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Of the cycl ic  2-cyano-1 ,  3-diketones the 2 -cyano-4 -cyc lopen tene -1 ,3 -d ione  der iva t ives  a re  known[l] ,  
including 1,3- indandione [1, 2]. The 2 -cyano- l - cyc loa lkanones  belonging predominant ly to  the eyclohexane 
s e r i e s  a r e  known more  extensively .  The i r  methods of synthesis  reduce  mainly  to the following: 1) reac t ion  
of alkali  me ta l  cyanides with a~-haloeyeloalkanones [3];2) hydro lys i s  of the 1 -amino-2 -cyanocyc loa lkenes  that 
a r e  obtained by the cycl izat ion of a ,  C0-dinitriles employing the T h o r p - Z i e g l e r  method [4], or by the r e -  
act ion of h~.lo cyanides [5] or  organic  cyanates  [6] with enaminoeycloalkanes;  3) c leavage by s t rong  bases  
of the oyoloalkan[1, 2-d] i soxazoles  that a r e  obtained by the reac t ion  of NH2OH with a - fo rmylcyc loa lkanones  
[7]. However ,  a l imi ta t ion of these  methods is the use  of e i ther  difficultly avai lable  or highly poisonous 
compounds or e l se  the low overal l  yield of the final product.  

A meLhed for the p repa ra t ion  and some  of the p rope r t i e s  of the prev ious ly  unknown 2 - c y a n o - 1 , 3 - c y -  
clohexanediones (III) is d i scussed  in the p resen t  communicat ion.  S imi lar  to the 2-a lkyl -1 ,  3 -cyc lo -a lkane -  
diones,  the3e compounds can find use in the total synthes is  of s t e ro ids  by known schemes  [8], and also in 
the synthes is  of var ious  condensed he te rocyc les  [9, 10]. 

We se lec ted  the anil ides (I) as the s t a r t ing  m a t e r i a l s ,  which a r e  eas i ly  obtained in good yield by the 
reac t ion  of the ethyl e s t e r  of N-phenyl formimid ic  acid and the appropr ia te  cycl ic  f i -diketones [11, 13]. With 
the e x p e c t a i o n  of accompl i sh ing  the t ransenamina t ion  reac t ion  for the (I) compounds,  which reac t ion  is 
c h a r a c t e r i s t i c  [12, 14] for enaminodiketones ,  these compounds were  t r ea ted  fur ther  with NH2OH in ei ther  
methanol  oi" e ther .  Here  in the cases  of (Ib and c) we isola ted and cha rac t e r i zed  the unstable hydroxyamino-  
diketones (lib and c), the s t ruc tu re  of which follows main ly  f rom the phys icochemica l  analysis  data.  In 
pa r t i cu la r ,  the NMR spec t r a  (in DMSO-d6) tes t i fy  to the p re sence  of two protons that rapidly  exchange with 
deu te r ium ~.nd one olefinic proton: 5 8.09 ppm for  (IIb) and 8.24 ppm for  (IIc). The choice of one of s eve ra l  
poss ib le  t au tomer ic  f o r m s  in favor  of the enaminodiketones (II) was made on the bas i s  of analyzing the spec -  
t r a  of the r~:ethylene protons of the r ing.  Fo r  example ,  in the case  of (IIb), the s ame  as in the s ta r t ing  
anil ide (Ib) [15], the s pec t rum  has  the f o r m  of a sl ightly broadened four -pro ton  single signal at 5 2.28 ppm, 
which evidently tes t i f ies  in support  of the m o r e  s y m m e t r i c a l  (cf. [16]) enaminodicarbonyl  fo rm and the ab-  
sence of a ~,ubstantial contribution by the hydroxyimino t au tomer  containing an enolized keto group. Besides  
this ,  the data of the IR spec t r a  indicate the p resence  of a s table  in t r amotecu la r  hydrogen bond of the che-  
late  type in compounds (IIb and c). 

We also obtained enaminodiketone (lib) by an independent route f r o m  2- formyld imedon  [17] and NH2OH. 
Undoubtedly, the use  of the read i ly  avai lable  and s table  anil ides (I) as the s ta r t ing  products:  (Scheme 1), 
instead of the unstable and difficult ly avai lable  [17] 2 - fo rmy l -1 ,  3-cyclohexanediones ,  grea t ly  s impl i f ies  the 
synthes is  of the des i red  diketo cyanides (HI). The i r  avai labi l i ty  is inc reased  by the ease  with which the 
hydroxylam[no de r iva t ives  (II) a r e  dehydrated.  It could be postulated in advance that this dehydrat ion will 
lead e i ther  to the in te rmedia te  4-oxo-4 ,  5 , 6 , 7 - t e t r a h y d r o b e n z [ 1 , 2 - d ] - i s o x a z o l e s  [18] or  d i rec t ly  to the 
n i t r i les  (IIIl. As it proved,  the l a t e r  a re  the sole r eac t ion  products  independent of the reac t ion  conditions: 
t he rma l  dehydrat ion (method A), dehydrat ion in the p re sence  of acids (method B), or under the influence of 
ace t ic  anhydride (method C). Bases  can a lso  ca ta lyze  the dehydrat ion.  Thus,  the t r ea tmen t  of the dihydro-  
r e s o r c i n o l  anilide (Ia) with a sl ight excess  of NH2OH makes  it  poss ib le  to accompl ish  the one-s tep  synthesis  
of cyanide ([IIa) in good yield, without isola t ing the unstable in te rmedia te  hydroxyamine  (IIa). The exclusive 
fo rmat ion  o[ the diketoni t r i les  (III) is probably  assoc ia ted  with their  m o r e  favorable  energy  cha rac t e r i s t i c s  
(especial ly  ~he ionized form)  when compared  with the benzisoxazoles ,  which were  not detected in a single 
c a s e .  
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The cyanodiketones (III) a re  color less  crystal l ine compounds, which are  completely enolized in the 
solid state (VC= O 1620-1640, v ~ -  N 2230-2240 cm-l) ,  with a definite in termolecular  associat ion.  The 
diketo form is detected in nonpol~ar media; for example, the IR spect rum of (IIIb) in CHCI~ has the bands of 
vC_ O at 1720 and 1740 cm -~. This same diketo cyanide (IlIb) is a s t rong acid (PKaHiO 3.0), and is complete-  
[y dissociated in 10 -4 M alcohol solution, as is evidenced by the same UV absorption of the alcohol solution, 
i r respect ive  of whether they a re  netltral or contain either acid or base.  The NMR spect ra  of the cyanides 
(Ill) (in CD3COCD3) contain the signals of the protons of all of the s t ructura l  elements of the corresponding 
molecules in the expected regions,  in which connection the enolic proton, which easi ly  undergoes deuterium 
exchange, is located in the 7.0-7.5 ppm region.  The existence of the symmetr ica l  enolized s t ruc tures  of 
(III) in solution also follows f rom the equivalence of the methylene protons at C 4 and C6, which a re  detected 
for example, in the spectrum of the dimedon derivative (IIIb) as a narrow singlet at 2.38 ppm. The s t ruc -  
ture of the (III) compounds was corroborated  by the data of the chemical study. The known [19] carbamido-  
dimedon (VII) was obtained when diketonitrile (l'IIb) is heated with H2SO4; the refluxing of the cyanodiketones 
(HI) in or thoformic es ter  leads,  the same as in the ser ies  of the 1, 3-cyclohexandiones [20], to the fo rma-  
tion of the ethers of enols (IV), which a re  easi ly hydrolyzed to the s tar t ing products (III). Besides this, by 
refluxing hydroxyamine (IIb) in or thoformic es ter  it is possible to go direct ly  to ether  (IVb), omitting the 
step of isolating cyanide (Kin). The s t ructure  of the obtained compounds was confirmed by the data of the 
NMR spectra ,  and also by those of the IR spectra ,  which contain three charac te r i s t ic  bands; VC= C 1575- 
1585, VC= 0 1655-1670 and VC~ N 2220-2230 cm -i.  

The vinylog cyanoethers (IV), being polyfunctional compounds, represent  independent synthetic in ter -  
est [10]. We studied their behavior in the react ions with various nucleophiles. In part icular ,  the t rea t -  
ment of the (IV) ethers with amines gave the corresponding a -cyano-f l -aminovinyl  ketones (Va-i) in high 
yields (Table 1). The direct  enamination of the cyanodiketones (III) is very difficult in view of the stability 
of the formed intermediate ammonium salts; for example, the benzylammonium salt (VI) could not be con- 
verted to the enaminoketone (Vd). The s t ructure  of the vinylog amides (V) is confirmed by the data of the 
IR spect ra  (see Table 1), which contain a charac ter i s t ic  set of bands in the 1520-1630 and 2200-2210 cm -1 
regions.  Besides this, compounds (Vb-d), in contrast  to the related 3 -amino-2 -ace ty l -2 -cyc lohexen-1 -  
ones [21], have distinct absorption in the 3100-3300 cm "l region, which testifies to the presence of unasso-  
ciated NH groups in these molecules.  The latter additionally follows from the NMR spect ra  of enamines 
(Vc and d), which possess  (cf. [22]) a broad signal at ~6.9 ppm from the NH proton, which is found in spin 
-spincouPl ingwith  theprotons of the adjacent methylene group. Finally, the t ransoid enaminoketo chromo-  
phore, present  in the (V) molecules,  appears in the UV spectra  (see Table 1) as an intense band at ~ 300 nm 
(cf. [21]), which exhibits bathochromic shift in the ser ies  of t e r t ia ry  enaminoketones (Vf-h) with increase  in 
the size of the heterocycle .  

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

The melting points were determined on a Kofler block. The IR spectra  as KBr pellets were measured  
on a UR-10 instrument ,  while the UV spectra  of the alcohol solutions were measured  on a recording Unicam 
SP-700 spectrophotometer .  The NMR spectra  were taken on a Varian DA-60 spec t rometer  using HMDS as 
the internal standard. 

2-Cyano-1,3-cyclohexanedione (IIIa). A solution of 7 g of anilide (Ia) [12,13] and 1.6 g of NH2OH in 
o . 

0.8 l i ter  of absolute ether was allowed to stand for a week at ~ 20 , after  which the obtained precipitate was 
recrys ta l l i zed  from THF. We obtained 2.2 g (50%) of nitrfle (IIIa) with mp 208.5-210 ~ (sublimes). C 61.09; 
H 5.16; N 10.05%. Cytt~NO 2. Infrared spectrum (v, cm-1): 1590, 1635, 1660, 2240, 2800-3200. Ultraviolet 
spect rum (kma x, rim): 236 (e 6940); 273 (e 15400). 
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2-Hydroxyaminomethvlene-5, 5-dimethyl-i, 3- 
cyclohexanedione (lib). A solution of 5 g of anilide (Ib) 
[13] and 2.9 g of NH2OH-HCI in 120 ml of MeOH was 
treated with an equivalent (based on the HCI) amount of 
10~c NaOH solution and then allowed to stand for 3 days 
at ~20 ~ Then the reaction mixture was concentrated 
in vacuo to I/4 of the starting volume, diluted with I00 
ml of water, extracted with ether ~to remove the formed 
aniline) and then acidified with 15~cc HCI solution to pH 
1-2 and extracted with CHCI 3. After the usual workup 
and recrystallization of the product from THF we ob- 
tained 3.1 g (80~c) of hydroxyamine (IIb) as colorless 

�9 o 

pl~es wlth mp 134-135 (decompn.) C 58.89; H 7.23; 
N 7.49~c. CgHtsNO3. Infrared spectrum (~, cm-t): 1570, 
1650, 3120-3220. 

A solution of 3.0 g of 2-formyldimedon [17] and 
1.25 g of NH2OH .HCI in 30 ml of MeOH was treated with 
an equivalent (based on the HCI) amount of 10% NaOH 
solution and allowed to stand for 3 days at ~20 ~ Then 
the mixture was diluted in half with water, acidified with 
15% HCI solution to pH 1-2, and extracted with CHCI 3. 
After the usual workup we obtained 2.6 g (80~c) of hydro- 
xyamine (lib) with mp 134-135 ~ (decompn.) (from THF), 
which was identical with the above described sample. 

2 -Hvdr oxyaminomethylene - 5 -phenyl - i, 3 - cyclo- 
hexanedione (IIc). To a solution of anilide (Ic) [13] in 
60 ml of MeOH was added a solution of 0.48 g of NH2OH 
in 5 ml of water (obtained by the neutralization of 0.8 
g of the hydrochloride with 10~c NaOH solution), after 
which the mixture was refluxed for 2.5 h, allowed to 
stand at ~20 ~ for 12 h, and then it was diluted in half 
with water, extracted with ether, acidified with 15~c 
HCI solution to pH 1-2, and extracted with CHCI 3. After 
the usual workup and recrystallization of the product 
from THF we obtained 0.7 g (85~c) of hydroxyamine (IIc) 
as colorless plates with mp 138-139 . C67.43; H 5.52; 
N 6.38~. CIsHI3NO 3. Infrared spectrum(~, cm-1): 1560, 
1590, 1648, 3050-3140. 

2-Cyano-5, 5-dimethyl- I, 3-cyclohexanedione (IIIb). 
Method A. Using a water-jet pump, 3.1 g of hydroxy- 
amine (lib) was heated at 140 ~ (in the bath) for 1-2 rain 
sufficient to solidify the initially formed melt, and then 
it was cooled rapidly and the product was recrystallized 
from THF. We obtained 2.5 g (90%) of nitrile (IIIb) with 
mp 220-222 ~ (sublimes). C 65.13; H 6.86; N 8.52%. 
C9HIINO 2. Infrared spectrum (~, cm-l): 1590, 1653, 
2235, 2800-3200. Ultraviolet spectrum (k max ,nm): 
232 (e 7560); 270 (e 20500). 

Method B, A solution of 1.2 g of hydroxyamine 
(If'b) in 20 ml of benzene was heated in the presence of 
a catalytic amount of TsOH until water failed to collect 
in the Dean-Stark trap, after which the mixture was 
evaporated in vacuo and the residue was recrystallized 
from THF. We obtained 0.8 g (75%) of nitrile (IIIb) with 
mp 220-222 ~ (sublimes), which was identical with the 
above described sample. 

Method C. A solution of 1.0 g of hydroxyamine 
(IIb) in 5 ml of Ac20 was refluxed for 1 h, after which 
it was evaporated in vacuo, and the residue was treated 
with hexane and recrystallized from THF. We obtained 
0.7 g (80%) of nitrile (Ill'b) with mp 220-222 ~ (sublimes), 
which was identical with the above described sample. 
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�9 2-Cyano-5-phenyl-1,_ ~q-cyclohexanedione (IIIc). Using method B, hydroxyamine (IIc)was converted 
in 50% yield to  ni t r i le  (IIIc), which was obtained as color less  plates with mp 221-222 ~ (sublimes) (from THF) 
C 73.03; H 5.15; N 6.51%. C13HllNO2. Inf rared  spec t rum (v, cm-i).* 1540, 1620, 1655, 2229, 2800-3200. 

Benzyiamine Salt of 2-Cyano-5,  5..--dimethyl-1, 3-cyclohexanedione (VI). A solution of 0.6 g of cyano- 
diketone {IHb) and 0.4 ml of benzene was refluxed for 30 min, evaporated in vacuo, and the residue was r e -  
c rys ta l l ized  f rom THF. We obtained 0.85 g (85%) of salt  (VI) as color less  needles with mp 193.5-194.5 ~ 
C 70.36; H 7.55; N 10.35~c. Ci6H20N20 2. Infrared spect rum (v, cm-i):  1510, 1595, 1628, 1664, 2194, 2600-  
3200.  Ultraviolet  spectrum (X max ,nm):232 (e 8200); 272 (e 224400). 

Hydro lys i s  of Nitrf le  (liIb). A solution of 0.5 g of (IIIb) in 10 ml of conc.  H2SO 4 was heated at 50-60 ~ 
for 1 h, poured into ice water ,  and the obtained precipi ta te  was rec rys ta l l i zed  f rom ether .  We obtained 
0.35 g (60%) of amide (VII) with mp 144-145 ~ which failed to depress  the mixed melting point with an au- 
thentic sample of (VII) [19]. 

2 -Cyano-3-e thoxy-2-cyc lohexen- l -one  (IVa). Cyanodiketone (Ilia) (0.5 g) was dissolved in 8 ml of 
boiling HC(OE~)3 , refluxed for another 15-20 rain, evaporated in vacuo, and the res idue  was r ec rys t a l l i zed  
f rom THe .  We obtained 0.4 g (65~c) of e ther  (l'Va) as color less  p r i sms  with mp 125-126 ~ C 65.26; H 6.61; 
N 8.29~c. C~HI1NO 2. Infrared spec t rum (v, cm-l) :  1585; 1668; 2232. 

In a s imi la r  manner ,  f rom cyanide ~IIb) we obtained an 80% yield of 2 -cyano-3-e thoxy-5 ,5 -d ime thy l -  
2 -cyc lohexen- l -one  (IVb) with mp 'i56-157 (from THF). C 68.02; H 7,79; N 7'48~c. CllHl~NO 2. Infrared 
spect rum (~, cm-l):  1582, 1666,  2225. Ultraviolet  spec t rum (kmax, am): 270 ( e 15900). 

The refluxing of a solution of 1.log of hydroxyamine (IIIb) in 10 ml of o r thoes te r  for  1.5 h gave 0.92 
g (80%) of e ther  (1-Vb) with mp 156-157 (from THF), which was identical with the above descr ibed  sample.  

Similar  to (ilia and b), cyanodiketone ([IIc) was converted in ~ 80% yield to 2-cyano-3-e thoxy-5-phenyl  
2 -cyc lohexen- l -one  (IVc) with mp 156.5-157.5 (from THF). C 74.89; H 6.46; N 5.57%. C15H15NO 2, Infra-  
red  spec t rum (~, cm-i):  1576, 1655, 2219. Ultraviolet  spec t rum (X max '  nm): 269 (e 14900). 

HydrolEsis of Ether  (IVb). To a solution of 0.3 g of (IVb) in 10 ml of MeOH was added 0.5 ml of conc. 
HC1, af ter  which the mixture  was refluxed for 1 h, evaporated in vacuo, and the res idue was r ec rys t a l l i zed  
f rom THF. We obtained 0.24 g (~95%) of diketo cyanide {IIIb)with mp 2 2 0 -2 2 2  ~ (sublimes), which was 
identical  with an authentic sample.  

The synthesis  of the 3 -amino-2 -cyano-2 -cyc lohexen- l -ones  (V) l isted in Table 1 was accomplished by 
t reat ing e i ther  alcohol or benzene solutions of the appropriate  (IV) e thers  with amines as descr ibed  in [21]. 

C O N C L U S I O N S  

1. A method was developed for the synthesis  of 2 -cyano- l ,3 -cyc lohexaned iones  by the t ransenamin-  
ation of the readi ly  available 2-phenylaminomethylene-1,3-cyelohexanediones  with hydroxylamine and sub- 
sequent dehydration of the in termedia te  2-hydroxyaminomethylene derivat ives.  

2. The e thers  of the enols of the 2 -cyano- l ,3 -cyc lohexaned iones  were  obtained and a study was made 
of their  react ion with amines .  
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