
C O N C L U S I O N S  

1. 4 - t e r t -Bu toxy-2 ,6 -d i - t e r t -bu ty lphenoxy l  radica ls  in benzene solution cleave the te r t -buty l  radical  to 
give 2, 6 -d i - t e r t - bu ty l -  1, 4-benzoquinone. 

2. A kinetic analysis  of the autooxidation scheme,  inhibited by a s te r ica l ly  hindered phenol, shows that 
decomposi t ion of the phenoxyl leads to an impa i rment  of all of the indices of the antioxidative activity of a 
phenolic antioxidant. 
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Included among the most  in teres t ing  and promis ing new types of react ions ,  which a t t rac t  the broad at ten-  
tion of inves t igators ,  a re  those that a re  designated as SRN 1 radical  nucleophilic substitution react ions [ 1], 
o therwise  also known as reduct ive  nucleophilic substitution p r o c e s s e s  [2]. The data on them has been recent ly  
genera l ized  in seve ra l  comprehens ive  reviews [ 3-5] .  The most  impor tant  var ie ty  of such react ions  a re  the 
t ransformat ions  of inactivated aryl  and he te roa ry l  halides to difficultly available functional compounds. The 
chain mechanism [ 1] proposed for  SRN 1 react ions  p red ica tes  in the initiation step the one-e lec t ron  reduction 
of the ha loaromat ic  compound, which is accomplished via e i ther  solvated e lec t rons  o r  photochemically.  The 
fo rmed  anion-radica l  then decomposes  to halogen anion and aryl  (or hetaryl)  radical;  the la t te r  on react ion 
with the nucleophile gives a new anion-radical ,  the t r an s f e r  of an e lec t ron  f rom which to the s tar t ing halide 
leads to the substi tution product  and the anion-radica l  of the haloaromat ic  compound, thus prolonging the chain. 

e -  - : - - - X -  . N u -  ~ .--  A r X  
ArX-> [ArX] ~ Ar -+ [ArNu] ~ ArNu-~ [ArX]'- 

P rev ious ly  we descr ibed  the one-s tep  synthesis  of 3- th ienylacetoni t r i le  by the photost imulated react ion 
of 3-bromothiophene with cyanomethyl anion, which was genera ted  f rom acetoni t r i le  by t rea tment  with alkyl 
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metal  amides in liquid ammonia  [6].  Our attempts to run the analogous react ion with anions stabilized by two 
electron-accepter substituents,  which were obtained f rom malonodinitr i le,  eyanoacetie ester ,  and malonic 
es te r ,  proved unsuccessful .  The reason for  this remains  unanswered as yet, but, judging by cer ta in  data (see, 
for  example, [7]), this is a quite common phenomenon for conditions where react ions of the SI{N 1 type usually 
go. Unsat isfactory resul ts  were also obtained when 3-bromofuran  is reacted  with cyanomethyl ap.ion: the 
yield of 3-furylacetoni t r i le  was a total of - 1 0 %  (compared to ~40~ for  the thiophene analog). 

The use of halopyridines in react ions of the SRN 1 type seemed much more  promising,  for  which such r e -  
actions with acetone enolate a re  descr ibed [81, and also the react ion of 2-ehloropyridine with cyanomethyl  
anion [9]. In this connection we will mention that the usual rules of nueleophilie a romat ic  substitution are  not 
applicable to SRN 1 react ions:  in its react iv i ty  the inactivated 3-bromopyr idine  in the react ions with acetone 
enolates occupies an intermediate  position between the 2- and 4 - i s o m e r s  [8]. 

We studied the react ion of 3-bromopyr id ine  with the cyanomethyl  anion. This react ion under photost imu- 
lotion leads to 3-pyr idylacetoni t r i le  in over  80% yield (~ 30% in the absence of i r radiat ion and when st imulated 
by solvated e lec t rons) .  

Br CII2CN ~ ' ~ /  
l ! l  0 / % /  -% / 
N N 

Desir ing to expand the gamut of the nueleophiles we studied the react ion of 3-bromopyr idine  with some 
alkali metal  amides and N-alkylamides.  However, despite the UV irradiat ion,  the des i red  products  were not 
obtained: a mixture  of the corresponding 3- and 4-aminopyridines  was obtained in all eases,  which was caused 
by the action of the alkali metal  amide even at - 7 0 ~  to give 3,4-dehydropyridine (cf. [10]), which then non- 
select ively adds amide anion. 

NRR' 
Br t NR1]' 

%/  \ / /  \ / /  \~ 
N N N N 

These resul ts  caused us to re turn to a study of the react ion of 3-bromopyr idine  with cyanomethyl  anion 
in o rde r  to be sure  that the action of the la t ter ,  in contras t  to the react ion with a s t ronger  base like amide an- 
ton, does not give the dehydropyridine and 3-pyr idylacetoni t r i le  is obtained without the 4 - i somer  as impurity.  
The authentic sample of 4-pyr idylaeetoni t r i le ,  needed for compar ison,  was obtained by react ing 4 -b romopyr i -  
dine with with cyanomethyl  anion and was analyzed by GLC on a capi l lary column (see the EXPERIMENTAL 
SECTION), since the complete separs t ion  of the 3- and 4 - i somer s  could not be achieved on packed columns. 
Actually, 3 ,4-dehydropyridine is not formed when 3-bromopyr id ine  is reacted with eyanomethyl anion, the same 
as when another compara t ive ly  weak base,  namely phenylmercapt ide  anion, is used as the nucleophile, where 
the react ion product  is phenyl 3-pyridyl  sulfide without the 4 - i s o m e r  as impurity. It should be emphasized that 
3-bromopyridine,  containing the least  labile halogen atom in the group of monobrominated pyridine derivat ives ,  
can be made to reac t  with the cyanomethyl  and mercapt ide  ions under the d iscussed conditions. 

EXPERIMENTAL 

The chromatographic analyses were run on an LKhM-8MD chromatograph equipped with a flame-ioniza- 
tion detector. Nitrogen was the car r ie r  gas and the following stainless steel columns were used: A) 1300 • 2 
ram, packed with I0~ Carbowax 40M deposited on Chromosorb P (120-140 mesh) containing I~0 KOH, and B) 
1000 • 2 ram, packed with 5?/o Apiezon L deposited on Celite 545 (80-100 mesh) containing I% Na3PO 4. The 40 
m x 0.25 mm pyrex glass capillary column, packed with Carbowax 40M/KF, was prepared as described in [ 11]. 
The quantitative determinations were run using diphenylmethane and nonadecane as the internal standards. 

The reactions, stimulated by UV light, were run in the quartz reactor of an apparatus set up for photo- 
chemical studies, which was equipped with three lamps of the DRT-220 type and a magnetic s t i r re r  [6]. A 
molybdenum glass flask was used for the reactions initiated by solvated electrons. All of the reactions were 
run in a dry argon stream. The KNH 2 was prepared as described in [6]. 

Reaction of 3-Bromopyridine with Cyanomethyl Anion Using UV Light. To a suspension of KNH2, obtained 
from 2.15 g (55 mmoles) of K in 100 ml of NIl3, was added at -70 ~ a solution of 2.56 g (62 mmoles) of aeetoni- 
trile in 5 ml of abs. ether and then, with stirring and UV irradiation, was added to 5 rain a solution of 1.98 g 
(12.5 mmoles) of 3-bromopyridine (obtained as described in [12]) in 8 ml of abs. ether. The st irred mixture 
was irradiated for another 30 rain at -70  ~ and then, without irradiation and cooling, was added 5 g of NH4CI 
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solution. The e ther  l a y e r  was sepa ra t ed  and the aqueous l aye r  was ext rac ted  in success ion  with e the r  (2 • 100 
ml)  and ch lo ro fo rm (3 x 30 ml ) .  The ex t r ac t s  were  combined, dried,  and a sample  was taken for  GLC analysis  
(4% of the ex t rac t ) ,  to which a known amount of d iphenylmethane was added. Based on the GLC analys is  (col-  
umn A),  the yield of 3 -pyr idy laee ton i t r i l e  was 87%, in which connection it  was f r ee  of 4 -pyr idy lace ton i t r i l e  
(cap i l l a ry  column).  Af te r  dist i l l ing off the solvent  f r o m  the main extract ,  3 -pyr idy lace toni t r i l e  was isola ted 
f r o m  the res idue  (1.5 g) by chromatographing  on Silica Gel L (40 g, 40-100 #, eluant = benzene and then a 2 : 1  
b e n z e n e - a c e t o n e  m i x t u r e ) ,  bp 142-144 ~ (18 ram) ,  n~ 1.5252; HC1 salt ,  nap 166-168 ~ (in a sea led  capi l la ry)  
( f rom alcohol);  p i c ra t e ,  mp 162-164 ~ ( f rom alcohol);  cf. [13, 14]. The hydrolys is  of 3 -pyr idy lace ton i t r i l e  
with alcoholic KOH solution gave  3 -pyr idy lace t i c  acid, mp 144-146 ~ ( f rom ethyl aceta te) ;  cf. [15]. 

React ion of 3 -Bromopyr id ine  with C yanomethyl  Anion, Init iated by Po ta s s ium in Liquid NH 3. To a su s -  
pens ion  of KNH2, obtained f rom 1.63 g (42 m m ole s )  of K in 100 ml  of NH3, were  added a t - 7 0  ~ in success ion  
2.15 g (52 mmoles )  of  ace ton i t r i l e  in 3 ml of abs.  e ther  and 1.58 g (10 mmoles )  of  3 -bromopyr id ine  in 5 ml  of 
abs .  e the r ,  and then, a t  a t e m p e r a t u r e  ranging f r o m -  65 t o - 6 8  ~ was added 0.63 g (16 mmoles)  o f p o t a s s i u m  in 
p ieces  until  a p e r m a n e n t  blue color  appeared .  Then the reac t ion  m a s s  was t r ea ted  with excess  NI-I4C1 (10 g) and 
worked up as  desc r ibed  above. Based  on the GLC data (column A), the yield of 3 -pyr idy lace ton i t r i l e  was 0.35 g 
(30%). 

Reaction of 3-Bromopyridine with Amide Anion under UV Irradiation. To a suspension of KNH2, obtained 
from 1.8 g (46 mmoles) of K in 100 ml of NH3, with stirring and exposure to UV light (-70~ was added in 15 
rain a solution of 1.58 g (10 mmoles) of 3-bromopyridine in 15 ml of abs. ether. The mixture was irradiated 
for 30 rain and then decomposed and worked up as described above. Based on the GLC data (column A), the 
reaction products contained traces of the starting 3-bromopyridine, a mixture of the 3- and 4-aminopyridines 
(~ 1: 1), and also a number of substances with longer retention times. Analogous results were also obtained 
with the pentamethylene amide anion. 

R. eaetion of 4-Bromopyridine with Cyanomethyl Anion under UV Irradiation. To a suspension of KNH2, 
obtained from 2.4 g (61.5 mmoles) of K in 100 ml of NH3, were added at -70 ~ a solution of 2.86 g (70 mmoles) 
of acetonitrile in 5 ml of abs. ether and 1.18 g (6.05 mmoles) of 4-bromopyridine-HCI (obtained from 4- 
aminopyridine as described in [ 16]), and the mixture was irradiated for 40 rain at -70 ~ After working up the 
reaction mass as described above the extract, based on the GLC data using a capillary column, contained 0.42 
g of 4-pyridylacetonitrile (~60~c~) and was free of 3-pyridylacetonitrile. 

Reaction of 3-Bromopyridine with Phenylmercaptide Anion under UV Irradiation. To 2.55 g (.23.2 mmoles) 
of thiophenol and 1.52 g (9.6 mmoles) of 3-bromopyridine in 20 ml of abs. ether was added 110 ml of NH 3 and 
the stirred mixture was irradiated at -65 ~ for 45 rain. To the residue from distilling off the NH 3 was added 
50 ml of water and the whole was extracted with ether (3 • 80 ml). The ether extracts were washed with water 
(25 ml), dried, and the ether was distilled off. Based on the GLC data (column B), the residue contained 0.68 g 
of 3-bromopyridine (45% recovery) and 0.42 g of phenyl 3-pyridyl sulfide (23% yield when based on taken and 
42ffc when based on consumed 3-bromopyridine). The samples of phenyl 3-pyridyl and phenyl 4-pyridyl sulfides, 
needed for analysis by the GLC method, were isolated from their mixture, obtained as described in [ 17] by 
reacting PhSK a~d t-C4HgOK with 3-bromopyridine in DMSO, by TLC on silica gel, using a 1 : 1 benzene-ace- 
tone mixture for elution. 

C O N C L U S I O N S  

The photos t imula ted  rad ica l  nucleophilic subst i tut ion reac t ions  of 3 -bromopyr id ine  with the cyanomethyl  
and pheny lmercap t ide  anions lead to 3 -pyr idy lace ton i t r i l e  and phenyl 3-pyr idyl  sulfide, respec t ive ly .  
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Chlorobronaonaalonic e s t e r  (CBM) [ 1] pe rmi t s  comparing the reac t iv i ty  of genainal chlorine and bromine  
atoms under  radical  addition conditions. Its c loses t  analogs, the dichloro-(DCM) and dibronaonaalonic (DBM) 
es t e r s ,  when initiated by the coordinat ion initiating sys tem (CI) Fe (CO)~ + DMF, r eac t  with methyl  acry la te  
(MA) to give the adducts (C2HsOOC)2CXCH2CHXCOOCH3, X = CI(I) ,  Br(I I )  [2, 3]. Here  DBM is a more  active 
addendum than DCM. It seemed  expedient  to study CBM in the reac t ion  with MA using the same initiation 
method. 

It proved that CBM, when initiated using this sys tem,  reac ts  with MA with cleavage of the C - B r  bond 
and gives adduct (III). Toge ther  with this, both of the halogen atoms a re  c leaved f rom CBM to give 1 ,1-dicarbe-  
thoxy-2-carbonaethoxycyclopropane (IV) and te t rae thyl  ethylene t e t raca rboxyla te  {V). The CBM is also reduced 
slightly to monochloronaalonic e s t e r  (MCM). 

CH3QOC CHsOOC 
\ I C(COOC~Hsh 

(CaHsOOC)2CCIBr + CH2=CHCOOCHa lve(cO)'+DMF ~ (C2HsOOC)2CCICH2CHBr-{- CH--C(COOC2H~)~ + II 
l&0--150 ~ ~ / C(COOC~Hs)~ 

(III) CH2 

(C~HaOOC)2CHCI (IV) (g) 

The fornaation of (IV) and (V) indicates the possible  carbenoid cleavage of the halogen atonas f rom (C2H5OOC)2- 
CX2(X = C1, Br)  by the Fe (CO)~. 

(C2HsOOC)2CC1Br 
~ Fe(CO)5 - -  

(C~H~OOC)~C: -- 

(c~mooo..c~ (C=H~00C)2C=C(CO0 C~Hs)~ 
(V) 

I~A 
"CH300C 

I 
CH--C(COOC2Hs)2 
\/ 
CH2 (IV) 

The in termedia te  format ion of carbenoid par t i c les  in the react ions  of gena-dihalides with Fe  (CO)5 was postu- 
lated in [4].  It is known [5] that C6HsCOCHBr 2 r eac t s  with Fe (CO) 5 to give t rans-1 ,2 ,3- t r ibenzoylcyc lopropane .  
The generat ion of the carbene  (C2H5OOC) 2C: f rom diazonaalonic e s t e r  gives (V) [6, 71. However,  by analogy 
with [8],  another  possibi l i ty  exists  for  the format ion  of (IV). 

�9 CH--COOCH3 CH~COOCH3 
inltlalor (c~H~ ~: ! "~ -~ (c~HsoochCcl ~ \ / \ (C2HsOOC)2C--CII, --* (C~HsOOC)2C---CH2 + CI" 

(A) "~C1 (iV) 
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