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The  r e a c t i o n  of c a r b e n e s  with the s i m p l e r  h e t e r o e y c l i c  compounds  has  been  s tudied  inadequa te ly  [1- 
3]. In the p r e s e n t  p a p e r  we s tudied  the  r e a c t i o n  of eye lohexad ienone  e a r b e n e  (II), wMeh is  f o r m e d  in the 
the rmolys ! [ s  of quinone d iaz ide  (I) [4-6],  with th iophene  and i ts  d e r i v a t i v e s .  F r o m  the r e a c t i o n  p roduc t s  
wi th th iophene  w e r e  i so Ia t ed  d iphenoquinone (III) (which is f o r m e d  b y  the r e c o m b i n a t i o n  of the phenoxyl  t a d -  
iea l s  and subsequen t  dehyd rogena t i on  of the f o r m e d  b i spheno l  by  the e a r b e n e ) ,  2, 6 - d i - t e r t - b u t y l p h e n o l  (IV) 
and the qutnoid d e r i v a t i v e s  (V) and (VI): 
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According to the composition of the reaction products, the process proceeds stepwise by a radical 
path via the intermediate formation of biradical (VII). The possibility of resonance stabilizationfor this 
biradical (flue to the delocalization of the unpaired electrons along the system of conjugated bonds of the 
phenyl and thiophene rings) assures its adequate stability, which facilitates progress of the reaction by 
the proposed mechanism. 

The structure of the compounds obtained as a reaction result was confirmed by the spectra analysis 
data (UV, JR, NMR and mass spectroscopy) and by chemical methods. Thus, an absorption band, corres- 
ponding to the hydroxyl group, is absent in the Ill spectra of compounds (V) and (VI), while a number of 
bands is present in the !550-1650 cm -I region, which correspond to the absorption of the conjugated car- 
bonyl group and the conjugated double bonds. The NM-R spectra of compounds (V) and (VI) contain signals 
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f r o m  the protons of the te r t -bu ty l  groups ( respect ive ly  6 1.21 and 1.28 ppm), two doublets each f rom the 
protons of the cyclohexadienone r ings [6.75 and 7.21 ppm for (V), and 6.89 and 7.42 for (VI)] , and mult iplet  
s ignals f rom the olefinic protons in the 6.4-6.9 ppm region.  The molecu la r  ions of compounds (V) and (VI) 
(m/e  r e spec t ive ly  458 and 510) and the cha rac te r  of the f ragmenta t ion under e lec t ron  impact  also co r robo -  
r a t e  thei r  s t ruc tu re .  

The reduct ion of (V) with Zn in CH~COOH, LiAIH 4, and cata lyt ical ly  with hydrogen (over Pd black),  
led to the corresponding phenol compounds (VIII)-(X), the s t ruc tu re  of which was conf i rmed by the spec t r a l  
data and e lemental  ana lys i s .  The UV spec t ra  (X 275 and 282 nm) re f lec t  the a roma t i c  cha rac t e r  of b isphen-  
ols (VIII)- (X) . The IR spec t r a  contain the absorpt ion band of an unassocia ted  hydroxyl  group (3540 cm-1), 
while the NMR s pec t rum  contains signals f rom the protons of the hydroxyl  groups in the 4.90-4.75 ppm r e -  
gion. 
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Compound (VI) was successively reduced with LiAIH 4 and catalytically with hydrogen over Pd black, 
initially to bisphenol (XI) and then to phenol (KID. The UV, IR and NMR spectra of these compounds cor- 
respond to their structure: 
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An a l te rna te  mechan i sm for the reac t ion  of cyclohexadienone ca rbene  (II) with thiophene pos tu la tes  
the initial addition of the singlet  carbene to the double bond of thiophene with the fo rmat ion  of the bicycl ic  
der ivat ive .  The la t te r ,  a f te r  opening of the th iophener ing ,  is conver ted to (V) via the addition of a second 
molecule  of the carbene and the el imination of sulfur .  However ,  the absence  in the reac t ion  mix ture  of the 
monoaddition product of the carbene  to the mult iple bond ofthiophene and the p re sence  of compounds (III), 
(IV) and (VI) make this mechan i sm improbable .  

The the rmolys i s  of quinone diazide (I) in the oz, (~-dichloro- and oL, o~-dibromothiophenes led to other 
r eac t ion  products ,  namely  to the subst i tuted 2, 5-dihydrothiophene (XIII) and diphenoquinone (III). The total 
yield of these compounds is 90-95%, in which connection in the case  of the the rmolys i s  of (I) in o~, oz-dibro- 
mothiophene the yield of the diphenoquinone inc reases  approx imate ly  two-fold. It is obvious that the p r e s -  
ence of halogen a toms in the thiophene leads to the si tuat ion that the ylid der iva t ive  (XIV) is  fo rmed  initially,  
which then under goes r e a r r a n g e m e n t  to the geminal  product (XV). The la t te r  loses  a halogen molecule  and 
is converted to the dihydrothiophene der iva t ive  (XIII): Scheme 1. 

The s t ruc tu re  of (XIII) was conf i rmed by the spec t r a l  ana lys is  data  and by chemica l  methods.  Thus,  
an absorpt ion band is  p resen t  in the IR spec t rum of (XIII) that co r responds  to the s t r e t ch ing  vibra t ions  of a 
conjugated carbonyl  group (1600 cm- l ) ,  while the NIVIR spec t rum contains s ignals  f rom the protons of the 
t e r t -bu ty l  groups (1.32 and 1.34 ppm), two doublet s ignals  f r o m  the protons of the cyclohexadienone r ings  
(7.18 and 7.32 ppm), and a singlet  signal f rom the protons of the dihydrothiophene r ing (7.58 ppm). Dihydro-  
thiophene (XIII) was reduced by LiAIH 4 and by hydrogen over  Pd to oz, Oz-di-(4-hydroxy-3, 5 - d i - t e r t - b u t y l -  
phenyl)thiophene (XVI), the UV spec t rum of which has  an absorpt ion  max imum that is cha r ac t e r i s t i c  for  the 
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Scheme 1 

thiophene ring (230 nm), the IR spectrum contains the absorption bands of the hydroxyl group (3630 cm -~) 
and the thi)phene ring (850 cm-i), while the NMR spectrum contains signals from the protons of the tert- 
butyl groups (1.43 ppm), the protons of the hydroxyl groups (4.47 ppm), the phenyl m-protons (6.39 ppm), 
and the protons of the thiophene ring (6.73 ppm). 

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

The x mo iys i s  of Qu inoneDiaz ide  (I) in Thiophene .  A solut ion of 0.5 g of (I) in 25 ml  of thiophene was 
re f luxed  for  8 h. A f t e r  r e m o v a l  of the excess  thiophene in vacuo  the r e s idue  was c h r o m a t o g r a p h e d  on a 
thin l a y e r  ~f A1203 in the s y s t e m :  h e x a n e - b e n z e n e .  H e r e  we obtained:  a) 1 , 4 - d i - ( 3 ' ,  5 ' - d i - t e r t - b u t y l -  
2 ' , 5 ' - c y c l o h e x a d i e n - 4 ' - o n y l i d e n e ) - 2 - b u t e n e  (V), 0.28 g (56%), as  r ed  c r y s t a l s  with mp 280 ~ (f rom CCI4). 
C 83.61; H 9.60% ; tool .  wt.  460.672; b) 1, 8 - d i - ( 3 ' ,  5 ' - d i - t e r t - b u t y l - 2 ' ,  5 ' - c y c t o h e x a d i e n - 4 ' - o n y l i d e n e ) - 2 ,  4, 
6 - o c t a t r i e n e  (VI), 0.15 g (257c), as  v io le t  c r y s t a l s  with mp 260 ~ (f rom ethyl ace ta te ) .  C 84.09; H 9.40~ ; tool .  
wt.  512 (mass  s p e c t r o m e t e r y ) .  C3sH4aO2; C 84.32; H 9.43~ ; tool .  wt. 512.744; and c) 3, 3 ' ,  5 ' ,  5 ' - t e t r a - t e r t -  
butyl-diphe.noquinone (IH), 0.09 g (20~/c), mp 246 [7]. 

Reduc t ion  o fCompound  (V). To a suspens ion  of 0.25 g of LiA1H4 in 30 ml of absolu te  e ther  was added 
in d rops  a solut ion of 0.6 g of (V) in 20 ml  of absolute  e the r .  The r e a c t i o n  m i x t u r e  was hea ted  for  2 h,  and 
then At was d e c o m p o s e d  with di lute H2SO 4 solut ion (1 : 25). We obtained 0.55 g (92~c) of  1 , 4 - d i - ( 4 ' - h y d r o x y -  
3 T , 5 : - d i - t e r t - b u t y l p h e n y l ) - 2 - b u t e n e  (VIII), mp 136.5-137.5 ~ ( f rom hexane).  Found:  C 82.70; H 10.41%o 
C32H4302. Calcula ted :  C 82.55; H 10.61%. 

To a suspens ion  of 0.5 g of (V) in 50 ml  of CH3COOH was added 2 g of Zn in por t ions ,  a f t e r  which the 
m i x t u r e  w~s b rought  up to the boil ,  the excess  zinc was r e m o v e d ,  and the r e s i d u a l  solut ion was di luted with 
10 vo lumes  of wa te r .  The obtained c r y s t a l s  w e r e  f i l t e red .  We obtained 0.45 g (95%) of 1 , 4 - d i - ( 4 ' - h y d r o x y -  
3 ' ,  5 - d i - t e r t - b u t y l p h e n y l ) - l ,  3 -butadiene  (IX), mp 230-231 ~ (f rom hexane) .  Found:  C 82.91; H 9 . 9 5 ~ .  C32H4GO 2. 
Calcula ted:  C 38.06; H 10.02%. 

A s o k t i o n  of 0.5 g of (V) in CH3COOH was hyd rogena t ed  over  Pd.  The ca ta lys t  was separa ted , ,  the 
m i x t u r e  was diluted with 10 vo l um e s  of wa te r ,  and the obtained c r y s t a l s  w e r e  f i l t e red .  We obtained 0.48 ~o 
g of 1 , 4 - d i - ( 4 ' - h y d r o x y - 3 ' ,  5 ' - d i - t e r t - b u t y l p h e n y l )  butane (X), m p  ].26-12 ~ (f rom hexane) .  Found:  C 82.40; 
H 10 .83~ .  C32H5002. Calcula ted:  C 82.34; H 10.79~c. 

Reduc t ion  of Compound (VI). A solut ion of 0.5 g of (VI) in 50 ml of absolute  e ther  was added to a s u s -  
pension of 0.25 g of LiA1H 4 in 30 ml  of absolu te  e the r ,  a f t e r  which the mix tu re  was hea ted  for  2 h and then 
d e c o m p o s e d  with di lute Hf iO 4 solut ion (1 : 25). The e ther  was v a c u u m - d i s t i l l e d ,  and the r e s idue  was r e -  
c r y s t a l l i z e d  f r o m  a h e x m a e - b e n z e n e  m i x t u r e .  We obtained 0.45 g (90~) of 1 , 8 - d i - ( 3 ' ,  5 ' - d i - t e r t - b u t y l - 4 ' -  
h y d r o x y p h e n y l ) - 2 , 4 ,  6 - o c t a t r i e n e  (XI), mp 203-204.5 ~ Found:  C 83.46; H 10.20~c. C36H~202. Calculated:  
C 83.60; H 10 .14~ .  

A solut ion of 0.3 g of (X-I) in CH3COOH was hydrogena ted  over  Pd black (see above) .  We obtained 
0.28 g of l i 8 - d i - ( 4 ' - h y d r o x y - 3 ' ,  5 ' - d i - t e r t - b u t y l p h e n y l )  oc tane  (XH), mp  141-143.5 (from hexane) .  Found:  
C 82.41; H ! 1 . 3 5 ~ .  C3sHssO 2. Calcula ted:  C 82.69; H 11 .18~ .  

T h e r m o l y s i s  of (I) in the c~, ~ - D i c h l o r o -  and ~, C~-Dibromotbiophenes.  The r e a c t i o n  was run  in the 
s a m e  manner  as t h e t h e r m o l y s i s  of (I) in th iophene .  We obtained:  a) 35~ of 2, 5-di - (3 ,  5 ' - d i - t e r t - b u t y [ - 2 ' ,  5 ' -  
cyc lohexad i . en -4 ' -ony l idene ) -2 ,5 -d ihydro th iophene  (XIH), mp 144-145 ~ ( f romhexane ) .  Found:  C 78.15; H 8.68; 
S 6 .59~ .  C32H4202S. Calcula ted:  C 78.32; H 8.62; S 6.53~c ; and b) 45~c of diphenoquinone (III), mp 246 
[7]. 
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Reduction of Compound (XII I )wi thAluminumLi th iumHydr ide .  The reac t ion  was run in the s ame  man-  
ner  as the reduction of (V). We obtained 2, 5 - d i - ( 4 ' - h y d r o x y - 3 ' ,  5 ' -d i - te r t -buty lphenyl ) th iophene  (XVI), mp 
199-200 ~ Found C 77.62; H 8.98; S 6176~c. C32H4402 S. Calculated C 77.99; H 9.00; S 6.50~c. 

C O N C L U S I O N S  

The reac t ion  of 2 ,6 -d i - te r t -bu ty lcyc lohexadienone  carbene  with thiophene leads to an opening of the 
thiophene r ing,  and to the format ion  of the substi tuted 2 ,5-dihydrothiophene in the case  of the halo d e r i v a -  
t ives  of thiophene. 
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