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The init ial  step in the t he rma l  decomposi t ion  of quinone diazide (I) is the fo rma t ion  of ea rbene  (II), 
which then r e a c t s  with the medium to give va r ious  compounds [1-5]. The the rma l  decomposi t ion  products  
of quinone diazide (I) in the medium of sa tu ra ted  hydrocarbons  (pentane, heptane,  cyclopentane,  and cyc lo-  
hexane) a r e  4 -a lky l -2 ,6 -d i - t e r t -bu ty lpheno l s  (III) (60-75%), 2 , 6 - d i - t e r t - b u t y l - 4 - a l k y l - 4 - ( 4 ' - h y d r o x y - 3 ' , 5 ' -  
d i - t e r t -bu ty lphenyl ) -2 ,5 -cyc lohexad ienones  (IV) (20-25%), 3 ,3 ' , 5 ,5 ' - t e t r a - t e r t -bu ty ld iphenoqu inone  (V) and 
2 ,6 -d i - t e r t -bu ty lphenol  (V1). The fo rmat ion  of the indicated products  can be explained by the following 
scheme:  
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It = G(CHD3; R ' =  C5H9; C8Hll; C~blu; C7H~5. 

The fo rmat ion  of (III) in the reac t ion  med ium is  e i ther  the r e su l t  of inser t ion  of the in te rmedia te  
ca rbene  at the C - H bond of the hydrocarbon,  or ,  to a l e s s e r  degree ,  the r e su l t  of the dehydrogenat ing 
capaci ty  (at e levated t empera tu re )  of the 4 -a lky l -2 ,6 -d i - t e r t -bu ty lphenoxy l  r ad ica l s  [6]. The l a t t e r  also 
explains the appearance  of (VI) in the reae t ion  mix ture .  The d i rec t  inser t ion  of ca rbene  (II) a c r o s s  the 
C - H bond as an in te rmedia te  step p r ed i ca t e s  the fo rmat ion  of (IIIa), which subsequent ly  spoontaneously 
r e a r r a n g e s  to the 4 -a lky l -2 ,6 -d i - t e r t -bu ty lpheno l  [7]. The decomposi t ion  of (1) in pentane yields  phenols  
that contain i s o m e r i c  amyl  moie t ies  in the p-posi t ion,  and speciHeal ly-  the 4 - a m y t - ,  4 - (c~-e~y l )p ropy l -  
and 4- (oz-methyl )buty l -2 ,6-d i - te r t -buty lphenols ,  and also (VI). All of these  phenols were  identified by 
GLC. A s i m i l a r  eomplex mix tu re  of phenols  was also obtained during the t he rmolys i s  of (I) in heptane 
medium.  
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The s t ruc tu re  of (III) was conf i rmed by spec t r a l  and chemica l  methods.  The UV s p e c t r a  of these 
phenols  have an a rom a t i c  cha rac t e r ,  while the absorpt ion band of the hydroxyl  group (3632 cm -1) is obse rved  
in the IR spec t r a .  In the case  of 4 -cyc lopen ty l -2 ,6 -d i - t e r t -bu ty lpheno l  the EPR signal of the cor responding  
phenoxyl rad ica l  cons is t s  of a doublet of t r ip le t s  with the spli t t ing a H = 1 . 9 0 e  by the r ec ta -p ro tons  of the 
a roma t i c  r ing  and aCH = 6.3 Oe by the protons  of the methylene l inkage.  The cor responding  methylenequinone 
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was isola ted when this phenol was oxidized with po tass ium fe r r icyanide ,  which had a cha rac t e r i s t i c  UV 
spec t rum (Xma x = 320 nm),  and in whose iR spec t rum was p re sen t  the doublet band of a conjugated carbonyl  
group (1616 and 1575 em-~).  

The s t ruc tu re  of the dienones (IV) (R = CsH 9 and C6Hll) was conf i rmed by UV, IR, NMR, and EPR 
spec t roscopy  and by chemica l  methods .  In the IIV region the given compounds have an absorpt ion max imu m 
at X = 236 nm, while in the IR s p e c t r a  a re  p re sen t  the absorpt ion bands of the hydroxyl  group (3640 cm -1) 
and the doublet absorp t ion  bands of a conjugated carbonyl  group in the 1650 cm -1 region.  The NMR spec -  
t r u m  of compound (IV, R = CsH~) contains s ignals  f r o m  the protons  of the t e r t -bu ty l  groups  U" = 8.85; 8.69), 
OH groups (T = 5.13), phenyl p ro tons  (~" =3.13) and protons  of the cyclohexadiene r ing ('r = 3.65), a s y m -  
m e t r i c a l  quar te t  f r o m  the methine p ro ton  (~- = 7.02), and a group of signals f r o m  the protons  of the me thy l -  
ene groups .  The EPR s p e c t r u m  of the cor responding  phenoxyl rad ica l  f r o m  (IV, R = CsH 8 and C6Hll) con-  
s i s t s  of  a t r ip le t  (a H = 1.9 Oe), caused by the coupling of the unpaired e lec t ron  with the me ta -p ro tons  of 
the phenyl ring, which c o r r o b o r a t e s  the p r e s e n c e  of a qua ternary  carbon atom, found in the p-pos i t ion  of 
the phenoxyl.  We also r e c o r d e d  the EPR signal o f  the anion-radica l ,  f o rmed  during the e l ec t rochemica l  
reduct ion of (IV, R = C5H9) in the p r e s e n c e  of t e t r abu ty lammonium fluoborate,  in te t rahydrofuran ,  at -70~  
with spli t t ing by the me ta -p ro tons ,  a H = 7.65 • 0 . 2 0 e  [8]. The t r ea tmen t  of (IV, R = CsH 9) with a mixture  
of acet ic  and sulfur ic  acids (9 : 1) at r oom t e m p e r a t u r e  leads to a c leavage of the cyclopentyl  moie ty  with 
the f o r m a t i o n  of 2,2', 6 , 6 ' - t e t r a - t e r t - bu ty lb i spheno l .  The the rmolys i s  of (I) in n-pentane and in n-heptane 
failed to p e r m i t  the isola t ion of the pure  cyclohexadiene de r iva t ives  (IV). However,  the IR-  and UV-sp ec -  
t roscopy  data for  the f rac t ions ,  i so la ted  by  means  of TLC,  tes t i fy  that the l a t t e r  a re  a mix tu re  of i s o m e r s  
having a cyclohexadiene s t ruc tu re .  

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

Decomposi t ion  of Quinone Diazide (l) in Cyclopentane.  A solution of 1 g of (I) in 20 ml  of eyclopentane 
was hea ted  at 100~ in an autoclave for  2 h. The solvent was r emoved  in vacuo, and the res idue  was c h r o m -  
a tographed on a thin l aye r  of A1203 in the sys tem:  hexane - benzene (9 : 1, by volume).  We obtained: a) 0.75 
g (64%) of 2 ,6 -d i - t e r t -bu ty l -4 -cye lopen ty lpheno l ,  mp 58-59 ~ ( f rom hexane): found: C 82.82; H 11.05%. 
C19H300. Calculated:  C 83.15; H 11.02%; b) 0.25 g (20%) of 2 , 6 - d i - t e r t - b u t y l - 4 - c y c l o p e n t y l - 4 - ( 4 ' - h y d r o x y -  
3 , ,5 ' -d i - t e r t -bu ty lpheny l ) -2 ,5 -cyc lohexad ienone  (IVa), mp 175 ~ ( f rom hexane).  Found: C 82.74; H 10.56%; 
reel .  wt. 480 4- 1 ( m a s s  spec t roscopy) .  C3~H~00 z. Calculated: C 82.69; H 10.52%; mol .  wt. 478.73. U l t r a -  
violet  s p e c t r u m  (hexane): %max 236 ran, log e = 4.28; c) 0.1 g (11.5%) of 3 ,3 , ,5 ,5 , - t e t r a - t e r t -bu ty ld ipheno-  
quinone, mp 246 ~ [9]. 

A solution of 0.15 g of (IVa) in 20 ml  of a mix tu re  of acet ic  and sulfur ic  acids (9 : 1, by volume) was 
s t i r r e d  fo r  4 h at 20 ~ The mix tu re  was diluted with water ,  ex t rac ted  with e ther ,  washed in success ion  with 
water  and NaI~CO 3 solution, and the solvent  was dis t i l led off. The r e s idue  was r e e r y s t a l l i z e d  f r o m  hexane.  
We obtained 0.12 g of 2 ,2 , ,6 ,6 , - t e t r a - t e r t -bu ty lb i spheno l ,  mp 183-184 ~ [10]. 

To a solution of 1 g of (III, R = CsH s) in 25 ml  of benzene was added, in an argon s t r e a m ,  a solution 
of 2.5 g of KOH and 2 g of p o t a s s i u m  fe r r i cyan ide  in 25 ml  of water .  The mix tu re  was s t i r r e d  v igorous ly  
at 40-45 ~ for  2 h, and then the benzene solution was separa ted ,  washed with wa te r  until neutra l ,  and the 
solvent  was dis t i l led off. The res idue  was r e c r y s t a l l i z e d  f r o m  hexane.  We obtained 0.95 g (96%) of ~ , ~ -  
t e t r ame thy lene -2 ,6 -d i - t e r t -bu ty l -p -me thy lenequ inone ,  mp 115 ~ Found: C 83.98; H 10.29%. CtgH2sO. Ca l -  
culated: C 83.79; H 10.32%. 

Decomposi t ion  of (l) in Cyclohexane.  A solution of 1 g of (1) in 20 ml  of eyclohexane was heated at 
100 ~ in an autoclave for  2 h. The mix tu re  was worked up in the s a m e  manner  as in the f i r s t  exper imen t .  
We obtained: a) 0.9 g (72.5%) of 2 ,6 -d i - t e r t -bu ty l -4 -cyc lohexy lpheno l ,  mp 91-92 ~ [11]; b) 0.26 g (25%) of 
2•6-di-tert-buty•-4-cyc••hexy•-4-(4•-hydr•xy-3••5•-di-tert-buty•pheny•)-2•5-cy•••hexadien•ne• mp 156 ~ 
( f rom hexane).  Found: C 83.80; H 10.63%. C34H520 2. Calculated:  C 83.87; H 10.64%. Ul t rav io le t  s p e c t r u m  
(hexane): %max = 236 nm, log e = 4.32. 

Decomposi t ion  of (I) in Pentane .  A solution of 1 g of (I) in 30 ml  of pentane was heated in an auto- 
clave at 100 ~ for  2 h. After  the s a m e  workup as in the f i r s t  exper iment  we obtained: a) 0.8 g (60%) of a m i x -  
ture of phenols  (Ill), in which by GLC (15% polymethylphenyls i loxane fluid 4 deposi ted on Celi te 545, column 
t e m p e r a t u r e  22() ~ v a p o r i z e r  t e m p e r a t u r e  250 ~ were  identified: 2 ,6-d i - te r t -bu ty lphenol  and 2 , 6 - d i - t e r t -  
bu ty l -4-amylphenol ,  2 ,6 -d i - te r t -bu ty l -4- (a ' -e thy l )propylphenol  + 2 ,6 -d i - t e r t -bu ty l -4 - (a ' -methy l )bu ty lphenol  
in a ra t io  of 1 : 3 : 1 0 ,  b) 3 ,3 , ,5 ,5 , - te t ra - te r t -buty ld iphenoquinone ,  mp 246 ~ [9]. 
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Decomposition of (i) in Heptane. A solution of 1 g of (1) in 30 ml of heptane was heated in an autoclave 
at 100 ~ for 2 h. After the same workup as in the first  experiment we obtained: a) 0.94 g {72%) of a mixture 
of phenols (2,6-di-tert-butylphenol and isomeric 4-heptyl-2, 6-di-tert-butylphenols) ~ b) 0.16 g (20%) of 2,3', 
5,5'-tetra-tert-butyldiphenoquinone, mp 246 ~ [9]. 

CONCLUSIONS 

A study was made of the thermal decomposition of 2, 6-di-tert-butyl-p-benzoquinone diazide in the 
medium of cyclic and alicyclic aliphatic hydrocarbons. 
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