1.32 (CH3C \ ), 2.82 (CH2C \ O ), 3.8 (OCH2CH20), 6.43 ( B r C H = ) .  Found.  B r  59.64%. CTH1002Br 2. 

O 

C a l c u l a t e d :  B r  59o12%. 

R e a c t i o n  of 1 - B r o m o - l , 2 - p e n t a d i e n - 4 - o n e  (II) with S e c o n d a r y  A m i n e s .  To a so lu t i on  of (II), ob ta ined  
f r o m  5 g of (I), in  70 ml  of e t h e r  at  8-12 ~ was  a d d e d  in d r o p s  0.06 M of the a p p r o p r i a t e  amine ,  and the m i x -  
t u r e  was  kep t  a t  ~ 20 ~ fo r  10-12 h.  The  e t h e r  l a y e r  was  w a s h e d  with w a t e r  and then  d r i e d  o v e r  BaO.  V a c u -  
u m - d i s t i l l a t i o n  (0.1 ram) gave  the c o r r e s p o n d i n g  d i a m i n o  k e t o n e s  (III), the c h a r a c t e r i s t i c s  of which a r e  
given in Table I. 

Reaction of Bromo Ketones (1) and (II) with Alcohols. To a solution of 12.1 g of dibromo ketone in 30 
ml of CH3OH was added in drops, at -40 ~ 40 ml of a 2% solution of CH3ONa (from 0.04 g-equlv of Na) in 
CH3OH. The mixture was heated to 0 ~ decomposed with dry NH4CI , the methanol was vacuum-distilled, 
and the residue was extracted with ether (4 x 25 ml) and then dried over CaCI 2. Distillation of the residue 
(9.5 g) in vacuo gave 3.2 g of product with bp 25-32 ~ (0.2 ram); n~ 1.4608-1.4706. The product is unstable 
when stored and, based on the data of GLC and the NMR spectrum, contains a mixture of (IV) and (VIHa) 
in a ratio of N 1 : 3. Infrared spectrum: broad band at 1720 cm -I. NMR spectrum of (IV) in CC14:1.96 
(CH3CO), 3.68 (CH30), 5.64 (BrCH =), the signal of the CH 2 group is masked by the multiplet of the CH 2 
group of ester (VIIIa); for (VIIIa); 2.01 (CH3CO) , 2.2-2.7 (group of lines of A2B 2 system, ROOCCH2CH2CO), 
3.5 (OCH3). Treatment with a solution of 2,4-dinitrophenylhydrazine gave the hydrazone of the methyl ester 
of levulinic acid (VIIIa) with mp 140-140.5 ~ (from alcohol). 

The ~:ame mixture of products was obtained when CH3ONa in methanol solution was reacted with the 
bromo ketone (If) that had been prepared in advance from 12.1 g of (I) in absolute ether; yield 25-35~. 

The reaction of C2HsONa in alcohol solution with bromo ketone (II) was run in a similar manner. 
After the above indicated workup we isolated the 2,4-dinitrophenylhydrazone of the ethyl ester of levulinie 
acid (VIIIb), mp 99.5-100 ~ (h'om CH3OH ). NMR spectrum in (CD~)zCO: 1.12 (triplet, J = 7 Hz, CH3C) , 2.05 
(CH3C =), ~.65 (group of lines of A2B 2 system, ROOCCH2CH2C =), 4.03 (quartet, J = 7 Hz, CH20), 7.83 
(doublet, J = 10 Hz, 1H), 8.28 (double doublet, J = 10 and 3 Hz, 1H), 8.86 (doublet, J = 3 Hz, 1H). Found: 
C 47.92; H 5.08; N 17.46%. C13HIGN404. Calculated: C 48.15; H 4.97; N 17.28%. 

Reaei:ion of Dibromo Ethylene Ketal (IX) with Alcoholates. To a solution of the alcoholate (from 0.03 
g-atom of Na) in 60 ml of the appropriate alcohol was added 0.01 M of (IX) and the mixture was refluxed 
for 8-14 h, checking the completeness of reaction by the GLC data. The solvent was vacuum-distilled, and 
the residue was diluted with water and then extracted with ether. Distillation gave (XIH). 

a) The ethylene ketal (XIIIa) obtained in this manner is contaminated with 10% of (X) and unidentified 

compounds~ yield 55~; bp 78-81 ~ (8 ram); n~ 1.4546. NMI:t spectrum in CC14:1.51 (CH3C(oO) , 3.2 (CH30), 

3.84 (broad singlet, OCH2CH20), 3.93 (OCH2). A solution of 4.8 g of ketal (XIIIa) in 50 ml of acetone was 
refluxed in the presence of 0.1 g of p-toluenesulfonic acid for 3 h. After the usual workup and distillation 
we obtained 2.4 g (70%) of (XIV) with bp 57 ~ (7 ram) ; n~ 1.4486. Infrared spectrum (u, cm -I): 2210 (- C - C-), 
1682 (-CCO). NMR spectrum in CC14:2.3 (CH3CO), 3.36 (OCH3) , 4.22 (OCH2C--). The 2,4-dinitrophenyl- 
hydrazone was obtained by treating (XIV) or directly (XIIIa) with a solution of the hydrazine in 2 N HCI 
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solution, mp 94-95 ~ (from alcohol). The IR spect rum exhibits absorption at 2210 cm -1 (-C=-C-) .  Found: 
C 48.98; H 4.15; N 19.39%. ClzHIzQN4. Calculated: C 49.31; H 4.14; N 19.17%. 

b) The obtained ethylene ketal (XIIIb) contains ~15% of unidentified impuri t ies ;  yield 42%; bp 50-55 ~ 
(0.4 mm);  n~ 1.4532. NMR spect rum in CC14 (taken on a JM-4H-100 instrument at 100 MHz): 1.09 (triplet, 

7 0  
J = 7.5 Hz, CH3CH2) , 1.52 (CH3C.~o), 3.42 (quartet, J = 7.6 Hz, OCH2) , 3.72-3.94 (diffuse and masked by 

a par t  of the AzB 2 system, OCH2CH20), 4.0 (OCH2C--). 2,4-Dinitrophenylhydrazone f rom (XIIIb), mp 95-96 ~ 
(from alcohol). There  is IR absorption at 2210 cm -I ( - C ~ - C - ) .  Found: C 50.94; H 4.49; N 18.29%. C13H14 
�9 O5N 4. Calculated: C 50.98; H 4.61; N 18.29%. 

3-Methyl-5-bromomethyl isoxazole  (XV). A mixture of 6.6 g of NH2OH -HC1 in 50 ml of MeOH and 6ml  
of water  and 9.2 g of (I) was left to s t and fo r48h ,  after  which the solvent was vacuum-dist i l led,  and the r e s i -  
due was diluted with 25 ml of water, extracted with ether, washed in success ion with dilute NaHCO 3 and HC1 
solutions, and dried over CaC12. Distillation gave 3.2 g of a fract ion with bp 64-76 ~ (0.4 mm) and n~ 1.5152, 
which, based on the data of GLC and the NMR spectrum, contained 80% of (XV). The compound is unstable 
and could not be purified by distillation. NMR spect rum in CC14:2.17 (CH3C=), 4.35 (CHzBr), 6.01 (CH=). 

3-Methyl-5-benzylaminoisoxazole  (XVI). To a solution of 4.2 g of crude (XV) in 50 ml of ether was 
added 4.5 g of benzylamine and the mixture was heated at 30 ~ for 2 h. The ether layer  was washed in suc- 
cess ion with water and 2 N HC1 solution. The acid extract  was saturated with KzCO3, extracted with ether, 
and dried over K2CO 3. Distillation f rom a flask with a little collar  [140-160 ~ (0.4 mm)] gave 2.9 g of (XVI) 
as an oil; n~ 1.5512. NMR spect rum in CD3OD: 2.13 (CH3C=) , 3.67 (4H, CH2N) , 6.0 (CH=), 7.23 (CGHs). 
Hydrochloride,  mp 233-235 ~ (deeompn.) (from absolute DMF). Found: C 60.12; H 6.30; C1 14.60; N 11.56%. 
C12H15C1N20. Calculated: C 60.37; H 6.34; C1 14.85; N 11.73%. 

3-Methyl-5-aeetoxymethyl isoxazole  (XVII). A suspension of 4.5 g of crude (XV) and 4.0 g of AcOK 
in 40 ml of DMF was heated at 50 ~ for 2 h. The mixture was diluted with water, extracted with ether,  and 
dried over MgSO 4. Fract ional  distil lation gave 1.8 g of (XVII) with bp 80-82 ~ (0.4 mm); ~ 1.4742. NMR 
spect rum in CC14:1.97 (CH3CO) , 2.16 (CH3C=) , 4.92 (CH20) , 5.96 (CH=). Found: N 8.91%. CTH903N. Cal- 
culated: N 9.03%. Saponification of acetate (XVII) with 2% alcoholic KOH solution (15 min at 10 ~ gave 
(XVIII), bp 76-78 ~ (0.4 mm); n~ 1.4772. NMR spect rum in CC14:2.11 (CH3C=) , 4.48 (CH20) , 4.8 (OH), 
5.93 (CH=); p-ni trobenzoate,  mp 81.5 ~ (from alcohol), cf. [9]. 

C O N C L U S I O N S  

1. 3,4-Diaminovinyl ketones are  formed when 1-bromo- l ,2 -pen tad ien-4-one  is reacted with secon-  
dary amines,  whereas  reaction with alcohols leads to the predominant formation of the es te r s  of levulinic 

acid. 

2. A new route was proposed for prepar ing the ketals of 1-a lkoxy-2-pentyn-4-one and substituted 

3-methylisoxazole derivatives.  

LITERATURE CITED 

1. M . V .  Mavrov and V. F. Kucherov, Izv. Akad. Nauk SSSR, Ser.  Khim., 1440 (1972). 
2. M . V .  Mavrov and V. F. Kucherov, Izv. Akad. Nauk SSSR, Ser. Khim., 1763 (1972). 
3. M. Verny and R. Vessiere,  Bull. Soc. Chim. France,  2508 (1967). 
4. M . V .  Mavrov and V. F. Kucherov, Izv. Akad. Nauk SSSR, Set .  Khim., 1442 (1972). 
5. M. Verny and R. Vess iere ,  Bull. Soc. Chim. France,  2210 (1967); 2585 (1968). 
6. D . L .  Ostercamp,  J. Org. Chem., 35, 1632 (1970). 
7. H . G .  Viehe, Chemis t ry  of Acetylene--s, Marcel  Dekker, New York (1969). 
8. S . W .  Staley and R. E. Doherty, Chem. Commun., 288 (1969). 
9. A. Quilico and L. Panizzi ,  Gazz. Chim. Ital., 69, 536 (1939). 

10. H . C .  Brown, C. P.  Garg, and Kwang-Ting Liu-~-J. Org. Chem., 36, 387 (1971). 

1240 


