
REACTION OF 6, 8 -DI - t e r t -BUTYLSPIRO[4 ,  5]DE CA- 

1-OXA-5, 8-DIENE-2,  7-DIONE WITH ACID AGENTS 

A.  A.  V o l o d ' k i n ,  R .  D. M a l y s h e v a ,  
a n d  V. V. E r s h o v  

UDC 542.91 : 547.567.3 

Ketolactone {I) is an in te res t ing  object  for  studying the ru les  of the d i enone-pheno l  t r ans fo rma t ions  of 
cyclohexadienones (under the influence of acid agents).  Like any cyclohexadienone, this compound in the 
p r e sence  of acid agents can undergo the d i e n o n e - p h e n o l  r e a r r a n g e m e n t .  At the same t ime the p re sence  of a 
lactone group in the (I) molecule  should subs tant ia l ly  affect  the c h a r a c t e r  of the p r o c e s s e s  that take place here.  
In this connection it s eemed  impor tan t  to a s c e r t a i n  the ru les  for  the react ion  of (I) with acid agents.  It was 
es tab l i shed  that, depending on the "ha rdness"  of the acid, the r e su l t s  of t he i r  action on (I) can be different .  Here  an 
opening of the lactone r ing occu r s  Initially,  with a re tent ion of the cyclohexadienone s t ruc tu r e .  Thus, in aqueous-  
e ther  HC1 solution the lactone group of (1) is opened to give quinol (I1), which is s table  trader the given conditions.  

Aromat iza t ion  of the s y s t e m  occurs  when spirodienone (I) is t r ea t ed  with a mixture  of sulfur ic  and ace t ic  
acids,  but in a different  d i rec t ion  t han  in the c l a s s i ca l  d i enone -pheno l  r ea r r angemen t ,  which p roceeds  by the 
mechan i sm of anionotropic  shift  of one of the gemina l  subst i tuents  
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in the s i x - m e m b e r e d  r ing [1]. In this case the sole reac t ion  product  is acid (IV), which is apparent ly  formed 
by the  i somer i za t ion  of the in t e rmed ia te  carboca t ion  (II1) to a cation of the benzyl type (see next scheme) .  In the 
PMR s p e c t r u m  of (IV) the vinyl  protons a re  spl i t  into a doublet with a J eons tant=14 Hz. This gives r e a so n  to 
a s s u m e  that  the t r a n s - c i n n a m i c  acid (IV) is formed.  Es t e r s  (V) and (VI) a re  fo rmed  when an alcohol solution 
of spirodienone (I) is t r ea t ed  with HC1, in which connection an inc rease  in the yield of (VI) is faci l i tated by a 
dec rea se  in the reac t ion  t e m p e r a t u r e .  These data a re  in good ag reemen t  with a poss ible  i somer i za t ion  of cation 
(III) in the s i x - m e m b e r e d  ring and subsequent  nucleophil ic a t tack  by e i t he r  chlorine ion or  HC1. The format ion  
of e s t e r s  (V) and (VI) in the given Case can be explained by the e s t e r i f i ca t ion  of the cor responding  carboxyl ic  
acid. The d i scussed  t r a n s f o r m a t i o n s  of sp i rodienone (I) in acid media  can be depicted by the following s ch eme :  
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The fact  of cleaving a t e r t - bu ty l  group in a quinoid chloride in acid media was descr ibed  p rev ious ly  [2]. 

EXPERIMENTAL 

The PMR spectra were taken on a JNM-60 MHz spectrometer (internal standard =HMDS); the IR spectra 
were taken on a UR-20W spectrometer in CCI 4 solution. 

4-Hydroxy-4-(2-carboxyethyl)-2,6-di-tert-butylcyclohexa-2,5-dien-2-one (II). A stream of HCI was 
passed for 5 rain into a solution of 2.76 g (0.01 mole) of (I) [3] in 60 ml of water-saturated ether, after which the 
mixture was kept for I0 h at 20~ neutralized, and the ether was distilled off. We obtained 2.59 g (88%) of (II), 
mp 150-152 ~ (benzene-methanol), and IR spectrum (CCl4,v , cm-i): ]655, 1670, 1720 (C =O). Ultravioletspec- 
trum (hexane, kmax): 242 nm (log 3.94). PMR spectrum (CC14, 5, ppm): 1.2 s (18 H), 1.38 m (2H), 2.27 m (2H), 
6.40 s (2H). Found: C 69.50; H 8.85%, CITH2GO 4. Calculated: C 69.36; H 8.90%. 

trans-4-Hydroxy-3,5-di-tert-butylcinnamic acid (IV). To a solution of 2.76 g (0.01 mole) of (I) in 50 ml 
of AcOH was added 1 ml of H2SO4, the r eac t ion  mixture  was kept for  40 rain at 90 ~ cooled, t rea ted  with ] 50 ml 
of water ,  and the p rec ip i ta te  was s epa ra t ed  and r e c r y s t a l l i z e d  f r o m  a 2 : 1 b e n z e n e - h e x a n e  mixture  to give 
2.72 g (N100%) of (HI), mp 218-219 ~, cf. [4]. 

Methyl E s t e r  of t r a n s - 4 - H y d r o x y - 3 , 5 - d i - t e r t - b u t y l c i n n a m i c  Acid (Va) and Methyl E s t e r  of 3 - t e r t - B u t v l -  
5 -eh lo ro -4 -hydroxypheny lp rop ion ic  Acid (Via) .  Gaseous HC1 was pas sed  for 10 rain into a solution of 2.76 g 
(0.01 mole) of {I) in 60 ml of MeOH, the mixture  was kept for  2 h at 60 ~ cooled, t r ea t ed  with 150 ml of water ,  
and the obtained oil was separa ted .  Rec rys t a l l i za t ion  f r o m  hexane gave 2.55 g (88%) of (Va), mp 117-1] 8 ~ cf. 
[5]. F rac t iona l  d is t i l la t ion of the mothe r  l iquor in vacuo gave 0.2 g (8%) of (Via), bp 125 ~ (1 mm), nD 2~ 1.5190; 
d204 1.4279. In f r a r ed  s p e c t r u m  (CC14, v, cm-1): 3640, 3500 (OH), 1745 (C =O). Ul t ravio le t  s p e c t r u m  (hexane, 
kmax):  279 n m  (log 3.36). PMR s p e c t r u m  (CC14, 5, ppm): 1.25 s (9H), 2.48 m (4H), 3.42 s (3H), &18 s (OH), 
6.80 s (H), 6.84 s (H). Found: C 62.43; H 7.37; C1 12.88%. C14H19C103. Calculated: C 62.10; H 7.07; CI 13.01%o 

When the reac t ion  is run under  the conditions of cooling the reac t ion  mixture in the range f r o m - 5  to 
- 1 0  ~ the yield of (Via) is 85%. 

Ethyl  E s t e r  of t r a n s - 4 - H y d r o x y - 3 , 5 - d i - t e r t - b u t y l c i n n a m i c  Acid (Vb) and Ethyl  E s t e r  of 3 - t e r t - B u t y l - 5 -  
ch lo ro -4-hydroxypheny lp rop ion ic  Acid (VIb). In a s i m i l a r  manner ,  f r o m  2.76 g (0.01 mole) of (I) and HC1 in 
EtCH at 60 ~ obtained 2.23 g (72%) of (Vb), nap 154-155 ~ PMR spec t rum (CC14, 6, ppm); 1.45 s (18 H), 1.32 m (3H), 
4.26 m (2H), 5.40 s (OH), 6. i5 d (H), 7.31 s (2H), 7.72 d (H), J = 1 4  Hz, cf. [5]. F rac t iona l  dis t i l la t ion in vacuo 
gave 0.57 g (20%) of (VIb) as a v iscous  liquid with bp 131 ~ (1 mm). PMR s p e c t r u m  (CC14, 5, ppm): 1.25 s (9H), 
2.61 m (4H), 1.12 m (3H), 4.00 m (2H), 5.97 s (OH), 6.80 s (H), 6.84 s (H). Found: C 63.52; H 7.84; C1 12.21%. 
C15H21C103. Calculated:  C 63.26; H 7.43; C1 12.45%. 

C O N C L U S I O N S  

1. The act ion of acid agents  on 6 , 8 - d i - t e r t - b u t y l s p i r o [ 4 . 5 ] d e c a - l - o x a - 5 , 8 - d i e n e - 2 , 7 - d i o n e  resu l t s  in the 
ini t ia l  opening of the lactone r ing with a re ten t ion  of the cyclohexadiene s t ruc ture ,  and then the i some r i za t i o n  
of the thus fo rmed  ca rbon ium ion with migra t ion  of the ca rbon ium ion cen te r  in two di rec t ions ,  and speci f ica l ly  
in the s i x - m e m b e r e d  ring and in the side chain. 
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2. The migra t ion  d i rec t ion  of the in te rmed ia te ly  fo rmed carbonium ion depends on the t e m p e r a t u r e .  
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R e a r r a n g e m e n t  of the bicyclo[4.1.0]heptane s y s t e m  to the bicyclo[3.1.0]hexane s y s t e m  is c h a r a c t e r i s t i c  
for  the 3 ,4-disubst i tu ted carane  de r iva t ives  with a f l -o r ien ted  subst i tuent  on C 3, which r e a r r a n g e m e n t  p roceeds  
via the t r ansannu la r  par t ic ipa t ion  of the cyclopropane ring (CPR) as the in terna l  nucleophile under  e lec t rophi l i c  
ca ta lys is  conditions [1 ]. A convenient  object  for  observing the r e a r r a n g e m e n t  is c i s -3 ,4 -epoxyca rane  in the acid 
hydrat ion react ion.  F o r  the i s o m e r i c  t r a n s - 3 , 4 - e p o x y c a r a n e  the product  with an a l te red  carbon skele ton was 
detected in insignif icant  amount [2]. To a s c e r t a i n  in this s t r uc tu r a l  t r a n s f o r m a t i o n  the role of gemina l  methyl  
groups in the CPR we studied the behav ior  of the model 3 - m e t h y l - 3 - n o r c a r e n e  (3-MNC) epoxides [3], devoid of 
geminal  subst i tuents ,  under  hydrat ion conditions. 

The hydrat ion of 3-MNC-3 t r ans - epox ide  (I), which was run in the p r e sence  of an acid, gives a mixture  
of 3 - m e t h y l - 4 - n o r c a r a n o n e s  (22%) [4] and a c rys ta l l ine  diol. I ts  bieycl ic  s t ruc tu re  and s e c o n d a r y - t e r t i a r y  
nature of the OH groups a re  in a g r e e m e n t  with the IR and PMR s p e c t r a l  data. The convers ion  of the diol mono-  
tosyla te  to the c i s -epoxide  (III) by t r e a t m e n t  with methanolic  caus t ic  solution conf i rms  for  it the s t ruc tu re  of 
3P ,4o~-d ihydroxy-3-methy lnorcarane  (II). The hydrat ion of c i s -epoxide  (III) under  the same conditions gave 
mainly a liquid diol, in which, accord ing  to the PMR spec t rum,  is p r e sen t  a CPR, and also a secondary  and a 
t e r t i a r y  OH group. Due to the diff iculty of obtaining the monotosylate ,  we were  unable to es tab l i sh  its s t ruc tu re  
by the method used for  (II). 

H H H H H H H H 0 

Me ~)H 1e 
i 

(I) (II) OH {lV) , S /  (III) 
I : t,2 , \ ~ ' y  

t t 
By analogy with the behav io r  of the carane  epoxide [5] in the cor responding  react ion,  the s t ruc tu re  of 

3 a , 4 f l - d i h y d r o x y - 3 - m e t h y l n o r c a r a n e  (IV) or  of a r e a r r a n g e d  product  can be proposed  for  the diol; the s t ruc tu re  
of 3 f1 ,4 f l -d ihydroxy-3-methy lnorcarane  is excluded, since the cor responding  product  was synthesized e a r l i e r  
[6]. The s t ruc tu re  of (IV) for  the i so la ted  diol can be conf i rmed by counter  synthesis  f r o m  the t r an s - ep o x id e  
(I), us ing alkaline conditions for  the hydration,  since it  is known [7] that  the predominant  opening of the epoxide 
ring in acid and alkaline media goes at  dif ferent  C - O  bonds. Actually,  when (I) is heated in aqueous alkal i  the 
s ame  liquid diol (IV) and diol (I1) a re  fo rmed  in a 4 .4 :1  rat io,  which conf i rms  the s t ruc tu re  of (IV) for  the f i r s t  
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