
The hexane layer  was drawn off and analyzed for  contents of 2 ,6-di - ter t -butylphenol  and the e s t e r  (IV). The 
analyses  were  pe r fo rmed  in a Tsvet-104 g a s - l i q u i d  chromatograph with p ro g ram m ed  heating (5% SE-30 by 
volume on Chromatone IV-W-AESD, column heating ra te  l l ~  

C O N C L U S I O N S  

The alkylation of the li thium salt  of 2 ,6-d i - te r t -buty lphenol  by methyl acry la te  is a b imolecular  p rocess  
of nucleophilic addition at  an act ivated double bond, which can be c a r r i e d  out ina"pseudocata ly t ic  ~ reg ime  by 
using a smal l  excess  of l i thium phenolate.  
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MECHANISM OF INTERACTION OF CYCLOHEXADIENONE 

CARBENES WITH DEUTEROBENZENE AND BENZENE 

G. A. Nikiforov, L. G. Plekhanova, UDC 541.124:542.91"547.592.3;547.532 

and S. V. Rykov 

The interact ion of e lec t rophi l ic  singlet  ca rbenes  with the a romat ic  ring usually begins with at tack on the 
a romat ic  v - s y s t e m  by the carbene.  The subsequent  course  of the reac t ion  depends on the stabil i ty and the paths 
of convers ion of the norcarad iene  s t ruc tu re  that  is fo rmed  as an in te rmedia te .  Depending on the s t ruc ture ,  
two paths of norcarad iene  t rans format ion  a re  possible:  convers ion  to cycloheptatr iene or a romat iza t ion  to fo rm 
products  of fo rmal  implantation of the carbene in a C - H  bond of the a romat ic  r ing.  The products  of the la t te r  
type,  arylphenols ,  a re  also fo rmed  by the in terac t ion  of cyclohexadienone carbenes  with benzene der ivat ives  [1]. 
It is natural  to assume that  cyclohexadienomylidenes  will r eac t  with a romat ic  compounds in accordance with the 
genera l ly  accepted mechanism.  In this case ,  however ,  at tempts to r eg i s t e r  the format ion  of norcaradiene  in-  
t e rmedia tes  by chemical  or  spec t ra l  methods have been unsuccessful  [2]. 

The presen t  work has been aimed at spec t ra l  and kinetic invest igat ion of the mechanism through which 
cyclohexadienone carbenes  in te rac t  with a romat ic  compouhds. As the reac t ion  to be studied, we se lec ted  the 
the rmal  and photochemical  decomposit ion of 2 ,6-d i - te r t -bu ty l - l ,4 -benzoquinonediaz ide  (I) in a medium of 
benzene or  deuterobenzene.  

Through IR and PMR spec t roscopic  analysis of the react ion mix tures  obtained at various degrees  of t h e r -  
molysis  and photolysis  of (I) in a benzene medium,  it was shown that  only two substances are  p resen t  - the 
original  quinonediazide (D and 4-phenyl -2 ,6-d i - te r t -bu ty lphenol  (III). Evidently,  the in termedia te  norcarad iene  
s t ruc tu re  that  is fo rmed  by the in terac t ion  of 3 ,5 -d i - t e r t -bu ty l -2 ,5 -cyc lohexad ien-4-onyl idene  (H) with benzene 
is the rmal ly  unstable,  and even at 25~ (conditions of photolysis) it  is rapidly conver ted to the phenol (HI). This 
is consis tent  with l i t e ra tu re  data on the the rma l  labili ty of cyclopropane spi rane  sys tems  having a vinyl sub- 
st i tuent on the t h r e e - m e m b e r e d  ring [3]. 

0 0 OH 
R j) R R II R R 1 R 

tl I 
N2 C~H5 
(i) (n) (m) 

Here  and subsequently,  R = C (CH3) 3. 
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Fig. I. PMR spectrum of reaction mLxture obtained by thermolysis of (1) in deutero- 
benzene medium for 15 rain at I15~ (recorded at 25~ 

Fig. 2. Kinetics of consumption of (D (i), conversion of (IV) (2), and accumulation of 
(III) (3) with time. Graph a is the anamorphosis of curve for consu~npt[on of (I). Ther- 
molysis in deuterobenzene at I15~ 

More hlformative resul ts  were obtained by Hie s  and photolysis  of (I) in a deuterobenzene medi -  
um. The thermolysis of (1) in the NIVIR spectrometer resonator cavity showed that during the course of the re- 
action; a rather stable intermediate (IV) is formed, and this is gradually converted to the phenol (I~). As can 
be seen from Fig. i, in the spectrum of the mixture that had been thermolyzed at I15~ (spectrum recorded at 
25~ in addition to the signals from the (1) (1.51 and 6.50 ppm), phenol (IID (1.37 and 7.51 ppm), and deutero- 
benzene (7.15 ppm), two other signals are present, 1.29 and 6.55 ppm. The position of the downfield signal sug- 
gests that the intermediate (IV) that we have detected has the cyelohexadienone structure. 

The concentration of (IV) in the reaction mixture depends on the thermolysis temperature, increasing with 
increasing temperature. For example, according to the PMR datmo, after 30 rain of thermolysis at 90~ the 
reaction mixture contains 46% (1), 44% (UI), and 10% (IV); after thermolysis at I15~ the respective contents 
are 0, 58%, and 42%. The Idaetics of consumption of (I) and accumulation of (uI) and (IV) at i15~ are shown in 
Fig. 2. An analysis of the curve for (1) shows that its consumption follows an exponential law with k~ 15~ = 2.61 . 
10 -3 sec -I (k~ i~~ recalculated from the Arrhenius relationship obtained by UV spectroscopy, is 2.42 �9 10 -3 see-i). 
The Idnetie curve for (IV) passes through a maximum. 

The relationships we have noted are realized when a sequence of two reactions takes place, (I) ~/(IV) l~ (IIf) 
[4]. If this is the case, then, lalowing the time required to reach the maximum concentration of (IV) (tma x) and 
the rate constant of the first stage of this process (k i) (it is assumed that the carbene adds rapidly to the deu- 
terobenzene), we can evaluate the rate constant of the reaction (IV) --> (Ill), i.e., k z. A graphical solution of the 
transcendental equation tma x = (In k 2 - In kl) / (k 2 - k i) gives kz ii~~ = 1.5 �9 10 -4 see -i. 

This result hldicates a high thermal stability of (IV). Nonetheless, attempts to isolate this compound in 
individual form were unsuccessful, In a chromatographic separation of the mLxture on silica gel (TLC, hexane 
eluent), quantitative conversion of (IV) to (lID was observed. Crystallization from hexane gave only the quinone- 
diazide (1). Repeated low-temperature crystallizations fromhexane likewise fail to give the desired result, Ac- 
cording to the IDMR spectroscopic data, the crystalline sample that was oD~ained is a mix, re of 60% (Ir[) and 
40% (IV). The IR spectrum of this mixture has a doublet in the 1620-1650 cm -i region, which is evidence in 
favor of the cyclohexadienone structure for (IV). Here we must note that dissolution of the mixture in proton- 
donor solvents leads to rapid isomerization of (IV) to (I~. 

Before leaving this matter, we will dwell on one fact that was observed in analyzing the PMR spectrum of 
reaction mixtures recorded at various temperatures (25-I15~ Data on the temperature dependence of the 
shifts of the ring hydrogen atoms for (]) and (IV) are presented in Table i. 

It can be seen that the position of the signal of the ring hydrogen atoms of (1) depends on the temperature, 
with a downfield shift of the signal as the temperature is raised. This phenomenon is evidently due to dissocia- 
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TABLE 1 

Spec t rum 
record ing  
t e m p e r a t u r e ,  

~ 

25 
95 

115 

6~ ppm 

(~ (IV) 

6.50 6.55 
6.58 6.55 
6.63 6.55 

tion of r a t h e r  s table  d o n o r - a c c e p t e r  complexes  o f the type  [(I)...C~D~]. With complete  breakup of the complexes ,  
the magnitude of the shif t  of the ring hydrogen a toms  (6 0) should approach the value corresponding to the r ing 
hydrogen a toms of (D in CC14 solution, 7.01 ppm.  When we take this value into account,  and when we calcula te  
the l imit ing value of the shif t  of the r ing hydrogen a toms of (I) in its a s soc ia te  with C~D~ (6 comp),  we can use 
the equation given l a t e r  in this  ar t ic le  (see expe r imen ta l  section) to e s t ima te  the act ivat ion ene rgy  of mono-  
mo lecu l a r  decomposi t ion of the donor - accep to r  complex  [(I)...CGD6], which amounts  to 2-4 k c a l / m o l e  with Pz = 
I013 sec-l. 

Extremely interesting data were obtained in the photolysis of (I) in deuterobenzene medium. An analysis 
of the PIVI~ spectra of the photolyzed samples revealed the following facts: 

i. The reaction mixtures contain, in addition to (1), (lID, and (IV), one more intermediate substance (V) 
(singlet signals at 1.48 and 6.15 ppm). The position of the downfield signal is evidence in favor of the cyclo- 
hexadienone structure of the intermediate (V) (Fig. 3). 

2. The intermediate (V) that was detected is unstable, and it is gradually converted to (IV) during the 
course of the photolysis. For example, according to the PIV[R data, after 6 rain of photolysis, the reaction mix- 
turo contains 82% (I) and 18% (V), whereas after 18 min it contains 48% (I), 26% (IV), and 26% (V). At higher 
temperatures, the rate of conversion of (V) to (IV) is substantially higher~ Apparently, the conversion 
of (V) to (IV) that is observed in the course of photolysis is a thermal process. Let us note that at 
40~ the rate constant of this process is approximately 3.10 -3 see -I. This corresponds in order of 
magnitude to the rate constant that we obtained previously for thermal [somerization of cyclopropane 

spirocyclohexadienones containing a vinyl substituent on the three-membered ring (k 4~176 = 8.6 �9 10 -3 sec -I [3]). 

3. In the PMR spectra of the reaction mixtures after the illumination was shut off, changes in the in- 
tensities of the ring hydrogen atoms of (1) were observed over a 30-40-sec period (the intensity increased), 
and also changes in intensity for the signals from the intermediate (V) (the intensity decreased) (Fig. 4). Such 
changes in the intensities of the signals from protons of the compounds converted in the course of photolysis 
from one to the other can be explained by longitudinal diffusion processes taking place in the sample after local 
illumination is turned off.* However, it must be kept in view that in the case of purely diffusional processes, 
the time for averaging of substance concentrations throughout the entire volume of the sample should amount 
to minutes or even tens of minutes. In our case, the process of relaxation of signal intensities from the ring 
hydrogen atoms of (]) and (V) proceeds in accordance with an exponential law with a characteristic time NI0 
sec, practically coinciding with Tin for the ring hydrogen atoms of (1) in the given solvent. This means that the 
changes we have observed inthe PMR spectra are more logically explained from the standpoint of a true CIDNI ~ 

effect .  

The fact  that  we have found CIDNP in the photodecomposi t ion  of (D in deuterobenzene is e x t r e m e l y  no te -  
worthy.  The appearance  of po lar iza t ion  on the r ing hydrogen a toms of (h may  come f r o m  two sources :  r e -  
ve r s ib l e  f ixation of ni t rogen by the carbene  (II) o r  the consecut ive photophysical  p r o c e s s e s  shown below: 

*As a m a t t e r  of fact ,  with local  photolysis  of a s ample  close t o t h e  zone of action of the r e c e i v e r  coil of the 
s p e c t r o m e t e r  in the absence  of any ver t i ca l  d i sp lacement  in this pa r t i cu l a r  p a r t  of the spec imen ,  we should 
obse rve  a dec r ea se  in the concentra t ion of (]) (drop in s ignal  intensity) and an i nc r ea se  in the concentra t ion of 
(V) ( increase  in signal intensity) due to the occu r r ence  of the photoreact ion.  When the light is tu rned  off, then 
as a consequence of diffusional averaging  of the boncent ra t ions  of (D and (V) throughout the en t i re  volume of 
the s ample ,  we should obse rve  the r e v e r s e  changes in in tensi t ies  of the s ignals  of (D and (V) (~false CIDNP ~ 

effect).  
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PIVIR spectrum of reaction mixture obtained by photolysis of (D for 15 min in deuterobenzene medium 

Timewise changes in signal intensities for ring hydrogen atoms of (I) and (V) after illumination is shut 
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The second path  of genera t ion  of CIDNP is the m o r e  probable .  He re ,  po lar iza t ion  should a r i s e  at the ex-  
pense  of nuc lea r - sp in -dependen t  se lec t ive  occupation and des t ruc t ion  of e l e c t r o n - n u c l e a r  magnet ic  sublevels  
of t r i p l e t - exc i t ed  molecu les  of (I), with al lowance fo r  mixing of S - T  s t a t e s  of the hyperf ine in terac t ion  [5]. In 
con t ra s t  to the t r ip le t  m e c h a n i s m  that  has been examined  in detai l  in the l i t e r a tu re  [6], the CIDNP in our case  
is obse rved  on the  nuclei  of molecu les  that  have undergone a dual se lec t ive  in tercombinat ion  t rans i t ion  (S~ ~ T, 
T -~ So). Apparent ly ,  compet i t ion  of the chemica l  r eac t ion  of monomolecu la r  decomposi t ion of (I) in the S~ s ta te  
and deact ivat ion of (I) by means  of two consecut ive in te rcombina t ion  t rans i t ions ,  the ra te  of which depends also 
on the net nuc lear  spin,  effects  a se lec t ion  of (I) according  to the orientat ions of nuc lea r  spins ,  enr iching the 
(D in molecules with ring hydrogen atoms with spins directed along the field. 

Considering that S* --~ T transitions are determined mainly by nuclear spins, we can estimate the lower 
limit of effectiveness of deactivation of excited molecules of (I) in comparison with their decomposition to the 
cyclohexadienone earbene (If) and nitrogen. The original experimental data are as follows: light flux W ~ i0 i~ 
quanta/sec, photoexcitation efficiency i, number of molecules in illmminated zone n ~ i018, K N 0.5, Tin ~ I0 see. 

Since in i0 sec (time of recording spectrum) the signal of (1) decreases by approximately- one-half, the 
number of deactivated molecules, for which the nuclear spins are oriented against H0, must be comparable to 
the difference in populations of the nuclear levels at thermal equilibrium. Consequently, the fraction of mole- 
cules that have undergone S~ ~ T and T ~ So transitions is equal in order of magnitude to t/2exp(t/Tin) �9 i018 �9 
10 -6 --_ i012. If the total number of molecules of (1) excited in i0 sec amounts to i016, then the fraction of mole- 
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TABLE 2 

Compound 

(III) 

A ~, p p m t  

(iv) 
(v) 

expt. 

+0,30 
-0,46 
-0,86 

calc~ 

+ (o,5:-o,7) 
- ( 0 , 3 - 0 , 6 )  

- ( 0 , 5 - 0 , 9 )  

1Relative to  (i) in CC1 t, 
6 7.01 ppm. 

eules of (I) that  have undergone S ~-* T - - S  0 t r ans i t ions  is ~10 -4, i .e. ,  N 0.01% of the photoexcited molecules  of (I). 

The spec t r a l  data obtained in the t h e r m o l y s i s  and photolysis  of (I) in C~D 6 medium,  along with the chemical  
p r o p e r t i e s  of the in t e rmed ia t e s  (IV) and (V), allow us to draw cer ta in  conclusions as to the i r  s t ruc tu re  and the 
m e c h a n i s m  of in te rac t ion  of eyclohexadienone ea rbenes  with a romat i c  compounds.  

The chemical  p r o p e r t i e s  (sensi t ivi ty  to p ro ton -donor  solvents  and t h e r m a l  stabili ty) of the in te rmedia tes  
(IV) and (V) provide  grounds for  ascr ib ing  the following s t r u c t u r e s  to these  compounds: 

0 1~ D �9 i! R ~ D  R,\ / o 

D//~CsD~ (V) D 
0v) 

Such ~ s t r u c t u r e  of the  in t e rmed ia te s  is a l so  suppor ted  by a compar i son  of exper imenta l  and calculated* 
values  for  the shift  of the s ignals  f r o m  the ring hydrogen a toms  of ( I~ - (V)  (AS) re la t ive  to the signal  of (D in 
CCl 4. As can be seen  f r o m  the data of Table 2, quali tat ive e s t ima te s  of the shif ts  of these  compounds give a 
s a t i s f ac to ry  ref lec t ion  of the actual  sequence of location of s ignals  f r o m  the ring hydrogen a toms in the spec -  

t rum.  

In conclusion,  let  us dwell on the m e c h a n i s m  of the in te rac t ion  of cyelohexadienone ca rbenes  with a r o m -  
atic compounds.  In accordance  with the m a t e r i a l  se t  for th  above,  the t h e r m a l  and photochemical  decomposi t ion 
of (I) in C6D 6 med ium can be r e p r e s e n t e d  by the following sequence of reac t ions :  

(I) ~ h v  or a (II)+CoDo--,(V) 
--N~, kl k2 

- -  . 0 m 

I 

D~ 

D D 

OD 
R l R 

aV) Z "-.// 
I 
C6D~ 

(III) 

Regard le s s  of the method of genera t ion of the carbene (ID, when it in te rac t s  with C6D6, the norca rad iene  
(V) is fo rmed ,  and when this compound is subjec ted  to heat ,  i t  p a s se s  through the s tage of b i rad ica l  g e n e r a t i o n  
and is conver ted  to (IV). The (IV) undergoes  a d i enone-pheno l  r e a r r a n g e m e n t ,  giving the final phenol (III). The 
absence  of s ignals  f r o m  (V) tn the PMR s pec t r a  of the reac t ion  mix tu res  obtained in the t h e r m o l y s i s  of (I) is 
logical;  it r e f l ec t s  the fact  that the r a t e  of the reac t ion  (V) -~ (IV) is substant ia l ly  lower than the r a t e  for  the 
sequence  of r eac t ions  (I) -~ (II) -~ (V). 

*I t  is a s s u m e d  that  the main  contr ibution to the change in shifts  of r ing hydrogen atoms close to the subst i tuent  
in (II-I)-(V) is that  of the  na ture  of the subst i tuent  (magnetic anisot ropy of mult iple  bonds) at the C 4 a tom of the 
cyelohexadienone or  a rom a t i c  r ing.  Approximate  calculat ions of &6 were  p e r f o r m e d  by the p rocedure  of [7], 
using the gene ra l  equation of MeCormel [8]. 
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E X P E R I M E N T A L  

The following m a t e r i a l s  were  used in the exper iments :  de terobenzene with 99% content of isotope; benzene 
fo r  UV spec t roscopy .  The 2 ,6 -d i - t e r t -bu ty l - l ,4 -benzoqu inoned iaz ide  was c rys t a l l i zed  f r o m  heptane (purity 
moni to red  on Silufol UV--254). 

The expe r imen t s  were  p e r f o r m e d  in XI~100,  BC-487C, and NX-90ER NMR s p e c t r o m e t e r s ,  with HMDS 
s tandard .  The pickups of the l as t  two s p e c t r o m e t e r s  were  modif ied so  that  l ight could be supplied through a 
quar tz  light guide, d i rec t ly  within the pickup in the region of the r e c e i v e r  coil.  The i l lumination was a c c o m -  
pl ished through a 0 .5- ram wall.  The light source  was a DRSh-500 lamp equipped with a BS-8 l ight f i l t e r .  

The l imit ing value 6 comp = 6 0 - A6 max  = 6.3 ppm was o b t a ~ e d  by calculat ion,  following [7], of the value 
A6 max  ~ 0.75 ppm, on the assumpt ion  that  PIt >- 2.1/~, Z H _~ 3.5 A. 

The act ivat ion ene rgy  of monomolecu la r  decomposi t ion of the donor - accep to r  complex  [(D...C6D ~] was e s -  
t ima ted  in accordance  with Eq. (1). 

F o r  a given t e m p e r a t u r e ,  the shif t  of the r ing hydrogen a toms of (D in CcD G solution is 6 = 6 0[1 - [T �9 
( r  + 7g)-i]] + 6comp[r/(T + vg)], where  T and Tg a re  the cha r ac t e r i s t i c  l i fe t imes  of the complexed  and un- 
complexed  molecu les  of (I). Since fo r  a monomolecu la r  reac t ion  k = T -1 = pZe e x p ( -  E /RT) ,  then, in view of 
the above,  we have 

wi th  [CGD 6] >> [(I)], 

5 - -  6aomp __ p Z e _ E / R T  " 
(~o--~) Tg (1) 

Tg = l/f, where f ~ 1013 sec -I is the frequency of particle collisions irl the liquid. 

CONCLUSIONS 

1. It has been shown by means  of P1VLR spec t roscopy  that  the cyclohexadienone carbene  gene ra t ed  by 
t h e r m o l y s i s  or  photolysis  of 2 ,6 -d i - te r t -bu ty l - l ,4 -benzoquinonef l iaz ide  in te rac t s  with a roma t i c  corapounds 
to f o r m  a noncaradiene  der iva t ive ,  which, under  the reac t ion  conditions, is i s o m e r i z e d  t he rma l ly  to the 4- 
a ry l -2 ,5 - eyc lohexad i enone .  The la t te r  is conver ted  to the 4-ary lphenol  as a r e su l t  of a d i enone -pheno l  r e -  
a r r a n g e m e n t .  

2. It is be l ieved that the CIDNP that  has  been found fo r  the r ing hydrogen a toms of the quinonediazide 
and the norca rad iene  der iva t ive  a r i s e s  because of a nuc lea r - sp in -dependen t  in te rcombinat ion  S~ * T t r a n s i -  
tion; qual i ta t ive evidence is p r e s e n t e d  in f avor  of this assumpt ion .  An e s t ima t e  has  been made of the lower l imi t  
of e f fec t iveness  fo r  deact ivat ion of exci ted molecu les  of the quinonediazide in compar i son  with i ts  decomposi t ion 
to ni t rogen and the cyclohexadienone carbene .  

3. The kinetic parameters have been determined for the thermal decomposition of 2,6-di-tert-butyl-l,4- 
benzoquinonediazide in deuterobenzene medium, the isomerization of the norearadiene derivative to the 4-aryl- 
2,5-eyclohexad[enone, and the dienone-phenol rearrangement of the latter. 
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