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Abstract: Carbanions of 2-phenylpropio- 
nitrile were found to  add to  nitroarenes 
in liquid ammonia to form o" adducts, 
which were oxidized with KMnO, to yield 
products of oxidative nucleophilic substi- 
tution of hydrogen (ONSH) in the posi- 
tion puru to the nitro group. Treatment of 
the carbanion-nitroarene system with 
methyl iodide at  -70°C indicated that 

the addition proceeds almost to comple- anions and mononitroarenes, has been 
tion. Thus, for the first time, the persis- demonstrated. It was also shown that 
tence of oH adducts, formed between free KMnO, oxidizes oH adducts t o  nitroben- 

zene faster than it does carbanions. This 
selective ONSH in the pami positions of 
nitroarenes is a general process. However, 
some substituents hinder or inhibit the ox-  
idation step. 
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Introduction 

The nucleophilic aromatic substitution of halogens or othcr nu- 
cleofugal groups in electrophilic arenes such as nitroarenes, pro- 
ceeding through the S,Ar addition-elimination mechanism, is 
of great practical value, and its mechanism has been thoroughly 
investigated."' 

Only recently it was recognized that parallel to this classical 
reaction there is a possibility of nucleophilic substitution of 
hydrogen and that this process can be the major reaction path- 
way.[2, 31 Moreover it was shown that the classical S,Ar of halo- 
gen is, in fact, a secondary process, preceded by a reversible 
addition of nucleophiles to  the ring carbon atoms bearing hy- 
drogen and formation of anionic oH adducts. These oH adducts 
can react further in a variety ofways, to give products of nucleo- 
philic substitution of hydrogen, or dissociate to the starting 
reagents when the former is not possible; formation of the iso- 
meric ox adducts can then take place and ultimately S,Ar sub- 
stitution of halogen.[31 

Amongst the many pathways available for the conversion of 
the oH adducts, the most obvious appears t o  be removal of the 
hydride anions by oxidation, which results in oxidative nucle- 
ophilic substitution of hydrogen (ONSH). Although many ex- 
amples of this transformation have been reported, it suffers 
from some limitations. The most important of these is the sensi- 
tivity of nucleophilic agents towards oxidation. This, in connec- 
tion with often unfavorable position of the addition equilibrium 
and hence low concentration of the 0" adducts and high concen- 
tration of the nucleophiles, leads to undesired oxidation of nu- 
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cleophiles and suppression of the ONSH reaction. Also, an im- 
portant requirement for successful reaction is that the rate of 
oxidation of the oH adducts should be high; otherwise, compet- 
ing processes such as S,Ar of a leaving group or  single-electron 
transfer can dominate. We have formulated some guidelines 
concerning the nature of the nucleophiles, electrophilic arencs. 
and reaction conditions, designed to help predict the feasibility 
of the ONSH process for a given  system.["^'] For example, 
ONSH can proceed satisfactorily when nucleophiles, such as 
O H -  or NH,, are resistant towards oxidation, when the equi- 
librium of the nucleophilic addition is shifted towards the ad- 
ducts because of the high electrophilicity of the arene, o r  when 
specific features of the nucleophiles ensure that the oH adducts 
are present in high concentration. 

Results and Discussion 

Apart from adjusting the nature of the nucleophile and arene, as 
outlined in the Introduction, one might also expect that i t  
should be possible to find an oxidant that would oxidize the d' 
adduct faster than the nucleophile, in spite of generally high 
sensitivity of the latter towards oxidation. In our search for such 
an oxidant, we reasoned that electrostatic repulsion between 
anionic nucleophiles and anionic oxidants should decelerate the 
undesired oxidation of the former, and that the repulsion should 
be much weaker in the case of the anionic 0" adducts, in which 
the negative charge is highly delocalized. Thus, the latter should 
be oxidized more rapidly. 

It has been known for many years that KMnO, in liquid 
ammonia is a n  excellent oxidant for 0'' adducts formed by addi- 
tion of ammonia and amide anion to electrophilic arenes, partic- 
ularly heter~arenes.[~]  This oxidative variant of the Chichibabin 
reaction, introduced into organic synthesis by van der Plas. is a 
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general process of great practical value.[" Since KMnO, in liq- 
uid ammonia forms rather loose ion pairs, as d o  the sodium or 
potassium salts of carbanions, we expected that some highly 
nucleophilic carbanions could be indentified, which, although 
readily oxidized with oxygen, should be more resistant towards 
oxidation with KMnO, owing to electrostatic repulsion. In con- 
trast. the corresponding adducts should be rapidly oxidized 
with this oxidant. Indeed, as we reported in a preliminary com- 
munication, treatment of a mixture of 2-phenylpropionitrile 
carbanion ( I - )  and nitrobenzene (2a) in liquid ammonia with 
potassium permanganate leads to the ONSH product 3 a  in high 
yield (Scheme 

Further studies have shown that this process is general for 
nitrobenzene derivatives and proceeds selectively puru to the 
nitro group. Under optimized conditions (T  = - 70 " C ;  molar 
ratio 1 :Za:KMnO,, 1 : I  :0.75) yields of the ONSH product are 
usually excellent. Results of the ONSH reaction of 1 with a 
selection of nitroarenes are given in Table 1. In a series of exper- 

Abstract in Polish: Karhounion 2-JinZ.liipropionitr)~lu przylgczu 
sic 1.1' ciekljwi unzoniuku do nitro-trreniiw t ~ c ' o r z ~ c  addukty cH, 
ktbrc ulqrijg utlenirniu KMnO, tirwrzgc proriukty oksydatvwne- 
go ilL4kl&7fiht'eg# podstu,vieniu worloru I V  pozycji puru do grupy 
nitrowej. Dziulunieni jodkiem meiylu nu ukiuil: kurhounion-ni- 
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c z n i v i  inhihujp procc..r utleniuniu udduktbw aH. 
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NH,liq. Ph 
PhCH(Me)CN + NaNH, G=-=--+ p C N N a +  (a) 

I - 70 'C Me 1- 

Ph CN 
1- + O N O ,  NH,liq. M e D N 0 ; N s '  (b) 

- 70 QC 
2a 12-a 

12-a + KMnO, NH,liq. P h m N 0 2  (C) 

Me 
3a 

Scheine 1 .  Oxjclafve nucleophilic substitution of hydrogen in nitrobenzene with 
KMnO, ;is the oxidant. 

Table 1. The ONSH reaction of 1- with a aelcction of nitroarrnes 2a-r  (see 
Scheme 1 ) 

Ph*N02 

X 
3a-r 

X Y Yield 12 [a] Product Yield [b] I' [c] 

H H 99 
2- F H 99 
3-F 14 99 
2-CI 1H 99 
3 - 0  H 97 
2-Br H 99 
3-13r H 95 
2- I H 9s 
3- I H 96 
3.1' 5-F 99 
2 0  5-CI 99 
3-Cl 5-CI 99 
2-Br 5-Br 99 
3-F 5-1 99 
2-Me0 H x2 
3-Me0 H 99 
3-CN H 99 

3a 
3 b  
3 c  
3 d  
3e 
3f 

3h 
3i 

3k 
31 
3m 
3n 

3g 

3j 

30 
3 P  
3r  

90 
61 
96 
78 
90 
84 
7x 
85 
4 1  
61 
46 
traces 
33 
9 

63 
68 
67 

0.91 
0.62 
0.07 
0.79 
0.93 
0.85 
0 82 
0.87 
0.49 
0.62 
0.47 
0.01 
0.33 
0 09 
0.77 
0.69 
0.68 

[it] Percentage estimated by reaction with Me1 according 10 Scheme 2. reaction c. 
[b] Yields ("A) are of isolated products, except 31; when the yield o f3  was low (e.g 
31. 3n), 1 and the nitroarene were recovered: in all casez, over 90% of the starling 
matcrial was accounted for. [c] r = yicld of 3lpercentage 12-  formed. 

iments it was shown that 0.75 equiv of oxidant is sufficient; 
nevertheless, the rcsults reported in Table I were obtained for 
the ratio 1 : 1 : 1. Although it has already been reported that such 
carbanions react with nitrobenzene to give ONSH products in 
moderate yields even in the absence of an external oxidant,f61 the 
rate of this spontaneous oxidation reaction is much slower. Un- 
der the conditions (i.e. temperature, solvent, and reaction time) 
used in this paper, the conversion without added KMnO, was 
negligiblc (below 1 - 2 %). 

We decided to carry out a series of experiments with nitroben- 
zene, in order to verify our hypothesis concerning the the rela- 
tive rates of oxidation of the nucleophile and the 0'' adduct and 
to investigate further specific features of this reaction. The re- 
sults are presented in Scheme 2. The notation A + (B + C) indi- 
cates that reagent A was added to a mixture of B + C  two min- 
utes after B and C had been mixed. 

On the basis of reaction a in Scheme 2 (reaction 2a), we can 
conclude that oxidation of carbanions 1 - with potassium per- 
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G M e  + 1 (a) 1- + KMnO, -700C,2min, PhCOMe + Me 
NH,liq. 

then NH,CI CNCN 
4 (20 %) 5(80%)  traces 

NH,liq. 

then NH,CI 
1- + (2a + KMnO,) -700C,2min.- 3a(10%) + 4 ( 1 8 % )  + 5 ( 6 5 % )  (b) 

PhC(Me),CN 
NH,liq. 

then NH,CI 6 (98 %) 
'- + -7OOC, 2 min.) 

1(99%) + 6(1  %) (d) 
NH,liq. 
-70 oC. 2 min.* 
then NH,CI 

Me1 + (1- + Za) 

0.7 mol of 1 + 0.9 mol of 3a 
(9) 

1 mol of KMnO, + 

(2 mole of 1- + 1 mol of Za) 

NH,liq. 
-70 
then NH,CI 

+ 0.4 mol O f  (4 and 5) 

Scheme 2. Mechanistic investigations of the reaction shown in Scheme 1 (in reactions b, d, e, and g, the 
percentage of recovered Za is omitted for clarity; see Experimental Section for details). 

manganate in liquid ammonia is a fast process, producing ace- 
tophenone (4) and the dimerization product 5 in a ratio of ap- 
proximately 1 :4. Indeed, reaction 2 b shows that it proceeds 
faster than the addition of 1 - to  2 a:  when 1 - was added to  an 
equimolar mixture of nitrobenzene and KMnO,, the major pro- 
cess was oxidation of the carbanion to give 4 and 5 ,  and only 
small amounts of 3a and therefore the 0" adduct were formed. 
The high rate of oxidation of the carbanion and very efficient 
oxidation of the o" adduct when 1 -  and 2a  were mixed in 
advance (Scheme 1 )  suggest that equilibrium 1 b is shifted to the 
right and that the oH adduct 12-a is present in high concentra- 
tion. Looking for an independent method of confirming the 
high oH adduct concentration, we chose to  add Me1 to  the 
mixture, since this reagent reacts rapidly with the carbanion but 
not with the 0'' adduct. Reaction 2 c  was first used to show that 
the methylation of 1 - proceeds rapidly and quantitatively under 
the standard conditions. However, when Me1 was added to  an 
equimolar mixture of 1- and 2a only 1 % of the carbanion was 
alkylated, and the starting nitrile was recovered almost quanti- 
tatively upon quenching with NH,CI (reaction 2d). This indi- 
cates that most of the carbanion in the equilibrated reaction 
mixture was reversibly bound by nitrobenzene, obviously in the 
form of the o" adduct. Variation of the ratio 1-  and 2a  in 
reaction 2 d  and also of the reaction time confirmed that ni- 
trobenzene does not inhibit the alkylation; it simply reversibly 
adds close to an equimolar amount of the carbanion. Reac- 
tion 2 e  shows that the methylation of 1 - with Me1 and its addi- 
tion to nitrobenzene occur a t  similar rates. Reaction 2f indicates 
that oxidation of I -  proceeds faster than its alkylation: when 
1 -  was added to an equimolar mixture of Me1 and KMnO, the 

dominant process was oxidation of the carbanion 
to give 4 and 5 ,  whereas alkylation of 1 -  was 
much more slower. Thus, for the first time it has 
been unambiguously shown that 0'' adducts, 
formed from relatively free anionic species (i.e. 
loose ion pairs) and mononitroarenes. are present 
in high concentration in a highly polar solvent. 

A further important question concerns the rel- 
ative rates of oxidation of 1 ~ and 0'' adduct 
12-a  with KMnO,. According to our initial hy- 
pothesis the oxidation of 1 - with anionic oxidant 
MnO, should be somewhat hindcred by electro- 
static repulsion, and the 0'' adduct, in which thc 
negative charge is highly delocalized, should be 
oxidized faster. This hypothesis appears doubtful 
in the light of the high rate of the carbanion oxi- 
dation (reaction 2 b). Nevertheless, results of the 
experiments presented in equation 2g confirm 
this hypothesis. Here, a mixturc of 2 niol of 1 -  
and 1 mol of 2a was prepared. Given the practi- 
cally complete conversion of 1 -  and 2a into 
12-a when present in equimolar amounts in the 
equilibrated system (reaction 2 d), there should 
be practically equal concentrations of I - and 0'' 

adduct 12-a  in the above mixture. Upon addi- 
tion of less than 1 mol of KMnO,, a substantial 
amount of 3a was formed. This result indicates 
that oxidation of oH adduct proceeds faster than 
that of I - .  Thus, our initial hypothesis that 

KMnO, should oxidize 12-a faster than 1 - is correct, although 
there is n o  doubt that the high concentration of 12-a in this 
system is the major factor responsible for the successful ONSH 
reaction. 

There are numerous reports on the oxidation of carbanion- 
nitroarene oH adducts in which the oxidation agent was oxy- 
gen'', 71 or was not unambigously identilied.L8l It appears that 
oxidation with oxygen proceeds particularly well for oH adducts 
of secondary carbanions in the presence of an excess of base. 
This suggests that the species actually being oxidized are the 
dianions produced by deprotonation of the 0'' ad duct^.['"^ We 
attempted to  achieve ONSH in nitrobenzene with 1 using oxy- 
gen as the oxidant (Scheme 3). The oxidation of the o" adduct 
12-a  with oxygen was found to be slow (reaction 3 a). and the 
oxidation of the carbanion 1 - fast (reaction 3 b). It should be 
also noted that oxidation of 1- with oxygen (reaction 3b) and 
KMnO, (reaction 2a)  gave different ratios of the oxidation 
products 4 and 5 .  

The ONSH reaction of nitrobenzene with 1-  and KMnO, 
was successfully extended to a variety of substituted nitroben- 
zene derivatives. The results of these experiments, carried out 

NH,liq. 
(1- + za) + 0, -700C,2min- 1 2a 3a + 4 (a) 

then NH,CI 73% 91 % 8 % 16 % 

1 + 4 + 5  (b) 
NH,liq. 

then NH,CI 
I- + ' 2  -7ooc.2 rnin.) 

2 %  7 4 %  2 4 %  

Scheme 3. Attempted oxidative nucleophilic substitution of hydrogen i n  nitroben- 
zene with oxygen as the oxidant 
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ONSH product divided by amount of gH adduct 
determined by reaction with Me1 (Table 1).  Values 
of I* close to 1 indicate an effective oxidation; lower 
values indicate that the substituents a t  the aromatic ring inhibit 
the oxidation. This inhibitory effect, particularly in the case of 
the nitrobenzenes with 3-1, 3,S-C1,, and 3-1,5-F substituents (2i, 
2 I,  2 n etc.), appears to be steric in origin. Electronic effects can 
apparently be excluded, becausc the presence of one CI sub- 
stitucnt in the ring does not affect the oxidation process of the 
corresponding 0'' adducts (r(2-CI) = 0.79, v(3-Cl) = 0.93); 
thus, the clcctronic effect of the second C1 should also be negli- 
gible. 

A very important fcaturc of the reaction described here is its 
p i n i  selectivity. 111 all the nitrobenzene derivatives studied 
(Table I ) ,  we did not observe any formation of the  ortho ONSH 
products. Morcovcr, when nitrobenzene derivatives containing 
substituents in the puru positions were used (e.g. p-chloroni- 
trobenLene and p-nitrobiphenyl) , no ONSH products wcrc 
formed under the standard conditions; the nitroarene was re- 
covered and the carbanion oxidized according to rcaction 2 a .  In 
p-chloronitrobenzene, the S,Ar substitution of the halogen was 
observed to a small extent. On the other hand, this was the 
major process with p-fluoronitrobenzene. This selective para 
substitution and the absence of ONSH products in the ortho 
position can be rationalized by steric hindrance in the addition 
of the bulky, tertiary carbanions at  the ortho position and steric 
as well a s  electrostatic hindrance in the oxidation of the ortlio oH 
adduct. 

The reaction with Me1 provides important information about 
the equilibrium in Scheme 1 and about the presence of the d' 
adducts. However, it is only an indirect indicator, measuring the 
amount of free carbanion 1 - in thc rcaction mixture; the re- 
maining 1 - is assumed to have formed the G~ adduct. An inde- 
pendent. direct measure of the 0'' adduct concentration, based 
on its reaction with an electrophilc, would be of great interest. 
Moreover. such a reaction could also be of substantial value in 
synthesis. Trimethylsilyl chloride was expected to be a suitable 
electrophile, because of its "oxygenophilicity" ; however, for ob- 

under the standard conditions, are presented in Table 1. AI- 
though the ONSH rcaction of I with a variety of nitroarenes 
usuully gave the corresponding products 3a-r in  high yields, 
there were some nitroarenes that did not react satisfactorily. It 
was important to learn which step of this process was responsi- 
ble for the low yields of the ONSH products in these cases. In 
order to answer this question we estimated the concentration of 
the corresponding oH adducts 12- by means of the reaction 
with Me1 (see equation 2d) .  Usually a high concentration of the 
GI' adducts resulted in high yields of the ONSH products. There 
were, however, a few cases where yields of the ONSH products 
wcrc low in spite of practically quantitative conversion of the 
carbanion and nitroarene into 0'' adducts. This can undoubted- 
ly be explained by the substituents in the aromatic rings hinder- 
ing the oxidation, but not the addition process. 

This lack of correlation between formation of the 
d' adducts and yields of the ONSH products should Me Ph Me Ph 

provide some information concerning the parame- Q THFIDMFc 'GCN MeSiCl 'GCN 
ters affecting the oxidation process. For a simpler 
analysis of this correlation, we used a semiquantita- 
tive coefficient r. which is defined as the yield of 

vious reiisons it is not compatible with liquid ammonia. There- 
fore, the reaction of 12-a with Me,SiCI was attempted in a 
T H F / D M F  mixture at -70°C. It was first shown that 1- gen- 
erated under these conditions reacted almost quantitatively with 
methyl iodide. The methylation could thercfore be used in this 
solvent too to  measure the extent of oH adduct formation. Thus, 
nitrobenzene (2a) was added to a solution of I -  in T H F / D M F  
at - 70 ~ ' C ;  inethylation of 1 - in this reaction mixture occurred 
to a negligible extent, indicating high conversion of 1 into the 
0" adduct 12-a. Addition of Me,SiCI to the system 1 ~ and 2a 
in T H F / D M F  at -70 "C resulted in a light green coloration of 
the mixture, indicating formation of a nitroso compound. In- 
deed standard workup gave 7 a  in high yield (Scheme 4). The 
probable reaction pathway is shown in Scheme 4. 

Ph 

mF I I  - L - 1  I - 70 OC 
1- + 

NO 

l a  
NO2 
2a 12-a 

-&\ OSiMe, 
N 0; 

Scheme 4 Reaction of 1 2 ~  a with (CH,),SiCI 

The formation of substituted nitroso compounds by silylation 
of the 12-  G" adducts seems to be a general method for detect- 
ing nitroarenes entering the ONSH process. The procedure was 
succesfully tested on three nitroarenes 2a, 2e, and 2j, but failed 
for 2 1. In thc case of 2 a, 2e, and 2j, the starting nitroarenes were 
almosl completely consumed. However, the resulting nitro- 
soarcnes wcrc of limited stability and underwent partial or com- 
plete disproportionation during isolation and purification, to 
form the corresponding nitroarenes and azoxy compounds 
(Scheme 5 ) .  

Scheme 5 Disproportionation of nitrosoarenes 22. 2e. and Zj .  

Only in two cases (7a, 7e) were we able to  isolate the nitroso 
compounds and characterize them partially by means of ''N 
NMR and mass spectrometry. 3,5-Dichloronitrobenzene (21) 
did not show any reaction. When wc used highly electrophilic 
3,5-difluoronitrobenzene (2j), decomposition of the nitroso 
compound was so fast that the only products isolated after 
workup were 3j and 8j. 

As already mentioned, some oH adducts resist oxidation with 
KMnO, in liquid ammonia, although they are formed practical- 
ly quantitatively, as indicated by tests with MeI; for example, 
the value of r for 3,5-dichloronitrobenzene (31) is 0.01. The 
reasons for this behavior are not yet clear. Attempts to  con- 
vert this adduct into the nitroso compound by reaction with 
Me,SiCI in THF/DMF mixture also failed. It is known that 
some nucleophile-nitroarene 0'' adducts can be oxidized by 
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addition of bromine followed by elimination of HBr.lgl We ex- 
amined this method of oxidation for the oH adducts of I - with 
2a, 2i, and 21. For obvious reasons, this reaction could not be 
conducted in liquid ammonia. It was therefore attempted in 
THF/DMF at  -70°C.  The yields obtained were good for 2a 
(79%) and satisfactory for 2i (37%). In  the case of 21 this 
reaction was unsuccessful-the nitro compound and 1 were re- 
generated practically quantitatively. Taking into account that 
the G~ adducts of these nitroarenes are generated almost quan- 
titatively, as dctcnnined by the reaction with MeI, the sub- 
stituents in the aromalic ring apparently hinder the oxidation 
process. 

It should be stressed that the failure of the ONSH of 21 with 
KMnO, and Br, as oxidants and also the failure of silylation of 
12-1 are due to the resistance of this 0" adduct towards reaction 
with these reagents. Complete addition of 1- to 21 giving 12-1 
has been confirmed by the methylation test and supported by 
full recovery of 1 upon quenching of the reaction mixtures after 
treatment of 12-1 with KMnO, in liquid ammonia and bromine 
or Me,SiCI in THFiDMF. Free or weakly associated 1- would 
have reacted rapidly with these reagents. 

Experimental Section 

General: Melting points arc uncorrected. Infrared spectra were recorded on 
a Pcrkin Elmer 1640 spectrophotometcr. Elemental analyses were performcd 
by the Microanalysis Laboratory of IChO PAN. High-resolution El mass 
spcctra wcrc ohtaincd on an AMD604 mass spectrometer. 'H NMR spectra 
wcrc recorded on a Varian Gemini (200 MHz) spectrometer with eithcr the 
solvent 1-derencc or TMS as internal standards. '"N NMR were recorded on 
a Hruker AMKS (500 MHz) spectromcter. GC analyses were carried out o n  
a Shimadxu GC-14A instrument with a fused silica capillary column 
(0.25 mm x 25 m, SE-52-DF-0.25 pcrmabond). Thin-layer chromatography 
(TLC) was carried out on aluminum sheets precoatcd with silica gel 60F  
(Merck 5554). The plates were inspected hy U V  light. Column chromatogra- 
phy was carried out on silica gel 60F  (Merck, 230-400 mesh). Chemicals 
were commercial from either Aldrich or Fluka and used as received with the 
exception of 3,5-dichloronitrobenrene, which was prepared from 2.6- 
dichloro-4-1iitroanilinc.~~~~ Solvents were dried (DMF with CaH,, T H F  with 
sodium benxophenone ketyl) according to procedures described in the litera- 
tni-e.L'll All reactions were conducted under argon. The yields arc of isolated 
products without optimization. 

1) General Procedure for ONSH in Nitroarenes 2a-r: 2-Phcnylpropionitrile 
( I )  (I07 mg, 1.5 mmol) was addcd dropwise, within 30 s to a suspension of 
sodium ainidc freshly prepared from sodium (38 mg, 1 .65 mind)  In liquid 
ammonia (ca. 25 mL) a1 --70 C. After one minute nitroarenc 2a-r 
(2.5 mmol) dissolved in D M F  (1 mL) was added dropwise at  such it irate that 
the temperalurc did not exceed - 70 "C .  The reaction mixture was stirred for 
2 min, after which time solid potassium permanganate (237 mg, 1.5 mmol) 
was added in one portion. 'The reactioii mixture was stirred for 2 min and 
quenched with solid ammonium chloride (803 mg, 15  mmol). The aniinonia 
was evaporated. Extraction with CH,CIZ. washing with water and brine, 
drying with MgSO,, and chromatography yielded thc crude product. which 
was recrystallized rrom EtOtl  affording the pure nitro compound 3a-r. 

3 a :  M.p. 78 79 C (Lit. 76 C);"' ' H N M K  (200 MHz. [DJacetone. 25"C,  
TMS): B = 2.22 (s. 3 H ;  CH,). 7.33-7.54 (m. 5 H ;  Ph), 7.75 (m. 2 H :  AA' of 
AA'XX' system), 8.29 (tn, 2 H :  XX'  of AA'XX' system): IR (KBr): G = 2238 
(CN), 1522 and 1348 cm- '  (NO,); MS (70 cV, El) :  F J I / Z  ( O h ) :  252 ( 5 3 )  [A4 ' 1 .  

C,,Hl,NZ0,(252.27):calcdC71.42.H4.79, N 11.10;foundC71.37.H4.65, 
N 11.02. 

3b: Oil; ' H N M R  (200MHz, [DJDMSO. 25'C,  TMS): B = 2.18 (s, 3 H ;  
CH,),7.36-7.49(m,SH;Ph),7.45-7.52(ddd, ,J(H.H) = 2.1 Hz, './(F,H) = 

237(100)1M'  -CH3] ,206(4 ) [Mt  - N 0 2 j , 1 9 1 ( 4 3 ) [ M +  -NO, -Cl13]; 

1.0Hz,lH;H-9),7.68(dd,3.I(F.H)=12.4Hz,4/(H.H)=2.1 H r . I H ; H - 5 ) .  
8.22 ( t .  "J(F%H) = 8 H7, I H ;  H-8); 1R (Nujol): = 2239 (C"). 1538 and 
1346cm-' (NO,); MS (70eV. El): m:z ("A): 270 ( 5 3 )  [ M ' ] .  255 (100) 
[ M +  - CH,], 224 ( 5 )  [C, ,H, ,N,F:] ,  209 (73) [C,,H,N,F:]; 
C,,H,,N,O,F, (270.26): calcd C 66.66, H 4.10, N 10.37; found C 66.64. H 
4.03. N 10.34. 

3c:  Oil; ' H N M R  (200 MHz, [DJacetone, 25 'C. TMS): d = 2.24 (s. 3 H :  
CH,). 7.35-7.47 (m, 5H: Ph), 7.96~-8.06 (9, ',/(H,H) = 8.6 Hz. 'J(F,H) = 

8 Hz. t H; H-Y), 8.01 --8.09 (dd, 'J(F,H) = 10.9 HL, 'J(H,H) = 2.3 Hr.. 1 H;  
H-6), 8.21-8.28 (ddd, ,J(H,H) = 8.6 Hr,  'J(H,H) = 2.3 Hr. 'J(F.H) = 

1.0 H7, 1 H ;  H-8); IR (Nujol): C = 2241 (CN). 1532 and 1353 cni (NO,), 
MS (70eV, EI): nzjr (Oh): 270 (53) [ M  ' I .  255 (100) [ M i  - CH,]. 224 (7) 
[ C , , H , , N , F ~ ] ,  209 (39) [C,,H,N,F;]: C , , H l , N 2 O L F ,  (270.26): calcd C 
66.66, H 4.10, N 10.37; found C 66.59, H 4.04. N 10.31. 

3 d :  M.p. 49-51 'C (Lit. 51 "C);['l ' H N M R  (200 MHz. [D,]acetone. 25 'C. 
TMS): 0 = 2.24(s. 3 H ;  CH,), 7.35-7.58 (in, 5 H ;  Ph).  7.67 (dd. "J(H.tI) = 

X.10 (d. ,.J(H,H) = 8.4 H a ,  1 H;  H-8): IR (KBr): i = 2240 (CN).  1525 and 
1345cm-' (NO,); MS (70eV, El): ~ 1 1 , ~  (%): 286 (57) [M+] .  271 (97) 
[M' - CHJ ,  225 (18) [ M +  - CH, - NO,], 190 (100) [C',,H,N:]. 
C,,H,,N,O,CI, (286.74): c:llcd C 62.93, H 3.88. N 9.79. Cl 12.22; found C 
62.X3, H 3.69, N 9.79, CI 12.39. 

3e:  M.p. 89 -90 C (Lit. 92 '" ' H  NMR (200 MH7, [D,]acetonc. 25 C, 
TMS): 6 = 2.24 (s, 3 H ;  CH,). 7.26-7.46 (m. 5 H ;  Ph), 8.19 ((1. ZJ(H.H) = 

8.8 Hz. ,J(H.H) = 2.4Hz. 1 H ;  H-8); TR (KBr): C = 2240 (CN). 1517 and 
1348 e n - '  (NO,): MS (70eV, El): n z ; ~  (%): 286 (82) [,2.1+], 271 (100) 

(286.74): calcd C 62.93, H 3.88, N 9.79, CI 12.22; found C 62.84. H 3.79. N 

~ . ~ H Z , ~ J ( H , H ) = I . ~ H ~ ,  l H , H - 9 ) , 7 . 7 6 ( d , ' J ( H , H ) = 1 . 9 H ~ .  1 H ;  H-5). 

8.8Hz,IH;H-9),8.28(d,,J(H,H) = 2 . 4 H z , l H ; H - 6 ) , 8 . 3 8 ( d d . ' ~ ( H . H ) =  

[M' - CHJ,  251 (57) [M'  - Cl]. 190 (93) [C,,H,N:]: C,,H,,N,O,CI, 

9.86. CI 12-08. 

3f: M p. 82-84°C (Lit. 8 5 " C ) ; [ " ]  'H NMR (200 MHz, [I),jacctonc. 25 C. 
TMS): ~7 = 2.25 (s, 3 H ;  CH,). 7.36-7.58 (m. 5 H ;  Pli), 7.71 (dd, .'J(H.H) = 
8.5 Hz. ,J(H,H) = 2.1 Hz, 1 H :  H-9), 7.92 (d. "J(H,H) = 2.1 Hz, 1 H .  H-5). 
8.04 (d. 'J(H,H) = 8.5 Hz, 1 H ;  H-8): IR ( K B r ) :  7 = 2242 ( C N ) .  1523 Lurid 
1342cm-' (NO,);MS(70eV. EI):~ii /z( 'h):  332(37)and 330(37)[M.']. 317 
(61) and 315 (61) [M' - CH,], 236 (57) [Mt - CH, - Br]. I00 (100) 
[C,,H,N;I: C, ,H, ,N20,Br,  (331.17): calcd C 54.40, H 3.35, N 8.46. Rr 
24.13; found C 54.41, H 3.19. N 8.43, Br 24.04. 

3 g :  M.p. 1 1  1 112'  C ;  'H NMR (200 MHz, [D,]acetone. 25 'C, TMS). 
6 = 2 26 (s. 3 H ;  CH,), 7.21-7.48 (m, 5 H ;  Ph), 8.17 (d. 'J(H,H) = 8.8 Hz. 
1 H ;  H-Y), 8.46 (dd, 'J(H,H) = 8.8 Hz, ,J(H,H) = 2.5 Hz. 1 H ;  tl-8). 8.76 (d. 
"J(H.H) = 2.5 Hz. 1 H;  H-6); 1R (KBr) :  i = 2238 (CN). 1526 and 1346 c m - '  
(NO,) :  MS (70cV, EI): n7)z (YO): 332 (72) and 330 (73) [.2f+]. 317 (28) and 
315 (28) [ M i  ~ CH,]. 251 (90) [M' - Br]. 236 ( 6 5 )  [ M a  - CH,' - Br]. 205 
(X6) [M' - Br-NOJ, 190 (20) [ C , , H , N ~ ] : C , ~ H , , N ~ O , B r l  (331.17): calcd 
C 54.40, H 3.35,  N 8.46, Br 24.13; found C 54.49, H 3.27, N X.42, Br 24.25. 

' H N M R  (200 MHz, [D,]acetonc. 25 C, TMS): 
6 = 2.23 (s. 3 H ;  CH,), 7.35-7.58 (ni. 5H:  Ph), 7.71 (dd, 'J(H,H) = 8.5 H T ~  
,.I(H.H) = 2.1 HZ, 1 H ;  H-9), 7.98 (d. ,J(H.H) = 2.1 Hz. 1 H :  t.1-5). 8.16 (d. 
".I(H,H) = 8.5 Hz, 1 H ;  H-8); IR (KBr): ? = 2244(CN), 1522 and 1340 cln I 

( 5 )  [C,,H,N,Of]. 190 (37) [C,,H,N;]; C1,H,,N,O,I, (378.17): calcd C 
47.64. H 2.93. N 7.41. 133.56, found C 47.83. H 2.86. N 7.36. 133.42. 

3i:  M.p. 117 - 118 C: ' H  NMR (200 MHr,  [DJacetone, 25 C. TMS): 0 = 

2 . 2 h ( s , 3 H ; C H 3 ) , 7 2 1  7 .48 (m,5H:P l i ) ,X . l7 (d , -~J (H ,H)=X.8 f l z ,  1 H ;  

'J(I1,H) = 2.5 HI, 1 H ;  H-6); IR (KBr): S = 2238 (CN),  1523 and 1349 cm ' 

[M' - I - CH,]. 205 (72) [ M +  - 1 - NO,], I90 ( 5 6 )  [C,,H,N:j: 
C, ,H, ,N,O,I ,  (378.17): calcd C 47.64, H 2.93, N 7.41. I 33.56; lound C 
47 .W H 2.88, N 7.40, 133.66. 

(NO,); MS (70 eV, EI): n?,'- (@A,): 378 (100) [M '1. 363 (76) [ M  - CH,,]. 237 

H-9). 8.46 (dd, .'.I(H,H) = 8.8 Hz. ,.I(H,H) = 2.5 Hz, 1 H: H-X), 8.76 (d. 

(NO>);  M S ( ~ O ~ V , E I ) : , ~ ~ ! ~ ( O / ~ ) :  378(1011)[~+1,251 ( 7 6 ) [ ~ +  - 11,236(18) 

3j: Oil; ' H N M R  (200 MHr, [D,]acetone, 25 'C .  TMS): ii = 2.30 ([. 
,J(F,H) = 3.0Hz. 3 H ;  CH,). 7.34-7.54 (m. 5 H ;  Ph).  8.01 (m. 2 H ;  AA' 01' 
AA'XX' system); 1R (KBr):  V = 2243 (C"), 1538 and 1351 cm (NOZ);  MS 
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(70eV. EI): 1 7 7 / 3  (YO): 288 (100) [M'], 273 (100) [M' - CH,]. 242 (6) 
[ M a  - NO2]. 227 (20) [Cl,H7NIF:], 215 (6) [C,,H,F:]; C l sHloN,02F2  
(288.25): calcd C 62.50, H 3.50, N 9.72; found C 62. 36, H 3.28, N 9.68. 

3k:  M.p. 145- 147 'C ;  ' H N M R  (200 MHz, [D,]acetone, 25°C. TMS): b = 
2.27 (s. 3 H ;  CH,), 7.32-7.49 (m- 5 H ;  Ph). 8.18 (s. 1 H ;  H-9). 8.19 (s, 1 H ;  
ti-6);lR(KBr):G=2240(CN),1521 and1349cm- '  (N02);MS(70eV.EI) :  
177 : (%): 320 (65) [M'], 305 (41) [Mt - CH,], 285 (100) [ M i  - CI], 239 
(29) [M'  - C1 -NO2],  224 (78) [C,,H,N,CI:]; C l sHloN202CI ,  (321.16): 
calctl C 56-10. H 3.14, N X.72, CI 22.08: found C 56.11. H 3.02. N 8.66, Cl 
22.03. 

31: Yield of 1 %  estimated by GCiMS: m;z (YO): 320 (51) [M'], 305 (46) 

[ M .  - C1 - NO,], 224 (100) [C,,H,NICI:]. 

3m: M.p. 165- 166'-C; ' H N M R  (200 MHz, [DJacetone, 25"C, TMS): 
ri = 2.28 (s, 3 H ;  CH,), 7.30-7.48 (m, 511; Ph), 8.30 (s, 1 H ;  H-9), 8.31 (s, 
lH ;H-6) ; IR(KBr) :  i. =2237(CN),1519and 1338c in~ ' (N02) ;MS(70eV.  
E l ) .  n / z  (%): 408 (91) [ M + ] ,  393 (17) [ M i  - CH,], 331 (100) and 329 (99) 
[M' - Br], 285 (58) and 283 (58) [ M i  - Br - NO,], 250 (55) [M+ - 2Br], 
204 (55) [ M +  - 2Br - NO,]; C,sH,oN20,Br, (410.07): calcd C 43.94, H 
2.46, N 6.83, Br 38.97; found C 44.06, H 2.33, N 6.85, Br 38.85. 

3n:  Oil: ' H N M R  (200 MHz, [DJacetone, 25 'C ,  TMS): 6 = 2.33 ( 5 .  3H:  
CH,%). 7.27-7.52 (m, 5H;  Ph), 8.24 (dd. 'J(F,H) =12.7 Hz, ,J(H,H) = 
2.4 Hz, 1 H ;  H-6), 8.63 (dd, ,J(H,H) = 2.4 Hz, 5J(F,H) = 1.4 Hz, 1 H ;  H-8); 
I K  (KBr): i = 2236 (CN),  1531 and 1347 cm-I (NO,); MS (70 eV, El): mi= 
(%):  396 (100) [ M  $1: 269 (22) [ M i  - I]; 254 (22) [ M  ' - 1 - CH,]; 242 (48) 
[M - I  - HCN]; 223 (47) [ M +  - - I -  NO,]; 208 (55) [M' - I  - 
NOz - CH,]: HRMS (El) m/z  calcd for C, ,H,oN20,F,I , :  395.977108, 
found: 395.977989. 

3 0 :  M.p. 107-109T  (Lit. 109'C);L"1 ' H N M R  (200MH2, [DJacetone, 

[ M i  - CH,], 285 (98) [ M i  - CI], 258 (68) [M ' - C1 - HCN], 239 (33) 

25"C, TMS): d = 2.22 ( s ,  3 H ;  CH,), 3.99 (s, 3 H ;  OCH,), 7.16 (dd, 
'J(H,H) = 8.5 H L ,  ,J(H,H) = 2.0 Hz, 1 H ;  H-9), 7.39 (d, ,J(H,H) : 2.0 Hz, 
1 H ;  H-5), 7.34 7.55 (m. 5 H ;  Ph), 7.89 (d, ,J(H,H) = 8.5 Hz, 1 H ;  H-8); IR 
(KBr): i. = 2239 (CN), 1513 and 1344 c m -  (NO,); MS (70 eV, El): mjz (%): 

C,,H , ,N203 (282.30): caicd C 68.08, H 5.00, N 9.92; found C 68. 06, H 5.02, 
N 990.  

3p:  M.p. 117-118'C; ' H N M R  (200 MHz, [D,]acetone, 25"C, TMS): 
6 = 2.15 (s, 3 H ;  CH.,), 3.80 (s. 3 H ;  OCH,). 7.30-7.41 (m. 5 H ;  Ph), 7.80- 
8.01 (m, 3H;Ar ) ;  IR(KBr): G = 2240(CN), 1520and 1346cm-'(NO,);MS 
(70 eV, EI): miz (%): 282 (37) [M+], 267 (41) [ M +  - CH,], 91 (100) [C7H:]; 
C,,H,,N,O, (282.30): calcd C 68.08, H 5.00, N 9.92; found C 68.05, H 4.93, 
N 9.87. 

3r:  M.p. 124-125°C; ' H N M R  (200 MHz, [DJacetone, 25°C. TMS): 
6 = 2.34 (s, 3 H ;  CH,), 7.35-7.52 (m, 5 H ;  Ph), 8.30-8.34 (m, 1 H ;  H-9), 
8.66 -8.74 (m, 2 H ;  Ar); IR (KBr): i = 2235 (CN). 1529 and 1354cm-' 
(NO,):MS(70eV,El):m~z(%):277(54)[h.l+],262(100)[M' - CH,],216 
(38) [M' - CH, -NO,]; C,,H,,N,O, (277.28): calcd C 69.31, H 4.00, N 
15.15; found C 69. 36, H 3.85, N 15.27. 

2) Experimental Procedure for Reactions Shown in Scheme 2: 
a )  Oxidation of1 ~ with KMnO,: KMnO, (237 mg, 1.5 mmol) was added in 
one portion to a solution of 1 (197mg. 1.5mmol) in liquid ammonia, 
prepared as described in procedure 1.  After 2 min the mixture was quenched 
with NH,CI, the ammonia evaporated, and the residue analyzed by GC/MS 
using biphenyl as an internal standard: 4 (20%), 5 (SO%), 1 (traces). 

hJ Reaction o f 1  ~ with equimolar mixture of 2a  und KMnO,: A solution of 
1- (197 mg. 1.5 mmol) in liquid ammonia, prepared as described in proce- 
dure 1, was added in one portion to a solution of KMnO, (237 mg, 1.5 mmol) 
and 2 a  (185 mg, 1.5 mmol) in liquid ammonia (ca. 25 mL) at -70°C. After 
2 min the mixture was quenched with NH,CI, ammonia evaporated, and the 
residuc analyzed by GC/MS using biphenyl as a n  internal standard: 2 a  
(90%), 3a (10'%), 4 (18%), 5 (65%)). 

c )  Rwction of 1 -  wifl7 M e l :  Me1 (213 mg, 1.5 mmol) was added in one 
portion to a solution of 1- (197 mg, 1.5 mmol) in liquid ammonia, prepared 

282 (100) [hi'], 267 (41) [hi+ -CH,], 221 (76) [C15HllN,0:]; 

as described in procedure 1. After 2 min the mixture was quenched with 
NH,CI, ammonia evaporated, and the residue analyzed by G C  using 
biphenyl as an internal standard: 1 (traces), 6 (99%). 

d)  Reaction of Me1 with equimolar rni-yture of 2a  and I - .  Me1 (213 mg, 
1.5 mmol) was added in one portion to a solution of 1- (197 mg, 1.5 mmol), 
prepared as described in procedure 1, and 2a (185 mg, 1.5 mmol) in liquid 
ammonia. After 2 min the mixture was quenched with NH,CI. the ammonia 
evaporated, and the residue analyzed by G C  using biphenyl as an internal 
standard: 2 a  (98%), 1 (99%), 6 (1"h). 

c )  Reuction of 1 -  with equimolar mixture of2a and Mel:  A solution of 1- 
(197 mg, 1.5 mmol) in liquid ammonia, prepared as described in procedure 1, 
was added in one portion to a solution of Me1 (213 mg, 1.5 mmol) and 2a 
(1 85 mg, 1.5 mmol) in liquid ammonia (ca. 25 mL) at - 70 ' C .  After 2 min the 
mixture was quenched with NH,CI, the ammonia evaporated, and the rcsidue 
analyzed by G C  using biphenyl as an internal standard: 1 (48%), 2 a  (99%). 
6 (52%). 

. f ]  Rearlion of 1 -  with eqtiimolur mixture of KMnO, and MeI:  A solution of 
1 (1 97 mg, 1.5 mmol) in liquid ammonia, prepared as described in proce- 
dure 1, was added in one portion to a solution of KMnO, (237 mg, 1.5 mmol) 
and Me1 (213 mg, 1.5 mmol) in liquid ammonia (ca. 25 mL) at - 70 C. After 
2 inin the mixture was quenched with NH,CI. the ammonia evaporated. and 
the residue analyzed by GC/MS using biphenyl as an internal standard: 4 
(17'%), 5 (73%), 6 (10Yo). 

g )  Rcacrion of K M n O ,  with equimolar mhturc. o/ 1 -  and oH (idduct 12-a :  
KMnO, (237 mg, 1.5 mmol) was added in one portion to a solution of 1 
(394 mg, 3.0 mmol), prepared as described in procedure 1, and 2 a  (185 mg, 
1.5 mmol) in liquid ammonia. After 2 min the mixture was quenched with 
NH,CI, the ammonia evaporated, and the residue analyzed by GC using 
biphenyl as an internal standard: 1 (35%). 2 a  ( lo%),  3a  (90%), 4 and 5 
(20%) 

3) Experimental Procedure for Reactions Shown in Scheme 3:  
a) Reaction of cquimolur mixture q f l -  and 2a with owygm: A strong stream 
of oxygen was bubbled through a solution of 1- (197 mg, 1 5 mmol), pre- 
pared as described in procedure 1, and 2 a  (185 mg, 1.5 mmol) in liquid am- 
monia. After 2 min the mixture was quenched with NH,CI. the ammonia 
evaporated, and the residue analyzed by GC using biphenyl as an internal 
standard: 1 (73%), 2 a  (91%), 3 a  (So/"), 4 (16%). 

h )  Rraction ?/ I with oxygen: A strong stream of oxygen was bubbled 
through a solution of 1 ~ (197 mg, 1.5 mmol) in liquid ammonia, prepared as 
described in procedure 1. After 2 min the mixture was quenched with NH,CI, 
the ammtrnia evaporated, and the residue analyzed by GC using biphenyl as 
an internal standard: 1 ( 2 % ) ,  4 (74%), 5 (24%). 

4) Reaction of Anionic uH Adducts 12-a, 12-e,  and 12-j  with Me,SiCI: 
A solution of 2-phenylpropionitrile (197 mg, 1.5 mmol) and nitroarene 
(1.5 mmol) in D M F  (1 mL) was added dropwise to a solution of tBuOK 
(185 mg, 1.65 mmol) in anhydrous T H F  (20 mL) at -70°C under argon. 
After completion of the addition (1 min), the reaction mixture was allowed 
to stir for 2 min, and the orange solution was treated with Me,SiCI (0.5 mL). 
The resulting clear solution was stirred a t  -70°C for 0.5-1 h, and HCI 
( l o % ,  10mL) was then added. Extraction with CH,C12, washing with 
KHCO, ( 5 % ) ,  water, and brine, and drying with MgSO, yielded the crude 
product, which was purified by flash chromatography affording the light 
green oil. 

7a:  Yield 319 mg(90%);grcenoil; I4N NMR(500 MHz, [D,]acetone.25 C, 
CH,NO,): 6 = -132 (CN and NO,,,,,), 527 (NO,,,,,,,); MS (70 eV, El): 
mi; (%): 236 (100) [M+], 221 (9) [ M +  - CH,], 206 (38) [ M +  -NO].  190 
( 5 2 )  [C I .HxN :I. 

7e:  Yield 285 mg (70%); green oil; 14N NMR (500 MHz, [D,]acetone, 2 5 ° C  
CH,NO,): 6 = -130 (CN and NO,,,,,), 527 (NO,,,,,,,); MS (70eV. EI): 
m/z (%): 270 (100) [ M + ] ,  255 (22) [ M +  - CH,], 240 (22) [ M +  - NO]. 225 
(12) [M' - N O  - CH,], 205 (34) [M+ - NO - CI], 190 (71) [C,,H,N;]. 

3j: Yield 86ing (20%); Sj: Yield 135 mg (34%); Oil; ' H N M R  (200 MHz. 
[D,]acetone, 2 5 T ,  TMS): 6 = 2.20-2.30 (m, 6 H ;  CH,), 7.35-7.51 (m. 
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10H;  Ph),  7.75-7.88 (m, 4 H ;  A A  of A A X X  system), 7.90-8.03 (m, 4 H ;  
AA' of AAXX'  systcm); IR (KBr): i = 2238 (CN), 1480cm-' (N=N);  MS 
(70 eV, El): r n / i  (%): 528 (97) [ M ' ] ,  513 (57) [ M '  - CH,], 512 (51) 

C,,H,,N,O,F, (528.16): calcd C 68.18, H 3.81, N 10.60; found C 68.12, H 
3.84, N 10.44. 

[ M +  - 01, 242 (100) [M' - 0 ~ NZ],  227 (40) [C,,H,N,F;]; 

5) Products of Decomposition of Nitroso Compounds 7 a  and 7e :  
3a:  Yield 123 mg(36%); 8 a :  Yield 126mg (41%); oil; 'HNMR (200 MHz, 
[D,]acetonc, 2 5 C  TMS): 8 = 2.18 (s, 3 H ;  CH,), 2.20 (s, 3 H ;  CH,), 7.31- 
7.55 (m. 10H; Ph), 7.56-1.72 (m, 4H; AA' portions of AA'XX' systems), 
8.14-8.40 (m, 4 H ;  X X  portions of AA'XX systems); 1K (KBr): 5 = 2238 
(CN), 1464cm-' (N=N); MS(70eV, EI):rn/z(%): 456(39)[M*],440(12) 

(456.55): calcd C 78.92, H 5.30. N 12.27; found C 78.83, 5.21H, 12.19 N .  
[M' - 01, 206 (100) [M' - 0 - NJ,  190 (23) [CI,H,NT]; C3,H,,N,OI 

3e:  Yield 70 mg (23%); 8e:  Yield 177 mg (64%); Oil; ' H  NMR (200 MHz, 
[DJDMSO, 2 5 ° C  TMS): 6 = 2.19 (s, 3 H ;  CH,), 2.22 (s, 3 H ;  CH,),  7.25- 
7.50 (m, 12H;  aromatic protons), 8.00-8.50 (m, 4 H ;  aromatic protons); IR 
(KBr):; = 2236(CN), 1460cm~'(N=N);MS(70eV,EI):rn/z(%):524(76) 

190 (35) [C,,H,N:]; C,,H,,N,O,CI, (525.44): calcd C 68.58, H 4.22. N 
10.66, CI 13.49; found C 68.45, H 4.05, N 10.71, CI 13.48. 

[ M + ] ,  508 (23) (M' - 01, 489 (40) [Mf - Cl], 240 (200) [M' - 0 - N,], 

6) Reaction of Anionic (F" Adducts with Bromine-Syntheses of Nitro Com- 
pounds 3a  and 3 i :  A solution of 2-phenylpropionitrilc (197 mg, 1.5 mmol) and 
nitroarene (1.5 mmol) in DMF (1 mL) was added dropwise to  a solution of 
tBu0K (185 mg, 1.65 mmol) in anhydrous THF (20 mL)  at  - 70°C under 
argon. After completion of the addition (1 min), the reaction mixture was 
stirred for 2 min and treated with hrominc (0.4 mL, excess). The resulting 

deep orange solution was stirred at  - 70 'C  for 40 min. and Et,N (1 m L )  was 
then added. After 20 rnin thc solution was treated with aqueous NnHSO, 
( 5 % ) .  Extraction with CH,CI,, washing with KHCO, ( 5 % ) ) .  water. and 
brine, and drying with MgSO, yielded the crude product. which was recrya- 
tallized from EtOH affording the pure nitrocoinpound 3a (79%) 01- 3i  
(37%). 
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