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Abstract-The reaction of monoenolate anions with O,NCM@X where X = Cl, N&, p-MePhS& yield coupling 
(RCOCIW’MCMQNO~ and enolate dimerization products (RCOCH(R’)CH(R’)COR) by free radical chain 
mechanisms involving bimolecular substitution or electron transfer reactions between the enolate anion and the 
intermediate nitro akane radical anion (XCMeN02:). 

2-Substituted-2-nitropropanes (XCMe2N02, X = Cl, NO*, 
p-MePi&&) react with carbanions which are weak 
nucleophiles such as nitronate anion? or the enolate 
anions of Bdiketones?” B-keto esters,S*” or malonic 
esters to yield substitution products by a photostimulated 
free rza&cal chin process involti;lqp prqom%on steos 
l-3?‘@ ~??uw tit tie Z-n&&propyl rdo%iti rlr &- 
volved 

XCMe2N02,-- X- + 02NCMe2- (1) 

02NCMe2* t A-- 02NCMe+A*- (2) 

both.anions and increases the selectivity in the attack by 
!&&NO*. 

With more easily oxidized carbanions such as the 
anions of Fig. 1, little or no substitution is observed in 
the reaction with XCMe2N02.‘2*‘3 Bere, the major reac- 
Gon is one of o*&a%ve &meiua%on Ireackon S‘, V&I 
f&iirzz&M uf l4f~*&+w2 - WGii X~&*lV?* to yti 
02NCMe2CMe2N02 via the chain sequence of reactions 
(l)_(3). 

2R:- t XCMe2N02- R-R t X- t Me2C=N02-. 
(4) 

c&NCM&A .- +zwM~,Ng_B~a~9.- Dne &e~I&&oJJ 03 obese re@s js that the aDjons of 

Fig. 1 prefer to react with MezCN02 by electron transfer 
t 02NCMe2A (3) (reaction 4a) rather than by addition (reaction 2a). 

in react& (2) is <m%ed by Cht otrstrvacion <haz wtren [ Mt*c=Nc%,-+R- 
&&&&+%---J 

(4%) 
Me&=+&&- & &&$9&&&-w s&&z&&~ 
in this process, the ratio of the two substitution products 1 Me2C(N02)R--. (2a) 
(02NCMe&Me2N02 and &NCMe2C(Me)-(C02Et)3 are 
not only independent of the concentration of XCM%N02 
employ& but are also independent of the nature of the 

The oxidative dimer can be formed by coupling of two 

leaving group X (Table l).ll We conclude that in these 
radicals ia a uau-ctii reactian, or gassibly by a chain 

substitutions that the leaving group has left before the 
sequence in which an alkyl radical is trapped by the alkyl 
anion (reactions 5-7). 

new (C-C bo~~rf ti beeD formed iD reacti 12). la 
competition experiments of this type large t&.cts of R. ‘r R--R-R.- (5) 
solvent and counter-ion are observed upon the relative 
reactivities (Table 1). Thus, the relative reactivities at 25” R-R*- t XCMe2N02- R-R t XCMsN02*- (6) 
of MeC(C02Et)2- and Me&=N02- (b/l) in 
Me&C%:, J2~22$c~yph~d hvard the Me,C~B are XM~9NQ,~- +R--R . +X- +Me,C=rJB-. 13) 
10: 1 but in the presence of 1M Li’ the values of k$k,, 
are - 0.5 in MeSO, 4.0 in DMF and > 70 in THF. In The rapidity with which the anions of Fii. 1 react with 
Me2S0 01 JBHJ we are obse~w t_be eBe& of preJ- >f%&j& &Z&9 &&JZd &B&C hYEIS&dL?D Whkb 

erenti;P)roYP~b~t;lne~8)raedt~~f~~fedac- &&&~ti~fl&%5&ti~iA&&$rX:-iS 
tion cccurrimg ti &e icee auiau ad &e &-paired ati&& Ca U. aoss ia wti& R* is caaveti Ca U-U. The 
species. The observed values of t/k,, are thus a func- 
tion of the Li’ concentration. Since malonate ions are 

absence of significant amounts of the cross coupling (or 
substitution) products, RCMe2N02, in these reactions is 

better complexing agents than nitronate anions towards 
Li’, we are observing the competition of &&NO2 for 

noteworthy. It does seem that the common feature of the 
anions of Fii. 1 is that they have a low oxidation 

malonate anions more hiy complexed with Li+ than potential because of the formation of a resonance stabil- 
are the nitronate ions. In TIFF both anions are highly ized free radical R.. Thus, when the less easily oxidized 
ion-paired and we see that as ion-paired species the value 
of kJk. is larger (> 70) than for the free ion &JR. = 

AlkC = C:- is employed, reaction (4) is no longer obser- 

10). Ion pairing apparently decreases the reactivity of 
ved and the coupling product (AlkC =CCMe,NO,) is 
formed in good yield in a process which proceeds rapidly 

1059 
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Table 1. Relative reactivity of M= MeC(C02Et)- and N = Me2C=N02- towards Me#NOz generated from 
XCMe2N0f 

Solvent and Counter-ion J&n'!& 

Cl-CHe2NOZ 02UCMe2N02 ~-Blb'PhS~2CMe2NO2 

k, [2.2.21-cryptand, TSP 0.4 ___ --- 

X+,'[2.2.21-cryptand, TSP- 1.7 -__ ___ 
Me2so (9O:lO) 

X+, [2.2.21-cryptand, Me2S0 12 ___ 10 

0.1 M_ Li+, Me2S0 0.15 0.19 ___ 

0.2 E Li+; SMPA 0.22 ___ ___ 

0.2 E Li+; Me2~0 0.26 0.24 0.22 

0.5 M_ Li+, Me2so 0.305 ___ 0.28 

1 ; Li+, Me2so 0.47 0.41 O . 44b_*c 

0.2 E Li+, DMP 1.3 0.7 1.0 

1.6 g Li+, DMP 4.5b -VW 4.1 

0.2 E Li+, TSP >70 ___ --_ 

0.2 E Li+, 12-crown-4, THP 20 

0.2 5 Li+, TIiF-DMF (9O:lO) 18 

0.2 g Li+, THF-DMF (50:50) 1.9 

%e values of k+& were 0.31 with 0.25 M C1CHe2N02 and 0.29 with 

0.10 2 C1CMe2N02 

%ame,relative reactivity observed for M- = N- 

for M-Li+ = N-Li+ 

= 1.2[LilTotal and 

= 0.1 M_ with excess LiI added. 

%alues of k_/k_ were 0.41, 0.45, 

0.1 and 0.05 M_, respectively. 

0.47 with pMePhS02CHe2N02 = 0.5, 

at - 78O.l’ The fact that either Me2C(N02)2 or 
ClCMe,N02 can be employed, strongly suggests that a 
radical chain reaction is involved. 

The reaction of AlkC = C:- with ClCMe2N02 shows 
dramatic effects of solvent and counter ion.” Working 
with M’/Me,SO or Na’/NH3 none of the coupling 
product is observed whereas with Li’lTHF or 
Mg++/hexane the coupling product is observed. We now 
recognize a number of similar reactions with mono- 
enolate anions (E-) wherein coupling to yield 
ECMe2N02 is observed only in a non-polar solvent such 
as THF with a counter-ion such as Li’.14 Furthermore, 
with secondary monoenolate anions the reaction with 
XCMe2N02 forms both the oxidative dimerization 
product (EE + Me2C=N02- + X-) and the coupling 
product (E-CMqN02 + X-) and from an analysis of the 
competition between reactions (8 and 9), we deduce that 

--I-- 
ECMe2N02 + X- 

XCMe2N02 + 
C 

E- 
(8) 

1 E-E t Me2C=N02- t X- 
D 

(9) 

substitution follows reactions (10 and 3) rather than 
reactions (l-3) while dimerization occurs by reactions 
(5-7) (R- = E-).I’ With the monoenolate anions reac- 
tions (1 and 2) have merged into a single reaction (reac- 
tion 10). Competition between reactions (10 and 7) 
determines whether the coupling or dimerization product 
will be formed as shown in Scheme 1. 

XCMe2N02*- t E-- ECMe2N02*- t X- (10) 

Table 2 presents evidence that in the reaction of 
PhC(OLi)=CHMe PhC(OLi)=CHPr-i with 
ClCMe2N02 that bothReaction (8 and 9) are free radical 
chain processes which are completely inhibited by the 
presence of (t-Bu)zNO*. Table 2 also shows that the 
coupling product (C) is formed in THF-hexane (60 : 40) or 
THF-hexane-Me2S0 or HMPA (53 : 34: 13) in the 
presence of Li’ as the counter ion but is not a significant 
product in Me2SO/K’ where the product of oxidative 
dimerization (D) is the predominant product. The ratio of 
C/D for PhC(OLi)=CHPr-i increases from 0.06 in THF- 
hexane (60:40) to - 1 when 20 ~01% (based on THF) of 
Me,SO or HMPA is added. The reaction of 
PhC(OLi)=CHMe ‘is less dependent upon solvent but 
with both substrates little coupling product is formed in 
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I”: 
C 
1 

H83sio-~,:-Li+ 

1:: 
c 
I 

C2H50CH(CHJ)-C:-Li+ 

0 0 0 0 

f-l 
Y 

Ph Li+ 

n 
sXs 

CHJ Li+ 

il 

iii 
.C 

I 
Ph-C:-N*+ 

0 0 

0- Na+ 
1 : 
C=CfSCH,, * 

?- K+ 

TC -0 -3 

0 

,0- Na+ 
(Ph) 2C=CH-CH=C, 

olzt 
Fig. 1. Anions which react with XCh&N& to yield products of oxidative dimerization. 

02N+Xp-+ E - 

/Al_ ., 
C$N+E*-• X’ E* )=NO; +x - 

02N +E-- + X-f- 
E* t E-b E-E.- 

02N+X * E-E.- 

Scheme 1. Substitution and oxidative dimerization mecbaaism (bimolecular). 

10096 Mc#O or HMPA as solvents. It’appears that tight can be excluded as a source of the oxidative 
E-L? ion pairs (Present in THF) have a greater ten- 
dency to react with XChl~No2 to give substitution than E- + XCMQNO~ E-X + h&C=N4- 01) 
the looser E- ion pairs (present in M&O or HMPA) 
which react predominantly by electron transfer to give E-X+ E-~EhEtX- (12) 
dimerization producg (i%E) derived from the enolate 
radical. dimerization product since the presenct of (t-BuhNO. 

As MezSO *or HMPA is added to the THF-hexane completely prevents the formation of E-E but appears to 
(60:40) solvent, chlorine atom transfer(reaction 11, X = have no effect on the formation of PhC(=O)CH(Cl)Pr-i 
Cl) occurs for PhC(OLij=CHPr-i. However, reaction (12) by nucleopbilic attack on chlorine. 
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Experiments with added Me2C=N02- (Table 2) 
exclude reaction (13) as a source of C. The ratio of C/D 
is unaffected by the presence of 

Me&=N02-~ ECMe2N02~-~ C (13) 

E. + 
--e 

E-- EEe- -D (14) 

Me2C=N02- or by the concentration of either E- or 
ClCMe2N02. It thus appears that once E. has been 
formed it reacts more readily ‘with E-L? than with 
Me&=N02-Li’. Ion pairing probably has a large effect 
on the reactivity of the anions but it certainly appears 
that the preference of reaction (14) over reaction (13) is 
contrathermodynamic in that the formation of 
ECMe,NO,.- is a more exothermic process than the 
formation of EE.-. The enolate radical reacts with the 
anion which is the stronger base (E-). A similar obser- 
vation has been made for the reaction of Me radicals 
with triarylmethide ions.16 

The data of Table 2 require that some intermediate in 
the radical chain process undergoes competitive reac- 
tions of the same kinetic order with E- to yield even- 
tually products C and D. Competitive reactions 4a and 2a 
of the f-nitro-Zpropyl radicals with E- would fulfill this 
requirement. However, as shown in Table 3 the ratio of 
C/D depends strongly upon the leaving group. For 
PhC(OLi)=CHMe the ratio of C/D in THPhexane 
(60:40) decreases from 1.3 with X = Cl to 0.5 with X = 
NO, or p-MePhSO*. The reactions are still free radical 
chain processes and the ratio of C/D is uneffected by the 
presence of Me2C=N02- and independent of the con- 
centrations of XCMe2N02 or E-. We conclude that the 
leaving group X is still present in the intermediate whose 
reactions channel E- to either the coupling or dimerixa- 
tion product. Reaction of XCMelN02*- with E- appears 
to be the point at which this competition is established. 

XCMe2N02*- t E- 
k r X- + ECMe2NOz*--lf-*c 
’ 

2 X- t Me&=N02- t E-2 D 

Perhaps both reactions proceed uiu a common’iter- 

Table 2. Reaction of ClCMe2N02 with PhC(OLi)=CHR in THF-hexane (60: 40) 

R Conditionsb- Products (9) f'? 
PhCCC(R)=CW2 

PhC~H(R)CMa2NO2 [PhCWH(R)+2 

Me 

Me 

Me 

Me 

Me 

Ne 

t4.e 

Me 

Me 

A-Pr 

i-Pr 

&-Pr 

L-Pr 

i-Pr 

&-Pr 

i-Pr 

-200, 13 vol % HMPA 

32O 

350, 100% TEF 

2S", dark, 4 hr, 0.05 M_ 
(~-eu)2No. 

O-100 

O-100, diluted 5-fold with 
TSF 

o-100, 2 eq. ClCMe2N02 

OO. 13 vol B EMPA 

0°, 13 vol 8 HMPA, 0.05 M_ 
(~-Bu12NO' 

0°, 13 vol 0 HMPA, 0.15 M_ 
Me2C-N02Li 

350, 13 vol 0 Me260 

o-100, 0.25 h, 13 vol % 
Me2so 

o-10*, 0.25 h, 38 vol % 
Me2so 

300, apt 1(+. 100% Me260 

359 

2S", dark 

25*, 0.05 E (~-Bu)2NO' 

350, 0.5 E 12-crown-4-ether 

0'. 13 vol 0 Me2so 

00, 13 vol 8 He2so, 0.05 M_ 
(&-Bu)~NO- 

35*, 0.5 h, 13 vol t He280 

0 49 

40 0 

50 0 

0 0 

70 0 

78 0 

66 0 

76 4 

0 0 

52 11 

28 21 

48 7 

17 24 

0 7 

4 0 

4 0 

0 0 

8 0 

24 (8.5)C 

0 (29)C 

25 w= 

0 

37 

28 

0 

OD 

1.3 

1.8 

-_- 

23 3.0 

19 4.1 

22 

12 

0 

3 ..o 

6.6 

--- 

14 4.0 

13 

11 

3.8 

5.0 

12 3.3 

31 0.22 

66 0.06 

68 0.06 

0 ___ 

69 0.12 

32 0.75 

0 --- 

25 1.0 
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Table 2. (Cm@ 

R Conditionsb- Products (*) C/D - - 
PhCOC(R)-CMe2 

PhCOCH(R)CMe2NO2 WhCoCli(R)-+* 

L-PZ 

I-Pr 

i-Pr 

i-Pr 

&-Pr 

A-Pr 

&-Pr 

iPr 

&-Pr 

i_Pr 

i-Pr 

A-Pr 

Et 

Ph 

Ph 

o-30*, 13 vol 8 8MPA 

o-30*, 13 vol 8 HMPA, 0.15 
E He2C=NO2Li 

o-10*, 13 vol 4 HMPA, 2 eq. 
ClCMe2NO2 

o-10*, diluted S-fold with 
T?RrHMPA (80:20) 

100, 38 vol t Me260 

100, 38 vol 8 Me2S0, 0.05 
n (~-Bu)~NO. 

350, K+, 1ooe He280 

+ 1008 Me so, 
f';; ;,'(~-Bu)~N& 

So, 1004 HMPA 

o-100, 13 vol 4 DMP 

o-10*, 13 vol % pyridine 

O-100, 13 vol 8 TMEDA 

-10-00, 13 vol 8 HMPA 

350, 3 h (24 h) 

35*, 3 B, 0.05 n_ (&-BIl12tVO* 

35 

29 

25 (712 

28 

16 

0 

2 

0 

0 (351% 0 ___ 

21 (4): 31 0.68 

16.5 (<2)C 71 0.23 

7 (Cl)C 60 0.12 

73 --- 13 5.6 

c2 0 66(82) <O.Ol 

0 0 0 _-- 

(1712 

(18)c 25 0.05 

(3015 0 ___ 

42 0.83 

42 0.69 

37 0.68 

26 1.1 

23 0.70 

0 .-__ 
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%_-BuLi in hexane (5 mmol, 3.2 mL) wan reacted with 5-5.5 mm01 of (&-Pr)2N?I 
in 5 mL THp at -50°. The solution wae warmed to O" and then cooled to -30° 
and the ketone added dropwiee to give a reaction mixture -0.5 n in enolate 

anion. Additional co-eolvent, 1 eq of C1CMe2N02 and other added reagents were 
added at Oa or 2S". 

&lees otherwise indicated reaction6 were performed for 1 h with irradiation 

from a 275-W munlamp. Dark reaction6 were performed in ordinary laboratory 

lighting. 

%hvH(Cl)Pr-&. %908 of PhCOCH2Ph recovered. 

mediate. For example, electron transfer from E- to 
XCM&N02*- might form in a cage, 

(XMe2C=N02-E-1. 

Collapse in the cage of Em and Me2C=N02- would lead to 
ECMe2N02.- while escape from the cage would yield E. 
which can be trapped by E- to yield the dimerixation 
product. 

The reaction of an enolate anion with XCMe2N02.- 
seems unlikely from electrostatic considerations. 
However, it may be that this electrostatic repulsion is 
overcome by easily oxidized anions and that the second 
electron may be added to XCMe8N02 more readily than 
the first. The second reduction of XCMe2N02 would 
almost certainly be dissociative and lead to the formation 
of two stable anions. The reaction of XCMe2N02-- with 
E- may be analogous to an electrochemical reduction in 
which the second electron transfer occurs more readily 
than the first, e.g. the reduction of many p-ben- 
xoquinones. The effect of tire counterion certainly cannot 

be ignored since we are dealing with highly ion-paired 
species in THF/Li+. 

Reactions of RC(OLi)=CH, (R = t-Bu, Ph or t-BuO) 
with XCMe2N02 are summarized in Table 4. Now 
ClCMe2NOa in THF: hexane (60:40) leads only to the 
coupling product. However, with t-BuC(OLi)=CH8 the 
product of oxidative dimerixation becomes important 
when the oxidant is Me2C(N0& or p- 
MePhS0&Me2N02. With these oxidants, nitro group 
transfer (reaction 11, X = NOa) becomes important for 
r-BuC(OLi)=CH8 or t-BuOC(OLi) = CK, but it was also 
observed for PhC(OLi)=CHCH, (Table 3). The nitro 
group transfer is not inhibited by the presence of (t- 
B&NO- and in the presence of (t-B&NO. the a-nitro 
ketone is not converted to D. Nitro group transfer is not 
a requirement for the formation of D. Thus, 
PhC(OLi)=CHMe reacts with p-MePhSOKMe2N02 
(Table 3) to yield large amounts of D without formation 
of the u-nitro ketone or p-MePhS02CMezH which is 
observed when IhO transfer from - 
MePhS02CMe2N02 occurs (e.g. see Table 4). Prop:- 
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Table 3. Reaction of PhC(OL.i)=CHbfe with XC&N& io THP:hcxaoe (60:40) at 3P” 

X Products (%I C/D . _ 
PhCOCHWeD!e2NO2 [PhCOCN(W+2 PhCOCHMe~x 

Cl 40 37 0 1.3 

NO2 10 17 24 '0.59 

' p+lePhSO, 20.5 52 15 0.39 

~*HePhSO,~ 26 47 5 0.55 

@lePhSO,+E 32 54 5 0.59 

%te footnotee a and k of Table 1 for conditione. 

&Diluted 5-fold with TSP. 

c3 eq. pUePhS02C!Me2N02 employed. 

Tabk 4. Reaction of 2 cquivaicots of RC(OLiJ=C!H~ with 1 cquivaleot of XCMCZNOZ in THF-hcxaoc (60:40) 

R x Conditioneb- Product (8)g 
Rcocn-cm2 Other 

mcOCti2-1 2 

g-BU Cl 

g-eu Cl 

+-au NO2 

g-Bu NO2 

+-Bu NO2 

t-SU '@lePhS02 

&-Bu pMePhS02 

g-eu @4ePhSO,~ 

t-Bu pMePhSO,c- 

t-%u e+ePhSO, 

Ph Cl 

g-BuO Cl 

&-I&IO NO2 

C-DUO pMePhS02 

3h 72 

25*, 19 h, 101 6 
(~-Bu)~NO' 

3h 20 

3 h, 1 eq 14e2C=N02Li 25 

25O, 20 h, 101 
(~-Bu)~NO* 

3h 

O*, 1.5 h 

1.5 h, 13 vol % 

1.5 h, 13 vol t 
1 eq 14e2C=N02Li 

25*, O2 

-200, 138 HMPA 

7 

26 

10 + 256 

Me280 45 

Me2so 29 

2 

97 

-30° to 25*, 1.5 h 89 

1.5 h 0 

1.5 h 7 

5 

2 

30 t-BuCOCH2N02, 15 

27 g-BuCOCH2N02, 13 

9 r-BuCOCIi,NO,, 16 

38 

46 

10 

6 

(02NcnS2+2, 5 

(02Nm2--t2, 39 

PhCOCH3, 90 

g-BuOC+0)CH2N02, 

62 

t-BuOC(=01CH2N02, 

33 

@4ePhS02CMe2H, 58 

@ePhS02Chle2N02, 

37 

%ee footnote 5, Table 1. 

%Jnlter othtrwiee indicated reactions were irradiated for 1 h with a 275-U 
eunlanp which maintained a temperature of 35-C. 

%aeed on a theoretical yield of 1 equivalent. 

&-BuCOCW2CMe2N02. 
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phenone enolate does yield sign&ant amounts of 
PhCOCH(CH,)SOzPhMe-p (Table 3), perhaps from 
reaction of E. with p-MePhSOz-. 

Elimination of the elements -of HNO, from C (a ,9- 
nitro ketone) becomes more important at higher tem- 
peratures and when polar cosolvents are added to the 
THF-hexane (60:40) solvent. The lZ& elimination is also 
more important for the coupling products formed from 
la-enolate anions than T-enolates. Because of this, the 
reactions of Table 4 were performed with two 
equivalents of the enolate anion and yields are based on 
the expectations of reaction (15). 

The reactions of Scheme 1 are not exclusive of the 
radical chain process depicted in reactions (l)-(3). It is 
possible that in certain cases substitution and dimeriza- 
tion can be occurring in competitive bimolecular 
(Scheme 1) and unimolecular (Scheme 2) reactions of the 
intermediate XCMe,N02--. In such cases the partition- 
ing of the reaction according to the two Schemes should 
be a function of the concentration of the nucleophile 
with high concentrations favoring Scheme 1 and low 
concentrations favoring Scheme 2. It does appear that as 
the ability of the nucleophile to donate an electron 
increases that the course of the reaction changes from 

RC(O-)=CH, + XCMe2N02-RC(=O)CH2CMe2N02 + X- 

RC(O-)=CH2 t RC(=O)CH2CMe2N02-RCOCH3 t RCOCH=CMe, + NO - 

2 
ZRC(O-)=CH, t XCMe2N02+ RCOCH, t RCOCH=CMe* t X- t NO*- 

The variation of k./%, with the structure of E- seems 
to be quite logical. As the structure of R in 
PhC(OLi)=CHR is varied from R = H to Me, i-Pr or Ph 
the ratio of L/t for ClCMe2N02 in THF-hexane 
(60: 40) varies from =(R = H) to O(R = Ph). The value of 
k./%, is larger for R = Me than for R = i-Pr indicating 
that steric hindrance favors electron ,transfer over sub- 
stitution. However, the major structural effect seems to 
be the stability of E* formed by electron transfer which 
of course increases in the series PhC(=O)CHR from 
R=H to R=alkyl to R=Ph. With t-BuC(OLiKH2 
either the k, or k., process can occur with appropriate 
oxidants, but with t-BuOC(OLi)=CH, only the k, process 
is observed with reaction (11) an important side reaction. 

Other mono-enolate anions show a similar effect of 
products on the structure of XCMe2N02--. Thus, 
cyclohexanone in THF-hexaneHMPA (53 : 34: 13) yields 
85% of the coupling product at -20” with ClCMe2N02 
but with Me2C(N02)2 oxidative dimerization is the major 
reaction pathway. 

that depicted in Scheme 2 to the reaction of Scheme 1. 
In the present work if reactions with X =Cl, 02N, 

p-MePhSO, all proceed by the same chain mechanism, 
this must be the one depicted in Scheme 1. On the other 
hand, it is possible that with X = Cl the reactions follow 
Scheme 2 involving a free 2-nitro-2-propyl radical but 
with X= 02N or p-MePhSO1 the. reactions follow 
Scheme 1 without the intervention of a free 2-&o-2- 
propyl radical. The explanation that the sequences of 
both Schemes 1 and 2 are both present for all leaving 
groups seems untenable since competition between 
Scheme 1 and Scheme 2 should depend on E- concen- 
tration. However, the ratio C/D was independent of [E-l 
for both X = Cl and X =p-MePhSO,. Of course both 
schemes cannot lead to the same ratio of C/D since 
otherwise there would be no effect of X on C/D. 

Bimolecular reactions of aromatic radical anions lead- 
ing to substitution products have been mentioned in the 
past, but often without direct experimental support. 
Shein has suggested that substitution reactions of p- 

02N+X’- 

4 
O,Nd- + X - 

4 
0 2N+N’- N-. ;=NO; 

N. . N--s N-N-- 

02N+X . N-N*- 

N-N 

0$+X.- 

Scheme 2. Substitution and oxidative dimerization mechanism (unimolecular). 
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dinitrobenzene,” p-nitrochlorobenzene,‘* or 2,4dini- 
trochlorobenxene’9 involve reaction (16). It has been 
demonstrated by Abe and Ikegami that 

/” -x- -e 

[ArX].- t N+Ar .-2--, -ArN+X- 

displacement of nitrite ion by hydroxide ion from o- or 
pdinitrobenxene is kinetically controlled by the attack 
of hydroxide ion on the dinitrobenzene radical anion.” It 
has also been recently demonstrated that mercaptide 
nucleophiles attack dopasemiquinone more readily than 
the free quinone and that this has considerable bio- 
chemical importance?1 It thus appears that in both 
aromatic and aliphatic chemistry, the bimolecular inter- 
action between a nucleophile and a radical anion can 
occur. In view of this conclusion it seems appropriate to 
be cautious in assigning the SRN’ mechanism (i.e. reac- 
tions 1-3) to all aromatic substitution processes proceed- 
ing oia a radical chain sequence.= Only when com- 
petitive substitution reactions yield products consistent 
with known reactivities of the aromatic radicals can 
these processes be accepted as established. 

With monoenolate anions we have seen reactions (1 
and 2) merge in the reactions of 2-substituted-2&t- 
propanes. It is possible to consider reactions (3 and 1) 
also merging into a single step, i.e. dissociative electron 
transfer. This is a possibility in the free radical chain 
substitution reactions of organomercury halides (Cl, Br, 
I) with nitronate anions, reaction (17):’ 

b” 
RHgX*- t Me,C=N02-- RCMezN02 t Hg” t X- 

(17) 

For this reaction the chain sequence can be written as 
reactions (l’-3’). However, there is as yet no evidence 
for the intermediacy 

RHgX- - R. t Hg” t X- (1') 

R. t Me2C=N02-- RCMe2N02*- (2’) 

RCMe2N02~- t RHgX+ RHgX*- t RCMe2N02 (3’) 

of RHgX--. The intermediacy of the free alkyl radical in 
this substitution process is easily demonstrated by using 
the A’-hexenyl-mercury halide. Only cyclixed products 
are isolated and the ratio of cyclopentylcarbinyl to 
cyclohexyl product of %/4 is in excellent agreement with 
other reactions of the A’-hexenyl radical (Scheme 3).= 

CONCLUSMIN 

Free radical chain processes involving attack of 
nucleophiles upon radical #anions in a bimolecular 
process are important for nuclcophiis which easily loose 
one electron. Such processes are involved in the reaction 
of XCMezNOz where X = Cl, NO2 or p-MePhSOa with 
lo- or 2“-monoenolate anions such as PhC(OLi)=CHR 
with R = Me or i-Pr, t-BuC(OLi)=CHa or cycloalkanone 
enolate anions. Such processes may be fairly widespread 
in organic chemistry. Radical chain substitutions involv- 
ing nucleophihc attack may also proceed without the 
intervention of the substrate radical anion if electron 
transfer is a dissociative process. 

2Chloro-2-nitropropaa~~pro~,~ and 2-(ptolyl- 
sulfonyl)_2-nitropropane~ were prepared by literature procedure, 
Lithium t-butoxide prepared from clean lithium wire and tert- 
butyl alcohol under nitrogen was >95% pure by titration. 
Commercial samples of lithium iodide, n-butyllithium, diisopro- 
pylamine, potassium tert-butoxide, [2.2.2]-cryptand and 12- 
crown-4 ether were employed. Solvents were dried and fraction- 
ally distilled from calcium hydride and stored over molecular 
sieves under nitrogen. 

Competitive alkyiation of lithium diithyl methylmalonate and 
lithium 2-nitropropane were performed by the addition of 5 mmol 
of diethyl methylmalonate and 5mmol of 2-nitropropane to a 
well stirred solution of I1 mmol of lithium tert-butoxide in 45 mL 
of solvent under nitrogen. After 10 m the solution was irradiated 
with a 250-W sunlamp at 6Ocm and a &oxygenated solution of 
the 2-substituted-2-nitropropane (5mmol in 5mL of solvent) 
added. After 90m the solution was poured into water and the 
resulting mixture repeatedly extracted with ether or benzene. 
The organic’extract was washed, dried over h&SO,, the solvent 
evaporated under reduced pressure and the residue analyzed by 
integrated PMR spectra using wei&ed amounts of DMF or 
phthaliie as references. Relative values of L/k,, were calculated 
by means of the equation, 

k,/k, = log(l-fractional yield OsNC!Me$(Me)(CC#th) 
/log (l-fractional yield GsNCMesCMesNO~. 

Competitive experiments utilizing K+, [2.2.2l-cryptand were 
performed by the addition of 0.80 mmol of potassium tert-butox- 
ide in 2 mL of solvent under nitrogen with stirring to a solution 
of 0.80 mmol of [2.2.2]-cryptand in 3.6 mL of solvent followed by 
the addition of 1.6mL of a OZM solution in diethyl methyl- 
malonate and 2-nitropropane. After lOm, sunlamp irradiation 
was commenced and 1.6mL of a 0.2SM solution of the 2- 
substituted-2-nitrouropane added. After 90m the reaction mix- 
ture was analyzed-as described above. 

Reactions of lithium enolates with 2-substituted-2-nitropro- 
panes in THF-hexane-cosolvent systems were performed ht a 
25mL 3-necked flask equipped with a magnetical stirring bar, 
thermometer and two rubber septa which were wrapped and 
sealed with PanefIlm. A moderate stream of nitrogen was passed 
through the flask via hypodermic needles in the septa for lO- 
15 m. Tetrahydrofuran (5 mL) and 5.2 mmoles (5% excess) of 

7 H2* F;HsCMc,NO, 

c cl 
RHgX .- + /-CH,. 

hl12C=N02- + 
2) -*- 

> 

. CMe2N02 

0 
Scheme 3. 
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diisopropylamine, cyclohexyiisopropylamine or hexamethyl- 6 = 0.7-1.3 (m, 6H), 1.6-2.1 (m, 4H) 4.05 and 5.55 and t, 
disilaxane were added by syringe and the flask cooled to -70”. 

(q ZH), 

3.3mL of 1.5SM n-butyllithium in hexane (5.1 mmoles, 23% 
6.9-8.0 (m, 1OH); IR (neat) 168Ocm-‘): 2,3disopropyl-1,2- 

excess) was added by syringe to the magnetically stirred solution. 
diphenyl-l&butanedione (from isovalerophenone); b.p. 158-164” 
(0.2 torr); ‘H NMR (CDCI,), 6 = 0.85 (d, 6H, J = 11 Hz), 1.02 (d, 

The flask was Lent at -60” for 3-5m, allowed to warm to 
- -lo”, and then cooled again. The hthium enolates were 

6H, J= 11 Hz), 2.22 (m, 2H), 4.31 (m, ZH), 7.26-7.58.(m, 6H), 

generated by a careful, dropwise addition (5-10 m) of the ketones 
7.83-8.20 (m. 4H): IR (CHCb) 1680 cm-‘: MS (70 ev). m/e = 

by syringe to the well-stirred solution at -40” to - 30” (the 
322.19233 (1.9%);225 (2%), ti (3%), 162’(4%), i61 (5%); 160 

euolate anion of tert-butyl acetate was generated at -78”). The 
(5.7%), 145 (5%), 1299 (5%). 105 (lOO%), 77 (47%); talc. for 

cooling bath was removed and the enolate solution was allowed 
CmH%Os, 322.1933: 1,2,3,4-tetraphenyl-1,4_butanedione; m.p. 

to stir for lO-15m. After that time additional cosolvents, 
148-154’; ‘H NMR (CDCls) & = 5.40 (s, 2H), 7.07 (s, lOH), 7.41 

reagents or inhibitors were added. The 2-substituted-2-nitropro- 
(m, 6H), 7.92 (m, 4I-I); IR (CHCIs) 1678 cm-‘; MS. (70ev) 

Dane (5 mmol) or its solution in THF was iniected and the 
nde=390.16336 (cl%), 389 (l%), 371 (I%), 285 (2.4%), 269 

reaction conducted with a 275-W sunlamp 2&30cm from the 
(1.3%), 268 (4.5%), 179 (2.9%), 122 (1.5%), 165 (46.7%), 78 

reaction flask. 
(lOO%), 77 (99.8%); M.W. talc. for CssHzzOs, 390.1620 (lit.s233 
m.p. 159-160”, 256257”; IR, 1667 cm-‘). 

For reactions of lithium enolates with 2-substituted-2-&o- 
propanes in pure THF or HMPA, the lithium enolate in THF- 
hexane was prepared as described. The flask was attached to a 
vacuum pump and the solvents were slowly evaporated at - 30- 
0” to yield the lithium enolate as a white solid. The flask was 
filled with nitrogen and 10mL of oure THF or HMPA were 
added. When thi lithium enolate had dissolved, 5 mmoles of the 
2-substituted-2uitropropane or its solution in THF or HMPA 
was injected. 

Reactions of potassium enolates with 2-chloro-2nitropropane 
in pure h&SO were performed by adding potassium hydride 
(2-3 g of a 23.6% dispersion in mineral oil) to a dried, 3-necked 
Bask under nitrogen. The oil was removed by C5 washings with 
dry pentane under nitrogen. The oil in pentane was removed with 
a syringe from the solid potassium hydride after which 15-20 mL 
of MesSO was added under nitrogen. About 1 hr of stirring 
produced a clear, yellow-green solution of potassium dimsylate 
(0.5 M). The exact concentration of the base was established by 
titration of an aliquot. The potassium dimsylate solution 
(5 mmoles) was transferred to the reaction flask under nitrogen 
and 5 mmoles of the carbonyl compound added dropwise to the 
well stirred base at room temperature. The potassium enolate 
solution was allowed to stir for another 5-10 min before 
5 mmoles of ZcMoro-2-nitropropane was injected. 

Analysis of the products of enolate anion reactions was per- 
formed by pouring the reaction mixtures into a separatory funnel 
containing 80-100 mL of water or brine and 30-40 mL of ether. 
The organic layer was separated and the water layer extracted 
two times with 15 mL of ether. The combined ether layers were 
washed once with 20-25 mL of 0.25 N hydrochloric acid to 
remove the amine. For the reactions with 2,2dinitropropane or 
2-nitro-2-p-tolylsulfonylpropane, the water layer was additionally 
neutralized with diluted hydrochloric acid and then extracted 
again with ether to extract a-nitroketones or a-nitroesters. The 
organic layers were washed once with 1OOmL water and dried 
with anhydrous magnesium sulfate. The solvents were partially 
evaporated and the mixture was preliminarily analysed by gas 
chromatography. The rest of the solvent was vacuum 
evaporated, and a weighed amount of phthalide as an internal 
standard added. PMR spectra (60 MHz) of the crude mixture was 
taken in deuterochloroform (1% TMS). The yields of the 
products were calculated from the integrated product and stan- 
dard signals of this mixture after the reaction products had been 
isolated by distillation and identified by ‘H NMR, IR, and MS 
spectra. 

The following oxidative dimerixation products were isolated 
and identified: 2,2,7,7-tetramethyl-3,6octanedione (from 
ninacolone): b.n. 107-110” (10 torr): ‘H NMR (CDCM 6 = 1.18 (s. 

REFERENCES 
‘Ekctron Transfer Processes. Part 29. This work was supported 
by Grant CHE-7823866 from the National Science Foundation. 

*Ll W. Siegle and H. B. Hass, J. Org. Chem. 5, 100 (1940). 
3G. A. Russell and W. C. Danen. J. Am. Chem. Sot. 88. 5663 
(1966): 90,347 (1%8). 

‘N. Kornblum and S. D. Boyd, Ibid. 92,5784 (1970). 
sG. A. Russell. R. K. Norris and E. J. Panek. Ibid. 93. 5839 
(1971). 

‘jJ. J. Zeilstra and J. B. F. Engberts, Reel. Trunu. Chim. Puys-Bas 
92,954 (1973). 

‘N. Kornbltun, S. D. Boyd and N. Ono, I. Am. Chem. Sot. %, 
2580 (1974). 

“G. A. Russell, B. Mudryk and M. Jawdosiuk, Synthesis p. 62 
(1981). 

‘E. E. van Tamelen and G. van Zyle, J. Am. Chem. Sot. 71,835 
(1949). 

“‘N. Kornblum, R. E. Michel and R. C. Kerber, Ibid. 88, 5660, 
5662 (1966). 

“G. A. Russell, F. Ros and B. Mudryk, Ibid. 102,760l (1980). 
“G. A. Russell, M. Jawdosiuk and hf. Makosxa, Ibid 101,2355 

(1979). 
13G. A. Russell and C. Kaupp, Ibid. 91, 13851 (1%9). 
“G. A. Russell, M. Jawdosiuk and F. Ros, Ibid. 101,3378 (1979). 
lJG. A. Russell, B. Mudryk, M. Jawdosiuk and Z. Wrobel, 1. Org. 

Chem., submitted. 
16L. M. Tolbert, Ibid. 102,353l (1980). 
“S M. Shein, L. V. Bryukhovetskaya, F. V. Pischugin, V. F. 

Stavichenko, V. N. Pan8lev and V. V. Voevodskii, J. Streutoral 
Chem. 11,228 (1970). 

‘*S M. Shein L. V. Bryukhovetskaya and T. M. Iranova, Zzu. 
Akod Nauk’SSSR, Ser. Khim. 1594 (1973). 

19S. M. Shein, L. V. Bryukhovetskaya, A. D. Khmelinskaya, V. 
F. Starichenko and T. M. Ivanova, Re&s. Sposobnost. Org. 
Soedin, 6, 1087 (1%9) (Chem. Abstr. 73, 246% (1970)); L. A. 
Blyumenfel’d, L. V. Brvukhovetskava. G. V. Fomin and S. M. 
Shein, Russ. 1. Phys. C&n. 44,518 (1970). 

?. Abe, Chem. L&t. 1339 (1973); T. Abe and Y. Ikegamo, Bull. 
Chem. Sot. Japan 49,3227 (1976); 51, 1% (1978). 

*‘N. N. Nkpa and M. R. Chedekel, 1. Grg. &em. 46,213 (1981). 
uJ. F. Bunnett. Accts. Chem. Res. 11.413 I19781 
uG. A. Russell; J. Hershberger and K: Owens, J.’ Am. Chem. Sot. 

101, 1312 (1979). 
uG. A. Russell and J. Hershberger, 1. Orgnnomet. Chem. in 

press. 
zL. W. Seigle and H. B. Hass, J. Org. Chem. 5,100 (1940). 
“R. B. Kaplan and H. Shechter, J. Am Chem. Sot. 83. 3535 

iSH), 2.78. (s, -4H); IR (neat) 1763 cm-’ Qitssrs h:p. lOa_ltl? 
(10 torr); ‘H NMR S 1.2, 2.8; IR 1706 cm-‘): 2,3diiethyl-1,6 
diphenyl-l?l_butanedione (from propiophenone); b.p. 153-160 

(1961). - 
s”J. J. Zeilstra and J. B. F. Engberts, Reel. Tran. Chim. 93, II 

(1974). 
(0.1 torr); m.p. 67” (meso), 80-82” (racemic); ‘H NMR @Xl.+) mR. Ramasseul and A. Rassat, Bull. Sci Chim. Fr., 2214 (1%3). 
6 = 1.18 (d, 6H, 1=6.8Hz), 3.82 (m, 2H), 7.39 (m, 6H), 7.83 (m,, 
4H); IR (CHCb) 1683 cm-’ (lit.2o m.p. 67” (meso), 86-87’ (race- 

“L. Nilsson and C. Roppe, Acta. Chem. Sand B30,lOOO (1976). 

mic); ‘H NMR (CD&) S = 1.27, 3.75, 7.2-8.0; IR (KBr)= 
“‘C. W. Perry, M. V. Kalning and K. H. Deitcher, 1. Org. Chem. 

37,4371 (1972). 
1680cm-‘): 2,3diethyl-1,4diphenyl-l&butanedione (from buty- 
rophenone); b.p. 156-165 (0.1 torr); m.p. 68-68“, 87-92“; ‘H NMR 

“H. Inoue, M. Sakata and E. Imoto, Bull. Chem. Sot. lap. 46, 
2211 (1973). 

(CDCIJ S = 0.78 (t, 6H, J = 7.5 Hz), 1.70 (m, 4H), 3.95 (m, ZH), ‘*H. Suginome, J. Org. Chem. 23, 1044 (1958). 
7.37 (m, 6H), 7.81 (m, 4H); IR (CHCIJ) 1682 cm-’ (lit.” ‘H NMR “M. Pailer and U. Mtiller, Monatsh. Chem. 79,615 (1948). 

TE7 Vol. 38. No. 8-D 


