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E F F E C T  O F  S T R U C T U R A L  F A C T O R S  ON T H E  R E V E R S I B L E  

1 , 5 - D I K E T O N E  -- H Y D R O X Y D I H Y D R O P Y R A N  C O N V E R S I O N *  

N.  V .  V e r s h i n i n a ,  V .  I .  V y s o t s k i i ,  
L .  M.  E r e m e e v a ,  Vo A.  K a m i n s k i i ,  
a n d  M. N .  T i l i c h e n k o  
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It  is  shown that  6-bicyclanones  with f i v e - m e m b e r e d  r ings have l e s s  of a tendency to undergo 
conver s ion  to cyc lohemiace ta l s  than the analogous compounds with s i x - m e m b e r e d  r ings .  

The r e v e r s i b l e  convers ion  of a 1,5-diketone (A) to a hydroxydihydropyran  (B) has  been prev ious ly  e s t ab -  
l i shed in the case  of a ry l idenedicyclohexanones  [2] ~ 

A B 

In o r d e r  to f u r t he r  inves t iga te  this  convers ion  we synthes ized 1 ,5-diketones  I -VII  and examined the 
f o r m s  in which they exis t  in the solid phase  and in solutions and a lso  c a r r i e d  out some reac t ions  with them.  

Diketones  I and II we re  synthesized by condensat ion,  r e spec t ive ly ,  of cyclopentanone and cyclohexanone 
with 2 - d i m e t h y l a m i n o m e t h y l - 1 - t e t r a l o n e ,  and diketones I I I -V were  synthesized by the addition of cyclopenta-  
none, cyclohexanone,  and 2 , 2 - d i m e t h y l t e t r a h y d r o - 4 - p y r o n e  to benzyl idenete t ra lone .  

R 

I-IV 

C6H5 O ~  

I R=H, n=l;  11 R=II, n~,2: Ill R,-C,;II,~, n~l; IV R=C6Hs, n = 2  

F o r  the synthes is  of diketones VI and VII we used the addition of cyclopentanone and cyclohexanone to 
2 ,5-dibenzyl idenecyclopentanone.  Diketone VI was also obtained by d imer iza t ion  of 2-benzyl idenecyclopenta-  
none under  the influence of alkali .  Diketone VII was p rev ious ly  desc r ibed  by one of us  and Kharchenko [3], and 
we modif ied the method fo r  i ts  synthes is  only somewhat .  The s t ruc tu r e s  of the diketones follow f r o m  the me th -  
od by which they w e r e  synthes ized and a r e  in a g r e e m e n t  with the analyt ical  data .  We cons ide r  s t ruc tu re  Va 
fo r  the product  of addition of d imethy l t e t r ahydropyrone  to benzyl idenete t ra lone  unlikely,  s ince par t ic ipat ion of 
a s t e r i ca l ly  h indered methylene  group in the Michael  reac t ion  is requi red  fo r  its fo rmat ion .  

*Communica t ion  XXVIII f r o m  the s e r i e s  WReactions of 1 ,5-Diketones.  w See [1] for  communica t ion  XXV]~. 
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TABLE 1~ P r o p e r t i e s  of the Synthesized Compounds 

i I = rap, [ I IEmpiricall I [ I . I ~ " N 
*C [ I [formula I I I I fi [ = empirical calc., 

[ c ] n l  t c I l~ I ~ ' ~ [  ~ mp,*C ~ formula 

I 

II 

tli 

IV 
V 

VI 

X 
XI 

XIV 
XV 

50--51 80,0 7,4 CI~HIsO2 

53--54 79,8 8,2[CirH2oO2 

85--87 83,116,9 IC22H2202 

160--162 83,6 7,5]C~3H~402 
131--133 [ 79,117,2] C~4H~60~ 
144--146183,916,81 C,4H2402 

139--140 ] 83,117,7/C24H2602 b 
169--170 ] 83,5/7,6/C~8H2802c 
99-- 101 187,817,31 C2~I-t2oO 
94--95 188,3/7,4 / c~H2~o 

79,3 7,5 

79,6 7,9 1700 
83,0 1685 7,0 1735 

11685 
7,3 - -  

83'1t 7,211705 79,5 I 83,7! 7,011735 
11700 

83'21 / 7,6 - -  
83,8 7,5 - -  
88,0 6 7 - -  
87,8 7:1 - -  

73~ 
68[ 
70~ 
68~ 
73! 
68~ 
7U 
701 
73~ 
70, 

53--155 5,3 

87--190 9,5 

180--183 ~ 11,4 

139--141 7,C 

158--16o ~ 

2,e [[19NO2 5,5 

2L7 H2~N20 9,8 

22~H26N40 11,2 

E2,', H26N20 7,7 

C~! H2sNO2 ~,8 

2,4-Dmltrophenylhydrazone.  bFound: CiiaO 9.2%o Calculated: 
CH30 9.0%. c Found: CH~O 8.3%. Calculated: CH30 8.3%. 

~ 6 H s  

II II 
CH C6H 5 CII C 6H 5 

Vl n=l;  VII n=2 

~ C H C 6 H  50H'~ VI 

0 

Carbonyl group absorption is  observed in the IR spec t ra  of I-III,  V, and VI in the solid state and in solu- 
tion (see Table 1). Crys ta l l ine  samples  of diketones IV and VII do not display carbonyl  absorption.  Bands at 
3480 (OH), 1665 (IV), and 1650 cm -1 (VII) (C : C) are  observed in the i r  IR spec t ra .  Absorption at 1715 cm -1 
(C : O) appears  in the IR spec t ra  of solutions of IV and VII, in addition to hydroxyl  and ethylene absorption.  
In conformity  with [2], cyclohemiaceta l  s t ruc tu re s  VIII and IX should be assigned to the crys ta l l ine  samples.  
The equi l ibr ia  IV ~- VIII and VII ~- IX take place in solutions,  however.  

CaH 5 CsHs 

IV ~ H+ " 

VIII X 

CH3Olt 
VII ~' H+ 

I|O CHC6H$ EH30 CHC6Hs 

IX Xl 

Compounds VIII and X a re  conver ted to acetals  X and XI under  the influence of a methanol solution of 
HC1. The absorpt ion of a hydroxyl  group vanishes  f rom the IR spec t ra  of X and XI, but the absorpt ion of a 
double bond is re ta ined (1660 cm-1). The vibrat ions of methoxy groups appear  at 2840 and 1100 cm-1. Acetals  
X and XI decompose in the mass  spec t rome te r  to give an ion with m / e  112; this  is in agreement  with r e t r o -  
grade diene decomposit ion via the scheme 

C,6H5 C6H 5 

CH30 CH~O 

n,]e 1"12 

1052 



and m a k e s  it  poss ib le  to exclude f r o m  cons idera t ion  a l te rna t ive  f o r m u l a s  XII and XHI, which a r e ,  in p r inc ip le ,  
poss ib le  fo r  cycl ic  der iva t iveS of diketones IV and VII: 

~ - . / " % o ~  CHC6H~ 

XII Xlll 

XII~ XI[I R-[I  or CH 3 

Under the influence of p- to luenesul fonic  acid in ref luxing xylene,  diketones HI and IV a r e  dehydrated to 
XIV and XV, evidently through the in t e rmed ia t e  cyc lohemiace ta l s :  

CsH $ C6H 5 

X1V n = I  XV n~2 

Thus the abi l i ty of 1 ,5-diketones  to undergo convers ion  to cyc lohemiace ta l s  depends substant ia l ly  on 
t he i r  s t r u c t u r e s .  Whereas  bicyclanone IV is cycl ized to a cons iderable  extent ,  the abi l i ty of i ts  analog HI to 
undergo this  sor t  of t r a n s f o r m a t i o n  is lowered and is obse rved  only indirect ly  (in the dehydrat ion react ion) .  
Compound VI does  not undergo cyclizat ion;  i ts  benzyl idenebenzaldicyclohexanone analog, in which all of the 
r ings  a r e  s i x - m e m b e r e d  r ings ,  undergoes  cycl izat ion in the solid s ta te  and in solutions [2]. Compound VII 
(with one f i v e - m e m b e r e d  ring) occupies  an in te rmedia te  posi t ion,  s ince it is only pa r t i a l ly  cycl ized in solution. 
Th i s  is  evidently explained by the fac t  that  the ca rbonyl  ca rbon  a tom in the s i x - m e m b e r e d  r ing has  a tendency 
to undergo convers ion  f r o m  a p lana r  to a t e t r ahed ra l  configurat ion,  while in the f i v e - m e m b e r e d  r ing this  con-  
ve r s i on  is  a s soc ia t ed  with the development  of shielded conformat ions  and is  t he re fo re  hindered.  A c o m p a r i -  
son of the diketones  II and IV shows that  the subst i tuent  at tached to the carbon a tom that  joins the two r ings  
af fec ts  the abi l i ty of the diketone to undergo convers ion  to hydroxydthydropyrans .  Th is  effect  has  been  p r e -  
v ious lynoted  [2]. In con t ra s t  to diketone IV, diketone V does  not d isplay  a tendency to undergo cycl izat ion.  We 
explain this by the fac t  that  cyc lohemiace ta l  XVI is  des tabi l ized  by a 1 ,3-diaxial  in te rac t ion  between the methyl  
and hydroxyl  groups:  

XVl 

Under  the influence of hydroxylamine ,  I ,  VI, and VH f o r m  monox imes ,  whe rea s  IX and IV give d ioximes .  
The C = N absorp t ion  band is obse rved  in i ts  no rma l  posi t ion (1680 cm -1) in the IR s p e c t r a  of the l a t t e r .  F r o m  
this  it fol lows that  the d iox imes  under  cons idera t ion  a r e  not inclined to undergo the cycl iza t ion to oxadiazol ines  
that  was  p rev ious ly  obse rved  fo r  d iox imes  of a lkyl idenedicyclohexanones  [4]. 

E X P E R I M E N T A L  

The IR s p e c t r a  of suspens ions  of the compounds in m i n e r a l  oil and 0.2 mole  of solut ions in carbon t e t r a -  
chlor ide ,  ch lo ro fo rm,  or  methylene  chlor ide  were  r eco rded  with a UR-20 s p e c t r o m e t e r .  The  m a s s  spec t r a  
w e r e  r eco rded  with an MKh-1303 m a s s  s p e c t r o m e t e r  at 70 eV. 

2 , ( 2 -Cyc lo pen t anony l m e t hy l ) - l - t e t r a l o ne  (I). A mix tu re  of 61 g (0.3 mole) of 2 -d ime thy laminome thy l -1 -  
t e t ra lone  and 75 g (0.9 mole} of cyclopentanone was  heated  in an a rgon  a t m o s p h e r e  at 150-160~ until  d imethy l -  
amine  evolution ceased ,  a f t e r  which the exc es s  cyclopentanone was r emoved  by vacuum dis t i l la t ion (with a 
wa t e r  a s p i r a t o r ) ,  and the res idue  was  dis t i l led at  170-175~ (1 mm) .  The dis t i l la te  c rys t a l l i zed  when it was 
cooled; the produc t  can be r e c r y s t a l l i z e d  f r o m  alcohol.  
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2- (2 -Cyc lohexanony lme thy l ) - l - t e t r a lone  (II). Th is  compound was obtained by a s i m i l a r  p rocedure .  

2 - (2 -Cyc lopen tanony lbenzy l ) - l - t e t r a lone  (HI). A mix tu re  of 1 g (0.004 mole) of 2 - b e n z y l i d e n e - l - t e t r a -  
lone, 1 g (0.012 mole) of cyelopentanone,  and 12 ml  of die thylamine was allowed to stand at r oom t e m p e r a t u r e  
fo r  5 days ,  a f t e r  which it was diluted with 200 ml  of 15% acetic  acid. The resul t ing m a s s  was t r i tu ra ted  with 
wa te r  and, a f t e r  comple te  sol idif icat ion,  was  r ec ry s t a l l i z ed  f r o m  methanol .  

2 - (2 -Cyc lohexanony lbenzy l ) - l - t e t r a lone  (IV). A 10-g (0.05 mole) sample  of 2 -benzyl idene te t ra lone  was 
d isso lved  in 70 ml  of DMF, 20 g (0.2 mole) of cyclohexanone and 20 ml  of 2 N alcoholic sodium hydroxide solu-  
t ion were  added, and the mix tu re  was allowed to stand at r oom t e m p e r a t u r e  for  3 days .  I t  was then diluted 
with wa te r ,  during which the ini t ial ly l ibe ra ted  oil c rys ta l l i zed  rapidly.  The reac t ion  product  w a s  r ec r y s t a l l i z ed  
f r o m  a c e t o n e - w a t e r  (10: 1). 

2 - ( 2 , 2 - D i m e t h y l - 5 - b e n z y l - 4 - t e t r a h y d r o p y r o n y l ) - l - t e t r a l o n e  (V). Th is  compound was s imi l a r ly  obtained 
f r o m  benza l te t ra lone  and 2 ,2 -d ime thy l t e t r ahyd ro -4 -py rone .  

2-Benzyl idene-5- (2-benzylcyclopentanonyl )cyc lopentanone  (VI). A 10-g (0.06 mole) sample  Of 2 -benzy l -  
idenecyclopentanone was  d isso lved  by heat ing in 110 ml  of 10% alcoholic KOH solution in an argon a tmosphere ,  
and the solution was  cooled to 0~ and allowed to stand at that  t e m p e r a t u r e  fo r  24 h. The prec ip i ta ted  d iker .he  
VI (4.7 g) was separa ted  and r e c r y s t a l l i z e d  f r o m  ethyl e the r  (the solution was cooled to -75~  

Compound VI was  a lso  obtained in the s ame  way as  VII (see  below) f r o m  cyclopentanone and dibenzyl-  
idenecyclopentanone.  The  yield of VI with r e s p e c t  to th is  method is  p resen ted  in Table  1. 

2-Benzyl idene-5- (2-benzylcyclohexanonyl )cyc lopentanone  (VII). A mix tu r e  of 19.2 g (0.2 mole) of cyc lo-  
hexanone,  26 g (0.1 mole) of 2 ,5-dibenzyl idenecyclopentanone,  and 310 ml  of 1 N alcoholic KOH solution was 
heated in an argon a tmosphe re  on a wa t e r  bath until a homogeneous  solution fo rmed  (~ 10 min).  The solution 
was  allowed to cool,  and it was  then placed in a r e f r i g e r a t o r .  Af te r  24 h, VII was r emoved  by f i l t ra t ion and 
washed with 3% hydrochlor ic  acid solut ion,  wa te r ,  and ethanol.  Workup gave 21.7 g (61%) of VII with mp 159- 
161~ (154-156~ [3]). 

4a -Methoxy-9 -pheny l -5 ,6 -benz - l ,2 ,3 ,4 ,4a ,7 ,8 ,9a -oc tahydroxan thene  (X). A 1-g  (0.003 mole) sample  of 
IV w~ts mixed  with 15 m l  of 0.25% HC1 solution in absolute methanol ,  and the mix tu re  was  ref luxed on a wa te r  
bath fo r  2 h. I t  was  then cooled,  and 0.9 g of X was r emoved  by f i l t ra t ion.  

1 -Methoxy-2-oxa-8-phenyl -4-benzyl idene t r icyc lo[7 .4 .0 .03 ,7] t r idec-3(7) -ene  (XI). Th is  compound was  
s i m i l a r l y  obtained. 

9 -Pheny l -5 ,6 -benz - l ,2 ,3 ,4 ,7 ,8 -hexahydroxan thene  (XV). A 0.5-g sample  of IV was ref luxed in 20 ml  of 
m-xy l ene  with a c r y s t a l  of p- to luenesulfonic  acid in a f l a sk  equipped with a D e a n -  Stark t rap .  A f t e r w a t e r  l ib-  
e ra t ion  was comple te ,  the xylene was  vacuum evapora ted ,  the r e s i d u e  was t r i t u ra t ed  with alcohol,  and the r e -  
sulting c r y s t a l s  w e r e  r emoved  by f i l t ra t ion.  

Compound XIV was  s i m i l a r l y  obtained. 

Oximes  of Diketones I-VII .  These  compounds were  obtained by mixing alcohol solutions of 0.01 mole  of 
the diketone and 0.03 mole  of hydroxylamine  ace ta te .  

1. 
2. 
3o 
4. 
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