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The products  of reduct ive  c leavage of the isoxazol ine ring of a -oxo-4 ,5 -cyc lohexano-A 2- 
isoxazol ines  by catalyt ic  hydrogenat ion were  studied. 

Isoxazole der iva t ives  a re  used for  the p r epa ra t i on  of complex poly-  and he terocycl ic  s t ruc tu re s  [1-3]. 
We recent ly  proposed a new method for  the synthes is  of 2 -acy lcyc lohexane- l .3 -d iones  f rom ~-oxocyclohexano-  
isoxazol ines  that makes  it poss ib le  to obtain d iverse  cyclic  t r i acy lmethanes  [4. 5]. The reduct ive  cleavage of 
the in te rmedia te  4 ,5-cyclohexanoisoxazol ines ,  which are  potential  f l-trifunetional der iva t ives  of cyclohexane.  
is a lso of in te res t  in addition to the p r e p a r a t i v e  value of tkis method.  The fl- tr ifunctional der iva t ives  of cyclo-  
hexane a r e  linked by one step of the t r a n s f o r m a t i o n  wi th /%tr ike tones  and can be used as in te rmedia tes  in the 
synthesis  of natural  and re la ted  polycycl ic  compounds.  
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Simple A2- isoxazol ines  undergo reduct ive c leavage of the N - O  bond to give the cor responding  fl-imino 
alcohols on catalyt ic  hydrogenat ion and under the influence of alkali meta ls  [6. 7]. Condensed ~-oxocyclo-  
a lkanoisoxazol ines  [4, 5, 8] have not been  invest igated in this r e spec t .  In the p resen t  r e s e a r c h  we have studied 
the behav ior  of cyclohexanoisoxazol ine I [4] under catalyt ic  hydrogenat ion conditions. 
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Isoxazoline i is more  stable than the corresponding isoxazole {V), despite the prevail ing concept of the 
relat ively high lability of isoxazoline s t ruc tu res  [9]. Thus isoxazoline I does not undergo change dur inghydro-  
genation by means of 5% Pd/BaSO 4, at the same t ime that isoxazole V under these conditions is readily con- 
vet ted to enamino diketone II [10] in the absence of base, in contras t  to other  isoxazoles [11]. The lability of 
the isoxazole r ing as compared  with the A~-isoxazoline ring is apparently due to the activating effect of the 
conjugated c~-carbonyl group on the a romat ic  sys tem of isoxazole.  In fact, in the case of hydroxyisoxazole 
VI [12], which does have this sor t  of activating effect, ring cleavage does not occur  under the influence of the 
low-act ivi ty 5% Pd catalyst .  Isoxazoline I and hydroxyisoxazole VI undergo ring opening when 30% Pd/S2CO 3 
or Ni/Re are  used, and one observed a complete analogy in the behavior  of these compounds. Various enamino 
derivatives ([I-IV) can be obtained, depending on the conditions. The format ion of enamino diketone II observed 
during the hydrogenation of isoxazoline I on 5% Pd/BaSO 4 in the p resence  of t r ie thylamine is evidently due to 
intermediate  catalytic dehydrogenation of I to isoxazole V and its subsequent reductive cleavage.  In addition 
to this, one cannot exclude the possibi l i ty of the format ion of II f rom I by disproport ionation or  in t ramolecular  
t r ans fe r  of hydrogen [13]; the format ion of a mixture  of II-V when a solution of I in t r ie thylamine is refluxed 
with 5% Pd/BaSO 4 in the absence of hydrogen served as a confirmation of this. Thus the high yield of II in the 
catalytic hydrogenation of I is due, on the one hand, to the p resence  of t r ie thylamine,  which promotes  the for-  
mation of isoxazole V, and, on the other,  to removal  of V f rom the react ion sphere by means of its reduction 
on the catalyst ,  which is ineffective with respec t  to opening of the isoxazoline ring. 

The format ion of III and IV under various hydrogenation conditions is associated with cleavages of the 
N--O bond and evidently proceeds  through an intermediate  step involving the unstable fl-hydroxy enaminoketone 
{VII), which we were unable to isolate.  Compound VII undergoes spontaneous dehydration to give dienamino 
ketone III, the subsequent reduction of the double bond in which gives enamino ketone IV. 

The IR spect rum of III displays the absorpt ion at 1500-1600 cm -1 that is charac te r i s t i c  for fl-aminovinyl 
ketones [14]. The bands at 3120 and 3280 cm -1 correspond to the stretching vibrations of two N - H  bonds, in- 
dicating inclusion of one of them in a strong in t ramolecular  hydrogen bond of the chelate type; this is also con- 
f i rmed by the pronounced lowering of the frequency of the carbonyl absorpt ion [15]. Stretching vibrations of 
C - H  bonds of a disubstituted alkene appear  in the spec t rum of III at 3040 cm -1. 

The PMR spec t rum of III, in addition to signals of a methyl group, a gem-dimethyl  group, and a meth-  
ylene group adjacent to a carbonyl  group in the inspected regions, contains doublets of vinyl protons at 5.25 
and 6.15 ppm. The broad lone signals at 5.47 and 10.21 ppm are related to the resonance of the NH protons,  
and the strong shift of one of these to weak field indicates the p resence  of a strong in t ramolecular  hydrogen 
bond in the molecule [16]. 

A confirmation of the s t ruc ture  of dienamine III is its easy reduction on a Pd catalyst ,  which proceeds  
with the absorpt ion of 1 mole of hydrogen and the format ion of enamino ketone IV. The la t te r  was also ob- 
tained in 95% yield by hydrogenation of I in ethanol over Ni/Re and is the chief product  of catalytic hydrogena-  
tion on Pd and Rh catalysts  of hydroxyisoxazole  VI or its acetate.  The convers ion of VI to IV evidently in- 
cludes the same sequence of react ions as the hydrogenation of isoxazoline I. However, one cannot exclude 
the possibi l i ty of the format ion of enamino ketone IV as a result  of hydrogenolysis  under the conditions of 
catalytic hydrogenation of the allylic C - O  bond in hydroxyisoxazole VI (or in the corresponding intermediate 
f rom opening of the isoxazole ring). 
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Dienamino ketone III is the tau tomer ic  form of crossconjugated imino ketone VIII. Compounds of this 
sort  a re  of in teres t  in connection with the problem of the synthesis of crossconjugated enediones of the LX 
type and thei r  use i n the  total synthesis of s teroids  [17, 18]. Moreover ,  as in the case of enedioae IX, which 
is readily i somer ized  to ketodienol X, the imino ketone form is evidently thermodynamical ly  less favorable, 
as a consequence of which only dienamino ketone III or  the product  of its subsequent r e d u c t i o n -  enaminoketone 
IV - is isolated f rom the react ion mixture .  The s t ruc ture  of IV follows unambiguously f rom the spectral  data 
and is confirmed by its hydrolysis  to the known [19] 2-acetyl-5 ,5-dimethylcyclohexanone.  

E XPE RIME NTA L 

The melting points were measured with a Kofler block. The IR spectra were recorded with a 

UR-20 spectrometer. The PMR spectra were recorded with the NMR spectrometer of the HNM~PFT- 
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100 s y s t e m  with t e t r ame thy l s i l ane  as the internal  s tandard.  T h e m a s s - s p e c t r o m e t r i c  data were  ob- 
tained with a Var ian  MAT-311 s p e c t r o m e t e r  at an ioniz ing-e lec t ron  energy of 70 eV. Woelm, LSL254, 
and Brockmann AI~O 3 s i l ica  gels and Silufol UV-254 plates  we re  used for  analyt ical  moni tor ing of the 
course  of the react ion  by th in - l ayer  ch romatography  (TLC) and p r epa ra t i ve  chromatography .  The chro-  
m a t o g r a m s  w e r e  developed with iodine vapor s  and in UV light. 

5 , 5 -D ime thy l -2 - ( a - aminoe thy l i dene )cyc lohex -3 -en - l -one  (III). A) A 90-mg sample  of I in 10 ml  of a 
sa tura ted  alcohol solution of NaOH was hydrogenated in the p r e sence  of 300 mg of Ni /Re for  15 rain under 
s tandard conditions, a f t e r  which the ca ta lys t  was removed  by f i l t rat ion,  and the solvent was removed in vacuo 
at no higher  than 50 ~ The res idue  was chromatographed  on a 13x 18 cm plate with A1203 as the sorbent  in 
an e t h e r - h e x a n e  sy s t em  (9 : 1). The zone with Rf 0.6 yielded 35 mg (43%) of III with mp 107-110 ~ (from hexane, 
l o w - t e m p e r a t u r e  crys ta l l iza t ion) .  IR s pec t rum (KBr): 1480, 1610 {broad), 1630, 2870-2960, 3040, 3120, and 
3280 cm - t .  PMR spec t rum (CDC13): 1.04 ~gem-2CH3, s, 6H), 2.02 (CH3, s, 3H), 2.29 (CH 2. s. 2H), 5.25 (C4-H, 
d, J = 1 0  Hz, 1H), 5.41 (NH, broad  s, 1H), 6.15 (C3-H, d, J = 1 0  Hz, 1H), and 10.21 ppm (NH. broad s, 1H). Mass  
spec t rum (m/e,  re la t ive  intensity):  165 (IV[ +, 62~c); 150 [(M-CH3) +, 100~]. 109 [(M-C2H4CO) +, 78~c]. 

B) A 50-mg sample  of I in 10 ml of EtOH was hydrogenated in the p r e s e n c e  of 100 mg of 30~ Rh/A1203 
and 1 ml  of t r i e thy lamine  for  2 h, a f te r  which the ca ta lys t  was removed by f i l t rat ion,  and the solvent was r e -  
moved in vacuo. Crys ta l l i za t ion  of the oily res idue  f rom hexane gave 10 mg (22~) of III. which was identical 
to the compound descr ibed  above. 

5 ,5-Dimethyl -2- (a -aminoethyl idene)cyc lohexanone  (IV). A) A 200-mg sample  of I was hydrogenated in 
15 ml  of ethanol in the p r e s e n c e  of 100 mg of Ni /Re for  5 h. a f te r  which the ca ta lys t  was removed  by f i l t rat ion.  
and the solvent was removed  in vacuo to give 180 mg (97~) of IV with mp 152-155 ~ (from ether,  l o w - t e m p e r a -  
ture  crys ta l l iza t ion) .  IR spec t rum (KBr): 1485, 1580, 1605, 2860-2890, 3060, 3215 cm -1. PMR spec t rum 
(CDCI3): 0.90 (gem-2CH 3, s, 6H), 1.45 (CH2, t, J = 7  Hz. 2H). 1.91 (CH 3, s, 3H). 2.08 (CH2, s, 2H), 2.31 (CH 2, t, 
J = 7  Hz, 2H), 5.40 (NH, broad s, 1H), and 10.88 ppm (NH, broad s, 1H). Mass  spec t rum (m/e,  re la t ive  inten- 
sity):  167 ~I  +, 50~0); 152 [(M--CH3) +, 21~]; 124 [(M-CH3CO) +, 14%]; 110 [(M-C4Hg) +. 17~]; 83 [(M-C4HsCO) +, 
100%]. 

B) Hydrogenat ion of 290 mg of I in 20 ml  of ethanol in the p r e s e n c e  of 100 mg of 30~ Pd /SrCO 3 for  5 h 
and c rys ta l l i za t ion  (from acetone) of the oily res idue  obtained a f t e r  r emova l  of the solvent by dist i l lat ion gave 
50 mg (19~) of W, which was identical to the product  descr ibed  above. 

Reductive Cleavage  of Hydroxyisoxazole  VI. A 200-rag sample  of VI in 15 ml of ethanol was hydrogenated 
under  s tandard conditions in the p r e s ence  of 50 mg of 30~ Pd /SrCO 3 until H 2 absorpt ion  ceased .  The usual 
workup of the reac t ion  mix tu re  gave 180 mg ~7~)  of IV, s i m i l a r  to the product  descr ibed  above. 

Hydrogenation of Diene IH. A 30-rag sample  of III in 10 ml  of ethanol was hydrogenated under s tandard 
conditions in the p r e s e n c e  of 50 mg of Ni /Re,  a f t e r  which the mix tu re  was worked up in the usual manne r  to 
give 26 mg (88%) of IV, identical  to the product  descr ibed  above. 
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The p rev ious ly  unknown 2- thiabieyelo  [2 .3 .0] hep t -3 -ene  and exo- and endo-6-methyl -9_  
th iabicyclo[3 .2 .0]hept-3-enes  were  synthesized in one step f rom acetylene and sodium 
sulfide in aqueous dimethyl  disulfoxide. 

It was recent ly  observed  [1, 2] that 2 .5~d lmethy l -4 -methy lene- l .3 -oc ta th io lane  (I) is fo rmed  along with 
the m a j o r  product  - diviw1 sulfide [1] - in the reac t ion  of acetylene with sodium sulfide in aqueous dimethyl  
sulfoxide (DMSO): 

bf 3 
KOH CH2x . C h':~ /R: ~ H. 

' - - 

cH 3 
[ If-IV 

It R ' = R " = H ;  Ill  R =H, R:=CH~; IV R~=CH3, R : = t t  

Under specia l  conditions [3] oxathiolane I is obtained in 15-28~ yield. 

Continuing these  studies we isolated th ree  new individual compounds (II-l~) in an overa l l  yield of - 3% 
f rom the reac t ion  products  by p r e p a r a t i v e  g a s - l i q u i d  chromatography  (GLC). 

According to the PMR. IR. and m a s s  s p e c t r o m e t r i c  data and the resu l t s  of e l emen ta ry  analysis ,  the 
lowest-boi l ing of the th ree  compounds is 2- th iabicyclo[3.2 ,0]hept-3-ene (II) and the other  two a re  its 6-methyl  
substi tuted de r iva t ives  [exo (IID and endo ffV) forms] .  

The IR spec t r a  of II-IV contain intense VC= C bands at 1570-].590 cm -1. The low frequency and the high 
intensi ty of these  bands a re  not c h a r a c t e r i s t i c  for  cycloalkenes [4] but a re  cus tomary  for  the H~C =CHS group-  
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