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ArCHX + ArNO, - ArCHX. + ArNO,.‘ (7) 

ArCHzX + ArNO,*‘ - ArCH,X*- + ArNO, (8) 

ArCH,X *- - X’ + ArCH, - ArCH,CHXAr*- 

ArCH,CHXAr*’ + ArNOz - 
A r E H X  

(9) 

ArCH,CHXAr + ArNO, (10) 

ArCH,CHXAr + ‘OH - ArCH=CHAr + H,O + X‘ 

X = C1, Br,  or I 
(11) 

The results of reactions in the presence of p-dinitroben- 
zene are shown in Table I, from which the change in prod- 
ucts obtained is immediately evident. Under nitrogen, 
4,4’-dinitrostilbene is obtained from reactions of all four 
halides together with small amounts of 4-nitrobenzyl alco- 
hol and 4,4’-dinitrot0lane.~ Low yields of bis(4-nitrobenzyl) 
ether are’obtained from all compounds except the fluoride 
from which a large amount of this Rroduct is formed. Reac- 
tions under air gave large amounts of the cis- and trans- 
4,4’-dinitrostilbene epoxides but  decreased amounts of 
4,4’-dinitrostilbene from the chloride, bromide, and iodide. 

The epoxide presumably arises via 4-nitrobenzaldehyde 
(eq 5 and 6). No evidence of 4,4’-dinitrobenzyl was ob- 
tained, suggesting that  4,4’-dinitrostilbene is only formed 
by oxidation of this intermediate if this oxidation is 100% 
efficient (cf. base-catalyzed oxidation of 4-nitrotoluene1°). 
It is of interest to  note that  formation of the epoxides ap- 
parently occurs only a t  the surface of the solution. 

The increasing strength of the carbon-halogen bond with 
decreasing atomic weight of the halogen increases the sta- 
bility of the corresponding a-halo carbanions and shifts the 
equilibrium of eq 1 to the right. Reaction via the s N 2  path- 
way, which involves attack on neutral reactant molecules, is 
thus progressively disfavored on going from iodine through 
to  fluorine, as is reaction via the a-ElcB mechanism, which 
requires carbon-halogen bond breakage. Although the for- 
mation of radical anions from 4-nitrobenzyl and 4-nitro- 
cumyl chlorides has been observed in the presence of 2- 
nitro-2-propyl carbanions, etc,” no evidence of reaction of 
4-nitrobenzyl chloride via the radical anion is obtained ex- 
cept in the presence of p-dinitrobenzene. s N 2  reaction via 
an ion pair intermediate12 thus seems preferable to the a-  
ElcB mechanism for the chloride, whereas the poorer leav- 
ing group in the fluoride results in reaction via the radical 
anion mechanism, These results are thus in good accord 
with our conclusions from kinetic, etc., studies of deriva- 
tives of 4-nitrobenzyl chloride,3s4 i.e., that  reaction via a 
radical mechanism in the absence of radical initiators (e.g., 
peroxides) is unlikely. 

Experimental Section 
4-Nitrobenzyl fluoride (1.0877 g) was dissolved in dioxane (300 

ml), sodium hydroxide solution (300 ml, 0.022 N )  was added, and 
the reaction mixture was kept thermostatted at  35OC for 1 month. 
Yellow needles were precipitated and, after isolation, were shown 
to  he trans -4,4’-dinitrostilbene oxide (40% based on substrate). 
The remaining solution was then acidified with concentrated hy- 
drochloric acid and freeze dried, ci~-4,4’-Dinitrostilbene epoxide 
(40%) and tran~-4,4’-dinitrostilbene (5%) were isolated by prepar- 
ative TLC using benzene as eluent. All compounds were identified 
hy N M R ,  mass spectrometry, melting point, and mixture melting 
point with authentic samples. 

Reactions of 4-nitrobenzyl chloride, bromide, and iodide with 
sodium hydroxide in the presence of p-dinitrobenzene in aqueous 
dioxane, under air or nitrogen, were perforc at  room tempera- 
ture, and products were analyzed after 4-5 hr, 15% of the added 
p-dinitrobenzene was recovered unchanged. 
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As a part of a reinvestigation of the mechanisms of for- 
mation of p,p’-dinitrostilbene ( 2 )  from p-nitrobenzyl chlo- 
ride (1),5 we wish to report the products of base-induced 
reactions in several p-nitrobenzyl compounds. It has been 
repeatedly mentioned in the recent literature6 that  the 
product of reacting 1 with hydroxide ion in aqueous diox- 
ane (eq 1) is almost exclusively trans-2. In view of doubts 

ArCH,Cl + OH- - ArCH=CHAr (1) 

1 2 

Ar = p-NOICbHl 

of this information,’ and in an attempt to elucidate the 
mechanism of this transformation, we carried out, in addi- 
tion to kinetic and isotope effect measurements4 to  be pub- 
lished separately, a product analysis of the reactions of hy- 
droxide ion with 1 and with p-nitrobenzyl bromide (3), io- 
dide (4), and tosylate ( 5 )  in 50% aqueous dioxane. For com- 
parative purposes,8 we also reinvestigated the products of 
reacting p -nitrobenzyldimethylsulfonium bromide (6) and 
tosylate (7) with sodium hydroxide in aqueous solution. 
The  results are shown in Tables 1-111. It is quite evident 
from inspection of Table I that  the reputed5 almost quan- 
titatiue yield of trans-2 from the reaction of 1 with sodium 
hydroxide in 50% aqueous dioxane is in error. The reaction 
given in eq 1 yields a yellowish precipitate whose weight 
corresponds to  98% of that  expected for a quantitative yield 
of 2; however, TLC and its visible and uv spectra show that  
i t  contains the geometrical isomers of both 2 and p,p’-dini- 
trostilbene oxide (8) as well as smaller amounts of other 
compounds (Table I). On recrystallization of the crude 
product from nitrobenzene in the presence of a crystal of 
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Table I 
Products  a n d  Yields of the Reaction of p-Nitrobenzyl Chloride with Sodium Hydroxide in 

Aqueous Dioxane (50% Water)  a t  25" 

Reactants, Y Yields, 96 

22 lACH2Cl l  [NaOHI conditions 2% b 8% b 16C 12 c Others 

1 0.01 0.10 Degassed 52' 43e 3 Trace 17" and p-nitrotolane,' t race 
2 0.02 0.10 Oxygen 88f 5 2 p-Nitrobenzoic acid,' 4 
3 0.01 0.10 P-DNB, 0.01 M 16 22 19 2 p,p'-Dinitrobibenzyl,'*' 11,17' 
4 0.01 0.10 Nitroxide, 41 35 12 1 p -  Nitrotolane, a t race  

0.001 M 
degassed 

0.005 M 
degas sed 

5 0.01 0.10 Nitroxide, 34 49 6 

a Detected by TLC. Quantitated by uv. (' Determined by VPC. d cis-2,  27.8%; t rans-2 ,  24.2%. cis-8,  24.5%; t rans-8 ,  18.5%. cis-8,  51%; 
t rans-8 ,  37%. 

Table I1 
Products  a n d  Yields of the Reactions of p-Nitrobenzyl Dimethylsulfonium Tosylate a n d  Bromide, 

0.01 M. with Sodium Hvdroxide. 0.1 M ,  in  Water  at 60" 
Yields, % 

Anion of 
110. sulfonium salt 2 a r b  8 %  b 

Entry 
Reaction conditions 

6 OTs- 31 52 No precautions to exclude a i r  
7c OTs' 3 54 Saturated with O2 
8 Br- 37 43 No precautions to exclude a i r  
9 Br- 4 59 Saturated with O2 

a Detected by TLC. b Quantitated by uv. Cp-Nitrobenzyl alcohol (11%) andp-nitrotoluene (3%) were also detected. 

iodine to  isomerize cis-2 to  trans-2: only trans-2 is ob- 
tained. This is due to  the fact that  the other major product, 
viz. 8, is fairly soluble in nitrobenzene and remains in solu- 
tion while only pure trans-% crystallizes out. We tested this 
by mixing authentic samples of 2 and 8, dissolving in hot 
nitrobenzene, and cooling for crystallization. The crystal- 
line material thus obtained was pure by TLC (silica), had 
undepressed melting point when mixed with pure trans-2, 
and had uv, NMR, and ir spectral characteristics identical 
with those of pure trans-2. 

It is puzzling that  the epoxide 8 is produced in thorough- 
ly degassed solutions. Its formation may be accounted for 
by the reaction scheme shown in eq 2-6. The production of 

( 2) ArCHzCl + OH- e AzHCl + H,O 
1 9 

ArCHCl + ArCH,Cl - ArCHCl + ArCH2C1.- ( 3 )  

(4)  

10 11 

ArCHCl + H,O - ArC(0H)HCI + H .  

ArC(0H)HCl + OH- - ArCHO + C1- + H20 ( 5 )  
12 

/O\ 
ArCHO + ArCHCl - ArCH-CHAr + C1- (6) 

8 

the carbanion 9 in the reaction medium has been proven by 
deuterium labeling.5v9 The reaction of a radical, 10, with 
water (eq 4) to  abstract a hydroxyl radical may seem 
strange; however, in the virtual absence of reduced prod- 
ucts (Table I) eq 4 is necessary to  account for the observed 
epoxide. An example of a similar hydroxyl abstraction is af- 
forded by the oxidation of isobutyraldehyde by Fremy's 
salt in basic solution.1° The hydrogen atom generated in eq 
4 is presumably captured by unreacted 1 to  give a transient 
radical anionll (HArCH&l*-) which reacts with hydroxide 

Table  I11 
Products  and  Yields of the Reactions of 

p-Nitrobenzyl Bromide, Iodide, a n d  Tosylate with 
Sodium HvdroxideD in  50% Aaueous Dioxane at 25" 

Yields, % 
Entry p-Nitrobenryl 
no. comodb 2c  ac 166 OtheP 

10 Bromide -1 10 67 18, 5; 12 and 17, t races  
11 Iodide Trace 20 76 12, 3 
12 Tosylate -4 20 52 12, 2; 17, t race 

[NaOH] = 0.1 M .  [ArCHzX] = 0.01 M. Determined by 
TLC. Determined by VPC. 

ion to  give another radical anion, 11  in eq 3. The intercep- 
tion of the carbanion 9 by p-nitrobenzaldehyde (12) to give 
8 (eq 6) is well d ~ c u m e n t e d . ~  

The possibility of intervention of radical anions in this 
system has been entertained previously.ll We tested this 
possibility by conducting the reaction of 1 with hydroxide 
ion in the presence of p-dinitrobenzene (p-DNB), which is 
known to be a good electron acceptor, particularly from 
radical anions,12 and in the presence of oxygen is reported 
to  react with p-nitrobenzyl radical to  give The pres- 
ence of 0 2  inhibits completely the formation of 2 but en- 
hances the formation of 8, while p-DNB lowers the yields 
of both 2 and 8 to  16 and 22%, respectively (Table I). I t  is 
quite probable that  the fates of the radical 10 and the radi- 
cal anion 11 of eq 3 follow the scheme represented by eq 
7-13. 

ArCH,C1.- + 0, -+ ArCH2Cl + OL.- (7) 
11 1 

AkHC1 + Oi - ArCH(O,,)CI (8) 
10 

ArCH(O,.)Cl + AreHC1 + ArCH(O[)Cl + 10 (9) 
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ArCH(O?-)Cl + H,O -+ ArCH(02H)C1 + OH- 

ArCH(0,H)Cl + ArCHCl- --- 
ArCH(O-)CI + ArCH(0H)Cl 

ArCH(O-)Cl --+ ArCHO + C1- 

ArCH(0H)Cl f OH- -- 12 + C1- + H?O 
12 

The above scheme serves to illustrate several points. The  
radical anion 11, which may be invoked in stilbene forma- 
tion,I1 is diverted back to  l (eq 7). The radical 10 which, in 
the present scheme, is ultimately responsible for the pro- 
duction of the epoxide 8 via the  aldehyde 12 (eq 6), is re- 
generated in what may be regarded as chain-propagation 
steps (eq 8 and 9). It is evident from eq 2 , 3 , 7 , 8 ,  and 9 that 
oxygen would divert 11 to  give ultimately 8. In the absence 
of oxygen it is possible tha t  11 is responsible for the pro- 
duction of 2 as indicated in the following scheme, eq 14-17. 

(14) ArCH?Cl.- -+ ArCH, + Cl- 
13 

ArdH, + A z H C l  -+ ArCH,CHClAr.- (15) 
14 

.4rCH2CHCIAr.- + OH- -+ 

ArCH=CHAr- f H20 f C1- (16) 

ArCH---;CHAr.- + 1 --+ ArCH=CHAr + ArCH2C1.- (17) 
" 
L 

Alternatively, 14 may react with 1 to  give 15 which 
undergoes a /%elimination to 2 (eq 18,19). 

ArCH,CHCIAr.- + ArCH,CI 3 
,4rCH2CHCIAr + ArCH2C1.- ( 18 ) 

15 
ArCH,CHClAr + OH- --+ 

ArCH=CHAr + H,O + Cl- (19) 

To test the  presence of free radicals, the  reaction be- 
tween l and hydroxide ion in 50% aqueous dioxane was car- 
ried out in the presence of di-tert-butyl nitroxide, which is 
known to  be a radical scavenger.14 With added nitroxide, 
the  yield of 2 is lowered while the amount of p-nitrobenzyl 
alcohol (16) is increased (Table I). This may reflect the 
scavenging of 13 by the  nitroxide. 

For comparison purposes, the products and yields of the 
reaction of the sulfonium salts 6 and 7 with hydroxide ion 
in aqueous solution are reported in Table 11. Here, too, the  
products which were once thought to  be exclusively 2 are 
actually mixtures of 2 and 8 as well as 16 and p-nitrotolu- 
ene (17) when no  precautions to exclude oxygen are taken. 

In  Table I11 are reported the products and yields of the 
reactions of 3,4,  and 5 with sodium hydroxide in 50% aque- 
ous dioxane. Previously, 3 and 4 were reported to  give 
p,p'- dinitrobibenzyl ether (18) in quantitative yield.15 

In summary, we wish first to call attention to  the com- 
plexity of base-induced transformations of p-nitrobenzyl 
compounds and second t o  correct some of the errors which 
are perpetually relayed in the literature. We wish also to 
emphasize that although the present work suggests that 
radicals and radical anions may be involved in the 1 to 2 
transformation, neither the  carbene mechanism nor the al- 
kylation-dehydrohalogenation mechanism can be exclud- 
ed. Indeed, the three mechanisms may be operative simul- 
taneously. We will report on the  pros and cons of each of 
these mechanisms in the light of kinetic and isotope effect 
data. 

Experimental Section 
Qualitative analysis of the reaction products was done by TLC. 

Silica plates with a fluorescent indicator (Brinkmann silica gel 
HF-254) were used and were developed with benzene; standards 
were run alongside the unknown mixtures. VPC was used to quan- 
titate the readily volatile components'of products (Varian Aero- 
graph 600-D with a flame ionization detector; 5% SE-30 6 ft X 
0.125 in. column). Calibration curves, using trans-stilbene as an 
internal standard, were prepared for 1, 12, 16, 17, and p-DNB. 
Spectroscopic analyses (uv and visible on a Cary 14) were per- 
formed in DMF for the quantitation of the dinitrostilbenes16 
[trans-2, 368 nm (4.577); cis-2, 320 nm (4.193)) and the dinitrostil- 
bene oxides [trans-8, 291 nm (4.371); cis-8, 277 nm (4.264)]. Mix- 
tures of cis- and trans-2 exhibited one maximum between 368 and 
320 nrn.l7 The amounts of the four components, cis- and trans-% 
and cis- and trans-8, were determined by solving simultaneous 
equations for the absorbances at 380,340,290, and 270 nm 

Aa8,, = 3 2 3 0 0 ~ ~  
A340=25200~i + 15000~2 + 1840c3 93k4 
AL90=5700C1 + 1 1 7 5 0 ~ ~  + 23500cj + 1600~4 

.f 5350~2 + 266~3 

A270 =420Oc, + 8190~~ + 14400~~ + 1 7 6 0 0 ~ ~  

where CI, c2, c3, and c 4  refer to the concentrations in DMF of 
trans- and cis-2 and trans- and cis-8, respectively. 

Materials. The compounds used in this study were either com- 
mercially available and purified before using or prepared and puri- 
fied by known procedures. The following compounds were used as 
chromatographic standards. Their melting points and spectral 
characteristics were in agreement with the literature: cis- and 
t r ~ n s - 2 , ~ ~  cis- and trans-8,I8 ArCH2CH2Ar,l9 ArCH20CH2Ar,lS 
ArC=CAr,20 12,16, and 17. 

Product Studies. All aqueous dioxane solutions were prepared 
from purified and freshly distilled dioxane and used immediately. 
Studies that involved degassed solutions were done on a vacuum 
line. Those studies involving the effect of 0 2  were performed by 
saturating the solutions with 0 2  and keeping the reaction mixture 
under an 0 2  atmosphere. All experiments were conducted in 50% 
aqueous dioxane (v/v) except those with the sulfonium salts, where 
water was used as the solvent. 

In a typical experiment, 50 ml of a 0.02 M solution of 1 in diox- 
ane and 50 ml of a 0.20 M NaOH solution were degassed separately 
by a series of freeze-thaw cycles and then mixed under vacuum. 
After 24 hr, the reaction mixture was opened to atmospheric pres- 
sure, neutralized with dilute HC1, diluted with an equal volume of 
water, and stored in a refrigerator for 24 hr. The precipitate was 
isolated by filtration and dried; 0.132 of a yellow solid was ob- 
tained. This was analyzed by TLC and uv. The yields of 2 and 8 
are given in Table I. The precipitate also contained a trace spot 
with the same R j  value as p,p'-dinitrotolane. A sample of this com- 
pound obtained by preparative TLC had mle 268. The filtrate was 
extracted with chloroform. The organic layer was dried (Na2S04), 
and the solvent removed on a rotary evaporator; the remaining 
solid (5 mg) was analyzed by TLC and shown to be 16, with traces 
of 12 and 17. 

Registry No.-1, 100-14-1; cis-2,619-93-2; trans-2, 736-31-2; 3, 

cis-8, 14688-37-0; trans-8, 968-01-4; 12, 555-16-8; 16, 619-73-8; so- 
dium hydroxide, 1310-73-2; p-nitrotoluene, 99-99-0. 

100-11-8; 4, 3145-86-6; 5, 1153-45-3; 6, 14182-26-4; 7, 19824-23-8; 
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Trichlorosilane has been shown to  be an efficient reagent 
for reducing simple aliphatic esters to  the corresponding 
ethers under free-radical conditions.2 We recently demon- 
strated the applicability of the reagent to  the reduction of 
more complex bicyclic lactones and also the existence of 
significant selectivity when additional ester groupings were 
p r e ~ e n t . ~  We now wish to  report that  under the appropriate 
conditions trichlorosilane can be an effective reagent for 
the reductive deoxygenation of esters of nonprimary ali- 
phatic alcohols. 

0 
/I HSiC13 

R X - a R ’  RCH,OR’ + R’H 
1 2 3 

In general we find that  for the reaction of a given ester 1 
with trichlorosilane, two products, 2 and 3, are formed 
competitively. Ether 2 is the result of a “normal” reaction 
with HSiC13 while 3 is the product of reductive deoxygena- 
tion. The relative amounts of 2 and 3 are most profoundly 
affected by the nature of R’. As shown in Scheme I for the 
acetates of several alcohols, irradiation with excess HSiC13 
yields largely 2 for a primary acetate, exclusively 3 for a 
tertiary acetate, and a mixture of 2 and 3 for a secondary 

These results are consistent with a reaction 
mechanism which involves radical 16 as a common inter- 
mediate for the formation of 2 and 3, with the proportion of 
16 which undergoes reductive deoxygenation being in- 
fluenced by the stability of radical -R’. Thus tertiary ace- 
tates give the highest proportion of reductive deoxygena- 
tion and primary acetates the lowest. 

Table I 
Reaction of 1-Adamantyl Esters with HSiCl, 

Ester HSiClJ17“ THF/17b % reaction 18/19C 

17ad 8 100 42f/58g 
17a 4 100 30170 
17a 4 24 100 18/82 
17a 4 72 87 6/94 
17a 2 72 58 2/98 
17be 8 100 12h/88 
17b 4 100 3/97 
17b 8 29 7 1/99 

a Moles of HSiCl, per mole of ester. b Moles of THF per 
mole of ester. c Determined by GLC anal sis. d Registry no., 
19066-22-9. eRegistry no., 56830-70-7. ?Registry no., 
6221-75-6. gRegistry no., 281-23-2. hRegistry no., 
56830-71-8. 

Scheme I 
HWCI, 

CH3(CH2)loCH20COCHJ 7 
4 

CH~CH,),,CH,OCH2CH, + CH,(CH,),,CH, (98/2) 
5 6 

7 8 9 

CHJ8COCHJ --t CHJ50CHACH, + CH,aH 

( O i l O O ,  

In an effort t o  determine if a judicious choice of reaction 
conditions would render the method preparatively useful in 
instances where .R’ was of intermediate stability (Le., sec- 
ondary esters), several experiments were performed with 
esters of 1-adamantanol. The tertiary 1-adamantyl radical 
has been shown to be slightly more stable than a normal 
secondary radical: and thus 1-adamantyl esters should 
provide a sensitive probe of the results of changes in reac- 
tion conditions. It was expected that  one could most effec- 
tively maximize reductive deoxygenation by retarding the 
bimolecular second step of the ether-forming pathway 
(path A). For instance, a decrease in the HSiCl3 concentra- 
tion should retard path A to  the benefit of path B. In addi- 
tion, an increase in the steric bulk of the ester (pivalates vs. 
acetates) should have a similar effect. The results summa- 
rized in Table I are in general accord with these predic- 
tions. I t  is seen that  either decreasing the amount of 

n 

HSiClz 

OSiC1, 
I 

+ R&--OR, several - RCH,OR’ (path A)  
steps 

OSiC1, I 2 - 
il sic13 1 H 

R ~ - - o R ~  - R+-OR’ 
/OSic13 HSiCI3 

1 16 (R-CNo ) - R’H (path B) 
3 

+ 
*R‘ 


