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Various approaches to the use of 3-acetyl-2-amino-4-hydroxy- 
1,3-pentadienecarbonitrile in heterocyelic synthesis 
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Two approaches to the use of 3-acetyl-2-amino-4-hydroxy-l,3-pentadienecarbonitrite 
(!) in heterocyclie synthesis are considered. A method for preparing 3-acetyl-4-amino- 
5-cyano-2-methytpyridine directly from l and N,N-dimethylformamide dimethylacetal ( IDM F 
DMA) was proposed, together with a synthetic route to 2-(2-amino-3-cyano-6-hydroxy- 
phenyl)-8-cyano-5-hydroxy~ based on the transformation of hydroxy-vinyl 
ketone ! into its diphenylboron chelate and condensation of the latter with DMF DN, tA.  
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amide dimethylacetal; diphenylboron chelates; pyrydine and quinoline derivatives; intramolecu- 
lar cyclization. 

"Dimers" of  malononi t r i le  and of esters of cyanoace-  
tic acid (ECA) as well as t h e i r  "co-directs ' ,  i.e., prod-  
ucts of  the addit ion of methy lene-ac t ive  ECA at the 
C-=N bond of malononi t r i le ,  are  known to be effective 
blocks for building func t iona l ly  substituted heterocyclic 
compounds,  l - s  By analogy,  3 -ace ty l -2 -amino-4-hyd-  
roxy- l ,3 -pen tad ienecarbon i t r i l e  (1), which is formed 
from acacH and malononi t r i l e  as a mixture of E- and 
Z-isomers,  6 can be regarded as a "co-dimer" of these 
reagents. Apparently,  c o m p o u n d  1, which contains a 
number of functional groups ,  NH2, C=--N, C=O, and 
OH, is also of interest for he te rocyc l ic  synthesis. 

A typical feature of hydroxyvinyl  ketone 1 is its 
ability to form chelates. F o r  example,  diphenytboron 
chela te  2 (as an e q u i l i b r i u m  mixture of  E- and  
Z-isomers) can be readily ob t a ined  from compound 1 
and butoxydiphenylborane.  6 

Previously we have found  that  the field of applica- 
t ion of  a number of [~-dicarbonyl and aminovinyl-  
carbonyl reagents to fine o rgan i c  synthesis can be ex- 
tended, due to the fact tha t  the  chemical properties of  
the boron complexes of these  compounds differ from 
those of the free ligands. 7 - t z  

In this paper,  we also show that two different ap-  
proaches to the cons t ruc t ion  of heterocyclic systems 
from hydroxyvinyl  k e t o n e  1, for example ,  using 
dimethylformamide d imethy lace ta l  (DMF DMA), are 
possible; one of these app roaches  involves transforma- 
tions of the free ligand 1 i tself ,  while the other is based 
on the reactions of its c h e l a t e  2. It was found that 
D M F  DMA reacts readily with compound ! at 20 ~ 
to give a condensat ion produc t .  Based on tH and 
t3C NMR,  IR, and mass spec t r a  this product should be 
ident i f ied  as 3 - a c e t y l - 2 - a m i n o - l - d i m e t h y l a m i n o -  
methylene-4-oxo-2-pentenecarboni t r i le  (4) (Scheme I). 

The alternative structure 5 of t h e  amid ine  type should  
be rejected, since the spectroscopic  data  indicate u n -  
ambiguously that the compound o b t a i n e d  contains an  
NH2 group. Thus, in this case, r e a g e n t  1 behaves as  a 
C-nucleophi le ,  and its in terac t ion  with the acetal is 
apparently preceded by its i s o m e r i z a t i o n  to the me thy l -  
ene-act ive form 3 (judging from t h e  IH N M R  spec t ra  
in CDCI 3, a 1 ,- - 3 equi l ib r ium is established, a l -  
though the proport ion of the l a t t e r  t au tomer  does n o t  
exceed 5--7%). 

The  tH and ~3C NMR s p e c t r a  o f  compound  4 
contain only one set of signals e a c h .  The absorpt ion  
bands recorded in the region of N - - H  stretching v ib ra -  
tions in the IR spectrum of s o l u t i o n s  o f  4 indicate t h a t  
an intramotecular  hydrogen b o n d ,  N--H-- -O,  is f o r m e d  
in the aminovinylcarbonyl moie ty  (one of  the hydrogen 
atoms of  the amino group r e m a i n s  free). 

When  compound 4 is t reated with ammonium a c -  
etate in boiling butanol,  it u n d e r g o e s  cyclization to g ive  
3 -ace ty l -4 -amino-5 -cyano-2 -me thy lpy r id ine  (6) in  a 
40% yield. The structure of the p r o d u c t  was conf i rmed  
by the data of IR spectroscopy, IH and 13C spec t ro -  
scopy, and mass spectrometry. P y r i d i n e  6, con ta in ing  
vicinal NH 2 and Ac groups, is a po t en t i a l  reagent t o  be 
used for the construction of b i c y r  n i t rogen-con la in -  
ing heterocyclic systems. 

The reaction of  DMF D M •  with complex 2 a lso  
occurs under mitd conditions, b u t  in this case, the  Me 
group bound directly to the b o r o n - c o n t a i n i n g  ring in 2 
is also involved in condensation. Consequently,  c h e l a t e  
7, which has, like complex 2,, a [3-diketonate s t ruc ture ,  
is formed in this reaction in an 8 7 %  yield (Scheme 2). 
This is indicated by the data of  IH N M R  and IR 
spectroscopy, which confirm t h a t  molecule  7 con ta ins  a 
free NH 2 group. Siml~,rly to c h e l a t e  2, compou l jd  7 
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exists in solutions as an equilibrium mixture of  E- and 
Z-isomers (with respect  to the C=C bond in the 
aminoacryloni tr i le  fragment).  

It has been noted previously that the =CH-group  
protons in the Z- isomers  of  compound 1 and its com- 
plex 2 are shielded to a greater degree than the corre- 
sponding protons in the E-isomers. In conformity with 
this, the singlet at ~5 3.90 in the spectrum of chelate 7 in 
CDCI 3 should be assigned to the Z-isomer, whereas the 
singlet at 5 4.42 should be assigned to the E-isomer. 
According to published data, ~fJ3 in compounds 1 and 
2, in enaminoni t r i tes  of  the N~-C--CH=C(R)NH2 type 

(R = Alk, At), and in che l a t e  7 in CDCI3, t he  Z-form 
predominates (90%). 

It was found that boil ing complex  7 in BuOH yields 
2 - (2 - amino -3 -cyano -6 -hyd roxypheny l ) -8 - cyano -5 -  hy- 
droxy-4-methylquinol ine (10)  (see Scheme 2). The 
structure of this product was  confirmed by spectroscopic 
data. For example, its mass spectrum contains peaks for 
ions with m/z. 315 [ M - H ]  + and 301 [ M - M e ] * .  The 
tH NMR spectrum of qu ino l ine  10 has signals corre- 
sponding to the quinoline CH-groups  [a s inglet  at 
6 7.60 (C(3)H) and two doublets  at 6 6.99 (C(6)H) 
and 8.07 (C(7)H)J as wett as to  the NH 2 (6 6.43) and 
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CH (~ 10.75 and t l .58)  g roups .  The 13C N M R  spec-  
trum of this compound ,  in add i t i on  to the signals due to 
the C atoms of  the q u i n o l i n e  system and of  the phenyl 
group, contains signals at 15 1 17.84 and 118.23 (2 C ~ N )  
as web as at ~ 23.56 (Me) .  

Probably, the t r a n s f o r m a t i o n  of  complex 7 into 
qu ino l ine  10 occurs  (in c o n f o r m i t y  with Scheme 2) via 
in t ramolecu la r  cyc l iza t ion  ( in  which the C atom of  the 
aminoacry loni t r i le  f r a g m e n t  acts as the nucteophil ic  
center) ,  a ccompan ied  by e l i m i n a t i o n  of  Me2NH and 
the format ion o f  a b e n z e n e  ring. The chelate ring is 
cleaved through the ac t ion  o f  BuOH to give the free 
ligand, benzoni t r i le  9, w h i c h  conta ins  vicinal NH 2 and 
M e C O  groups. S e l f - c o n d e n s a t i o n  o f  compound  9 ac-  
cording to the F r i ed lande r  reac t ion  pathway leads to 
quinol ine  10. 

This scheme is suppor t ed  by the data on the cycliza-  
lion of  chelate  7 in the p r e s e n c e  o f  NH 3. In fact, when 
NH 3 was passed through a boi l ing solution of  c o m -  
pound 7 in to luene ,  a p r o d u c t  stable in air was isolated 
in a relatively low yield; a c c o r d i n g  to the data of  IR 
and tH N M R  spec t roscopy  and  mass spectrometry and 
the results o f  e l ementa l  ana lys i s ,  this compound  has the 
chelate  s t ructure  11 ( S c h e m e  3). The  structure of  this 
complex  is close to that  o f  t he  in termedia te  chelate 8, 
but, unlike the latter,  it is s t ab l e  toward boiling BuOH,  
since the N ~ B  c o o r d i n a t i o n  bond  is rather strong. This  
made it possible to d e v e l o p  a more efficient method  
for the synthesis o f  c o m p o u n d  11. Boiling complex 7 
with a butanol ic  solut ion o f  N H  3 affords chelate 11 in a 
62% yield. D e c o m p o s i t i o n  o f  c o m p o u n d  11 under mild 
condi t ions  by HCI in E t O H ,  led, after neutral izat ion of 
the  r eac t ion  m i x t u r e ,  t o  a mix tu re  consis t ing  of 
polyfunct ional ly  subs t i tu ted  benzene  9 and compound  
10, resulting from its s e l f - condensa t i on .  (Compound  9 
was identif ied by IH N M R  spectroscopy.)  These data 
are defini te  ev idence  for  S c h e m e  2, illustrating the 
process of  the t r a n s f o r m a t i o n  o f  chelate  7 into qu ino -  
line 10. 

Thus,  prepara t ion  o f  c o m p o u n d s  10 and 11 from 
reagent 1 is a new e x a m p l e  o f  using the "methodology 
of  chelate  organic  syn thes i s "  (see Refs. 14--17 and 
references there in) .  
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Reagents and conditions: a. NH4OAc, BuOH, A, [ h; 
b. HCItEtOH, H20, 60--70 *C, 4 h. 

Experimental 

tH NMR spectra were recorded on a Braker WM-250 
spectrometer (250.13 MHz), and 13C NMR spectra were 
obtained on a Braker AM-300 in s t rumen t  (75.47 M H z ) ;  
chemical shifts are presented wi th  respect to SiMe 4. I R 
spectra were recorded on a Perk in-Elmer  577 instrument. 
Mass spectra were obtained on a V a r i a n  MAT CH-6 spec-  
trometer. 

3-Acetyl-2-amino- t-dimethylamiuomethylene-4-oxo-2- 
pentenecarbonitrile (4). DMF DIVIIA (0.35 g) in 5 m L  of 
THF was added to nitrile 1 (0.5 g ) ,  and the mixture was 
stirred for 1 h at 20 *C Vola:ile p roduc t s  were evaporated 
in vacuo, and the residue was chrorvaatographed on a co lumn 
with SiO 2 (with chloroform and a 5 : I chloroform--acetone 
mixture as eluents) to give 0.3 g (45 %) of  compound 4, m.p. 
146--t47 ~ MS, re~z: 22l [MI + . IR (CHCI3), v/cm-~:  
3450, 3250br (NH) ;  2204(C~N); !620 ,  1578 ( C = O , C = C ) .  
IH NMR (DMSO-d6), ~: 2.14 i s ,  6 H. 2 Me); 3.20 (s, 
6 H, Me2N); 7.28 is, 1 H, CH); 7 . 9  (br.s, 1 H, NH); 10.3 
(br.s, I H, NH). 13C NMR (DPClSO-d6), 8 : 3 0 . 7 9  (q, 
2 M_c.CO, I j  _- 127 Hz); 46.6 (br.s, Me2N); 72.37 ( C = C H ) ;  
111.64 (AcC); 118.91 (d, C~N, 2 j  = 10.0 Hz); 155.49 (d, 
N=CH,  I j  = 171 Hz); 164.82 ( C - - N H 2 ) ;  198.42 (q, 2 CO, 
3j = 5.4 Hz). 

3-Acetyl-4-amlno-5-cyano-2-methylpyridine (6). A. A 
mixture of compound 4 (0.2 g, 0 . 9  retool) and ammonium 
acetate (0.14 g) in 10 m /  of bu tano l  was refluxed for I h, 
the butanol was evaporated in vacuo,  and the residue was 
chromatographed on a column w i t h  SiO 2 (using chloroform 
as the eluent) to give 0.063 g ( 4 0 % )  of  pyridine 6, m.p. 
130--131 ~ Found (%): C, 61 .70 ;  H, 5.35; N, 23.01. 
CgHgN]O 2. Calculated (%): C, 6 I .70; H, 5.18; N, 23.99. 
MS, ra/z : 175 [M] +" . IR (KBr), v / , c m - t :  3405, 3360 (NH2) ;  
2240 (CN); 1680, 1650 (C=O, C '=C) .  tH NMR (CDCI3), ,5: 
2.60, 2.70 (both s, 6 H, Me, M e C O ) ;  6.35 (br.s, 2 H, NH2) ;  
8.40 (s, L H, CH). I-3C NMR (acetg~ne-d6), 8:24.95 (q, Me, 
~J = 129 Hz); 32.20 (q, MeCO, I j  = 129 Hz); 93.92 (t, 
C ( 5 ) , 3 I = 6  Hz); 116.05(d,C~N, 3j = 3.6 Hz); 120.69 (s, 
C(3)); 153.49 it, C(4), ~./ = 5 H a ) ;  153.92 (d, C(6), t j  = 
183 Hz); 160.32 (d, C(2),2J = 12 Hz, 31 = 6 Hz); 203.70 
(q, C=O, 3./ = 6 Hz). 

B. A mixture containing c o m p o u n d  4 (0.2 g, 0.9 retool) 
in 4 mL of ethanol and a 1 Nso lu t ion  of  ammonia in e thanol  
(6 mL) was kept in a sealed tube at 90 ~ for 2.5 h. The 
solvent was evaporated in vacuo ,  and the residue was 
chromatographed on a column w i t h  SiO 2 (using chloroform 
as the elucnt) to give 0.066 g ( 4 2 ~ )  of  pyridine 6. 

Diphenylboron chelate of 3-acetyl-2-amino-6-dimethyl- 
amino-l,3,5-hexatrienecarbonitrile (77. DMF DMA (0.18 g, 
1.5 retool) in 25 mL of THF w a s  added to diphenylboron 
chelate 2 (0.5 g, 1.5 retool), and t h e  mixture was stirred for 
I h at 20 ~ The solvent was evapora ted  in vaclto, and the 
residue was purified on a colttmn with SiO 2 (using chloro-  
form as the eluent) to ~ive 0.5 g (87%) of chelate 7 as a 
mixture of Z- and E-isomers, m . p .  183--184 ~ (benzene--  
hexane).  Found (%): C, 7 t . 9 9 ;  H, 6.38; B, 2.90. 
C~3H24BN~O 2. Calculaled (%): C ,  71.70: H, 6.28; B, 2.83 
MS, re~z: 308 [ M - P h t "  IP, (Ci-tC13), v/era-I: 3350, 3410 
(NH!);  2215 (CN)" 1620 (C=O. C = C ) .  ~H NMR (CDCI3).  
8 (Z/E = 9 : I, the signals for t h e  E-isomer are given in 
brackets): 2.18 [2.24 I(s,3 H. Me):. 3.00 [2.991(s, 3 H, NMc);  
3.29 13.27[ (s, 3 H. NMe); 3.90 14.42[ (s, I H, N C - - C H ) .  
4.70 [4.181 is, 2 H. NH~); 5.11 [5.131 (d, I H, C H ,  J = 
12 Hz); 7 .1-7.5 (m, 10 H, 2 P h ) ;  8.10 [8.121 (d, I H, 
Me2NCH). 13C NMR (DMSO-d6) ,  fi (Z [E~): 21.66 [2t .461 
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(q, Me, I j  = 128 Hz); 37.72 [37.721(q, NMe 2. ~J = 140 Hz); 
45.73 [45.731 (q, NMe2, )J = 140 Hz); 62.76 [65.291 (d. 
NC--CH =. ~J = 177 [1651 Hz); 88.75 [88.501 (d, CH =. 
I1 = 160 Hz); 109.14 1109.141(s, MeCO--C,_); 119.54[120.981 
(s, CN), 125.27 [125.271, 126.61 1126.611, 131.09 [131.091, 
150.85 [150.851 (2 Ph); 156.33 [156.331 (d, Me2N--C,.H, I /  = 
173 Hz); 159.19 [160.041 (s, H2N--C); 175.17 [174.981, 
176.20 [175.681 (2 CO). 

2-( 2-Amino- 3-cyano-a-hydroxyphenyl)-8-eyano- 5-hydr- 
oxy-4-methylqninollne (10). A solution of chelate 7 (0.5 g, 
1.3 retool) in 5 mL of  butanol was reftuxed for 3 I~. The 
solvent was evaporated in vacuo, and the residue was washed 
with ether to give 0.2 g of crude compound 10, which was 
purified on a column with SiO 2 (using ether and a 5 : I 
e ther--methanol  mixture as eluents) to give 0.09 g (44%) of 
quinoline 10, m.p. 325--326 ~ Found (%): C, 68.60; 
H, 3.76; N, 17.10. CIsHI2N402. Calculated (%): C, 68.35; 
H, 3.83; N, 17.71. MS, re~z: 315 {M-HI + . IR (KBr), 
v/era-I:  3500--2700 v.br (OH, NH); 2210 (CN); t655, 1628, 
1590, 1560. IH NMR (DMSO-d6) , 8 :2 .89  (s, 3 H, Me); 
6.38 (d, I H, C(5")H);  6.43 (s, 2 H, NH2); 6.99 (d. I H, 
C(6)H, I = 8.2 Hz); 7.40 (d, 1 H, C(4")H, J = 88 Hz); 
7.60 (s, I H, C(3)H);  8.07 (d, 1 H, C(7)H, ./ = 8.2 Hz); 
10.75 (s, I H, OH);  11.58 (s, I H, OH). 13C NMR 
(DMSO-d6), 8 :23 .56  (Me);  106.11, 109.92, 126.38, 134.51, 
I36.16 (5 CH); 117.84, 118.23 (2 CN); 160.51, t60.63 (2 CO); 
87.42, 100.79, 109.71, 118.18, 146.35, 149.10, 151.03, 156.46. 

DlphenFIboron chelate of 3-amino-4-eyano-2-( l - imino-  
ethyl)phenol  (11).  ,4. A mixture of chelate 7 (0.3 g, 
0.78 mmoD and 0.2 g of  ammonium acetate in 15 mL of 
butanol was refluxed for 1 h, the excess butanol was evapo- 
rated in vacuo, and the residue was purified on a column with 
SiO 2 (using chloroform as the eluent) to give 0.16 g (60%) of 
chelate 11, m.p. 100--101 ~ (decomp.) (benzene--hexane).  

B. A mixture of  chelate  7 (0.11 g, 2.9 retool) and a 0.2 N 
solution o f N H  3 in to luene (15 mL) was heated for 13 h in a 
sealed tube at I10 ~ The precipitate was filtered off, and 
the filtrate was evaporated in vacuo to ,give 0.035 g of crude 
product 11, which was purified on a column with SiO 2 (using 
chloroform as the e tuent )  to give 0.028 g (28%) of chelate 11. 

C, A solution of chelate  7 (0.2 g, 0.52 retool) in 10 mL 
of butanol was heated to boiling, and excess NH:~ (gas) was 
passed through this solution for 1.5 h. The solvent was 
evaporated in vaeuo, the  residue was triturated with hexane, 
and the precipitate was filtered off to give 0.11 g (62%) of 
chelate 11 Found (%): C, 75.16; H, 5.60; B, 2 .93;N,  12.09. 
C21HIsBN30 Calculated (%): C, 74.36; H, 5.35; B, 3.19; 
N, 12.38. MS, m/•.: 262 { M - P h i  +. IR (CHCI3), v/era-I: 
3500, 3400, 3350 (NH2,  NH): 2220 (C~N); 1640, 1590 
( C = O . C = C ) .  tH N M R  (CDC13),~5:2.67 (s, 3 H, Me); 4.7I 
(s, 2 H, NH2); 6.56 (d, I FI, CH, J = 8.5 Hz); 7.1--7.5 (m. 
II H, CH. 2 Ph); 8.10 (br.s, I H, NH). 13C NMR (CDCI O, 
8:24.71 (q, Me. t j  = 131 Hz); 87.29(CC--CN); 107.65(br.s. 
MeC(=NH)--CC_.); 1 t i . 3 l  (d, _CHCO, Ij  = ~68 Hz); It7.82 
(d, C~.N. 3j = 5.9 Hz); 126.56, 127.73, t28.36. 131.96 (2 Ph); 
140.02 (d. NC--C--C_H, i j  = 164 Hz); 148.0 (s, B--C); 
152.13 (d. NH,C.  3j = 8.9 Ha): 167.53 (d ,~O,  3J = 10 Hz); 
169.71 (q. Me--C,  2j = 6 Hz). 

Reaction of chelate 11 with a solution of HCI in EIOH. A 
3.2 Nethanol ic  solution of  HCI (5 mL) and 0.1 ml.. of water 
were added to chelate !1 (0.25 g, 0.73 retool), and the 
mixture was heated for 4 h at 60--70 ~ The volatile prod- 

t,cts were evaporated in vaeuo, and water (5 mL) and a 
saturated aqueous;olution o f N a H C O  3(3 mL) were added to 
the residue until the pH was 7. The precipitate was filtered 
off to give 0.078 g of a mixture o f  3-amino-2-(I-arninoethyl)-  
4-cyanophenol (9) and qu ino l ine  (10) in a rat io  of" 2 : I 
(according to IH NMR spect rum).  The IH N M R  spectrum 
of compound 9 in DMSO-d 6, a f te r  elimination o f  the signals 
corresponding to quinoline 10, 8 : 2 . 5 2  (s, 3 H, Me);  6.25 (d, 
I H, CH, ,/ = 85 Hz); 7.44 (d,  1 H, CH, J = 8.5 Hz); 
7.24 (hr.s. 2 H, NH2); 11.37 (br.s, I H, OH). 
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